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HETEROCYCLIC COMPOUNDS AND METHODS OF USE THEREOF

RELATED APPLICATIONS
[0601] This application claims priority to U.S. provisional application no.
61/547,637, filed in October 14, 2011 and U.S. provisional application no.
61/638,990, filed in April 26, 2012. The disclosures of each the above referenced
applications are incorporated by reference herein in their entireties.

FIELD
[0002] Provided berein are heicrocyclic compounds, including benzothiazolyl,
benzoxazolyl, and quinazolyl compounds. In certain embodiments, the compounds
are modulators of type Il receptor tyrosine kinase family. In other embodiments, the
compounds are modulators of CSF1R, FLT3, KIT, and/or PDGFR{ kinases. Also
provided are compositions comprising the compounds and methods of use thereof.
The compounds provided are useful in the treatment, prevention, or amelioration of a
disease or disorder related to CSFIR, FLT3, KIT, and/or PDGFRJ kinase activity or
one or more symptoms associated with such diseases or disorders.
BACKGROUND
16001 Protein kinases (PKs) are enzymes that catalyze the phosphoryiation of
hydroxy groups on tyrosine, serine and threonine residues of proteins. Receptor
tyrosine kinases (RTKs) are a sub-family of protein kinases that play a critical role in
cell signaling and are involved in the process of tumorigenesis including cell
proliferation, survival, angiogenesis, invasion and metastasis. A class of RTK known
as the type III receptor tyrosine kinase family, which inciudes the receptors
PDGFR o, PDGFR B, FLT3, KIT, VEGFR and CSFIR, has been implicated in

various proliferative and inflammatory diseases.

{0002] CSFIR {also known as macrophage colony stimulating factor receptor
(M-CSFR) or fims) is a receptor for the macrophage colony stimulating factor (M-CSF
or C8F-1). Binding of the CSF-1 ligand to its receptor results in dimerization and
auto-phosphorylation of the receptor and leads to activation of downstream signal
transduction pathways including the PI3K/Akt and the mitogen activating protein
kinase MAPK pathways. Activation of CSFIR leads to the proliferation, survival,
motility and differentiation of cells of the monocyte/macrophage lincage and hence

plays a role in normal tissue development and immune defense. Activation of CSFIR
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also [cads to the proliferation and differentiation of osteoclast precursors and therefore

mediates the process of bone resorption.

[0083] Because of its role in osteoclast biology, CSFIR is believed to be an
important therapeutic target for osteoporosis and inflammatory arthritis. For example,
clevated M-CFS signaling leads to elevated osteoclast activity, which leads to bone
loss attending arthritis and other inflammatory bone erosion. (Sce Scott ef al.
Rheumatology 2000, 39: 122-132, Ritchlin ef @i. J. Clin. Invest. 2003, 111:821-831).
Inhibition of CSFIR therefore represents a promising therapeutic approach for
arthritis and other inflammatory bone erosion which is further supported by the
efficacy data of known CSF1R inhibitors such as Ki-20227 and GW2580 in arthritic
animal models (See Conwat e al. JPET 2008, 326:41-50 and Ohno et al. Eur. J.
Immunol. 2008, 38:283-291). Dysregulation of osteoclast development and disruption
in the balance of bone resorption and bone formation that underlic ostcoporosis might

also be treated with a modulator of CSFIR.

{0004] Elcvated expression or activation of CSFI1R and/or its ligand have been
found in patients with acute myeloid leukemia, prostate, breast, ovarian, endometrial,
colorectal, pancreatic and & variety of other cancers, and clevated levels of M-CSF is
associated with poor prognosis in certain cancers (Sce, Muller-Tidow er al. Clin
Cancer Res, 2004, 10:1241-1249, Bauknecht et al. Cancer Detect. Prev., 1994, 18:
231-239; Baiocchi G et af. Cancer 1991, 67:990-996; Kirma ot al Cancer Res. 2007,
Sapi et al. Exp. Biol. Med., 2004, 229:1-11, Kluger et al. Clin. Cane. Res. 2004
10:173-177, Mroczko et al., Clin. Chem. Lab. Med. 2005 43:146-50 and Mroczko et
al., Clin. Chim. Acta 2007, 380:208-212). The data suggests that CSFIR may be a

valuable therapeutic target for these solid tumors.

{HH Early studies have associated elevated expression of M-CSF with
increased feukocyte infiltration of solid tumors in human breast and ovarian cancers
(Scholl ef al. J. Natl. Cancer Inst. 1994, 86:120-126, Tang ef al. J. Cell. Biochem.
1990, 44:189-198). Further studics have shown that M-CSF is one of several
cytokines implicated in the recruitment of tumor-associated macrophages (TAMs)
that contribute to tumor angiogencsis and tumor progression to metastasis, and more
recently, that the preclinical inhibitor GW2580 inhubits tumor metastasis and
angiogenesis in mice tumor xenograft experiments {Priceman et al. Blood 2010

115(7):1461-1471). Stimulated osteoclast activity is also believed to underlie the
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pathophysiology of bone metastases. (Lipton, J. Support. Oncol. 2004 2:205-220).
Metastatic bone lesions results in significant localized bone loss and lead to skeletal
morbidity, symptoms which include bone pain, bone fractures and hypercalcemia.
Inhibition of CSF1R therefore may therefore provide therapy for solid tumors and

metastatic cancer including metastases to the bone.

[0006) Another member of the PDGFR family, FLT3 (also called Fik2), plays
an important role in the proliferation and differentiation of hematopoictic stem cells
and activating mutation or overexpression of this receptor is found in AML (Sce,
Heinrich Mini-Reviews in Medicinal Chemistry 2004, 4(3):255-271, Kiyoi er al. Int.J
Hemarol, 2005 82:85-92). More than a dozen known FLT3 inhibitors are being
developed and some have shown promising clinical effects against AML (See Levis et
al. Int J Hematol. 2005 82:100-107). The F1.T3 receptor is also cxpressed in a large
portion of dendritic cell progenitors and stimulation of the receptor causcs the
proliferation and differentiation of these progenitors into dendritic cells (DC). Since
dendritic cells are the main initiators of the T-cell mediated immune response,
inchuding the autoreactive immune response, FL'T3 inhibition is a mechanism for
downregulating DC-mediated inflammatory and autoimmune responses. One study
shows the FLT3 inhibtor CEP-701 to be effective in reducing myelin loss in
experimental autoimmune encephalomyelitis (EAE), a mouse model for multiple
sclerosis (See Whartenby er al. PNAS 2005 102: 16741-16746). A high level of the
FLT3 ligand is found in the serum of patients with Langerhans cell histiocytosis and
systemic iupus erythematosus, which further implicates FL'T3 signaling in the
dysregulation of dendritic cell progenitors in those autoimmune discases (Sec Rolland

et al. J. Immunol. 2005 174:3067-3071).

(6007 KIT (or stem cell factor receptor, or SCFR) is another member of the RTK
family, and the presence of kit mutations is a key diagnostic marker for
gastrointestinal stromal tumors (GIST) (Duensing et af. Cancer Investigation 2004,
22(1%:106-116). Gleevec® (1matinib mesylate or ST1571), the first FDA-approved
RTK ihibitor originally approved for c-Abl-mediated chronic myeloid leukemia,
gained FDA-approval for KIT-mediated GIST in 2002 and has vahidated the
molecular-based approach of Kit inhibition for the treatment of GIST. (Giorgi and
Verwei]j, Mol Cancer Ther. 2005 4(3):495-501). Gain of function mutations of the

Kit receptor are also associated with mast cell/myeloid leukemia and
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seminomas/dysgerminomas (Blume-Jensen Nasure 2001 411(17): 355-365. KIT
mutations have been also identified in certain melanomas and is recognized as a
potential therapeutic target for melanoma (Curtain ez al. J Clin. Oncol. 2006
24(26):4340-43406).

[0008] There continues to be a need for the identification of small molecules
that inhibit RTKSs, particularly compounds useful for the treatment of CSF1R-, FLT3,
PDGFRp- and/or KIT- mediated discases.

SUMMARY

{0609] Provided herein are compounds of formula (I) or pharmaceutically
acceptabie salts, solvates, hydrates, clathrates, single stereoisomers, mixture of
stereoisomers or racemic mixture of stercoisomers thereof. In certain embodiment,
the compounds have activity as CSF1R, FL'T3, KIT, and/or PDGFRJ kinase
modulators. The compounds are useful in medical treatments, pharmaceutical
compositions and methods for modulating the activity of CSFIR, FLT3, KIT, and/or
PDGFRp kinases, including wildtype and/or mutated forms of CSF1R, FLT3, KIT,
and/or PDGFRP kinases. In certain embodiments, the compounds provided herein
have activity as CSFIR, FLT3, KIT, and/or PDGFR} kinase modulators. In one
embodiment, the compounds for use in the compositions and methods provided herein

have formula (I).

16016] In one embodiment, there is provided a compound of Formula I:

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of sterecisomers or racemic mixture of stereoisomers thereof,
wherein:
R' and R? are each independently selected from hydrogen, deuterium, halogen,
hydroxyl and alkoxy, or R' and R together form =0;
R is hvdrogen or alkyl;
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R’ is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Ql;

each Q1 is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR*, -R*OR"N(RY)(R?), -R"N(R*}R"), -

R'SR*, -R"C(HRF, -R'C(HOR, -R'COINR IR, -R"S(ONR”, -RN(R*YC(DHRT,
-RENRHC(HORY, -R*N(RHS(OWRY, =NORY, or ~C(=NR*)N(R*)ORY, where the
alkyl, haloalkyl, aminocalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q°
groups, in one embodiment, one to three Q° groups; each Q° is independently sefected
from deuterium, halo, hydroxy!, alkyl, haloaliyl and hydroxyalkyl,

Y is «(CR°R%)-;

R’ and R® are cach independently hydrogen, deuterium, halo, alkyl,
haloalkyl or hydroxyalkyl;

Zis(O,Sor NR7;

R’ is hydrogen, deuterium or alkyl;

each W is independently CR® or N;

R is hydrogen, deuterium, halo, haloalkyl or alkyl;

ring A is a bicyclic or tricyclic aryl, heteroary! or heterocyclyl optionally
substituted with one to four substituents selected from Q7;

whisNorC;

W2is N, NR™ or CR™

W is N, NR'™ or CR'™;

W' is N, NR"™* or CR'™®;

R R, R R RY2and R'® are selected as follows:

i) R™, R'"™ andR'"™ are cach independently hydrogen, deuterium or
alkyl and R%, R*° and R are each independently hydrogen or Q7; or

i) R* and R'®, R™ and R'™, R* and R¥®, R®® and R'® R'® and R'™®,
R'™ and R™® R'™ and R'"® or R'™ and R'*® together with the atoms to which they are
attached form an aryl, heteroaryl or heterocyclyl ring, optionally substituted with one

or more, in one embodiment, one 1o three, in another embodiment, one, two or three



groups selected from Q; and the remainder of R* or R' is hydrogen, deutertom or
alkyl; and the remainder of R*® or R'" is hydrogen or Qz; or

iii) R* and R'™, R* and R'™ R™ and R'™, R® and R'* R'" and R'2,
R and R, R'% and R'" or R and R''® together with the atoms to which they are
attached form an aryl, heteroaryl or heterocyclyl ring optionally fused to a phenyl ring
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Qz; and the remainder of R* or

R'™is hydrogen, , deuterium or alkyl and the remainder of R” or R''?is hydrogen or

Q%
each Q7 is independently halo, deuterium, cyano, oxo, thioxo, alkyl,
haloalkyl, haloalkenyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyl, -R"OR*, -R"OR"OR"*,-R"OR"*N(R"}(R"),
R'N(R)R?), -R"SR", -R'C(DR?, -R"C(NOR*, -R*C(NN(RY}R?), -R*CNHR"N(RYNR?)
, -RICIN(R)OR’, -C(=NOR"R" -R"S{O)R", -R*N(ROIC(IRY, -R*N(R*)C(HOR?,
-R*N(RMIS(O)R" or ~C(=NR"IN(R")OR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more groups Q‘i; i one embodiment, one to
three Q" groups, each Q" is independently selected from halo, deuterium, hydroxyl,
alkvl, haloalkyl and hydroxyalkyl;

each RY is independently hydrogen or alkyl,

cach R" is independently alkylene, alkenylene or a direct bond;

R" is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycioalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyelyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroarallcyl;

R” and R” are each independently selected from (i) or (ii) below:

(i) R” and R” arc cach independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cveloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, arvl, aralkyl,

heteroaryl, or heteroaralkyl; or



(i) R" and R, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q? groups; each Q7 is independentty selected from
halo, deuterinm, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NRYor §;

each 1 is independently an integer from G-2;

nis 1 or2; and

g 1s an integer from 0-4,

wherein the compounds are selected such that: 1) when W is CH; W' is C;
Zis 8; R' is hydrogen, or hydroxyl and R is hydrogen, or R’ and R? together form
=(); then ring A is not pyridine; i) when W is CH; W' is N; Z is S; R' and R are
hydrogen, then ring A is not pyrrolidine; iii) when W is CH, Z is NH, R’ and R*
together form =0, q is 0, and R* is pyridinyl, then ring A is not phenyl, iv) when W is
CH, Z is NH, R’ and R* together form =0, q is 0, and R* is phenyl, then ring A is not
pyrrolidine, and v) when Z is N, one of R' and R? is methyl and the other of R and R?
is H, q is 0, and R’ is pyridine, and W' is N, ring A cannot be piperidine, 1,2,3.4-
tetrahydroisoquinoline, or isoindoline.

[6018a] In one aspect, there is provided a compound having formuia IX:

Q5
QEQ zZ R3
N / 1
(@
PRGOSV

IX

or a pharmaceutically acceptable salt, hydrate, single stereoisomer, mixture of
sterenisomers or a racemic mixture of stereoisomers thereof, wherein:

R’ is hydrogen or C;_galkyl;

gach Q] 18 independently



halo, oxo, Cyealkyl, halo C¢alkyl, hydroxy Cigalkyl, Csgcycloalkyl, =NOH,
“RYOR* or -R*C(O)R"; each R" is independently Cy salkylene or a direct bond; each R*
is independently hydrogen or C.salkyl;

Y is (CRR);

R’ and R® are each independently hydrogen, halo, Cy.salkyl, halo C;alkyl or
hydroxy Cj.salkyl;

Zis O, S, or NH;

W*is N or CR'?,

W is N or CRB;

R*"is hydrogen, halo or C;_galkyl;

R' is hydrogen, halo or C).galkyl;

Q° and Q° are each independently

Ta



hydrogen, halo, C;_salkoxy, tetrazole or pyrazole, where the tetrazole and pyrazole
rings are optionally substituted with one or more C_salkyl; and

q is an integer from 0-4.
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In another aspect, there is provided a pharmaceutical composition comprising a
compound as defined above and a pharmaceutically acceptable carrier.

{0011 In one embodiment, the compound provided herem is a compound of
formula (I). In one embodiment, the compound provided herein is a pharmaceutically
acceptable salt of the compound of formula (I). In one embodiment, the compound
provided herein is a solvate of the compound of formula (I). In one embodiment, the
compound provided herein is a hydrate of compound of formula (I). In one
embodiment, the compound provided herein is a prodrug of the compound of formula
(I). In one embodiment, the compound provided herein is a clathrate of the compound

of formula (1),

[0912] Also provided are pharmaceutical compositions formuiated for
administration by an appropriate route and means containing effective concentrations
of one or more of the compounds provided herein, or pharmaceutically acceptable
salts, solvates, hydrates and prodrugs thereof, and optionally comprising at least one

pharmaceutical carrier.
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{0013]  In one embodiment, the pharmaceutical compositions deliver amounts
effective for the treatment, prevention, or amelioration of diseases or disorders that
are modulated or otherwise affected by CSFIR, FLLT3, KIT, and/or PDGFR} kinases,
or one or more symptoms or causes thereof. Such diseases or disorders include
without limitation, cancers, nonmalignant proliferation diseases, atherosclerosis,
restenosis following vascular angioplasty, fibroproliferative disorders, inflammatory
diseases or disorders related to immune dysfunction, infectious diseases, and/or
diseases or disorders that can be treated, prevented or managed by modulating the
activity, binding or sub-celiular distribution of kinases, wherein such methods
comprise administering to a subject, e.g., a human, in need of such treatment,
prevention or management a therapeutically and prophylactically effective amount of

a compound provided herein. Such diseases or disorders are further described herein.

[6014] Also provided herein are combination therapies using one or more
compounds or compositions provided herein, or pharmaceutically acceptable
derivatives thereof, in combination with other pharmaceuticaily active agents for the

treatment of the diseases and disorders described herein.

[0015] In one embodiment, such additional pharmaceutical agents include one or
more chemotherapeutic agents, anti-proliferative agents, anti-inflammatory agents,

immunomodulatory agents or immunosuppressive agents,

[0016] The compounds or compositions provided hercin, or pharmaceutically
acceptable derivatives thereof, may be administered simultaneously with, prior to, or
after administration of one or more of the above agents. Pharmaceutical compositions
containing a compound provided herein and one or more of the above agents are also
provided.

[0017) In certain embodiments, provided herein are methods of treating,
preventing or ameliorating a disease or disorder that is modulated or otherwise
affected by CSFIR, FLT3, KIT, and/or PDGEFRJ kinases such as wild type and/or
mutant CSFIR, FL'T3, KIT, and/or PDGFR kinases, or one or more symptoms or

causes thereof,

[0618] In practicing the methods, effective amounts of the compounds or
compositions containing therapeutically effective concentrations of the compounds,

which are formulated for systemic delivery, including parenteral, oral, or intravenous
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delivery, or for local or topical application are administered to an individual
exhibiting the symptoms of the disease or disorder to be treated. The amounts are
effective to ameliorate or eliminate one or more symptoms of the disease or disorder.

In another aspect, there is provided a compound as defined above for use in the
treatment of a disease selected from an inflammatory disease, an inflammatory
condition, an autoimmune disease and cancer.

In another aspect, there is provided a compound as defined above for use in the
treatment of a disease selected from myeloproliferative disorder (MPD),
myelodysplasia  syndrome (MDS), polycythemia vera (PCV), essential
thrombocythemia (ET), primary myelofibrosis (PMF), chronic eosinophitic leukemia
(CEL), chronic myelomonocytic leukemia (CMML), systemic mastocytosis (SM),
idiopathic myelofibrosis (IMF), myeloid leukemia, chronic myeloid leukemia (CML),
imatinib-resistant CML, acute myeloid leukemia (AML), acute megakaryoblastic
leukemia (AMKL), lymphoma, Hodgkin's lymphoma, lymphoblastic leukemia,
myeloma, multiple myeloma, cancer of the head and neck, prostate cancer, breast
cancer, ovarian cancer, endometrial cancer, melanoma, lung cancer, brain cancer,
thyroid cancer, stomach cancer, gastrointestinal stromal tumor, colorectal cancer,
pancreatic cancer, renal cancer, non-small cell lung cancer, bone cancer, tenosynovial
giant cell tumors, glioblastoma multiforme, atherosclerosis, restenosis, obliterative
bronchiolitis, idiopathic myelofibrosis, obesity, obesity-induced insulin resistance,
hypercalcemia of malignancy, lupus nephritis, glomerular nephritis, idiopathic
hypereosinophilic syndrome, chronic eosinophilic syndrome, systemic mastocytosis,
Langerhans cell histiocytosis, Kaposi's sarcoma, multiple endocrine neoplasia,
immunodeficiency, autoimmune diseases, tissue transplant rejection, graft-versus-host
disease, wound, kidney disease, multiple sclerosis, thyroiditis, type 1 diabetes,
sarcoidosis, psoriasis, allergic rhinitis, inflammatory bowel disease including Crohn's
disease and ulcerative colitis (UC), systemic lupus erythematosis (SLE), cutaneous
lupus erythematosis, arthritis, osteoarthritis, theumatoid arthritis, psoriatic arthritis,
osteoporosts, endometriosis, asthma, allergic asthma, ankylosing spondylitis, chronic
obstructive pulmonary disease (COPD), Alzheimer's disease and multiple scleross.

In another aspect, there is provided a compound as disclosed above for use in the
treatment of a discase_selected from myeloid leukemia, cancer of the head and neck,
prostate cancer, breast cancer, melanoma, fung cancer, arthritis, and Alzheimer’s
disease,

In another aspect, there is provided use of a compound as disclosed above for the
manufacture of a medicament for treating disease selected from myeloid leukemia,
cancer of the head and neck, prostate cancer, breast cancer, melanoma, lung cancer,
arthritis, and Alzheimer’s disease

In another aspect, there is provided use of a compound as defined above for the
manufacture of a medicament for the treatment of a disease selected from
myeloproliferative disorder (MPD), myelodysplasia syndrome (MDS), polycythemia
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vera (PCV), essential thrombocythemia (ET), primary'myeloﬁbrosis (PMF)}, chronic
eosinophilic leukemia (CEL), chronic myelomonocytic leukemia (CMML), systemic
mastocytosis {SM), idiopathic myelofibrosis (IMF), myveloid leukemia, chronic
myeloid leokemia (CML), imatinib-resistant CML, acute myeloid leukemia (AML),
acute megakaryoblastic leukemia (AMKL), lymphoma, Hodgkin's lymphoma,
Iymphoblastic leukemia, myeloma, multiple myeloma, cancer of the head and neck,
prostate cancer, breast cancer, ovarian cancer, endometrial cancer, melanoma, lung
cancer, brain cancer, thyroid cancer, stomach cancer, gastrointestinal stromal tumor,
colorectal cancer, pancreatic cancer, renal cancer, non-small cell lung cancer, bone
cancer, tenosynovial giant cell tumors, glioblastoma multiforme, atherosclerosis,
restenosis, obliterative bronchiolitis, idiopathic myelofibrosis, obesity, obesity-
induced insulin resistance, hypercalcemia of malignancy, lupus nephritis, glomerular
nephritis, idiopathic hypercosinophilic syndrome, chronic eosinophilic syndrome,
systemic mastocytosis, Langerhans cell histiocytosis, Kaposi's sarcoma, multiple
endocrine neoplasia, immunodeficiency, autoimmune diseases, tissue transplant
rejection, graft-versus-host disease, wound, kidney disease, multiple sclerosis,
thyroiditis, type 1 diabetes, sarcoidosis, psoriasis, allergic thinitis, inflammatory
bowel disease mncluding Crohn's disease and ulcerative colitis (UC), systemic lupus
erythematosis (SLE), cutaneous lupus erythematosis, arthritis, osteoarthritis,
rheumatoid arthritis, psoriatic arthritis, osteoporosis, endometriosis, asthma, allergic
asthma, ankylosing spondylitis, chronic obstructive pulmonary disease (COPD},

Alzheimer's disease and muitipie scierosis.

In another aspect, there is provided a compound as defined above for use in

modulating a CSFIR, FLT3, KIT, and/or PDGFR kinase.

In another aspect, there is provided vse of a compound as defined above for the
manufacture of a medicament for treating a disease selected from an inflammatory

disease, an inflammatory condition, an autoimmune disease and cancer.

[6019] Further provided is a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the pharmaceutical
compositions. Optionally associated with such container(s) can be a notice in the
form prescribed by a governmental agency regulating the manufacture, use or sale of

pharmaceuticals or biological products, which notice reflects approval by the agency

Ga



of manufacture, use of sale for human administration. The pack or kit can be labeled
with information regarding mode of administration, sequence of drug administration

(e.g., separately, sequentially or concurrently), or the like.

10020] These and other embodiments of the subject matter described herein will

become evident upon reference to the following detailed description.

BRIEF DESCRIPTION OF THE DRAWING

{0021] Fig. 1 depicts the in vivo inhibition of CSF-1 dependent M-NFS-60 tumor
cell proliferation in the peritoneal cavity of athymic nu/nu mice from the
administration of one of the compounds provided herein having the Formula 1

{Compound A).

[0022] Fig. 2 depicts the in vivo inhibition of CSF-1 dependent M-NFS$-60 tumor
cell proliferation in the peritoneal cavity of athymic nu/mu mice from the
administration of one of the compounds provided herein having the Formula 1

(Compound B).

[6023] Fig. 3 depicts the in vivo inhibition of PTHrP-induced hypercalcemia from
the administration of Compound A having the Formula I, in BDF1 mice challenged
twice daily for seven days with 0.5 mg/kg recombinant PTHrP, as measured by serum

TRAPCSB levels, a bone resorption marker.

10024] Fig. 4 depicts the in vivo inhibition of PTHrP-induced hypercalcemia from
the administration of Compound B having the Formula I, in BDF1 mice challenged
twice daily for seven days with 0.5 mg/kg recombinant PTHrP, as measured by serum

TRAPCSB levels, a bone resorption marker.

[0025] Fig. 5 depicts the in vivo inhibition of MCP-1 induction in Balb/c mice

treated with Compound A having the Formula [, prior to M-CSF stimulation.
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[06026] Fig. 6 depicts the in vivo inhibition of MCP-1 induction in Balb/c mice

treated with Compound B having the Formula 1, prior to M-CSF stimulation.

DETAILED DESCRIPTION

[6¢271 Provided herein are compounds of formula T that have activity as CSFIR,
FLT3, KIT, and/or PDGFRP kinase modulators. Further provided are methods of
treating, preventing or ameliorating discases that are modulated by CSF1R, FLT3,
KIT, and/or PDGFR} kinases, and pharmaceutical compositions and dosage forms
usefil for such methods. The methods and compositions are described in detail in the

sections below.

A, DEFINITIONS
[0828] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as 15 commonly understood by one of ordinary skill in the art.
All patents, applications, published applications and other publications are
incorporated by reference in their entirety, In the event that there are a plurality of

definitions for a term herein, those m this section prevail undess stated otherwise,

[0029] “Alkyl” refers to a straight or branched hydrocarbon chain group
consisting solely of carbon and hydrogen atoms, containing no unsaturation, having
from one to ten, one to eight, one to six or one to four carbon atoms, and which is
attached to the rest of the molecule by a single bond, e.g., methyi, ethyl, n-propyi,
1-methylethyl (iso-propyl), #-butyl, n-pentyl, 1,1-dimethylethyl (-butyl), and the like.

[0030] “Alkenyl” refers to a straight or branched hydrocarbon chain group
consisting solely of carbon and hydrogen atoms, containing at least one double bond,
having from two to ten carbon atoms, and which is attached to the rest of the molecule
by a single bond or a double bond, e.g., cthenyl, prop-1-enyl, but-1-enyl, pent-1-¢nyl,
penta-1,4-dienyl, and the like.

{6031] “Alkynyl” refers to a straight or branched hydrocarbon chain group
consisting solely of carbon and hydrogen atoms, containing at least one triple bond,
having from twao to ten carbon atoms, and which is attached to the rest of the molecule
by a single bond or a triple bond, e.g., cthynyl, prop-1-yayl, but-1-ynyl, pent-1-ynyl,
pent-3-yny! and the like.

[6032] “Alkylene” and “alkylene chain” refer to a straight or branched divalent

hydrocarbon chain consisting solely of carbon and hydrogen, containing no
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unsatyration and having from one to eight carbon atoms, e.g., methylene, ethylene,
propylene, n~butylenc and the like. The alkylene chain may be attached to the rest of

the molecule through any two carbons within the chain,

[0633] “Alkenylene” or “alkenylene chain” refers to a straight or branched chain
unsaturated divalent radical consisting solely of carbon and hydrogen atoms, having
from two to eight carbon atoms, wherein the unsaturation is present only as double
bonds and wherein the double bond can exist between any two carbon atoms in the
chain, ¢.g., ethenylene, prop-1-enylene, but-2-enylene and the like. The alkenylene
chain may be attached to the rest of the molecule through any two carbons within the

chain.

[8034] “Alkynylene” or “alkynylene chain” refers to a straight or branched chain
unsaturated divalent radical consisting solely of carbon and hydrogen atoms, having
from two to ¢ight carbon atoms, wherein the unsaturation is present only as triple
bonds and wherein the triple bond can exist between any two carbon atoms in the
chain, e.g., ethynylene, prop-1-ynylene, but-2-ynylene, pent-1-ynylene,
pent-3-ynylene and the like. The alkynylene cham may be attached to the rest of the

molecuie through any two carbons within the chain.

[0035] “Alkoxy” refers to the group having the formula -OR wherein R is alkyl or
haloalkyl. An “optionally substituted alkoxy” refers to the group having the formula -

OR wherein R is an optionally substituted alkyl as defined herein.

[8036] “Amino” refers to a radical having the formula -NR’R”” wherein R” and
R’ are cach independently hydrogen, alkyl or haloalkyl. An “optionally substituted
amino” refers 1o a radical having the formula ~NR'R"" wherein one or both of R’ and

R’” are optionally substituted alkyl as defined herein.

[6237] “Aryl” refers to a group of carbocylic ring system, including monocyclic,
bicyclic, tricyclic, tetracyclic Cs-Cig Ting systems, wherein at teast one of the rings 1s
aromatic. The aryt may be fully aromatic, examples of which are phenyl, naphthyl,
anthracenyl, acenaphthylenyl, azulenyl, fluorenyl, indenyl and pyrenyl. The aryl may
also contain an aromatic ring in combination with a non-aromatic ring, examples of

which are acenaphene, indene, and fluorene.

[G038] “Cycloalkyl” refers to a stable monovalent monocyclic or bicyclic

hydrocarbon group consisting solely of carbon and hydrogen atoms, having from
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three to ten carbon atoms which is saturated, e.g., cyclopropyl, cvelobutyl,
cyclopentyl, cyclohexyl, decalinyl, norbornane, norbornene, adamantyl,

bicyclo[2.2.2]octane and the like.

[6039] “Cycloalkenyl” refers to a stable monovalent monocyclic or bicyclic
hydrocarbon group consisting solely of carbon and hydrogen atoms, having from
three to ten carbon atoms, which is partially unsaturated. Examples of cycloalkenyl

include cyciopropene, cyclobutylene, cyclopentene and cyclohexene.
[0046] “Halo, “halogen” or “halide” refers to F, CI, Bror L,

[3041] “Haloalkyl” refers to an alkyl group, in certain embodiments, Cysalkyl
group in which one or more of the hydrogen atoms are replaced by halogen. Such
groups include, but are not limited to, chloromethyi, trifluoromethyl
1-chloro-2-fluorocthyt, 2.2-diftluoroethyl, 2-fluoropropyl, 2-fluoropropan-2-yl, 2,2,2-
trifluoroethyl, 1,1-difluoroethyl, 1,3-difluoro-2-methylpropyt, 2,2~
difluorocyclopropyl, (trifluoromethylicyclopropyl, 4,4-difluorocyclohexy! and 2,2,2-
trifluoro-1,1-dimethyl-ethyl.

[6842] “Heterocycle” or “Heterocycly!” refers to a stable 3- to 15-membered non-
aromatic ring radical which consists of carbon atoms and from one fo five
heteroatoms selected from a group consisting of nitrogen, oxygen and sulfur. In one
embodiment, the heterocyclic ring system radical may be a monocyelic, bicycelic or
tricyclic ring or tetracyclic ring system, which may include fused or bridged ring
systems; and the nitrogen or sulfur atoms in the heterocyclic ring system radical may
be optionally oxidized; the nitrogen atom may be optionally quaternized; and the
heterocyclyl radical may be partially or fully saturated. The heterocyclic ring system
may be attached to the main structure at any heteroatom or carbon atom which results
in the creation of a stable compound. Exemplary heterocylic radicals include,
morpholinyl, piperidinyl, piperazinyl, pyranyl, pyrrolidinyl, oxetanyl, azetidinyl,
quinuclidinyl, octahydroquinolizinyl, decahydroquinolizinyl,
azabicyclo[3.2.1]octanyl, azabicyclo{2.2 2Joctanyl, isoindolinyl, indoiinyl and others.
[0043) “Heteroaryl™ refers to a heterocyclyl group as defined above which is
aromatic. The heteroaryl groups include, but are not limited to monocyclyl, bicyclyl

and tricyclyl groups, and may be attached to the main structure at any heteroatom or

carbon atom which results in the creation of a stable compound. Exampies of such
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heteroaryl groups include, but are not limited to: furanyl, imidazolyl, oxazolyl,
isoxazolyl, pyrimidiny!, pyridinyl, pyridazinyl, thiazolyl, thienyl, benzimidazolyl,
imidazo[4,5-b]pyridinyl, imidazo[1,2-a]pyridinyl, imidazo[1,2-bJpyridazinyl,

imidazo[1,2-alpyrazinyl and others.

[0044] “Heterocyclylalkyl” refers to a group of the formula ~R.R. wherein R, 18
an alkyl group as defined above and R, is a heterocyclyl group as defined herein,
where the alky! group R, may attach at either the carbon atom or the heteroatom of the
heterocyclyl group R.. The alky! group and the heterocyclyl group may be optionally

substituted as defined herein.

[0045] “ICso” vefers to an amount, concentration or dosage of a particular test
compound that achieves a 50% inhibition of a maximal response, such as cell growth

or proliferation measured via any the in vitro or cell based assay described herein.
{0046] “Oxo” refers o the group =0 attached to a carbon atom.

[0047] Pharmaceutically acceptable salts include, but are not limited to, amine
salts, such as but not limited to N, N'-dibenzylethylenediamine, chloroprocaine,
choline, ammonia, diethanolamine and other hydroxyalkylamines, ethylenediamine,
N-methylglucamine, procaine, N-benzylphenethylamine,
1-para-chlorobenzyl-2-pyrrolidin-1'-ylmethyl- benzimidazole, dicthylamine and other
alkylamines, piperazine and tris(hydroxymethyl)aminomethane; alkali metal salts,
such as but not limited to lithium, potassium and sodium,; alkali earth metal salts, such
as but not limited to barium, calcium and magnesium; transition metal salts, such as
but not limited to zinc; and other metal salts, such as but not limated to sodium
hydrogen phosphate and disodium phosphaie; and also inciuding, but not limited to,
salts of mineral acids, such as but not limited to hydrochlorides and sulfates; and salts
of organic acids, such as but not limited to acetates, lactates, malates, tartrates,

citrates, ascorbates, succinates, bufyrates, valerates, fumarates and organic sutfonates.

[0G48) As used herein and unless otherwise indicated, the term “hydrate” means a
compound provided herein or a salt thereof, that further includes a stoichiometric or

non-stoichiometeric amount of water bound by non-covalent intermolecular forces.

10645] As used herein and unless otherwise indicated, the term “solvate” means a

solvate formed from the association of one or more solvent molecules to a compound
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provided herein. The term “solvate” includes hydrates (e.g., mono-hydrate, dihydrate,

trihydrate, tetrahydrate and the like),

[0050] As used herein, “substantially pure” means sufficientty homogeneous to
appear free of readily detectable impurities as determined by standard methods of
analysis, such as thin layer chromatography (TLC), gel electrophoresis, high
performance liquid chromatography (HPLC) and mass spectrometry (MS), used by
those of skill in the art to assess such purity, or sufficiently pure such that further
purification would not detectably alter the physical and chemical properties, such as
enzymatic and biological activitics, of the substance. Methods for purification of the
compounds to produce substantially chemically pure compounds are known to those
of skill in the art. A substantially chemically pure compound may, however, be a
mixture of stereoisomers. In such instances, further purification might increase the

specific activity of the compound.

[0051] Unless stated otherwise specifically described in the specification, it is
understood that the substitution can occur on any atom of the alkyl, alkenyl, alkynyl,

cycloalkyl, heterocyclyl, aryl or heteroaryl group.

[0852] Unless specifically stated otherwise, where a compound may assume
alternative tautomeric, regioisomeric and/or stereocisomeric forms, all alternative
isomers are intended to be encompassed within the scope of the claimed subject
matter. For example, where a compound is described as having one of two tautomeric

forrns, it is intended that the bath tautomers be encompassed herein.

16053] Thus, the compounds provided herein may be enantiomerically pure, or be

stereoisomeric or diastereomeric mixtures.

[8054] It is to be understood that the compounds provided herein may confain
chiral centers. Such chiral centers may be of either the (R) or (5) configuration, or
may be a mixture thereof. It is to be understood that the chiral centers of the
compounds provided herein may undergo epimerization in vive. As such, one of skill
in the art will recognize that administration of a compounid in its (R) form is
equivalent, for compounds that undergo epimerization in vivo, to administration of the

compound in its (S) form.
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[6055] Optically active (+) and (-}, (R)- and {S)-, or (D)- and {L}-isomers may be
prepared using chiral synthons or chiral reagents, or resolved using conventional

techniques, such as chromatography on a chiral stationary phase.

{0056} As used herein, “isotopic composition” refers to the amount of each
isotope present for a given atom, and “natural isotopic composition” refers to the
naturally occurring isotopic compaosition or abundance for a given atom. Atoms
containing their natural isotopic composition may also be referred to herein as “non-
enriched” atoms. Unless otherwise designated, the atoms of the compounds recited
herein are meant to represent any stable isotope of that atom. For example, unless
otherwise stated, when a position is designated specifically as “H” or “hydrogen”, the

position is understood to have hydrogen at its natural isotopic composition.

[9057] As used herein, “isotopically enriched” refers to an atom having an
isotopic composition other than the natural isotopic composition of that atom.
“Isotopically enriched” may also refer to a compound containing at least one atom
having an isofopic composition other than the natural isotopic composition of that

atonm.

[0058] As used herein, “isotopic enrichment” refers to the percentage of
incorperation of an amount of a specific isotope at a given atom in a molecule in the
place of that atom’s natural isotopic abundance. For example, deuterium enrichment
of 1% at a given position means that 1% of the molecules in a given sample contain
deuterium at the specified position. Because the naturally occurring distribution of
deuterium is about 0.0156%, deuterium enrichment at any position in a compound
synthesized using non-enriched starting materials 1s about 0.0156%. The isotopic
enrichment of the compounds provided herein can be determined using conventional
analytical methods known to one of ordinary skill in the art, including mass

spectrometry and nuclear magnetic resonance spectroscopy.

[0059] Where the number of any given substituent is not specified (e.g.,
haloalkyl), there may be one or more substituents present. For example, “haloalkyl”

may include one or more of the same or different halogens.

0066} In the description herein, if there is any discrepancy between a chemical

name and chemical structure, the structure controls.
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{6061 “Anti-cancer agents” refers to anti-metabolites (c.g., 5-fluoro-uracil,
methotrexate, fludarabine), antimicrotubule agents (e.g., vinca alkaloids such as
vincristing, vinblastine; taxanes such as paclitaxel, docetaxel), alkylating agents (e.g.,
cyclophosphamide, melphalan, carmustine, nitrosoureas such as
bischloroethylnitrosurea and hydroxyurea), platinum agents (e.g. cisplatin,
carboplatin, oxalipiatin, JM-216 or satraplatin, CI-973), anthracyclines (c.g.,
doxrubicin, daunorubicin}, antitumor antibigtics (¢.g., mitomycin, idarubicin,
adriamycin, daunomycin), topoisomerase inhibitors (e.g., etoposide, camptothecins),
anti-angiogenesis agents (e.g. Sutent® and Bevacizumab) or any other cytotoxic
agents, {estramustine phosphate, prednimusting), hormones or hormone agonists,
antagonists, partial agonists or partial antagonists, kinase inhibitors, and radiation

treatment,

[0062] “Anti-inflammatory agents” refers to matrix metalloproteinase inhibitors,
inhibitors of pro-inflammatory cytokines {(e.g., anti-TNF molecules, TNF soluble
receptors, and IL1) non-steroidal anti-inflammatory drugs (NSAIDs) such as
prostaglandin synthase inhibitors (e.g., choline magnesium salicylate, salicylsalicyclic
acid), COX-1 or COX-2 inhibitors), or glucocorticoid receptor agonists such as

corticosteroids, methylprednisone, prednisone, or cortisone.

[0863) As used herein, the abbreviations for any protective groups, amino acids
and other compounds, are, unless indicated otherwise, in accord with their common
usage, recognized abbreviations, or the JIUPAC-IUB Commission on Biochemical

Nomenclature (sce, Biochem. 1972, 11:942-944),

B. COMPOUNDS

|6064] In certain embodiments, provided herein are compounds of Formula I

= RZ
W2 W, R®
W;A\W‘ ! L /
—N
W44J)n W = N/ Y —RS

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of steregisomers or racemic mixture of sterepisomers thereof,

wherein:

16



WG 2013/0560760 PCT/US2012/059983

R! and R? are each independently selected from hydrogen, deuterium,
halogen, hydroxyl and alkoxy, or R' and R? together form =0

R’ is hvdrogen or alkyl;

R’ is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R’ is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q;

each Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyt, cycloalkenyl, cycloalkylalkyl,
cycloaikenylalkyl, aryl, arallyl, heteroaryl, heteroaralkyl, heterocyelyl,
heterocyclylalkyl, -R'OR", -R*OR™N(R"(R®), -R"™N(RV R, -

RUSRY, -R"C(HRY, -R*COOR, -RICINRHRY), -R*'S(O)RY, -R"N(RMC(DHR?,
-RUN(RHC(HOR?, -R*N(RH)S(OWR™, =NORY, or —C(=NR")N(R")OR*, where the
alkyl, haloalkyl, aminealkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryi,
heteroaryi, and heterocyclyl groups are optionally substituted with one or more Q3
groups, in one embodiment, one to three ° groups; each Q° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is -(CR°R®),-;

R’ and R® are each independently hydrogen, deuterium, halo, alkyl,
haloalky! or hydroxyalkyl;

Zis 0, S or NR';

R’ is hydrogen, deuterium or alkyl;

cach W is independently CR® or N;

R is hydrogen, deuterium, halo or alkyt;

ring A is a monocyclic, bicyclic or tricyclic aryl, hetercary! or heteroeyely!
optionally substituted with one to four substituents selected from Q%

W'isNor C;

W?is N, NR™ or CR™;

W is N, NR'™ or CR'"™,

W*is N, NR" or CR'"";

R R, R R RM™and R are selected as follows:

)y R™, R" and R'™ arc each independently hydrogen or alkyl and R”,
R'% and R'™ are each independently hydrogen, deuterium, oxo, hydroxyl, halo or

alkyl; or
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i) R* and R'®, R®® and R, R® and R'® R'®™ and R'*, R** and R'™
or R'® and R'!® together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyclyl ring, optionally substituted with one or more, in one
embodiment, one to three, in another embodiment, one, two or three groups selected
from Q% and the remainder of R, R’™ and R'"* are each independently hydrogen,
deuterium ot allcyl; and the remainder of R, R'® and R'"" are each independentty
hydrogen, deuterium, halo or alkyl; or

iii) R* and R', R*® and R'™, R* and R'™, R and R'*®, R** and R" or
RI% and R'" together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyelyl ring optionally fused to a phenyl ring optionally substituted
with one or more, in one embodiment, one to three, in another embodiment, one, two
or three groups selected from Q7 and the remainder of R”and R™ or the remainder of
R and R* "™ are cach independently hydrogen, deuterium or alkyl;

each Q° is independently halo, deuterium, cyano, oxo, thioxo, alkyl,
haloalkyl, haloalkenyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl. heteroaralkyl,
heterocyclyl, heterocyclylalkyl, -R"OR*, -R"OR"OR™,-R"OR*N(R¥R"), -
REN(RY)R?), -R"SRY, -R'C(DR, -R*C(HOR, -R*CNNR"HR?), -R*CHR"NRHR)
, -RIC(HNRNHOR, -C(=ENORMR® -RIS(ONRY, -R'NRMHC(DRY, -R'NRHCNHORT,
RENRMHS(OWR™ or ~C(=NR”IN(RMOR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
arc optionally substituted with one or more groups Q% in one embodiment, one to
three Q' groups, each Q' is independently selected from halo, deuterium, hydroxyl,
alkyl, haloalky!l and hydroxyalkyl;

R? is hydrogen or alkyl;

each R” is independently alkylene, alkenylene or a direct bond,

R is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R” 1s independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycioalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroparalkyl,

RY and R” arc each independently selected from (1) or (i1) below:
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(i) R and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyi,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyciylalkyl, aryl, aralkyl,
heteroaryl, or heteroaraikyl; or

(ii) RY and R? together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q groups; each Q' is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cyvcloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NR” or S;

cach t ig independently an integer from 0-2;

nis 1 or2; and

q 18 an integer from 0-4,

wherein the compounds are selected such that: 1) when W is CH; W'is C;
Z is 8; R' is hydrogen, or hydroxyl and R? is hydrogen, or R' and R? together form
=(); then ring A is not pyridine; ii} when W is CH; W' is N; Z is S; R' and R? are
hydrogen, then ring A is not pyrrolidine; iii) when W is CH, Z is NH, R and R?
together form =0, q is 0, and R? is pyridinyl, then ring A is not phenyl, iv) when W is
CH, Z is NH, R'and R? together form =0, q is 0, and R* is phenyl, then ring A is not
pyrrolidine, and v) when Z is N, one of R' and R* is methyl and the other of R' and R”
is H, q is 0, and R? is pyridine, and W' is N, ring A cannot be piperidine, 1,2,3,4-
tetrahydroisoquinoline, or isoindoline.

[6065] In certain embodiments, provided herein are compounds of Formula [ or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, wherein:

R’ and R® are cach independently selected from hydrogen, halogen,
hydroxyl and alkoxy, or R' and R* together form =0,

R* is hydrogen or alkyl;

R* is cycloalkyl, cycloalkenyl, aryl, heterocycelyl or heteroaryl, where R? is
optionally substituted with one or more, in one embodiment, one to three, in another

embodinent, ong, two or three groups selected from Q'

19



WO 2013/056070 PCT/US2012/059983

each Q1 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyi, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylaikyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyelyl,
heterocyelylalkyl, -R°OR”, -R*OR"N(RY)( RZ_), -RIN(RMHR®, -R¥SR*, -R*C(IR”, -
R'"C(DHORT, -R'C(HN(RHR?), -R"S(O)RY, -R'N(RHC(DHRT, -R*N(R*C{JYOR™, -
R'N(RMHS(0)R™, =NOR, or ~C(=NRYIN(R*)OR”, where the alky!, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q” groups, in one
embodiment, one to three QF groups; cach Q° is independently selected from halo,
hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is (CRR%)~

R’ and R® are cach independentty hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis 0, S or NR';

R is hydrogen or alkyl;

each W is independently CR®or N;

R® is hydrogen or alkyl;

ring A is aryl or heteroaryl, optionaily substituted with one to four
substituents selected from Q7

W!'isNor C;

W?is N, NR™ or CR™;

W?is N, NR'® or CR':

W is N, NR'"* or CR"™®;

R R R™ RY R and R'™ are selected as follows:

) R™, R'*™and R''* are each independently hydrogen or alkyl and R,
R and R are each independently hydrogen, oxo, hydroxyl, halo or alkyl; or
i) R™ and R, R*® and R'®, R* and R'™, R'® and R!!* R'* and R!'P

or R'® and R""" together with the atoms to which they are attached form an aryl or
heteroaryl ring, optionally substituted with one or more, in one embodiment, one to
three, in another embodiment, one, two or three groups selected from Q7; and the
remainder of R™, R and R'** are each independentiy hydrogen or alkyl; and the
remainder of R”, R'® and R'® are each independently hydrogen, halo or alkyl;

cach Q is independently halo, cyane, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyi,
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cycloalkenylalkyl, aryl, aralkyi, heteroaryl, heteroaralkyl, heterocyciyl,
heterocyclylalkyl, -R"ORY, -R"OR*N(R¥)(R™), -R"N(R¥)R™), -R"SR*, -

RC(HRY, -R*C(HOR’, -R"C(HN(RYHR™), -R"CHN(RMOR", -R"S(O)R", -
RNROHCIDHRT, -R"N(RHCNORT, -R'NRHS(O}R™ or ~C(=NR")N(R"YOR*, where
the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more groups
Q% in one embodiment, one to three Q* groups, each Q* is independently selected
from halo, hydroxyl, alkyl, haloalky! and hydroxyalkyl;

R* is hydrogen or alkyl;

each R" is independently alkylene or a direct bond;

R is alkyl, haloalkyl, hydroxyallkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylatkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R” is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyi,
cycloalkenylalkyl, heterocyelyl, heterocyclyialkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

RY and R” are each independently selected from (i} or (ii} below:

(1) R” and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(ii} RY and R”, together with the nitrogen atom to which they are attached,
form a heterocyciyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q7 groups; each (7 is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, halealkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NR* or S,

cach t is independently an integer from 0-2;

nis 1 or2; and

¢ 15 an integer from 0-4,
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wherein the compounds are selected such that when W is CH; W'isC; Z
is 8; R is hydrogen, or hydroxyl and R” is hydrogen, or R' and R? together form =0;
then ring A is not pyridine.

[0666] In certain embodiments, provided herein are compounds of Formula I
wherein ring A is heteroaryl, n is ] and the other variables are as described elsewhere
herein. In certain embodiments, provided herein are compounds of Formula I wherein
ring A is heteroaryi, Whis N, nis 1 or 2 and the other variables are as described
elsewhere herein. In certain embodiments, provided herein are compounds of
Formula | wherein ring A is heteroaryl, W!isCorN,nis1or2, provided that when

W' is C, nis 1 and the other variables are as deseribed clsewhere herein,

10067} In certain embodiments, provided herein are compounds of Formula 1,
wherein ring A is bicyclic or tricyclic heteroaryl, and the other variables are as

described elsewhere herein.

[6068] In certain embodiments, provided herein are compounds of Formula I or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thercof, wherein:

R' and R? are cach independently selected from hydrogen, halogen,
hydroxyl and alkoxy;

R’ is hydrogen or alkyl;

R* is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or threc groups selected from Q;

each QE 18 independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R";

Y is -(CR*R")gx;

R’ and RS are each independently hydrogen, halo, aikyl, haloalky! or
hydroxyalkyi:

Zis O, S orNR;

R’ is hydrogen or alkyl;

each W is independently CR® or N;

R® is hydrogen, haloalkyl or afkyl;

ring A is aryl or heteroaryl, optionally substituted with one to four

substituents selected from Q%
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W isNor C;

W? is N, NR™ or CR™;

W?is N, NR'® or CR'™;

W*is N, NR** or CR'™,

R R R R'™ R and RV are selected as follows:

) R™, R and R™ are each independently hydrogen or alkyl and R™®,
R' and R"® arc cach independently hydrogen, oxo, hydroxyl, halo or alkyl; or
i) R* and R'™, R™ and R™®, R”" and R'®, R® and R'® R!%* and R'™?

R and RM® R and R'"or R'® and R""® together with the atoms to which they are
attached form an aryl, heteroarvl or heterocycelyl ring, optionally substituted with one
or more, in one embodiment, one to three, in another embodiment, one, two or three
groups selected from ()"; and the remainder of R*, R'"* and R''* are cach
independently hydrogen or alkyl; and the remainder of R” R'®™ and R'"are each
independently hydrogen, halo or alkyl;

each Q% is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyi, alkynyl, cycloaikyl, cycloalkenyl, cycloaikylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R*ORY, -RYOR*N(RM R, -R*N{R*}R?), -R"SR*, -R*C({])R", -
RYC(HOR?, -R'C(DHN(RY IR, ~R"CIHIN(RYOR?, -R"S(O)}RY, -R*NR*IC(NHR, -
R*N(RMCHORT, -RINRHS(ONRY or ~C{=NR"IN(R"OR, where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyelyl groups arc optionally substituted with one or more Q° groups; in one
embodiment, one to three Q° groups, each Qs ndependently selected from halo,
hydroxyl, alkyi, haloalkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond;

R" is alkyl;

each R* is independently hydrogen or alkyl;

R and R* are each independently hydrogen or alkyl;

Jis O, NR*or §;

gach t is independently an integer from 0-2;

nis tor2; and

q is an integer from 0-4,
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wherein the compounds are selected such that when W is CH; Whis ¢ 2
is S; R} is hydrogen, or hydroxyl and R? is hydrogen, or R’ and R” together form =0;
then ring A is not pyridine.

[6669] In certain embodiments, the compounds of Formula I is selected such that
when Wis CII, W' is C; Z is NH; R'and R? together form =0; and q is 0, then ring A
is not phenyl. In certain embodiments, the compounds of Formula I is selected such
that when 1) W is CH; W'is C; Z is $; R’ is hydrogen or hydroxyl and R” is hydrogen,
or R’ and R* together form =0; then ring A is not pyridine and i) when W is CH; w!
is C; 7 is NH; R' and R? together form =0; and q is 0, then ring A is not phenyl.
[6470) In certain embodiments, the compounds provided herein are sclected such
that when W is CH: W!is C; Z is 8; R' is hydrogen, or hydroxyl and R? is hydrogen,
or R! and R? together form =O; then ring A is not a 6 membered heteroaryl ring.
{6071] In certain embodiments, the compounds provided herein are selected such
that when W is CH; W is C; Zis §; R’ is hydrogen, or hydroxyl and R is hydrogen,
or R' and R? together form =0; then ring A is a fused bicyclic ring.

[6672] In certain embodiments, the compounds provided herein are selected
such that when W is CH; W' is N; Z is S; R! and R” are hydrogen, then ring A is not
pyrrolidine.

{0073] In certain embodiments, the compounds provided herein are selected
such that when W is CH; W' isN; Z is S; R! and R? are hydrogen, then ring A is not
S-membered heterocycelyl.

[0674] In certain embodiments, the compounds provided herein are selected
such that when W is CH, Z is NH, R and R? together form =0, q is 0, and R* is
pyridinyl, then ring A is not phenyl.

[0875] In certain embodiments, the compounds provided herein are selected

such that when W is CH, Z is NH, R’ and R? together form =0, ¢ is 0, and R* is

nitrogen containing heteroaryl, then ring A is not phenyl.

[6G76] In certain embodiments, the compounds provided herein are selected
such that when W is CH, Z is NH, R'and R? together form =0, g i3 0, and R*is

monocyclic heteroaryl, then ring A is not phenyl.
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[6077} In certain embodiments, the compounds provided herein are selected
such that when Wis CH, Z is NH, R’ and R’ together form =0, q is 0, and R*is
phenyl, then ring A is not pyrrolidine.

1060783 In certain embodiments, the compounds provided herein are selected
such that when W is CH, Z is NH, R' and R” together form =0, q is 0, and R* is

phenyl, then ring A is not nitrogen containing heterocyclyl.

[6079] In certain embodiments, the compounds provided herein are selected
such that when Z is N, one of R' and R” is methyl and the other of R'and R*is H, q is
0, and R’ is pyridine, and W!is N, ring A cannot be piperidine, 1,2,3,4-

tetrahydroisoquinoline, or isoindoline.

[008¢] In certain embodiments, the compounds provided herein are selected
such that when Z is N, one of R' and R? is methyl and the other of R' and R? is H, q is
0, and R? is pyridine, and W' is N, ring A cannot be nitrogen containing heterocyclyl.
In certain embodiments, the compounds provided herein are selected such that when
Z1is N, one of R! and R? is methyl and the other of R'and R*is H, qis 0, and RYis
pyridine, and W' is N, ring A carmot be heterocyclyl.

[0081] In certain embodiments, provided herein are compounds of Formula I,
wherein R' and R? are each independently selected from hydrogen and halogen. In
certain embodiments, R' and R” are each hydrogen. In certain embodiments, R’ is
frydrogen and R? is halogen. In certain embodiments, R! and R” are each halogen. In
certain embodiments, R’ and R? are each independently selected from hydrogen and
fluorine. In certain embodiments, R' is alkoxy and R? is hydrogen, In certain

embodiments, R’ is hydroxy and R? is hydrogen.

[6882] In certain embodiments, R? is hydrogen or alkyl. In certain embodiments,

R is hydrogen or methyl. In certain embodiments, R” is hydrogen.

[6083] In certain embodiments, R is eycloalkyl, aryl, heterocyclyl or heteroaryl,
where R? is optionally substituted with one or more, in one embodiment, one to three,
in another embodiment, one, two or three groups selected from Q' each Q' is
independently halo, oxo, alkyi, haloalkyl, hydroxyalkyl, cycloalkyl, =NOH,

-R*OR* or -R'C(O)RY, each R" is independently alkylene or a direct bond; and each
R* is independently hydrogen or alkyl. In certain embodiments, R* is cycloalkyl or

heterocyclyl, where R* is optionally substituted with one or more Q.
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[6084] In certain embodiments, R” is cyclohexyl, tetrahydrofuryl, pyridinyl,
phenyl, morpholinyl, cyclopentyl, piperidinyl, tetrahydro-2H-pyranyt or 2,3-dihydro-
1H-indenyl, where R’ is optionally substituted with one or more, in one embodiment,
one to three, in another embodiment, one, two or three groups selected from Q; each
Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, =NOH,
-R*OR™ or -R*'C(OYR*, each R" is independently alkylene or a direct bond; and each
R* is independently hydrogen or alkyl.

|6085] In certain embodiments, R* is cycloalkyl, optionally substituted with one,
two or three groups selected from Q'; each Q' is independently halo, oxo, alkyl,
haloatkyl, hydroxyalkyl, eycloaikyl, =NOH, -R"OR" or -R"C(O)R”, each R" is
independently alkylene or a direct bond; and cach R* is independently hydrogen or
alkyl.

[0886] In certain embodiments, R is cyclohexyl, optionally substituted with
hydroxyl,

[6087] In certain embodiments, Y is direct bond or ~-(CR5RG)q_-; R*and R® are each
independenily hydrogen, halo, alkyl, haloalkyl or hydroxyalkyl. In certain
embodiments, Y is direct bond or ~(CR’R®),~; R® and R® are each independently
hydrogen, alkyl or hydroxyalkyl. In certain embodiments, Y is direct bond, -CHs-,
-CH(CH;)- or -CH(CH,OH)-.

[0088] In certain embodiments, Z is O, S or NH. In certain embodiments, Z is O

or S,

[0089] In certain embodiments, each W is independently CR® or N; and R® is
hydrogen, halo or alkyl. In certain embodiments, each W is CR®; and R® is hydrogen

or alkyl. In certain embodiments, each W is CH.

[0030] In certain embodiments, ring A is aryl or heteroaryl, optionally substituted
with one or two substituents selected from Q% where Q7 is heteroaryl,
RECHNRNRE, or -R'N(RMC(IHRY, where when Q7 is the heteroaryl, it is

optionally substituted with one or more alkyl;

each R" is independently alkylene or a direct bond;
each R is independently hydrogen or alkyl;
R? and R are each independently hydrogen or alkyl; and
Jis O, NR* or S.
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[0091] In certain embodiments, ring A is heteroaryl, optionally substituted with
one or two substituents sclected from Q% where Q7 is heteroaryl,
RICHINRYHRH, or -R"N(RMIC(IRY, where when Q° heteroaryl, it is optionally

substituted with one or more alkyl;

cach R" is independently alkylene or a direct bond;

each R™ is independently hydrogen or alkyl;

RY and R* are each independently hydrogen or alkyl; and
Jis O, NR" or 8.

[0092] In certain embodiments, provided herein are compounds of Formula I:

We’ V‘“X( I%

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stergoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein:

R' and R* arc cach independently selected from hydrogen, halogen,
hydroxyl and alkoxy, or R' and R? together form =0

R? is hydrogen or atkyl;

R is cycloaikyl, cycloalkenyl, aryl, heterocyely! or heteroaryl, where R*is
optionally substituted with one or more, in one embodiment, one to three, in another
ernbodiment, one, two or three groups selected from Qh

each Qi is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl.
aminoalky!, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaraikyl, heterocyclyl,
heterocyclylalkyl, -R*ORY, -RUOR"N(R”)(R?), -R"N(R*)}R"), -R"SR*, R"C(DHR”, -
RC(DHOR™, -R'C(NMNRMHRY, -RUS(O)R”, -R'NRIHCHR”, -R"NRHIC(HORT, -
RUN(RHS(O)RY, =NOR", or —~C(=NR’N(R")OR, where the alkyl, haloalkyl,
aminoalkyl, alkenyl, alkkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyelyl groups are optionally substituted with one or more Q° groups, in one
embodiment, one to three Q° groups; each Q3 is independently selected from halo,
hydroxyl, alkyl, haloalky! and hydroxyalkyl;

Y is «(CR°R)-:
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R’ and R® are cach independently hydragen, halo, alkyl, haloalky! or
hydroxyalkyl;

ZisO,Sor NR7;

R is hydrogen or alkyl;

each W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is a bicyclic or tricyclic heteroaryl or heterocyclyl optionally
substituted with one to four substituents selected from Q7;

W'isNorC;

W is N, NR™ or CR™;

W is N, NR'™ or CR'™,

Ww'is N, NR'* or CR™";

R R R'™ R!%® RM and RM™ are selecied as follows:

HR™ and R'™, R* and R'™, R* and R™™, R* and R'® R'*™ and R'™,

R!% and RM® R'™ and R'" or R'®™ and R'™ together with the atoms to which they are
attached form an aryl, heteroaryl or heterocyclyl ring, optionally substituted with one
or more, in one embodiment, one to three, in another embodiment, one, two or three
groups selected from Q7; and the remainder of R, R and R'** are each
independently hydrogen or alkyl; and the remainder of R”, R'" and R* " are cach
independently hydrogen, halo or alkyl; or

i) R™and R'™ R™ and R', R and R'®, R”® and R™™, R'™ and R™*,
R% and R, R'™ and R'"" or R'™ and R'® together with the atoms to which they are
attached form an aryl, heteroaryl or heterocyclyl ring optionally fused to a phenyl ring
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Qz; and the remainder of R and
R’ or the remainder of R'™ and R''® are each independently hydrogen or alkyl;

each Q2 is independently halo, cyano, oxo, thioxo, alkyi, haloalkyl,
haloalkenyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyi, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocvelyl,
heterocyclylalkyl, -R"OR”, -R"OR"OR* -R*OR"N(R*}R™), -
RIN(RNRY, -R*SR*, -R'C(NRF, -R"C(DHOR”, -R*CHNRYYR?), -R*C(HR"N(R*HR?)
, -RECHNRNHORY, -C=NOR™R™ -R"S{O}R”, -R*N(RHC(DHRY, -R'N(R*YC(NHOR™,
-R*N(RMIS(O}RY or ~C(=NRYN(R"YOR*, where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, arvl, heteroaryl, and heterocyclyl groups
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arc optionally substituted with one or more groups Q"; in one embodiment, one to
three Q groups, each Q" is independently selected from halo, hydroxyl, alkyl,
haloalky] and hydroxyalkyl;

R%is hydrogen or alkyt;

each R" is independently alkylene, alkenylene or a direct bond;

RY is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyt,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyelylalkyl, aryl, arallcyl, heteroaryl, or heteroaralkyl;

each R” is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cveloatkyi, cycloalkenyl, cycloalkylaliyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

R” and R” are each independently selected from (i) or (ii) below:

(i) RY and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylaikyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(1) RY and R together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q' groups; each Q’ is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, halealiyl, hydroxyaikyl,
aminoallyl, alkenyl!, alkynyl, cvcloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralky!, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyt;

JisO,NR or §;

each t is independently an integer from 0-2;

nis 1 or2; and

g is an integer from 0-4,

wherein the compound is selected such that when Z is N, one of R' and R*
is methyl and the other of R' and R” is H, q is 0, and R” is pyridine, and W' is N, ring
A cannot be 1,2,3 4-tetrahydroisoquinoline, or isoindoline

[0093]  In certain embodiments, W' is N. In certain embodiments, W' is C.
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16094] In certain embodiments, W is N or CR™, where R* is hydrogen oxo,
hydroxy! or alkyl. In certain embodiments, W” is N or CR'™, where R'® is hydrogen

iib ;

ot alkyl. In certain embodiments, W* is N or CR'™, where R'™” is hydrogen or alkyi,

In certain embodiments, W’ is CR™ W is CR'®™: W* is N or CR''"; where R*® and
R together with the carbon atoms on which they are substituted form an aryl or
eteroaryl ring, optionally substituted with one or more, in one embodiment, one to
three, in another embodiment, one, two or three groups selected from Q% R is
hydrogen or atkyl;
each Q7 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,

aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylaikyl, -R*OR”, -R'OR"N(RY)(R"), -R'N(R"IRH, -R"SR*, -R"C(HRT, -
REC(HOR®, -RECIHN(R R, -RIC(HN(RMOR”, -R*S(O}RY, -R*N(RHC(DR”, -
R*NERHC(HORT, -R"'N(RHS(OHR™ or ~C(=NR”"IN(RNOR", where the alkyl,
haloalkyl, aminoalkyl, allkenyl, alkynyl, cycloatkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q* groups; each Q% is
independently selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R” is independently alkylene or a direct bond;

R¥ is alkyl;

each R* is mdependently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR* or §; and

each t is independently an integer from 0-2.
[0095]  In certain embodiments, W is CR®® W* is CR'™; W* is N; where R and
R'® together with the carbon atoms on which they are substituted form an aryl or
heteroaryl ring, optionally substituted with one or two groups sefected from Q7
where Q7 is as defined clsewhere herein. In certain embodiments, each Q” is
independently halo, cyano, alkyl, haloalkyl, aminoalleyl, alkenyl, alkynyi, cycloalkyl,
heteroaryl, heterocyclyl, -R"OR*, -R"N(R*)(R®), -R"SR*, -R"C()R*, -R"C(NHOR*, -
R'C(IHN(RMYRY, -R'C(HNRNOR”, -R"S(O)R”, -R"NRHC(HR, -R*"N(RMC(TYOR*,
-RUN(RHS(ORRY or ~C(=NR"N(RVYOR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, heteroaryl, and heterocyclyl groups are optionaily
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substituted with one or more Q! groups; each Q” is independently selected from halo,

hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond;
R¥ is alkyl,
each R” is independentty hydrogen or alkyl;
RY and R” are each independently hydrogen or alkyl;
Tis O, NR* or S; and
each t is independently an integer from 0-2.
[0096] In certain embodiments, nis I or 2. In certain embodiments, nis 1. In

certain embodiments, nis 2,

[6097] In certain embodiments, q is an integer from 0-4. In certain embodiments,
qis 0-3. In certain embodiments, q is ¢-2. In cerfain embodiments, qis 0, L or 2. In
certain embodiments, q is 0. In certain embodiments, q is 1. In certain embodiments,

qis 2.

[0698] In certain embodiments, provided herein are compounds of Formula T or
pharmaccutically acceptable salts, solvates, hydrates, clathrates, single stercoisomers,

mixture of stereoisomers or racemic mixture of siereoisomers thereof, wherein;

R' and R? are each independently selected from hydrogen, alkoxy and
halogen;

R* is hydrogen or alkyl;

R* is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R* is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q';

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR" or -R"C{O)RY;

Y is direct bond or ~(CR5R5)Q—;

R®and R® are cach independently hydrogen, halo, alkyl, haloalkyl or
nydroxyalkyl;

718 0,5, or NR7;

R’ is hydrogen or alkyl;

each W is independently CR® or N;

R? is hydrogen, haloalkyl or alkyl;
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ring A 1s aryl or heteroaryl;

W'isNorC;

W is N, NR™ or CR™;

W is N, NR™ or CR'®,

W*is N, NR""* or CR'™;

R* R R RI® R and RM® are selected as follows:

HR™ R'"™and R"'* are cach independently hydrogen or alkyl; and R™,
R' and R'® are cach independently hydrogen, oxo, hydroxyl, halo or alkyl; or
i) R* and R'®, R* and R'®, R” and R'®, R”® and R'* R'* and R'"",

R and R R* and R''* or R'™ and R""" together with the atoms to which they are
attached form an aryl or heteroaryl ring, optionally substituted with one or more, in
one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q% the remainder of R*, R’ and R'™® are each independently
hydrogen or alkyl; the remainder of R% R'" and R''" are each independently
hydrogen, halo or alkyl;

each 7 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyelyl,
heterocyelylalkyl, -R*ORY, -RPOR"N{R)R), -R"'N(R")R®), -R"SR*, -R"C()R*, -
RUC(DOR”, -RUC(HN(RYRY, -R'CIHNRY)ORY, -RUS(O)R”, -R'NRIC(NRY, -
R'N(RMC(HOR', -R"N(RM)S(O)R™ or ~C(=NR"N(R")OR”, where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
nreterocyclyl groups are optionally substituted with one or more Q” groups; cach Q is
independently selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R" is independently alkylene or a direct bond;

R¥ is alkyl;

each R* is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR*or S;

each t is independently an integer from 0-2;

nisl; and

q is an integer from 0-2.

[6059] In certain embodiments, provided herem are compounds of Formula 11
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or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein:

R' and R? are each independently selected from hydrogen, alkoxy and
halogen;

R’ is hydrogen or alkyl,

R is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R* is
optionaily substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

each Q1 is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkyialkyl,
cycloalkenylalkyl, aryl, aralkytl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyelylalkyl, -R¥ORY, -R'OR"N(R¥}R"), -R"N(R")(R), -

RYSR*, -R'"C(DHR, -R'C(NHOR”, -R*CEONR MRS, -R'S(O)R”, -R*NRHC(NHR?,
REN(RHCHORY, -R*N(ROS(OWRY, =NORY, or ~C(=NRYIN(R¥)OR*, where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocycly! groups are optionally substituted with one or more Q°
groups, in one embodiment, one to three Q° groups; cach Q° is independently selected
from deuterium, halo, hydroxvyi, alkyl, haloalkyl and hydroxyalkyl;

Y is {(CRR%)y-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis 0, S, or NR”;

R’ is hydrogen or alkyl,

each W is independently CR® or N;

R® is hydrogen, haloalkyl or alkyl;

ring A is aryl or heteroaryl, optionally substituted with one to four
substituents selected from Q%

w!'isNorC ;

W2 is N, NR™ or CR™;
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W?is N, NR'™ or CR'™;

w*is N, NR"™ or CR™;

R* R® R'™ R'™® R and R' are sclected as follows:

) R™, R'% and R'* are each independently hydrogen or alkyl and R,
R'® and R™® are each independently hydrogen or Q% or

i) R™ and R'®, R and R'™, R"™ and R'®, R* and R'", R'® and R',
R' and RM™ R1% and RM® or R’ and R""" together with the atoms to which they are
attached form an aryl or heteroaryl ring, optionally substituted with one or more, in
one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q; the remainder of R™ or R'* is hydrogen or alkyl; and the remainder
of R* or R"*is independently hydrogen or Q7

each Q2 is independently halo, deuterium, cyano, oxo, thioxo, alkyl,
haloalky!, aminoalky!, alkenyl, haloalkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyvl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocycelyialkyl, -R"OR”, -R"OR"OR™,-R"OR"N(R"}(R"), -
R*N(RV)(R?), -RUSR¥, -RUC(IR, -R*CHORT, -

RECINN(RMY(R), -RECHR"NERMHR, -R*C(HN(RY)OR?, -«C(=NORMR, -
R'S(O)RY, -R*NRICHRY, -R*NRMHCHOR, -R"N(RHS(O)WR™ or -
C(=NR”)N(RMOR", where the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyi,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyelyl groups arc optionally
substituted with onc or more Q* groups; cach Q" is independently setected from halo,
hydrexyl, alkyl, haloalkyl and hydroxyalkyl;

cach R® is independently hydrogen or alkyl;

each R" is independently allcylene, alkenylene or a direct bond;

RY is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyt, cycloalkylalkyl, cycloalkenylalky!, heterocyclyl,
heterocyctylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

cach R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoaliyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylaikyl, aryl, aralkyl, heteroaryl, or
heteroaralicyl;

RY and R” are each independently selected from (i) or (ii) below:

(i) RY and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
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cycloalkylalkyi, cycloalkenylalkyl, heterocyclyl, beterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl, or

(ii) RY and R®, together with the nitrogen atom to which they are attached,
form a heterocycly! or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q7 groups; each Q’ is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyelylalkyl;

Jis O, NR* or 8;

cach t is independently an integer from 0-2; and

q 1s an integer from 0-2;

wherein the compounds are selected such that when 1) W is CH; W'is C;
Zis S; R is hydrogen, or hydroxy! and R” is hydrogen, or R' and R” together form
=Q; then ring A is not pyridine and i) when W is CH; W' is C; Z is NH; R' and R*
together form =0; and q 1s 0, then ring A is not phenyl.
[08106] 1n certain embodiments, provided herein are compounds of Formula Il
wherein cach Q' is independentiy halo, oxo, atkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR™ or -R"C(O)R"; cach R" is independently alkylene or a
direct bond; each R is independently hydrogen or alkyl; and the other variables are as
described clsewhere herein. In certain embodiments, provided herein are compounds
of Formula I wherein ring A is heteroaryl optionally substitated with one to four
substituents selected from Q%; nis | and the other variables are as described

elsewhere herein.

[06101]  In certain embodiments, provided herein are compounds of Formula 11

=4 R?
2 W R3
W3’ A\WBS/ _J Z !
N Wl ~ /: N\Y R4
W _
~w N il

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stersoisomers or racemic mixture of stereoisomers thereof,

wherein:
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R! and R? are each independently selected from hydrogen, alkoxy and
halogen;

R? is hydrogen or alkyl;

R* is cycloalkyl, cycloalkenyl, aryl, heterocyely! or heteroaryl, where RYis
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Ql;

ecach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(Q)R?;

Y is —(CR’R®)q=:

R’ and R® arc cach independently hydrogen, halo, alkyl, haloalky! or
hydroxyalkyl;

Zis 0,8, or NR';

R’ is hydrogen or alkyl;

each W is independentty CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is aryl or heteroaryl, optionaily substituted with one to four
substituents selected from Q7

W!'is Nor C,

WZis N, NR” or CR”;

Ww? is N, NR!™ or CR'®;

W*is N, NR'* or CR'®;

R R, R R RY and RMP are selected as follows:

iy R™, R™ and R'* are each independently hydrogen or alkyl and R™,
R and R* are each independently hydrogen, oxo, hydroxyl, halo or alkyl; or

i) R™ and R'™, R* and R'™ R*® and R'™, R® and R'"™ R'* and R*'®,
R and R'® R and R'"" or R'™ and R together with the atoms to which they are
attached form an aryl or heteroaryl ring, optionally substituted with one or more, in
one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q% the remainder of R™, R'* and R''* are cach independently
hydrogen or alkyl; the remainder of R”® R'" and R'™® are each independently
hrydrogen, halo or atkyl,

cach Q% is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkyialkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
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heterocyelylalkyl, -RUORY, -RUOR"N{RY}R?), -R"N(R")R?), -R“SRY, -R"C(J)R”, -
RC(HOR’, -R*CNR"WRY, -R*'C(HN(RVOR?, -R"S(O)R”, -R"N(RMC(NHR", -
R"N(RMCOR?, -R"N(RMS(OWR™Y or —C(=NR”")N(R"HOR", where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloatkyl, cycloatkenyl, aryl, heteroaryl, and
heteracycelyl groups are optionally substituted with one or more Q" groups; each Q" is
independently selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond,

RY is alkyl;

each R* is independently hydrogen or alkyl;

R” and R” are cach independently hydrogen or alkyl;

JisO,NR*or S;

each t is independently an integer from 0-2; and

q is an integer from 0-2.
[06102]) In certain embodiments, provided herein are compounds of Formula 11
wherein ring A 18 heteroaryl optionally substituted with one to four substituents

selected from QF and the other variables are as described elsewhere herein.

[00163] In certain embodiments, compound of formuia I us selected such that: 1)
when Wis CH: W!is N; Zis S; R' and R? are hydrogen, then ring A is not
pyrrolidine; i) when W is CH, Z is NH, R' and R” together form =0, ¢ is 0, and R” is
phenyl, then ring A is not pyrrolidine, and iii) when Z is N, one of R' and R is methyl
and the other of R' and R? is H, q is 0, and R? is pyridine, and W' is N, ring A cannot
be isoindoline.

[66104] In certain embodiments, provided herein are compounds of Formula 11,
wherein ring A is bieyclic or tricyclic heteroaryl, and the other variables are as

described elsewhere heremn.
[00105] In certain embodiments, provided herein are compounds of Formula 11

or pharmaceutically acceptable salts, sobvates, hydrates, clathrates, single
sterenisomers, mixture of stereoisomers or racemic mixture of stercoisomers thereof,

wherein:

R! and R? are each independently selected from hydrogen, alkoxy and
halogen;

R’ is hydrogen or alkyi;
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R* is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R'is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R°OR” or -R"C(O)R;

Y is —(CR'R%)

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis 0, S, or NR';

R’ is hydrogen or alkyl;

each W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroaryl or heterocyclyl, optionally substituted with one to four
substituents selected from Q7

wlisNorC;

W2 is N, NR” or CR™;

W is N, NR'™ or CR'™";

w*is N, NR'* or CR'%;

rR® R% R R R"Mand R are selected as follows:

) R™ R'""and R'™ are cach independently hydrogen or alkyl and R,
R!®and R''" are each independently hydrogen, oxo, hydroxyl, halo or alkyl; or

i) R* and R'®, R and R'®, R” and R'™, R”® and R'*, R'* and R'",
R!% and R'™ R'™ and R or R** and R'" together with the atoms to which they are
attached form an aryl, heteroaryl or heterocyclyl ring, optionally substituted with one
or more, in one embodiment, one to three, in another embodiment, one, two or three
groups selected from Q7; the remainder of R™, R'™ and R'™ are each independently
hydrogen or aliyl; the remainder of R’ R'® and R'" are each independently
hydrogen, halo or alkyl; or

i) R™ and R' R* and R'™, R*® and R'"®, R® and R'™ R'" and R'™,
R ang R R1™ and R or R' and R'"" together with the atoms to which they are
attached form an aryl, heteroaryl or heterocyelyl ring optionally fused to a phenyl ring
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q% and the remainder of R™and
R or the remainder of R'™ and R'" are cach independently hydrogen or atkyl;

38



WO 2013/056070 PCT/US2012/639983

each % is independently halo, cyano, oxo, thioxo, alkyl, haloaikyl,
aminoalkyl, alkenvi, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyelylalkyl, -R"OR*, -R"OR*OR”, -R*OR"N(R"}R?), -R"'N(R*}(R"), -

RUSRY, -R'C(DRY, -R"C(NOR*, R*C(HNRHR?), -R*CHR"N(R")R"),-
REC(IHN(RMHORY, -C(=NORMR’, -R"*S(O)R", R'NERICIRY, -RNRC(NOR, -
RUN(RHS(OWR" or —C(=NR"IN(R"JOR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cvcloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q* groups; cach Q" is independently
selected from halo, hydroxyl, alkyl, haloalky! and hydroxyalkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R™ is alkyl, haloalkyl, hydroxyalkyl, alkoxyalky?!, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylaliyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryi, or
heteroaralkyl;

RY and R” are cach independently selected from (i) or (ii) below:

(i) R” and R® are cach independently hydrogen, alkyl, haloalkyl,
hydroxyalky!, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyt,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(ify RY and R”, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q groups; cach Q’ is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyciylalkyl;

Tis O, NR* or S,

each t is independently an integer from 0-2; and

q is an integer from 0-2;
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wherein the compounds are selected such that when W is CH; wlisN; Z

is $; R' and R? are hydrogen, then ring A is not pyrrolidine,

In certain embodiments, provided herein are compounds of Formula 11

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, singte
stereoisomers, mixiure of stereoisomers or racemic muxture of stercoisomers thereof,
wherein:

R’ and R? are each independently selected from hydrogen, alkoxy and
halogen;

R’ is hydrogen or alkyl;

R' is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R* is
optionally substituted with one or more, in one embodiment, one to three, in another
ecrabodiment, one, two or three groups selected from Q'

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR* ar -R“C{O)R*;

Y is «(CR*R®):

R’ and R® are cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyi;

Zi1i3Q, 8, or NR7;

R’ is hydrogen or alkyl;

cach W is independently CR® or N;

R? is hydrogen, halo, haloalkyl or alkyl;

rmg A 1s bicyclic heteroaryl or heterocyclyl, optionally subsiituted with
one to four substituents selected from Q;

W isNorC;

W2 is N, NR* or CR™;

W is CR'™;

wiis N;

Rga, R, and R!% are selected as follows:

R* and R or R*® and R, together with the atoms to which they are
attached, form an aryl, heteroaryl or heterocyclyl ring, optionally substituted with one
or more, in one embodiment, one o three, in another embodiment, one, two or three
groups sclected from (; the remainder of R™ and R'® is hydrogen or alkyl;

each Q is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
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cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"ORY, -R"OR*OR”, -R*"OR"N(R")(R?), -R*"N(R"{R"), -

RUSR*, -R*"C(HRF, -R"C(HORY, -R*C(HN(RINRF), -R'CIHR"N(R'R).-
R'C(HN(RHORY, -C(=NORMR", -R'S(O)R”, -R"N(RHC(DHR, -R"N(RMC(HORT, -
R*N(RMS(O)RY or ~C(=NR"IN(R"YOR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q* groups; each Q° is independently
selected from halo, hydroxyl, alkyl, haloalkyt and hvdroxyalkyl;

cach R" is independently alkylene, alkenylene or a direct bond;

RY is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkeny!, alkynyi,
cycioalkyi, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyelyl,
heterocyclylalkyi, aryl, aralkyl, heteroaryi, or heteroaralkyl;

cach R” is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, allcynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalky!, heterocyclyl, heterocycliylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

R and R” are each independently selected from (i) or (ii) below:

(i) R’ and R* are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(il RY and R”, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or mare, in one
embodiment, one, two or three Q” groups; each Q” is independently selected from
halo, deutertum, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyi, alkenyl, alkynyl, cycloalkyl, cycioalkenyl, cycloalkylaliyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NR* or §;

each t is independently an integer from 0-2; and

q is an integer from 0-2.

[06106]  In certain embodiments, provided herein are compounds of Formula 11

wherein W is N; W* is N, NR™ or CR*®; W? is CR'™; and R”® and R'™ or R*® and

R together with the atoms to which they arc attached, form an aryl, heteroaryl or
41



WO 2013/656076 PCT/US2012/659983

heterocyclyl ring, optionally substituted with one or more, in one embodiment, one to
three, in another embodiment, one, two or three groups selected from QF and the other

variables are as described elsewhere herein.

[00107] In certain embodiments, provided herein are compounds of Formula 1
wherein R* is cycloalkyl, optionally substituted with one or more, in one embodiment,
one to three, in another embodiment, one, two or three groups selected from Ql;each
Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyaikyl, cycloalkyl, =NOH, -
RYOR* or -R"C(O)R™; Y is ~(CR'R®)-;

each R" is independently alkylene, alkenylene or a direct bond;

each R* is independently hydrogen, alkyl, hatoalkyl, hydroxyallyl,
alkoxyalkyl, cyanoalkyl, alkenyl, atkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl; and

q is 0; and the other variables are as described elsewhere herein.

[086E08] In certain embodiments, provided herein are compounds of Formula 11

R‘a R?
W2 W 7 R?
wé A\NXW \I >—r\{
\ _(J /. ~
we-tin W\W/ N Y—R*

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single

HE

stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein:

R and R? are each independently selected from hydrogen, halogen, atkoxy
and hydroxyl;

R* is hydrogen or alkyi;

R’ is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R? is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q;

cach Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloatkyl, aminoalkyi, alkenyl, atkynyl, cycloalkyl, cycloalkenyt, cycloalkylalkyl,
cycloalkenvlalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyciyl,
heterocyclylalkyi, -R"ORY, -R*OR"™N(R”HR"), -R"N(R)R?), -
RUSR*, -RYC(DHRY, -R'CDHOR?, -R*CIM(RHR™, -R"S(O)R™, -R"N(RHC(HR,
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RENRMCDORY, -RN(RHS(O)YRY, =NOR®, or ~C(=NR"IN(R")OR*, where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q’
groups, in one embodiment, one to three Q° groups; cach (° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl:

Y is {(CR'R®)-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z1s8 0, S or NH;

each W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroary! or heterocyclyl, optionally substituted with one to four
substituents sclected from Q%

W% is N or CR™,

W2 is N or Cwa;

W*is N or CR"%;

R® R!*™and R* ' are selected as follows:

HR? R and R’ ' are each independentty hydrogen or Q% or
i) R” and R'™ or R'™ and R ® yogether with the atoms to which they

are attached form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from QF; and the remainder of R”, R and R'""is hydrogen or Q%

cach Q2 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, haloalkenyl, alkynyt, cycloalkyl, cycloatkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR*, -R"OR"OR* -R*"OR"N(R"}R"), -R"N(R*}R™), -R"SR”, -
REC(DRY, -RC(HOR™, -RC(HNRNR, -R°COR"NR" R, -
REC(HN(RMORY, ~<C(=NOR™R*, -R"S(O)R¥, -R"NRIC(HR", -R*NR*YC(NHOR”, -
R*N(RHS(ORR™ or ~C{=NR"IN(R"OR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q* groups; cach Q" is independently
selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

RY is hydrogen or alkyl,

each R" is independently alkyiene, alkenylene or a direct bond;
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R" is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cvcloalkyl, cycloalkenyl, cycloalkylalkyl, cvcloalkenylalkyl, heterocyclvi,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylatkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaratkyl;

RY and R” are each independently selected from (i) or (ii) below:

(i) RY and R? are each independently hydrogen, alkyl, haloalkyl,
fiydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalleyl, heterocyclyl, heterocyclyvlalkyl, arvl, aralkyl,
heteroary!, or heteroaralkyl; or

(ii) RY and R?, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q’ groups. each Qs independently selected from
halo, deuterium, oxo, thioxo, hydroxy, atkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloatkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NR*or S;

each t is independently an integer from 0-2;

nis 1 or2; and

¢ 18 an integer from 0-4,

[6018%] In certain embodiments, provided herein are compounds of Formula 1]
wherein each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR™ or -R"C(O)R"; each R" is independently alkylene or a
direct bond; each R is independently hydrogen or alkyl; and the other variables are as

described elsewhere herein.

[06118] In certain embodiments, provided herein are compounds of Formula 111
R? RZ
W2 W R3
W3/ A\N><( = Z /
\\r\r"*d)n WI Z /: "y s
SwTN It
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or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stercoisomers thereof,
wherein:

R' and R? are each independently selected from hydrogen, halogen, alkoxy
and hydroxyl;

R’ is hydrogen or alkyl;

R’ is cycloalkyl, aryl, heterocycly! or heteroaryl, where R is optionatly
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q';

each Q' is independently halo, oxo, alky!, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR” or -R"C{O)R*;

Y is (CR'R)g

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z1is O, S or NH;

each W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroaryl, optionally substituted with one to four substituents
selected from Q7

W is N or CR™;

W?is N or CR'%;

W*is N or CR“b;

R, RI® and R are selected as follows:

HR™, R' and R''" are each independently hydrogen, oxo, hydroxyl,
halo or alkyl; or

i) R® and R'™ or R and R!" together with the atoms to which they
are attached form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q7; and the remainder of R™, R'™ and R''"is hydrogen, halo or alky!;

cach Q7 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, araikyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR?, -R"OR"N(R"R), -R"N(R"}R*), -R"SR", -R'C(HR*, -
RC(DHOR, -RCON(R"YIRY, -R"CNN(RMHORY, -R*S(O)R™, -R"'N(RC(DHR*, -
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R'N(RMC()YOR, -R'N(RMS(O)R™ or —C(=NR”N(R"YOR", where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q* groups; each Q* is
mdependently selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each R" is independently alkylene or & direct bond,

R" is alkyl;

each R” is independently hydrogen or alkyl;

R” and R” are cach independently hydrogen or alkyl;

Jis O, NR*or §;

cach t is independently an integer from 0-2;

nis 1 or2; and

q s an integer from 0-4.
[00111] In certain embodiments, compound of Formula HI is selected such that: 1)
when Wis CH; Z is S; R' and R” are hydrogen, then ring A is not pyrrolidine; i)
when W is CH, Z is NH, R' and R” together form =0, gis 0, and R is phenyl, then
ring A is not pyrrolidine; and iii) when Z is NH, one of R' and R®is methyl and the
other of R' and R? is H, qis 0, and R* is pyridine, and W' is N, ring A cannot be A

cannot be piperidine, 1,2,3,4-tetrabydroisoquinoline, or isoindoline,

{00112]  In certain embodiments, provided herein are compounds of Formula 111

wherein ring A is heteroaryl and the other variables are as described elsewhere herein.
In certain embodiments, provided herein are compounds of Formula II1, wherein ring
A is bicyclic or tricyclic heteroaryl, and the other variables are as described elsewhere

herein.

{00113] In certain embodiments, provided herein are compounds of Formula 111
or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stercoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,

wherein

R' and R® are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R” is cycloalkyl, optionally substituted with one or more, in one
cmbodiment, one to three, in another embodiment, one, two or three groups selected
from Q;
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cach Q' is independently halo, oxo, alkyl, haloalky!, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR* or -R"C{O)R",

Y is «(CR'R%)-;

R’ and R are cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

2180, 8, or NH;

cach W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroaryl optionally substituted with one to four substituents
selected from Q7

W is N or CR™,

W= is Nor CRIOb;

W*is Nor CRM®:

R, R and R are selected as follows:

) R”™, R'® and R'™® are each independently hydrogen or Q% or
iy R® and R!® or R and R'"®, together with the atoms to which they

are attached, form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q% and the remainder of R*®, R'™ and R"'” is hydrogen or Q%

each Q2 is Independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralky!, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR*, -R*"OR"N(R*}R®), -R"N(R*}R"}, -R"SR*, -R"C(J)R”, -
RC(HORY, -R'CIOINRYRA, -RIC(HN(RMORY, -R'SIOHRY, -R"NRMC(DHRY, -
R'N(RMC(DHORY, -R*N(RHS(O)R™ or ~C(=NRIN(R"OR", where the alkyl,
haloalkyl, aminoalkyl, aikenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q° groups; each Q° is
independently selected from halo, hydroxyl, alkyl, haloalky! and hydroxyalkyl;

each R" is independently alkylene or a direct bond,;

R™ is alkyl;

cach R* is independently hydrogen or alkyl;

R¥ and R are each independently hydrogen or alkyl;

Jis O, NR"or §;

cach t is independently an integer from 0-2;
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nis }or?2; and

q is an integer from 0-2.

[06114] In certain embodiments, provided herein are compounds of Formula II1 or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stercoisomers thercof, wheremn

R! and R arc cach independently selected from hydrogen or halogen;

R* is hydrogen or alkyl;

R" is cycloalkyl, optionally substituted with one or more, in one
embodiment, one to three, i another embodiment, one, two or three groups selected
from Ql;

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR”* or -R"C{O)R";

Y is ~(CR’R)4~

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl,

Zis O, §, or NH;

ecach W is independently CR® or N;

R® is hydrogen, halo, haloalky! or alkyl;

ring A is heteroaryl optionally substituted with one to four substituents

W2 is N or CR™;
W is Nor CR'™;
w'is Nor CR'™,
R, R and R are selected as follows:
iy R, R'™ and R'** are each independently hydrogen, oxo, hydroxyl,
halo or alkyl; or
i) R”® and R'™ or R!% and R'™®, together with the atoms to which they
are attached, form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q7 and the remainder of R*®, R™™ and R''™ is hydrogen, halo or alkyl,
each ° is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
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heterocyclylalkyl, -R*OR”, -R"OR"NR)(R®), -R"N(R*)}(R?), -R"SR*, -R"C{IR”, -
R'C(DHORY, -R"COHNRVHR, -R'CNHNRNOR", -R'S(O)RY, -R*NRMC(NHRY, -
R'NRHCIDORT, -R*NRHS(O}R” or ~C(=NR"N(RMOR*, where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q* groups; cach Q*is
independently selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R" is independently alkylene or a direct bond;

RY is alkyl;

each R* is independently hydrogen or alkyl;

R” and R* arc cach independently hydrogen or alkyl;

Jis O, NR*or §;

each t is independently an integer from 0-2;

nis 1 or2; and

g is an integer from 0-2.

{06115] In certain embodiments, provided herein are compounds of Formula HI

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
sterecisomers, mixture of stereoisomers or racernic mixture of stereoisomers thereof,

wherein:

R' and R? are each independently selected from hydrogen, halogen, alkoxy
and hydroxyl;

R? is hydrogen or alkyt;

R'is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R” is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

each Q1 is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR”, -R"OR"N(R* )R, -R"N(R*}R?), -

RUSRY, -R*C(NHR, -R*"CHOR?, -R*'CHN(RIRH, -R*S(OWRY, -R“N(R*C(R,
RN(RHCTOR?, -RIN(RMS(OWRY, =NOR?, or -C(=NRY}N(R"OR", where the
alkyl, haloalkyl, aminoalkyl, afkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryi,

heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q°
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groups, in one embodiment, one to three Q° groups; ecach Q° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is (CR'R%)¢;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl,

Z10,SorNH;

each W is independently CR® or N,

R’ is hydrogen, halo, haloaiky! or alkyl;

ring A is heteroaryl optionally substituted with one to four substituents
selected from QZ;

Wis N or CR%;

Wis N or CREOb;

w*is Nor CR"™;

R R and R''™" are selected as follows:

) R”, R'® and R"'® are each independently hydrogen, or Q% or

i) R and R'® or R*™ and R''® together with the atoms to which they
are attached form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q7; and the remainder of R R'® and R""is hydrogen or Q%

cach Q7 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyi, haloalkenyl, alkynyl, cycloalkyl, cycloaikenyl, cycloalkylaliyl,
cycloatkenylalkyl, aryl, aratkyl, heteroary!, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR”, -R"OR"OR*-R*OR"N(R"}(R™), -R"N(R"}R"), -R"SR”, -
RUC(HRY, -R'C(HORY, -R"CIHN(RHR™), -RCHR"NRMHRY, -R'CNHNRMHOR, -
C(=NORMR", -R"S(O)R", -R"NROHC(DHRY, -R"NRHC(DHOR™, -RN(RMS(OWR” or —
C(=NR"N(R"OR", where the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocycly! groups are optionally
substituted with one or more Q* groups; each Q" is independently selected from halo,
hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

RY is hydrogen or alkyl;

each R" is independently alkylene, alkenylenc or a dircct bond;

R¥ is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl,
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each R” is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyi, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyi, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

RY and R? are each independently selected from (i) or (ii) below:

(i) RY and R” are cach independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cvcloalkyi, cycleoalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
hetcroaryl, or heteroaralkyl; or

(i} RY and R, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q7 groups; eack Q is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyi, hydroxyaikyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aratkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NR*or §;

each t is independently an integer from 0-2;

nis 1; and

q is an integer from 0-4.

[00116] In certain embodiments, provided herein are compounds of Formula 111

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,

wherein:

R’ and R” are each independently selected from hydrogen, halogen, alkoxy
and hydroxyl;

R’ is hydrogen or alkyl;

R’ is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R* is optionally
substifuted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R",

Y is (CR'R®)q-;
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R*and R® are cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

2150, S or NH;

each W 1s independently CR%or N;

RY is hydrogen, halo, haloalky! or alkyl;

ring A is heteroaryl or heterocyclyl optionally substituted with one to four
substituents selected from Q%

W is N or CR™;

W' isN or CRmb;

w*is N or CRM™;

R% R'®and R''™ are selected as follows:

Y R®, R'™ and R'"" are each independently hydrogen, oxo, hydroxyl,
halo or alkyl; or
i) R® and R'™ or R’™ and R'"" together with the atoms to which they

are attached form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from Qz; and the remainder of R”°, R'® and R'™is hydrogen, halo or alkyl;

each (Q” is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR?, -R"OR"OR™ -R"OR"'N(R" (R}, -R"N(R"}R"), -R"SR”, -
RUC(NRY, -R*C(DHOR™, -R*C(NN(RYNR?), -R'CHR*N(R MR, -R'C(HN(RM)OR”, -
C=NORMRY, -R'S(O}RY, -R"NRHCHRY, -R'NR*IC(HOR, -R*NR™MS(CHYR™ or -
C(=NRYN(R")OR?*, where the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl, beteroaryl, and heterocyclyl groups are optionally
substituted with one or more QO groups; each Q" is independently selected from halo,
hydroxyl, alkyl, haloalky] and hydroxyalkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R" is alkyl;

each R* is independently hydrogen or alkyl;

RY and R are each independently hydrogen or alkyl;

Jis O, NR* or §;

gach t is independently an integer from 0-2;

nis 1or2; and
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q is an integer from 0-4;

wherein the compounds are selected such that when i) when W is CH; W'
is C; Z is S; R" is hydrogen, or hydroxyl and R* is hydrogen, or R' and R? together
form =0; then ring A is not pyridine and i) W is CH; W' is N; Zis S; R' and R? are
hydrogen, then ring A is not pyrrolidine.
{00117]  In certain embodiments, provided herein are compounds of Formula IIf or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, wherein

R’ and R are cach independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R* is cycloalkyl, optionally substituted with one or more, in one
embodiment, one to three, in another embodiment, one, two or three groups selected
from Q'

each Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R*OR”, -R“OR"N(R")(R?), -R"N(R¥)}R?), -

RSR?, -R*C(HRY, -R*'C(HOR*, -RUCNHNR MR, -R*S(O)R”, -R*N(RC(DR*,
-R'N(RMC(DORY, -R*N(RHS(OMRY, =NOR", or —C(=NR"N(R")OR*, where the
alkyl, haloalkyl, aminoalkyl, alkenyi, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q°
graups, in one embodiment, one to three Q3 groups; cach Q° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is ~(CR’R )y

R’ and R® are each independently hydrogen, halo, alkyi, haloalky! or
hydroxyalkyl;

2180, 8, or NH;

each W is independently CR® or N;

R? is hydrogen, halo, haloalkyl or alkyl;

ring A 1s heteroaryl optionally substituted with one to four substituents
selected from QZ;

W2 is N or CR™:

W? is Nor CR'™,
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W*isNor CR'";

R® R'™ and R'" are selected as follows:

DR™, R and R are each independently hydrogen, oxo, hydroxyl,
halo or alkyl; or

i) R® and R or R and R'™, together with the atoms to which they
are attached, form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selecied from Q7; and the remainder of R, R*™ and RM® is hydrogen, halo or alkyl;

each Q2 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,

aminoalky!, alkenyl, haloalkenyl, atkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloatkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R'OR*, -R"OR"OR”, -R"OR"N(R"}(R), -R'N(R"}(R"), -R"SR”, -
R'C{DR*, -R"C(DHORY, -R*CIIHIN(R" YR, -R'C(HR"NRWRH, -
R'C(HN(RNOR, -C(=NORMR*, -R*S(O}R", -R*NRHC(HR*, -R*N(RHC(NHOR”, -
R'N(RMS(OWR" or —~C(=NRY)N(R")OR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q* groups; each Q7 is independently
selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

RY is fiydrogen or alkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R is alkyt, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalky!, cycloalkenyl, eycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclyialicyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

cach R is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, allkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocycelyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

RY and R” are cach independently selected from (1) or (ii) below:

(i) R¥ and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralicyl,
heteroaryl, or heteroarallyl; or

(ii) R” and R, together with the nitrogen atom to which they are attached,

form a heterocyelyl or heteroaryl, optionally substituted with one or more, in one
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embodiment, one, two or three Q7 groups; each Q' is independently sefected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralky!, heteroaryi, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Jis O, NR*or §;

cach t is independently an integer from 0-2;

nis 1 or2; and

g is an integer from 0-2.
[060118] In certain embodiments, provided herein are compounds of Formula 11
wherein n is 1 and the other variables are as described elsewhere herein. In certain
embodiments, provided herein are compounds of Formula IiI wherein each Q'is
independently halo, oxo, alky!, haloalkyl, hydroxyalkyl, cycloalkyl, =NOH, -R"OR*
or -R"C(O)R"; cach R" is independently alkylene or a direct bond; each R* is
independently hydrogen or alkyl; nis 1 and the other variables are as described

elsewhere herein.

[060119] In certain embodiments, provided herein are compounds of Formula 11T or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomefs,

mixture of sterecisomers or racemic mixture of stereoisomers thersof, wherein

R' and R? are each independently selected from hydrogen or halogen;

R* is hydrogen or alkyl;

R* is cycloaikyl, optionally substituted with one or more, in one
embodiment, one to three, in another embodiment, one, two or three groups selected
from QI;

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR* or -R*C(O)R,

Y is ~(CR°R®)-;

R’ and R’ are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis 0, S, or NH;

ecach W is independently CR® or N;

R* is hydrogen, halo, haloalky! or alkyi;
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ning A 1s heteroaryl optionally substituted with one to four substituents
selected from Qz;

W is N or CR™;

W' is Nor CR'™,

W'is Nor CR'™;

R”, RM* and RM® are selected as follows:

iy R”®, R' and R'" are each independently hydrogen, oxo, hydroxyl,
halo or alkyl; or
) R and R' or R and R, together with the atoms to which they

are attached, form an aryl or heteroaryl ring, optionally substituted with one or more,
in one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q7; and the remainder of R*®, R'™ and R'"" is hydrogen, halo or alkyl;

each Q° is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyi, heterocyclyl,
heterocyclylalkyl, -R"ORF, -R'OR"N(R*)(R™), -R"N(R¥)(R"), -R"SR*, -R"C(D)R”, -
RC{NORY, -R*C(HNRMNRA, -RICIHN(RIORY, -R"S{O)RY, -R'NRMC(NHRY, -
R*N(RMC(NHOR?, -R"N(RHS(O)R™ or ~C(=NR"N(R*)JOR*, where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q° groups; cach Q° is
independently selected from haio, hydroxyl, alkyt, haloalicy]l and hydroxyalicyl;

cach R" is independently alkylene or a direct bond,

R" is alkyl;

each R™ is independently hydrogen or alkyl;

RY and R* are each independently hydrogen or alkyl;

Jis O, NR* or §;

gach t 15 independently an integer from 0-2;

nis 1 or2; and

@ 1s an integer from 0-2.
[00126] In certain embodiments, provided herein are compounds of Formula 1 or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stercoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, wherein

R' and R? are each independently selected from hydrogen or halogen;
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R? is hydrogen or alkyl;

R* i3 cycloalkyl, optionally substituted with one or more,. in one
embodiment, one {o three, in another embodiment, one, two or three groups selected
from Ql;

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR* or -R*"C(O)R™;

Y is {CR°R%)-;

R®and R® are each independently hydrogen, halo, alkyl, haloalkyl or
nydroxyalkyl;

Z1s0, S, or NH;

each W is independently CR® or N;

R* is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroaryl, optionally substituted with one to four substituents
selecied from Q7

W*is N or CR™;

W2 is N or CR'%,

W'is Nor CR'™,

R” and R'™, together with the atoms to which they are attached, form an
aryl or heteroaryl ring, optionally substituted with one or two groups selected from
Q%

cach Q is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyt, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkyialkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR”, -R'OR"N(R}R™, -R"'N(R"WR™), -R"SR", -R"C(R”, -
RC(HOR, -R*C(HN(RHR?), -R"C(NN(RMIOR?, -R"S(O}R™, -RN{RMC(DHR™, -
RIN(RHCHORT, R N(RMS(O)YR” or —C(=NR")N(R)OR", where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkyny!, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q* groups; each Q° is
independently selected from halo, hydroxyl, alkyl, haloalikyl and hydroxyaliyl;

each R" is independently alkylene or a direct bond,

RY is alky!;

each R™ is independently hydrogen or alkyl;

RY and R* are eack independently hydrogen or alkyl;

Tis O, NR*or §;
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each t is independently an integer from (-2;

R is hydrogen;

nis ior2;and

q is an integer from 0-2.
[00121]  In certain embodiments, provided herein are compounds of Formula Il or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stercoisomers or racemic mixture of sterecisomers thereof, wherein

R' and R? are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R* is cycloalky!l, optionally substituted with one or more, in one
embodiment, one to three, in another embodiment, one, two or three groups selected
from ng

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR” or -R*C(O)R™;

Y is =(CR'R)g;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis O, S, or NH;

cach W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroaryl, optionally substituted with one to four substituents
selected from Ql;

W?is N or CR%;

w?is N or CRI%;

W' isNor CR“b;

R? and R'"", together with the atoms to which they are attached, form an
aryl or heteroaryl ring, optionally substituted with one or two groups selected from
Q%

cach 7 is independently halo, cyano, oxo, thioxo, atkyl, haloalkyl,
aminoalkyl, alkeny!, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR”, -R"OR"N(R")(R™), -R"'N(R¥}(R?), -R"SR", -R*CHR", -
R'C(NHOR*, -RC(HN(RYR?), -RUC(NNROR™, -R*S(O)WR”, -R"N(RHICHR, -

58



W3 2013/056070 PCT/US2012/059983

R'N(R*IC(HOR®, -R"N(R)S(O}R" or —~C{(=NR"IN(R")OR", where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q" groups; each Q* is
independently selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl,

each R" is independently alkylene or a direct bond;

R” is alkyl;

each R* is independently hydrogen or alkyl;

R” and R” are each independently hydrogen or alkyl;

Jis O, NR or §;

cach t is independently an integer from 0-2;

R'"" is hydrogen;

nis 1 or2; and

q is an integer from 0-2.
[80122] In certain embodiments, provided herein are compounds of Formula III or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of sterepisomers or racemic mixture of stereoisomers thereof, wherein

R! and R? are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R* is cycloalkyl, optionally substituted with one or more, in one
embodiment, one to three, in another embodiment, one, two or three groups selected
from Q};

cach Q' is independently halo, oxe, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R”;

Y is <(CRR%)g-;

R*and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

72180, S, or NH;

each W is independently CR¥or N;

R® is hydrogen, halo, haloalkyl or alkyi;

ring A is heteroaryl, optionally substituted with one to four substituents
selected from QQ;

w2 is Nor CR™;

W is N or CR]%;
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W' isNor CR“b;

R*® and R'%, together with the carbon atoms to which they are attached,
form an aryl or heteroaryl ring, optionally substituted with one or two groups Q% each
Q7 is independently halo, cyano, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, heteroaryl, heterocyclyl, -R"OR", -R*N(R}R"), -R"SR", -R*C{(HR, -
RY'C(DHOR?, -R*C(HN(RYR™, -R"C(HN(RNHORY, -R*S(O)R”, -R"N(R*C(NRT, -
RYN(RHCDHOR®, -R"N(RHS(OYR” or ~C(=NR"IN(R"OR”, where the cycloalkyl,
heteroaryl, heterocyclyl are optionally substituted with one or more alkyl;

RM" is hydrogen or Q%

each R" is independently alkylene or a direct bond;

R" is alkyl;

each R" is independently hydrogen or alkyl;

R” and R” arc each independently hydrogen or alkyl;

Jis O, NR*or §;

each t 18 independently an integer from 0-2; and

q is an integer from 0-2.

{60123] In certain embodiments, provided herein are compounds of Formula 11T or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, wherein

R' and R* are each independently selected from hydrogen or halogen;

R* is hydrogen or alkyl;

R* is cycloalkyl, optionally substituted with one or more, in one
embodiment, one to three, in another embodiment, one, two or three groups selected
from Q';

cach Q' is independently halo, oxo, alkyl, haloalkyi, hydroxyaliyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R”;

Y is «(CR°R®)-;

R’ and R® are each independently hydrogen, halo, allky!, haloalkyl or
hydroxyalkyl;

Zis (0, S, or NH;

each W is independently CR® or N;

RYis hydrogen, halo, haloalkyl or alkyl;
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ring A is heteroaryl, optionally substituted with one to four substituents
selected from Q7

W’ is Nor CR™;

W? is N or CR'™;

W' is N or CR“b;

R and R'*®, together with the carbon atoms to which they are attached,
form an aryl or heteroaryl ring, optionaily substituted with one or two groups Q% each
? is independently halo, cyano, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, heteroaryl, heterocyclyl, -R"ORY, -R"N(R"}R™), -R"SR”, -R*C(J)R*, -
R'C(HORT, -R'CHNERMRH, -R'CHN(RMHOR", -RS(O)R", -R"N(RMC(HR”, -
R*N(RHCDOR, -R"N(RHIS(OWR™ or ~CENRYIN(RMORT, where the cycloalkyl,
heteroaryl, heterocyclyl are optionally substituted with one or more alkyl,

each R” 1s independently alkylene or a direct bond;

R is alkyl;

each R” is independently hydrogen or alkyl;

RY and R* are each independently hydrogen or alkyl;

JisO,NR’orS;

each t is independently an integer from 0-2; and

q 1s an mteger from 0-2.

[86124] In certain embodiments, provided herein are compounds of Formuia 111

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stercoisomers thercof
wherein:

R' and R* are each independently sclected from hydrogen, halogen, and
hydroxyl;

R’ is hydrogen or alkyl;

R” is cycloalkyl, where R” is optionally substituted with one or more, in
one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q';

each Q' is independentiy halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR” or -R"C(O)R’;

Y is -(CR°R®)-;
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R’ and R’ are cach independently hydrogen, halo, alkyl, haloalkyl or

hydroxyalkyl;

Z1is0, S5, or NH;
each W is independently CR® or N
R? is hydrogen, halo, haloalkyl or alkyl,

ring A is heteroaryl, optionally substituted with one to four substituents

selected from Q%

W2 is N or CR%;
W is N or CR'®;
W' is N or CR“b;
R R'*™and R'™ are selected as follows:
1) R”, R and R'" are each independently hydrogen or Q% or

i1y R and R'™ or R and R"", together with the atoms on which

they are substituted form an aryl, heteroary! ring, optionally substituted with one or

two groups selected from Q% and the remainder of R” or R''® is hydrogen or Q%

each Q7 is hydrogen, halo, alkoxy, tetrazole or pyrazoie, where the

tetrazole and pyrazole rings are optionally substituted with one or more alkyl;

[00125]

cach R" is independently alkylene or a direct bond,
R¥ is alkyl,

cach R* is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl;
JisO,NR or S,

each t is independently an integer from 0-2;

nis 1 or2; and

q is an integer from 0-4.

In certain embodiments, provided herein are compounds of Formula IT1

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single

stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thercof

wherein:

hydroxyi;

R' and R” are each independently selected from hydrogen, halogen, and

R’ is hydrogen or alkyt;
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R” is cycloalkyl, where R? is optionally substituted with one or more, in
one embodiment, one to three, in another embodiment, one, two or three groups
selected from Q';

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloaikyl, =NOH, -R"OR” or -R"C(O)R™:

Y is -(CR'R%)

R®and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z1s 0. S, or NH;

cach W is independently CR® or N;

R? is hydrogen, halo, haloalkyl or alkyl;

ring A is heteroaryl, optionally substituted with one to four substituents
selected from Q7

W is N or CR™;

W' is N or CR'™,

W is N or CRm’;

R R™®and R"" are selected as follows:

1) R, R'® and R'"" are each independently hydrogen, oxo, hydroxyl,
halo or alkyl; or

i) R and R or R™" and R'"®, together with the atorns on which
they are substituted form an aryl, heteroaryl ring, optionally substituted with one or
two groups selected from Q7; and the remainder of R, R*™or R"" is hydrogen or
alleyl;

each Q% is hydrogen, halo, alkoxy, tetrazole or pyrazole, where the
tetrazole and pyrazole rings are optionally substituted with one or more alkyl;

each R is independently alkylene or a direct bond;

R¥ is alkyl;

each R” is independently hydrogen or alkyl;

R” and R” are each independentiy hydrogen or alkyl,

Jis G, NR*or §;

each t is independently an integer from 0-2;

nis 1 or2; and

q is an integer from 0-4.
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[00126] In certain embodiments, provided herein are compounds of Formula I
wherein W*is N; W2 is CR™: W2 is CR'™; R’ and R, together with the atoms to
which they are attached, form an ary! or heteroaryl ring, optionally substituted with
one or more, in one embodiment, one to three, in another embodiment, one, two or
three groups selected from Q7 and the other variables are as described elsewhere

herein.

[06127]  In certain embodiments, provided herein are compounds of Formula IV

O s
I />_ i\{‘“v——R“
v

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of sterecisomers or racemic mixture of stereoisomers thercof,
wherein the variables are as described elsewhere herein.

[06128] In certain embodiments, provided herein are compounds of Formula TV,

wherein
R! and R® are cach independently selected from hydrogen or halogen;

R’ is hydrogen or alkyl;

R is cycloatkyl, cycloalkenyl, aryl, heterocycly! or heteroaryl, where R is
optionally substituted with one or more, in one embodiment, one fo three, in another
embodiment, one, two or three groups selected from Q';

each Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R'ORY, -R*OR*N(R”}R"), -R'N(R"IR"), -

R'SR*, -R*C(HR*, -R*C(HOR’, -R*CNHN(RYR, -R"S(O)R”, -R'NRHC(HRT,
RUN(RMC(HOR”, -REN(RMS(OWRY, =NORY, or ~C{(=NR")N(R")OR", where the
alkyl, baloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryi,
heteroary!, and heterocyclyl groups are optionally substituted with one or more Q°
groups, in one embodiment, one to three Q° groups; each () is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is (CR’R )
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R®and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z18 O, S, or NH;

each W is independently CR® or N;

R* is hydrogen, halo, haloalky! or alkyl;

wlisNorC;

W is N or CR™;

R%®is hydrogen or Q%

w'is Nor CR.”b;

W is N or CR";

R'"" and R™ are each independently hydrogen or Q%

Q2 1s halo, deuterium, cyano, oxo, thioxo, alkyi, haloalkyl, haloalkenyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R*OR?, -R*OR"OR*,-R"OR"N(RY}R"), -

R'N(RHR), -R"SR*, -R'C(HR*, R'CIHOR™, -R CNHN(RHR?), -R'CNHR"NRHR?)
, “RIC(HN(RMORY, -C(=NOR"R", -R"S(O)R", -R"N(R)C(R*, -R"N(RC(HOR", -
RUN(RMS(OWR™ or ~C(=NR”IN(R*)OR*, where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyvl, cycloallkyl, cycloalkenyl, arvl, heteroaryl, and heterocycelyl groups
arc optionally substitated with one or more groups Q%; in one embodiment, one to
three Q° groups, each Q" is independently selected from halo, deuterium, hydroxyl,
alkyl, haloalkyl and hydroxyalkyl;

Q5 and Q6 are each independently hydrogen, deuterium, halo, cyano, oxo,
thicxo, alkyl, haloalkyl, aminealkyl, alkenyl, halealkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, heterocyclyl, heterocyclylalkyl, -R"OR?, -

ROR"OR”, -R*OR"N{R )R, -R"N(R*}R"}, -R"SR”,

-RUC(DHRY, -R°C(HORY, -R*C(HN(RYHR?), -R'CHR"N(RYHR™, -
RIC(HN(RMORT, -C(=NORMR”, -R"S(O)R”, -R"™N(R*YC(DR", -R"N(R")C()OR”, -
R*N(RMS(ORR™ or —C(=NR")N(RY)OR*, where the alkyl, haloalkyl, aminoalkyt,
alkenyl, atkynyl, cycloalicyl, cycloalkenyl, aryl, heteroaryl, and heterocyciyl groups
arc optionally substituted with one or more QF groups; each Q° is independently
selected from halo, deuterium, hvdroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach RYis independently hydrogen or alkyl;
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RY is hydrogen or alkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R™ is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyi, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyelyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

R? and R are each independently selected from (1) or (i1) below:

(i) RY and R are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyctylatkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(i) R* and R?, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q groups: each ' is independently seiected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, eycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, hetcroaryl, heteroaralkyl, heterocyclyl and
heterocyclylatkyl;

Jis O, NR or S;

each t is independently an integer from 0-2; and

q is an integer from 0-4.

[00129] In certain embodiments, provided herein are compounds of Formula TV
wherein R’ and R” are both hydrogen. In certain embodiments, provided herein are
compounds of Formula TV wherein R?® and R'" are each independently hydrogen,
alkyl or haloalkyl and the other variables are as described elsewhere herein. In certain
embodiments, provided herein are compounds Formula 1V wherein each Q'is
independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl, cycloaikyl, =NOH, -RYOR*
or -R*C(OR™; each R" is independently alkylene or a direct bond; cach R is
independently hydrogen or alkyl; and the other variables are as described elsewhere
herein. In certain embodiments, provided herein are compounds Formula IV wherein
cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl,
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=NOH, -R"OR” or -R"C{O)R"; each R" is independently alkylene or a direct bond;
each R is independently hydrogen or alkyl; R"'® and R'? are cach independently
hydrogen, halo or alkyl and the other vartables are as described elsewhere herein. In
certain embodiments, provided herein are compounds of Formula IV wherein R* is

cycloalkyl.

[66130] In certain embodiments, provided herein are compounds of Formula IV
wherein R* and R''" are each independently hydrogen, halo or alky!l and the other
variables are as described elsewhere herein. In certain embodiments, provided herein
are compounds Formula IV wherein each Q' is independently halo, oxo, alkyl,
haloalkyl, hydroxyalkyl, cycloalkyl, =NOH, -R"OR" or -R"C(O)R”; each R" is
independently alkylene or a direct bond; each R* is independently hydrogen or alkyi;
and the other variables are as described elsewhere herein, In certain embodiments,
provided herein are compounds Formuta 1V wherein each Q' is independently halo,
0x0, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, =NOH, -R"OR* or -R"C(O)R*; each
R" is independently alkylene or a direct bond; each R” is independently hydrogen or
alkyl; R’ and R" are cach independently hydrogen, halo or alkyl and the other

variables are as described elsewhere herein.

[00131] In certain embodiments, provided herein are compounds of Formuia IV or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stercoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, whersin:

R' and R? are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R is cycloalkyl, cycloalkenyl, aryl, heterocyelyl or heteroaryl, where R” is

~ optionally substituted with one or more, in one embodiment, one to three, in another

emboditment, one, two or three groups selected from Q'

each Q' is independently halo, oxo, alkyi, haloalkyl, hydroxyalkyl,
cycloalkyl, sNOH, -R"OR" or -R*C(O)R™;

Y is «(CR*R%)4~

R’ and R® are each independently hydrogen, halo, alkyl, haloalky! or
hydroxyalkyl,

Zis 0, S, or NH;

cach W is independently CR® or I,

R® is hydrogen, halo, haloalkyl or alkyl;
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wW!isNorC;

W?is N or CR™;

R”is hydrogen or alkyl;

Ww*is N or CRM™";

R'P ig hydrogen, hato or alkyl;

W is N or CR",

R™ is hydrogen, halo or alkyl;

Q° and Q° are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalky!l, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryi, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl,heterocyelylatkyl, -R*OR*, -R*OR"N(R' YR, -R"N(R}R?), -R*SR”,
-REC(DHR’, -R'C(NHOR*, -R'C(NHNR MR, -

RUC(DN(RNORY, -R'S(O)R™, -R*N(RMCNRY, -R"'NRHC(NOR?, -R*NRHS(O)R™
or —C(=NRYN(R*)JOR*, whete the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, cycloatkenyl, aryl, heteroaryl, and heterocyclyl groups arc optionally
substituted with one or more Q° groups; each Q" is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R" is independently alkylene or a direct bond,

R” is alkyi;

each R* is independently hydrogen or alkyl;

RY and R” arc cach independently hydrogen or alkyl;

Jis O, NR or S;

each t is independently an integer from 0-2; and

q is an integer from 0-4.
[00132] In certain embodiments, provided herein are compounds of Formula IV

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stercoisomers or racemic mixture of stereoisomers thereof,
wherein:

R! and R? are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R’ is cycloalkyl, cycioalkenyl, aryl, heterocyclyl or heteroaryl, where R is
optionally substituted with one or more, in one embodiment, one to three, in another

embodiment, one, two or three groups selected from Q{;
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cach Q' is independently halo, oxo, alkyl, haloalky!, hydroxvyalkyl,
cyeloalkyl, =NOH, -R"OR” or -R*C(O)R%;

Y is (CR°R®)4~

R’ andR° are cach independently hydrogen, halo, alkyt, haloalkyl or
hydroxyalkyl;

7180, S, or NH;

cach W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

W'isNorC,

W*is N or CR™;

R*is hydrogen or alkyl;

W'is Nor CR'™;

R is hydrogen or Q%

Q2 is halo, deuterium, cyano, oxo, thioxo, alkyl, haloalkyl, haloalkenyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryi, aralkyl, heteroaryi, heteroaralkyi, heterocyclyl,
heterocyclylalkyl, -R"OR”, -R"OR"OR*-R*OR*N(R*}R"), -

REN(R'YR), -R"SR¥, -R*C(DR, -R*C(HOR, -R*'C(HN(RYHR?), -R°"CHR"NRM R
. -RIC(HN(RMOR?, -C(=NORMR", -R*S(O}RY, -R'N(R"C(I)R*, -R*N(R*C(D)OR*, -
R'N(RMS(O}R” or ~C(=NR*IN(R"OR*, where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyelyl groups
are optionally substituted with one or more groups Q°; in one embodiment, one to
three QO groups, each Q is independently selected from halo, deuterium, hydroxyl,
alkyl, haloalkyl and hydroxyalkyl;;

W is N or CRY;

R is hydrogen, halo or alkyl;

Q and Q° are cach independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkeny!, haloalkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, heterocyelyl,
heterocyclylalkyl, -R*OR", -R"OR"OR”, -R*'OR"N(R¥)(R®), -R"N(R")(R"), -R"SR*,
-REC(HRY, -RICORT, -RICIHNRNH(RH, -R*CINR"N(RMRH),

-R'C(HN(RNOR’, -C(=NOR™ R*, -R"S(O)R", -R"N{R*YC()R*,
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-R'N(RMIC(HORY, -R*N(RS(OMR™ or —C(=NR"N(R*)OR", where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q° groups; cach Q° is
independently selected from halo, deuterium, hydroxyi, alkyl, haloalkyl and
hydroxyalkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R¥ is alkyl;

each R” is independently hydrogen or alkyl;

RY and R* are cach independently hydrogen or alkyl;

Jis O, NR*or §;

each t is independently an integer from 0-2; and

q is an integer from 0-4.

[00133] In certain embodiments, provided herein are compounds of Formula IV

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of sterecisomers thereof,
wherein:

R' and R” are each independently selected from hydrogen or halogen;

R’ is hydrogen or alkyl;

R” is cycloalkyl, cycloalkenyl, aryl, heterocyclyl or heteroaryl, where R*is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q';

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R*C{O)R;

Y is -(CRR®)g;

R and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyi;

Z13 0, S, or NH;

cach W is independently CR® or N;

R is hydrogen, halo, haloalkyl or alkyl;

W'isNorC;

W is N or CR™;

R’ is hydrogen or alkyl;

W’ is N or CR™®;
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RM" is hydrogen, halo or alkyl;

W is N or CRY;

R%is hydrogen, halo or alkyl;

Q° and Q° are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, araikyl, heteroaryl, heteroaraikyl,
heterocyclyl,
heterocyclylalkyl, -R"OR*, -R*OR*OR, -R*OR"N(R*)R?), -R"N(R*)R"), -R"SR", -R"
COR?, -REC(HORY, -RUC(HN(RYYR?), -RUC(I) RENRIWR), -RUCHNRYHORY,
-C(=NORM R", -R"S(O)R", -R"N(RHC(DHR*, -R*"N(RHCINOR*, -R"N(RHS{O)R" or
—C{=NR”N(RNOR", where the alkyl, haloalkyl, aminoalkyl, alkenyt, alkynyl,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups are optionally
substituted with one or more Q° groups; each Q° is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalky! and hydroxyalkyl;

each R” is independently alkylene, alkenylene or a direct bond;

R¥ is alkyi;

each R* is independently hydrogen or alkyl;

R” and R* are each independently hydrogen or alkyl;

JisO,NR*or §;

cach t is independently an integer from 0-2; and

q 1s an integer from 0-4.

[00134] In certain embodiments, provided herein are compounds of Formula TV
wherein R' and R? are both hydrogen and the other variables are as described

elsewhere herein.

[00135] In certain embodiments, provided herein are compounds of Formula TV
wherein R™ and R" are each independently hydrogen, halo or alkyl and the other

variables are as described elsewhere herein.
[06136] Incertain embodiments, provided herein are compounds of Formula V

QS
=TWE g

Rﬁ.
Qﬁ
\ . N>SI/W\ Z FB
W“'J W\W/ N/>“N\Y"~“R‘* v
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or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein the variables are as described elsewhere herein.

[00137] Incertain embodiments, provided herein are compounds of
Formula V or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of sterecisomers or racemic mixture of stereoisomers thereof,

wherein R! and R” are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl,

R* is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R? is optionaily
substituted with one or more, in one embodiment, one to three, in another
ecmbodiment, one, two or three groups sclected from Qb

gach Ql is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyelyl,
heterocyclylalkyl, -R"OR*, -R*OR"*N(R"}R"), -R"N(R*}R"), -

RYSR*, -RC(DRY, -R*C(NOR”, -RUC(NN(R*)(R™, -R"S(O)R”, -R"N(RHC(DR?,
RENRIC(HORT, -R*N(RHS(O)RY, =NOR?, or ~C(=NR")N(R")OR", where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q3
groups, in one embodiment, one to three Q" groups; each )’ is independently sclected
from deuterium, halo, hydroxyi, alkyl, haloalkyl and hydroxyalkyl,

Y is -(CR*R%)~

R®and R® arc cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

2180, S, or NH;

each W is independently CR® or N,

R is hydrogen, halo, haloalkyl or alkyl;

W' is N or CRY";

W’ is N or CR";

R and R" are cach independently hydrogen or Q%

(% is halo, deuterium, cyano, oxo, thioxo, alkyl, haloalkyl, haloalkenyl,

aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
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cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylaliyl, -R"OR”, -R*OR"OR*-R"OR"N(R*}R?), -

RUN(RYYR™), -R"SR™, -R'C(HR, -R*C(DHOR”, -REC(NNRNRT), -R"COHR'NER"HR")
, -R'C(HN(RMOR*, -C(=NORMR*, -R*S(O)R”, -R"N(R*C(HR", -R"N(RHCDOR, -
R*N(RMIS(OXR™ or ~C(=NR"IN(R")OR”, where the alkyl, haloalkyl, amincalky,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more groups Q" in one embodiment, one to
three Q° groups, cach Q" is independently selected from halo, deuterium, hydroxyl,
alkyl, haloalkyl and hydroxyalkyl;

Q° and Q° are cach independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, haloalkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycioatkenylalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, heterocyclyl, heterocyciylalkyl, -R"OR”, -R"OR"OR",-R"OR"N(R"}(R"),
RYN(RYYRA, -RUSRT, -R'C(IHRY, -R'C(HOR?, -

RUEC(HNRYRY, -R*C(DR'N(RM)(R®), -R*CHN(RMIOR*, -C(=NORR”, -
RUS(OWRY, -R'"N(RHCHRY, -RNRMCHORT, -R"N(RHIS(OWR” or
C(=NRN(R"OR", where the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups are optionally
substituted with one or more Q° groups; each Q° is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R® is independently hydrogen or alkyl;

each R" is indcpendently alkylene, alkenylene or a direct bond;

R¥ is alkyl, haloalkyl, hydroxyalkyl, atkoxyalkyl, alkenyl, alkynyl,
cycioalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryt, aralkyl, heteroaryl, or heteroaralkyl;

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

R" and R” are each independently selected from (i) or (ii) below:

(i) R” and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl, or
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(if) R¥ and R?, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q groups; each Q' is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR*or S;

each t is independently an mteger from 0-2; and

q is an integer from 0-4.

[060138] Incertain embodiments, provided herein are compounds of Formula V

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stercoisomers or racemic mixture of stereoisomers thereof,
wherein:

R' and R? are each independently selected from hydrogen or halogen,

R? is hydrogen or alkyl;

R' is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R* is optionally
substituted with ong or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Ql;

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR” or -R*"C(O)R;

Y is ~(CR°R%)-;

R’ and R® are cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z18Q, §, or NH;

each W is independently CRYorN;

R¥is hydrogen, halo, haloalkyl or atkyl;

w* is N or CR"";

R is hydrogen, halo or alkyl;

W is N or CR“;

R" is hydrogen, halo or alkyl;

74



WO 2013/056070 PCT/USZ012/059983

Q’ and Q(’ are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyelyl, heterocyclylalkyl, -R*OR”, -R*'OR"NR" (R, -R'N(R)R"), -R"SR", -
RUC(DHR*, -R“C(NOR*, -RUCIHNRR?), -R*'CHNRMOR”, -R"S(O)R", -
R*NERMCDRY, -R*N(ROC(NHOR?, -R"N(R™S(0)R” or ~C(=NR"IN(R"OR”, where
the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q*
groups; cach Q° is independently selected from halo, deuterium, hydroxyl, alkyl,
haloalkyl and hydroxyaltkyl;

each R" is independently alkylene or a direct bond;

R¥ is alkyl;

each R* is independently hydrogen or alkyl;

RY and R* are each independently hydrogen or alkyl;

Jis O, NR*or §;

each t is independently an integer from 0-2; and

q is an integer from 0-4.

[00139] In certain embodiments, provided herein are compounds of Formula V

wherein W is N and the other variables are as described elsewhere herein.

[06146] In certain embodiments, provided herein are compounds of Formula V
wherein W is N; W° is N; Q° and Q° are each independently hydrogen, halo, or
alkoxy; R* is cycloalkyl, optionally substituted with one or two groups selected from
Q'; each Q' is independently halo, oxo, aikyl, haloalkyl, hydroxyalkyl, cycloalkyl,
=NOH, -R*OR" or -RC(O)R; and the other variables are as described elsewhere

herein.

00141}  In certain embodiments, provided herein are compounds of Formula V
wherein W*is N; W° is CRM?: R g hydrogen; Q® and Q° are cach independently
hydrogen, halo, or alkoxy; R is cycloalkyl, optionally substituted with one or two
groups selected from Q'; each Q' is independently halo, oxo, alkyl, haloalkyl,
hydroxyalkyl, cycloalkyl, =NOH, -R"OR" or -R'C{O)R”; and the other variables are

as described elsewhere herein.

[06142] In certain embodiments, provided herein are compound of Formula V

wherein Q1 is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl,
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=NOH, -R"OR* or -R"C(O)R*; each R" is independently alkylene or a direct bond;
each R” is independently hydrogen or alkyl; and the other variables are as described

elsewhere herein.

[06143] In certain embodiments, provided herein are compounds of Formula V
wherein W* is N; W is CH or N: Q° and Q° are each independently hydrogen, halo,
or alloxy; R” is cyclohexyl, optionally substituted with one or two hydroxy; and the

ofher variables are as described elsewhere herein.

[006144] In certain embodiments, provided herein are compounds of Formula V
wherein Wis C;, 718 S; WhisN; WisCHorN; Q5 and Q(’ are each independently
hydrogen, halo, alkyl, or alkoxy: R? is hydrogen or alkyl; Y is M(CRSR“)Q—; qis 0; and
R’ is cycloalkyl, optionally substituted with one or two hydroxy.

[00145]  In certain embodiments, provided herein are compounds of Formula V
wherein Wis C; Z is §; W' is N; W° is CH or N; Q° and Q° are each independently
hydrogen, halo, alkyl, or alkoxy; R? is hydrogen or alkyl; Y is ~(CR5R6)q»; qis 0; and
R’ is cyclohexyl, optionally substituted with one or two hydroxy.

[08146] Incertain embodiments, provided herein are compounds of Formula V

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stercoisomers, mixture of sterecisomers or racemic mixture of stercoisomers thereof,
wherein:

R! and R? are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

R’ is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Qi;

each Q' is independently halo, oxo, alkyl, haloatkyl, hydroxyalkyl,
cvcloalkyl, =NOH, -R"OR" or -R"C(O)R™;

Y is -(CR’R®)-;

R’ and R® are cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z 150, S, or NH;

each W is independently CR® or N;

R? is hydrogen, halo, haloalkyl or alkyl;
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W'is N or CR“b;

R'" is hydrogen, halo or alkyl;
W’ is N or CR”;

R" is hydrogen, halo or alkyl;

Q’ and Q6 are each independently hydrogen, deuterium, halo, cyano, oxo,

thioxo, alkyl, haloalkyl, aminoealkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,

cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyl, -R"ORY, -R*OR"N(R*)(R®), -R"OR"OR’, -
R*N(RYY(R?), -R"SR*, -R"C(DR*, -R'C(HOR, -R*CHNR R, -
RUC(HR"™N(RWR?), -RUCIHN(RMOR?, -C(=NOR™) R*, -R"S(O}R", -R*N(RHC(DHRT,
-RUN(RHCOR?, -RIN(RMS(O)R™ or ~C(=NR")N(R")OR", where the alkyl,
haloalky!, aminoalkyl, alkenyl, alkynyl, cycloatkyl, cycloalkenyl, aryl, heteroaryi, and

heterocyclyl groups are optionaily substituted with one or more Q® groups; each Q° is

independently selected from halo, deuterium, hydroxyl, alkyl, haloalkyl and

hydroxyalkyl;

[60147]

each R" is independently alkylene, alkenylene or a direct bond;
R¥ is alkyl;

each R” is independently hydrogen or alkyl;

RY and R® are each independently hydrogen or alkyl;

}is O, NR* or S;

cach t is independently an integer from 0-2; and

q is an integer from 0-4.

n certain embodiments, provided herein are compounds of Formula VI

QS
af ="
QB
\ N &
N
W= I

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single

stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof

wherein

R? is hydrogen or alkyl;
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R*is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R* is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

each Q1 is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alikenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloatkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -RORY, -R"OR"N(R")(R™), -R"N(R}R", -

RUSR*, -R'C(HRY, -R'C(HORY, -R'CONRWR), -R"'S(O}R”, -R"NRHC(NHR®,
-R"N(ROC(HOR®, -RN(RIIS(OWRY, =NOR?, or ~C(=NR¥)N(R")OR, where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q°
groups, in one embodiment, one to three Q’ groups; each Q° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl,

Y is (CR’R®)-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyi or
hydroxyalkyl;

7150, S, or NH;

W is N or CH;

W*is N or CR'®;

RM1® is hydrogen or Q7

Q2 is halo, deuterium, cyano, oxo, thioxo, alkyl, haloalkyl, haloalkenyt,
aminoalleyl, alkenyl, alkynyl, cycloalkyl, eycloalkenyl, cycloalikyialkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaraikyl, heterocyclyl,
heterocyclylalkyl, -R"OR*, -R"OR"OR* -R*OR"N(R”}R"), -

REN(RVHRY), -R¥SR”, RIC(HRY, -R'C(HOR™, -R'CIHNRMHRY), -R'CIHR"™NER'HR)
, ~-R'C(NN(RMHOR™, -C(=NORMR", -R"'S(O)R”, -R"NRHCHR”, -R"'N(RHC(HOR?, -
R*'N(R®IS(OWR™ or —C(=NR¥IN(RMOR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more groups Q*; in one embodiment, one to
three Q groups, each Q" is independently selected from halo, deuterium, hydroxyl,
alkyl, haloalkyl and hydroxyatkyi;

Q" and Q° are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, alkenyl, alicynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl,
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heteroaralkyl, heterocyclyl, heterocyelylalkyl, -R"OR*, -R"OR"OR",-R"OR"N(R"}(R"),
SREN(RYWRS, -R"SR™, -RC(DRY, -R"C(HORT, -

REC(NRMRY), -RICHR"NRY IR, -R*CHNRTORY, -C(=NORMHR", -
R'S(O)R¥, R"NRHC(HRY, -RNRHCTIOR, -R'N(RMS(O)R™ or —
C(=NR”)N(R"OR”, where the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups are optionally
substituted with one or more Q° groups; cach Q° is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each R® is independently hydrogen or alkyl;

cach R" is independently alkylene, alkenylene or a direct bond,

R” is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyelyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

cach R™ is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyelylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

RY and R? are cach independently selected from (1) or (if) below:

(i) R” and R* ar¢ each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyelyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(i) RY and R?, together with the nitrogen atom to which they are attached,
form a heterocyelyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q7 groups; cach Q7 is independently selected from
hale, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylaliyl;

Jis O, NR* or S;

each t is independently an integer from 0-2; and

q is an integer from 0-4.

[08148] In certain embodiments, provided herein are compounds of Formula VI
wherein W' is N and the other variables are as described elsewhere herein, In certain
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embodiments, provided herein are compound of Formula VI wherein Q' is
independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, =NOH, -R"OR”
or -RC(OIR”; each R" is independently alkylene or a direct bond; each R is
independently hydrogen or alkyl; and the other variables are as described elsewhere

herein.

[00149] In certain embodiments, provided herein are compounds of Formula VI or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof wherein

R® is hydrogen or alkyl;

R* is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R* is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Ql :

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR”* or -R'C(O)R™;

Y is ~(CRR%)-;

R’ and R® arc each independently hydrogen, halo, alkyl, haloalky! or
hydroxyalkyl,

2150, 8, or NH;

W is N or CH;

w*is Nor CR'™;

R''" is hydrogen, halo or alkyl;

Q5 and Q6 are each independently hydrogen, deuterium, haio,_cyano, Ox0,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyelyl, heterocyclylalkyl, -R*OR”, -R*OR*N(R"YR"), -R"'N(RV)R"), -R"SR", -
RUC(HRY, -R*C(IORY, -RUC(HN(RMR®), -R*CON(RHOR, -R'S(O)R”, -
RN(RHC(DR®, -R*N(RHCNHOR®, -R'NERMS(O}R" or —-C(=NR")N(RYOR", where
the alkyl, haloalkyl, aminoalkyl, alikenyl, alkynyi, cycloalkyl, cycloalkenyl, aryl,
heteroaryi, and heterocyclyl groups are optionally substifuted with one or more Q*
groups; each Q" is independently selected from halo, deuterium, bydroxyl, alkyl,
haloalkyl and hydroxyallkyl;

each R is independently alkylene or a direct bond;

R" is alkyl;
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each R* is independently hydrogen or allyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR or §;

each t is independently an mteger from 0-2; and

q 1s an integer from 0-4.
[00E50]  In certain embodiments, provided herein are compounds of Formula VI or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of sterepisomers thercof wherein

R? is hydrogen or alkyl;

R* is cycioalkyl, aryl, heterocycelyl or heteroaryl, where R* is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q';

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR* or -R"C{O)R";

Y is ~(CRR%);

R’ andR® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis O, S, or NH;

W’ is N or CH;

W*is Nor CR“b;

R is hydrogen, halo or alkyl;

Q° and Q° are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyl, -R*OR”, -R*OR"N(R}(R®), -R"OR"OR*,
-RUN(RM)R?), -R"SR*, -R*C(DHR*, -R"C(NHOR", -

RICIHNRYWRY, -R'C(DHR"N{RWRY,-R'CIHN(RMOR™, -R"S(OKRY, -
R"N(RMC(HR, -R*"N(R)C(HOR’, -C(=NOR™ R*, -R"N(R")S(O)R" or -
C(=NR"IN{(ROR”, where the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups are optionaily
substituted with one or more Q° groups; each Qs mndependently selected from halo,
deuterium, hydroxyl, aliyl, baloalkyl and hydroxyalkyl;

cach R" is independently alkylene, alkenylene or a direct bond;
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RY is alkyl,

each R” is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl,

Jis O, NR*or §;

each t is independently an integer from 0-2;

q is an integer from 0-4.
[60151] In certain embodiments, provided herein are compounds of Formula VI or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof wherein

R* is hydrogen or alkyl;

R is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R" is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R";

Y is —(CRR®);

R® and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z1is (0, S, or NH,

W is N or CH;

W is Nor CR'™%;

R is hydrogen, halo or alkyl;

Q® and Q° are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyi, heteroaryl, heteroaralkyl,
heterocyelyl, heterocyclylalkyl, -R*OR”, -R"OR"NRY}R™), -R"N(R'}(R"), -R"SR”, -
RUC(DRT, -R'CHORY, -RUCHINR)(R?), -R'CNNRMOR”, -R*S(O)R”, -
RUN(RMCORT, -RNRMCNHOR”, -RINRMS(O)R™ or ~C(=NR")N(R")OR", where
the alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryi, and heterocyclyl groups are optionally substituted with one or more Q*
groups; each Q° is independently selected from halo, deuteriumn, hydroxyl, alkyl,
haloalkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond;
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R¥ i alkyl;

each R" is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR*or S;

each t is independently an integer from 0-2; and

q is an integer from 0-4.
[00152]  In certain embodiments, provided herein are compounds of Formula VI or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof wherein

R® is hydrogen or alkyl;

R is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R” is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C{O)R";

Y is (CR'R);

R”and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyaikyl;

718 O, 8, or NH;

W is N or CH;

W1 is N or CR"";

RM" is hydrogen, halo or alkyl;

Q° and Q° are cach independently hydrogen, deuterium, halo, cyano, oxe,
thioxo, alkyl, haloalkyl, aminoalkyl, alkeny!, alkyny!, cycloaikyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyl, -R"OR”, -R"OR"N(R*)(R"), -R"OR"OR",
-RINRYRY, -RSRY, -R'C(IIRY, -R"C(NORY, -

RUC(HN(R"YR), -R*C(NR*NRHR™,-R"CIHN(RVYOR", -R"S(OWR”, -
R'N(RHC(HR, -R"N(R)C(DOR*, -C(=NOR) R*, -R*NRMS(O}R" or -
C(=NRMIN(RMORT, where the alkyl, haloalky!, aminoalkyl, alkenyl, alkynyl,
cvcloalkyl, cycloalkenyl, aryl, heteroarvl, and heterocyclyl groups are optionally
substituted with one or more Q° groups; each Q° is independently selected from halo,

deutertum, hydroxyl, alkyl, haloalky! and hydroxyalkyl;
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each R" is independently alkylene, alkenylene or a direct bond;

R¥ is alkyl;

each R is independently hydrogen or alkyl;

RY and R* are each independently hydrogen or atkyl;

FJis O, NR* or 8,

each t is independently an integer from 0-2;

q is an integer from 0-4,
[68153] In cerfain embodiments, provided herein are compounds of Formulae IV,
V or VI wherein W* is N, W¥ is Nor CR'*; R is hydrogen, halo or alkyl; and the
other variables are as described elsewhere herein. In certain embodiments, provided
herein are compounds of Fomutae IV, V or V1 wherein W*is N; W is N or CH and

the other variables are as described elsewhere herein.

[#0154] In certain embodiments, provided herein are compounds of Formulae 1V,
V or VI, wherein (° and Q° are cach independently hydrogen, deuterium, halo, cyano,
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, heteroaryl, heteroaralkyl,
heterocyelyl, heterocyclylalkyl, -R*OR”, -R*N(R*HR?), -R"SR”, -R"C(HR”, -
RYC(HORY, -R'CNN(RYIRA, -R'CIN(RHOR”, -R*S(O}R”, -R'NRHC(NHR™, -
R'N(RYC(NHORY, -R*N(RMS(O)RY or ~C(=NR”N(R"OR?, where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryt, and
heterocyclyl groups are optionally substituted with one or more Q" groups; cach Q° is
independently selected from halo, deuterium, hydroxyl, alkyl, haloaliyl and
hydroxyalkyl;

each R" is mdependently alkylene or a direct bond;
R"™ is alkyl;
each R* is independently hydrogen or alkyl;
RY and R” are each independently hydrogen or alkyl;
Jis O, NR*or S;
cach t is independently an integer from 0-2;
nis ] or2; and
q is an integer from 0-4, and the other variables are as described elsewhere
herein.
[60155] In certain embodiments, Q° and Q6 are each independently hydrogen,

deuterium, chloro, fluore, bromo, cyano, alkyl, alkenyl, alkynyl, cycloalkyl, methoxy
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or alkylcarbonyl, and the other variables are as described elsewhere herein. In certain
embodiments, provided herein are compounds of Formula TV, V or VI, wherein Q5
and Q° are each independently hydrogen, deuterium, halo, cyane, cycloalkyl, alkoxy,
tefrazole or pyrazole, where the tetrazole and pyrazole rings are optionally substituted
with one or more alkyl, and the other variables are as described elsewhere herein. In
certain embodiments, provided herein are compounds of Formula IV, V or VI,
wherein Q° and Q(’ are each independently hydrogen, deuterium, halo, alkoxy,
tetrazole or pyrazole, where the tetrazole and pyrazole rings are optionally substituted
with one or more alkyl, and the other variables are as described elsewhere herem. In
certain embodiments, Q° and Q° are each independently hydrogen, deuterium, chloro,
fluoro, bromo, cyano, alkyl, alkenyt, alkynyl, cycloalkyl, methoxy or alkylcarbonyl,
and the other variables are as described elsewhere herein. In certain embodiments, Q°
and Q° arc each independently hydrogen, deuterium, chloro, fluoro, bromo, cyano,
alkyl, alkenyl, alkynyl, cycloalkyl or methoxy, and the other variables are as
described elsewhere herein. In certain embodiments, Q° and Q° are each
independently hydrogen, deuterium, chloro, fluoro, bromo, cyanoe, cycloalkyl or
methoxy, and the other variables are as described elsewhere herein. In certain
embodiments, Q” and Q° are each independently hydrogen, deuterium, chloro, fluoro,

bromo or methoxy, and the other variables are as described elsewhere herein.

[00156] In certain embodiments, provided herein are compounds of Formula IV, V

or V1, wherein

R’ is hydrogen;

R* is cyclohexyl, tetrahydrofuryl, pyridinyl, phenyl, morpholinyl, cyclopentyl,
piperidinyl, tetrahydro-2/H-pyranyl or 2,3-dihydro-1H-indenyl, where RYis optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q': each Q' is independently
halo, oxo, alkyl, haloalkyl, hydroxyalkyl, cycloalkyl, =NOH, -R"OR" or -R*C(O)R;

each R" is independently alkylene or a direct bond;

each R™ is independently hydrogen or alkyl;

Q’ and Q° are each independently hydrogen, deuterium, halo, cyano, alkyl,
haloatkyl, aminoalkyl, alkenyl, atkynyl, cycloalkyl, heteroaryl, heteroarallcyl,
heterocyclyl, heterocyclylalkyl, -RUORY, -R*N(R*}(R®), -R"SR”, -R*C(NHR”, -
R'C(DOR*, -RUC(IIN(RYYR™), -R"S(0)R”, -R N(RHC(DHR”, -R"N(RHC(NOR”, -
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R*N(RM)S(O)R™ or ~C(=NR"N(RNOR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are opticnally substituted with one or more Q" groups; each Q is independently
selected from halo, deunterium, hydroxyi, alkyl, haloaikyl and hydroxyalkyl;

cach R" is independently alkylene or a direct bond;

R” is alkyl;

sach R is independently hydrogen or alkyl;

R’ and R are each independently hydrogen or alkyl;

Jis O, NR*or §;

gach t is independently an integer from 0-2;

nis 1 or2; and

q is an integer from 0-4, and the other variables are as described elsewhere

herein.

[66157] In certain embodiments, provided herein are compounds of Formula Vlia

w3 A W>S/ I />_ -_<:\7<Q*

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single

Vlia

stercoisomets, mixture of stercoisomers or racemic mixture of stercoisomers thereof,
wherein:

R! and R” are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyt;

each Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -RPORY, -R*OR"NRMR?), -R*'N(R*}R), -
RUSR*, -R'C(HRY, -R'C(HOR*, -R*CEHNRMNR, -R"S(O)R”, -R'NRHC(DHRT,
RENRNCDHORY, -R*N(R®S(OWRY, =NOR", or ~C(=NR*)N(R")OR", where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q
groups, in one embodiment, one to three Q° groups; each O is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is (CR'R%)-;
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R’ and R® are cach independently hydrogen, hato, alkyl, haloalkyl or
hydroxyalkyl;

Z1is 0, §, or NH;

each W is independently CR® or N;

R® is hydrogen, halo, haloalky! or alkyl;

ring A is aryl or heteroaryl, optionally substituted with one to four
substituents selected from Q%

Wl isNor G,

W?is N, NR™ or CR™;

W is N, NR*™ or CR'™;

Ww*is N, NR' " or CR'™;

R% R R RI® R and R are selected as follows:

I R™, R and R''® are each independently hydrogen or alkyl and R,
R and R™” are each independently hydrogen or Q°; or
i) R® and R, R% and R'", R? and R'™, R'® and R"®, R'™ and R'"®

or R"™ and R'™®, together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyclyl ring, wherein the aryl, heteroaryl or heterocyclyl ring is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q% and the remainder of R™ or
R is hydrogen or alkyl and the remainder of R* or R'™ is hydrogen or Q7

cach Q? is independently halo, deuterium, cyano, oxe, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, haloalkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenytalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyl, -R'OR”, -R"OR"OR”, -R"OR"N(R}R"). -
R*N(RYIR), -R"SR*, -R"C(IR”, -R°C{HOR", "C(HNRINR?), -R*CHRNRYHR, -
RYC(DHN(RHOR”, -C=NORMRY, -R"S(O)RY, -R'N{RHCOIRT, -R'N(RHCTHORT, -
REN(RMS(OYRY or —C(=NR)N(R)OR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q" groups; cach Q" is independently
selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R%is independently hydrogen or alkyl;

each R" is independently alkylene or a direct bond;

R" is alkyl,

each R™ is independently hydrogen or alkyl;
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RY and R” are each independently hydrogen or alkyl;

JisO,NR or §;

each t is independently an integer from 0-2;

nis 1 or2; and

q is an integer from 0-4.
[B0i5§] In certain embodiments, provided herein are compounds of Formula VIia
wherein each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NCOH, -R"OR” or -R"C{O)R”; each R" is independently alkylenc or a
direct bond; each R* is independently hydrogen or alkyi; and the other variables are

as described elsewhere herein.

[00159]  In certain embodiments, provided herein are compounds of Formula Viia
or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,

wherein:

R and R? arc cach independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR* or -R*C(O)R;

Y is (CR'R%)y-;

R® and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl,

Zis (4, S, or NH;

each W is independently CR®or N;

R® is hydrogen, hale, haloalkyl or alkyl,

ring A is aryl or heteroaryl, optionally substituted with one to four
substituents selected from Q7

W'is Nor C;

W is N, NR* or CR™;

W3 is N, NR'™ or CR'™

Ww'is N, NR' or CRM?;

R™ R®™ R R'® R and RM are selected as follows:

HR™, R apd R'"™ are each independently hydrogen or alkyl and R*®,

R and R'"" are each independently hydrogen, oxo, hydroxyl, halo or alkyl; or

88



WO 2013/0566870 PCE/US2012/059983

iy R*™ and R'™, R and R'®, R and R R'® and R'™*, R and R
or R’ and R', together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyclyl ring, wherein the aryl, heteroaryl or heterocyclyl ring is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Qz; and the remainder of R*,
R orR1 g hydrogen or alkyl and the remainder of R%* Ri%orr!P s hydrogen,
hale or alkyl,

cach Q7 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalicyl, arvl, aralkyl, heteroaryl, heteroaralkyl, heterocyelyl,
heterocyelylalkyl, -R"OR*, -R*OR"N{R")(R"), -R"N(R*}{R"), -R"SR*, -R"C(NR*, -
R'C(DHORT, -R'C(HN(R IR, -R'C(HN(RMOR, -R"S(O)R”, -R"N(RC(DHRT, -
R'N(RHC(DHOR”, -R"N(RIS(OWRY or ~C(=NRY)N(RMOR?, where the alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkeny!, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more Q” groups; each Q° is
independently selected from halo. hydroxyl, alkyi, haloalkyl and hydroxyalkyl;

cach R" is independently alkylene or a direct bond;

RY is alkyl;

each R* is independently hydrogen or alkyl;

RY and R” arc cach independently hydrogen or alkyl;

Tis O, NR or §;

cach t is independently an integer from 0-2;

nis 1 or2; and

¢ i8 an integer from 0-4.
{00160] In certain embodiments, provided herein are compounds of Formula VIIa
or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racentic mixture of stereoisomers thereof,

wherein;

R’ and R? are each independently selected from hydrogen or halogen;

R? is hydrogen or alkyl;

each Q' is independently halo, oxo, alkyl, haloaikyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R'C(O)R”;

Y is -(CR'R")4=
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R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyallkyl;

Z1is O, S, or NH;

cach W is independently CR® or N;

R® is hydrogen, halo, haloalky! or alkyl;

Ting A 18 aryl, heteroaryl or heterocyclyl, optionally substituted with one to
four substituents selected from Q7

WlisNor C;

W*is N, NR™ or CR™;

W is N, NR'™ or CR!™;

W' is N, NR' or CR'

R% R R R'™ R" and R''™ are selected as follows:

) R™, R and R'™ are each independently hydrogen or alkyl and R™,
R and R*™ are each independently hydrogen, oxo, hydroxyl, halo or alkyl; or
i) R* and R'™, R* and R'®, R and R'% R'® and RM* R!™ and R'™®

or R'™ and R''®, together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyclyl ring, wherein the aryl, heteroaryl or heterocyclyl ring is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Qz; and the remainder of R™,
R'® or RM* is hydrogen or alkyl and the remainder of R, R or R'* is hydrogen,
halo or allkyl; or

i) R™ and R'™, R*® and R'™, R™ and R'™ R'® and R, R'** and R or
R and R'® together with the atoms to which they are attached form an aryl,
heteroaryl] or beterocycly! ring optionally fused to a phenyl ring optionally substituted
with one or more, in one embodiment, one to three, in another embodiment, one, two
or three groups selected from Q; and the remainder of R™ and R™ or the remainder of
R'"* and R'*™® are each independently hydrogen or alkyl;

each Q7 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalicyl, cycloalkenyl, cycloalkylatkyl,
cycloalkenylalkyl, aryl, aralkyl, beteroaryl, heteroaralkyl, heterocvelyl,
heterocyclylalkyl, -R"OR”, -R*OR"OR™ -R"OR"N(R*)}(R™), -R"N(R*}(R™), -R"“SR*, -
R'C(DRT, -R'C(HORT, -R'CIHN(RVWR"), -RCIHR"N(RHR?), -
R'C(HN(RMHOR™, -C(=NOR™R’, -R"S(O)R", -R"'NRHCDOR?, -R"NRC(JHOR?, -
RIN{RHS(O)R" or ~C(=NRIN(ROR", where the alkyl, haloalkyl, aminoalkyl,

90



WO 2013/056670 PCT/USZ012/059983

alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q" groups; each Q* is independently
selected from halo, hydroxyl, alkyl, haloalky! and hydroxyalkyl:

each R* is independently alkylene, alkenylene or a direct bond;

R is alkyl;

each R” is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl,

Jis O, NR*or §;

each t is independently an integer from 0-2;

nis | or2; and

q is an integer from 0-4;

wherein the compounds are selected such that: iy when W is CH; Wis C;
7.is S; R' is hydrogen, or hydroxyl and R? is hydrogen, or R and R? together form
=0, then ring A is not pyridine and ii) when W 1s CH; W' isN; Zis S: R and R? are
hydrogen, then ring A is not pyrrolidine.

[60161] In certain embodiments, provided herein are compounds of Formula Vilb

o
QE@‘j"z\ RS{?‘N z ®
Ojﬂ | \I />—Nl\ \_ (@'
v Sy Y—Q Vilb

ot pharmaccutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein:

R! and R? are each independently selected from hydrogen or halogen;

RYis hydrogen or alkyl;

each Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, allkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyi,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R“OR*, -R'OR"N(RWR™), -R"N(R*)}(R"),
-RUSRY, -R*C(DHRY, -R*C(DHOR*, -RUC(HN(R*HR?), -R"S(CHR™, -R*NRMHC(DHR”,
REN(RMCHORY, -R*N(RM)S(O)RY, =NOR", or —C(=NRY)N(R"OR", where the
alkyl, haloalkyl, aminoalkyl, alkeny!, alkynyl, cvcloalkyl, cycloalkenyl, aryl,

heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q?
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groups, in one embodiment, one to three Q? groups; each Q° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalky! and hydroxyalkyl;

Y is -(CR'R®)e

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z18 0, §, or NH;

cach W is independently CR® or N;

R® is hydrogen, halo, haloalkyl or alkyl;

W' isNor(C;

W?is N or CR™,

R is hydrogen or alkyl;

w'is N or CR”b;

W is N or CR";

R and R" are each independnetly hydrogen or Q7;

Q2 is halo, deuterium, cyano, oxo. thioxo, alkyl, haloalkyl, haloalkenyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylialkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylatkyl, -R"OR", -R"OR"OR",-R"OR"N(R"}R"), -

RUN(RY)(R?), -RUSR?, -R'C(HRT, -R*C{HOR”, -R"C(HN(R" R,
SRECHRUNRYRY, -R'CONRMNORT, <C(=NORMR", -R"S(O}R", -R"N(RHC(HR,
RN(RHCNORY, -RNRHS(OWR™ or ~C(=NR"IN(R"OR", where the alkyl,
haloalkyl, aminoatkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and
heterocyclyl groups are optionally substituted with one or more groups Q% in one
embodiment, one to three Q° groups, each Q" is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalkyl and hydroxyalkyl,

O and Q° are each independently hydrogen, deuterium, halo, cyano, oxo,
thioxo, alky!, haloalkyl, aminoalkyi, alkenyl, haloalkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, heterocyclyl, heterocyclylalkyl, -R"OR?, -

RYCRYORY, -R*ORN(RYI(RD), -R*NR)(R?), -R*SR*, -R"C(HR,

-REC(DHORY, -RUCIIN(RN{RY, -R'CHR"NR " HR", -

REC(NNRNORY, -C(=NORMR”, -R*S(O)R", -R"N(RMC(DR”,

SRUNRMCHORY, -R'NRHS(O)RY or —C(=NRIN(R"JOR”, where the alkyl,

haloaltkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroary!, and
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heterocyelyl groups are optionally substituted with one or more QF groups; each Q° is
independently selected from halo, deuterium, hydroxyl, alkyl, haloalkyl and
hydroxyalkyl;

cach R%is independently hydrogen or atkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyi, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl,

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, atkenyl, alkynyl, cycloalkyl, eycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryi, or
heteroaralkyl;

RY and R” are each independently selected from (i) or (ii) below:

(i RY and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloallyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(ii) RY and R% together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
cmbodiment, one, two or three Q’ groups; each Q’ is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkvlalkyl,
cycloalkenylatkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyt;

Jis O,NR*or S;

each t is independently an integer from 0-2;

nis I or2; and

q is an integer from 0-4.

[60162] In certain embodiment, provided herein are compounds of Formula VIib
wherein each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R*OR" or -R"C(O)R"; cach R" is independently alkylene or a
direct bond; each R* is independently hydrogen or alkyl; and the other variables are as

described elsewhere herem.
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[68163] Inceriain embodiments, provided herein are compounds of Formula VIIb
wherein R' and R” are both hydrogen. In certain embodiments, provided herein are
compounds of Formula VIIb wherein QS and Q6 are ¢ach independently hydrogen,
deuterium, halo, cyano, alkyl, alkenyl, alkynyl, cycloalkyl, alkoxy or alkylcarbonyl,
and the other variables are as described elsewhere herein. In certain embodiments,
provided herein are compounds of Formula VIb, wherein Q’is hydrogen and Q° is
halo, deuterium, cyano, alkyl, alkenvl, alkvayl, cycloalkyl, alkoxy or alkylcarbonyl
In certain embodiments, provided herein are compounds of Formula VIIb, wherein (°
is hydrogen and Q° is halo, alkyl, alkenyl, alkynyi, cycloalkyl, alkoxy or
alkylcarbonyl. In certain embodiments, provided herein are compounds of Formula
VIIb, wherein Q° is hydrogen and Q° is halo, cyano, eycloalkyl, alkoxy or
allylecarbonyl. In certain embodiments, provided herein are compounds of Formula
VIIb, wherein ° is hydrogen and Q° is bromo, chloro, fluoro, cyano, cyclopropyl,

methoxy or methylcarbonyl.

[06164]  In certain embodiments, provided herein are compounds of Formula VI
R, R
W2 W, z R
# Wi e 1’
e A %l/ I )
\ Y/, ~
W Y.
W ’d} 4 A W/ N \f\ﬁ Q"2
VI

ot pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thercof
wherein;

R! and R* are cach independentty selected from hydrogen or halogen;

R' is hydrogen or alkyl;

each Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alltynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"ORT, -R*"OR"N(R”)(R"), -R"N(R"}R™), -
RSRE, -R'C(NHRY, -R'COR*, -R'ICHNRHR?), -R*'S(OYRY, -R"™N(RMHC(HRY,
R*N(RMICHORT, -REN(RHS(O)RY, =NOR’, or —C(=NR"IN(R"YOR”, where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,

heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q°
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groups, in one embodiment, one to three Q° groups; each Q° is independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is -(CR°R%),-;

R*and R® arc cach independently hydrogen, halo, alkyl, haloalky! or
hydroxvalkyl;

2150, S, or NH;

each W is independently CR® or N,

R® is hydrogen, halo, haloalkyl or alkyl;

ring A is aryl or heteroaryl, optionally substituted with one to four
substituents selected from Q%

W!isNorC;

W2 is N, NR* or CR*;

W is N, NR'*™ or CRM™;

W*is N, NR'™ or CR''™;

R’ R R R RUand R are selected as follows:

i) R*, R'™and R'*™ are each independently hydrogen or alkyl and R™,
R and R'™® are each independently hydrogen or Q% or
11) R‘)a aﬂd Rl{]b, RQb and ngb, R9b a,nd R}()a’ RIOb and 15{113.1 R.iOa a.nd R“b

or R and R, together with the atoms to which they are attached form an aryl,
heteroaryl ring, wherein the aryl, heteroaryl ring is optionally substituted with one or
more, in one embodiment, one fo three, in another embodiment, one, two or three
groups sclected from Q%; and the remainder of R™ or R'' is hydrogen or alkyt and the
remainder of R” or R*'® i hydrogen or Q%

each Q2 is independently haio, cyano, oxo, thioxo, atkyl, haloalkyl,
aminocalkyl, alkenyl, haloalkenyl, alkynyl, cycloalkyl, cycloaikenyl, cycloalkylalkyl,
cycloatkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyelylalkyl, -R*OR”, -R"OR"OR” -R"OR"N(R")}R™), -R"N(R*WR?), -R"SR”, -
RUCNHRY, -R'C(NOR?, -R°CIHN(RYR®), -R*CIR"N(R”HR?),
, “REC(HN(RNOR?, -C(=NOR®RX -RS(O)}R¥, -REN(RMC(HRY, -RN(RMC(NOR?, -
RN(RMS(OWR™ or ~C(=NR"N(R")OR*, where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, evcloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q* groups; each Q" is independently
selected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each RY is independently hydrogen or alkyl;
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each R" is independently alkylene, alkenyiene or a direct bond;

R" is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkeny!, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R* is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl,

RY and R are each independently selected from (i) or (ii) below:

(i) R” and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, aikenyl, atkynyl, cycloalkyl, cycioalkenyl,
cycloalkylalkyl, cycloatkenylalikyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryt, or heteroaralkyl; or

(ii) RY and R, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q groups; each Q is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, aikyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyi;

JisO,NR or S;

each t is independently an integer from 0-2;

nis I or2; and

q is an integer from 0-4.

[08165] In certain embodiments, provided herein are compounds of Formula Vila,
V1ib or VI1II, wherein:

R’ and R? are each hydrogen;

R? is hydrogen or alkyl;

each Q' is independently halo, oxo, alkyl, hydroxyl, alkoxy, haloalkyl,
hydroxyalkyl, cycloalkyl, =NOH, or -R"C(O)R™;

Y is «(CRR%)y-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hvdroxyalkyl;
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Z1is (0, S, or NH;

each Wis CH;

ring A 1s aryl or heteroaryl, optionally substituted with one to four
substituents selected from Q7

W'is Nor C;

W2 is N, NR” or CR*";

W’ is N, NR'* or CR'™;

W*is N, NR"* or CR'®;

R™® R, R'™ R'™ R!'%3nd R'™® are sclected as follows:

iy R™ R'™and R'"* arc cach independently hydrogen or alkyl and R,
R'® and R"™® are each independently hydrogen, oxo, hydroxyl, hato or alkyl; ot
i) R and R'™, R® and R'®, R and R'*® R'"™ and R"™, R and R'™®

or R' and R, together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyclyl ring, wherein the aryl, heteroaryl or heterocyclyl ring is
optionally substitited with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q% and the remainder of R,
R'™ or R'™ is hydrogen or alkyl or the remainder of R®® R'®or R''® is hydrogen, halo
or alkyl;

cach Q7 is independently halo, cyano, 0xo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR", -R"OR"NRRY), -R*N(R*)(R"), -R"SR*, -R*C(DR”, -
R*C(HOR?, -R*'CNN(RVHRT), -R*S(OWRT, -R*N(RHC(HR™, -R*NRHC(HOR?, -
R'NERMS(O)R™ or ~C(=NR*IN(R*YOR™, where the alkyl, haloalkyl, aminoaikyl,
alkenyl, allkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q' groups; each Q" is independently
selected from halo, hydroxyl, alky!, haloalkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond;

R" is alkytl;

each R™ is independently hydrogen or alkyl;

RY and R? are cach independently hydrogen or alkyl;

Jis O, NR* or §;

each t is independently an integer from 0-2;

nis I or2; and
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q is an integer from 0-4.

[00166] In certain embodiments, provided herein are compounds of Formula VIII

Rl R?
2 W RS
3,W'-. w = zZ /
A } W} P /> N\Y
W TN L,

VHI

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof
wherem:

R! and R? are each independently selected from hydrogen or halogen;

R" is hydrogen or alkyl,

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalky,
cycloalkyl, =NOH, -R*OR" or -R"C(O)R”;

Y is -(CR°R%)g-;

R®and R® are cach independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z1s 0, 8, or NH;

cach W is independently CR® or N;

R* is hydrogen, halo, haloalkyl or alkyl,

ring A is aryi or heteroaryl, optionally substituted with one to four
substituents selected from Qz;

W!isNorC,

W is N, NR™ or CR™;

W is N, NR'™ or CR™™;

W is N, NR® or CR'™;

R R R RI® pllagnd R are selected as follows:

iy R™ R and R are each independently hydrogen or alkyl and R,
R'™and R"'® are each independently hydrogen, oxo, hydroxyl, halo or alkyl; or
i) R and R', R and R'%, R and R'®, R!® and R, R1% and R

or R and R'™®, together with the atoms to which they are attached form an aryl,
heteroaryl ring, wherein the aryl, heteroaryl ring is optionally substituted with one or

maore, in one embodiment, one to three, in another embodiment, one, two or three
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groups selected from Q%; and the remainder of R™, R'% or R''* is hydrogen or allyl or
the remainder of R”, R'™ or R is hydrogen, halo or alkyl;

each Q2 is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyi, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylatkyl, -R'OR*, -REOR*N(RY)R?), -R*N(RY)(R™), -R¥SR¥, -R'C(IRY, -
RUC(HORY, -R"CINN(RM IR, -R"S(O)R”, -R*"N(RIIC(DR*, -R*'N(RHC(HOR™, -
R'N(RHS(O)RY or ~C(=NR"N(ROR?", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocycly!l groups
are optionally substituted with one or more Q! groups; cach Q' is independently
selected from halo, hydroxyl, alkyl, halealkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond;

R" is alkyl;

each R* is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR*or §;

each t1s independently an integer from 0-2;

nis I or2;and

q is an integer from 0-4.
[60167] In certain embodiments, provided herein are compounds of Formula Viia,
ViIb or ViIl, wherein:

R’ and R? are cach hydrogen;

R’ is hydrogen or alkyl;

cach Q' is independently halo, oxo, alkyl, hydroxyl, alkoxy, haloalkyl,
hydroxyalkyl, cycloalkyl, =NOH, or -R"C(O)R”;

Y is ~(CR'R%)g-;

R*and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Zis O, S, or NH;

each W is CH;

ring A is aryl or heteroaryl, optionally substituted with one to four
substituents selected from Q7;

W'isNorC;

99



WO 2013/056070 PCE/US2012/059983

W?is N, NR” or CR™";

W is N, NR'® or CR'™;

W' is N, NR""“ or CR™;

R R%® R R'™ RMand RMP are selected as follows:

i) R* R"™and R™* are each independently hydrogen or alkyl and R”,
R'®" and RM® are cach independently hydrogen, oxo, hydroxyl, halo or alkyl; or
i) R™ and R'®, R™® and R'", R”® and R'™, R'® and R R'"* and R'"°

or R™ and R, together with the atoms to which they are attached form an aryl,
heteroaryl or heterocyclyl ring, wherein the aryl, heteroaryl or heterocyclyl ring is
optionally substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Qz; and the remainder of R™,
R'% or RM* is hydrogen or alkyl or the remainder of R®™ R"or RM® is hydrogen, halo
or alkyl;

each Q is independently halo, cyano, oxo, thioxo, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aratkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyelylalkyl, -R"OR?, -RUOR*N(RR?), -R'N(R")(R?), -R*SR”, -R"C(J)R", -
REC(HORY, -R*C(NN(RYYR™, -R"S(ORR”, -R"NRIIC(DHR, -R"NRHC(JORY, -
R*NERMNS(O)WRY or ~CENRYIN(RMOR”, where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more Q* groups; cach Q° is independently
sciected from halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each R is independently alkylene or a direct bond;

R" is alkyl;

each R” is independently hydrogen or alkyl;

RY and R” are each independently hydrogen or alkyl;

Jis O, NR¥or §;

each t is independently an integer from 0-2;

nis 1 orZ; and

q is an integer from 0-4.
[06168] In certain embodiments, provided herein are compounds of Formula Vi
wherein each ’ is independently halo, oxo, alkyl, halealkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR™ or -R*C(O)R”; each R" is independently alkylene or a

100



WO 2013/056070 PCT/US2012/059983

direct bond; each R” is independently hydrogen or alkyl; and the other variables are as

described elsewhere herein,

[00169] In certain embodiments, provided herein are compounds of Formula IX

e
g
2
RERS SN
X

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of sterecisomers or racemic mixiure of stereoisomers thereof,
wherein:

R® is hydrogen or alkyl;

cach Q' is independently deuterivm, halo, cyano, oxo, thioxo, alkyl,
haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyciylalkyl, -R'OR", -R"OR"N(R}(R"), -R"N(R*)}R"}, -
RUSRY, -R'"C{HR?, -R'CNOR’, -R'CIN(RR), -R*S(O)R”, -R"N(R*IC(HR*,
REN(RMIC(DORY, -R"N(RMS(O)R™, =NOR*, or ~C(=NR"IN(R)OR*, where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, and heterocyclyl groups are optionally substituted with one or more Q’
groups, in one embodiment, one to three Q° groups; each Qs independently selected
from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

Y is —(CRSRG)Q-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalky!;

Zis 0, S, or NH;

W*is N or CR'®,

W’ is N or CRY:

R'™and R* are each independently hydrogen or Q7

cach Q7 is independently halo, deuterium, cyano, oxo, thioxo, alkyl,
haloalkyi, haloalkenyl, aminoalkyl, alkenyl, alkynyl, cyclealkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyt, -R*GR*, -R"OR*OR”,-R"OR"N(R*}(R"), -

101



WO 2613/056070 PCT/US2012/059983

R'N(RR"), -R"SR”, -R*C(DR”, -R*C(HORY, -R"C(NHN(RYYR?), -REC(NR"N(RHR?)
-REC(HN(RYORY, -C(=NORMHR™ -R"S(0)R", -R"N(RC(DR", -R'N(R*C(HOR*,
R'NRHS(O)R” or ~C(=NR*IN(R"OR", where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more groups Q°; in one embodiment, one to
three Q° groups, each Q is independently selected from hale, deuterium, hydroxyl,
alky!, haloalkyl and hydroxyalkyl;

Q’ and Q° are each independently hydrogen, halo, cyano, alkyl, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R*OR”, -R*N(R*)(R®), -R"SR*, -R*"C(J)R”, -R"C(J)OR", -
RUCIINRI MRS, -R'S(OMRY, -RNRHCHRY, -RENRHC(HORF, -R"N(RMIS(O)RY
or ~C{=NR")N(R")OR”, where the alkyl, haloalkyl, aminoalkyl, alkenyl, allkynyl,
cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocycly! groups are optionally
substituted with one or more Q° groups; each Q% is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

R%is hydrogen or alkyl;

cach R” is independently alkylene, alkenylene or a direct bond;

R™ is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl,
cycioalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalky!, heterocyclyl,
heterocyclylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

cach R” is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloatkylalkyl,
cycloatkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, or
heteroaratkyl;

R” and R” are each independently setected from (i) or (ii) below:

(i) R and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycioalkenylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(ii) RY and R?, together with the nitrogen atom to which they are attached,
form a heterocvely] or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three @’ groups; each )’ is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
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cycloaikenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylallyl;

JisO,NR or§;

each t is independently an integer from 0-2;

nis 1l or2; and

q is an integer from 0-4.
[00178] In certain embodiments, provided herein are compounds of Formula IX or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, wherein:

R?is hydrogen or alkyl,

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR* or -R"C(O)R";

Y is (CR'R")-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl;

Z1is (0, S, or NH;

W is N or CRY?;

R1° s hydrogen, halo or alkyl;

W’ is N or CR':

R7is hydrogen, halo or alkyl;

Q® and Q° are cach independently hydrogen, halo, cyano, alky{, haloalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, -R"OR*, -R"N(R¥)(R), -R“SR*, -R'C(J)R¥, -R*C())OR?, -
RECINNR R, -R“S(OHR”, -R'NRHCDRY, -R*NR*C(NOR, -RUN(RMS(O)RY
or —C(=NR"N(R")OR”, where the alkyl, haloalkyl, aminoalkyl, alkenyl, aikynyl,
cycloalkyt, cycloalkenyl, aryl, heteroaryl, and heterocyclyl groups are optionally
substituted with one or more Q° groups; each Q° is independently selected from halo,
deuterium, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

each R" is independently alkylene or a direct bond;
R¥ is alkyl;

each R" is independently hydrogen or alkyl;

R and R” are cach independently hydrogen or alkyl;
Jis O, NR*or §;
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gach t is independently an integer from 0-2;

nis 1 or2; and

q is an integer from 0-4.
[66171] In certain embodiments, provided herein are compounds of Formula IX
wherein each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R*C(O)R?, each R" is independently alkylenc or a
direct bond; each R™ is independently hydrogen or atkyl, R"™® and R'® are cach
independently hydrogen, hale or alkyl; and the other variables are as described
elsewhere herein. In certain embodiments, provided herein are compounds of
Formula IX, wherein Q° and Q° are each independently hydrogen, halo, alkoxy,
tetrazole or pyrazole, where the tetrazole and pyrazole rings are optionally substituted
with one or more alkyl, and the other variables are as described elsewhere herein. In
certain embodiments, Q° and Q(’ are each independently hydrogen, chioro, fluoro,

bromo or methoxy, and the other variables are as described elsewhere herein.

[00172] In certain embodiments, provided herein are compounds of Formula X

@’\@%\

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single

¥ —R?

stercoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein:

R’ is hydrogen or alkyl;

R is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R” is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Ql;

ecach Q' is independently deuterium, halo, cyano, oxo, thioxo, alkyl,
haloalky!, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyelylalkyl, -R"ORY, -R"OR"N(R*(R?), -R"N(R" )R, -

R*SR*, -R*"C(DHRY, -R*CNOR, -R*CNN(RHRY), -R"S(O}R", -R"N(RIC(DHR*,
R"NRMCDORT, -R*N(RHS(O)RY, =NOR?, or ~C(=NR*)N(R"OR", where the
alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
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heteroaryl, and heterocyclyl groups are optionally substituted with oné or more Q°
groups, in one embodiment, one to three Q° groups; each Q° is independently selected

from deuterium, halo, hydroxyl, alkyl, haloalkyl and hydroxyalkyl;

cach R%is independently hydrogen or alkyl;

each R" is independently alkylene, alkenylene or a direct bond;

R" is alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, alkenyl, aikyny,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, heterocyciyl,
heterocyclylulkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl;

each R™ is independently hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cyanoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, heterocyciyl, heterocyclylatkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

RY and R” arc cach independently sclected from (i) or (ii) below:

(i) R” and R” are each independently hydrogen, alkyl, haloalkyl,
hydroxyalkyt, alkoxyalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, cycloalkenylalkyl, heterocyclyi, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; or

(i) R and R”, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, in one
embodiment, one, two or three Q7 groups; cach Q is independently selected from
halo, deuterium, oxo, thioxo, hydroxy, alkoxy, alkyl, haloalkyl, hydroxyalkyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl and
heterocyclylalkyl;

Y is ~(CRR®)y-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl,

Zis 0, S, or NH;

W*is N or CR!%;

R'" is hydrogen or Q;

Q‘2 is halo, deuterium, cyano, oxo, thioxo, alkyl, haloalkyl, haloalkenyl,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
cycloalkenylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyciyi,
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heterocyclylalkyt, -R"OR”, -R'OR"OR* -R"OR"N(R”}R™, -
R'N(R*HRH), -R"SR*, -R"C(DR’, -R"C(HOR”, -R"CHN(RHR"), -R"C(HR"NRHR)
L -RECIHN(RMHORY, -C=NORMRY, -RYS(O)RY, -RINRMICHRY, -R"NRMHC(HORT, -
R*N(RHS(O)RY or -C=(NR"IN(R")OR”, where the alkyl, haloalkyl, aminoalkyl,
alkenyl, alkynyl, cycloalkyl, cvcloalkenyl, aryl, heteroaryl, and heterocyclyl groups
are optionally substituted with one or more groups Q% in one embodiment, one to
three Q* groups, each Q" is independently selected from halo, deuterium, hydroxyl,
alkyl, haloalkyl and hydroxyalkyl;

W is N or CR":

R* is hydrogen, halo or alkyl; and

q 1s an integer from 0-4,
[00173] In certain embodiments, provided herein are compounds of Formula X
wherein each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R"; each R" is independently alkylenc or a
direct bond; each R” is independently hydrogen or alkyl; and the other variables are as

described elsewhere herein,

[60174] In certain embodiments, provided herein are compounds of Formula X or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stercoisomers thereof, wherein:

R’ is hydrogen or alkyl;

R’ is cycloalkyl, aryl, heterocyelyl or heteroaryl, where R” is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Ql;

cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R";

each R" is independently alkylene or a direct bond;

each R* is independently hydrogen or alkyl;

Y is ~(CR7R%)y-;

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxvalkyi;

72150, S, or NH;

w'is Nor CR“b;

R''" is hydrogen, halo or alkyl;
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W’ is N or CR™;
R'? is hydrogen, halo or alkyl; and
q is an integer from 0-4.

[66175] In certain embodiments, provided herein are compounds of Formula XI

/

(o]
\‘QWS\
(8]

\ A~ z, F

! 1
/(Q b2
SROva NS
X1

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stereoisomers, mixture of stereoisomers or racemic mixture of stereoisomers thereof,
wherein;

R* is hydrogen or alkyl;

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR” or -R"C(O)R",

cach R" is independently alkylene or a direct bond;

cach R* is independently hydrogen or alkyl;

Y is (CR'R);

R’ and R® are each independently hydrogen, halo, alkyl, haloalky! or
hydroxyalkyi;

Z18 G, 8, or NH;

W is Nor CR";

R''® is hydrogen, halo or alkyl;

W is N or CR";

R" is hydrogen, halo or alkyl; and

q is an integer from 0-4.
[86176] In certain embodiments, provided herein are compounds of Formula X1 or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stercoisomers,

mixture of siereoisomers or racemic mixture of stereoisomers thereof, wherein:
R? is hydrogen or alkyl;
cach Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyt, =NOH, -R"OR” or -R"C(O)R”;
Y is (CR’R®)-;
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R’ and R® are each independently hydrogen, halo, alky!, haleéikyl or
hydroxyalkyl:

218 O, S, or NII;

W*is N or CR'™;

R' is hydrogen, halo or alkyl,

W’ is N or CRB;

R" is hydrogen, halo or alkyl; and

q is an integer from 0-4.

{60177} In certain embodiments, provided herein are compounds of Formula XII

R R?
S z, F
gHaN
_ [\;>_N\Y_R4
W6
‘\\:_\/ ,
(@), XII

or pharmaceutically acceptable salts, solvates, hydrates, clathrates, single
stercoisomers, mixture of sterecisomers ot racemic mixiure of sterecisomers thereof,
wherein:

R® is hydrogen or alkyl;

R* is cycloalkyl, aryl, heterocyclyl or heteroaryl, where R* is optionally
substituted with one or more, in one embodiment, one to three, in another
embodiment, one, two or three groups selected from Q'

each Q' is independently halo, oxo, alkyl, haloalkyl, hydroxyalkyl,
cycloalkyl, =NOH, -R"OR" or -R"C(O)R*;

each R" is independently alkylene or a direct bond;

cach R* is independently hydrogen or alkyl;

Y is ~(CR'R®);

R’ and R® are each independently hydrogen, halo, alkyl, haloalkyl or
hydroxyalkyl,

Zis O, §, or NH;

R'*® is hydrogen or alkyl;

W is N or CR';

R is hydrogen or alkyl;

ais 0-4; and

q is an integer from 0-4.
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[66178] In certain embodiments, provided herein are compounds of Formula Xil or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,

mixture of stereoisomers or racemic mixture of stereoisomers thereof, wherein:

R? is hydrogen or alkyl;

R is cycloalkyl, where R? is optionally substituted with hydroxy;

Y is ~(CRR®)-;

R’ and R® are each independently hydrogen, halo, alkyt, haloalkyl or
hydraxvalkyi;

Zi8 O, S, or NH;

R'** is hydrogen or alkyl;

W°is N or CR™,

R' is hydrogen or alkyl;

ais 0-2; and

q is an integer from 0-2.

[06179] Inone embodiment, the compound provided herein is selected from:

2-((6-(( 1 H-benzo[djimidazol-1-ylmethyl)benzo[djthiazol-2-
ylhamino)cyclohexanol,

(1R, 2R)-2-((6-{(5 ,6-dimethoxy-1H-benzo[d}imidazol-1-
ylhmethyDbenzo[d]thiazol-2-yl)amino)cyclohexanol,

2-(6-{(5,6-dimcthoxy-1H-benzofd]imidazol-1-ylmethyDbenzold]thiazel-2-
ylyamino)cyclohexanol,

(1R 2ZR)-2-((6-((3H-imidazo[4,5-b]pyridin-3-y)methyl)benzo[d]thiazol-2-
yhamino)cyclohexanol methanesulfonic acid,

(1R.2R)-2-((6~((3H-imidazo[4,5-b]pyridin-3-y)methyl)benzo[d]thiazol-2-
ylyamino)cyclohexanol

2-((6-((3H-imidazo{4,5-b]pyridin-3-yl)methyl)benzo[ d|thiazol-2-
yhaminoeyelohexanol

(1R 2R)-2-((6-((6-methoxy-1H-benzo[dimidazoi-1-
yhmethyl)benzo[d]thiazol-2-y)amino)cyclohexanoi,

2-{{6-((6~-methoxy-1H-benzo[d]imidazol-1-y)methyl)benzo[d]thiazol-2-
yhaminoeyclohexanol,

(1R, 2ZR)-2-({6-((5-methoxy-1H-benzo[d}imidazol-1-
yiymethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,
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2-((6-((5-methoxy-1H-benzold[imidazol-1-yl)methylYbenzo[ d]thiazol-2-
yhamino)cyclehexanol,

(1R 2R)-2-((6-{(1H-imidazo[4,5-b]pyridin-1-yymethyDbenzo|d}thiazol-2-
yhamino)cyclohexanol,

2-{(6-({ | H-imidazo[4,5-blpyridin-1-yl}ymethvlhbenzo| dJthiazol-2-
yllaminojcyclohexanol,

(1R,2R)-2-(6-({ 1H-benzofd]imidazol- 1 -yl ymethyDbenzo{d]thiazoi-2-
ylamino)eyclohexanol,

2-((6~<((1H-imidazo[4,5-blpyridin-1-yDmethyhbenzofdthiazol-2-
yhamino)cyclohexanol,

(18,28)-2-({6-((1 H-benzo[ d}imidazol-1-yDmethylibenzo[d]thiazol-2-
yhamino)cyclohexanol,

2-((6-({ 1 H-benzoid]imidazol-1-y)methyDbenzo| d}jthiarol-2-
yllamino)cyclohexanol,

(R)-6-((5,6-dimethoxy-1H-benzo[dlimidazol-1-yhmethyl)-N-
((tetrahydrofuran-2-ylymethyl)benzo[d]thiazol-2-amine,

6-((3,6-dimethoxy-1H-benzofd]imidazol-1-yl)methyD-N-((tetrahydrofuran-2-
yDmethyl)benzo]d]thiazol-2-amine,

6-((5,6-dimethoxy-1H-benzo[d}imidazol-1-ylymethy)-N-(pyridin-2-
yimethyl)benzo|d]thiazol-2-amine,

{1R,28)-1-({6-((5,6-dimethoxy-1H-benzo[d}imidazol-1-
yhmethyl}benzo{d]thiazoi-2-vamino)-2,3-dihydro-1H-inden-2-ol,

1-{(6-((5,6-dimethoxy-1H-benzo[d]imidazol-1 -y ymethybenzo[d jthiazol-2-
yljamino}-2,3-dihydro-1H-inden-2-0l,

(§)-N-(2,3-dihydro-TH-inden-1-y1)-6-((5,6-dimethoxy-1H-benzo[d])imidazol-
1-yDimethylhbenzo[d]thiazol-2-amine,

N-(2,3-dibydro-1H-inden-1-y1)-6-((5,6-dimethoxy-1H-benzo{diimidazol-1-
yhmethyDbenzo{d]thiazoi-2-amine,

(1R, 2R)-2-((6-(methoxy(1H-pyrrolo[2,3-bipyridin-3-
ylymethyl)benzo[dthiazol-2-ylamino)cyciohexanol,

2-{(6~(methoxy(1H-pyrrolo[2.3-blpyridin-3-yDmethyDbenzold thiazol-2-
yhamino)cyclohexanol,

N-benzyl-6-((5,6-dimethoxy-1H-benzo{d]imidazol-1-
yDmethyDbenzo[dithiazol-2-aming,
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6-((5,6-dimethoxy-1H-benzo|d|imidazol-1-ylymethyl)}-N-(2-
morpholinoethyYbenzoldJthiazol-2-amine,

6-{(5,6-dimethoxy-1H-benzo[d]imidazol-1-yhmethyl)-N-(tetrahydro-2 H-
pyran-4-yl)benzo[d|thiazol-2-amine,

N-cyclohexyl-6-((5,6-dimethoxy-1H-benzo[dJimidazol- T-yDmethyl}-N-
methylbenzo|d]thiazol-2-amine,

(1R, 2R)-2-({6-((1 H-pyrrolof2,3-b]pyridin-3-yDmethyl)benzo[d]thiazol-2-
yDamino)eyclohexanol,

2-((6-((1 H-pyrrolo[2,3-b]pyridin-3-y[)methyl)benzo[d]thiazol-2-
ylyamino)cyclohezanol,

N-cyciohexyl-6-((5,6-dimethoxy-1H-benzo[djimidazol-1-
yhmethyhbenzo[d]thiazol-2-amine,

{1R,2R)-1-({6-{(5,6-dimethoxy-1H-benzo[d]imidazol-1-
yhmethylbenzo[d]thiazol-2-yl)amino)-2,3-dihydro-1H-inden-2-ol,

1-((6-((5,6-dimethoxy-1H-benzo[dlimidazol-1-ylymethyi)benzo[d]thiazol-2-
vl}amino)-2,3-dihydro-1H-inden-2-ol,

(1R, 2R)-2-({6-({5,6-dimethoxy- 1 H-benzojdjimidazol-1-
vlymethyDbenzo[d]thiazol-2-ylyamino)cyclopentanol,

2-((6-((5,6-dimethoxy-1H-benzo!djimidazol-1-yDimethyYbenzo[djthiazoi-2-
ylamino)cyclopentanol,

6-({5,6~dimethoxy-1H-benzo{d]imidazol-1-yl)ymethyl)-N-(pyridin-4-
yimethylybenzo[d]thiazol-2-amine,

6-((5,6-dimethoxy-1H-benzo[dJimidazol-1-yymethy])-N-
phenylibenzo[d]thiazol-2-amine,

(1R 2R)-2-((6-((5-methoxy-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

2-((6-((5-methoxy-3H-imidazo[4,5-b]pyridin-3-y)methyl)benzo[d}thiazol-2-
ylyaminojcyclohexanol,

1-(4-({(6-((5,6-dirnethoxy-1H-benzo| d imidazol-1-yDmethyl)benzo[ dlthiazol-
2-ylyamino )piperidin-1-yl)ethanone acetic acid,

1-{4-({6~((5,6-dimethoxy-1H-benzof{d|imidazol-1-yymethylbenzo{ d]thiazoi-
2-yhamino)piperidin-1-yhethanone,

(R, 8)-6-((5,6-dimethoxy-1H-benzo[d]Jimidazol-1-yDmethyl)-N-
(tetrahydrofuran-3-ylbenzo[djthiazol-2-amine acetic acid,
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(R,8)-6-((5,6-dimethoxy- 1 H-benzo[d]imidazol-1-yl)methyl)-N-
(tetrahydrofuran-3-yDbenzo[d]thiazol-2-amine,

6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-yl)methyl }-N-{tetrahydrofuran-3-
ylibenzo[d]thiazol-2-amine,

3-((2-({((1 R,2ZR)-2-hydroxycyclohexyllamino)benzo|d]thiazol-6-ylymethyl)-
3H-imidazo[4,5-blpyridin-2-aminium acetate,

(1R,2R)-2-((6~{(2-amino-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yDamine)cyclohexanol,

2-({6~((2-amino-3H-imidazo[4,5-b]pyridin-3-yDmethyl)benzo[ d]thiazol-2-
ylyamino)cyelohexanol,

6-((5,6-dimethoxy-1H-benzo{dJimidazol-1-ymethy)}-N-(2-
ethoxyphenylibenzofd]thiazol-2-amine,

N-{cyclohexylmethy!)-6-((5,6-dimethoxy-1H-benzo[d|imidazol-I -
yhmethylibenzo[d]thiazol-2-amine,

(1R,2R)-2-((6-((6-bromo-3H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo{d ithiazol-2-y)amino)cyclohexanol,

2-{(6-((6-bromo-3H-imidazof4,3-b]pyridin-3-ymethyl)benzo[d]thiazol-2-
yljamino)cyclohexanol,

6-((5,6-dimethoxy-1H-benzo{d}imidazol-1-yDmethyl ) N-(2-
methoxyphenyDbenzo[d]thiazol-2-amine,

2-((6-((5,6-dimethoxy- 1 H-benzodiimidazol-1-yDmethyibenzoldithiazol-2-
ylhamino)phenol,

(1R 2R)-1~{(6~{(4-(1 -methyl-1 H-pyrazol-4-y1y-1 H-imidazol-1-
yiymethylbenzo[d]thiazol-2-y)amino)-2,3-dihydro-1 H-inden-2-ol,

1-((6~{(4~(1-methyl-1 Fl-pyrazol-4-yi)-1 F-imidazol-1-
yhimethyhbenzo[d|thiazol-2-y)amino)-2,3-dihydro-1 H-inden-2-ol,

(1R,2R)-1-{{6-((5-(1-methyl-1 H-pyrazol-4-y1}-1 H-imidazol-1-
yhmethyhbenzo|d|thiazol-2-yDamino)-2,3-dihydro- L H-inden-2-ol,

1-{(6-{(5~(1-methyl-1 H-pyrazol-4-y1}-1 H-imidazol- -
ylymethyhbenzo[d]thiazol-2-yDamino}-2,3-dihydro-1 H-inden-2-ol,

{($)-N-(1-cyclohexylethyl)-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1 -
yhmethylbenzold]thiazol-2-amine,

N-(1-cyclohexylethyl)-6-({5,6-dimethoxy-1H-benzo[d]imidazol-1-
yhmethyDbenzo[d]thiazol-2-amine,
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{1R,2Ry-2-((6~((5,6-dimethoxy~1 H-benzo[dimidazol-1-
yhmethyDbenzo[d]oxazol-2-ylamino)cyclohexanol,

2-((6-((5,6-dimethoxy-1H-benzo{d]imidazol-1-yl)methy!)benzo[d]oxazol-2-
yl)amino)cyclohexanol,

N-(cyclohexylmethyl)-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-
ylymethyl)benzo[djoxazol-2-amine,

(1R, 2R)-2-({6~((4-(1-methyi-1 H-pyrazol-4-y1)-1H-immdazol-1-
yhmethyhbenzo[d]thiazol-2-ylamino)cyclohexanol,

2-((6-((4-(1-methyl-1H-pyrazol-4-y- 1 H-imidazol-1-
yhimethyhbenzo[d]thiazol-2-yiamine)cyclohexanol,

1-((2-(({1R 2 R)-2-hydroxycyclohexyl)amino)benzo[d]thiazoi-6-yl)methyl)-N-
methyl-1 H-imidazole-4-carboxamide,

1-{(2-((2-hydroxycyclohexyDamino)benzo]djthiazol-6-yl ymethyl)-N-methyl-
1H-imidazole-4-carboxamide

(1R,2R)-2-((6-(imidazo[1,2-a]pyridin-3-ylmethylybenzo{d]}thiazol-2-
yhamino)cyclobhexanol,

2-((6-(imidazof 1,2-a]pyridin-3-ylmethyl}benzo[d]thiazoi-2-
ylyamino)jcyclohexanol,

(1R, 2R)-2~((6~({6~(1-methyl-1H-pyrazol-4-y1)-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclobexanol,

2-((6-((6~ l-methyl-1H-pyrazol-4-y1}-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d}thiazol-2-yl)amino)cyclohexanol,

(1R 2R)-2-((6-((6~(pyridin-3-yl)-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo{djthiazol-2-yamino jcyclohexanol,

2-((6-({6-(pyridin-3-y1)-3H-imidazo{4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

(1R, 2R)-2-({6-{(5-bromo-6-methoxy-11-benzo{d)imidazol-1-
vlmethyDbenzo[dthiazol-2-yl)amino)cyclohexanol,

2-({(6-((5-bromo-6-methoxy-1 H-benzo{d]imidazol-1-
yhmethylbenzo{d]thiazol-2-ylamino)cyclohexanol,

{1R,2R)-1-{(6-((6-bromo-3H-imidazol[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-ylyamino)-2,3-dihydro-1H-inden-2-ol,

1-({(6-((6-bromo-3H-imidazo[4,5-b]pyridin-3-yl)methylybenzo[d|thiazol-2-
yhamino)-2,3-dihydro-1H-inden-2-ol,

113



WG 2013/656070 PCT/US2012/059983

3-((2~(((1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-ylymethyl)-
3H-imidazo[4,5-b]pyridine-6-carbonitrile,

3-((2-((2-hydroxycyclohexylamino)benzo[d]thiazol-6-yymethyl)-3 /-
imidazo{4,5-b]pyridine-6-carbonitrile,

{(1R,2R)-2~({6~((7-methoxyimidazo[1,2-a]pyridin-3-yl)methyl)benzo[ d]thiazol-
2-yhamino Jeyclohexanol,

2-((6-(( 7-methoxyimidazo[ 1,2-a]pyridin-3-ylymethylbenzo[d]thiazol-2-
vlyamino)cyclohexanol,

(1R 2R)-2-((6~((6-cyclopropyl-3H-imidazo{4,5-b]pyridin-3-
yhmethyhbenzo[d]thiazol-2-yhHamino)cyclohexanol,

2-({6-{(6-cyclopropyl-3 H-imidazo{4,5-b]pyridin-3-ylymethyi)benzo[d]thiazol-
2-yDamino)cyclohexanol,

(1R 2R)-}-((6-((3H-imidazo[4,5-bpyridin-3-yl)methybenzo{d)thiazol-2-
yhamino)-2,3-dihydro-1 H-inden-2-ol,

1-{{6-((3H-imidazo[4,5-b Jpyridin-3-yDmethyDbenzo{d]thiazol-2-yl)amino)-
2,3-dihydro-1H-inden-2-0l,

(1R, 2R)-2-{({6-({6-bromo-5-methoxy- 1 H-benzo[d]imidazol-1-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

2-((6-((6-bromo-5-methoxy-1H-benzo[d]imidazol-1-
yhmethylbenzo[dthiazol-2-ylJamino)cyclohexanol,

(LR 2RY-2-((6-((9H-purin-9-yymethylbenzo[d]thiazol-2-
yllamino)cyclohexanoi,

2-({6~((OH-purin-9-yl)methylhbenzo[dlthiazol-2-yl)amino )cyclohexanol,

(1R, 2R)-1-((6-((5-bromo-6-methoxy-1 H-benzo[djimidazol-1-
yhmethyDbenzo[d]thiazol-2-ylamino)-2,3-dihydro-1 H-inden-2-0l,

1-((6-((5-bromo-6-methoxy-1 H-benzo[dJimidazol-1-
yhmethylybenzo[d]thiazol-2-ylyamino)-2,3-dihydro-1H-inden-2-0l,

(£)-(1R,2R)(18,28)-2-({(6-((5,6-dimethoxy-1 H-benzo[d]imidazol-1-
yhmethylhbenzo{d|thiazo!-2-yl)amino)cycloheptanol,

2-((6-((5,6-dimethoxy-1 H-benzo[d]imidazol- 1-yl)methyDbenzo[d]thiazo]-2-
yl)amino)cycloheptanol,

(1 R,2R)-2-({6-((6-methoxy-5-(1-methyl- | H-pyrazol-4-yl)-1H-
benzo|d[imidazoi-1-yDmethyl)benzo[dJthiazol-2-y])amino)cyclohexanol,
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2-((6-{(6-methoxy-5-( [ ~methyl- | H-pyrazol-4-yi)-1H-benzo[djimidazol-1-
ylymethylbenzo|d]thiazol-2-vl}amino)cyclohexanol,
(1R, 2R)-2-((6-{(5-methoxy-6-(1-methyl-1H-pyrazol-4-yl)-1H-
benzo[d]imidazo!-1 ~y1}methy1)benzb {dlthiazoi-Z-yl)amino)cyclohexanol,
2-((6-((5-methoxy-6-( I-methyl-1 H-pyrazol-4-y1)-1 H-benzo[d]imidazol-1-
yDmethylibenzoldjthiazol-2-yDamino)cyclohexanol,
1-((2-({(1R,2R)-2-hydroxycyclohexyl)amio)benzo[d]thiazol-6-ylymethyl)-5-
methoxy-1H-benzo|d|imidazole-6-carbonitrile,
1-((2-((2-hydroxycyclobexyDamine Yoenzo[ dthiazol-6-y Dmethy D-5-methoxy-
1H-benzofd]imidazole-6-carbonitrile,
(R)-2-({6-((3H-imidazo[4,5-b]pyridin-3-yD)methylbenzo|d]|thiazol-2-
yl)amino)cyclohexanone,
2-((6-{(3H-imidazo[4,5-b]pyridin-3-ylymethyhbenzo[djthiazol-2-
yhamino)cyclohexanone,
(1R,2R)-2-((6-((6-chloro-3H-imidazo{4,5-b]pyridin-3-
yhmethyhbenzo[d]thiazol-2-yl)amino)cyclohexanol,
2-({6-{(6-chloro-3H-imidazo[4,5-bIpyridin-3-ylymethyl)benzo[d}thiazol-2-
yl)amino)cyclohexanol,
(1R.2ZR)-2-({6-{(3H-imidazo[4,5-bpyridin-3-ylymethylybenzofdloxazol-2-
yDamno)cyclohexanol,
2-((6-((3H-imidazo[4,5-blpyridin-3-yDimethyDbenzo[dJoxazol-2-
ylyamino)cyclohexanol,
(1R, 2R)-1-({6-((3H-imidazo[4,5-b]pyridin-3-ylmethyl)benzoldloxazol-2-
vhamino)-2,3-dihydro-1H-inden-2-0l,
1-((6-((3H-imidazo[4,5-b]pyridin-3-y)methyhbenzo[dJoxazol-2-yaminoe}-
2,3-dihydro-1H-inden-2-ol,
(R)-2-((6~((3H-imidazo{4,5-b]pyridin-3-yDmethylibenzold]thiazol-2-
yl)aminojcyclohexanone oxime,
2-((6~((3H-imidazo[4,5-bipyridin-3-yymethyl}benzo[dthiazol-2-
ylamino)cyclohexanone oxime,
(15,2R)-2-({6-((3H-imidazo[4,5-bpyridin-3-yDmethyDbenzofd jthiazol-2-
yhamino}-1-methyleyclohexanol,
{(1R,2R)-2~(6-{(3H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo[d]thiazol-2-
yhamino)-1-methylcyclohexanol,
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2-{(6-((3H-imidazo[4,5-bipyridin-3-ylymethyl)benzo[d]thiazol-2-yl)amino)-1-
methyicyclohexanol,

(1R,2R)-2-(6~((6-bromo-3H-imidazo[4,5-bjpyridin-3-
yDhmethyhbenzo[d]oxazol-2-yl)amino)cyclohexanol,

2-((6-((6-bromo-3H-imidazo[4,5-bpyridin-3-yDmethyl)benzo|dJoxazol-2-
vhamino)cyclohexanol,

(1R, 2R)-1-({6-((6-bromo-3 H-imidazo[4,5-blpyridin-3-
yDmethyhbenzo[d]oxazol-2-yl)amino)-2,3-dihydro-1 H-inden-2-ol,

1-((6-((6-bromo-3H-imidazo[4,5-b |pyridin-3-yDmethyl)benzo[dJoxazol-2-
ylamino)-2,3-dibydro-1H-inden-2-o0l,

(8)-2-((6-((3H-imidazo[4,5-b]pyridin-3-ymethyl)benzo[djthiazoi-2-
yhamino)-2-cyclohexylethanol,

2-((6~((3 H-imidazo{4,5-b]pyridin-3-ylymethyD)benzo[d]thiazol-2-ylJamino)-2-
cyclohexylethanol,

{RY-2-((6-((3H-imidazo[4,5-b]pyridin-3-ylymethyi)benzo|d]thiazol-2-
ylyamino}-2-cyclohexylethanol,

1-((2-(((1R,2R)-2-hydroxycyclohexyDamino Ybenzo[d]thiazol-6-yymethyl)-6-
methoxy-1H-benzo{dlimidazole-5-carbonitrile,

I-{((2-((2-hydroxycyclohexyl)amino)benzo{d]thiazol-6-yymethy!)-6-methoxy-
1 H-benzo[d]imidazole-5-carbonitrile,

((1R.2R)-2-((6-({(3H-imidazol4,5-b]pyridin-3-yl)methyl)benzo| d]thiazol-2-
yi)amino)cyciohexyl)methanol,

2-((6-((3H-imidazo[4,5-b|pyridin-3-ylymethyl}benzoldjthiazol-2-
ylamino)cyclohexyl)methanol,

(1R, 2R)-2-({6~((6-methoxy- 1 H-benzo[d]imidazol-1-
yhmethyl)benzo|d|thiazol-2-yl)amino)cyciohexanol,

2-((6-({6~methoxy-1 H-benzo{d]imidazol-i-yDmethylbenzo[d]thiazol-2-
ylamino)cyclohexanol,

(1R 2R)-2-((6~((5-methoxy-1 H-benzo[d]imidazol-1-
ylmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol,

2-{{6-({5-methoxy-1 H-benzo[d]imidazol-1-ylymethyDbenzo|djthiazol-2-
yhamino)cyclobexanol,

(1R, 2R)-1-({6-{(6-fluoro-3 H-imidazof4,5-b]pyridn-3-
yhmethyl)benzo{d]thiazol-2-yhamino)-2,3-dihydro-1A-inden-2-ol,
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1-({6-((6~fluoro-3H-imidazo[4,5-b]pyridin-3-yDmethyl)benzo[d]thiazol-2-
yhamino)-2,3-dihydro-1H-inden-2-ol,

(1R 2R)-2-((6-((6-fluore-3 H-imidazo[4,5-bpyridin-3-
yhmethyl)benzold]thiazol-2-yhamino)cyclohexanol,

2-((6-((6-fluoro-3H-imidazo[4,5-bJpyridin-3-ylymethyl)benzo{d]thiazol-2-
yhamino evclohexanol,

(1R, 2Ry-2-({6-((3H-1midazo[4,5-clpyridin-3-ylymethylybenzof dithiazot-2-
yharzino jeyclohexanoi,

2-((6-((3H-imidazo[4,5-c]pyridin-3-yl)methyi)benzo[ d]thiazol-2-
yhamino)cyclohexanol,

(1R 2R)-2-({6-((1H-imidazo[4,5-c]pyridin- I-yDymethyl)benzo|d]thiazol-2-
yllaminojcyclohexanol,

2-((6-(( 1H-imidazo[4,5-c]pyridin-1-ylymethyl)benzoid|thiazol-2-
yl)amino)cyclohexanol,

1-(3-((2-(({1R,2R)-2-hydroxycyclohexylyanmno Ybenzo[ dthiazol-6-yDmethyl)-
3H-imidazo[4,5-b|pyridin-6-yl)ethanone,

1-(3-{(2-((2-hydroxycyciohexyl)amino)benzofdthiazol-6-yDmethyl)-3 H-
imidazo[4,5-b]pyridin-6-yljethanone,

(1R, 2R)-2-({6-((6-(methylsulfonyl}-3 H-imidazo[4,5-hipyridin-3-
ylimethylbenzo{dlthiazol-2-yiamino)cyclohexanol,

2-((6+{(6-(methylsulfonyl}-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d]thiazol-2-yhamino)cyciohexanol,

1-{{({6-((3H-imidazo{4,5-b]pyridin-3-ylymethy)benzo{d}thiazol-2-
yhamino)ymethyl)cyclohexanol,

{(1-({(6-({3H-imidazo[4,5-b]pyridin-3-yiymethyl)benzo[d/]thiazol-2-
ylaminoymethyljcyclohexyl)methanol,

(1R, 2R)-2-((6-((4~(1-methyl-1 H-pyrazoi-4-yl)-1H-imidazol-1-
yhmethylbenzo[d}oxazol-2-yl)amino)cyclohexanol,

2-((6-((4-(1-methyl-1H-pyrazol-4-yl)-1H-imidazol-1-
yhmethylbenzo[dJoxazol-2-yl)amino)cyclohexanol,

(1R, 2R)-2-((6-((5-bromo-3 H-imidazo[4,5-blpyridin-3-
yhmethylbenzo[dithiazol-2-y{}amino)cyciohexanol,

2-{(6-((5-bromo-3H-imidazo[4,5-h|pyridin-3-yhmethyl)benzo[dithiazol-2-
yllamino)cyclohexanol,
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methyi 3-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-
yhmethyl)-3H-imidazo[4,5-b]pyridine-6-carboxylate,

methyl 3-((2-((2-hydroxycyclohexyilamino)benzo[d]thiazol-6-ylymethyl)-3H-
imidazo|4,5-b |pyridine-6-carboxylate,

(1R, 2R)-1-({6-({5-bromo-3H-imidazo{4,5-bipyridin-3-
yhmethyl)benzo[d]thiazol-2-yljamino)-2,3-dihydro-1 H-inden-2-ol,

1-{{(6-((5-bromo-3 H-imidazo[4,5-b]pyridin-3-yDmethyljbenzo[d]thiazol-2-
yhammo)-2,3-dihydro-1H~inden-2-ol,

3-((2-(((1R,2R)-2-hvdroxycyclohexylaminobenzo[d]thiazol-6-yDmethyl)-
3H-imidazo[4,5-bpyridine-6-carboxylic acid,

3-((2-((2-hydroxycyclohexyl)amino)benzo| d]thiazol-6-yDmethyl)-3H-
imidazo[4,5-b]pyridine-6-carboxylic acid,

(1R, 2R)-2-((6~((6-(morpholinomethyl)-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol,

2-({6-((6~(morpholinomethyl)-3H-imidazo[4,5-b]pyridin-3-
ylimethylbenzo[d]thiazol-2-yhamino)cyclohexanol,

(1R, 2R)-2-((6~((6-(hydroxymethyl)-3H-imidazo[4,5-b]pyridin-3-
yDmethyDbenzo[d]thiazol-2-y!hamino)cyclohexanol, '

2-((6-((6-(hydroxymethyl)-3 H-imidazoid,5-blpyridin-3-
yhmethyl)benzo[d]thiazol-2-ylyamino)cyclohexanol,

(1R, 2R)-2-((6-({6-(methylthio)-3H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo[d]thiazol-2-yDamino)cyclohexanol,

2-{(6-((6~(methylthio)-3H-imidazo[4,5-b]pyridin-3-yymethyl)benzo[d}thiazol-
2-yhamino)cyclohexanol,

(1R 2R)-2-({6-((6-((methylthio)methyl)-3H-imidazo[4,5-b]pyridin-3-
ylymethyl)benzo[d]thiazol-2-yl}amino)cyclohexanol,

2-{(6-({6-((methylthioymethyl)-3H-imidazo{4,5-blpyridin-3-
yDmethyl)benzo[d|thiazol-2-yl)amino)cyclohexanol,

3-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-ylymethyl)-
3H-imidazo{4,5-blpyridine-5-carbonitriie,

3-((2~({2-hydroxycyclohexyhamino)benzo{ djthiazol-6-ylymethyl)-3H-
imidazo{4,5-b]pyridine-5-carbonitrile,

1-(3-((2-(({(1R,2R)-2-hydroxycyclohexyhamino)benzo[ d]thiazol-6-ylymethyl)-
3H-imidazo[4,5-blpyridin-5-yl)ethanone,
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1-(3-((2-((2-hydroxycyclohexylyamino)benzo| dlthiazol-6-ylimethyl}-3H-
tmidazo[4,5-b]pyridin-5-yl)ethanone,

3A((2-(((1R,2R)-2-hydroxycyclohexyllamino)Ybenzo[d]thiazol-6-ylymethyl)-N-
methyl-3H-imidazo[4,5-b |pyridine-6-carboxamide,

3-((2-((2-hydroxycyclohexylamine)benzo[d]thiazol-6-ylymethyl)-N-methyi-
3H-imidazo[4,5-b]pyridine-6-carboxamide,

N-hydroxy-3-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-
ylmethyD-3H-imidazo[4,5-b]pyridine-6-carboximidamide,

(1R, 2R)-2-((6-{(6-(aminomethyl}-3H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo[d]thiazoi-2-yDamino)cyclohexanol acetic acid,

(1R, 2R)-2-((6-((6-(aminomethyl)-3H-imidazo[4,5-b]pyridin-3-
ylhmethyl)benzo[d]thiazol-2-ylyamino}cyclohexanol,

2-((6-((6-(aminomethyl}-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo{d]thiazol-2-yhamino)cyclohexanol,

3-((2-({(1 R, 2R)-2-hydroxycyclohexyDaminoYoenzo[dthiazol-6-yymethyl)-
N.N-dimethyl-3H-imidazo[4,5-b]pyridine-6-carboxamide,

3-((2-((2-hydroxycyclohexyl)amino)benzo|djthiazol-6-yymethyl)-N,N-
dimethyl-3H-imidazo[4,5-b]pyridine-6-carboxamide,

(1R, 2R)-2-({6~((6~(2H-tetrazol-5-y1)-3H-imidazo[4,5-b]pyridin-3-
ylimethyl)benzo[d]thiazoi-2-yl)amino)cyclohexanol,

2-((6-((6-(2H-tetrazol-5-y1)-3H-imidazo[4,5-b Jpyridin-3-
yvhmethybenzo[d]thiazol-2-y)amino)cyclohexano!,

(1R, 2R)-2-((6-((6-(2-methyl-2H-tetrazol-5-y1)-3H-imidazo[4,5-b]pyridin-3-
ylymethylbenzo[d]thiazol-2-yl)amino)cyclohexanol,

2-({6-((6-(2-methyl-2H-tetrazol-5-y1)-3H-imidazo[4,5-b Jpyridin-3-
yhmethyDbenzo[d]thiazol-2-yl)amino)cyclohexanol,

{1R.2R)-2-((6-((6-(1-methyl-1H-tetrazol-3-y1}-3H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo{d]thiazol-2-yl)amino)cyclohexanol,
2-((6-((6-(1-methyl-1H-tetrazol-5-y1)-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yi)amino)cyclohexanol,
(1R, 2R)-1-({(6-((9H-purin-9-yD)methyl)benzo|d]thiazol-2-yl)amino)-2,3-dihydro-1 -

inden-2-ol,
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1-({6~{(OH-purin-9-yimethyYbenzo|dthiazol-2-yhHamino)-2,3-dihydro-1 H-
inden-2-ol,

(1R 2R)-2-({6-((6-ethynyl-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d]thiazol-2-ylyamino)cyclohexanol,

2-((6~((6-ethynyl-3H-imidazo[4,5-b]pyridin-3-yl)methyDbenzo[d]thiazol-2-
ylaminocyclohexanol,

(1R, 2R)-2-{(6~((6-morpholino-3H-imidazo[4,5-b]pyridin-3-
ylhimethyl)benzo{d]thiazol-2-yl)aminojcvelohexanol,

2-{(6~((6-morpholino-3H-imidazo[4,5-bpyridin-3-yhmethyhbenzo[dfthiazol-
2-yHamino)cyclohexanol,

(1R, 2R)-2H(6-((6-vinyl-3H-imidazo[4,5-bpyridin-3-
yhimethylybenzo|d}thiazol-2-yamino)cyclohexanol,

2-{(6-((6-vinyl-3H-imidazo[4,5-b]pyridin-3-ylymethyhbenzo[d]thiazol-2-
ylyamino)cyclohexanol,

N-((B-{(2-({(1 R.2ZR)-2-hydroxycyclohexyl}aminoYoenzof dthiazol-6-
yhmethyl)-3H-imidazo{4,5-b]pyridin-6-yl)methyl)acetamide,

N-({3-((2-((2-hydroxycyclohexylamino)benzo{djthiazol-6-ymethyl)-3H-
imidazo[4,5-b Jpyridin-6-ylymethyl)acetamide,

(1R,2R)-2-((6-((5-brome-1 H-benzo{dlimidazol-1-ylmethyDbenzo|dHhiazol-
2-yDamino)cyclohexanol,

2-{(6~((5-bromo~1 H-benzof{dlimidazol-1-ylimethyDbenzo] d}thiazol-2-
yhamino)cyclohexanol,

N-(1-((2-({{1 R 2R)-2-hydroxycycichexyamino Yoenzo[dthiazol-6-ylmethyl)-
1 H-imidazol-4-ylacetamide,

N-(1-((2A(2-hydroxycyclohexyDamino Ybenzo dthiazol-6-ymethy)- 1 H-
imidazol-4-yljacetamide, |

(1R, 2R)-2-((6~({6-¢cthyl-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[ dJthiazol-2-yDamimo)cyclohexanol,

2-((6-({6-cthyl-3H-imidazo{4,5-bipyridin-3-yymethyDbenzol dithiazol-2-
ylamino)cyclohexanol,

I-{(2-(((1R,2R)-2-hydroxycyclohexylamino)benzo[ dfthiazol-6-ylymethyl)-3-
(1-methyl-1H-pyrazol-4-yDpyrazin-2{1H)-one, and

1-{(2~((2-hydroxycyclohexyl)aminobenzo[d]thiazoi-6-ylyimethyl)-3-(1~
methyl-1H-pyrazol-4-yDpyrazin-2(1H)-one.
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[00180] In one embodiment, the compound provided herein is selected from:

(1R, 2R}-2~((6-({6-(3-hydroxy-3-methylbut-1-yn-i-yl)-3H-imidazo[4,5-
blpyridin-3-ylmethylYbenzofd]thiazol-2-yl)amino)cyclohexano!;

2-({6-((6-(3-hydroxy-3-methylbut-1-yn-1-yl)-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol;

(1R 2R)-2-((6-((2-(trifluoromethy)-9H-purin-9-ylymethyl)benzof[d}thiazol-2-
ylamino)cyclohexanol,

2-((6-((2(trifluoromethyl}-9H-purin-9-yhmethyibenzo[ dJthiazol-2-
yhamino)cyclohexanol;

(1R, 2R)-2-((6~((5-(methylsulfonyl)-3H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo|[d]thiazol-2-y])amino)cyclohexanol;

2-((6-((5~(methylsulfonyl)-3H-imidazof4,5-b]pyridin-3-
yhmethyDbenzold]thiazol-2-yhamino)cyclohexanol,

(1R.2R)-2-({6-{(6-bromo-1H-benzo[dfimidazol- 1-yhymethyl)benzo[d]thiazol-
2-yhamino)cyclohexanol;

2-({6-((6-bromo-1 H-benzo[dlimidazol-1-yl)methylbenzo[d]thiazol-2-
yhamino)cyclohexanoi;

1-((2-{({1R,2R)-2-hydroxycyclohexyl)amino)benzo{d]thiazol-6-ymethyl)-
1-benzold]imidazole-5-carbonitrile;

1-((2-((2-hydroxycyclohexylamino)benzo[dthiazoi-6-yymethyl)-1H-
benzol djimidazole-5-carbonitrile;

(1R,2R)-2-({6~((6~(2-hydroxypropan-2-yl)-3H-imidazo[4,5-b]pyridin-3-
yDmethyhbenzo[d]thiazol-2-yl)amino)cyclohexanol;

2-{(6~((6-(2-hydroxypropan~2-yl -3 H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo[d/]thiazo!-2-yl)amino)cyclohexanol;

1-(1-((2-{((1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-yDmethyl )-
1H-benzo[d]imidazol-5-yl)ethanone;

1=(1-((2-((2-hydroxycyclohexyl)amino)benzo|d]thiazol-6-y)methyl)-1 -
benzo|dlimidazol-5-ylethanone;

1-((2-(({1R.2R)-2-hydroxycyclohexyl)aminoYoenzo[dthiazol-6-yymethyl)-
1 H-benzol[d]imidazole-6-carbonitrile;

1-((2-((2-hydroxycyclohexylyamino)benzo[ djthiazol-6-ymethyl)- 1 H-

benzo[d]imidazole-6-carbonitrile;
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(1R 2R)-2-((6-({5-(methylsulfonyl)-1 H-benzo{d]imidazol-1-
yhmethylbenzo[d]thiazol-2-y)amino)cyclohexanol;
2-((6~{(5-(methylsulfonyl)-1 A-benzo[d}imidazol-1-ylymethyl)benzo{ J]thiazol-
2-yhamino)cyclohexanol;
(1R.2R)-2-({6-((6~(methylsulfonyl)- 1 H-benzo[d]imidazol-1-
vhmethyhbenzoldthiazol-2-yl)amino)cyclohexanol;
2-((6-({6-(methylsulfonyl)-1 H-benzo[ dJimidazol- 1 -yDmethylbenzo[d}thiazol-~
2~-yDamino)cyclobexanol;
(1R.2R)-2-({6~((3 H-imidazo[4,5-h jpyridin-3-y)methyl)thiazolo[4,5-
blpyridin-2-ylyamine)cyclohexanol;
2-((6-((3H-1midazof4,5-blpyridin-3-yDmethythiazelo]4,5-Fipyridin-2-
yamino)cyclohexanol;
{(1R.2R)-2-({6-({6~((R,S)-1-hydroxyethyl)-3H-imidazo[4,5-b|pyridin-3-
yiymethyDbenzo[d]thiazoi-2-ylyamino)cyciohexanoi;
2-((6-((6-(1-hydroxyethyl}-3H-imidazo[4,5-b}pyridin-3-
yhmethyDbenzol[d}thiazol-2-yD)amino)cyclohexanol;
2-(dimethylamino)-1-(3-((2-(({(1R,2R)-2-
hydroxycyclohexylamino)benzo[dJthiazol-6-ylmethy)-3H-imidazoi4,5-bpyridin-6-
yl)ethanone acetate salt;
2-{dimethylamino)-1-{3-{(2-((2-hydroxycyclehexylaminoYbenzo[J|thiazol-6-
ylmethyl)-3H-imidazo[4,5-b]pyridin-6-yl)ethanone;
2-{dimethylamino)-1-3-((2-(((1R,2R)-2-
hydroxyeyciohexyl)amino)benzodfthiazol-6-y)methyl)-3 H-imidazo{4,5-bjpyridin-6-
ylethanone;
3-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo|dithiazol-6-
ylymethyl)imidazo[1,2-qJpyridine-7-carbonitrile;
3-((2-((2-hydroxycyclohexyl)aminojbenzo[ d}thiazol-6-yl)methyl)imidazo[ 1,2-
alpyridine-7-carbonitrile;
{1R,2R)-2-((6~{(9H-purin-9-yhHmethyDbenzo| djoxazol-2-
ylyamino)cyclohexanol;
2-((6-{((9H-purin-9-y)methyl)benzo[d Joxazol-2-yl)amino)cyclohexanol,
(1R, 2R)-2-((6-((5,6-dimethyl-1 H-benzo[djimidazol-1-
ylmethylbenzo[d]thiazol-2-y])amino)cyciohexanol;
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2-((6-((5,6-dimethyl-1 H-benzo|d]imidazol- 1-yymethylYbenzo|d]thiazol -2 -
vlamino)cyclohexanol;

1-(1-((2-(((1R,2R)-2-hydroxycyciohexyDamino)benzo{ d]thiazol-6-yDmethyl}-
1H-benzo|dlimidazol-6-yliethanone;

1-(1-((2-({2-hydroxycyclohexylyaminoYbenzo[dithiazol-6-ymethyl)- 14-
benzo|dlimidazol-6-yi)ethanone;

(1R 2R)-2-({6~({5-ethynyl-1 H-benzo[d}imidazol-1-yl)methyDbenzodjthiazol-
2-yDaminoevelohexanol;

2-((6-({5-ethynyl-1 H-benzofd|imidazol- 1 -y ymethyl)benzoldthiazol-2-
yhamino)cyclohexanol;

(1R 2R)-2-((6-{(6-cthynyl-1 H-benzo[d]imidazol-1-yhmethylbenzof J]thiazo!-
2-yDamnojeyclohexanol;

2-((6-({6-ethynyl-1 H-benzo| d}imidazol- | -ylymethyhbenzofd|thiazol-2-
yhamino)cyclohexanol;

(1R 2Ry-2-((6~{(6-bromo-5-methoxy-IH-tmidazo[4, 5-b]pyridin-3-
ylymethyhbenzo[d]thiazol-2-yl)amino)cyclohexanol;

2-((6-((6-bromo-5-methoxy-3H-imidazol4,5-b]pyridin-3-
yhmethyhbenzo[d]thiazol-2-yl)amino)}cyclohexanol;

3-((2-(({(1R,2R)-2-hydroxycyclohexyl)amino)Ybenzo[d|oxazol-6-y]) methyl}-
3H-imidazol4,5-bipyridine-6-carbonitrile;

3-((2~{(2-hydroxycyclohexylyamino)benzo{d Joxazol-6-yl) methyi}-3H-
imidazo{4,5-blpyridinc-6-carbonitrile;

(1R, 2R)-2-((6-(imidazo[1,2-aJpyrazin-3-ylmethyDbenzo{dthiazol-2-
yhaminojevclohexanol;

2-((6-(imidazo]1,2-a}pyrazin-3-ylmethyl)benzo|djthiazol-2-
yhamino)cyclohexanol;

3-((2-(((1R.2R)-2-hydroxycyclohexyljamino)benzo{d]thiazol-6-ylymethyl)-5-
methoxy-3H-imidazo{4,5-b]pyridine-6-carbonitrile;

3-((2-((2-hydroxycyclohexyl)amino)benzo| dthiazol-6-yhmethyl}-5-methoxy-
3H-imidazo[4,5-b]pyridine-6-carbonitriie;

(1R 2ZR)-2-({6~({5-methyl- 1 H-benzo d]imidazol- I-vlimethylbenzo| djthiazol-
2-yl)amino)jcyclohexanol;

2-((6-{({5-methyl-1H-benzo[dlimidazol-1-yDmethyDbenzo[ dthiazol-2-
yhamino)cyclohexanol;
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(1R 2R)-2-((6-((5,6~difluoro-1 H-benzo[dlimidazol-1-
ylymethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol;
2-({(6-((5,6-difluoro-1 H-benzo[d]imidazol-1-ylymethyl)benzo[d]thiazoi-2-
yhamino)cyclohexanol,
(1R 2R)-2-((6-((5-fluoro- 1 H-benzo[dlimidazoi- 1-yhmethyl)benzo[d}thiazol-
2-y1)y amino)cyclohexanol;
2-((6~((5-fluoro-1H-benzo[dhimidazol-1-yDimethybenzo{d|thiazol-2-y1)
amino)cyclohexanol;
(1R, 2R)-2-((6-((5-(trifluoromethyl)-1 H-benzo|d]imidazol-1-y1)
methylbenzoldjthiazol-2-yhamino)cyclohexanol;
2-{(6-((5-(trifluoromethyt)- 1 H-benzo[dlimidazol-1-yl)
methybenzo[d]thiazol-2-yl)amino)cyclohexanoi;
(1R 2R)-2-((6-(imidazo[1,2-bipyridazin-3-yimethyl)benzo{djthiazol-2-
yhamino)jcyclohexanol;
2-((6-(imidazo[1,2-b]pyridazin-3-ylmethylibenzo[d]thiazol-2-
yl)amino)cyclohexanol;
(1R 2R)-2-((6-((6-fluoro-3 H-imidazo[4,5-blpyridin-3-
yhmethylbenzo[d]oxazol-2-yl)amino Jcyclohexanol;
2-{{6-((6-fluoro-3 H-imidazo[4,5-k Jpyridin-3-yhmethyljbenzo{d]oxazol-2-
vhamino)cyclohexanol;
{{ 1R, 2R-2~((6~{(6-bromo~3 H-imidazo{4,5-b pyridin-3-
yhmethylbenzo[d]thiazol-2-yhamino)cyclohexylimethanol;
2-{{6-{(6-bromo-3 H-imidazol4,5-bpyridin-3-ylimethylybenzo|d}thiazol-2-
ylyaminojcyclohexylymethanok;
(1R 2R)-2-({6~((6-(1-methyl-1 H-tetrazol-5-y1)-3H-imidazof4,5-bpyridin-3-
yhmethyhbenzold|thiazol-2-yl)amino)cyclohexanol;
2-((6~((6-( 1 -methyl-1H-tetrazol-5-y1)-3H-imidazo[4,5-b Jpyridin-3-
yDmethybenzo[ d]thiazol-2-yEamino)cyclohexanol;
(1R 2R)-2-({6-((7-(2-hydroxyethoxyymidazo[1,2-alpyridin-3-
yDmethyl)benzo[d}thiazol-2-yl)amino)cyclohexanol;
2-((6-((7-(2-hydroxycthoxy)imidazof 1,2-a]pyridin-3-
yDhmethyDbenzo[d]thiazol-2-yDamino)cyclohexanol;
{(18,2R)-2-{(6-({6-bromo-3H-imidazo[4,5-b]pyridin-3-
yDmethylbenzo[dthiazol-2-v)amino)eyclohexyDmethanot;
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2-((6-((6-bromo-3 H-imidazo[4,5-b|pyridin-3-yl)methyl)benzo[J]thiazol-2-
yhamino)cyclohexyl)ymethanol;

(1R, 2R)-2-{(6-((5,6-dichloro-3H-imidazo[4,5-b]pyridin-3-
yl)methyl)benzo[d]thiazol-2-yl)amino )oyclohexanol;

2-((6-((5,6-dichloro-3H-imidazo[4,5-b]pyridin-3-yl)methyl}benzo[d]thiazol-2-
yhamino)cyclohexanol;

(1R 2R)-2-((6-({5-ethoxy-1H-benzo|djimidazol-1-ylimethyl)benzoidthiazol-
2-yhamino)cyclohexanol;

2-((6-((5-cthoxy-1H-benzo|d]imidazol-1-yl)methyl)benzo[d]thiazol-2-
ybhamino)cyclohexanol;

3-((2-(((LR 2R)-2-hydroxycyclohexyllamino)benzold]thiazol-6-ymethyl)-
3H-imidazo[4,5-b]pyridine-5,6-dicarbonitrile;

3-((2-((2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-ylymethyl)-3H-
imidazo[4,5-b]pyridine-5,6-dicarbonitrile;

3-{(2-(({1R,2R)-2-(hydroxymethyl)cyclohexyl jamino ybenzofd]thiazol-6-
ylymethyl)-3H-imidazo[4,5-b]pyridine-6-carbonitrile;

3-((2-((2-(hydroxymethylcyclohexylamino)benzo{d]thiazol-6-ylymethyl)-
3H-imidazo[4,5-b]pyridine-6-carbonitrile;

(1R, 2R)-2-({6-({6-(1H-pyrazol-1-yl)-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

2-((6-({6-(1H-pyrazol-1-yl)-3H-imidazo{4,5-b ]pyridin-3-
yhymethyl)benzo[dithiazol-2-ylyamino)cyciohexanol;

(1R 2R)-2-((6-(imidazo[1,2-b]pyridazin-3-ylmethylbenzo{djoxazol-2-
yhamino)cyclohexanoi;

2-((6-(imidazo[1,2-b]pyridazin-3-yimethyl)benzofdJoxazol-2-
yhamino)cyclohexanol,

3-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo[ d}thiazol-6-yl)methyl}-N-
methylimidazo[1,2-b]pyridazine-6-carboxamide,

3-((2-((2-hydroxycyclohexyl)amino)benzo[ d jthiazol-6-ylymethyl)-N-
methylimidazo[1,2-b]pyridazine-6-carboxamide;

(1R,2R)-2-({6~((6~(hydroxymethyl)imidazo[1,2-b]pyridazin-3-
ylmethyl)benzo|d]thiazol-2-yl)amino)cyclohexanol;

2-((6-({6-(hydroxymethyl)imidazo[1,2-b]pyridazin-3-
yDmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol;

125



WO 2013/056070 PCT/USZG12/0539983

(1R 2R)-2-((6-((6-(1H-1,2 4-triazol-1-yl)-3H-imidazo[4,5-bpyridin-3-
yhmethyDbenzo[d]thiazol-2-yl)amino)cyclohexanot;

2-((6-((6-(1H-1,2,4-triazol-1-y1)-3H-imidazo[4,5-b|pyridin-3-
yhmethyl)benzo[d]thiazol-2-yi)amino)cyclohexanol;

(1R, 2R)-2-({6~((6-i0odo-3H-imidazo[4,5-b]pyridin-3-
ylymethyl)benzo[d]thiazol-2-yl)amino)jcyclohexanol;

2-{(6~((6-iodo-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo{d]thiazol-2-
yhamino)cyciohexanol;

1-{(2-(({LR,2R)-2-hydroxycyclohexylyamino)benzo[d]thiazol-6-ylmethyl)-
1H-benzold]imidazol-5-ol;

1-((2-{(2-hydroxycyclohexyl)amino)benzod]thiazol-6-yl)methyl)-1 H-
benzo[dlimidazol-5-ol;

(1R 2R)-2-((6-((5,7-difluoro- LH-benzo[dJimidazol-1-
yhmethylbenzo[d]thiazol-2-y})amino)cyclohexanol;

2-((6-((5,7-difluoro-1 H-benzo[ d|imidazol- 1 -ylymethyl)benzo{d]thiazol-2-
yhamino)cyclohexanol,

(1R 2R)-2-((6-((5-(trifluoromethoxy)- 1 H-benzo[dlimidazol-1-yl)
methyl Ybenzo[dthiazol-2-yljamino)cyclohexanol,

2-((6-((5-(trifluoromethoxy)-1 H-benzo[d]imidazol-1-yl)
methyl)benzo[d]thiazol-2-yl)amino)cyclohexanol;

(1R, 2R)-2-((6-((6-methoxyimidazo[1,2-b]pyridazin-3-ylymethyl)
benzo[d]thiazol-2-yDamino)cyclohexanol,

2-({6-((6-methoxyimidazo{1,2-b]pyridazin-3-yl)methyl) benzo[d]thiazol-2-
yhamino)cyclohexanol;

(1R.2R)-2-({6-((5-methoxy-1H-benzo[d]imidazol-1-
ylymethyhbenzo[d}oxazol-2-yhaminojcyclohexanol;

2-((6-((5-methoxy-1H-benzo[ dimidazol-1-ylmethyl)benzo[ d joxazol-2-
yhyamino)cyclohexanol;

(1R 2R)-2-({6~((6-methoxy-1H-benzold]imidazol-1-
ylymethyl)benzo[dJoxazol-2-ylyamino)cyclohexanol,

2-((6-({6-methoxy~1H-benzo[dlimidazol-1-yDmethyl)benzo]dJoxazol-2-
yhamino)cyclohexanol;

(1R, 2R)-2-({6-{(7-(2-methoxyethoxy)imidazo[1,2-alpyridin-3-
yhmethyl)benzo[d}thiazol-2-yl)amino)cyclohexanol;
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2-((6~((7-(2-methoxyethoxy)imidazo[1,2-a]pyridin-3-
yl)methyhbenzo[d]thiazol-2-ylamino)cyclohexanol;
(1R,2R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-ylymethyl)-5-
fluorobenzo!dthiazol-2-yhamino)cyclohexanol;
2-({6-((3H-imidazo[4,5-b Jpyridin-3-yl)methyl)-5-fluorobenzo]d]thiazol-2-
yl)amino)cyclohexanol;
(1R, 2R)-2-((6-{{6-morpholinoimidazo[1,2-blpyridazin-3-
ylmethylybenzo[d]thiazol-2-ylyamino)eyclohexanol;
2-((6-({6-morpholinoimidazo[1,2-bpyridazin-3-ylmethyl)benzo[d]thiazol-2-
ylaminojeyclohexanol,
(1R,2R)-2~((4-chloro-6-{{6-morpholinoimidazof 1,2-b]pyridazin-3-
ylymethylbenzo[dithiazol-2-yl)amino)cyclobexanol,
2-{{4-chloro-6-((6-morpholinoimidazo[1,2-b]pyridazin-3-
yhmethyl)benzo[djthiazol-2-yDamino)cyclohexanol,
(1R,2R)-2-((6-(imidazo[2,1-blthiazol-5-yimethyl)benzo [dthiazol-2-
vl}amino)eyclohexanol;
2-((6-(imidazo[2,1-b]thiazol-5-ylmethyl)benzo [dthiazol-2-
ylyamino)cyclohexanol;
(1R, 2R)-2-((6-((6-chloroimidazof1,2-b]pyridazin-3-ylymethyl)
benzo{d|thiazol-2-yl)amino)cyclohexanol,
2-((6-((6-chloroimidazo[ 1,2-b]pyridazin-3-yiymethyl) benzo[djthiazol-2-
yhamino)cyciohexanol;
(1R 2R)-2-{(6~((6~(1H-pyrazol-1-yl)imidazo[1,2-alpyridin-3-
yhmethybenzo[dlthiazol-2-yl)amino)cyclohexanol;
2-((6-{(6-(1H-pyrazol-1-ylyimidazo[ 1 ,2-aJpyridin-3-
yhmethyl)benzo[d]thiazol-2-y)amino)cyclohexanol,
(1R.2R)-2-((6-((5-(1 H-pyrazol-1-yl)-1 H-benzo{d Jimidazol-1-
ylmethylbenzo[d]thiazol-2-yl}amino)cyclohexanol,
2-((6~((5-(1 H-pyrazol-1-y)-1H-benzo[d]imidazoi-1-
yhmethylbenzo[d]thiazol-2-yDamino)cyclohexanol;
(IR 2R)-2-({6-((5-(1H-1,2,4-triazol-1-y1)-1 H-benzo[ J]imidazol-1-
yhmethyl)benzojd]thiazol-2-y])amino)cyclohexanol;
2-({6-{(5~(1FH-1,2 ,4-triazol-1-yl)-1 H-benzo[djimidazol-1 -
yhmethylbenzofd]thiazol-2-ylamino)cyclohexanol;
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(18,2R)-2-({6-({6-fluoro-3 H-imidazo[4,5-blpyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol;

2-((6-((6-fluoro-3 H-imidazo[4,5-hpyridin-3-yhmethyl)benzo[d|thiazol-2-
yhamino)cyclohexanol;

trans-4-{(6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d] thiazol-
2-yDamino)cyclohexanol;

4-((6-((6-flyoro-3H-imidazo]4,5-b]pyridin-3-ylmethylbenzo[d]thiazol-2-
yhamino)cyclohexanol;

(1R.2R)-2-((6-((3H-imidazo[4,5-bipyridin-3-y)methyl)-7-
fluorobenzo[d]thiazol-2-yDamino)cyelohexanol;

2-({6-((3H-imidazo[4,5-blpyridin-3-yDmethyl)-7-flucrobenzo{d|thiazol-2-
yhaminojcyclohexanol;

(1R, 2R)-2-((6-((6-methoxyimidazo] 1,2-a]pyridin-3-
ylmethyDbenzo[d}thiazol-2-yDamino)cyclohexanol;

2-{(6~((6-methoxyimidazo[ 1, 2-a]pyridin-3-yl)methyl Ypenzo]d Jthiazol-2-
yiyaminojcyciohexanol;

(1R.2R)-2-{(6-((3H-imidazol4,5-b]pyridin-3-ylymethyl)-4-
bromobenzo|dJthiazol-2-ylamino)cyclohexanol;

2-((6-((3H-imidazo[4,5-b]pyridin-3-ylymethyl)-4-bromobenzo[djthiazol-2-
yhaminoeyclohexanol;

(1R 2R)-2-((6-((7-(1H-pyrazol-1-y1)yimidazo[1,2-a]pyridin-3-
yhmethyhbenzo{d}thiazoi-2-yl)amine)cyclohexanol;

2-((6-((7-(1H-pyrazol-1-yljimidazo{i,2-a]pyridin-3-
ylymethylybenzo[d]thiazol-2-y])amino)cyclohexanol;

(1R 2R)-2-((6-((3H-imidazo[4,5-blpyridin-3-yymethyl)-4,7-
difluorobenzo[d]thiazol-2-yl)amino)cyclohexanol;

2-((6~((3H-imidazo[4,5-b]pyridin-3-ylymethyl)-4,7-difluorobenzo| J}thiazol-2-
vhamino)cyclohexanol;

(1R 2R)-2-((6~((7-(1H-1,2 4-triazol-1-yDimidazo[1,2-a]pyridin-3-
yhmethy!)benzo[d]thiazol-2-yl)aminojcyclohexanoi;

2-({6-{(7-{1H-1,2,4-tnnazol-1-yhimidazo[1,2-alpyridin-3-
yhmethyl)benzo[d}thiazol-2-yl)amino)cyclohexanol;

1-((2-(({1R,2R)-2-hydroxycyclohexyl)amino )benzo[dJoxazol-6-y1) methyl)-
1H-benzo{d]imidazole-3-carbonitrile;
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1-((2-((2-hydroxycyclohexyllamino)benzo] dJoxazol-6-y1) methyl)-1H-
benzodlimidazole-5-carbonitrile;
(1R, 2R)-2-({6~((5-(2-morpholinoethoxy)-1H-benzo[dlimidazol-1-
yhmethyljbenzo[d]thiazol-2-yl)amino)cyclohexanol;
2-({6-((5-(2-morpholinoethoxy)-1F-benzojd}imidazol-1-
yhmethyDbenzoldthiazol-2-yDaminoeyclohexanol,
(1R, ZRY-2-((6~((5-(2-hydroxyethoxy)-1H-benzo[d]imidazol-1-
vhmethyl)benzof d]thiazol-2-yl)amino)cyclohexanol;
2-((6<((5-(2-hydroxyethoxy)-1H-benzo|d]imidazol-1-
yhmethylbenzo[d]thiazol-2-y)aming)cyclohexanol;
1-((2-({{1R,2R)-2-hydroxycyclohexylamino)benzo]djthiazol-6-yDmethyl)-N-
methyl-1H-benzo[djimidazole-5-carboxamide;
1-((2-((2-hydroxycyclohexylyamino)Ybenzo| d]thiazol-6-ymethyl)-N-methyl-
1H-benzo[d]imidazole-5-carboxamide;
(1R, 2R)-2-((6-{(5-(3 ,6-dihydro-2H-pyran-4-y1)-1H-benzo[dJimidazol-1-
ylymethyl)benzo|dthiazoi-2-yl)amino)cyclohexanol;
2-((6-((5-(3,6-dihydro-2H-pyran-4-yl)- 1 H-benzo[d]imidazol-1-
yhmethyl)benzoldlthiazol-2-yhamino)oyclohexanol,
(1R,2R)-2-((6-((5-(3,3,3-trifluoroprop-1-en-2-yi)-1 H-benzo[ d]imidazol-1-
ylimethyDbenzoldlthiazol-2-yDamino)eyelohexanol,
2-((6-((5-(3,3.3-trifluoroprop-1-en-2-yl)- 1 H-benzo[dlimidazol-1-
yhmethyl)benzo{d]thiazol-2-yljamino)cyclohexanol;
(R)-N-(cyclohex-2-en--yD-6-{(6-fhuoro-3H-imidazol4,5-h|pyridin-3-
ylimethylbenzo[d|thiazol-2-amine;
N-(cyclohex-2-en-1-y1}-6-((6-fluoro-3 H-imidazo[4,5-b [pyridin-3-
yhmethyl)benzo[d]thiazol-2-amine;
(1R,2R)-2-({6-({6-bromoimidazo[1,2-bjpyridazin-3-
yhmethyl)benzo{dthiazoi-2-yDamino)cyclohexanol,
2-((6-{(6-bromoimidazo[1,2-b]pyridazin-3-yDmethyYbenzo[ djthiazol -2~
yhamino)cyclohexanol;
(1R 2R»2-((6-((6~(4d-methylpiperazin-1-yDimidazo[1,2-b]pyridazin-3-
yDmethyDbenzo[d]thiazol-2-yDamino)cyclohexanol;
2-{(6-({6~(4-methylpiperazin-1-yl)imidazo[1,2-b]pyridazin-3-
ylimethyDbenzofd]thiazol-2-yl}aminocyciohexanol,
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{(trans-4-((6-({6-fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethylhbenzo[dthiazol-2-yl)amino)cyclohexylymethanol,

(cis-4-((6-((6~fluoro~-3 H-imidazo[4,5-b]pyridin-3-yDmethyl)benzo[d]thiazol-
2-ylyamino)cyclohexylymethanol;

4-((6-((6-fluoro-3 H-imidazo[4,5-bjpyridin-3-yDmethyhbenzo[d]thiazol-2-
yl)amino)cyclohexylymethanol;

6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yDmethyl)-N-((1R,2R)-2-
(methylthio)eyclohexylybenzo|d|thiazol-2-amine;

6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-ylmethyl)-N-(2-
(methylthio)cyclohexylbenzo[d]thiazol-2-aminc;

(1R 2R)-2-((6-((5-(oxetan-3-yloxy)-1H-benzo{d}imidazol-| -
yhmethylbenzo{d]thiazol-2-yl)amino)cyclohexanol;

2-((6-((5-(oxetan-3-yloxy)-1 H-benzo]dlimidazol-1-ylymethyhbenzof d]thiazol-
2-ylyamino)cyclohexanol;

(1R.2R)-2-((6-((5-vinyl-1 H-benzo[dJimidazoi- ] -yDmethyl)benzo[]thiazol-2-
ylamino)cyclohexanol,

2-{{6-({5-vinyl-1 H-benzo[d}imidazoi-1-yhmethylbenzo[ dithiazol-2-
ylyamino)cyclohexanol;

(1R, 2R)-2-((6-((5~(cyclohex-1-en-1-yl)-1H-benzo[d]imidazol-1-yl)
methyl)benzo[d]thiazol-2-yhamino)eyclohexanol;

2-{(6-((5-(cyclohex-T-en~1-y1)- 1 H-benzo[dlimidazol-1-
ylymethylbenzo{d]thiazol-2-yl)amino)cyclohexanol;

(1R 2R)-2-{(6-{(5-(1-methy!l-3-(trifluoromethyl)-1 H-pyrazol-4-yl}-1H-
benzo[dlimidazol-1-yhmethylybenzo[dlthiazol-2-ylamine Jeyclohexanol,

2-{(6-((5-(1-methyl-3-(trifluoromethyl)-1 H-pyrazol-4-yl}-1H-
benzo[d]imidazo!-1-yhmethylYbenzo[d|thiazol-2-yl)amino)cyclohexanol,

(1R, 2R)-2-((6-((5-fluoroimidazol 1,2-a]pyridin-3-yl)methyl)benzo[d]thiazol-
2-yhamino)cyclohexanol;

2-((6-((5-fluoroimidazol 1,2-alpyridin-3-ylymethylypenzo[d|thiazol-2-
yhamino)cyclohexanol;

(1R, 2R)-2-((6-((7-morpholinoimidazo[1,2-a]pyridin-3-
yiimethyhbenzo[dlthiazol-2-yl}jamino)cyclohexanol,

2-({6-((7-morpholinoimidazo[1,2-ajpyridin-3-yl)methyl)benzo{d]thiazol-2-
yhamine)cyclohexanol;
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(1R,2R)-2-((6-{(7-(4-methylpiperazin-1-ylyimidazo[1,2-alpyridin-3-
yhmethyl)benzo[d]thiazoi-2-yl)amino)cyciohexanol;
2-((6-{{7-(4-methylpiperazin-1-yDimidazo{1,2-a]pyridin-3-
yhmethyl)benzo[ djthiazol-2-yhamino}¢yclohexanol;
((1R.2R)-2-((6~((5,7-dimethyl- | H-benzo[dlimidazol-1-
yhmethylhbenzo{dlthiazol-2-yljamino)cyclohexanol;
2-((6-({3,7-dimethyl-1 H-benzold|imidazol- 1-ylymethylybenzo| djthiazol-2-
yhamino)cyclohexanol;
(1R 2R}-2-({6~((5-bromo-T-methyl-1H-benzo[djimidazol - 1-
yvhmethylbenzofdithiazol-2-yl)amino)cyclohexanol;
2-({6-({5-bromo-7-methyl-1H-benzo[dlimidazol-1-yymethybenzo[ d]thiazo!-
2-yl)amino)cyclohexanol,
6-((6-fluoro-3H-imidazo{4,5-bjpyridin-3-ylymethyl)-N-phenylbenzo[dithiazol-
2-amine;
((1R,3R)-3~(6-{{6-fiuoro-3H-imidazo{4,5-b|pyridin-3-
yhmethyDbenzo[djthiazol-2-y])amino)cyclohexylymethanol,
3-({6-({6-fiuoro-3H-imidazof4,5-blpyridin-3-yDmethvbenzoldthiazo!-2-
yhamino)cyciohexylymethanol;
(1R,28,3R)-3-((6~{(6-fluoro-3H-imidazof4,5-bJpyridin-3-
vlimethylYbenzo{dthiazoi-2-yl)amino)cyclohexane-1,2-diol;
3-{{6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yDmethy)benzo[d]thiazol-2-
yhamino)cyclohexane-1,2-diol;
((18.3R)-3-((6-({6~fluoro-3 H-imidazof{4,5-hpyridin-3-
yhmethylbenzo]d]thiazol-2-y)amino)cyclohexylymethanol,
3-({(6-({6-fluoro-3H-imidazo[4,5-b]pyridin-3-yiymethy)benzo[d]thiazol-2-
ylhyamino)cyclohexylmethanol;
6-chloro-1-((2-(({1R,2ZR)-2-hydroxycyclohexyl)amino)benzo[djoxazol-6-
ylimethyl)-1H-benzo|d imidazole-5-carbonitrile;
6-chloro-1-((2-((2-hydroxycyclohexylamino)benzo{dJoxazol-6-y ymethyl)-
1H-benzo[d]imidazoie-5-carbonitrile;
2-((1-{(2-(({1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazoi-6-
vhmethyl)-1H-benzoldjimidazol-5-yioxyv)acetonitriie;
2-((1-((2«((2-hydroxycyclohexylamino)benzo[d]thiazol-6-yymethyl)-1 H-
benzo|dJimidazol-5-yl)oxy)acetonitrile;
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6-({6-fluoro-3H-imidazo[4,5-b]pyridin-3-ymethyl)-N-( 2-
methoxyphenyl)benzo[d]thiazol-2-amine;
N-((1R,2R)-2-chlorocyclohexyl}-6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo[d]thiazol-2-amine;
N-(2-chlorocyclohexyl)-6-({6-fluoro-3 H-imidazoj4,5-b]pyridin-3-
yhmethylybenzo[dthiazol-2-amine;
1-(3-((2-({(1R,2R)-2-hydroxycyclohexyl)amino)benzo[ d ithiazol-6-
yhymethylyimidazo[1,2-alpyridin-7-y1)piperidin-4-ol;
1-(3-({(2-((2-hydroxycyclohexyl)amino)benzo[d]thiazol -6~
yhmethyDimidazo[1,2-alpyridin-7-ypiperidin-4-ol;
1-(3-{(2-(({(1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-
yhmethyl)imidazo[1,2-alpyridin-7-yl)ethanone;
1-(3-((2-((2-hydroxycyclohexyDamino)benzo[d]thiazol-6-
ylymethyl)imidazo{1,2-alpyridin-7-yl)ethanone;
(1R 2R)-2-{{6-((7-(1-hydroxyethyl)imidazo{ 1,2-a]pyridin-3-
yhmethyDbenzofdjthiazoi-2-yDamino)cyclobexanol,
2-{(6-((7-(1-hydroxyethyl)imidazo[ 1,2-ajpyridin-3-yDmethyl}benzofd|thiazol-
2-yDamino)eyclohexanol;
1-(3-((2-({(1R,2R)-2-hydroxycyclohexyllamino)benzof d Jthiazol-6-
ylDmethyl)imidazoi1,2-alpyridin-7-yljethanonc oxime;
1-(3-(2-((2-hydroxycyclohexylamino)benzof[d jthiazol-6-
vhmethyDimidazo[1,2-afpyridin-7-yhicthanone oxime;
(1R 2R)-2-((6-((5-bromo-7-fluoro-1 H-benzo[dlimidazol-1-
yhmethyl)benzo{dthiazol-2-yl)amino)cyclohexanol;
2-((6-((5-bromo-7-fluoro-1 H-benzo[d}imidazol-1-ylymethylbenzo[d]thiazol-
2-yDaminocyclohexanol;
1-(3-((2-(((1R,2R)-2-hydroxycyclohexylyamino)benzo[dthiazol-6-
vhmethyhimidazo[1,2-alpyridin-7-yDethanone O-methyl oxime;
1-(3-((2-((2-hydroxycyclohexyl)amino)benzo[d thiazoi-6-
yhmethyDimidazo{1,2-a]pyridin-7-ylhethanone O-methyl oxime;
(1R, 2R)-2-((6-((9H-benzo[dlimidazo]1,2-a]imidazoi-3-
ylimethylbenzold|thiazol-2-ylamino)cvclohexanol;
2-({6-((9H-bhenzo[dimidazo[1,2-alimidazol-3-y)methyl benzo{dlthiazoi-2-
yllamino)cvclohexanol;
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7-fluoro-1<{((2-(({1R,2R)-2-hydroxycyclohexyl)amino }benzo[d]thiazol-6-
ylimethyl)-1H-benzoldjimidazole-5-carbonitrile;

7-fluoro-1-((2-((2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-yymethyl)-
1H-benzo[d]imidazole-5-carbonitrile;

(1R.2R)-2-((6-((7-fluora-5-vinyl-1 H-benzo{dlimidazol-1-
ylymethyhbenzo[d]thiazol-2-ylamino)jcyelohexanol;

2-((6-((7-fluoro-5-vinyl-1 H-benzo{d]imidazol-1-yDmethylbenzo[d]thiazol-2-
ylamino)cyclohexanol;

(1R ,2R)-2-({6~((5-(3,6-dihydro-2 H-pyran-4-yi)-7-fluoro-1 H-
benzofd]imidazol-1-yDmethylbenzofd]thiazoi-2-yhamino)cyclohexanol,

2-((6-{(5-(3,6-dihydro-2 H-pyran-4-y|}-7-fluoro- 1 H-benzo! dlimidazol-1-
ylymethyhbenzofdthiazol-2-yl)amino)cyclohexanol;

(1R, 2R}2-({6-((5-morpholino- 1 H-benzo[d}imidazol-1-
yvlmethylbenzo[d]thiazol-2-ylamino)cyclohexanol,

2-((6-((5-morpholine-1H-benzold]imidazol-1-ylmethylYbenzo[d]thiazol-2-
ylyamino)cyeclohexanol;

1-(1-((2-(((1R,2R)-2-hydroxycyclohexyl)amino}benzo|d[thiazol-6-y ymethyl)-
1H-benzo{dimidazol-5-y{}piperidin-2-one;

1-(1-((2-{(2-hydroxycyclohexylhaminobenzof djthiazol-6-y)methyl)- 1 -
benzo[dlimidazol-3-ylpipenidin-2-one;

(1R 2R)-2-((6-((5~(1 H-pyrazol-3-yl}-1H-benzo[d]imidazol-1-
ylimethyl}benzo[d]thiazol-2-vl)amino)cyclohexanol;

2-((6~((5-(1 H-pyrazol-3-yl)-1 H-benzo[diimidazoi-1-
yhmethylbenzo[dJthiazol-2-y)amino)cyclobhexanol;

(IR, 2R)-2-((6-({6-(trifluoromethyl)-3H-imidazo[4,5-b]pyridin-3-
ylymethylybenzo[d]thiazol-2-yDamino)cyclohexanol;

2-((6-((6-(trifluoromethyl}-3H-imidazo[4,5-b]pyridin-3-
yDmethybenzo[d]thiazol-2-yamino)cyclohexanol;

(18,28)-2-({6-{(6-fluoro-3 H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo{d]thiazol-2-ylamino)cyclohexanol;

2-{{6-((6-fluoro-3H<imidazo[4,5-b jpyridin-3-yDmethyDbenzo[dlthiazol-2-
vi)amino)cyclohexanol;

(1R 2R)-2-((6~((7-{1H-imidazoi-1-yl)imidazo[1,2-a]pyridin-3-
yhmethylbenzofdJthiazol-2-yDamine)cyclohexanol,
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2-((6-((7-(1H-imidazol-1-yl)imidazo[1,2-aJpyridin-3-
yhmethyi)benzo[d]thiazol-2-yhamino)cyclohexanol,

(1R.2R)-2-((6-((7-(2H-1,2,3-triazol-2-yD)imidazo{1,2-a]pyridin-3-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol;

2-((6-((7-(2H-1,2,3-triazol-2-yl)imidazo[1,2-a]pyridin-3-
yhmethyl}benzo[d]thiazol-2-y1)amino)cyclohexanol;

(1R,2R)-2-((6-((7-vinylimidazof1,2-a|pyridin-3-ylimethyl)benzo[d]thiazol-2-
yl)amino)cyciohexanol,

2-{(6-((7-vinylimidazo[ 1,2-a]pyridin-3-ylymethylbenzo[ d]thiazol-2-
vhamino)cyclohexanol;

(1R 2R)-2-({6-((7-(allyloxy)imidazof 1,2-alpyridin-3-
yhmethylbenzo[ d]thiazol-2-yl)amine)cyclohexanol;

2-((6-(( T aliyloxy)imidazo[1,2-a]pyridin-3-yl)methyl)benzo[d]thiazol-2-
yhamino)cyclohexanol,

(1R ,2RYy-2-((6-((7-(1H-1,2,3-triazol- I-yl)imidazol 1,2-a[pyridin-3-
yhymethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

2-((6-((7-(1H-1,2,3+riazoi-1-ylYimidazo[ 1,2-afpyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

N-((1R,25)-2-chlorocyclohexyl)-6-((6-fluoro-3 A-imidazof4,5-b]pyridin-3-
yhmethylbenzo{d]thiazol-2-amine;

N-(2-chlorocyclohexyl)-6-{(6-fluore-3 H-imidazo[4,5-b1pyridin-3-
ylmethylbenzo[d]thiazol-2-amine;

3-amino-1-{(2-({((1R,2R)-2-hydroxycyclohexylamino)benzo[d]thiazol-6-
ylymethyl)pyrazin-2(1 H)-one acetate salt;

3-amino-1-((2-(((1R,2R)-2-hydroxycyclohexylamino)benzo[dlthiazol-6-
yymethyDpyrazin-2(1H)-one;

3-amino-1-({2-({2-hydroxycyclohexyl)amino)benzo[djthiazol-6-
ymethylpyrazin-2(1H)-one,

3-((2-(((1R,2R)-2-hydroxycyclohexylamino)benzo[dlthiazol-6-
yhmethyl)imidazo[ 1,2-b]pyridazine-6-carbonitrile;

3-((2-((2-bydroxycyclohexylamino)benzo[d]thiazol-6-yDmethylimidazo[1,2-
blpyridazine-6-carbonitrile;

1-((2-(((1R,2R)-2-hydroxycyclohexyDamino)benzo[ dithiazol-6-yl)methyl)-3-
morpholinopyrazin-2(1H)-one,
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1-((2-((2-hydroxycyclohexyl)amino)benzo[d|thiazol-6-ylymethyl)-3-
morpholinopyrazin-2({1H)-one;

(3-((2-<(((1R,2R)-2-hydroxycyclohexyi)ammo)benzo[d]thiazol-6-
yhymethyl)imidazo{1,2-alpyridin-7-yl)pyrrolidin-1-ylymethanone;

{3-({2+(2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-
yhmethyhyimidazo[1,2-a]pyridin-7-yl}Xpyrrolidin-1-ylymethanone;

(Ey-3-(1-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo[ thiazol-6-
yhmethyl)-1H-benzo|d}imidazol-5-yhacrylic acid,

(E)-3-(1-((2-((2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-ylymethyl)-1H-
benzoldlimidazol-5-yhacrylic acid;

3-(1-({2~((2-hydroxycyclohexyl)amino)benzold]thiazol-6-ylymethyl)- 1 H-
benzo[dJjimidazol-5-yDacrylic acid;

(1R, 2R)-2-((6-((5-(1,2,3,6-tetrahydropyridin-4-yl)- LH-benzo[d]linudazol-1 -
yhimethyhbenzo[d]thiazol-2-yhamino)cyclohexanol;

2-((6-((5+1,2,3,6-tetrahydropyridin-4-yi)-1 H-benzo[ djimidazol-1-
ylmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol;

(1R 2R)-2-((6-((5-(1 H-imidazol-1-yl}- 1 H-benzo[djimidazol-1-
yhmethyDbenzo|djthiazol-2-yhamino)cyclohexanol,

2-((6-({5-(1 H-imidazo}-1-yl)-1 H-benzo[d]imidazol-1-
ylmethyDbenzo[d]thiazol-2-yl)amino)cyclohexanol,

(1R, 2R)-2-({6-((5-(2~methyl-2 H-tctrazol-5-yl)-1H-benzo{d imidazol- [ -
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

2-((6-((5-(2-methyl-2H-tetrazol-5-y1)-1H-benzojdlimidazol- -
ylmethylbenzoid]thiazol-2-yhaminojcycichexanol;

(15.2R 3R)-3-({6-({6-fluoro-3 H-imidazo[4,5-b Jpyridin-3-
yhmethyDbenzo[d]thiazol-2-y)amino)cyclohexane-1,2-diol;

3-((6-((6-fluoro-3 A-imidazo{4,5-bpyridin-3-yl)methyl)benzo[d]thiazol-2-
yhamino)cyclohexane-1,2-diol;

(1R.28,3R)-3-((6-((7-(1H-pyrazol-1-yDimidazo[ 1,2-a]pyridin-3-
ylymethyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol;

3-{(6-((7-(1H-pyrazot-1-yhimidazo{1,2-alpyridin-3-
yhimethyl)benzo{d]thiazol-2-yl)amino)cyclohexane-1,2-diot;

(1R.28,3R)-3-((6-((5-methoxy-1H-benzo[dhmidazol-1-
yhmethyl)benzo[dlthiazol-2-yl)amino)cyclohexane-1,2-diol;
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3-((6-((5-methoxy-1H-benzo[d]imidazol-1-ylymethyl)benzo[d]thiazol-2-
yhamino)cyclohexane-1,2-diol;

(1R,28,3R)-3-({(6-((7-(2H-1,2,3-triazol-2-yl)imidazo[ 1 ,2-a]pyridin-3-
yhmethyl)benzo[dJthiazol-2-yl)amino)cyclohexane-1,2-diol;

3-((6-((7-(2H-1,2,3-triazol-2-yl}imidazo[1,2-a]pyridin-3-
yDmethylybenzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol;

(1R.28,3R)-3-((6-((5-vinyl-1H-benzofd}imidazol-1-
yhmethylibenzo[d]thiazol-2-yl)amine)cyclohexane-1,2-diol;

3-((6-((5-vinyl-1H-benzofd]imidazol-1-ylymethylybenzo[d]thiazol-2-
yhamino)cyclohexane-1,2-diol;

(1R,25,3R)-3-((6-({5-(oxetan-3-yloxy)-1H-benzo[d]imidazol-1-
yl)methyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol;

3-((6-((5-(oxetan-3-yloxy)-1H-benzo{d}imidazol-1-y)methyl)benzo[d]thiazol-
2-yhaminojcyciohexane-1,2-diol;

(1R 28,3R)-3-((6-({6-(1H-1,24-triazol-1-y])-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thiazol-2-ylyamino)cyclohexane-1,2-diol;

3-((6-((6-(1H-1,2 4-triazol-1-yl)-3H-imidazo[4,5-blpyridin-3-
yhymethylYbenzo[d]thiazo!-2-yl)amino)cyclohexane-1,2-diol;

(1R.28,3R)-3~((6~({5-morpholino-1H-benzo[d]imidazol-1-
yhmethylbenzo[d|thiazol-2-yl)amino)cyclohexane-1,2-diol;

3-((6-((5-morpholino-1H-benzo]dlimidazol-1-y)methylybenzo| d]thiazol-2-
vhamino)cyclohexane-1,2-diol;

(1R,28,3R)-3~((6~((5-(2-methyl-2 H-tetrazol-5-yl)-1H-benzo[ dlimidazol-1-
ylmethyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol; and

3-((6-((5-(2-methyl-2 H-tetrazol-5-y1)- 1 H-benzo[d]imidazol-1-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-dioL.
[00181] Also provided herein are isotopically enriched analogs of the compounds
provided herein. Isotopic enrichment (for example, deuteration) of pharmaceuticals to
improve pharmacokinetics (“PK”), pharmacodyramics (“PD”), and toxicity profiles,
has been demonstrated previously with some classes of drugs. See, for example,
Lijinsky et. al., Food Cosmet. Toxicol., 20: 393 (1982); Lijinsky et. al., J. Nat. Cancer
Inst., 69: 1127 (1982); Mangold et. al., Mutation Res. 308: 33 (1994); Gordon et. al.,
Drug Metab. Dispos., 15: 589 (1987); Zello et. al., Metabalism, 43: 487 (1994),
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Gately et. al., J. Nucl. Med., 27: 388 (1986); Wade D, Chem. Biol. Interact. 117: 191
(19993,

[00182] Isotopic enrichment of a drug can be used, for example, to (1) reduce or
eliminate unwanted metabolites, (2) increase the half-life of the parent drug, (3)
decrease the number of doses needed to achieve a desired effect, (4) decrease the
amount of a dose necessary to achieve a desired effect, (5) wcrease the formation of
active metabolites, if any are formed, and/or (6) decrease the production of deleterious
metabolites in specific tissues and/or create & more effective drug and/or a safer drug

for combination therapy, whether the combination therapy 1s intentional or not.

[00183] Replacement of an atom for one of its isotopes often will result in a change
in the reaction rate of a chemical reaction. This phenomenon is knows as the Kinetic
Isotope Effect (“KIE”). For example, if a C—H bond is broken during a rate-
determining step in a chemical reaction (i.¢. the step with the highest transition state
energy), substitution of a deuterium for that hydrogen will cause a decrease in the
reaction rate and the process will slow down. This phenomenon is known as the
Deuterium Kinetic Isotope Effect (“DKIE™). (See, e.g, Foster et al., Adv. Drug Res.,
vol. 14, pp. 1-36 (19835), Kushner ez al., Can. J. Physiol. Pharmacol., vol. 77, pp. 79-
88 (1999)).

100184]  Tritium (T} is a radioactive isotope of hydrogen, used in research, fusion
reactors, neutron generators and radiopharmaceuticals. Tritium is a hydrogen atom
that has 2 neutrons in the nucleus and has an atomic weight close to 3. It occurs
naturally in the cnvironment in very low concentrations, most commonly found as
T,0. Tritium decays slowly (half-life = 12.3 years) and emits a low energy beta
particle that cannot penetrate the outer layer of human skin. Internal exposure is the
main hazard associated with this isotope, yet it must be ingested in large amounts to
pose a significant health risk. As compared with deuterium, a lesser amount of trithum
must be consumed before it reaches a hazardous level. Substitution of fritium (“T™)
for hydrogen results in yet a stronger bond than deuterium and gives numerically
larger isotope effects. Similarly, substitution of isotopes for other elements,
including, but not limited to, "*C or C for carbon, **S, *'S, or *°S for sulfur, "N for

nitrogen, and 17O or **O for oxygen, will provide a similar kinetic isotope cffects.

137



WE 2013/056670 PCT/US2012/059983

[06185] In another embodiment, provided herein are methods of using the
disclosed compounds and compositions, or pharmaceutically acceptable salts,
solvates, hydrates, clathrates, single stereoisomers, mixture of stercoisomers or
racemic mixture of stercoisomers thereof, for the local or systemic treatment or
prophylaxis of human and veterinary diseases, disorders and conditions modulated or

otherwise affected mediated via CSFIR, FLT3, KIT, and/or PDGFR[} kinase activity.

. FORMULATION OF PHARMACEUTICAL

COMPOSITIONS
[66186] The pharmaceutical compositions provided herein contain therapeutically
effective amounts of one or more of compounds provided herein that are useful in the
prevention, treatment, or amelioration of CSFIR, FL.T3, KIT, and/or PDGFR kinase

mediated discases or one or more of the symptoms thercof.

[66187] The compositions contain one or more compounds provided herein. The
compounds can be formulated into suitable pharmaceutical preparations such as
solutions, suspensions, tablets, dispersible tablcets, pills, capsules, powders, sustained
release formulations or elixirs, for oral administration or in sterile solutions or
suspensions for parenteral administration, as well as transdermal patch preparation
and dry powder inhalers. Typically the compounds described above are formulated
into pharmaceutical compositions using techniques and procedures weil known in the

art.

[06188] 1n the compositions, cffective concentrations of one or more compounds or
pharmaceutically acceptable salts, solvates, hydrates, clathrates, single stereoisomers,
mixture of stereoisomers or racemic mixture of stereoisomers or prodrug is (are)
mixed with a suitable pharmaceutical carrier or vehicle. The concentrations of the
compounds in the compositions are effective for delivery of an amount, upon
administration, that treats, prevents, or ameliorates one or more of the symptoms of

CSFIR, FLT3, KIT, and/or PDGFR kinase mediated discases.

[66189] Typically, the compositions are formulated for single dosage
adrministration. To formulate a composition, the weight fraction of compound is
dissoived, suspended, dispersed or otherwise mixed in a selected vehicle at an
effective concentration such that the treated condition is relieved or ameliorated.

Pharmaceutical carriers or vehicles suitable for administration of the compounds
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provided herein include any such carriers known to those skilled in the art to be

suitable for the particuiar mode of administration.

100196] In addition, the compounds may be formulated as the sole
pharmaceutically active ingredient in the composition or may be combined with other
active ingredients. Liposomal suspensions, including tissue-targeted liposomes, such
as tumor-targeted liposomes, may also be suitable as pharmaceutically acceptable
carriers. These may be prepared according to methods known to those skilled in the
art. For example, liposome formulations may be prepared as known in the art.
Briefly, liposortes such as multilamellar vesicles (MLV's) may be formed by drying
down egg phosphatidyl choline and brain phosphatidyl serine (7:3 molar ratio) on the
inside of a flask. A solution of a compound provided herein in phosphate buffered
saline facking divalent cations (PBS) is added and the flask shaken until the lipid film
1s dispersed. The resulting vesicles are washed to remove unencapsulated compound,

pelleted by centrifugation, and then resuspended in PBS.

[00191])  The active compound is included in the pharmaceutically acceptable
carricr in an amount sufficient to exert a therapeutically useful effect in the absence of
undesirable side effects on the patient treated. The therapeuticaliy cffective
concentration may be determined empirically by testing the compounds in in vitro and
in vivo systems described berein and then extrapolated therefrom for dosages for

hurnans.

[66192) The concentration of active compound in the pharmaceutical composition
will depend on absorption, inactivation and excretion rates of the active compound,
the physicochermical characteristics of the compound, the dosage schedule, and
amount administered as well as other factors known to those of skill in the art. For
example, the amount that is delivered is sufficient to ameliorate one or more of the

symptoms of CSFIR, FLT3, KIT, and/or PDGFR [ kinase mediated discases.

[00193] Typically a therapeutically effective dosage should produce a serum
concentration of active ingredient of from about 1 ng/ml to about 50-100 pg/ml. The
pharmaceutical compositions typically should provide a dosage of from about 10 mg
to about 4000 mg of compound per kilogram of body weight per day. Pharmaceutical
dosage unit forms are prepared to provide from about 10 mg to about 1000 mg and m

certain embodiments, from about 10 mg to about 560 mg, from about 20 mg to about
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250 mg or from about 25 mg to about 100 mg of the essential active ingredient or a
combination of cssential ingredients per dosage unit form. In certain embodiments,
the pharmaceutical dosage unit forms are prepared to provide about 10 mg, 20 mg, 25
mg, 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg or 2000 mg of the essential active

ingredient.

[60194] The active ingredient may he administered at once, or may be divided inta
a number of smaller doses to be administered at intervals of time. It is understood
that the precise dosage and duration of treatment is a function of the disease being
treated and may be determined empirically using known testing protocols or by
extrapolation from in vive or in vitro test data. It is to be noted that concentrations
and dosage values may also vary with the severity of the condition to be alleviated. It
is to be further understood that for any particular subject, specific dosage regimens
should be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the
compositions, and that the concentration ranges set forth herein are exemplary only

and are not intended to limit the scope or practice of the claimed compositions.

[06195]  Pharmacecutically acceptable derivatives include acids, bases, cnol cthers
and esters, salts, esters, hydrates, solvates and prodrug forms. The derivative is
selected such that its pharmacokinetic properties are superior to the corresponding

neutral compound,

[00196] Thus, effective concentrations or amounts of one or more of the
compounds deseribed hercin or pharmaceutically acceptable derivatives thereof are
mixed with a suitable pharmaceutical carrier or vehicle for systemic, topical or local
administration to form pharmaceutical compositions. Compounds are included in an
amount effective for ameliorating one or more symptoms of, or for treating or
preventing CSF1R, FLT3, KIT, and/or PDGFRJ kinase mediated discases. The
concentration of active compound in the composition will depend on absorption,
inactivation, excretion rates of the active compound, the dosage schedule, amount
administered, particular formulation as well as other factors known to those of skill in

the art,

[60197] The compositions are intended to be administered by a suitable route,

including, but not limited to, orally, parenterally, rectally, topically and locally. For
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oral administration, capsules and tablets can be formulated. The compositions are m
liquid, semi-liquid or solid form and are formulated in a manner suitable for each

route of administration.

[00198]  Solutions or suspensions used for parenteral, intradermal, subcutaneous, or
topical application can include any of the following components: & sterile diluent,
such as water for injection, saline solution, fixed oil, polyethylene giycol, glycerine,
propylene glycol, dimethyl acetamide or other synthetic solvent; antimicrobial agents,
such as benzyl alcohol and methyl parabens; antioxidants, such as ascorbic acid and
sodium bisulfite; chelating agents, such as ethylenediaminetetraacetic acid (EDTA);
buffers, such as acetates, citrates and phosphates; and agents for the adjustment of
tonicity such as sodium chloride or dextrose. Parenteral preparations can be enclosed
in ampules, disposabic syringes or single or multiple dose vials made of glass, plastic

or other suitable material.

[60199] Ininstances in which the compounds exhibit insufficient solubility,
methods for solubilizing compounds may be used. Such methods arc known to those
of skil! in this art, and include, but are not limited to, using cosolvents, such as
dimethylsulfoxide (DMSO), using surfactants, such as TWEEN®, or dissolution in

aqueous sodium bicarbonate.

[00206] Upon mixing or addition of the compound(s), the resultiﬁg mixture may be
a solution, suspension, emulsion or the like. The form of the resulting mixture
depends upon a number of factors, including the intended mode of administration and
the solubility of the compound in the selected carrier or vehicle. In one embodiment,
the effective concentration is sufficient for ameliorating the symptoms of the disease,

disarder or condition treated and may be empirically determined.

[00201] The pharmaceutical compositions are provided for administration to
humans and animals in unit dosage forms, such as tablets, capsules, pilis, powders,
granules, sterile parenteral solutions or suspensions, and oral solutions or suspensions,
and oil-water emulsions containing suitable quantities of the compounds or
pharmaceutically acceptable derivatives thereof. The pharmaceutically
therapeutically active compounds and derivatives thereof are typically formulated and
administered in unit-dosage forms or multiple-dosage forms. Unit-dose forms as used

herein refer to physically discrete units suitable for human and animal subjects and
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packaged individually as is known in the art. Each unit-dose contains a
predetermined quantity of the therapeutically active compound sufficient to produce
the desired therapeutic effect, in association with the required pharmaceutical carrier,
vehicle or diluent. Examples of unit-dose forms include ampules and syringes and
individually packaged tablets or capsules. Unit-dose forms may be administered in
fractions or multiples thereof. A multiple-dose form is a plurality of identical
unit-dosage forms packaged in a single container to be administered in segregated
unit-dose form. Examples of multiple-dose forms include vials, bottles of tablets or
capsules or bottles of pints or gallons. Hence, multiple dose form is 2 multiple of

unit-doses which are not segregated in packaging.

[00202] Sustained-release preparations can also be prepared. Suitable examples of
sustained-release preparations include semipermeable matrices of solid hydrophobic
polymers containing the compound provided herein, which matrices are in the form of
shaped articles, e.g., films, or microcapsule. Examples of sustained-release matrices
include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylaicohol)), polylactides, copolymers of L-glutamic acid and ethyl-1.-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of
lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid-
glycolic acid enable reiease of molecules for over 100 days, certain hydrogels release
proteins for shorter time periods. When encapsulated compound remain in the body
for a long time, they may denature or aggregate as a result of exposure to moisture at
37 °C, resulting in a foss of biological activity and possible changes in their structure.
Rational strategics can be devised for stabilization depending on the mechanism of
action involved. For example, if the aggregation mechanism is discovered to be
intermolecular S--8S bond formation through thio-disulfide interchange, stabilization
may be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions,
controlling moisture content, using appropriate additives, and developing specific

polymer matrix compositions

{00263] Dosage forms or compositions containing active ingredient in the range of
0.005% to 100% with the balance made up from non-toxic carrier may be prepared.

For oral administration, a pharmaceutically acceptable non-toxic composition is
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formed by the incorporation of any of the normally employed excipients, such as, for
example pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
talcum, cellulose derivatives, sodium crosscarmellose, glucose, sucrose, magneasium
carbonate or sodium saccharin, Such compositions include solutions, suspensions,
tablets, capsules, powders and sustained release formulations, such as, but not limited
to, implants and microencapsulated delivery systems, and biodegradable,
biocompatible polymers, such as collagen, ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, polyorthoesters, polylactic acid and others. Methods for
preparation of these compositions are known to those skilled in the art. The
contemplated compositions may contain about 0.001%-100% active ingredient, in

certain embodiments, about 0.1-85%, typically about 75-95%.

[00204] The active compounds or pharmaceutically acceptable derivatives may be
prepared with carriers that protect the compound against rapid climination from the

body, such as time release formulations or coatings.

{00205] The compositions may include other active compounds to obtain desired
combinations of properties. The compounds provided herein, or pharmaccutically
acceptable derivatives thereof as described hercin, may also be advaniageously
administered for therapeutic or prophylactic purposes together with another
pharmacological agent known in the general art to be of value in treating one or more
of the diseases or medical conditions referred to hereinabove, such as CSFIR, FLT3,
KIT, and/or PDGFR lkinase mediated diseases. 1t is to be understood that such
combination therapy constitutes & further aspect of the compositions and methods of

treatment provided herein.
[80206] 1. Compositions for oral administration

{00207]  Oral pharmaceutical dosage forms are either solid, gel or liquid. The solid
dosage forms are tablets, capsules, granules, and bulk powders. Types of oral tablets
include compressed, chewable lozenges and tablets which may be enteric-coated,
sugar-coated or film-coated. Capsules may be hard or soft gelatin capsules, while
granules and powders may be provided in non-effervescent or effervescent form with

the combination of other ingredients known to those skilled in the art.

[00208] In certain embodiments, the formulations are solid dosage forms, such as

capsules or tablets. The tablets, pills, capsules, troches and the like can contain any of
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the following ingredients, or compounds of a similar nature: a binder; a diluent; a

disintegrating agent; a lubricant; a glidant; a sweetening agent; and a flavoring agent.

[06209] Examples of binders inciude microcrystalling celluiose, gum tragacanth,
glucose solution, acacia mucilage, gelatin solution, sucrose and starch paste.
Lubricants include talc, starch, magnesium or calcium stearate, lycopodium and
stearic acid. Diluents include, for example, lactose, sucrose, starch, kaolin, salt,
mannitol and dicalcium phosphate. Glidants include, but are not limited to, colloidal
silicon dioxide. Disintegrating agents include crosscarmellose sodium, sodium starch
glycolate, aiginic acid, comn starch, potato starch, bentonite, methylcellulose, agar and
carboxymethylcellulose. Coloring agents include, for example, any of the approved
certified water sotuble FD and C dyes, mixtures thereof; and water insoluble FD and
C dyes suspended on alurmina hydrate. Sweetening agents include sucrose, lactose,
mannitol and artificial sweetening agents such as saccharin, and any number of spray
dried flavors. Flavoring agents include natural flavors extracted from plants such as
fruits and synthetic blends of compounds which produce a pleasant sensation, such as,
but not limited to peppermint and methyi salicylate, Wetting agents include
propylene glycol monostearate, sorbitan monooleate, diethylene glyco! monolaurate
and polyoxyethylene laural ether. Emetic-coatings include fatty acids, fats, waxes,
shellac, ammoniated shellac and cellulose acetate phthalates, Film coatings include
hydroxyethylcellulose, sodium carboxymethyleellulose, polyethylene giyeol 4000 and

cellulose acetate phthalate.

[06218]  If oral administration is desired, the compound could be provided in a
composition that protects it from the acidic environment of the stomach. For
example, the composition can be formulated in an enteric coating that maintains its
integrity in the stomach and releases the active compound in the intestine. The
composition may also be formulated in combination with an antacid or other such

ingredient.

[06211] When the dosage unit form is a capsule, it can contain, in addition to
material of the above type, a liquid carrier such as a fatty oil. In addition, dosage unit
forms can contain various other materials which modify the physical form of the
dosage unit, for example, coatings of sugar and other enteric agents. The compounds
can also be administered as a component of an clixir, suspension, syrup, wafer,

sprinkle, chewing gum or the like. A syrup may contain, in addition to the active
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compounds, sucrose as a sweetening agent and certain preservatives, dyes and

colorings and flavors.

[00212] The active materials can also be mixed with other active materials which
do not impair the desired action, or with materials that supplement the desired action,
such as antacids, H2 blockers, and diuretics. The active ingredient is a compound or
pharmaceutically acceptable derivative thereof as described herein. Higher

concentrations, up to about 98% by weight of the active ingredient may be included.

[60213] Pharmaceutically acceptable carriers included in tablets are binders,
lubricants, diluents, disintegrating agents, coloring agents, flavoring agents, and
wetting agents. Enteric-coated tablets, because of the enteric-coating, resist the action
of stomach acid and dissolve or disintegrate in the neutral or alkaline intestines.
Sugar-coated tablets are compressed tablets to which different layers of
pharmaceutically acceptable substances are applied. Film-coated tablets are
compressed tablets which have been coated with a polymer or other suitable coating.
Multipie compressed tablets are compressed tablets made by more than one
compression cycle utilizing the pharmaceutically acceptable substances previously
mentioned. Coloring agents may also be used in the above dosage forms. Flavoring
and sweetening agents arc used in compressed tablets, sugar-coated, multiple
compressed and chewable tablets. Flavoring and sweetening agents are especially

useful in the formation of chewable tablets and lozenges.

[00214] Liquid oral dosage forms include aqueous solutions, emulsions,
suspensions, solutions and/or suspensions reconstituted from non-effervescent
granules and effervescent preparations reconstituted from effervescent granules,
Agueous solutions include, for example, elixirs and syrups. Emulsions are either

oil-in-water or water-in-oil,

[00215]  Elixirs are clear, sweetened, hydroalcoholic preparations.
Pharmaceutically acceptable carriers used in elixirs inciude solvents. Syrups are
concentrated aqueous solutions of a sugar, for example, sucrose, and may contain a
preservative. An emulsion is a two-phase system in which one liquid is dispersed in
the form of small globules throughout another liquid. Pharmaceutically acceptable
carriers used in emulsions are non-aqueous liquids, emulsifying agents and

preservatives. Suspensions use pharmaceutically acceptable suspending agents and
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preservatives. Pharmaceutically acceptable substances used in non-effervescent
granules, to be reconstituted into a liquid oral dosage form, include diluents,
sweeteners and wetting agents. Pharmaceutically accepiable substances used in
effervescent granules, to be reconstituted into a liquid oral dosage form, include
organic acids and a source of carbon dioxide. Coloring and flavoring agents are used

in all of the above dosage forms.

[60216] Solvents include gilycerin, sorbitol, ethyl alcohol and syrup. Examples of
preservatives include glycerin, methyl and propylparaben, benzoic add, sodium
benzoate and alcohol. Examples of non-aqueous liquids utilized in emulsions include
mineral oil and cottonseed oil. Examples of emulsifying agents include gelatin,
acacia, tragacanth, bentonite, and surfactants such as polyoxyethylene sorbitan
monooleate, Suspending agents include sodium carboxymethylcellulose, pectin,
tragacanth, Veegum and acacia. Diluents include lactose and sucrose. Sweetening
agents include sucrose, syrups, glycernn and artificial sweetening agents such as
saccharin. Wetting agents include propylene glycol monostearate, sorbitan
monooleate, dicthylene glycol monolaurate and polyoxyethylene lauryl ether,
Organic adds include citric and tartaric acid. Sources of carbon dioxide inchude
sodiym bicarbonate and sodium carbonate. Coloring agents include any of the
approved certified water soluble FD and C dyes, and mixtures thereof. Flavoring
agents inciude natural flavors extracted from plants such fruits, and synthetic blends

of compounds which produce a pleasant taste sensation.

[06217]) For a solid dosage form, the solution or suspension, in for example
propylene carbonate, vegetable oils or triglycerides, 15 encapsulated in a gelatin
capsule. For a liquid dosage form, the solution, e.g., for example, in a polyethylene
glycol, may be diluted with a sufficient quantity of a pharmaceuticaily acceptable

liquid carrier, e.g., water, to be easily measured for administration.

{00218] Alternatively, liquid or semi-solid oral formulations may be prepared by
dissolving or dispersing the active compound or salt in vegetable oils, glycols,
triglycerides, propylene glycol esters {e.g., propylene carbonate) and other such
carriers, and encapsulating these solutions or suspensions in hard or soft gelatin
capsule shells. Other uscful formulations incinde, but are not limited to, those
containing a compound provided herein, a dialkylated mono- or poly-alkyiene glycol,
including, but not limited to, 1,2-dimethoxymethane, diglyme, triglyme, tetraglyme,
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polyethylene glycol-350-dimethyl ether, polyethylene glycol-550-dimethyl ether,
polyethylene glycol-750-dimethy! ether wherein 350, 550 and 7350 refer to the
approximate average molecular weight of the polyethviene glycol, and one or more
antioxidants, such as butylated hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), propyl gallate, vitamin E, hydroquinone, hydroxycoumarins, ethanolamine,
lecithin, cephalin, ascorbic acid, malic acid, sorbitol, phosphoric acid, thiodipropionic

acid and its esters, and dithiocarbamates.

{06219] Other formulations include, but are not limited to, aqueous alcoholic
solutions including a pharmaceutically acceptable acetal. Alcohols used in these
formulations arc any pharmaceutically acceptable water-miscible solvents having one
or more hydroxyl groups, including, but not limited to, propylene glycol and ethanol,
Acetals include, but arc not limited to, diflower alkyl) acetals of lower alkyl

aldchydes such as acetaldehyde diethyl acetal,

[66226] In all embodiments, tablets and capsules formulations may be coated as
known by those of skill in the art in order to modify or sustain dissolution of the
active ingredient. Thus, for example, they may be coated with a conventional
enterically digestible coating, such as phenylsalicylate, waxes and cellulose acetate

phthalate.

Z. Injectables, solutions and emulsions
{00221} Parenteral administration, generally characterized by injection, either
subcutaneously, intramuscularly or intravenously is also contemplated herein.
Injectables can be prepared in conventional forms, either as Hauid solutions or
suspensions, solid forms suitable for solution or suspension in liquid prior to injection,
or as emulsions. Suitable excipients are, for example, water, saline, dextrose, glycerol
or ethanol, In addition, if desired, the pharmaceutical compositions to be
administered may also contain minor amounts of non-toxic auxiliary substances such
as wetting or emulsifying agents, pH buffering agents, stabilizers, solubility
enhancers, and other such agents, such as for example, sodium acetate, sorbitan
monolaurate, tricthanolarmine oleate and cyclodextrins. In one embodiment, the
composition is administered as an aqueous solution with hydroxypropyl-beta-
cyclodextrin (HPBCD) as an excipient. In one embodiment, the aqueous solution
contains about 1% to about 50% HPBCD. In one embodiment, the agucous solution
contans about 1%, 3%, 5%, 10% or about 20% HPBCD.
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{60222] Implantation of a slow-release or sustained-release system, such that a
constant level of dosage is maintained is also contemplated herein. Briefly, a
compound provided herein is dispersed in a solid inner matrix, e.g.,
polymethylmethacrylate, polybutylmethacrylate, plasticized or unplasticized
polyvinylchloride, plasticized nylon, plasticized polyethyleneterephthalate, natural
rubber, polyisoprene, polyisobutylene, polybutadiene, polyethylene, ethylene-
vinylacetate copolymers, silicone rubbers, polydimethylsiloxanes, silicone carbonate
copolymers, hydrophilic polymers such as hydrogels of esters of acrylic and
methacrylic acid, collagen, cross-linked polyvinylalcohol and cross-linked partiaily
hydrolyzed polyvinyl acctate, that is surrounded by an outer polymeric membrane,
e.g., polyethylene, polypropylene, ethylene/propylene copolymers, ethylene/ethy!
acrylate copolymers, ethylene/vinylacetate copolymers, silicone rubbers,
polydimethyl siloxanes, neoprene rubber, chlorinated polyethylene, polyvinylchloride,
vinylchioride copolymers with vinyl acetate, vinylidene chloride, ethylene and
propylene, ionomer polyethylene terephthalate, butyl rubber epichlorohydrin rubbers,
ethylene/vinyl alcohol copolymer, ethylene/vinyl acetate/vinyl alcohol terpolymer,
and ethylene/vinyloxyethanoi copolymer, that is insoluble in body fluids. The
compound diffuses through the outer polymeric membrane in a release rate
controlling step. The percentage of active compound contained in such parenteral
compositions 1s highly dependent on the specific nature thereof, as well as the activity

of the compound and the needs of the subject.

[60223] Parenteral administration of the compositions includes intravenous,
subcutancous and intrarmuscular admindistrations. Preparations for parenteral
administration include sterile solutions ready for injection, sterile dry soluble
products, such as Iyophilized powders, ready to be combined with a solvent just prior
to use, including hypodermic tablets, sterile suspensions ready for injection, sterile
dry insoluble products ready to be combined with a vehicle just prior to use and sterile

emulsions, The solutions may be either aqueous or nonaqueous.

[00224] If administered intravenously, suitable carriers include physiclogical saline
or phosphate buffered saline (PBS}, and solutions containing thickening and
solubilizing agents, such as glucose, polyethylene giycol, and polypropylene glycol

and mixtures thereof,
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{00225] Pharmaceutically acceptable carriers used in parenteral preparations
include aqueous vehicles, nonaqueous vehicles, antimicrobial agents, isotonic agents,
buffers, antioxidants, local anesthetics, suspending and dispersing agents, emulsifying
agents, sequestering or chelating agents and other pharmaceutically acceptable

substances.

[00226] Examples of aqueous vehicles include Sodium Chloride Injection, Ringers
Injection, Isotonic Dextrose Injection, Sterile Water Injection, Dextrose and Lactated
Ringers Injection. Nonaqueous parenteral vehicles mclude fixed oils of vegetable
origin, cottonseed oil, comn oil, sesame oil and peanut oil. Antimicrobial agents in
bacteriostatic or fungistatic concentrations must be added to parenteral preparations
packaged in multiple-dose containers which include phenols or cresols, mercurials,
benzyl alcobol, chlorobutanol, methyl and propyl p-hydroxybenzoic acid esters,
thimerosal, benzalkonium chloride and benzethonium chloride. Isotonic agents
include sodium chloride and dextrose. Buffers include phosphate and citrate.
Antioxidants include sodium bisulfate. Local anesthetics include procaine
hydrochloride. Suspending and dispersing agents include sodium
carboxymethylcelluose, hydroxypropy! methylcellulose and polyvinylpyrrolidone.
Emulsifying agents include Polysorbate 80 (TWEEN® 80). A sequestering or
chelating agent of metal ions include EDTA. Pharmaceutical carriers also include
ethyl alcohol, polyethylene glycol and propylene glycol for water miscible vehicles

and sodium hydroxide, hydrochloric acid, citric acid or lactic acid for pH adjustment.

{00227] The concentration of the pharmaceutically active compound is adjusted so
that an injection provides an effective amount to produce the desired pharmacological
effect. The exact dose depends on the age, weight and condition of the patient or

animal as is known in the art,

[00228] The unit-dose parenteral preparations are packaged in an ampule, a vial or
a syringe with a needle. All preparations for parenteral administration must be sterile,
as 18 known and practiced in the art.

[00229] Illustratively, intravenous or intraarterial infusion of a sterile agueous
solution containing an active compound 1s an effective mode of administration.

Another embodiment is a sterile aqueous or oily solution or suspension contatning an

active material injected as necessary to produce the desired pharmacological effect.
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[00230] Injectables are designed for local and systemic administration, Typically a
therapeutically effective dosage 1s formulated to contain a concentration of at least
about 0.1% w/w up to about 90% w/w or more, such as more than 1% w/w of the
active compound to the treated tissue(s). The acfive ingredient may be administered
at once, or may be divided into a number of smaller doses to be administered at
intervals of time. It is understood that the precise dosage and duration of treatment is
a function of the tissue being freated and may be determined empirically using known
testing protocols or by extrapolation from in vivo or in vifro test data. 1t is to be noted
that concentrations and dosage values may also vary with the age of the individual
treated. 1t is to be further understood that for any particular subject, specific dosage
regimens should be adjusted over fime according 1o the individual need and the
professional judgment of the person administering or supervising the administration
of the formulations, and that the concentration ranges set forth herein are exemplary

only and are not intended to limit the scope or practice of the claimed formulations.

[00231] The compound may be suspended in micronized or other suitable form or
may be derivatized io produce a more soluble active product or to produce a prodrug.
The form of the resulting mixture depends upon a number of factors, including the
intended mode of administration and the solubility of the compound in the selected
carrier or vehicle. The effective concentration is sufficient for ameliorating the

symptoms of the condition and may be empirically determined.

3 Lyophilized powders
[00232] Of interest herein are also lyophilized powders, which can be reconstituted
for administration as solutions, emulsions and other mixtures. They may also be

reconstituted and formulated as solids or gels.

[006233] The sterile, lyophilized powder is prepared by dissolving a compound
provided herein, or a4 pharmaceutically acceptable derivative thereof, in a suitable
solvent. The solvent may contain an excipient which improves the stability or other
pharmacological component of the powder or reconstituted solution, prepared from
the powder. Excipients that may be used include, but are not Iimited to, dextrose,
sorbital, fructose, corn syrup, xylitol, glycerin, glucose, sucrose, hydroxypropyl-beta-
cyclodextrin (HPBCD) or other suitable agent. The solvent may also contain a buffer,
such as citrate, sodium or potassium phosphate or other such buffer known to those of

skill in the art at, typically, about neutral pH. Subsequent sterile filtration of the
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solution followed by lyophilization under standard conditions known to those of skill
i the art provides the desired formulation. Generally, the resulting solution will be
apportioned into vials for lyophilization. Each vial will contain a single dosage (10-
1000 mg, 100-500 mg, 10-500 mg, 50-250 mg or 25-100 mg) or multiple dosages of
the compound. The lyophilized powder can be stored under appropriate conditions,

such as at about 4°C to Toom temperature,

[66234] Reconstitution of this lyophilized powder with water for injection provides
a formulation for use in parenteral administration. For reconstitution, about 1-50 mg,
about 5-35 mg, or about 9-30 mg of Iyophilized powder, is added per mL of sterile
water or other suitable carrier, The precise amount depends upon the seiected

compound. Such amount can be empirically determined.

4. Topical adninistration
[00235] Topical mixtures are prepared as described for the local and systemic
administration. The resulting mixture may be a solution, suspension, emulsions or the
like and are formulated as creams, gels, ointments, emulsions, solutions, elixirs,
lotions, suspensions, tinctures, pastes, foams, acrosols, irrigations, sprays,
suppositories, bandages, dermal patches or any other formuiations suitable for topical

administration.

{60236] The compounds or pharmaceutically acceptable derivatives thereof may be
formulated as aerosols for topical application, such as by inhalation, These
formulations for administration to the respiratory tract can be in the form of an acrosol
or solution for a nebulizer, or as a microfine powder for insufflation, alone or in
combination with an inert carrier such as lactose. In such a case, the particles of the
formulation will typically have diameters of less than 50 microns or less than 10

microns.

[60237] The compounds may be formulated for local or topical application, such as
for topical application to the skin and mucous membranes, such as in the eye, in the
form of gels, creams, and lotions and for application to the eye or for intracisternal or
intraspinal application. Topical administration is contemplated for transdermal
delivery and also for administration to the eyes or mucosa, or for inhalation therapies.
Nasal solutions of the active compound alone or in combination with other

pharmaceutically acceptable excipients can also be administered.
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[00238] These solutions, particularly those intended for ophthalmic use, may be

formulated as 0.01% - 10% isotonic solutions, pH about 5-7, with appropriate salts.

5. Compositions for other routes of administration
160239}  Other routes of administration, such as topical application, transdermal

patches, and rectal administration are also contemplated herein,

[602406] For examplc, pharmaceutical dosage forms for rectal administration are
rectal suppositories, capsules and tablets for systemic effect. Rectal suppositories arc
used herein méan solid bodies for insertion into the rectum which melt or soften at
body temperature releasing one or more pharmacologically or therapeutically active
ingredients. Pharmaceutically acceptable substances utilized in rectal suppositories
are bases or vehicles and agents to raise the melting pomt. Examples of bases include
cocoa butter (theobroma oil), glycerin-gelatin, carbowax (polyoxyethylene glycol)
and appropriate mixtures of mono-, di- and triglycerides of fatty acids. Combinations
of the various bases may be used. Agents to raise the melting point of suppositories
inctude spermaceti and wax. Rectal suppositories may be prepared either by the
compressed method or by molding. The typical weight of a rectal suppository is

about 2 to 3 gm.

[00241] Tablets and capsules for rectal administration are manufactured using the
same pharmaceutically acceptable substance and by the same methods as for

formulations for oral administration.

6. Sustained Release Compositions
[6G6242]  Active mgredients provided herein can be administered by controlled
release means or by delivery devices that are well known to those of ordinary skill in
the art. Examples include, but are not limited to, those described in U.S. Patent Nos.:
3,845,770; 3,916,899; 3,536,809; 3,598,123; and 4,008,719, 5,674,533, 5,059,595,
5,591,767, 5,120,548, 5,073,543, 5,639,476, 5,354,556, 5,639,480, 5,733,566,
5,739,108, 5,891,474, 5,922,356, 5,972,891, 5,980,945, 5,993,855, 6,045,830,
6,087,324, 6,113,943, 6,197,350, 6,248,363, 6,264,970, 6,267 981,
6,376,461,6,419,961, 6,589,548, 6,613,358, 6,699,500 and 6,740,634, cach of which
is incorporated herein by reference. Such dosage forms can be used to provide slow
or controlled-release of one or more active mgredients using, for example,

hydropropyimethyl cellulose, other polymer matrices, gels, permeable membranes,
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osmotic systems, multilayer coatings, microparticles, liposomes, microspheres, or a
combination thereof to provide the desired release profile in varying proportions.
Suitable controlied-release formulations known to those of ordinary skill in the art,
including those described herein, can be readily selected for use with the active

ingredients provided herein.

[06243]  All controlled-release pharmaceutical products have a common goal of
improving drug therapy over that achieved by their non-controlied counterparts.
Ideally, the use of an optimally designed controlled-release preparation in medical
treatment is characterized by a minimum of drug substance being employed to cure or
control the condition in a minitmum amount of time. Advantages of controlled-release
formulations include extended activity of the drug, reduced dosage frequency, and
increased patient compliance. In addition, controlled-release formulations can be
used to affect the time of onset of action or other characteristics, such as blood levels

of the drug, and can thus affect the occurrence of side (e.g., adverse) effects.

[006244] Most controlied-release formulations are designed to initially release an
amount of drug (active ingredicnt) that promptly produces the desired therapeutic
effect, and gradually and continually relcase of other amounts of drug to maintain this
level of therapeutic or prophylactic effect over an extended period of time. In order to
maintain this constant level of drug in the body, the drug must be released from the
dosage form at a rate that will replace the amount of drug being metabolized and
excreted from the body. Controlled-release of an active ingredient can be stimulated
by various conditions including, but not limited to, pH, temperature, enzymes, water,

or other physiological conditions or compounds.

[00245]  In certain embodiments, the agent may be administered using intravenous
infussion, an implantable osmotic pump, a transdermal patch, liposomes, or other
modes of administration. In one embodiment, a pump may be used. In another
embodiment, polymeric materials can be used. In yet another embodiment, &
controlled reiease system can be placed in proximity of the therapeutic target, i.e.,
thus requiring only a fraction of the systemic dose. In some embodiments, a
controlled release device is introduced into a subject in proximity of the site of
inappropriate immune activation or a tumor. The active ingredient can be dispersed in
a solid mner matrix, ¢.g., polymethylmethacrylate, polybutylmethacrylate, plasticized

or unplasticized polyvinylchloride, plasticized nylon, plasticized
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polyethyleneterephthalate, natural rubber, poiyisoprene, polyisobutylene,
polybutadiene, polyethylene, ethylene-vinylacetate copolymers, silicone rubbers,
polydimethyisiloxanes, silicone carbonate copolymers, hydrophilic potymers such as
hydrogels of esters of acrylic and methacrylic acid, collagen, cross-linked
potyvinylalcohol and cross-tinked partially hydrolyzed polyvinyl acctate, that is
surrounded by an outer polymeric membrane, e.g., polyethylene, polypropylene,
ethylene/propylene copolymers, ethylene/ethyl acrylate copoiymers,
cthylene/vinylacetate copolymers, silicone rubbers, polydimethyl siloxanes, neoprene
rubber, chlorinated polyethyiene, potyvinylchloride, vinyichloride copolymers with
vinyl acetate, vinylidene chloride, ethylene and propylene, ionomer polyethylene
terephthalate, butyl rubber epichlorohydrin rubbers, ethylene/vinyl aleohol
copolymer, ethylene/vinyl acetate/vinyl alcohol terpolymer, and
ethylene/vinyloxyethanol copolymer, that is insoluble in body fluids. The active
ingredient then diffuses through the outer polymeric membrane in a release rate
controlling step. The percentage of active ingredient contained m such parenteral
compositions is highly dependent on the specific nature thercof, as well as the needs

of the subject.

7. Targeted Formulations
[06246] The compounds provided herein, or pharmaceutically acceptable
derivatives thereof, may also be formulated to be targeted to a particular tissue,
receptor, or other arca of the body of the subject to be treated. Many such targeting
methods are well known to those of skill in the art. All such targeting methods are
contemplated herein for use in the instant compositions. For non-limiting examples
of targeting methods, see, e.g., U.S. Patent Nos. 6,316,652, 6,274,552, 6,271,359,
6,253,872, 6,139,865, 6,131,570, 6,120,751, 6,071,495, 6,060,082, 6,048,736,
6,039,975, 6,004,534, 5,985,307, 5,972,366, 5,900,252, 5,840,674, 5,759,542 and
5,709,874,

[60247] Inone embodiment, liposomal suspensions, including tissue-targeted
liposomes, such as tumor-targeted liposomes, may also be suitable as
pharmaceu.ticaﬂy acceptable carriers, These may be prepared according to methods
known to those skilled in the art. Briefly, liposomes such as multilamellar vesicles
(MLV's) may be formed by drying down egg phosphatidyl choline and brain

phosphatidyl serine (7:3 molar ratio) on the inside of a flask. A solution of a
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compound provided herein in phosphate buffered saline lacking divalent cations
(PBS) is added and the flask shaken until the lipid film is dispersed. The resuiting
vesicles are washed to remove unencapsulated compound, pelleted by centrifugation,

and then resuspended in PBS.

D. EVALUATION OF THE ACTIVITY OF THE COMPOUNDS
{00248] Standard physiological, pharmacological and biochemical procedures arc
available for testing the compounds to identify those that possess biological activities

that modulate the activity of CSF1R, FLT3, KIT, and/or PDGFRS kinase.

[66249] Such assays include, for example, biochemical assays such as binding

assays, radioactivity incorporation assays, as well as a variety of cell based assays.

[00256] In certain embodiments, the compounds disclosed herein are tested in an
M-NFS-60 cell proliferation assay to determine their cellular potency against CSFIR.
M-NFS-60s are mouse monocytic cells that depend on the binding of the ligand M-
CSF to its receptor, CSFIR, to proliferate. Inhibition of CSF1R kinase activity will
cause reduced growth and/or cell death. This assay assesses the potency of
compounds as CSF1R inhibitors by measuring the reduction of Alamar Blue reagent

by viable cells. An exemplary assay is described in the Examples section,

[00251]  In certain embodiments, competition binding assays were performed as
described in Fabian er al., Nature Riotechnology 2005, 23,329-336.

[00252] Inone embodiment, the compounds provided herein were found to have
Kds of about or less than about 150 nM against FLT3 kinase. In one embodiment, the
compounds provided herein have Kds of about 1 nM or less, 3 nM or less, 5 nM or
tess, .1-2 oM, 2-3 nM, 5-10nM, 10-25nM, 25-50 nM, or 50-150 nM, against FL.T3
kinase. In one embodiment, the compounds provided herein have Kds of less than
about 50, 25, 10, 5, 4, 3, 2, or 1 nM against FL'T3 kinase. In another embodiment, the
compounds provided herein have Kds of about or less than about 5 nM, 3 nM or I nM

against FLT3 kinase.

[00253] In one embodiment, the compounds provided herein were found to have
Kds of about or less than gbout 50 nM against KIT kinase. In one embodiment, the
compounds provided herein have Kds of about 1 oM or less, 3 nM or less, 0.1-2 oM,
2-5 nM, 5-10nM, or 10-25 M, against KIT kinase. In one embodiment, the

compounds provided herein have Kds of less than sbout 10, 5, 4, 3, 2 or 1 nM against
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KIT kinase. In another embodiment, the compounds provided herein have Kds of

about or less than about 5 nM, 3 nM or 1 nM against KIT kinase.

[60254] Inone embodiment, the compounds provided herein were found to have
Kds of about or less than about 100 nM or 50 nM against PDGFR kinase. In one
embodiment, the compounds provided herein have Kds of about about 1 nM or less, 3
nM or less, 0.1-2 oM, 2-5 nM, 5-10nM, or 10-25 M, against PDGFRP kinase. In one
embodiment, the compounds provided herein have Kds of less than about 10, 5, 4, 3,
2 or 1 nM against PDGFRP kinase. In another embodiment, the compounds provided
herein have Kds of about or less than about 5 nM, 3 nM or 1 nM against PDGFRP

kinase,

[06255] In one embodiment, the compounds provided herein were found to have
Kds of about or less than about 1 uM against CSF1R kinase. In one embodiment, the
compounds provided herein were found to have Kds of less than about 1, 0.5, 0.1 or
0.01 uM against CSF1R kinase. In one embodiment, the compounds provided herein
were found to have Kds of less than about 300, 200, 100, 50, 10,5, 4,3, 2, 0or 1 oM
against CSFIR kinase. In another embodiment, the compounds provided herein were
found to have Kds of about or less than about 5 nM, 3 nM or 1 nM against CSFIR
leinase,

E. METHODS OF USE OF THE COMPOUNDS AND

COMPOSITIONS
[60256]  Also provided herein are methods of using the disclosed compounds and
compositions, or pharmaceutically acceptable salts, solvates, hydrates, clathrates,
single stereoisomers, mixture of stercoisomers, racemic mixture of stereoisomers or
prodrugs thereof, for the treatment, prevention, or amelioration of a disease or
disorder that is mediated or otherwise affected via protein kinase activiy or one or
more symptoms of diseases or disorders that are mediated or otherwise affected via
protein kinase activity (see, Krause and Van Etten, NV Engl J Med (2005) 353(2):172-
187, Blume-Jensen and Hunter, Narure (2001) 411(17): 355-365 and Plowman et al.,
DN&P, 7:334-339 (1994)).

[6G257] In certain embodiments, provided herein are methods of treating the

following diseases or disorders:
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[00258]) 1) carcinomas include Kit-mediated and/or CSF1R-mediated carcinomas,
adenocarcinoma, squamous cell carcinoma, adenosquarnous carcinoma,
teratocarcinoma, head and neck cancer, brain cancer, intracranial carcinoma,
ghoblastoma including PDGFR-mediated glioblastoma, glioblastoma multiforme
inctuding PDGFR-mediated glioblastoma multiforme, neuroblastoma, cancer of the
larynx, multiple endocrine neoplasias 2A and 2B (MENS 2A and MENS 2B)
meluding RET-mediated MENS, thyroid cancer, including sporadic and familial
medullary thyroid carcinoma, papillary thyroid carcinoma, parathyreid carcinoma
including any RET-mediated thyroid carcinoma, follicular thyroid cancer, anaplastic
thyroid cancer, bronchial carcinoid, oat cell carcinoma, lung cancer, small-cell lung
cancer including flt-3 and/or Kit-mediated small cell lung cancer, stomach/ gastric
cancer, gastrointestinal cancer, gastrointestinal stromal tumors (GIST) including Kit-
mediated GIST and PDGFRo ~mediated GIST, colon cancer, colorectal cancer,
pancreatic cancer, islet cell carcinoma, hepatic/liver cancer, metastases to the liver,
bladder cancer, renal cell cancer including PDGFR-mediated renal cell cancer,
cancers of the genitourinary tract, ovarian cancer including Kit-mediated and/or
PDGFR-mediated and/or CSFiR-mediated ovarian cancer, endometrial cancer
including CSF1R-mediated endometrial cancer, cervical cancer, breast cancer
mcluding Fli-3-mediated and/or PDGFR-mediated and/or CSF1R-mediated breast
cancer, prostate cancer including Kit-mediated prostate cancer, germ cell tumors
including Kit-mediated germ cell tumors, seminomas including Kit-mediated
seminomas, dysgerminomas, including Kit-mediated dysgerminomas, melanoma
including PDGFR-mediated melanoma, metastases to the bone including CSF1R-
mediated bone metastages, metastatic tumors inclhuding VEGFR-mediated and/or
CSFI1R metastatic tumors, stromal tumors, neuroendocring tumors, tumor
angiogenesis including VEGFR-mediated and/or CSF1R-mediated tumor

angiogenesis, mixed mesodermal tumors;

[00259]  2) sarcomas including PDGFR-mediated sarcomas, osteosarcoma,
osteogenic sarcoma, bone cancer, glioma including PDGFR-mediated and/or CSF1R-
mediated glioma, astrocytoma, vascular turors including VEGFR-mediated vascular
tumors, Kaposi’s sarcoma, carcinosarcoma, hemangiosarcomas including VEGFR3-
mediated hemangiosarcomas, Iymphangiosarcoma including VEGFR3-mediated

fymphangiosarcoma,
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[60260]  3) liguid tumors, myeloma, multiple myeloma, leukemia,
myeloproliferative diseases (MPD), acute myeloid leukemia (AML) including f1t-3
mediated and/or KIT-mediated and/or CSF 1R-mediated acute myetoid leukemia,
chronic myeloid leukemias (CML) including Flt-3-mediated and/or PDGFR-mediated
chronic myeloid leukemia, myelodysplastic leukemias including Flt-3-mediated
myelodysplastic leukemia, acute megakaryoblastic leukemia CSF1R-mediated acute
megakaryoblastic leukemia, myclodysplastic syndrome, including Flt-3 mediated
and/or Kit-mediated myelodysplastic syndrome (MDS), idiopathic hypereosinophilic
syndrome (HES) including PDGFR-mediated HES, chronic eosinophilic leukemia
(CEL) including PDGFR-mediated CEL, chronic myelomonocytic leukemia
(CMML), mast cell leukemia including Kit-mediated mast cell leukemia, or systemic

mastocytosis including Kit-mediated systemic mastocytosis; and

[08261)  4) lymphoma, Hodgkin’s lymphoma, lymphoproliferative diseases, acute
lymphoblastic leukemia (ALL), B- cell acute lymphoblastic leukemias, T-cell acute
lymphoblastic leukemias, natural killer (NK) cell leukemia, B-celi iymphoma, T-cell
lymphoma, and natural killer (NK) cell lymphoma, any of which may be Flt-3
mediated and/or PDGFR-mediated, Langerhans cell histiocytosis including CSFIR-
mediated and fit-3-mediated Langerhans cell histiocytosis, mast cell tumors and

mMastocytosis;

[00262] 2) Nonmalignant proliferation diseases; atherosclerosis including CSFIR-
mediated atherosclerosis or PDGFR-mediated atherosclerosis, restenosis following
vascular angioplasty including PDGFR-mediated restenosis, and fibroproliferative
disorders such as obliterative bronchiolitis and idiopathic myelofibrosis, both of
which may be PDGFR-mediated, pulmonary fibrosis and also obesity and obesity-

induced insulin resistance, either of which may be CSF1R mediated,

[00263] 5) Inflammatory diseases or immune disorders including autoimmune
diseases, which include, but is not limited to, tissue transplant rejection, graft-versus-
host disease, wound healing, kidney disease, multiple sclerosis, thyroiditis, type 1
diabetes, sarcoidosis, allergic rhinitis, nephritis, Alzheimer's disease, inflammatory
bowel discase including Crohn’s disease and ulcerative colitis (UC), systemic lupus
erythematosis (SLE), cutaneous fupus erythematosis (SLE), lupus nephritis,
glomerular nephritis, arthritis, osteoarthritis, rheumatoid arthritis, psoriatic arthritis,

inflammatory arthritis, osteoporosis, asthma and chronic obstructive pulmonary
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disease (COPD), allergic asthma, ankylosing spondylitis, including any of the
aforementioned diseases which are flt-3-mediated and/or CSF1R-mediated and/or
KIT-mediated;

[06264] 6) Bone diseases including disorders relating to the mineralization,
formation and resorption of the bone, including but not limited to osteoporosis,
glucocorticoid-induced osteoporosis, pertodontitis, bone loss due to cancer therapy,
periprosthetic osteolysis, Paget’s disease, hypercaicemia, hypercalcemia of

malignancy, osteomyelitis, and bone pain; and

[60265] 7) Infectious diseases mediated either via viral or bacterial pathogens and

sepsis, including KIT-mediated and/or CSFIR~mediated sepsis.

[00266]  Also provided are methods of modulating the activity, or subceliular
distribution, of kinases in a cell, tissue or whole organism, using the compounds and
compositions provided herein, or pharmaceutically acceptable derivatives thereof. In
one embodiment, provided herein are methods of modulating the activity of FLT3
activity in a cell, tissue or whole organism using the compounds and compositions
provided herein, or pharmaceutically acceptable derivatives thereof. In one
embodiment, provided herein are methods of modulating the activity of CSFIR
activity in a cell, tissue or whole organism using the compounds and compositions
provided herein, or pharmaceutically acceptable derivatives thereof. In one
embodiment, provided herein are methods of modulating the activity of KIT activity
in a cell, tissue or whole organism using the compounds and compositions provided

herein, or pharmaceutically acceptable derivatives thereof.

[06267] In one embodiment, the methods provided herein are for treating tumor-
associated osicolysis, osteoporosis inciuding ovariectomy-induced bone loss,
orthopedic implant failure, renal inflammation and glomerulonephritis, transplant
rejection including renal and bone marrow allografts and skin xenograft, obesity,
Alzheimer's Disease and Langerhans cell histiocytosis. In one embodiment, the

methods provided herein are for treating chronic skin disorders including psoriasis.

[60268] In another embodiment, a method for treating periodontitis, Langerhans
cell histiocytosis, osteoporosis, Paget's disease of bone (PDB), bone loss due to cancer

therapy, periprosthetic osteolysis, ghicocorticeid-induced osteoporosis, rheumatoid
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arthritis, psoriatic arthritis, ostcoarthritis, and/or inflammatory arthritis is provided

herein.

[60269] In one embodiment, the methods provided herein are for treating bone
diseases including disorders relating to the mineralization, formation and resorption of
the bone, including but not limited to osteoporosis, Paget’s discase, hypercalcemia,

hypercalcemia of malignancy, osteolysis, osteomyelitis, and bone pain.

[00270] Inone embodiment, the methods provided herein are for treating cancers,
including, but not limited to liquid tumors, head and neck cancer, (originating in lip,
oral cavity, oropharynx, hypopharynx, larynx, nasopharynx, nasal cavity and
paranasal sinuses or salivary glands); lung cancer, including small cell ung cancer,
non-small cell lung cancer; gastrointestinal tract cancers, including esophageal cancer,
gastric cancer, colorectal cancer, anal cancer, pancreatic cancer, liver cancer,
gallbladder cancer, extrahepatic bile duct cancer, cancer of the ampulla of vater;
breast cancer; gynecologic cancers, including, cancer of uterine cervix, cancer of the
uterine body, vaginal cancer, vulvar cancer, ovarian cancer, gestational trophoblastic
cancer neoplasia; testicular cancer; urinary tract cancers, including, renal cancer,
urinary bladder cancer, prostate cancer, penile cancer, urcthral cancer; neurologic
tumors; tenosynovial giant cell tumors, endocrine neoplasms, including carcinoid and
islet cell tumors, pheochromocytoma, adrenal cortical carcinoma, parathyroid
carcinoma and metastases to endocrine glands. Tn another embodiment, the methods
provided herein are for treating carcinoma, breast cancer, ovarian cancer, bone
metastases, osteoporosis, Paget’s disease, hypercalcemia, hypercalcemia of
malignancy, osteolysis, osteomyelitis, bone pain, inflammatory bowel disease (IBD),
Crohn’s disease, ulcerative colitis (UC), systemic fupus erythematosis (SLE), lupus
nephritis, giomerular nephrifis, arthritis, osteoarthritis, rheumatoid arthritis,
osteoporosis, asthma, allergic asthma, chronic obstructive pulmonary disease
(COPD), psoriasis, ankylosing spondylitis, and muitiple sclerosis. In another
embodiment, provided herein are methods for treating inflammatory diseases of the
eye including conjunctivitis, uveitis, irifis, scleritis, biepheritis, meibomitis and optical
neuritis. In yet another embodiment, provided herein are methods for treating

glaucoma, diabetic retinopathy and macular degeneration,

{00271]  Further cxamples of cancers arc basal cell carcinoma; squamous cell

carcinoma; chondrosarcoma (a cancer arising in cartilage cells); mesenchymal-
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chondrosarcoma, soft tissue sarcomas, including, malignant tamours that may arise in
any of the mesodermal tissues {muscles, tendons, vessels that carry blood or lymph,
joints and fat), soft tissue sarcomas include; alveolar soft-part sarcoma, angiosarcoma,
fibrosarcoma, leiomyosarcoma, liposarcoma, malignant fibrous histiocytoma,
hemangiopericytoma, mesenchymoma, schwannoma, peripheral neuroectodermal
tumours, rhabdomyosarcoma, synovial sarcoma; gestational trophoblastic
tumour({malignancy i which the tissues formed in the uterus following conception

become cancerous); Hodgkin's lymphoma and laryngeal cancer.

{06272] In one embodiment, the cancer is a leukemia. In one embodiment, the
leukemia is chronic lymphocytic leukemia, chronic myelocytic leukemia, acute

tymphoblastic leukemia, acute myeloid leukemia, and acute myeloblastic leukemia.

[066273] In another embodiment, the leukemia is acute leukemia. In one
embodiment, the acute leukemia is acute myeloid leukemia (AML). In one
embodiment, acute myeloid leukemia is undifferentiated AML (M0}, myeloblastic
leukemia (M 1), myeloblastic leukemia (M2), promyelocytic leukemia (M3 or M3
variant [M3V]), myelomonocytic lcukemia (M4 or M4 variant with cosinophilia
[M4ET), monocytic leukemia (M5), erythroleukemia (M6), or megakaryobiastic
leukemia (M7). In another cmbodiment, the acute myeloid leukemia is
undifferentiated AMI (MO). In yet another embodiment, the acute myeloid leukemia
is myeloblastic leukermia (M1}, In vet another embodiment, the acute myeloid
leukemia is myeloblastic ieukemia (M2). In yet another embodiment, the acute
myeloid leukemia is promyelocytic leukemia (M3 or M3 variant [M3V]). In yet
another embodiment, the acute myeloid leukemia is myelomonocytic leukemia (M4
or M4 variant with cosinophilia [M4E]). In vet another embodiment, the acute
myeloid leukemia is monocytic leukemia (M3). In yet another embodiment, the acute
myeloid leukemia is erythroleukemia (M6). In vet another embodiment, the acute
myeloid [cukemia is megakaryoblastic leukermia (M7). In yet another embodiment,

the acute myeloid lenkemia is promyelocytic leukemia

(60274} In another embodiment, the acute leukemia is acute lymphocytic leukemia
(ALL). In one embodiment, the acute lymphocytic leukemia is leukemia that
originates in the blast cells of the bone marrow (B-cells), thymus (T-cells), or lymph
nodes. The acute lymphocytic leukemia is categorized according to the French-

American-British (FAB) Morphological Classification Scheme as L1 - Mature-
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appearing Jymphoblasts (T-cells or pre-B-cells), L2 - Immature and pleomorphic
{(variousiy shaped) lymphoblasts (T-cells or pre-B-celis), and L3 - Lymphoblasts (B-
cells; Burkitt's cells). In another embodiment, the acute lymphocytic leukemia
originates in the blast cells of the bone marrow (B-cells). In yet another embodiment,
the acute lymphocytic leukemia originates in the thymus (T-cells). In yet another
embodiment, the acute lymphocytic leukemma originates in the lymph nodes. In yet
another embodiment, the acute lymphocytic leukemia is 11 type characterized by
mature-appearing iymphoblasts (T-cells or pre-B-cells). In vet another embodiment,
the acute lymphocytic leukemia is L2 type characterized by immature and
pleomorphic (variously shaped) lymphoblasts (T-cells or pre-B-cells). In yet another
embodiment, the acute lvmphocytic leukemia is L3 type characterized by
lymphoblasts (B-cells; Burkitt's cells).

100275]  In yet another cmbodiment, the leukemia is T-cell leukemia, In one
embodiment, the T-cell leukemia is peripheral T-cell leukemia, T-cell lymphoblastic
leukemia, cutaneous T-cell leukemia, and adult T-cell leukemia. In another
embodiment, the T-cell leukemia is peripheral T-cell leukemia. In yet another
embodiment, the T-cell feukemia is T-cell lymphoblastic leukemia. In yet another
embodiment, the T-cell leukemia is cutaneous T-cell leukemia. In still another

embodiment, the T-cell leukemia is adult T-cell leukemia.

{60276] In yet another embodiment, the leukemia is Philadelphia positive. In one
embodiment, the Philadelphia positive leukemia is Philadelphia positive AML,
including, but not limited to, undifferentiated AML (MO), myeloblastic lcukemia
(M1), myeloblastic leukemia {M2), promyelocytic leukemia (M3 or M3 variant
[M3V]), myelomonocytic leukemia (M4 or M4 variant with eosinophilia [M4E]),
monocytic leukemia (M5), erythroleukemia (M6), or megakaryoblastic leukemia
(M7). In another embodiment, the Philadelphia positive leukemia is Philadelphia
positive ALL.

{00277  In still enother embodiment, the leukemia is drug resistant. In still another
embodiment, the gastrointestinal stromal tumor (GIST) is drug resistant. In still
another embodiment, the melanoma is drug resistant. In one embodiment, the subject

has developed drug resistance to the anticancer therapy.

162



WO 2013/056070 PCT/US2012/059983

[603278] The cancers to be treated herein may be primary or metastatic. In one
embodiment, the cancer is a solid or blood born metastatic tumor. In another

embodiment, the cancer is metastatic cancer of bone.

[06279]  Also provided are methods of modulating the activity, or subcellular
distribution, of CSFI1R kinase in a cell, tissue or whole organism, using the
compounds and cornpositions provided herein, or pharmaceutically acceptable salts,
solvates, hydrates, clathrates, single stereoisomers, mixture of stereoisomers or

racemic mixture of stereoisomers thereof,

[00280] The active ingredient(s) in one embodiment are administered in an amount
sufficient to deliver to a patient a therapeutically effective amount of the active
compound in order 1o e.g., treat the diseases described herein, without causing serious

toxic effects in a treated subject.

[00281] A typical dose of the compound may be in the range of from about 1 to
about 50 mg/kg, from about 1 to about 20 mg/kg, from about 0.1 to about 10 mg/kg,
from about 0.5 mg/kg to about 10 mg/kg, of body weight per day, more generally
from about 0.1 to about 100 mg/kg body weight of the recipient per day.
Alternatively, a typical dose of the compound may be in the range of from about 50
mg to about 500 mg. Lower dosages may be used, for example, doses of about 0.5-
100 mg, 0.5-10 mg, or 0.5-5 mg per kilogram body weight per day. Even lower doses
may be useful, and thus ranges can include fiom about 0.1-0.5 mg/kg body weight of
the recipient per day. The effective dosage range of the pharmaceutically acceptable
derivatives is calculated based on the weight of the parent compound to be delivered.
If the derivative compound itself exhibits activity, then the effective dosage can be
estimated as above using the weight of the derivative, or by other means known to

those of skill in the art.

[60282] The compounds are conveniently administered in units of any suitable
dosage form, including but not limited to one containing from about I to 2000 mg,
from about 10 to 1000 mg, or from about 25 to 700 mg of active ingredient per unit
dosage form. In one embodiment, the unit dose is selected from 12, 18, 25, 27, 40,
50, 60. 90, 100, 135, 200, 250, 300, 400, 450, 500, 600, 675, 700, 800, 500 and 1000
mgs. For example, an oral dosage of from about 25 to 1000 mg is usually convenient,

including in one or multiple dosage forms of 10, 12, 18, 25, 27, 40, 50, 60, 90, 100,
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135, 200, 250, 300, 400, 450, 500, 600, 675, 700, 800, 900 or 1000 mgs. In certain
embodiments, lower dosages may be used, for example, from about 10-100 or 1-50
mgs. Also contemplated are doses of 0.1-50 mg, 0.1-20 mg, or 0.1-10 mg.
Furthermore, lower doses may be utilized in the case of administration by a non-oral

route, as for example, by injection or inhalation.

[66283] The active ingredient may be administered at once, or may be divided into
a number of smaller doses to be administered at intervals of time. It is understood that
the precise dosage and duration of treatment is a function of the disease being treated
and may be determined empirically using known testing protocols or by extrapolation
from in vivo or in vitro test data, It is to be noted that concentrations and dosage
values may also vary with the severity of the condition to be alleviated. It is to be
further understood that for any particular subject, specific dosage regimens should be
adjusted over time according to the individual need and the professional judgment of
the person administering or supervising the administration of the compositions, and
that the concentration ranges set forth herein are exemplary only and are not intended

to limit the scope or practice of the compositions provided herein.

[06284]) In certain embodiments, the compound or composition provided herein can
be administered as a single once-a-day dose (QD) or as divided doses throughout a
day. In particular embodiments, the compound or composition is administered four
times per day (QID). In particular embodiments, the compound or composition is
administered three fimes per day (TID). In particular embodiments, the compound or
composition is administered two times per day (BID), In particular embodiments, the

compound or composition is administered once per day (QD).

[00285]  The administration can also be continuous (i.e., daily for consecutive days
ot every day) or intermittent . The term “Intermittent” or “intermittently” as used
herein is intended to mean stopping and starting at either regular or irregular intervals.
For gxample, intermittent administration of the compound of Formula I may be

administration for one o six days per weel or administration on alternate days.

[00286] In one embodiment, the compound or composition provided herein is
administered intermittently. In yet another embodiment, the compound or
composition provided herein is administered intermittently once weekly, twice weekly

or three times weekly. In yet another embodiment, the compound or composition
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provided herein is administered once weekly. In yet another embodiment, the
compound or composition provided herein is administered twice weekly. In yet
another embodiment, the compound or composition provided herein is administered
three times weekly. In one embodiment, the compound or composition provided
herein is administered QD intermittently once weekly, twice weekly or three times
weekly. In yet another embodiment, the compound or composition provided herein is
administered QD once weekly. In another embodiment, the compound or
composition provided herein is administered QD twice weekly. In another
embodiment, the compound or composition provided herein is administered QD three

times weekly.

[606287] Inone embodiment, the active ingredient is administered to achieve peak
plasma concentrations of the active compound of from about 0.02 to 20 uM, from
about 0.2 to about 5 pM or from about 0.5 to 10 uM.  For example, this can be
achicved by intravenous injection of a 0.1 to 5% solution of active ingredient,
optionally in saline, or administered as a bolus of active ingredient. It is to be
understood that for any particular subject, specific dosage regimens should be
adjusted over time fo meet individual needs, and will vary depending upon absorption,
mactivation and excretion rates of the drug. The concentrations set forth here are
exempiary only and are not intended to limit the scope or practice of the claimed
composition. The active ingredient may be administered all at onice, or may be

divided into a number of smaller doses to be administered at varying intervals of time.

{00288] The subject matter has been described in an illustrative manner, and it is to
be understood that the terminology used is intended to be in the nature of description
rather than of limitation. Thus, it will be appreciated by those of gkill in the art that
conditions such as choice of solvent, temperature of reaction, volumes, reaction time
may vary while still producing the desired compounds. In addition, one of skill in the
art will also appreciate that many of the reagents provided in the examples may be
substituted with other suitable reagents. See, e.g., Smith & March, Advanced Organic
Chemistry, 5™ ed. (2001).

F, COMBINATION THERAPY
{08289]  Furthermore, it will be understood by those skilled in the art that the
compounds, isomers, and pharmaceutically acceptable salts, hydrates, solvates

provided herein, including pharmaceutical compositions and formulations containing
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these compounds, can be used in a wide varicty of combination therapies to treat the
conditions and diseases described above. Thus, also contemplated herein is the use of
compounds, and pharmaceutically acceptable salts provided herein in combination
with other active pharmaceutical agents for the treatment of the disease/conditions

described herein.

[60298] In one embodiment, such additional pharmaceutical agents include without
limitation anti-cancer agents (including chemotherapeutic agents and anti-
proliferative agents), anti-inflammatory agents, immunomodulatory agents or

Inmunosuppressive agents.

[00291]  In certain embodiments, the anti-cancer agents include anti-metabolites
(e.g., 5-fluoro-uracil, cytarabine, clofarabine, methotrexate, fludarabine and others),
antimicrotubule agents (e.g., vinca alkaloids such as vincristine, vinblastine; taxanes
such as paclitaxel and docetaxel), alkylating agents (e.g., cyclophosphamide,
melphalan, carmusting, nitrosoureas such as bischloroethyinitrosurea and
hydroxyurea), platinum agents {e.g. cisplatin, carboplatin, oxaliplatin, satraplatin and
CI1-973), anthracyclines (e.g., doxrubicin and daunorubicin), antitumor antibiotics
{e.g., mitomycin, idarabicin, adriamycin and daunomycin), topoisomerase inhibitors
{e.g., ctoposide and camptothecing), anti-angiogenesis agents (e.g. Sutent®, sorafenib
and Bevacizumab) or any other cytotoxic agents, (e.g. estramustine phosphate,
prednimustine), hormones or hormone agomists, antagonists, partial agonists or partial

antagonists, kinase inhibitors (such as imatinib), and radiation treatment.

[60292] In certain embodiments, the anti-inflammatory agents include matrix
metalloproteinase inhibitors, inhibitors of pro-inflammatory cytokines (e.g., anti-TNF
molecules, TNF solubie receptors, and 11.1) non-steroidal anti-inflammatory drugs
(NSAIDs) such as prostaglandin synthase inhibitors (e.g., choline magnesium
salicylate and salicylsalicyclic acid), COX-1 or COX-2 inhibitors, glucocorticoid
receptor agonists (¢.g., corticosteroids, methylprednisone, prednisone, and cortisone)

or antifolates such as methotrexate,

[60293] The compound or composition provided herein, or pharmaceutically
acceptable salt of the compound, may be administered simultaneously with, prior to,

or after administration of one or more of the above agents.

166



WO 2013/056070 PCT/US2012/059983

[00294] Pharmaceutical compositions containing a compound provided herein or
pharmaceutically acceptable salt thercof, and one or more of the above agents are also

provided.

[00295]  Also provided, in one embodiment, is a combination therapy that freats or
prevents the onset of the symptoms, or associated complications of cancer and related
diseases and disorders, said therapy comprising the administration to a subject in need
thereof, one of the compounds or compositions disclosed herein, or pharmaceutically
acceptable salts thereof, with one or more anti-cancer agents. Also provided, in
another embodiment, is a combination therapy that treats or prevents the onset of the
symptom of osteoporosis and related diseases and disorders, said therapy comprising
the administration to a subject in need thereof, one of the compounds or compositions
disclosed herein, or pharmaceutically acceptable salts thereof, with one or more anti-
inflammatory or immunomodulatory agents. Also provided, in yet another
embodiment, is a combination therapy that treats or prevents the onset of the symptom
of rheurnatoid arthritis and related discases and disorders, said therapy comprising the
administration to a subject in need thereof, one of the compounds or compositions
disclosed herein, or pharmaceutically acceptable salts thereof, with one or more anti-

inflammatory or immunomodulatory agents.

G. PREPARATION OF COMPOUNDS
180296]  Starting materials in the synthesis examples provided herein are either
available from commercial sources or via literature procedures (e.g., March Advanced
Organic Chemistry: Reactions, Mechanisms, and Structure, (1992) 4th Ed.; Wiley
Interscience, New York). All commercially available compounds were used without
further purification unless otherwise indicated. 300 MHz Proton ('H) nuclear
magnetic resonance (NMR) spectra were recorded on a Bruker Avance 300 NMR
spectrometer. Significant peaks are tabulated and typically include: number of
protons, and multiplicity (s, singlet; d, double; t, triplet; g, quartet; m, multiplet; br s,
broad singlet). Chemical shifts are reported as parts per miltion (8) relative to
tetramethylsilane. Low resolution mass spectra (MS) were obtained as electrospray
ionization (EST) mass specira, which were recorded on a Shimadzy HPLC/MS
instrument using reverse-phase conditions (acetonitrile/water, 0.05% acetic acid).
Preparative reverse phase HPLC was typically performed using a Varian HPL.C

system equipped with a Phenomenex phenylhexyl, a Phenomenex Luna CI8, ora
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Varian Pursuit diphenyl reverse phase column; typical elution conditions utilized a
gradient containing an increasing composition of organic cosolvent (0.05%
HOAc/CH:CN or 0.05% HOAc/MeOI) to agueous cosolvent (0.05% agq HOAcC).
Silica gel chromatography was either performed manually, typically following the
published procedure for flash chromatography (Still et al. (1978).J. Org. Chem.
43:2923), or on an automated system (for example, Biotage SP instrument) using pre-

packed silica gel columns.

[60297]) It is understood that in the following description, combinations of
substituents and/or variables of the depicted formulae are permissible only if such

contributions result in stable compounds under standard conditions.

[06298] It will also be appreciated by those skilled in the art that in the process
described below, the functional groups of intermediate compounds may need to be
protected by suitable protecting groups. Such functional groups include hydroxy,
amino, mercapto and carboxylic acid. Suitable protecting groups for hydroxy include
trialkylsilyl or diaryialkylsilyl (e.g., /~butyldimethylsilyi, -butyldiphenylsilyl or
trimethylsilyl), tetrahydropyranyl, benzyl, and the like. Suitable protecting groups for
amino, amidino and guanidino include t-butoxycarbonyl, benzyloxycarbonyl, and the
like. Suitabie protecting groups for mercapto include -C{O)-R (where R is alkyl, aryl
or aralkyl), p-methoxybenzyl, trityl and the like. Suitable protecting groups for

carboxylic acid include allcyl, aryl or arallky! esters.

[00299] Protecting groups may be added or removed in accordance with standard
techniques, which are well-known to those skilled in the art and as described herein.
The use of protecting groups is described in detail in Green, T.W. and P.G.M. Wutz,
Protective Groups in Organic Synthesis (1991), 2nd Ed., Wiley-Interscience.

{00300] One of ordinary skill in the art could easily ascertain which choices for
each substituent are possible for the reaction conditions of each Scheme. Morcover,
the substituents are selected from components as indicated in the specification
heretofore, and may be attached to starting materials, intermediates, and/or final

products according to schemes known to those of ordinary skill in the art.

[00381]  Also it will be apparent that the compounds provided herein could exist as

one or more isomers, that is, E/Z isomers, enantiomers and/or diastercomers.
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[00302] Compounds of formula (I} may be generally prepared as depicted in the

following schemes, unless otherwise noted, the various substituents are as defined

elsewhere herein.

[08363]  Standard abbreviations and acronyms as defined in /. Org. Chem. 2007

72(1). 23A-24A are used herein. Other abbreviations and acronyms used herein are as

follows;

PCT/US2012/059983

AcOH acetic acid

DIEA diisopropylethylamine

DCM dichioromethane

DMA N.N-dimethylacetamide

EDCI N-(3-Dimethylaminopropyl}-N'-
ethylcarbodiimide hydrochloride

EtOAc ethyl acetate

EtOH ethanol

HATU O-(7-azabenzotriazol-1yD-N,N,N’ . N’-
tetramethyluronium hexafluorophosphate

HOAc acetic acid

LCMS liguid chromatography mass
spectrometry

MeOH methanol

t-BuOK | potassium zerf-butoxide

TEA triethylamine
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Scheme 1: General synthesis of compounds of formula (1).
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[60304] In an iliustrative method, certain compounds of formula (I) may be
routinely prepared according to the synthetic route outlined in Scheme 1. The readily
available 2-amino-substituted azole compounds 1 are either commercially available or
can be prepared from corresponding 4-aminoarylcarboxylates or 4-
aminoheteroarylcarboxylates using procedures analogous to those described by
Molinos-Gomez, et al. Tetrahedron 61, 9075 (2005). Amines 1 can be converted to
bromides 2 under Sandmeyer conditions with a bromine source such as, but not
limited to, cupric bromide, using an organic nitrite such as, but not limited to, ters-
butyl nitrite or iso-amyl nitrite. The reaction can be conducted in a solvent such as,
but not limited to, MeCN. The carboxylates of 2 can be reduced to give alcohols 3
using a reducing agent such as, but not limited to, DIBAL-H or LiBHj,, in a solvent
such as, but not limited to, DCM or THF. The alcohols 3 can be converted to
sulfonates 4 using a sulfonating agent such as, but not limited to, methanesulfony!
chloride or p-toluenesulfony! chloride. The reaction can be conducted in a solvent
such as, but not limited to, DCM or THF and promoted with a base such as, but not
limited to, TEA or pyridine. Alkylation of heteroaryls/heterocyclyls § with sulfonate 4
to give compounds 6 can be effected in the presence of a base, such as, but not limited
to, NaH or --BuQK. The slicylation can be conducted in a solvent such as, but not
limited to, DMF or THF, at elevated temperature if necessary. The regiochemistry of
the alkylation can be discerned by careful examination of the 2-dimensional nuclear
Overhauser effect (NOE) in the NMR of products. The bromides 6 can be treated with

amine 7 under nucleophilic substitution conditions at elevated temperature in a
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solvent such as, but not limited to, DMA or DMF, and promoted with a base such as,

but not limited to, DIEA or TEA to afford compounds 8.

Scheme 2: General synthesis of compounds of formula (I).
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[00G305]  1n an illustrative method, certain compounds of formula (1) may be
routinely prepared according to the synthetic route outlined in Scheme 2. The readily
available aminoaryl/heteroaryl cornpounds 9 can be converted to bromides 1§ with a
bromination agent such as, but not imited o, N-bromosuccimide or bromine. The
reaction can be conducted in a solvent such as, but not limited to, MeCN or DCM.
Condensation of bromides 10 with potassium O-ethy! carbonodithioate in a solvent
such as, but not limited to, DMF under refluxing conditions can afford mercaptan
compounds 11, which can be alkylated with iodomethane to give methylsulfides 12.
The reaction can be run in a solvent such as, but not limited to, DMF or DMA and
promoted with a base such as, but not limited to, K»CO; or Cs2CO; at elevated
temperature if necessary. Alternatively, methylsulfides 12 can be prepared starting
from bromides 2 by treating with sodium thiomethoxide in a solvent, such as, but not
limited to, THF or MeCN. The carboxylate group of 12 can be reduced to give
alcohols 13 using a reducing agent such as, but not limited to, DIBAL-H or LiBH,, in
a solvent such as, but not limited to, DCM or THF. The alcohois 13 can be converted

to chlorides 14 using an agent such as, but not limited to, thionyl chloride or oxalyl
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chloride, in a solvent such as, but not limited to, DCM. The reaction can be catalyzed
by the addition of a small amount of DMF. Alkylation of heteroaryls/heterocyclyls
with chiorides 14 to give compounds 15 can be effected using a base such as, but not
limited to, NaH or +-BuOK. The alkylation can be conducted in a solvent such as, but
not mited to, DMF or THF, at elevated temperature if necessary. The sulfide moiety
of 15 can be oxidized to the corresponding sulfoxide using an oxidizing agent such as,
but not limited to, m-CPBA or peracetic acid. The oxidation can be conducted in a
solvent such as, but not limited to, DCM or AcOH. The sulfiny! group of 16 can be
displaced with an amine 7 under nucleophilic substitution conditions at elevated
temperature to afford compounds 8. The reaction can be run in a solvent such as, but
not limited to, DMA or DMF, and promoted with a base such as, but not limited to,
DIEA or TEA.

Scheme 3: General synthesis of compounds of formula (1),
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[00306]  In another illustrative method, compounds of formula (I) may aiso be
routinely prepared according to the synthetic route outlined in Scheme 3. Heteroaryl
bromides 3 can react with amines 7 as previously described to give products 17,
which can be oxidized to the corresponding aldehydes 18 with an oxidizing agent
such as, but not limited to, Dess-Martin periodinane or MnQ», in a solvent such as,
but not limited to, BCM or MeCN. Condensation of aldehydes 18 and heteroaryls 19
can provide carbinol compounds 20 (R = H). The condensation can be promoted with

a basge such as, but not limited to, KOH or NaOH, in a solvent such as, but not limited
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to, MeOH or EfOH. When the reaction is conducted in an alcohol solvent, products 20
(R = alkyl) can also be isolated. Reduction of compounds 20 with a silane such as, but
not limited to, Et:SiH, promoted with the addition of an acid such as, but not limited
to, trifluoroacetic acid or methanesulfonic acid will provide compounds 21. The
reduction reaction can be conducted in a solvent such as, but not limited to, DCM or
MeCN.

Scheme 4: General synthesis of compounds of formula (I).
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[66307]  In another illustrative method, certain compounds of formula (I) may be
routinely prepared according to the synthetic route outlined in Scheme 4. The readily

available aminoaryl/heteroaryl mitriles 22 can be treated with a halogenating agent
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such as, but not limited to, N-chlorosuccimide or N-bromosuccimide to afford
halogenated products 23. The reaction can be conducted in a soivent such as, but not
limited to, MeCN or DCM. Condensation of compounds 23 with potassium O-ethyl
carbonodithioate in a solvent such as, but not limited to, DMF, under refluxing
conditions can afford mercaptan compounds 24, which can be alkylated with
iodomethane to give methylsulfides 25. The methylation reaction can be conducted in
a solvent such as, but not limited to, DMF or DMA and promoted with a base such as,
but not limited to, K,CO3 or Cs,COs, at elevated temperatures if necessary. The nitrile
group of 25 can be reduced to aminomethyi compounds 26 using a reducing agent
such as, but not limited to, LiAIH4 or nickel boride, in a solvent such as, but not
limited to, THE or dicthyl ether. Aryl/heteroaryl compounds 27 appropriately
substituted with halo and nitro groups can react with amines 26 to afford
corresponding amino and nitro substituted aryl/heteroaryl compounds 28, promoted
with a base such as, but not limited to, K2CO; or DIEA, in a solvent such as, but not
limited to, DMF or DMA. The reaction can be be further promoted by elevated
temperatures if necessary. The nitro group of 28 can be reduced to an amino group
using a reducing agent such as, but not limited to, Zn or Fe, in the presence of an acid
such as, but not limited to, AcOH or HCI, in a solvent such as, but not limited to,
DCM or EtOH. The diamino heteroaryls 29 can react with a trialkyl orthoformate
such as, but not limited to, trimethyl orthoformate or triethyl orthoformate to form
bicyclic heteroaryl compounds 30.. The cyclization reaction can be promoted with an
acid catalyst such as, but not limited to, HCOOH or AcOH at clevated temperaturc.
The sulfides 3¢ can be converted to sulfoxides 31, then to final compounds 32 as

described for Scheme 2.
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Scheme 5: General synthesis of compounds of formula (I).
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[6¢308] In another illustrative method, compounds of formula (¥) may also be
routinely prepared according to the synthetic route outlined in Scheme 5. Alkylation
of heteroaryls/heterocyclyls 33 with chlorides 14 to give compounds 34 can be
cffected using a base such as, but not limited to, NaH or #~-BuOK. The alkylation can
be conducted in a solvent such as, but not limited to, DMF or THF, at clevated
temperatures if necessary. Following a two step sequence of oxidation and
nucleophilic substitution as described in Scheme 2, the sulfides 34 can be converted
first to sulfoxides 35 and then to compounds 36. Suzuki coupling of 36 with aryl or
heteroaryl boronic acids or boronate esters catalyzed by a palladium catalyst such as,
but not limited to, Pd{dppfCl; or PACL(PPhy),, in a solvent such as, but not limited to,
MeCN or 1,4-dioxane, can provide the aryl-heteroaryl/biheteroaryl compounds 37.
The Suzuki reaction can be promoted with a base such as, but not limited to, Na,CO;
or KOAc, at elevated temperatures as needed. Compounds 36 can also undergo
Ullmann-type coupling with a NH-containing nucleophile such as, but not limited to,
an amine or carboxamide, to yield compounds 38. The reaction can be catalyzed with
a catalyst such as, but not limited to, copper (I) iodide or copper, promoted with a

base such as, but not limited to, K;COx or Cs;CO;, and conducted in a solvent such as,
but not limited to, DMF or NMP, at elevated temperature. Alternatively, compounds
34 (X = CO4R) can undergo aminolysis with any of various amines to give

carboxamides 39. The reaction can be promoted with a reagent such as, but not
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limited to, trimethylaluminum or triethylaluminum, and conducted in a solvent such
as, but not limited to, DCE or DCM. Following a two step sequence of oxidation and
nucleophilic substitution as described in Scheme 2, compounds 39 can be converted

to final compounds 46.

Scheme 6: General synthesis of compounds of formuia (I).
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1863069]  In another illustrative method, compounds of formula (I} may also be
routinely prepared according to the synthetic route outlined in Scheme 6. Starting
from appropriate aminoaryl/heteroaryl dihalides 41, Sonogashira coupling with
cthynylirimethylsilane catalyzed by a catalyst such as PACIy(PPhs), or PACl{dppf)
can afford the acetylenes 42. The coupling reaction can be promoted with a base such
as, but not fimited to, DIEA or TEA, and conducted i a solvent such as, but not
limited to, DMF or MeCN, at elevated temperatures if necessary. Condensation of 42
with potassium O-ethyl carbonodithioate in a sofvent such as, but not limited to, DMF,
with heating can afford mercaptan compounds 43, which can be alkylated with
iodomethane to give methylsulfides 44. The reaction can be conducted in a solvent
such as, but not Hmited to, DMF or DMA and promoted with bases such as, but not
limited to, KoCO5 or Cs2COy, at elevated temperatures if necessary. Three component
cyclization using acetyienes 44, aminoaryl/heteroaryl compounds 45,and
paraformaldehyde in a solvent such as, but not limited to, toluene at elevated

temperature provides compounds 46. The cyclization can be promoted with a catalyst

176



WO 2613/056070 PCT/US2612/059983

such as, but not limited to, copper (I) chloride and copper (1) triflate. Following a two
step sequence of oxidation and nucleophilic substitution as described in Scheme 2,

compounds 46 can be converted fo final compounds 47.

Scheme 7: General synthesis of compounds of formula {I).
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[00318] In another illustrative method, compounds of formula (I) may also be
routinely prepared according to the synthetic route outlined in Scheme 7. Alkylation
of heteroaryls 48 (wherein X is connected to W = carbon) with chlorides 14 from
Scheme 2 using conditions described in Scheme 2 can provide compounds 49.
Following a two step sequence of oxidation and nucleophilic substitution as described
in Scheme 2, compounds 49 can be converted to common intermediates 56. As
described in Scheme 3, Suzuki coupling of 56 with coupling partners such as, but not
limited to, boronic acids, boronate esters, or Molander trifluoroborates can yield
compounds 51. Ullmann coupling of §¢ with NH-containing nucleophiles such as, but

not limited to, amines or carboxamides, under conditions described for Scheme 5 can
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lead to compounds 52. Sonogashira coupling of 50 with acetylenes under conditions

described for Scheme 6 can yield compounds 53.

Scheme 8: General synthesis of compounds of formula (I).
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{08311]  In another illustrative method, compounds of formula (T) may also be

routinely prepared according to the synthetic route outlined in Scheme 8. Starting
from the common intermediates 50 described in Scheme 7, reduction of the
carboxyiates of 50 (X= CO,R) using a reducing agent such as, but not limited to,
DIBAL-H or LiBH,, in a soivent such as, but not fimited to, DCM or THF, can afford
alcohols 54. Stille coupling of 50 (X = I, Br, or Cl) with an appropriate tributyl
alkoxyvinyl stannane followed by acidic hydrolysis can yield the acety! compounds
55. The reaction is typically catalyzed by a catalyst such as Pd(PPhz)4 and conducted
in a solvent such as, but not limited to, DMF or DMA. Similariy, paliadium-mediated
cyanation of 50 (X = I, Br, or Cl) with a reagent such as, but not limited to, Zn(CN};,

can provide the cyano compounds 56. The reaction is catalyzed by catalysts such as
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PdCly(PPhs ), or PACL(dppf), promoted with bases such as, but not limited to, DIEA
or TEA, and conducted in solvents such as, but not limited to, DMF or MeCN, at
elevated temperature. Analogously, palladium-mediated sulfonylation of 50 (X =1, Br,
or Cl) with a reagent such as, but not Himited to, sodium methanesulfinate, can
generate sulfonyl compounds 57. The reaction is catalyzed by a catalyst such as, but
not limited to, copper (I} trifluoromethane-sulfonate benzene complex, promoted with
an amine such as, but not limited to, unsymmetrical N.N-dimethylethylene diamine,
and conducted in a solvent such as, but not limited to, DMF or DMSQ, at elevated
temperature. The carboxylate of common intermediates 50 (X = CO,R) can be
hydrolyzed using a base such as, but not limited to, NaOH or KOH, in a selvent such
as, but not limited to, MeOH or THEF, to give carboxylic acids 58. Coupling of acids
58 with any of various amines using peptide coupling agents such as, but not limited
to, EDCT or HATU, can afford the carboxamides 39. The reaction can be promoted
with a base such as, but not limited to, DIEA or TEA and conducted in a soivent such
as, but not limited to, DMFE or THF.

Scheme $: General synthesis of compounds of formula (1),
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100312]  In another illustrative method, compounds of formula (I} may also be
routively prepared according to the synthetic route outlined in Scheme 9. Alkylation

of amino nitro aryls/heteroaryls 60 with chlorides 14 can be cffected using a base such
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as, but not limited to, Nal or ~-BuOK to give compounds 28. The alkylation can be
conducted in a solvent such as, but not imited to, DMF or THF. Alternatively,
alcohols 13 can be oxidized to aldehydes 61 using an oxidizing agent such as, but not
limited to, Dess-Martin periodinane or MnQ,, in a solvent such as, but not limited to,
DCM or MeCN. Reductive alkylation of amino nifro aryls/heteroaryls 60 with
aldehydes 61 can be effected using a reducing agent such as, but not limited to,
NaCNBH; or Na(OAc¢);BH, usually in the presence of an acid such as, but not limited
to, TFA or AcOH, to give compounds 28. The reductive alkylation reaction can be
conducted in a solvent such asg, but not limited to, DCM or DCE. Compounds 28 can

be converted to the final compounds 32 as described in Scheme 4,

Scheme 10; General synthesis of compounds of fermmula (7).
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[40313]  In another illustrative method, compounds of formula (I) may also be

routinely prepared according to the synthetic route outlined in Scheme 10, Starting
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with nitriles 25 from Scheme 4, oxidation of the sulfide moiety and nucleophilic
substitution with amino alcohols such as, but not limited to, a single stereoisomer of
2-aminocyclohexanol, can provide the compounds 62. Simultancous protection of the
NH and OH groups of 62 by treatment with a ketal such as, but not limited to, 2,2~
dimethoxypropane in the presence of an acid catalyst such as, but not limited to, p-
toluenesulfonic acid or camphorsulfonic acid, in a solvent such as, but not lirnited to,
toluene or 1,4-dioxane, with heating as required can afford compounds 63. Reduction
of the nitrile group of 63 can be realized using a metal hydride such as, but not limited
t0, LiAlH: or nickel boride, in a solvent such as THF or diethyl ether to give amines
64. Using procedures analogous to those described in Scheme 4 for conversion of
compounds 26 to compounds 30, a three step sequence can convert compounds 64 to
compounds 65, after which the protecting group can be removed using an acid such as,
but not limited to, TFA in DCM or HCl in 1,4-dioxane, to give compounds of the
invention 66. Compounds 66 can furthermore be oxidized to ketones 67 using an
oxidizing agent such as, but not limited to, Dess-Martin periodinane or 2-
iodoxybenzoic acid, in a solvent such as, but not limited to, DCM or MeCN.
Treatment of ketones 67 with hydroxylamine or an alkoxylamine at elevated
temperature in a solvent such as, but not limited to, EtOH or MeOH can generate
oximes 68. The reaction can be promoted with a base such as, but not limited to,
pyridine. On the other hand, ketones 67 can react with organometallic agents such as,
but not limited to, Grignard rcagents or organolithium agents, in a solvent such as, but
not limited to, THF or diethyl ether, to give compounds 69, which may be formed as a

mixture of diastercoisomers.

Scheme 11: General synthesis of compounds of formula (I).
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[06314] In another iliustrative method, compounds of formula (F) may also be
routinely prepared according to the synthetic route outlined in Scheme 11. Reaction of
nitriles 56 from Scheme 8 with hydroxylamine derivatives at elevated temperature m
a solvent such as, but not limited to, EtOH or MeOH can generate hydroxyl or alkoxyl
amidines 70. The reaction can be promoted with a base such as, but not limited to,
pyridine. Reaction of nitriles 56 with azide, for example with NaNz and NH.Cl, in a
soivent such as, but not limited to, DMF or DMA, can provide tetrazole compounds
71. Alkylation of the tetrazoles with alkyl or haloaikyl halides using bases such as, but
not limited 1o, K2COz or Cs,CO;, in solvents such as, but not limited to, DMF or
DMA, at elevated temperature can yield tetrazole derivatives 72 and 73. Reduction of
the nitrile group of 56 can be realized using metal hydndes such as, but not limited to,
LiAlH; or nickel boride, in a solvent such as THF or diethyl other to give amino
compounds 74. Acylation of the amino group of 74 with an acylating group in the
presence of a base such as, but not limited to, pyridine or DIEA, in a solvent such as

DCM or DCE, can afford amides 75; corresponding carbamates or ureas can be
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prepared similarly, by using a chloroformate or an isocyanate, respectively, as the

acylating agent.

Scheme 12: General synthesis of oxazrole compounds
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[00315] In an illustrative method, the oxazole derivatives used herein may be
routinely prepared according to the synthetic route outlined in Scheme 12. Heating of
aminophenols 76 with potassium O-ethyl carbonodithioate in solvent such as, but not
limited to, pyridine can yield compounds 77. As described in Scheme 2, a three step
sequence of alkylation, reduction, and chlorination can generate chloride derivatives
80. Intermediate 78 from the above sequence can alternatively be converted to nitrile
78a by a standard three-step sequence consisting of ester hydrolysis, primary amide
formation, and dehydration. Final oxazole compounds of the invention can be
prepared by substituting oxazoles 79 in place of thiazoles 13 in Scheme 9 and
conducting the remainder of the synthetic sequence using procedures analogous to
those in Scheme 9; additional final oxazole compounds of the invention can be
prepared by substituting oxazoles 80 in place of thiazoles 14 in Schemes 2, 5, 7, and 9
and conducting the remainder of the respective synthetic sequences using procedures
analogous to those in Scheme 2, 5, 7, or 9; and additional final oxazole compounds of
the invention can also be prepared by substituting oxazoles 78a in place of thiazoles
25 in Schemes 4 and 10 and conducting the remainder of the respective gynthetic

sequences using procedures analogous to those in Scheme 4 or 10.
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Scheme 13: General synthesis of bicyclic imidazole derivatives (examples of

heteroaryls 48)
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[60316] In an illustrative method, bicyclic imidazole derivatives used herein may
be routincly prepared according to the synthetic route outlined in Scheme 13,
Nitration of amino aryl/heteroaryl compounds 81 can be realized using reagents such
as, but not limited to, a mixture of concentrated sulfuric acid and nitric acid, to give
amino nitro compounds §2. Reduction of compounds 82 using a reducing agent such
as, but not limited to, Zn or Fe in the presence of an acid such as, but not limited to,
AcOH or HCl, in a solvent such as, but not limited to, DCM or EtOH can give
diamino compounds 83. Compounds 83 can be converted to bicyclic imidazole
derivatives 84 by reaction with an orthoformate such as, but not limited to, trimethyl
orthoformate or triethyl orthoformate. The reaction can be promoted with an acid

catalyst such as, but not limited to, HCOOH or AcOH at clevated temperature.

Scheme 14: General synthesis of amino alcohol derivatives (examples of amines 7)
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[60317] In an illustrative method, amino alcohol derivatives used herein may be
routinely prepared according to the synthetic route outlined 1n Scheme 14,
Cycloalkenes 85 can be oxidized using reagents such as, but not limited to, mCPBA
or NaOCl to give epoxides 86, which can react with an azide such as, but not limited
to, TMSN: or n-BuyNNz, in a solvent such as, but not limited to, THF or DCM, to
give azido alcohols 87. The azido group of 87 can be reduced to an amino group using

hydrogenation or Staudinger reduction conditions to afford amino alcohols 88.

Scheme 15: General synthesis of amino aleohol derivatives (examples of amines 7)
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160318] In another iflustrative method, amino alcohol derivatives used hercin may
also be routinely prepared according to the synthetic route outlined in Scheme 15.
Amino acids 89 and 91 can be reduced to amino alcohols 98 and 92, respectively,
using a reagent such as, but not limited to, LiAlH, or diborane, in a solvent such as
THF or diethyl ether. Smmilarly, cyanohydrins 93 can be reduced to amino alcohols 94
using a metal hydride such as, but not limited to, LiAlH, or nickel boride, in a solvent

such as THF or diethyl ether.

Scheme 16: General synthesis of S-membered heteroaryl derivatives (exampies of

heterocyclyl compounds 8)
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j00319]  In an illustrative method, certain S-membered heteroaryl derivatives used

herein may be routinely prepared according to the synthetic route outlined in Scheme

16. Heteroaryls 95 containing an appropriate halo substituent can be protected with a

protecting group such as, but not limifed to, trimethyisilylethoxymethylene group, to

give compounds 96, The protection can be effected using a base such as, but not

limited to, NaH or ~BuOXK, and conducted in a solvent such as, but not lmited to,

DMF or THF, at elevated temperature if necessary. Haloheteroaryl compounds 96 can

undergo Suzuki coupling as described in Scheme 5 with coupling partners such as, but

not limited to, boronic acids, boronate esters, or Melander trifluorgborates to yield

compounds 97. Subsequent removal of the protecting group using a reagent such as,

but not limited to, TFA in DCM or HCI in 1,4-dioxane can provide heteroaryl
derivatives 98. Similarly, Ullmann-type coupling of 96 with NH-containing

nucleophiles such as, but not limited to, amine or carboxamdes, can lead to

compounds 99, from which the protecting group can be removed as above to afford

heteroaryl derivatives 100.

Scheme 17: General synthesis of 6-membered heteroaryl/heteroeyelyl derivatives

(examples of heteroaryl/heterocyclyl compounds 8)
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[06326¢] Inan illustrative method, certain 6~-membered heteroaryl/heterocyclyl
derivatives used herein may be routinely prepared according to the synthetic route
outlined in Scheme 17. Halogenated heteroaryl/heterocyclyl compounds 181 can
undergo Suzuki coupling as described in Scheme 5 with coupling partners such as, but
not limited to, boronic acids, boronate esters, or Molander trifluoroborates to yield
compounds 162. Subsequent alkaline hydrolysis with, for example, KOH or NaQH, in
a solvent such as, but not limited to, DMSO or THF can provide heterocyclyl
derivatives 103. Similarly, Ullmann-type coupling of halides 101 with a NH-
containing nucleophile such as, but not limited to, an amine or carboxamide, can lead
to compounds 104, from which subsequent hydrolysis can lead to

heteroaryl/heterocyclyl derivatives 105.

Scheme 18: General synthesis of compounds of formula (I).

R’W-I /\OJLSK
N
Y A,

Yo Me!, base z )J\/.\r
62, Y = or Br = !
WL S pes

v dig N Pd catalyst, ligand

base, solvent

F(CI} /“-o/v 107, =i ot 8r 108, ¥ = or Br 106
DMF

FOE, Y = or Br

Vi‘{,w\ NH,

e
Mo Pt o2 o
NCS, catalyst HJ\]/\(W:\]: s W Nm ‘I S TCPEADOH
— P LV
N \A},’ W N
LM
140 W

Glow
solvearnt base, solveni

112

W, 7 7
;f\(\( tbﬂ' % Rg'ﬁ“r’—ﬁ" m NWW‘IZFNW
- " W

‘W base, solvent, heating Vil §A
113 Wy 114



WO 2013/056670 PCT/US2012/659983

[60321] Inan illustrative method, compounds of formula (1) may also be routinely
prepared according to the synthetic route outlined in Scheme 18. The readily available
aminoaryl/heteroaryl derivatives 106 and 166a can react with potassium O-ethyl
carbonodithioate in solvent such as, but not limited to, DMF or pyridine with heating
to give fused mercaptan derivatives 107. Methylation of compounds 197 can be
realized using Mel promoted with a base such as, but not limited to, ¥,CO: or
CsCO0;5 in a solvent such as, but not limited to, DMF or DMA, to give compounds
108. Heck coupling of halides 108 with allyl aicobol catalyzed with a palladium-
based catatyst such as, but not limited to, Pd(OAc), or Pd(dba). provides the
propanals 169, The reaction can be promoted with a palladium ligand such as, but not
limited to, P{o-tolyi)s: or As(PPhs); and accelerated with a base such as, but not
limited to, NaHCQO, or KHCO,, The reaction can be conducted in a soivent guch as,
but not limited to, MeCN or DMEF. Chlorination of propanals 169 can be effected
using a chiorinating agent such as, but not limited to, N-chlorosuccinimide and
catalyzed with an amine such as, but not limited to, L-proline or piperidine to give
chlorides 110, Condensation of compounds 110 with six-membered 2-amino
heteroaryt derivatives 111 at elevated temperature promoted with a base such as, but
not limited to, NaHCO; or triethylamine in a soivent such as, but not limited to, n-
BuOH or DMF yields bicyclic heteroaryls 112. The sulfides of 112 can be oxadized fo
sulfoxides using an oxidizing agent such as, but not limited to, m-CPBA or peracetic
acid. The oxidation can be conducted in solvent such as, but not limited to, DCM or
AcOH. Sulfoxides 113 may react with amines 7 under nucleophilic substitution
conditions at elevated temperature to afford compounds £14. The reaction can be
conducted in a solvent such as, but not hmited to, DMA or NMP and promoted with a
base such as, but not limited to, DIEA or TEA.

Scheme 19: General synthesis of compounds of formula {i).
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[00322] In an illustrative method, compounds of formula (1) may also be routinely
prepared according to the synthetic route outlined in Scheme 19. Condensation of
compounds 110 from Scheme 18 with five-membered aminoheteroaryl derivatives

115 at elevated temperature promoted with a base such as, but not limited to, NaHCO-
ar triethylamine in a solvent such as, but not limited to, n-BuOH or DMF yields
bicyclic heteroaryls 116. Using procedures analogous to those described in Scheme 18,
oxidation of compounds 116 to give sulfoxides 117, followed by reaction with amines

7 provides compounds 118.

Scheme 20: General synthesis of cﬂmpf}unds of foermula (I).
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[00323]  In an illustrative method, compounds of formula (F) may also be routinely
prepared according to the synthetic route outlined in Scheme 20. Sulfides 168 from
Scheme 18 can be oxidized to sulfoxides 119 using an oxidizing agent such as, but not
Iimited to, m-CPBA or peracetic acid, as described in Scheme 18, Reaction of
sulfoxides 119 with amines 7 provides compounds 120, using a procedure analogous
to that described in Scheme 18. Heck coupling of halides 120 with allyl alcohol vields
propanals 121, using a procedure analogous to that described in Scheme 18.
Chlorination of 121 using NCS affords compounds 122. Condensation of compounds
122 with six-membered aminoheteroaryl derivatives 111 gives compounds 114, using

procedures analogous to those described 1n Scheme 18. Alternatively, condensation of
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chloroaldehydes 122 with bicyclic amino heteroaryls 123 provides tricyclic

compounds 124,

Scheme 21: General synthesis of compounds of formula (1),
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{66324] In an illustrative method, compounds of formula (I} may also be routinely
prepared according to the synthetic route outlined in Scheme 21. Amino nitro
aryls/heteroaryls 82 from Scheme 13 can be converted to formamides 125 when
heated in acetic formic mixed anhvdride. Alkylation of formamides 1258 with
chlorides 14 or 80 yields compounds 126. The alkylation reaction is promoted with a
base such as, but not limited to, NaH or t-BuQOK in a solvent such as, but not limited
to, DMF or THF. Reduction of the nitro group to an aming group, accompanied by
cyclization to compounds 127 may be effected utilizing a reducing agent such as, but
not limited to, iron or zing, in the presence of an acid such as, but not limited to,
AcOH or trifiuoroacetic acid. The reaction is conducted in a solvent such as, but not
limited to, EtOH or MeOH and may be promoted by heating at clevated temperature.
Compound 127 can be converted to the requisite compounds 32 using procedures

analogous to those described in Scheme 18 for conversion of 112 to 114,

Scheme 22:; General synthesis of compounds of formula (D).
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[06¢325] In an illustrative method, compounds of formula (T) may also be routinely
prepared according to the synthetic route outlined in Scheme 22. The benzyl groups of
compounds 128, which are prepared by methods described above, are removed using
a reagent such as, but not limited to, BBr: or TMSI in a solvent such as, but not
hmited to, DCM or CH;CN, to give hydroxyl compounds 129. The vicinal amino
alcohol functionality of 129 is protected, for example as an acetonide, by reacting
with a reagent such as, but not limited to, 2,2-dimethoxypropane to give compounds
130. The reaction is catalyzed by acid such as, but not limited to, p-toluenesulfonic
acid or camphor sulfonic acid in a solvent such as, but not limited to, 1,4-dioxane or
toluene. Alkylation of the hydroxyl group of 130 with alkyl halides is promoted with
a base such as, but not limited to, Cs;CO; or NaH in a solvent such as, but not Iimited
ta, NMP or THF to afford ethers 131, Deprotection of 131 with acid such as, but not
limited to, HCI or trifluoroacetic acid in a solvent such as, but not limited to, DCM or

CH:CN provides compounds 132.

Scheme 23: General synthesis of compounds of formula (f).
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[66326] In an illustrative method, compounds of formuia (I) may also be routinely
prepared according to the synthetic route outlined in Scheme 23. Compounds 133,
prepared as described above, can be converted to chlorides 134 by the treatment with
sulfury! chloride in a solvent such as, but not limited to, DCM or CH;CN.
Analogously, compounds 135 can be converted to chlorides 136 under the similar
conditions. Furthermore, treatment of compounds 135 with an agent such as, but not
limited te, diethylaminosulfur trifluoride (DAST) or Deoxo-fluor in a solvent such as,
but not limited to, DCM, can afford cyclohexenes 137. Dihydroxylation at the isolated
double bond of 137 with 0sQ4 and N-methylmorpholine oxide (NMO) in a solvent
such as, but not limited to, Hy(O/acetone/t-BuOH provides diol compounds 138 and
139.

Scheme 24: General synthesis of compounds of formuia {I).
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[003271 In an illustrative method, compounds of formula (I) may also be routinety
prepared according to the synthetic route outlined in Scheme 24, Compounds 28 (R =
H) from Scheme 3 can be oxidized to ketones 140 with a reagent, such as, but not
limited to, Dess-Martin periodinane or Jones reagent in a solvent such as, but not
limited to, CH:CN or acetone. Ketals 141 can be prepared by heating ketones 146
with an alcohol or diol in a solvent such as, but not limited to, toluene or benzene. The
reaction can be catalyzed with an acid such as, but not limited to, p-toluene sulfonic
acid or camphorsulfonic acid. Ketones 140 can also be bis-fluorinated to give
compounds 142 using a fluorinating reagent such as, but not limited to,
dicthylaminosulfur trifluoride (DAST) or Deoxo-Fiuor. Alcobols 20 can also be
converted to fizorides 142a using a fluorinating reagent, such as, but not limited to,

diethylaminosulfur trifluoride (DAST) or Deoxo-Fluor.

Scheme 25: General synthesis of compounds of formula (I).
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[00328] In an illustrative method, the compounds of formula (T} may also be
routinely prepared according to the synthetic route outlined in Scheme 25.
Compounds I3 from Scheme 2 can be oxidized to aldehydes 143 with a reagent such
as, but not limited to, Dess-Martin periodinane, in a solvent such as, but not limited
to, CH;CN or DCM. Meanwhile, readily available compounds 144 can be brominated
with a reagent such as, but not limited to, bromine or N-bromosuccimide to give
compounds 145. Trans-metallation of 145 with a reagent such as, but not limited to,
n-butyl lithium followed by treatment with aldehydes 143 can yield alcohols 146,
which can be converted to compounds 147 using procedures analogous to those
described in Scheme 4 for conversion of 30 to 32. The alcohols 147 can further be
converted to ketones 148, fluorides 1504, ketals 149, and difluoro compounds 150

using procedures analogous to those described in Scheme 24.

[60329]  The subject matter has been described in an illustrative manner, and it is to
be understood that the terminotogy used is intended to be in the nature of description
rather than of limitation. Thus, it will be appreciated by those of skill in the art that

conditions such as choice of solvent, temperature of reaction, volumes, reaction time
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may vary while still producing the desired compounds. In addition, one of skill in the
art will also appreciate that many of the reagents provided in the following examples
may be substituted with other suitable reagents. See, e.g., Smith & March, Advanced
Organic Chemistry, 5" ed. (2001). Such changes and modifications, including
without limitation those relating to the chemical structures, substituents, derivatives,
intermediates, syntheses, formulations and/or methods of use provided herein, may be
made without departing from the spirit and scope thereof. U.S. patents and

publications referenced herein are incorporated by reference.

EXAMPLES
Example 1
Preparation of 2-((6-((1H-benzo[d]imidazol-1-y)methyl)benzold]thiazo}-2-

yhamino)cyclohexanol
N
g
O AN

[003308] Step I: 6-({1H-Benzofd]imidazol-1-ymethyl}-2-bromobenzo{d}thiazole
(150 mg, 44%) was obtained as a white solid using a procedure analogous to that
described in Step 5 of Example 2, substituting 1H-benzo[d]imidazole for 5,6-
dimethoxy-1H-benzo[d]imidazole used in Example 2. '"H NMR (300 MHz, DMSO-
de) 6 8.45 (s, 1H), 8.06 (s, 1H), 797 (d, J=8.5Hz, 1H), 7.62 - 7.72 (m, {H), 7.45 -
7.58 (m, 2H), 7.13 - 7.28 (m, 2H), 5.65 (s, 2H). LCMS (EST) m/z 344, 346 (M+HY.

[08331] Step 2. 2-((6-((1H-Benzo|djimidazo!l-1-ylymethylbenzo{dlthiazol-2-
yhamino)cyclohexanol was obtained as a white solid (12 mg, 22%) using a procedure
analogous to that described in Step 4 of Example 2, substituting 6-((1H-
benzo[d]imidazol- I -yD)methyl)-Z-bromobenzo[d]thiazole from Step 1 of this Example
for 2-bromo-6-((5,6-dimethoxy-1H-benzofd}imidazol-1-yhmethyl)benzo[dJthiazole,
and racemic trans-2-aminocyclohexanol for (1R,2R)-2-aminocyclohexanol used in
Example 2. 'H NMR (300 MHz, DMSO-dq) § 8.40 (s, 1H), 7.98 (d, /= 7.5 Hz, 1H),
7.61 -7.69 (m, 2H), 7.49 - 7.539 (m, 1H), 7.25 - 7.34 (m, 1H), 7.13 - 7.24 (m, 3H),
5.46 (s, 2H), 4.75 (brs, 1H), 3.47 - 3.59 (m, 2H), 2.02 (d, /= 10.9 Hz, 1H), 1.87(d, J
=072 Hz, 1H), 1.61 (brs, 2H), 1.04 - 1.36 (m, 4H). LCMS (ESD) m/z 379 (M+H)".

Example 2
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Preparation of (1R,2R)-2-({6-((5,6-dimethoxy-1H-benzo[d]imidazel-1-

vhmethylybenzod]thiazel-2-vlaminojcyelohexanol

N N
=
QN D—NH O
; S d
o]
S

[68332] Step 1. To a solution of tert-butyl nitrite (4.5 ml., 37.5 mmol) and
copper(il} bromide (6.0 g, 27 munol) in CH;CN (100 mL) at rt was added a mixture of
ethyl 2-aminobenzo|djthiazole-6-carboxylate (5.0 g, 22.5 mmol) in CH3CN (50 mL).
The reaction suspension was stirred at rt for 1 h. The resulting reaction mixture was
guenched with 300 mL of 1 N HCI agueous solution and extracted with CH,Cl,
(3x200 mL). The combined organic layers were dried over MgSQ4, and concentrated
under reduced pressure. The crode product was purified on a silica gef column using a
mixture of CHyCly-hexanes (411, v/v) a8 eluent to give ethyl 2-
bromobenzo[d]thiazole-6-carboxylate as a white solid (6.2 g, 96%). "H NMR (300
MHz, CDCl3) 8 8.54 (d,./= 1.1 Hz, IH), 8.16 (dd, /= 1.5, 8.7 Hz, 1H), 8.02(d, J =
8.7 Hz, 1H), 4.43 (g, J = 7.2 Hz, 2H), 1 .43 (t, /= 7.2 Hz, 3H). LCMS (ES1) m/~z 288,
286 (M+H)".

[00333] Step 2: To a solution of ethyl 2-bromobenzo|dithiazole-6-crboxylate (5.0
g, 17.5 mmol) from Step 1 of this Example in anhydrous CH,Cl; was added DIBAL-
H{1.0 M in CH,;Cl;, 36.7 mL, 36.7 mmol) slowly at -78 °C. The solution was stirred
at -78 °C for 2 h. The resulting mixture was quenched with 10 mL of saturated aq
sodium potassium tartrate at -78 °C. After siowly warming to 0 °C, the mixture was
further treated with 50 mL of saturated aqg sodium potassium tartrate and stivred at rt
for 2 h. The aqueous layer was separated and extracted with CH,Cl; (3 x 100 mL).
The combined organic layers were washed with brine, dried over MgSQO., and
concentrated under reduced pressure. The crude product was purified on a silica gel
column using a mixture of EtQAc-hexanes (2:3, v/v) as eluent to give (2-
bromobenzo[djthiazol-6-ylymethanol as a white solid (3.4 g, 80%). 'H NMR (300
MHz, CDCl3) 8 7.96 (d, J = 8.3 Hz, 1H), 7.85 (s, 1H), 7.45 (dd, /= 1.4, 8.4 Hz, 1H),
4.83 (s, 2H), 1.86 (br 5, 1H). LCMS (ESI) m/z 244, 246 (M+H)".

[06334] Step 3: To a solution of (2-bromobenzo[d]thiazoi-6-yl)methanol (205 mg,
(.83 mmol) from Step 2 of this Exampie and DIEA (118 mg, 0.92 mmol) in CH,Cl;
(20 mL} cooled in an ethylene glycol-water {4:1, v/v) dry ice bath was added
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methanesulfonyl chloride (105 mg, 0.92 mmol) slowly. The reaction solution was
warmed to rt and stirred at vt for 1 h. The resulting mixture was quenched with 20 mL
of water. The separated aqueous layer was extracted with CH»Cly (3 x 20 mL). The
combined organic layers were washed with brine, dried over MgSO,, and
concentrated under reduced pressure to give (2-bromobenzo[d]thiazel-6-ylmethyl
methanesuifonate as a light yvellow solid (267 mg, 100%). LCMS (ESI) m/z 322, 324
(M-+H)".

[0€335] Step 4: To a solution of (2-bromobenzo[d}thiazoi-6-ylymethyl
methanesulfonate (460 mg, 1.4 mmol) from Step 3 of this Example in DMF (5 mL)
was added 5,6-dimethoxy-1H-benzo[dfimidazole (560 mg, 3.14 mmo}) portion wise
at rt, The mixture was stirred at rt overnight. The resulting solution was diluted with
40 mL of EtOAc and washed with water, brine. The separated organic layer was dried
over MgS0,, and concentrated under reduced pressure The crude product was
purified on a silica gel column using a mixture of MeOH-CH,Cl, (1:20, v/v) as cluent
to give 2-bromo-6-((5,6-dimethoxy-1H-benzofdlimidazol-1-
ylmethyl)benzo[djthiazole as a light yellow solid (427 mg, 75%). LCMS (EST) m/z
404, 406 (M+H)".

[80336] Step 5: To 2 suspension of 2-bromo-6-((5,6-dimcthoxy-1H-
benzo[djimidazol-1-vlimethyDbenzo[dlthiazole (202 mg, 0.3 mmol) from Step 4 of
this Examplc in DMA (4 mL) were added DIEA {129 mg, 1.0 mmol) and (1R,2R)-2-
aminocyclohexanol (69 mg, 0.6 mmol) at rt. The mixture was stirred in a sealed tube
at 120 °C overnight. After cooling to rt, the mixture was concentrated under reduced
pressure. The crude product was purified by HPLC using a mixture of water (5%
CH;CN, 0.05% AcOH) and CHACN (0.05% AcOH) as the mobile phase and Varian
Pursuit XRs Diphenyl column as the stationary phase to afford (1R,2R)-2-((6-((5,6-
dimethoxy-1H-benzo[d}imidazol- 1-ylymethyl)benzo[d]thiazoi-2-
ylamino)cyclohexanol as a white solid (127 mg, 58%). "H NMR (300 MHz, DMSO-
de) 8 8.14 (s, iH), 7.99 (d, J= 7.5 Hz, 1H), 7.62 (5, 1F), 7.04 - 7.34 (m, 4H), 3.40 (5,
2HD), 4.77 (br s, 1F), 3.76 (s, 6H), 3.51 (brs, 1H), 1.77 - 2.14 (m, 3H), 1.61 (br, 2H),
1.04 - 1.38 (m, 4H). LCMS (EST) m/z 439 (M-+H)",
Example 3
Preparation of (1.R,2R)-2-((6-((3H-imidazo|4,5-b|pyridin-3-
viymethyi}benzo[d]thiazel-2-y)amino)cyciohexanol methanesulfonic acid
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[06337] Step 1: To a solution of ethyl 2-bromobenzo]d]thiazole-6-carboxylate (4.8
g, 16.8 mmol) from Step | of Example 2 in THF (100 mL) was added sodium
thiomethoxide (1.74 g, 25.2 mmol) slowly at 0 °C. The reaction mixture was stirred at
tt overnight, The mixture was diluted with Et,0 (200 mL) and washed with saturated
aq NaHCOs and brine. The organic layer was dried over MgSQ4 and concentrated
under reduced pressure to give ethyl 2-(methylithio)benzo[d]thiazole-6-carboxylate as
a white solid (4.18 g, 98%). "H NMR (300 MHz, CDCl;) § 8.48 (d,J = 1.5 Hz, 1H),
8.11(dd, J= 1.6, 8.6 Hz, 1H), 7.87 (d, J = 8.5 Hz, 13),4.41 (y, J= 7.1 Hz, 2H), 2.82
(s, 3H), 1.42 (t, J= 7.1 Hz, 3H) LCMS (ESI) m/z 254 (M+H)",

[00338]  Step 2: (2-(Methylthio)benzo[d]thiazol-6-ylimethanol (4.1 g, 88%) was
obtained as a white solid using a procedure analogous to that described in Step 2 of
Example 2, substituting ethyl 2-(methylthio)benzo[d]thiazole-6-carboxylate from Step
1 of this Example for ethyl 2-bromobenzo[d]thiazole-6-carboxylate used in Exampie
2. LCMS (ESD) m/z 212 (M+H)".

[06339] Step 3. To a solution of (2-(methylthio)benzo{d]thiazol-6-ylymethanol
(4.1 g, 19.4 mmol} from Step 2 of this Example and DIEA (3.26 g, 25.3 mmol) in
CH,Cl, (200 mL) was added methanesulfonyl chloride (2.88 g, 25.3 mmol) slowly at
0 °C. The mixture was then treated with 2 drops of DMF and stirred at rt overnight.
The mixture was quenched with 300 mL of saturated aq NaHCOs. The separated
aqueous layer was extracted with CH,Cly (2 x 250 mL). The combined organic layers
were washed with brine, dried over MgSQ,, and concentrated under reduced pressure
to give 6-(chloromethy!)-2-(methylthio)benzo[d]thiazole as a light brown solid (4.4 g,
99%). "H NMR (300 MHz, DMSO-ds) § 8.10(d, /= 1.5 Hz, 1H), 7.84 (d, /= 8.5 Hz,
1H), 7.53 (dd, J= 1.6, 8.4 Hz, 1H), 4.89 (s, 2H), 2.80 (s, 3H). LCMS (ESI) mz 231
(M+H)".

[06340] Step 4: To a solution of 3H-imidazo[4,5-bjpyridine (2.99 g, 25 mmol) in
DMEF (100 mL) was added sodium hydride (60% in mineral 0il, 1.0 g, 25 mmol)

slowly at 0 °C. After the reaction mixture was stirred at rt for 20 min, it was treated
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with a sofution of 6-(chloromethyl)-2-{methylthio)benzo[d]thiazole from Step 3 of
this Example (4.8 g, 21 mmol) in DMF (20 mL) at 0 °C. The reaction mixture was
then stirred at rt overnight. The mixture was quenched with 3 mI of saturated aq
NH4Cl and concentrated under reduced pressure. The residue was diluted with 600
mL of EtOAc and washed with water and brine. The organic layer was dried over
MgSOy and concentrated under reduced pressure The crude product was purified on a
silica gel column using a mixture of MeOH-CH,Cl; (1:30, v/v) as eluent to give 6-
((3H-imidazo{4,5-blpyridin-3-yDmethyl}-2-(methyithio}benzo[dJthiazole as a tan
solid (2.5 g, 38%). The regiochemistry of the alkylation was determined by a 2-
dimensional nuclear Overhauser effect (NOE) experiment. "H NMR (300 MHz,
DMSO-ds) 6 8.65 (s, 1H), 8.38 (dd, /= 1.2, 48 Hz, 1H), 8.11 (dd, J= 1.3,8.1 Hz,
1H), 8.00 (d, /=11 Hz, iH), 781 (d, /=83 Hz, 1H), 746 (dd, /= 1.6, 84 Hz, 1H),
7.30 (dd.J =48, 8.0 Hz, 1H}), 5.62 (s, 2H), 2.77 (s, 3H). LCMS (EST) m/z 313
(M+H)".

[00341] Step 5: To a solution of 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylthio)benzo[d]thiazole (2.5 g, 8 mmol) in CH,ClL; (150 mL) was added
mCPBA (70%, 2.36 g, 9.6 mmol) slowly at 0 °C. The mixture was stirred at rt
overnight. The resulting solution was dituted with 150 mL. CH;Cl, and washed
sequentially with saturated aq NasS:0s, saturated ag NaHCO; and brine. The organic
layer was dried over MgS0Os, and concentrated under reduced pressure to give 6-((3H-
imidazo[4,5-bjpyridin-3-yDmethyl)-2-(methylsulfinyl)benzo[d}thiazole as a white
sofid (2.6 g, 99%). "H NMR (300 MHz, DMSO-ds) § 8.68 (s, 1H), 8.37 (dd, ./ = 1.3,
4.7 Hz, 1H), 8.23(d, /= 0.9 Hz, 1H), 7.99 - 8.18 {m, 2H), 7.63 (dd, /= 1.7, 8.5 Hz,
1H), 7.30 (dd, J=4.7, 8.1 Hz, 1H), 5.70 (s, 2H), 3.06 (s, 3H). LCMS (ESI) m/z 339
{(M+H)y".

[00342] Step 6: To a suspension of 6-{(3H-imidazo[4,5-blpyridin-3-ylymethyi}-2-
(methylsulfinyl)benzo[d]thiazole (1.3 g, 3.96 mmol) from Step 5 of this Example in
DMA {6 mL) were added DIEA (511 mg, 3.96 mmol) and (1R,2R)-2-
aminocyclohexanol (1.36 g, 11.9 mmol) at rt. The reaction mixture was stirred in a
sealed tube at 120 °C for 6 h. After cooling to 11, the mixture was diluted with 120 mL
of EtOAc and washed with 120 mL of water. The organic layer was dried over
MgS0, and concentrated under reduced pressure. The crude product was purified on a

silica gel column using a mixture of acetone-EtOAc (1:12, v/v) as eluent to give
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{(1R,2R)-2-((6~((3H-imidazo[4,5-b]pyridin-3-yymethyl)benzo[d]thiazol-2-
yhamino)eyclohexanol as an off white solid (864 mg, 58%). 'H NMR (300 MHz,
DMSO-ds) 5 8.60 (s, 1H), 8.38 (dd, J = 1.3, 4.7 Hz, 1H), 8.09 (dd, J= 1.2, 8.0 Hz,
1H), 7.95 (d, J=7.5 Hz, 1H), 7.67 (s, 1H), 7.17 - 7.35 (m, 3H), 5.49 (s, 2H), 4.73 (d,
J=5.3Hz, 1H), 3.52 (d, = 8.5 Hz, 1H), 3.32 (brs, 1H), 1.76 - 2.12 (m, 2H), 1.61 (br
s, 2H), 1.07 - 1.38 (m, 4H). LCMS (ESI) m/z 380 (M+H) ",

[00343] Step 7: To a suspension of (1R, 2ZR)-2-({6-((3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol (1.84 g, 4.88 mmol) in EtOH
(100 mL) was added methanesulfonic acid (478 mg, 4.98 mmol) at rt. The reaction
mixture was stirred at 55 °C for 2 h. After cooling to rt, the mixture was concentrated
under reduced pressure. The residue was diluted with 15 mL of water and freeze dried
overnight to give (1R, 2R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo]d]thiazol-2-yl)amino)cyclohexanol methanesulfonate as a tan solid
(2.32 g, 100%). "H NMR (300 MHz, McOH-d4) 5 8.80 (s, 1), 8.50 (dd, /= 1.1, 4.7
Hz, 1H), 8.15 (dd, /= 1.1, 8.1 Hz, 1H), 7.82 (s, 1H), 7.36 - 7.59 (m, 3H), 5.68 (s, 2H),
3.40 - 3.65(m, 2H), 2.71 (s, 3H), 2.06 (d, /= 12.2 Hz, 2H), 1.79 (d, / = 6.6 Hz, 2H),
1.24 - 1.55 (m, 4H). LCMS (EST) m/z 380 (M+H)".

Example 4
Preparation of a mixture of (1R,2ZR)-2-((6-((6-methoxy-1H-benzo[d]imidazol-1-
yhmethylybenze[d|thiazol-2-yl)amino)cyclohexanel and (1R,2R)-2-{{6-{(5-
methoxy-1H-benzo{d]imidazol-1-y)methyl}benzo|d]thiazel-2-

yhamino)cyclohexanol

Qﬁw’ ¢ ana @« ﬁ‘”‘“ ¢

[66344] Step 1: A mixture of 2-bromo-6-{(6-methoxy-1H-benzo[d]imidazol-1-
yhmethyl)benzo[dlthiazole and 2-bromo-6-((5-methoxy-1H-benzo|djimidazol-1-
yhmethyl)benzo[d}thiazole (846 me, 81%) was obtained as white solid using a
procedure analogous to that described in Step 4 of Example 2, substituting 6-
methoxy-1H-benzo{d]imidazole for 5,6-dimethoxy-1H-benzo[d imidazole used
Example 2. LOMS (ESI) m/z 374, 376 (M+H)",
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[00345] Step 2: A mixture of (1R,2R)-2-((6-{{6-methoxy-1H-benzold]imidazol-1-
ylymethyl)benzofd]thiazol-2-yl)amino)cyclohexanol and (1R, 2R)-2-((6-((5-methoxy-
1H-benzo[d]imidazol-1-ylmethylbenzo[d]thiazol-2-yamino)cyclohexanol (119 mg,
519%) was obtained as a white solid using a procedure analogous to that described in
Step 5 of Example 2, substituting the mixture of 2-bromo-6-((6-methoxy-1H-
benzo[d}imidazol-1-yl)ymethyl}benzo{d]thiazole and 2-bromo-6-{(5-methoxy-1H-
benzo[dJimidazol-1-yl)methyl)benzo]d]jthiazole from Step 1 of this Example for 2-
bromo-6-((5,6-dimethoxy-1H-benzo| dlimidazol- 1 -yhmethyl)benzo[dJthiazole used in
Example 2. 'H NMR (300 MHz, DMSO-d5) 8 8.31 (s, 1H), 824 (s, 1H), 7.98 (d, J =
7.3 Hz, 2H), 7.58 - 7.69 (m, 2H), 7.52 (d,.J = 8.7 Hz, 1H), 7.35 - 7.46 (m, 1H), 7.25 -
7.34 (m, 2H), 7.06 - 7.24 (m, 4H), 6.82 (ddd, /= 2.3, 6.8, 8.8 Hz, 2H), 5.42 (s, 4H),
4.78 (brs, 2H), 3.76 (d, J = 2.3 Hz, 6H), 3.51 (br s, 3H), 3.27 - 3.40 (m, 2H), 1.77 -
2.18 {m, 4H), 1.62 (d, /= 5.1 Hz, 4H), 1.04 - 1.42 (m, 7H). LCMS (ESI) m/z 409
(M+H)".
Example 5
Preparation of (1R,2R)-2-((6-((1 H-imidazo[4,5-b]pyridin-1-

yhmethylbenzo[dithiazol-2-vl)amino)cyclohexanol
K N
= CH
PEY

[60346] Step 1: To a solution of (Z-bromobenzo[ ¢lthiazol-6-yl)methy]
methanesulfonate (900 mg, 2.79 mmol) from Step 3 of Example 2 and 1H-
imidazo[4,5-b]pyridine (365 mg, 3.07 mmol) in DMF (8§ mL) was added potassium
carbonate (560 mg, 3.14 mmol) at rt. The reaction mixture was stirred at rt overnight.
1t was then dituted with 80 mL of EtOAc and the resulting mixture was washedwith
water and brine. The organic layer was separated and dried over MgSQ4, and
concentrated under reduced pressure. The crude product was purified on a silica gel

column using a mixture of MeQH-CH,CI, (1:20, v/v) as eluent to give three isomers:

[00347])  Isomer 1: 6-((3H-Imidazo[4,5-b]pyridin-3-ylymethyl)-2-

bromobenzoldthiazole
Ne.d © N
y :\\/Q: P
NN S>~ r
=N a b
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[06348]  'H NMR (300 MFz, DMSO-dy) § 8.67 (s, 1H), 8.37 (dd, /= 1.3, 4.7 Hz,
1H), 8.12 (dd, J= 1.2, 8.0 Hz, 1H), 8.06 (d, /= 0.9 Hz, 1H), 7.93 - 8.00 (m, 1H), 7.55
(dd,J=1.5, 8.5 Hz, 1H), 7.31 (dd, J = 4.8, 8.0 Hz, 117), 5.67 (s, 2H). NOESY: a-b, a-
¢, a-d. LCMS (EST) n/z 345, 347 (M1,

003491  Isomer 2: 6~((1H-Imidazo[4,5-b]pyridin-1-yDmethyl)-2-

bromabenzofd]thiazole
N d N
@1\/@ S\>_Br

a b
e

[00350] 'H NMR (300 MHz, DMSO-ds) 8 8.72 (s, 1H), 8.42 (dd, J = 1.5, 4.7 Hz,
1H), 8.08 (d, J= 0.9 Hz, 1H), 7.99 (td, /= 1.7, 8.1 Hz, 2H), 7.50 - 7.60 (m, 1H), 7.25
(dd, J= 4.7, 8.1 Hz, 1H), 5.70 (s, 2H). NOESY: a-b, a-c, a-d, a~e. LCMS (ESI) m/z
345, 347 (M+H)".

[00351] Isomer 3: 6-((4H-Imidazo[4,5-blpyridin-4-ylmethyl)-2-

bromobenzofd]thiazole
e fc N
| o \>—-Br
N s
N\\’- ;’\j a b
d

[00352] 'H NMR (300 MHz, DMSO-dy) 8 8.42 - 8.51 (m, 1H), 8.28 - 8.40 (m, 2H),
8.20 (d,J=0.9 Hz, 1H), 7.99 (d, /= 8.5 Hz, 1H), 7.68 (dd, /= 1.6, 8.4 Hz, 1H), 7.21
- 7.35 (m, 1H), 6.04 (s, 2H). NOESY: a-b, a-c, a-f. LCMS (ESI) m/z 345, 347
(M+H)",

[06353] Sfep 2: (1R.2R»2-((6-((1H-Imidazo[4,5-b]pyridin-1-
ylimethylibenzo[d]thiazol-2-yl)amino)cyclohexanol (41 mg, 42%) was obtained as a
white solid using a procedure analogous to that described in Step 5 of Example 2,
substituting the 6~((1H-tmidazo[4,5-b]pyridin-1-ylymethyl)-2-bromobenzo[d]thiazole
{Isomer 2) from Step 1 of this Example for 2-bromo-6-((5,6-dimethoxy-1H-
benzofdJimidazol-1-ylymethyl)benzo{d]thiazole used in Example 2. 'H NMR (300
MHz, DMSO-d;) 6 8.66 (s, 1H), 8.35 - 8.44 (m, 1H), 8.00 (d, /= 7.0 Hz, 2H), 7.69 (s,
1H), 7.12 - 7.36 (m, 3H), 5.50 (s, 2H)}, 4.77 (br s, 1H), 3.24 - 3.40 (m, 2H), 2.02 (d, J
=102 He, 1H), 1.87 (d, /=9.4 Hz, 1H), 1.62 (d,/ = 4.9 Hz, 2H), 1.22 (d, /= 6.0 Hz,
4H). LCMS (ESI) m/z 380 (M+H)".
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Exampie 6
Preparation of (1R,2R)-2-({6-((1H-benzo[d}imidazoi-1-yymethyl)benzold]thiazel-

2-yDamino)cyciohexanol
Na=y N\>——NH CH
sasale

f08354] To a suspension of 6-({1H-benzo{dJimidazol-1-ylymethyD-2-
bromobenzo[d]thiazole from Step 1 of Example 1 (34.4 mg, 0.1 mmol} in DMA (3
mL) were added DIEA (15 mg, 0.12 mmol) and (1R,2R)-2-aminocyclohexanol (13.8
mg, 0.12 mmol) at rt. The reaction mixture was stirred in a sealed tube at 120 °C
overnight. After cooling to rt, the mixture was concentrated under reduced pressure.
The crude product was purified by preparative HPLC using a mixture of water
(containing 5% CHaCN, 0.05% HCOOH) and CH:CN {(contatning 0.05% HCOOH)
as the mobile phase and Varian Pursuit XRs C-18 column as the stationary phase to
afford (1R,2R)-2-((6-({1H-benzo[ d]imidazol-1-ylmethyl)benzo[d]thitazol-2-
yhamino)eyclohexanol (22 mg, 58%) as a white solid. ‘H NMR (300 MHz, DMSO-
ds) 3840 (s, 1H), 7.99(d, /=73 Hz, 1H), 7.60 - 7.72 (m, 2H), 7.55 (dd, J = 2.6, 6.0
Hz, 1H), 7.26 - 7.34 (m, TH), 7.12 - 7.25 (m, 3H), 5.47 (s, 2H), 4.76 (br s, 1H), 3.26 -
3.39 (m, 2H), 2.03 (d, /= 10.0 Hz, 1H), 1.87(d, /=94 Hz, 1H}, 1.62 (d, /= 4.7 Hz,
2H), 1.03 - 1.39 (m, 4H). LCMS (EST) m/z 379 (M+H)".

Exampie 7
Preparation of (18,25)-2-((6-((1LH-benzo{d}limidarol-1-ylymethyDbenzo{d]thiazol-

2-yhamino)cyciohexanol
N N
= R OH
@:}v \/Q:S%Nrd

[00355]  (15,28)-2-((6-((1H-Benzo[d]imidazol-1-ylymethyhbenzo[d]thiazol-2-
yhamino)cyciohexanol (27 mg, 71%) was obtained as a white solid using & procedure
analogous to that described in Example 6, substituting (15,25)-2-aminocyciohexanol
for (1R,2R)-2-aminocyclohexanol used in Example 6. 'H NMR (300 MHz, DMSO-dq)
8 8.40 (s, 1H}, 8.03 (d,./= 7.3 Hz, 1H), 7.60 - 7.72 (m, 2H), 7.55 (dd, J= 2.6, 6.0 Hz,
1H), 7.25 - 7.34 {m, 1H), 7.11 - 7.24 (m, 3H), 5.46 (s, 2H), 4.82 (br s, 1H), 3.50 (br s,
2H), 1.82 - 2.15 (m, 2H), 161 (br s, 2H), 1.02 - 1.41 (m, 4H). LCMS (EST) m/z 379
(M+H)".

203



WG 2013/656070 PCT/US2012/059983

Example 8
Preparation of (R)-6-((5,6-dimethoxy-1H-benze[d]imidazol-1-yl)methy1}-N-
((tetrahydrofuran-2-yiymethyl}benzo[d]thiazol-2-amine

Q PGS

[00356] (R)-6-((5 ,6—Di.methoxy— 1¥-benzold]imidazol-1-yI)methyl)}-N-
((tetrahydrofuran-2~-ymethylibenzo] dithiazol-2-amine (33 mg, 65%) was obtained as
a white solid using a procedure analogous to that described in Step 5 of Exampie 2,
substituting {(R)-(tetrahydrofuran-2-ylymethanamine for (1R,2R)-2-aminocyclohexanol
used in Example 2. 'H NMR (300 MHz, DMSO-d;) 5 8.05 - 8.22 (m, 2H), 7.64 (d, J =
1.1 Hz, 1H), 7.27 - 7.37 (m, 1H), 7.11 - 7.25 (m, 3H), 5.41 (s, 2H), 3.95 - 4.07 (m,
1H}, 3.70 - 3.83 (m, 7H), 3.57 - 3.68 (m, 2H), 3.43 - 3.52 (m, 1H), 1.72 - 2.00 (m,
3H), 1.48 - 1.64 (m, 1H). LCMS (ESI) m/z 425 (M+H)".

Example §
Preparatien of 6-((5,6-dimethoxy-1H-benzold]imidazol-1-ylmethyl}-N-(pyridin-

2-yimethvl)benzo[d]thiazol-2-amine

N N
ﬁ\/@}—-NH N
\O.Q’“ S
!

[00357]  6-((5,6-Dimethoxy-1H-benzo[d]imidazol-1-ymethy])}-N-(pyridin-2-
yimethyhbenzo|d]thiazol-2-amine (31 mg, 60%) was obtained as a white solid using a
procedure analogous to that described in Step 5 of Example 2, substituting pyridin-2-
ylmethanamine for (1R,2R)-2-aminocyciohexanot used in Example 2. 'H NMR (300
MHz, DMSO-ds) 8 8.67 (t, J= 5.5 Hz, 1H), 8.52 (d, /= 4.3 Hz, 1H), 8.15 (s, [H),
7.56 - 7.85 (m, 2H), 7.05 - 7.46 (m, 6H), 5.42 (s, 2H), 4.67 (d, J= 5.3 Hz, 2H), 3.76
(s, 6H). LCMS (EST) m/z 432 (M+H)".

Example 10
Preparation of (1R,25)-1-((6-((5,6-dimethoxy-1H-benze[dlimidazol-1-
vlymethyhbenzo[d]thiazel-2-vDamino}-2,3-dihyvdro-1 H-inden-2-ol
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[603588]  (1R,28)-1-((6-((5,6-Dimethoxy-1H-benzo[dlimidazol-1~
yhmethyl)benzo[d]thiazol-2-yl)amino)-2,3-dihydro-1 H-inden-2-0l (27 mg, 39%) was
obtained as a white solid using a procedure analogous to that described in Step 5 of
Example 2, substituting {1 R,25)-1-amino-2,3-dihydro-1H-inden-2-ol for (1R,2R)-2-
aminocyclohexanol used in Example 2. "TH NMR (300 MHz, DMSO-ds) 8 8.33 (d, J =
8.5 Hz, 1H), 8.16 (s, 1H), 7.69 (s, 1H), 7.31 - 7.39 (m, 1H), 7.10 - 7.29 (m, TH), 5.35 -
5.50 (m, 3H), 4.53 - 4.63 (m, 1H), 3.77 (d, J= 3.2 Hz, 6H), 3.08 {dd, /= 4.8, 16.1 Hz,
2H), 2.83 (d, J = 16.0 Hz, 1H). LCMS (ESI) m/z 473 (M+H)".

Fxample 11
Preparation of (§)-N-{2,3-dihvdro-1H-inden-1-yD-6-{(5,6-dimethoxy-1H-
benzoldjimidazol-1-yhmethylibenzo[d]thiazol-2-amine

N N
s
3
\OQ
N

[08359]  (S)-N-(2,3-dihydro-1H-inden-1-y1)-6-{(5,6-dimethoxy-1H-
benzo[dlimidazol-1-ylymethyhbenzo[d]thiazol-2-amine (22 mg, 33%) was obtained
as a white solid using a procedure analogous to that described in Step 5 of Example 2,
substituting (S)-2,3-dihydro-1H-inden-1-amine for (1R,2R)-2-aminocyclohexanol
used m Example 2. 'H NMR (300 MHz, DMSO-ds) 8 8.43 (d, J= 7.9 Hz, 1H), 8.17
(s, 1H), 7.68 (d, /= 0.9 Hz, 1H), 7.05 - 7.46 {m, 7H), 535 - 5.53 (m, 3H), 3.77 (d, J =
2.6 Hz, 2H), 3.36 (s, 6H), 2.74 - 3.08 (m, 2H), 1.79 - 2.02 (m, 1H). LCMS (ESI) m/z
457 (M+H)".
Example 12
Preparation of (18,2R)-2-((6-(methoxy{1 H-pyrrolof2,3-blpyridin-3-

yhimethylbenzo|d|thiazol-2-yhaminocyelohexanol

S el

[00360] Step 1: To a suspension of {2-bromobenzo[d]thiazoi-6-ylymethanol (400
mg, 1.6 mmol) from Step 2 of Example 2 in DMA (6 mL) were added DIEA (258 mg,
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2.0 mmol) and (1R,2R)-2-aminocyclohexanol (226 mg, 2.0 mmol) at rt. The reaction
mixture was stirred in a sealed tube at 120 °C overnight. After cooling to 1t, the
mixture was concentrated under reduced pressure to give crude (1R, 2R)-2-((6-
{(hydroxymethyl)benzo[d]thiazol-2-yhamino)cyclohexano! as a brown oil {445 mg,
160%), which was used for the next step without any further purification. LCMS
(EST) m/z 279 (M+H)".

[60361]  Step 2: To a solution of (1R,2R)-2-({6-(hydroxymethyl)benzo[d]thiazoi-2-
yl)amino)cyciohexanol from Step 1 of this Example (445 mg, 1.6 mmol) in CH,Cl,
(40 mL) was added manganese(IV) oxide (696 mg, 8.0 mmol) at rt. The reaction
suspension was heated under reflux overnight. After cooling to rt, the reaction mixture
was filtered through a Celite pad. The filtratc was concentrated under reduced
pressure to give crude 2-(({1R,2R)-2-hydroxycyclohexyl)amino)benzo{d]thiazole-6-
carbaldehyde as a brown oil (440 mg, 99%), which was used to next step without
further purification. LCMS (ESI) m/z 277 (M+H) .

[00362]  Step 3: To a solution of 1H-pyrrolo[2,3-b]pyridine (205 mg, 1.74 mmol)
in MeOH (20 mL) were added potassium hydroxide (162 mg, 2.9 mmol) and 2-
({({(1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazole-6-carbaldehyde from Step 2
of this Example (400 mg, 1.45 mmol) scquentially at rt. The reaction mixture was
stirred at rt for 14 d. The resulting mixture was diluted with EtOAc (80 mlL) and
washed with water, brine, The organic layer was dried over MgS0O,, and concentrated
under reduced pressure. The crude product was purified by HPLC using a mixture of
water (5% CHaCN, 0.05% HCOOH) and CH3CN (0.05% HCOOH)}) as the mobile
phase and Varian Pursuit XRs C-18 column as the stationary phase to afford (1R,2R)-
2-((6-(methoxy(1H-pyrrolo[2,3-b]pyridin-3-ymethyl)benzo[d]thiazoi-2-
yhamino)cyclohexanol as a white solid (32 mg, 5.4%). 'H NMR (300 MHz, CDCl3) §
9.70 (brs, 1H), 8.26 (dd, /= 1.4, 4.8 Hz, 1H), 785 (dd, /= 1.3, 7.7 Hz, 1H), 7.64 (d,
J= 1.3 Hz, 1H), 7.44 - 7.54 (m, lH), 7.34(d,J=8.3 Hz, 1H), 6.97 - 7.11 {(m, 2H),
5.64 (brs, 1H), 5.56 (s, 1H), 3.44 - 3.67 (m, 3H), 3.42 (s, 3H), 2.06 - 2.27 (m, 2H),
1.65 - 1.87 (m, 2H), 1.14 - 1.53 (m, 4H). LCMS (ESI) m/z 409 (M+H)".

Examnpie 13
Preparation of N-benzyl-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-
yhmethviybenzoldjthiazol-2-amine
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{00363] N-Benzyl-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-
yl)methylybenzo|d]thiazol-2-amine (21 mg, 33%) was obtained as a white solid using
a procedure analogous to that described in Step 5 of Example 2, substituting
phenylmethanamine for (1R,2R)-2-aminocyclohexanol used in Example 2. 'H NMR
(300 MHz, DMSO-ds) 8 8.54 (, /= 5.7 Hz, 1H), 8.15 (s, 1H), 7.66 {d, J = 1.3 Hz,
1H), 7.07 - 7.47 (m, 9H), 5.41 (s, 2H), 4.57 (d, J = 5.7 Hz, 2H), 3.76 (s, 6H). LCMS
(ESI) m/z 431 (M+H)'.

Example 14
Preparation of 6-((5,6-dimethoxy-1H-benzo{d]imidazoel-1-yDmethyl}-N-{2-

morpholinoethyl)benzo|d}thiazol-2-amine

N N,
PR
o} N"»
Y £

¢
[00364] 6-((5,6-Dimethoxy-1H-benzo[d]imidazol-1-yl)methyl)-N-(2-
morphoiinoethyl) benzofd]thiazol-2-amine (14 myg, 21%) was obtained as a white
solid using a procedure analogous to that described in Step 5 of Example 2,
substituting 2-morpholinoethanamine for (1R,2R)-2-aminocyclohexanol used in
Example 2. "H NMR (300 MHz, DMSO-d;) 8 8.15 (s, 1H), 7.99 {t,J=5.0Hz, 1H),
7.64 (s, 1H), 7.27 - 7.36 (m, 1H), 7.11 - 7.26 (m, 3H), 5.41 (s, 2H), 3.76 (s, 6H), 3.52
- 3.66 (m, 4H), 3.38 - 3.51 (m, 4H), 2.33 - 2.45 (m, 4H). LCMS (ESI) m/z 454
(M+H)".

Example 15
Preparation of 6-({5,6-dimethoxy-1 H-benzo[d]imidazol-1-yhmethyl)-N-
(tetrahydro-2H-pyran-4-y)benzo|d]thiazel-2-amine

N N
= \Q B—NH
N s
L D
o
N

[00365]  6-((5,6-Dimethoxy-1H-benzo[d}imidazol-1-yl)methyl)-N-(tetrahydro-2H-

pyran-4-yl)benzo[d]thiazol-2-amine (34 mg, 54%) was obtained as a white solid using
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a procedure analogous to that described in Step 5 of Example 2, substituting
tetrahydro-2H-pyran-4-amine for (1R,2R)-2-aminocyclohexanol used in Example 2.
"H NMR (300 MHz, DMSO-dq) § 8.15 (s, 1H), 8.09 (d, J=7.2 Hz, 1H), 7.65 (d, J =
1.1 Hz, 1H), 7.30 - 7.37 (m, 1H), 7.13 - 7.25 (m, 3H), 5.41 (s, 2H), 3.81 - 4.00 (m,
2H), 3.76 (s, 6H), 3.37 - 3.51 (m, 3H), 1.93 (d, J = 10.5 Hz, 2H), 1.37 - 1.56 (rm, 2H).
LCMS (EST) m/z 425 (M+H)".

Example 16
Preparation of N-cyclobexyl-6-((5,6-dimethoxy-1H-benzo[djimidazol-1-
yhmethyl)-N-methylbenze|d]thiazol-2-amine

PG
N s
AN
O O
O

100366] N-Cyclohexyl-6-({5,6-dimethoxy-1H-benzo[dlimidazol-1-yl)methyl)-N-
methylbenzofd]thiazol-2-amine (47 mg, 73%) was obtained as a white solid using a
procedure analogous to that described in Step 5 of Example 2, substituting N-
methylcyclohexanamine for (1R,2R)-2-aminocyclohexanol used in Example 2. 'H
NMR (360 MHz, DMSO-ds) 6 8.16 (s, 1H), 7.75 (d, J= 1.1 Hz, 1H), 7.37(d,J=8.3
Hz, 1H), 7.24 (dd, ./ = 1.5, 8.3 Hz, 1H), 7.18 (d, J = 3.0 Hz, 2H), 5.43 (s, 2H), 3.88 (br
s, 1H}, 3.76 (s, 6H), 2.98 (s, 3H), 1.47 - 1.90 (m, TH), 1.35(q, /= 12.5 Hz, 2H), 1.03
~ 1.22 (m, 1H). LCMS (EST) m/z 437 (M+H)".

Example 17
Preparation of (1R,2R)-2-((6-((1H-pyrroic]|2,3-blpyridin-3-
viymethylbenzo[d|thiazol-2-yljamino)eyelohexanol

e

[¢6367] To a solution of (1R,2R)-2-((6-(methoxy(1H-pyrrolo[2,3-b]pyridin-3-
ylmethylybenzo|dthiazol-2-yamino)cyclohexanol (20 mg, 0.049 mmol) from Step
3 of Example 12 in CH3CN (10 mL) were added triethylsilane (11.4 mg, 0.092 mmol)
and TFA (10.4 mg, 0.092 mmol) at rt. The mixture was stirred at 60 °C overnight.
After cooling to rt, the reaction mixture was concentrated under reduced pressure. The
crude product was purified by HPLC using a mixture of water (5% CHiCN, 0.05%
AcOH) and CHLCN (0.05% AcOH) as the mobile phase and Varian Pursuit XRs
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Diphenyl column as the stationary phase to afford (1R,2R)-2-((6-((1H-pyrrolo[2,3-
blpyridin-3-ylmethyl)benzo[dlthiazol-2-yl)amino)cyclohexanol (5.7 mg, 31%) as a
brown solid. "H NMR (300 MHz, DMSO-ds) 8 11.71 (br s, 1H), 9.56 (br's, 1H), 8.23
(d,J=4.1Hz, 1H), 7.93 (d, J="7.0 Hz, |H), 7.70 (s, 1H), 7.26 - 7.42 (m, 3H), 7.07
(dd, /=4.9,7.9 Hz, 1H),4.11 (s, 2H), 3.53 (brs, 1H), 3.27 - 343 (m, 2H), 1.83 - 2.12
(m, 2H), 1.66 (br s, 2H), 1.27 (br s, 4H). LCMS (EST) m/z 379 (M-+H)".

Example 18
Preparation of N-cvclohexyl-6-((5,6-dimethoxy-1H-benzo|d]imidazol-1-

yhmethylybenzo[d|¢hiazol-2-amine
N N
AL
N g
WL O

N

[66368] N-Cyclohexyl-6-((3,6-dimethoxy-1H-benzo[dlimidazol-1-
yDmethylbenzo[d]thiazol-2-amine (41 mg, 66%) was obtained as a white solid using
a procedure analogous to that described in Step 5 of Example 2, substifuting
cyclohexanamine for (1R,2R)-2-aminocyclohexano} used in Example 2. 'H NMR (300
MHz, DMSO-ds) 0 8.15 (s, 1H), 7.97 (d, /= 7.5 Hz, 1H), 7.63 (s, 1H), 7.27 - 7.36 (m,
1H), 7.08 - 7.25 {m, 3H), 5.40 (s, 2H), 3.76 (s, 6H), 3.60 - 3.71 (m, 1H), 1.95(d, J=
10.4 Hz, 2H), 1.49 - 1.80 (m, 3H), 1.06 - 1.46 (m, SH). LCMS (ESD m/z 423 (M+H)".

Example 19
Preparation of (1R,2R)-1-((6-((5.6-dimethoxy-1H-benzo{d]imidazol-1-
yhmethyl)benzo|d]thiazol-2-y)amino)-2,3-dihydro-1H-inden-2-oi

N N,
~ —-t\\\j\/@:S}_NH "’OH
o [\- ﬁ \//Z 3

N

[06369] (IR, 2R)}-1-((6-((5,6-Dimethoxy-1H-benzofdlimidazol-1-
yhmethyhbenzo[d]thiazol-2-v)amino)-2,3-dihydro-1H-inden-2-o0l (41 mg, 66%) was
obtained as a white solid using a procedure analogous to that described in Step 5 of
Example 2, substituting (1R,2R)-1-amino-2,3-dihydro-1H-inden-2-o0l for (1R,2R)-2-
aminocyclohexanol used in Example 2. 'H NMR (300 MHz, DMSO-d) & 8.49 {d,J=
7.9 Hz, 1H), 8.17 (s, 1H), 7.69 (s, 1H), 7.32 - 7.43 {m, 1H}, 7.05 - 7.31 {m, 7H), 5.44
(s, 2H}, 5.18 (t, J= 6.9 Hz, 1H), 430 (9, J= 6.9 Hz, 1H), 3.77 (d, /=3.0 Hz, 6H),
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3.38 (br's, 1H), 3.16 (dd, /= 7.0, 15.4 Hz, 1H), 2.75 (dd, J= 7.2, 15.4 Hz, 1H).
LCMS (EST) m/z 473 (MHH)'.

Example 20
Preparation of (1R,2R)-2-{(6-((5,6~dimethoxy-1H-benzo|d]imidazol-1-
yhmethyl}benzo[d]thiazol-2-yDaminojeyclopentanol

Nz N
= Y=NH  on
\ N S Y
o
N

[00370] (IR, 2R)-2-((6-((5,6-Dimethoxy-1H-benzo[d|imidazol-1-
yvhimethyDbenzo[d]thiazol-2-yl)amino)cyclopentanol (31 mg, 49%) was obtained as a
white solid using a procedure analogous to that described in Step 5 of Example 2,
substituting (1R,2R)-2-aminocyclopentanol for (1R,2R)-2-aminocyclohexanol used in
Example 2. 'H NMR (300MHz, DMSO-ds) 8 8.15 (s, 1 H), 8.05 (d, J=6.6 Hz, 1 H),
7.64(d, =1.1Hz, 1 H),7.28-737 (m, 1 H), 7.11 - 7.26 (m, 3 H), 5.41 (5, 2 H), 4.95
(br.s., 1 H),3.91 -4.03 (m, 1 H),3.81 -39] (m, 1 H),3.76 (s, 6 H), 1.75 - 1.94 (m, 2
H), 1.56 - 1.74 (m, 2 H), 1.39 - 1.55 (m, 2 H). LCMS (ESD) m/z 425 (M+H)",

Example 21
Preparation of 6-((5,6-dimethoxy-1H-benzo[d]imidazei-1-yI)methyl)-N-(pyridin-
4-yimethybenzo[d]thiazol-2-amine

P N
Wocnvs
C)\

[00371]  6-((5.,6-Dimethoxy-1H-benzo[d]imidazol-1-yl)methyl)-N-(pyridin-4-
yimethyi)benzo{d] thiazol-2-amine (29 mg, 45%) was obtained as a white solid using
a procedure analogous to that described in Step 5 of Example 2, substituting pyridin-
4-ylmethanamine for (1R,2R)-2-aminocyclohexanol used in Example 2, 'H NMR (300
MHz, DMSO-ds) 6 8.67 (t, /= 5.8 Hz, |H), 8.50 (d, /= 5.7 Hz, 2H), 8.15 (s, 1D,
7.68{d,J=0.9Hz, 1H), 7.06 - 7.42 (m, 6H), 5.42 (s, 2H), 4.62 (d, J = 5.5 Hz, 2H),
3.76 (s, 6H). LCMS (ESI) m/z 432 (M+H) "

Example 22
Preparation of 6-((5,6-dimethoxy-1H-benzo|d]imidazel-1-yDmethyl}-N-

phenvlbenzo{d]thiazol-2-amine
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[66372] To a suspension of 2-bromo-6-((5,6-dimethoxy-1H-benzo[d|imidazol-1-
yhmethyl) benzoid]thiazole (60 mg, 0.148 mmol) from Step 4 of Example 2 in aniline
(0.6 mL) was added DIEA (23 mg, 0.178 mmol) at rt. The reaction mixture was
stirred in a sealed tube at 120 °C for 48 h. After cooling to 1t, the reaction mixture was
concentrated under reduced pressure. The crude product was purified by HPLC using
a mixture of water (5% CH3;CN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as
the mobile phase and Varian Pursuit XRs C18 column as the stationary phase to
afford 6-((5.6-dimethoxy-1H-benzo{dlimidazol-1-yDmethyl}-N-
phenylbenzo[d]thiazol-2-amine (31 mg, 50%) as a white solid. 'H NMR (300 MHz,
DMSO-ds) 8 10.53 (brs, 1H), 8.18 (s, 1H), 7.71 - 7.82 (m, 3H), 7.56 (d, /= 8.3 Hz,
1H), 7.26 - 7.42 (m, 3H), 7.19(d, /=32 Hz, 2H), 7.01 {t, J=T7.3 Hz, 1H), 548 (s,
2H), 3.77 (s, 6H). LCMS (ESI) m/z 417 (M+H)".

Example 23
Preparation of (1R,2R)-2-((6-({5-methoxy-IH-imidazo{4,5-b]pyridin-3-
yDmethyh)benzo[d]thiazol-2-yHamino)cyclohexanol

N N
aee gl
= N
—~C

[00373] Step 1: To a stirred solution of 4-aminobenzonitrile (10.0 g, 84.7 mmol) in
MeCN (100 mL) at 90 °C was slowly added N-chlorosuccinimide (12.4 g, 93 mmol).
After the addition of N-chlorosuccinimide, the reaction mixture was stirred at 90 °C
for 2 h. The reaction mixture was then cooled to 1t and concentrated under reduced
pressure. The residue was dissolved in 500 mL of CH,Cl, and washed with 5% aq
NaQH. The organic layer was dried over MgS0O, and concentrated under reduced
pressure to give 4-amino-3-chlorobenzonitrile as a tan solid (12.2 g, 95%). 'H NMR
(300 MHz, CDCi3) 8 7.54 (d, /= 1.7 Hz, 1H), 7.35 (dd, /= 1.8, 8.4 Hz, 1H), 6.77 (d,
J= 8.5 Hz, 1H), 4.63 {(br s, 2H).

[06374] Step 2: To a solution of 4-amino-3-chlorobenzonitrile (12.2 g, 80.2

mmol} from Step 1 of this Example in DMF (60 mL} was added potassium O-ethyl

carbonoedithioate (28.9 g, 180.7 mimol) at rt. The mixture was refluxed for 4 h. After
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cooling to rt, the reaction mixture was poured into ice water and acidified with 2N ag
HCI . The tan solids were collected and dried in vacuum oven overnight. Then the
solids were refluxed with 500 mL of CHCl; for 10 min. After cooling to rt, the
mixture was treated with 200 ml. of hexanes and sonicated for 20 min. The pale
brown solid was collected by filiration to give 2-mercaptobenzo[d]thiazole -6-
carbonitrile {12.9 g, 84%). '"H NMR (300 MHz, DMSO-ds) 8 14.16 (br s, 1H), .23
(d, /=09 Hz, 1I1), 7.83 (dd, /= 1.3, 8.5 Hz, 1H), 7.31 - 7.51 {m, 1H).

[66375] Step 3: Sodium hydride (60% in mineral oil, 1.92 g, 48 mmol) was
suspended in DMF (60 mL) at 0 °C and 2-mercaptobenzo[d]thiazole -6-carbonitrile
(5.76 g, 30 mmol) from Step 2 of this Example was added slowly. After gas evolution
ceased, iodomethane (8.4 mL, 135 mmoi) was added and the reaction mixture was
stirred at rt overnight. To the reaction mixture was added 300 mL of water and the
precipitate was collected by filtration to give 2-(methylthio)benzo[d]thiazole-6-
carbonitrile as a light yellow solid (5.47 g, §89%). "H NMR (300 MHz, CDCl;) & 8.08
(d, J=1.1Hz, 1H), 7.91 (d, J = 8.3 Hz, 1H), 7.67 (dd, /= 1.5, 8.5 Hz, 1H), 2.83 (s,
3H).

[00376] Step 4: To a solution of 2-(methyithio)benzo[d]thiazole-6-carbonitrile
(10.0 g, 48.5 mmol) from Step 3 of this Example in THF (150 mL) was added lithium
aluminum hydride solution (2.0 M in THF, 50.9 mL, 101.9 mmol) slowly at -78 °C.
The reaction mixture was slowly warmed to 0 °C and stirred at 0 °C for 3 & treated
with 4 ml. of water, 4 mL of 10% ag NaOH and 12 mL of water. The resulting
reaction mixture was stirred at rt for T h before it was filtered through a Celite pad and
the precipitates were washed with 100 of mL EtOAc. The combined filtrates were
concentrated under reduced pressure. The crude product was purified on a silica gel
column using a mixture of MeOH-CH,Cl; (1:2, v/v) as eluent to give (2-
(methylthio)benzo[d]thiazol-6~yljmethanamine as an yellow oil (3.5 g, 34%). 'H
NMR (300 MHz, CDCL) 8 7.82 (d, /=83 Hz, 1H), 7.73 (s, 1H), 7.35 (dd, J= 1 4,
8.4 Hz, 1H), 3.97 (s, 2H), 2.79 (s, 3H), 1.55 (s, 2H). LCMS (EST) m/z 211 (M+H)".

[006377} Step 5: To a solution of 2-chloro-6-methoxy-3-nitropyridine (430 mg, 2.3
mmol) in DMF (6 mL) was added (2-(methylthio)benzo[d]thiazol-6-yl)methanamine
(437 mg, 2.1 mmol) from Step 4 of this Example slowly at 0 °C. The reaction mixture

was stirred at rt overnight. The resulting reaction mixture was diluted with 60 mL of
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EtOAc and washed with saturated aq NaHCOj; and brine. The organic layer was dried
over MgS0y, and concentrated under reduced pressure. The crude product was
purified on a silica gel column using CH,Cl; as eluent to give 6-methoxy-N-((2-
(methylthio)benzo[d]thiazol-6-yh)methyl)-3-nitropyridin-2-amine as a yellow solid
(431 mg, 57%). LCMS (ESI) m/z 363 (M+H)",

[86378] Step 6: To a mixture of 6-methoxy-N-({2-(methylthio)benzo[d]thiazol-6-
ylymethyi)-3-nitropyridin-2-amine (431 mg, .19 mmol) from Step 5 of this Example
in acetic acid (6 mL) was added zinc powder (235 mg, 3.57 mmol) siowly at 0 °C.
The reaction mixture was stirred at 0 °C for 20 min and then stirred at 1t for 4 h. The
resulting reaction mixture was diluted with 30 mL of EtOAc and filtered through a
Celite pad. The filtrate was neutralized with saturated aq NaHCOs3. The organic layer
was separated, dried over MgSQy, and concentrated under reduced pressure. The
crude product was purified on a silica gel column using a mixture of EtOAc-CH;Cl,
(1:3, v/v) as cluent to give 6-methoxy-N>-((2-(methylthioYbenzo[ d]thiazol-6-
ylymethylpyridine-2,3-diamine as a brown oil (389 mg, 98%). LCMS (EST) m/z 333
(M+H)".

[00379] Step 7: To a solution of triethoxymcthane (5 ml) was added 6-methoxy-
N*-((2-(methyithio}benzo[d]thiazol-6-yD)methyt)pyridine-2,3-diamine (332 mg, 1.0
mmol) from Siep 6 of this Example at rt, The reaction mixture was heated under
reflux overnight. After cooling fo rt, the mixture was concentrated under reduced
pressure. The crude product was purified on a silica gel column using a mixture of
EtOAc-CH:Cl; (0 to 100%, v/v) as eluent to give 6-((5-methoxy-3H-imidazo[4,5-
bipyridin-3-yhmethy)-2-(methylthio)benzo[djthiazole us a brown solid (180 mg,
53%). 'H NMR (300 MHz, CDCl3) 8 7.95 (d, J= 8.7 Hz, 1H), 7.87 (s, 1H), 7.82 (d, J
= 8.5 Hz, 1H), 7.70 (d, J= 1.1 Hz, 1H), 7.41 (dd, /= 1.7, 8.3 He, 1H), 6.71 (d, J= 8.7
Hz, 1H), 5.47 (s, 2H), 3.99 (s, 3H), 2.78 (s, 3H). LCMS (ESI) m/z 343 (M+H)",

[00386] Step 8: (6-((5-Methoxy-3H-imidazo[4,5-blpyridin-3-yl)ymethyl)-2-
(methylsulfinyl) benzo[d]thiazole (180 mg, 100%) was obtained as an off white solid
using a procedure analogous to that described in Step 5 of Example 3, substituting 6-
{((5-methoxy-3H-imidazo[4,5-b]pyridin-3-yDmethyl)-2-(methylthioYpenzo[d}thiazole
from Step 7 of this Example for 6-((3H-imidazo[4,5-blpyridin-3-yl)methyl)-2-
(methylthio)benzo| d]thiazolc used in Example 3. LCMS (ESI) m/z 359 (M+H)',
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[06381]  Step 9: (1R,2R)-2-((6-({5-Methoxy-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo {d]thiazol-2-yhamino)cyclohexanol (36 myg, 35%) was obtained as a
white solid using a procedure analogous to that described in Step 5 of Exampie 2,
substituting 6-((5-methoxy-3H-imidazo[4,5-b]pyridin-3-yhmethyl)-2-
(methylsulfinyl)benzo[d]thiazole from Step & of this Example for 2-bromo-6-((5,6-
dimethoxy-1H-benzo[d]imidazol-1-yl)methyl)benzo[d]thiazole used in Example 2. 'H
NMR (300 MHz, DMSO-~ds) & 8.34 (s, 1H), 7.90 - 8.08 (m, 2H), 7.73 (s, 1H), 7.29 (s,
2H), 6.69 (d, /= 8.5 Hz, 1H), 5.39 (5, 2H), 4.76 (br s, 1H), 3.94 (s, 3H), 3.51 (br s,
2H), 1.76 - 2.17 (m, 2H), 1.61 (br s, 2H), 1.04 - 1.42 (m, 4H). LCMS (ESI) m/z 410
(M+H)".

Exampie 24
Preparation of 1-(4-{(6-{(5,6-dimethoxy-1/-benzo|d]imidazol-1-
ylymethyDbenzo|djthiazol-2-yl)amino)piperidin-1-vl)ethanone acetic acid
/\(j D—NH )Cf\
OH
jo e
):0
[60382] A stirred mixture of 2-bromo-6-((3,6-dimethoxy- 1 H-benzo[dJimidazol-1-
ylmethylybenzo[dthiazole (80 mg, 0.198 mimol) from Example 2, 1-(4-
aminopiperidin-1-yl)ethanone (56 mg, 0.396 mmol) and DIEA (77 mg, 0.594 mmol)
in anhydrous DMA (1 mL) was heated at 120 °C for 15 h. After cooling to rt, the
mixture was purified directly by reverse-phase HPLC using a mixturc of water (5%
CH;CN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C-18 column as the stationary phase to afford 1-(4-({6-((3,6-
dimethoxy-1H-benzofd]imidazol-1-yl)methyl)benzo[d]thiazol-2 -yl )amino)piperidin-
1-yl)ethanone acetate (7 mg, 7%) as a white solid. "H NMR (300 MHz, DMSO-ds) &
8.15 (s, 1H), 8.08 (d, /= 7.2 Hz, 1H), 7.65 (s, 1H), 7.30 - 7.37 (m, 1H), 7.14 - 7.25
{m, 3H), 5.41 (s, 2H), 4.18 (m, 1H), 3.94 (m, 1H), 3.75 - 3.77 {m, 7H), 3.11 - 3.24
{m, 2H), 2.78 — 2.85 (m, 1H), 1.95 - 2.05 (m, 4H), 1.89 (s, 3H), 1.19 - 1.48 (m, 2H).
LCMS (EST) m/z 466 (M+H)' .

Exampile 25
Preparation of (R,5)-6-((5,6-dimethoxy-1 H-benzo|dlimidazol-1-yl)methyl)-N-
(tetrahydrofuran-3-yi)benzo|d|thiazel-2-amine acetic acid
214



WO 2013/656070 PCT/US2012/055983

O

S
gy, S
. O
—0 o

[66383] A stirred mixture of 2-bromo-6-({5,6-dimethoxy-1H-benzo{d]imidazol-1-
ylymethyDbenzo|d]thiazole (80 mg, 0.198 mmol) from Example 2, (R,5)-
tetrahydrofuran-3-amine (34 mg, 0.396 mmol) and DIEA (77 mg, 0.594 mmol) in
anhydrous DMA {1 mL) was heated at 120 °C for 3 h. After cooling to rt, the mixture
was purified directly by reverse-phase HPLC using a mixture of water (5% CHiCN,
0.05% HCOOH) and CH;CN (0.05% HCOOH) as the mobile phase and Varian
Pursuit XRs C-18 column as the stationary phase to afford (R,8)-6-((5,6-dimethoxy-
1H-benzo| djimidazol-1-ylymethyl)-N-(tetrahydrofuran-3-yl)benzo[ djthiazol-2 -amine
acetate (15 mg, 16%) as a white solid. "H NMR (300 MHz, DMSO-ds) 5 828 (d, /=
6.0 Hz, 1H), 8.15 (s, 1H), 7.66 (d, /= 1.1 Hz, 1H), 7.36 {d, /= 8.] Hz, 1H), 7.14 -
7.26 (m, 3H), 5.42 (s, 2H), 4.39 (br s, 1H}, 3.59 - 3.88 (m, 11H), 2.12 - 2.26 (m, 1H),
1.88 (s, 3H). LCMS (ESI) m/z 411 (M+H)".

Example 26
Preparation of 3-((2-(((1R,2R)-2-hydroxycyclohexyl)amino}benzo| djthiazel-6-

viymethyl}-3H-imidazo[4,5-b]pyridin-2-aminium acetic acid
0

X,

L N
@}L@[S\HS
k]

[00384]  Step 1: 3-{(2-Bromobenzo{d]thiazol-6-y)methyl)-3H-imidazo[4,5~
b]pyridin-2-amine (34 mg, 20%) was obtained as a white solid using a procedure
analogous to that described in Step 4 of Example 2, substituting 3H-imidazo[4,5-
bipyridin-2-amine for 5,6-dimethoxy-1H-benzo[d]imidazole used in Example 2. 'H
NMR (300MHz, CDCls): 8 7.97 (d, /=8.5 Hz, | H), 7.51 (d, /=5.5 Hz, 2 H), 7.35 (dd,
J=8.3,15Hz, 1 H),7.14-7.23 (m, 1 H), 7.05 - 7.14 (m, 3 H), 5.28 (s, 2 H).

[00385]  Step 2: (1R, 2ZR)-2-((6~((2-Amino-3H-imidazol4,5-b]pyridin-3-
yvlimethylbenzo[d]thiazoi-2-yamino)cyclohexanol (14 mg, 36%) was obtained as a
white solid using a procedure analogous to that described in Step 5 of Example 2,

substituting 3-((2-bromobenzofd]thiazol-6-yhmethyl)-3H-imidazo{4,5-b Jpyridin-2-
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amine from Step 1 of this Example for 2-bromo-6-{(5,6-dimethoxy-1H-
benzo[d]imidazol-1-yl)methyl}benzo[d]thiazole used in Example 2. "H NMR (300
MHz, DMSO-ds) 8 7.95 {d, /=7.5 Hz, 1 H), 748 (d, /=1.1 Hz, 1 H), 7.27 (d, /=8.3
Hz, 1 H), 7.02 - 7.19 (m, 3 H), 6.91 (t, /=7.1 Hz, 1 H), 6.76 - 6.85 (m, 1 H), 6.54 (s, 2
H), 522 (s, 2 H), 4.77 (br. s, 1 H), 3.11 (br. s., 2 H), 1.95 - 2.16 (m, 2 H), 1.87 (s, 3
H), 1.62 (d, /=4.5 Hz, 2 H), 1.01 - 1.41 (m, 4 H). LCMS (ESI) m/z 395 (M+H)".

Example 27
Preparation of 6-((5,6-dimethoxy-1 H-benzo|dlimidazol-1-yDmethyl}-NV-(2-

ethoxyphenyvl)benzo|[d}thiazol-2-amine

O $
Q/\C[N% @

o, f
[06386] To a suspension of 2-bromo-6-((5,6-dimethoxy-1 H-benzo[d|imidazoi-1-
yhmethyl)benzo[d]thiazole (60 mg, 0.15 mmol) from Example 2 and 2-cthoxyaniline
(61 mg, (.46 mmol) in anhydrous DMA (600 pl) at rt was added DIEA (155 ul, 0.90
mmol}, The mixture was heated in a sealed tube at 110 °C for 72 h. After cooling to rt,
the resulting reaction solution was purified by reverse-phase preparative HPLC using
a mixture of water (5% CH;CN, 0.05% HCOGH) and CH;CN (0.05% HCOOM) as
the mobile phase and Varian Pursuit XRs C18 colummn as the stationary phase to
afford 6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-yDmethyl)-N-(2-
ethoxyphenyl)benzo[d}thiazol-2-amine (15.2 mg, 22%) as a white solid. '"H NMR
(300 MHz, DMSO-ds) 8 9.69 (s, 1H), 8.31 - 8.44 (m, 1H), 8.18 (s, 1H), 7.76 (d, J =
1.1 Hz, 1H), 7.51 (d, /= 8.1 Hz, 1H), 729 (dd,J=1.5,83 Hz, IH),7.19(d,/=24
Hz, 2H), 6.91 - 7.07 (m, 3H), 5.47 (s, 2H), 4.12 (q, /= 6.8 Hz, 2H), 3.76 (s, 6H), 1.37
(t,.J = 7.0 Hz, 3H). LCMS (ESI) m/z 461 (M+H)".

Example 28
Preparation of N-(cyvclohexylmethyl}-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1~

vhymethyl)benzojd]thiazol-2-amine
/\? Wl
N/ N/\@ />_NH
N
0 o~
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[00387] A stirred mixture of 2-bromo-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-
yhmethyl)benzo[d]thiazoie (70 mg, 0.173 mmol) from Example 2,
cyclohexanemethylamine (39 mg, 0.346 mmol) and DIEA (67 mg, 0.519 mmol) in
anhydrous DMA (1.5 mL) was heated at 100 °C for 2.5 h. After cooling to 1, the
mixture was purified directly by reverse-phase HPLC using a mixture of water (5%
CH1CN, 0.05% HCOOH) and CH3CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C-18 column as the stationary phase to afford N-
(cyclohexylmethyl)-6-({3,6-dimethoxy- 1 H-benzo|d]imidazol-1-
yhmethyl)benzo[d]thiazol-2-amine (25 mg, 33%) as a white solid. "H NMR (300
MHz, DMSO-de) 8 8.15 (br s, 1H), 8.04 (t, /=34 Hz, 1H), 7.63 (s, 1H), 7.31 (m,
1H), 7.12 - 7.24 (m, 3H), 540 (s, 2H), 3.76 {s, 6H), 3.17 {t, /= 6.1 Hz, 2H), 1.49 -
1.78 (m, 6H), 1.07 - 1.27 (m, 3H), 0.84 - 1.02 (m, 2H). LCMS (ESI) m/z 437 (M+H)",

Example 29
Preparation of (1R, ZR)-2-{(6~({6-bromo-3H-imidazo{4,5-b pyridin-3-
yhmethylhbenzo{dithiazol-2-yD)amino)cyclohexanol

N N
NNy e
™ N=N

[00388] Step I: 3-Bromo-N-({2-(methylthio)benzo[d]thiazol-6-y1ymethyl)-3-
nitropyridin-2-amine (605 mg, 44%) was obtained as a yellow solid using a procedure
analogous to that described in Step 5 of Example 23, substituting 5-bromo-2-chloro-3-
nitropyridine for 2-chloro-6-methoxy-3-nitropyridine used in Example 23. LCMS
(ESI) m/z 409, 411 (M+H)".

[00389]  Step 2: 5-Bromo-N’-((2-(methylthio)benzo| d]thiazol-6-
yhmethylpyridine-2,3-diamine (170 mg, 30%) was obtained as an yellow oil using a
procedure analogous to that described in Step 6 of Example 23, substituting 5-bromo-
N-((2~(methylthio)benzold]thiazol-6-yl)ymethyi)-3-nitropyridin-2-amine from Step 1
of this Example for 6-methoxy-N-((2-{methylthioYbenzo[d]thiazol-6-yymethyl)-3-
nitropyridin-2-amine used in Example 23. LCMS (ESI) m/z 381, 383 (M+H)".

[06390]  Step 3: 6-((6-Bromo-3H-imidazof4,5-b]pyridin-3-ymethyl)-2-
(methylthio)benzo [d]thiazole (71 mg, 40%) was obtained as an off white solid using
a procedure analogous to that described in Step 7 of Example 23, substituting 5-

bromo-N 2—((2-(Eruathyltl‘nio)benzo[d}th:iazvz)l—é—yl)methyl)py‘riciinc-:—?_,3—d:ian"xine: from
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Step 2 of this Example for 6-methoxy-N~((2-(methylthio)benzo[d }thiazol-6-
yhmethylpyridine-2,3-diamine used in Example 23. LCMS (ESI) m/z 391, 393
(M-+H)".

[0¢391]  Step 4: 6-((6-Bromo-3H-imidazo[4,5-bipyridin-3-yhmethyl)-2-
(methylsulfinyl) benzo[d]thiazole (73 mg, 100%) was obtained as an off white solid
using a pracedure analogous to that described in Step ¥ of Example 23, substituting 6-
{({6-bromo-3H-imidazo{4,5-bIpyridin-3-yDmethyl)-2-(methylthio)benzofd]thiazole
from Step 3 of this Example for 6-((5-methoxy-3H-imidazo[4,5-b]pyrdin-3-
ylmethyl)-2-{methylthio)benzo{dlthiazole used in Example 23. LCMS (ESI) m/z 407,
409 (M+H)",

[00392]  Step 5: (1R,2R)-2-{(6-({6-Bromo-3H-imidazo[4,5-bJpyridin-3-
yhimethyi)benzo [d]thiazol-2-yDamino)cyclohexanol (22 mg, 27%) was obtained as a
white solid using a procedure analogous to that described in Step 5 of Example 2,
substituting 6-({6-bromo-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylsulfinyl)benzo[d]thiazole from Step 4 of this Example for 2-bromo-6-((5,6-
dimethoxy-1H-benzo[d]imidazol- L-yDmethyl)benzo[dJthiazole used in Example 2. 'H
NMR (300 MHz, DMSO-dg) 8 8.66 (s, 1H), 8.48 (d,/=2.1 Hz, 1H),840(d, /=21
Hz, IH), 8.00 (d, J= 7.5 Hz, 1H), 7.65 (s, 1H), 7.15 - 7.36 (m, 2H), 5.48 (s, 2H), 4.78
{(br s, IH), 3.51 (brs, 1H), 1.96 - 2.13 (m, 1H), 1.87 (d, /= 9.6 Hz, 1H), 1.61 (br s,
2H), 1.01 - 1.40 (m, 4H). LCMS (ESD) m/z 458, 460 (M+H)".

Example 30
Preparation of 6-{(5,6-dimethoxy-1 H-benzo|djimidazol-1-vi)methyl)-V-(2~
methoxyphenylybenzo|d]thiazoi-2-amine

Q”@: SNr b

[66393] To a suspension of 2—br0mo-6—((5,6—d1methoxy—IH—benzo[d]imidazol—I -
yhmethyDbenzo[dthiazole (26 mg, 0.003 mmol} from Example 2 and 2-
methoxyaniline (15.5 mg, 0.13 mmoi) in anhydrous 1,4-dioxane (0.30 ml) at rt was
added Cs,CO: (41 mg, 0.13 mmol). Argon was bubbled into the mixture for 5 min
followed by the addition of 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (3.0
mg, 0.005 mmol) and tris{dibenzylidencacetone)dipalladium {0) (2.3 mg, 0.003
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mmol). Argon was bubbled into the mixture for an additional 5 min and then the
mixture was heated in a sealed tube at 100 °C for 4 h. Afier cooling to tt, the reaction
mixture was filtered through a Celite plug and the filtrate was purified by reverse-
phase preparative HPLC using a mixture of water (5% CHaCN, 0.05% HCOOH) and
CH:CN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford 6-((5,6-dimethoxy-1H-benzo|d}imidazol-1-y)methyl)-
N~(2-methoxyphenyl)benzo|djthiazol-2-amine (9.4 mg, 33%) as a white solid. 'H
NMR (300 MHz, DMSO-d;) 6 9.85 (s, 1H), 8.42 (d, /= 7.3 Hz, 1H), 8.18 (s, 1H),
7.76 (d,J=1.1 He, 1H), 7.51 (d, J= 8.1 Hz, 1H), 7.28 {(dd, J= 1.5, 8.3 Hz, 1H), 7.19
(d, J=2.1 Hz, 2H), 6.92 - 7.09 (m, 3H), 5.46 (s, 2H), 3.86 (s, 3H), 3.76 (d, /= 0.8
Hz, 6H). LCMS (EST) m/z 447 (M+H)".

Example 31
Preparation of 2-((6~((5,6-dimethoxy-1H-benzo|d]imidazol-1-
yiymethyl)benzo[d]thiazol-2-yamino)phenol

Ni:d«@:}—gﬂ

o_ /
[00394] To a suspension of 2-bromo-6-({3,6-dimethoxy-1H-benzo[d}imidazol-1-
yDmethyl)benzo[d]thiazole (70 mg, 0.17 mmol) from Example 2 and 2-aminophenol
{95 myg, 0.87 mmol} in anhydrous DMA {300 pL) at rt was added DIEA (90 uk, 0.52
mmol). The mixture was stirred and heated in a sealed tube at 110 °C for 96 h. After
cooling fo 1t, the mixture was purified by reverse-phase preparative HPLC using a
mixture of water (5% CH3CN, 0.05% HCOOH) and CTH:CN (0.05% HCOGOH) as the
mobile phase and Varian Pursuit XRs C18 column as the stationary phase to afford 2-
({6~((5,6-dimethoxy- 1 H-benzo[dlimidazol-1-yDmethyl)benzo[dithiazol-2-
yDamino)phenol (12 mg, 16%) as a white solid. '"H NMR (300 MHz, DMSO-d;) &
9.77 (brs, 1H), 8.14 - 8.26 (m, 2H), 7.75 (s, 1H), 7.49 (d, /=83 Hz, 1H), 7.24 - 7.29
(m, 1H), 7.16 = 7.22 (m, 2H), 6.79 - 6.92 (m, 3H), 5.46 (s, 2H), 3.76 (s, 6H). LCMS
(EST) m/z 461 (M+H)",

Example 32
Preparation of (1K,2R)-1-({(6-({(4-(3-methyl-1H-pyrazol-4-y)-1 H-imidazol-1-
yiymethyl}benzo[d|thiazol-2-yl}amine)-2,3-dihydro-1 H-inden-2-of or {1R,2R}-1-
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{(6-((5-(1-methyl-1 H-pyrazol-4-yi)-1 H-imidazol-1-yl)methvl}benzo[d|thiazel-2-
yl)amino)—Z 3-dihydro-1H-inden-2-0} (alternative of Example 83)

Py oy

—‘Z/

[66393] Step 1: To a stirred mixture of DMF (15 mL) and NaH (60% dispersion in
mineral oil, 539 mg, 21 mmol) at 0 °C under argon was added 4-bromo-1H-imidazole
(3 g, 20 mmol) in one portion. The mixture was stirred for 5 min at (4 °C. A solution of
2-(trimethylsityl)ethoxymethyl chloride (4.3 mL, 24 mmol) in DMF (3 mL) was
added dropwise. After stirring at 0 °C for 1 h, the mixture was warmed slowly to 1t
and stirred for 6 h. The mixture was then partitioned between EtOAc (100 mL) and
water (50 mL). The EtOA¢ layer was separated and washed with brine, dried over
NaySQOy, filtered, and the filtrate was concentrated under reduced pressure. The
residue was purified via silica gel flash chromatography (eluting with a gradient of
100% hexanes to 100% EtOAc) to afford a regioisomeric mixture of 4-bromo-1-((2-
(trimethylsilyl)ethoxyymethyl)-1 H-imidazole and 5-bromo-1-((2-
(trimethylsilyl)ethoxyymethyl)-1 H-imidazole as an oil (2.9 g, 53%). LCMS (ESI) m/z
277 and 279 (M+H)".

[60396] Step 2: To a mixture of 4-bromo-1-((2-(trimethylsilyl)ethoxyymethyl)-15-
imidazole and 3-bromo-1-((2-{trimethylsilyDethoxyymethyl)-1 H-imidazole {345 myp,
1.3 mmol) from Step 1 of this Example, and 1-methylpyrazole-4-boronic acid pinacol
ester (390 mg, 1.9 mmol) in DME (3 mL) was added K,CO; (691, 5 mmol). Argon
was bubbled into the mixture for 5 min foiiowed by the additton of PA(PPh;),Cl; (44
mg, 0.06 mmol). Argon was bubbled into the mixture for an additional 5 min. Then
the reaction vessel was sealed and the mixture was heated at 100 °C for 15 h. The
mixture was cooled to rt, then partitioned between EtOAc (100 mL) and water (50
mL). The EtOAc layer was scparated and washed with brine, dried over Na;SO,,
filtered, and concentrated under reduced pressure. The residue was purified via silica
gel flash chromatography eluting with a gradient of 100% CH,Cl; to 10% MeOH in
CH,CY; to afford a regioisomeric mixture of 1-methyl-4-(1-((2-
(trimethyisilylethoxy)methyl)- 1 H-imidazol-4-yl)-1H-pyrazole and 1-methyl-4-(1-({2-
(trimethylsilyl)ethoxy)methyl)- 1 H-imidazol-5-y1)-1 H-pyrazole as an oil (280 mg,
82%). LCMS (EST) m/z 280 (M+H)"
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[08397]  Step 3: A mixture of I-methyl-4-(1-((2-(trimethylsilyljethoxymethyl)-

| H-imidazol-4-yi)-1H-pyrazole and 1-methyl-4-(1-((2-(trimethylsilyDethoxy)ymethyi)-
1H-imidazol-5-y1)-1H-pyrazole (170 mg, (.7 mmol) from Step 2 of this Example
were stirred in a 1:1 mixture of TFA and CH,Cl, (5 mL) for 15 h. The mixture was
then concentrated under reduced pressure to afford 4-(1H-imidazol-4-y1)-1-methyl-
1H-pyrazole (248 mg) as an oil and was used in the next step without further
purification. LCMS (ESI) m/z 149 (M+HY .

[80398] Step 4: To a stirred mixture of 6-(chloromethyl)-2-
(methylthio)benzo[d]thiazole (209 mg, 0.9 mmol) from Step 4 of Example 36 and 4-
(1H-1midazol-4-yl)-1-methyl-1 H-pyrazole (248 mg, 1.0 mmol) from Step 3 of this
Example, in anhydrous DMF (3.0 mL) was added K,CO: (700 mg, 5 mmol). After
stirring for 3 h at 80 °C, the reaction mixture was cooled to rt and partitioned between
EtOAc (150 mL) and water (50 mL). The EtOAc layer was scparated, washed with
brine (50 ml}, dried over Na,SQy, filtered, and concentrated under reduced pressure.
The residue was purified via silica gel flash chromatography (eluting isocratically
with 1% MeOH in CH,Cl,) to afford separately 6-((5-(1-methyl-1H-pyrazol-4-y1)-1H-
imidazol-1-yl)ymethyl)-2-(methylthio)benzo[d]thiazole and 6-((4-(1-methyl-1H-
pyrazol-d-yl}-1H-tmidazol-1-ylmethyl)-2-(methyithio)benzo[d]thiazole as white
solids. The first eluting regioisomer is referred to as regioisomer | (55 mg, 16%) and
the second eluting regioisomer is referred to us regioisomer 2 (142 mg, 42%). The
regiochemistry of the alkylation was examined by 2-dimensional nuclear Overhauser
effect (NOE) experiment but was inconclusive. Regioisomer 1: "H NMR (300 MHz,
CDClz) 8 7.81 (d, J=8.3 Hz, 1H), 7.60 (s, 1H}, 7.37 (s, 1H), 7.31 (s, 1H), 7.19 (s,
1H), 7.08 - 7.14 {m, 2H), 5.23 (s, 2H), 3.85 (5, 3H), 2.78 (s, 3H). LCMS (ESI) m/z

7.60-7.71 (m, 2H), 7.47 - 7.56 (m, 2H), 7.22 (dd, J = 1.6, 8.4 Hz, 1H), 6.94 (s, 1H),
5.15 (s, 2H), 3.87 (s, 3H), 2.76 (s, 3H). LCMS (EST) m/z 342 (M+H)".

[46399] Step 5: To a stirred mixture of regioisomer | from Step 4 of this Example
(55 mg, 0.2 mmol) in CH;Cl; (15 mL) at 0 °C was added 70— 75% 3-
chloroperoxybenzoic acid (40 mg, 0.2 mmol). After the mixture was stirred at 0 °C for
2 h, saturated ag NaHCO; (10 mL) was added. The mixture was stitred for 10 min and
the CH,CI, tayer was separated, dried over Na;SOy, filtered, and concentrated under

reduced pressure to afford either 6-((5-(1-methyl-1H-pyrazol-4-yl)- 1 H-imidazol-1-
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yDmethyl)-2-(methylsulfinyl)benzo| dlthiazole or 6-((4~(1-methyl-1H-pyrazol-4-yi)-
[ H-imidazol-1-yDmethyl)-2-(methyisulfinyl)benzo[d]thiazole (55 mg) as a white
foam. The material was used in the next step without further purification. LCMS
(EST) m/z 356 (M+H)",

[60406]  Step 6: To a mixture of either 6-((5-(1-methyl-1H-pyrazol-4-yl)-1H-
imidazoi-1-yDmethy)-2-(methylsulfinylbenzo{dthiazole or 6-((4-(1-methyl-1H-
pyrazol-4-y1)-1H-imidazol- 1 -yl)methy])-2-(methylsulfinyl)benzo[dlthiazole (55 mg,
0.2 mmol) from Step 5 of this Example and (1R,2R)-1-amino-2,3-dihydro-1H-inden-
2-0l (48 mg, 0.4 mmol) NMP (1.5 mL) was added DIEA (112 pL, 0.8 mmol). The
reaction vessel was sealed and heated at 150 °C in the Biotage microwave reactor for
2 h. The mixture was directly purified by reverse-phase preparative HPLC using a
mixture of water (5% CHaCN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the
mobile phasc and Varian Pursuit XRs C18 column as the stationary phase to afford a
single compound identified as either (1R,2R)-1-((6~((4-(1-methyi-1H-pyrazol-4-yl)-

1 H-imidazol-1-yDmethyl)benzo[d}thiazol-2-yl)amino)-2,3-dihydro-1H-inden-2-0l or
(1R, 2R)-1-((6-({5~(1-methyl-1 H-pyrazol-4-yl}-1H-imidazol-1-
yhmethyhbenzo[dlthiazol-2-yl)amino)-2,3-dihydro-1H-inden-2-ol (alternative to
Exarnple 83) (6 mg, 7%) as a white powder. "H NMR (300 MHz, DMSO-ds) 5 8.47
(d,J= 7.9 Hz, 1H),7.72 - 7.86 (m, 2H), 7.49 (s, 1H), 7.28 - 7.39 (m, 2H), 7.12 - 7.26
(m, 4H), 7.01 (s, 1H), 6.92 (dd, /= 1.7, 8.3 Hz, 1H), 5.52 {m, 1H), 5.28 (s, 2H), 5.17
(t,J=7.1 Hz, tH), 4.30 (m, 1H), 3.82 (s, 3H), 3.16 (m, 1H), 2.74 (m, 1H). LCMS
(ESI) m/z 443 (M+H)".

Example 33
Preparation of ($)-N-(I-cyclobexyiethyD}-6-((5,6-dimethoxy-171-
benzo|d]imidazol-1-yDmethyl)benzo{d}thiazol-2-amine

N N/\E;[ />—NH
: N

[06401] A stirred mixture of 2-bromo-6-((3,6-dimethoxy-1FH-benzo|dlimidazol-1-
yhmethyl)benzo[d]thiazole from Example 2 (80 mg, 0.198 mmol), (S)-(+)-1-
cyclohexylethylamine (50 mg, 0.396 mmol) and DIEA (77 mg, 0.594 mmol) in
anhydrous DMA (2 mL) was heated at 100 °C for 72 h. After cooling to rt, the
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mixture was purified directly by reverse-phase HPLC using a mixture of water (5%
CH3CN, 0.05% HOAc) and CH;CN (0.05% HOAc) as the mobile phase and Varian
Pursuit XRs diphenyl column as the stationary phase to afford (S)-N-(1-
cyclohexylethyl)-6-((5,6-dimethoxy-1H-benzo[d|imidazol-1-
ylymethylbenzo[d]thiazol-2-amine (48 mg, 54%) as a white solid. "H NMR (300
MHz, DMSO-d;) § 8.14 (s, 1H), 7.89 (d, /=8.3 Hz, 1H), 7.62 (s, 1H), 7.29 (m, 1H),
7.12 -7.23 (m, 3H), 5.40 (s, 2H), 3.76 (2 x s, 6H), 1.55 - 1.79 {m, 6H), 1.32 (m, 1H),
0.93 - 1.22 (m, 8H). LCMS (ESI) m/z 451 (M+H)".

Example 34
Preparation of (1R,2R)-2-({(6-((5,6-dimethexy-1H-benzo[d]imidazol)-1-

yhmethyDbenzojd]oxazol-2-yl)aming)cyclohexanol

shatst

[60402] Step 1: To a stirred solution of (2-(methyithio)benzo[dJoxazol-6-
ylymethanol (1.2 g, 6.15 mmol) from Example 56 and DIEA (1.19 g, 9.23 mmol) in
aphydrous DCM (40 mL) at 0 °C was added dropwise methanesulfonyl chioride (771
mg, 6.77 mmol}). The mixture was allowed to warm to rt and was stirred for a further
2 h. The mixture was partitioned between saturated ag NaHCO; and DCM. The
organic layer was separated and washed with 2 M ag HCL. The organic layer was
separated, dried over MgSQsy, filtered, and concentrated under reduced pressure to
afford a 9:1 mixture of (2-(methylthio)benzo[d]oxazol-6-yhmethyl methanesulfonate
and O-(chlotomethyl)-2-(methylthioYbenzo[dJaxazole (1435 g) as a light pink solid
which was not purified further. (2-(Methylthio)benzo[d]oxazol-6-yl)methyl
methanesulfonate: 'H NMR (300 MHz, DMSO-d,) § 7.78 (m, 1H), 7.68 (d, ./ = 8.1
Hz, 1H), 7.45 (m, 1H), 5.36 (s, 2H), 3.25 (s, 3H), 2.78 (s, 3H), 6-(chloromethyl)-2-
{methylthio)benzo[d]oxazole: 'H NMR (300 MHz, DMSO-ds) 8 7.75 (d, /= 1.3 Hz,
1H), 7.63 (d, J= 8.1 Hz, 1H}, 7.43 (dd, J= 1.3, 8.1 Hz, 1H), 4.89 (s, 2H), 2.77 (s,
3H).

[66403] Step 2: To a stirred solution of a 9:1 mixture of (2~
(methylthio)benzo[d]oxazol-6-ylymethyl methanesuifonate and 6-(chioromethyl)-2-
(methylthio)benzofd|oxazole (1.45 g} from Step 1 of this Exampie and 5,6-
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dimethoxybenzimidazole (945 mg, 5.31 mmol) in anhydrous DMF (10 mL) at rt was
added solid K;COa (1.47 g, 10.62 mmol). The mixture was stirred at rt for 3 h. The
mixture was partitioned between water and DCM. The organic layer was separated
and washed with water, The organic {ayer was scparated, dried over MgSQy, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 100% DCM to 10% MeOH m DCM to afford 6-((3,6-
dimethoxy-1H-benzo[d]imidazol-1-yl)methyl)-2-(methylthio)benzo{dJoxazole (430
mg) as a solid. "H NMR (300 MHz, DMSO-ds) 8 8.20 (s, 1H), 7.66 (m, 1H), 7.60 (d,
J=9.0Hz, IH), 7.32 (dd, /= 9.0, 3.0 Hz, 1H), 7.19 (s, 2H), 5.53 (5, 2H), 3.76 (s,
6H), 2.73 (s, 3H). LCMS (EST) m/z 356 (M+H)".

[00404] Step 3: To a stirred solution of 6-((5,6-dimethoxy-1H-benzo|d}imidazol-1-
yhmethy!)-2-(methyithio)benzo[dloxazole (160 mg, 0.451 mmol) from Step 2 of this
Examplc in DCM (2 mlL.) at 0 °C was added 70% meta-chloroperbenzoic acid (114
mg, 0.496 mmol) and the mixture was allowed to warm to rt and stirred for a further
2.5 h. To the mixture was added saturated aq NaHCO; and the organic layer was
separated. The aqueous layer was extracted with DCM and the combined organic
layers were washed with saturated aq NaHCOz. The organic layer was separated,
dried over MgSQ,, filtered, and concentrated under reduced pressure to afford a solid
(121 mg). The solid was dissolved in anhydrous DMA (2 mL) and then (1R,2R)-(-)-2-
aminocyclohexanol (38 mg, 0.324 mmol) and DIEA (63 mg, 0.486 mmoljwere added.
The reaction vessel was sealed and the mixture was heated at 90 °C for 15 h. After
cooling to rt, the reaction mixture was purified directly by reverse-phase HPLC using
a mixture of water (5% CH;CN, 0.05% HCOOH), CH;CN (0.05% HCOOH) as the
mobile phase and Varian Pursuit XRs C-1% column as the stationary phase to afford
(1R,2R)-2-((6-((5,6-dimethoxy-1H-benzo[d]imidazol- 1 -yl)methyl)benzo[d]oxazol-2-
yl)amino)cyclohexanol (35 mg) as a white solid. ‘H NMR (300 MHz, DMSO-ds) 6
8.16 (s, 1H), 7.81 (m, 1H), 7.35 (s, 1H), 7.11 - 7.21 (m, 4H), 5.41 (s, 2H), 4.70 (br s,
1H), 3.76 (s, 6H), 1.80 —2.00 (m, 2H), 1.55 - 1.67 (m, 2H), 1.15 — 1.30 (m, 411}.
LCMS (EST) m/z 423 (M+HY'.
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Example 35
Preparation of V-(cyclohexylmethyl)}-6-((5,6-dimethoxy-1#-benzold]imidazel-1-

yhimethyilbenzofdioxazol-2-amine
e
§ fNﬁ -
N
O
O\ /

[00405] Step 1: To a stired solution of 6-((5,6-dimethoxy-1H-benzo{dimidazol-1-
ylimethyl}-2-(methylthio)benzo[d]oxazole (270 mg, 0.761 mmoel) from Step 2 of
Example 34 in DCM (5 mL) at { °C was added 70% meta-chloroperbenzoic acid (262
mg, 1.14 mmol), and the mixture was allowed to warm fo rt and stirred for a further
4.5 h. To the mixture was added saturated ag NaHCO: and the organic layer was
separated. The aqueous layer was extracted with DCM and the combined organic
layers were washed with saturated aq NaHCQO;. The organic layer was scparated,
dried over MgS0,, filtered, and concentrated under reduced pressure. The residue was
purified via silica gel flash chromatography eluting with 100% DCM to 10% McOH
in DCM to afford 6-({5,6-dimethoxy-1H-benzo[djimidazol- 1 -ylmethyl)-2-
(methylsulfinyDbenzo[d]oxazole (127 mg, 45%) as a solid. 'H NMR (300 MHz,
DMSO-ds) 6 8.24 (s, 1H), 7.85 - 7.92 (m, 2H), 7.48 (d, /= 8.3 Hz, 1H), 7.21 (s, 1H),
7.20 (s, 1H), 5.62 (s, 2H), 3.76 (s, 6H), 3.18 (5, 3H). LCMS (ESD m/z 372 (M+HY".

[60406] Step 2: A stirred mixture of 6-((3,6-dimethoxy-1H-benzo{dJimidazol-1-
yhimethyl)-2-(methylsulfinylybenzo[dJoxazole (60 mg, 0.162 mmaol),
cyclohexylmethyiamine {36 mg, 0.323 mmol), and DIEA (63 mg, 0.485 mmol) in
anhydrous DMA (2 mL) was heated at 90 °C for 15 h. After cooling to t, the reaction
mixture was purified directly by reverse-phase HPLC using a mixture of water (5%
CH4CN, 0.05% HOAC), CH3CN (0.05% HOACc) as the mobile phase and Varian
Pursuit XRs dipheny! column as the stationary phase to afford N-(cyclohexylmethyl)-
6-((5,6-dimethoxy-1H-benzo[djimidazol-1-yl)methybenzo[d]oxazol-2-amine (20
mg) as a white solid. "H NMR (300 MHz, DMSO-ds) 8 8.17 (s, 1H), 7.99 (t, J = 5.7
Hz, 1H), 7.37 (s, 1H), 7.11 - 7.24 (m, 4H), 5.42 (s, 2H), 3.77 (s, 3H}, 3.76 (s, 3H),
3.11(t,J=6.2 Hz, 2H), 1.50 - 1.79 {m, 7H), 1.07 - 1.26 (m, 2H)}, 0.81 - 1.00 (m, 2H).
LCMS (ESI) m/z 421 (M+H)™.
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Example 36
Preparation of (1R, 2R)-2-{{(6-({4-(1-methyl-1H-pyrazol-4-yi)-1 H-imidazoi-1-
yhymethyDbenzo|d|thiazol-2-yamino)cyclohexanol
NﬁN/\@S}—-«NH oM
" O

4
[06407]  Step I: To a stirred mixture of CuBr; (6.5 g, 0.03 mol) and r-butylnitrite
(3.9 g, 0.04 mol) in CH:CN (100 mL) at 0 °C under argon was added cthyl 2-
aminobenzofd]thiazole-6-carboxylate (5.0 g, 0.02 mol) portionwise. After stirring at 0
°C for 15 min, the mixture was allowed to warm to rt and stirred under argon for 2 h.
2 N HCI (300 mi) was added and the resulting solution was extracted with EtOAc (2
X 200 mL). The combined EtOAc layers were washed with brine (100 mL), dried
over MgSQ., filtered, and concentrated under reduced pressure. The residue was
purified by silica ge! flash chromatography eluting with a gradient of 100% hexanes
to 50% EtOAc in hexanes to afford ethyl 2-bromobenzoidithiazole-6-carboxylate
(3.94 g, 61%) as a yellow solid. "H NMR (300 MHz, DMSO-d;) & 8.81 (s, 1H), 8.05 -
812 (m, 2H), 4.37 {(q, J= 72 Hz, 2H), 1.36 (t, /= 7.1 Hz, 3H). LCMS (ESI) m/z 286
and 288 (M+H)".

160408]  Step 2: To a stirred mixture of 2-bromobenzo|dJthiazole-6-carboxylate
(2.3 g, 7.9 mmol) from Step | of this Example in THF (15 mL) at 0 °C was added
sodium thiomethoxide (607 mg, 8.7 mmol) in one portion. The mixture was allowed
to warm to rt and stirred for 20 h. The mixture was partitioned between EtOAc {150
mlL) and water (100 ml.). The EtOAc layer was separated and washed with water
(100 mL) and brine (100 mL), dried over MgSO,, filtered, and concentrated under
reduced pressure to afford ethy! 2-(methyithio)benzo[dlthiazole-6-carboxylate (1.7 g,
83%) as a yellow solid which did not require further purification. "H NMR (300
Mz, DMSO-dg) 6 8.69 (d, J= 1.3 Hz, 1), 8.02 (m, 1H)}, 7.92 (m, 1H), 4.35 (g, J =
7.0 Hz, 21), 2.83 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H). LCMS (ESI) m/z 254 (M+H)".

100409}  Step 3: To a stirred mixture of ethyl 2-(methylthio)benzo[dJthiazole-6-
carboxylate (1.7 g, 6.6 mmol) from Step 2 of this Example in CH,Cl, (50 mL) at -78
°C under argon was added 1 M diisobutyl alominum hydride in CHCl, (13.8 mL,
13.8 mmol) dropwise. After the mixture was stirred at -78 °C under argon for 3 h , it

was allowed to warm siowly to 0 °C. To the stirring mixture was added a saturated aq
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potassium sodium tartrate (50 mL) and the mixture was allowed to slowly warm to rt.
After the mixture was stirred for 12 h, the organic layer was separated, dried over
Nay S04, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography eluting with a gradient of 100% hexanes to 100%
EtOAc to afford (2-(methylthio)benzo[d]thiazol-6-yymethanol (1.05 g, 76%) as a
white solid. "H NMR (300 MHz, DMSO-ds) 3 7.93 (m, 1H), 7.79 (d, /= 8.3 Hz, 1H),
7.40 (dd, J=1.3, 8.3 Hz, 1H), 5.32 (t,./= 5.7 Hz, 1H), 4.60 (d, /= 5.8 Hz, 2H), 2.78
(s, 3H). LCMS (ESI) m/z 212 (M+H)".

[00450]  Step 4: To a stirred mixture of (2-(methylthio)benzoldthiazol-6-
ylymethanol (1.05 g, 5 mmol) from Step 3 of this Exampie and DIEA (13 mb, 7.5
mmol} in anhydrous CH,Cl, (20 mL) under argon at -10 °C was added dropwise a
solution of methanesulfonyl chloride (0.6 g, 5.5 mmol) in CH,Cl; (10 mL). The
mixturc was allowed to warm to rf and stirred for 3 h. Additional methanesulfonyl
chloride {190 mg, 1.7 mmol} was added, and the mixture was stirred for a further 2 h.
Water (50 mL) was added, and the mixture was stirred for 10 min. The resulting
mixture was then extracted with CH,Cl; (200 mL). The CH;Cl; layer was separated,
dried over Na;S0O,, filtered, and concentrated under reduced pressure to afford 6-
(chloromethyl)-2-(methylthio)benzo[dithiazole (1.0 g, 88%) as a light red solid. The
material was used in the next step without further purification. LCMS (EST) m/z 230
(M+H)".

[06411] Step 5: To a stirred mixture of 6-(chloromethyl)-2-
(methylthio)benzo[d}thiazole (0.2 g, 0.9 mmol) from Step 4 of this Example and 4-
bromo-1H-imidazole (0.2 g, 1.3 mmol) in anhydrous DMF (3.0 mL) was added
K2CO5 (0.37 g, 2.7 mmol). After stirred for 3 h at rt, the reaction mixture was
partitioned between EtOAc (1060 mL} and water (50 mL). The EtOAc layer was
separated, washed with brine (50 mi), dried over Na,; SOy, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel flash chromatography
cluting with a gradient of 30% EtOAc in hexanes to 100% EtOAc to afford 6-({4-
bromo-1H-imidazol-1-ylmethyl)-2-(methylthio)benzo[djthiazole (160 mg, 54%) as a
yeliow oil. The regiochemistry of the alkylation was determined by 2-dimensional
nuclear Overhauser effect (NOE) experiment. 'H NMR (300 MHz, CDCi) § 7.85 (d,
J=83Hz 1H), 7.54 (d,J=1.1Hz, 1H), 745 (d,J=13Hz, 1H), 7.24 (dd, /= 1.7,
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8.5 Hz, 1H), 6.88 (d, J= 1.5 Hz, 1H), 5.17 (s, 2H), 2.80 (s, 3H). LCMS (ESI) m/z 340
and 342 (M),

[08412]  Step 6: To a stirred mixture of 6-((4-bromo-1H-imidazol-1-yDmethyl)-2-
(methylthio)benzo[d]thiazole (105 mg, 0.3 mmol) from Step 5 of this Example in
CH,Cl, (15 mL) at 0 °C was added 70 — 75% 3-chloroperoxybenzoic acid (91 mg, 0.4
mmol). After the mixture was stirred at 0 °C for 2 h, saturated aq NaHCO; (10 ml.)
was added. The mixture was stirred for 10 min and the CH,Cl, layer was separated,
dried over Na;SQy, filtered, and concentrated under reduced pressure to afford 6-((4-
bromo-1H-imidazol-1-yl)methyl)-2-(methylsulfinyl)benzo[d]thiazole (130 mg) as a
white foam. The material was used in the next step without further purification.
LCMS (EST) m/z 356 and 358 (M+H)".

{00413]  Step 7: To a suspension of 6-((4-bromo-1H-imidazol-1-yl)methyl)-2-
{methylsulfiny)benzo{d}thiazole (130 mg, 0.37 mmol) from Step 6 of this Example
and (1R,2R)-2-aminocyclohexanol (126 mg, 1 mmol) in anhydrous DMA (1.0 mL)
was added DIEA (320 ul, 1.8 mmol). The mixture was heated in a sealed tube at 110
°C for 7 h. The mixture was cooled to rt and water was slowly added while stirring fo
give a precipitate, The mixture stirred for 10 min and the solid was coliected by
filtration to afford (1R,2R)-2-((6-((4-bromo-1H-imidazoi-1-
yhmethyl)benzo|d]thiazol-2-yl)amino)cyclohexanol (100 mg, 68%) as a tan solid.
The material was used in the next step without further purification. LCMS (ESI) m/z
407 and 409 (M-+H)

[00414] Step 8: To a suspension of (1R,2R)-2-({6~((4-bromo-1H-imidazol-1-
yhmethylibenzo[d]thiazol-2-y)amino)oyciohexanol (50 mg, 0.12 mmol) from Step 7
of this Example and I-methylpyrazole-4-boronic acid pinacol ester (51 mg,
0.25mmol) in a mixture of DME (0.7 mL) and H,0 (0.3 mL) was added K,CO: (68
mg, 0.5 mmol). Argon was bubbled into the mixture for 5 min. To the mixture was
added tetrakis(triphenylphosphine)paliadium (0) (14 mg, 0.01 mmol). Argon was
bubbied into the mixture for 5 min. The reaction vessel was sealed and the mixture
was heated at 100 °C for 16 h. Additional portions of }-methyipyrazole-4-boronic acid
pinacol esier (51 mg, 0.25mmol) and tetrakis(triphenylphosphine)palladium (0) (14
mg, 0,01 mmol) were added to the mixture and argon was bubbled into the mixture
for 5 min. The reaction vessel was sealed and the mixture was heated at 110 °C for 4
h. The mixture was cooled to rt and partitioned between EtOAc (100 mL) and ag I N
228



WO 2013/056070 PCTEAIS2012/059983

K2CO; (50 mlL). The EtOAc layer was separated and washed with water (50 mL) and
brine (50 mL), dried over Na,SOs, filtered, and concentrated under reduced pressure.
The residue was purified by preparative reverse-phase HPLC using a mixture of water
(5% CHaCN, 0.05% HCOOH) and CH3CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C18 column as the stationary phase to afford (1R, 2R)-2-((6-((4-
(1-methyl-1H-pyrazol-4-y1}- 1 H-imidazol-1-yh)methyl)benzo[d]thiazol-2-
yhamino)cyclohexanol (10.3 mg, 20%) as a white solid. 'H NMR (300 MHz, DMSO-
ds) 8797 (d, J=7.5Hz, 1H), 7.80 (s, 1H), 7.71 (s, 1H), 7.54 - 7.62 (m, 2H), 7.32 (d,
J=8.3Hz, 1H), 7.24 (s, 1H), 7.16 (dd, J= 1.3, 8.3 Hz, 1H), 5.13 (s, 2H), 4.75 (brm,
1H), 3.80 (s, 3H), 3.52 {(br s, 1H), 3.34 (br s, 1H), 2.04 (d, /=102 Hz, 1H), 1 88 (d, J
=94 Hz, 1H), 1.55 — 1.66 (m, 2H), 1.10 - 1.33 (m, 4H). LCMS (ESI) m/z 409
{(M+H)",
Example 37
Preparation of 1-{(2-(({1 R,2R)-2-hydroxycyclohexyl)amino)benzo|d]thiazol-6-
vl)methyl)-N-methyl-1H-imidazole-4-carboxamide
N'ﬁ”ﬁi}—wm Ot
o

[06415] Step 1: To a stirred mixture of 6-(chloromethyl)-2-
(methylthio)benzo[dlthiazole (500 mg, 2.2 mmol) from Example 36 and methyl 4-
imidazole carboxylate (400 mg, 3.3 mmol} in DMF (15 mL) was added K,CO; (0.9 g,
6.5 mmol). After the mixture was stirred for 3 h at rt, it was parfitioned between
EtOAc (100 mL) and water (50 mL}. The EtOAc layer was separated and washed
with water (50 mL) and brine (50 mL), then dried over Na,SOy, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 2% MeOH in CH,Cl to afford methy! 1-((2-
{methylthio)benzo[d}thiazol-6-yhmethyl)-1 H-imidazole-4-carboxylate (130 mg, 19%)
as a white solid. The regiochemistry of the alkylation was determined by 2-
dimensional nuclear Qverhauser effect (NOE) experiment. 'H NMR (300 MHz,
DMSO-dg) 8 8.01 (d, /= 0.9 Hz, 1H), 798 (d, /= 1.1 Hz, 1H), 7.93 (d, /= 0.9 Hz,
iH), 7.84 (d, /=8.3 Hz, 1H), 7.43 (dd, /= 1.7, 8.3 Hz, 1H), 5.35 (s, 2H), 3.72 (s,
3H), 2.78 (s, 3H). LCMS (ESI) m/z 322 (M+H)".
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[00416] Step 2: To a stirred sotution of methylamine (623 pL of a 2 M solution in
THF, 1.3 mmol) at 0 °C was added trimethylaluminum (623 ul. of a 2 M solution in
toluene, 1.2 mmol). The mixture was stirred for 2 min and then a solution of 1-((2-
(methylthio)benzo[d]thiazol-6-ylymethyl)-1 H-imidazole-4-carboxylate (80 mg, 0.25
mmol) from Step 1 of this Example in DCE (1 mL) was added dropwise. The reaction
vessel was sealed and the mixture was heated at 70 °C for 20 h. The mixture was then
concentrated under reduced pressure and the residue was purified by silica gel flash
chromatography eluting with 5% MeQOH in EtOAc to afford N-methyl-1-((2-
(methylthio)benzo[d]thiazol-6-y1)methyl}-1H-imidazole-4-carboxamide (46 mg, 58%)
as a white solid. "H NMR (300 MHz, DMSO-ds) 8 7.98 (d, /= 1.3 Hz, 1H), 7.81 -
7.94 (m, 3H), 7.71 (d, J = 1.1 Hz, 1H), 7.42 (dd, J = 1.6, 8.4 Hz, 1H), 5.33 (s, 2F),
2.78 (s, 3H), 2.70 (d, J = 4.9 Hz, 3H). LCMS (EST) m/z 319 (M+H)".

[00417] Step 3: N-Methyl-1-((2-(methylsulfinyl)benzo{d]thiazol-6-yDmethyl)-1 F-
imidazole-4-carboxamide was synthesized as a white foam (76 mg, 100%) using a
procedure analogous to that described in Step 6 of Example 36, substituting N-
methyl-1-((2-(methylthio)benzo[d]thiazol-6-yl)methyl)- 1 H-imidazole-4-carboxamide
from Step 2 of this Examptle for 6~((4-bromo-1H-imidazol-1-yl)methyt)-2-
{methylthio)benzo[d]thiazole used in Example 36. LCMS (ESI) m/z 335 (M=),

[60418]  Step 4: 1-((2-(((1R,2R)-2-Hydroxycyclohexyhamino)benzo[d}thiazol-6-
yhmethyl)-N-methyl-1H-imidazole-4-carboxamide was synthesized as a white
powder (26 mg, 46%) using a procedure analogous to that described in Step 7 of
Example 36, substituting N-methyl-1-((2-(methylsulfinyl)benzo[d]thiazol-6-
ylymethyl)-1/-imidazole-4-carboxamide from Step 3 of this Example for 6-((4-
bromo-1H-imidazol-1-ylmethyl)-2-(methylsulfinyl)benzo[d]thiazole used i

Example 36 and subjecting the crude residue to purification by reverse-phase
preparative HPLC using a mixture of water (5% CH,CN, 0.05% HCOOH) and
CH;CN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase. 'H NMR (300 MHz, DMSO-ds) § 8.01 (4, .J= 7.5 Hz, 1H), 7.84
~7.92 (m, 1H), 7.80 (d, J= 1.1 Hz, 1H), 7.62-7.67 (m, 2H), 7.31 {d, 1H), 7.18 {dd, ./
= 1.7, 8.3 Hz, 1H), 5.18 (s, 2H), 4.77 (br m, 1H), 3.55 (br m, 1H), 3.35 (brm, 1H),
2.69 (br m, 3H), 2.04 (br m 1H), 1.86 (br m, 1H), 1.61 (br m, 2H), 1.10 - 1.35 (br m,
4H). LCMS (EST) m/z 386 (M+H)".
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Example 38
Preparation of (1R,2R)-2~((6-(imidazo[1,2-a]pyridin-3-ylmethyl)benzo[d}thiazol-

2=yDaminojcyclohexanel

20

’ NH OH
O

[60419]  Step 1: A stirred mixture of 2-fluoro-4-iodoaniline (5.0g, 21.1 mmol)}, Cul
{90 mg, 0.42 mmol), and PACL;(PPh;3),; (300 mg, 0.42 mmoel) in a pressure tube was
flushed with argon. Ethynyltrimethylsilane (2.28 g, 23.2 mimol) in TEA (20 mL) was
added and the resulting mixture was stirred at rt over night. The reaction mixture was
then diluted with Et,O and filtered through a Celite pad. The filtrate was concentrated
under reduced pressure and the residue was purified by silica gel chromatography
cluting with 5% EtOAc in hexanes to afford 2-fluoro-4-
{(trimethylsilyl)ethynyhaniline (4.4 g, 100%) as a brown solid. LCMS (ESI) m/z 208
(M+H)".

[06428] Step 2: To a solution of 2-fluoro-4-({trimethylsilyl)ethynyl)aniline (4.4 g,
21.2 mmol) from Step 1 of this Exampie in 20 mL of DMF was added potassium O-
ethyl carbonodithioate (7.48 g, 46.8 mmol). The resulting mixture was heated under
reflux for 4h. After cooling to rt, the reaction mixture was treated with water (30 mL)
and 1N HCI (100 mL). The mixfure was stirred at rt for Zh before the precipitates
were collected byfiltration and washed with water to give the crude 6-
cthynylbenzo]d]thiazole-2-thiol (4.0 g, 99%) as a dark brown solid. LCMS (ESI) m/z

[60421] Step 3: To a stirred solution of 6-ethynylbenzo[d]thiazole-2-thiol (4.0 g,
21 mmol) from Step 2 of this Example 12 20 mL of DMF at 0 °C were added K,COs
(7.25 g, 5.25 mmol), and Mel (5 mL}. The mixture was stirred at rt for 2 h before 1t
was partitioned between EtOAc and water, the organic layer was washed with brine,
dried over Na;SOy4, and concentrated under reduced pressure. The residue was
purified by silica gel chromatography eluting with 3:1 DCM/hexanes to afford 6-
ethynyl-2-(methylthioybenzo{d]thiazole (1.5g, 35%) as an off-whitc solid. .CMS
(EST) m/z 206 (M+H)",

[66422] Step 4: A stirred mixture of 2-aminopyridine (100 mg, 1.1 mmol),
paraformaldehyde (34 mg, 1.1 mmol}, CuCi (5 mg, 0.06 mmol), and Cu(OT1). (19
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mg, 0.06 mmol) in 3 mL of toluene in a pressure tube was flushed with argon. 6-
Ethynyl-2-(methylthio)benzo{d]thiazole {327 mg, 1.6 mmol) from Step 3 of this
xample was added. The reaction vessel was sealed and the mixture was heated in an
oil bath at 120 °C for 6 h. LCMS analysis showed that the reaction was mostly
complete. The reaction mixture was partitioned between EtOAc and saturated aq
NaHCOs;. The organic layer was washed with brine, dried over Na;SOy, and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 0-100% EtOAc in hexanes to afford 6-(imidazo[1,2-
a]pyridin-3-ylmethyl)-2-(methylthio)benzo[d]thiazole (127 mg, 38%) as a brown oil.
LCMS (ESD) m/z 312 (M+H)'

[60423]  Step 5: (1R.2R)-2-((6-(Imidazo[1,2-a]pyridin-3-yimethyl)oenzol dthiazol-
2-yDamino)cyclohexanol (28 mg, 18%) was obtained as a yellow powder using
procedures analogous to those described in Step 5 of Example 3 and Step 5 of
Example 2, sequentially, substituting 6-(imidazo[1,2-a]pyridin-3-ylmethyl)-2-
(methylthioybenzo{d]thiazole from Step 4 of this Example for 6~((3H-imidazo[4,5-
blpyridin-3-yhmethyl)-2-(methylthio)benzo[d]thiazole used in Example 3. 'H NMR
(360 MHz, DMSO-d;s) 8 8.20 (d. /= 6.4 Hz, 1H), 7.89 (d,/=7.5 Hz, 1H), 748 - 7.62
(m, 28y, 7.43 (brs, 1H), 7.27 (d, /= 8.1 Hz, IH), 7.14 - 7.23 {m, 1H), 7.09 (&d, /=
1.2, 8.2 Hz, 1H), 6.86 (1, J= 6.7 Hz, 1H), 4.75 (br s, 1H)., 4.29 (s, 2H). 3.47 - 3.59 {m,
1H), 2.03 (d, /= 10.4 Hz, 1H), 1.88 (br s, 2H), 1.61 (brs, 2H), 1.23 (d,.J = 5.5 Hz,
4H). LCMS (EST) m/z 379 (M+H)"

Example 39
Preparation of (1R, 2R)-2-((6-{({(6-(1-methyl-1H-pyrazel-4-y}-3H-imidazo|4,5-
bipyridin-3-vmethyl)benzo{d]thiazol-2-yl)amino)cyciohexanol

2N 8
N /\©:/>—NH OH
SRS

N
N

TN
N~

\
[00424] A stirred mixture of (1R,2R)-2-({6-{{6-bromo-3 Fl-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d|thiazol-2-yl)amino)cyclohexanol from Example 29(80 mg, 0.175

mmol), 1-methyipyrazole-4-boronic acid pinacol ester (73 mg, 0.351 mmol), 2M aqg
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Na;COs (400 ul., 0.40 mmol), and anhydrous DME (1.5 mL) was degassed under
argon for 15 min. Bis(triphenylphosphine)palladium (I1) dichloride (12 mg, 0.0171
mmol) was added and the reaction vessel was sealed and the mixture was heated at
100 °C for 15 h. After cooling to rt, the mixture was purified directly by reverse-phase
HPLC using a mixture of water (5% CHiCN, 0.05% HOAc) and CH3;CN (0.05%
HOAC) as the mobile phase and Varian Pursuit XRs diphenyl column as the stationary
phase to afford (1R, 2R)-2((6~((6-(1-methyl-1 H-pyrazol-4-yh)-3H-imidazo[4,5-
blpyridin-3-yDmethyl)benzo{d |thiazol-2-ylyamino)cyciohexanol (33 mg, 41%) as a
white solid, "H NMR (300 MHz, DMSO-dy) 8 8.64 (d, /= 1.9 Hz, 1H), 8.56 (s, 1H),
8.26 (d,J= 1.9 Hz, 1H), 8.23 (s, 1H), 7.95 - 8.01 (m, 2H), 7.67 (d, /= 1.1 Hz, 1H},
7.20 - 7.32 (m, 2H), 5.47 (s, 2H), 4.76 {br s, 1H), 3.88 (s, 3H), 3.51 (m, 1H), 3.35 {m,
1H), 2.03 (m, 1H), 1.90 (m, 1H), 1.62 (d, /= 4.7 Hz, 2H), 1.10 - 1.33 (m, 4H). LCMS
(EST) m/z 460 (M+TH)".

Example 40
Preparation of (1R,2R)-2-({6-((6~(pyridin-3-y1}-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo{d]thiazol-2-yDaminojcyeclohexanol

NJ‘\N/\CES)—NH o
=== N 8
N\ O
N
[00425] A stirred mixture of (1R,2R)-2-({6-((6-bromoe-3H-imidazo[4,5-b]pyridin-3-
ylmethylbenzofd|thiazol-2-ylyamino)cyclohexanol (80 mg, 0.175 mmol) from
Exampie 29, pyridine-3-ylboronic acid (43 mg, 0.350 mmol}, 2M aq Na,CQ; (400
ul, 0.40 mmol), and anhydrous DME (1.5 mL) was degassed under argon for 15 min.
Bis(triphenylphosphine)palladium (IF) dichlonde (12 mg, 0.0171 mmol) was added
and the reaction vessel was sealed and the mixture was heated at 100 °C for 15 h.
After cooling to rt, the mixture was purified directly by reverse-phase HPLC using a
mixture of water (5% CHZCN, 0.05% HOACc) and CH;CN (0.05% HOACc) as the
mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford (1R, 2R)-2-((6-{{6-(pyridin-3-y1)-3 H-imidazo[4,5-bIpyridin-3-
yhmethyhbenzo[d]thiazol-2-y])amino)cyclohexanol (25 mg, 31%) as a white solid.
'H NMR (300 MHz, DMSO-ds) 8 8.99 (br s, 1H), 8.66 - 8.77 (m, 2H), 8.60 (br s, 1H),
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8.46 (s, 1H), 8.19 (d, J= 7.9 Hz, 1H), 8.00 (d, J = 7.3 Hz, 1H), 7.69 (s, 1H), 7.52 (dd,
J=47,7.7Hz, 1), 7.21 - 7.34 (m, 2H), 5.53 (s, 2H), 4.77 (br s, 1H), 3.51 (m, 1F),
3.35 (m, 1H), 2.03 (m, 1H), 1.87 (m, 1H), 1.56 ~ 1.66 (m, 2H), 1.11 - 1.34 (m, 4H).
LCMS (EST) m/z 457 (M+H)",

Exampie 41
Preparation of (1R,2R)-2-((6~{{5-bromo-6-methoxy-1H-benzodlimidazol-1-
vhmethylibenzo[d|thiazol-2-ylaminojcyelochexanol

AN R 3,
N | p—NH OH
o}

BY
[66426] Step 1: To a stirred mixture of DMF (15 mL) and NaH (60% in mineral
011,75 mg,, 1.9 mmol) at -10 °C under argon was added 4-bromo-5-methoxy-2-
nitroaniline (490 mg, 2.2 mmol) in one portion. The mixture was stirred for 5 min at -
10 °C. A solution of 6-(chloromethyl}-2-(methylthio)benzo[dlthiazole from Example
36 (500 mg, 2.2 mmol) in DMF (5 mL) was added dropwise. After stirring at -10 °C
for 1 h, the mixture was allowed to warm slowly to rt. The mixture was stirred at 1t for
58 h and then partitioned between EtQAc (150 mL) and 1| M ag Na,CO5 (50 mL). The
EtOAc layer was separated and washed with water {50 mL) and brine, dried over
NaySOy, filtered, and the filtrate was concentrated under reduced pressure, The
residue was purified by silica gel flash chromatography eluting with a gradient of
100% hexanes to 100% EtOAc 1o afford 4-bromo-5-methoxy-N-{({2-
(methylthio)benzo[dithiazol-6-yhmethyl)-2-nitreaniline (239 mg, 25%) as an orange
solid. "H NMR (300 MHz, DMSO-dy) 8 9.02 (t, J= 5.8 Hz, 1H), 8.23 (s, 1H), 8.06 (s,
1H), 7.83 {(d, J=8.5 Hz, 1H), 7.53 (d, /= 8.3 Hz, 1H), 6.40 (s, 1H), 4.80{d, /=58
Hz, 2H), 3.77 (s, 3H), 2.78 (s, 3H). LCMS (ESI) m/z 440 and 442 (M+HY .

[60427]  Step 2: To a stirred suspension of 4-bromo-5-methoxy-N-{(2-
(methylthioYbenzo[d]thiazol-6-yDmethyl)-2-nitroaniline (212 mg, 0.5 mmeol) from
Step 1 of this Example in FtOH (4 mL) and HOAc (2 mL) at 0 °C under argon was
added zinc powder (160 mg, 2.4 mmol) in one portion, After 1.5 h at 0 °C, MeOH (5
mL), additional HOA¢ (2 mL), and zinc powder (160 mg, 2.4 mmol} were added. The
mixture was allowed to warm to rf and stirred for 18 h. The mixture was filtered and
the filtrate was cooled to 0 °C. The pH of the filtrate was adjusted to pH~9 by addition
of solid Na;COs. The mixture was then partitioned between EtOAc (150 mL) and
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water (100 mL). The EtOAc layer was separated, dried over Na;SO,, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with a gradient of 100% hexanes to 100% EtOAc to afford 4-
bromo-3-methoxy-N1-{(2-(methylthio)benzo[d]thiazol-6-yhmethyl)benzene-1,2-
diamine {120 mg, 61%). LCMS (ESI) m/%z 410 and 412 (M+H) .

[06428]  Step 3: To a stirred mixture of 4-bromo-S-methoxy-N'-((2-
{methyithio)benzo[d]thiazol-6-yl)methy!)benzene-1,2-diamine (120 mg, 0.3 mmol)
from Step 2 of this Example and triethylorthoformate (20 mL) was added formic acid
(1 mL). The mixture was heated under reflux for 2 h, then concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography eluting
with100% EtOQAc to afford 6-((5-bromo-6-methoxy-1H-benzo{d]imidazoi-1-
yhmethyD)-2-(methylthio)benzo{dthiazole (50 mg, 40%) as an oil. 'H NMR (300
MHz, CDCi3) 8 8.01 (s, TH), 7.78 - 7.91 {m, 2H), 7.46 (s, 1H}, 7.25 (m, 1H), 6.69 (s,
1H), 5.42 (s, 2H), 3.81 (s, 3H), 2.78 (s, 3H). LCMS (EST) m/z 420 and 422 (M+H)".

[00429] Step 4: 6-({(5-Bromo-6-methoxy-1H-benzofdlimidazoi-1-yDmethyl)-2-
{methylsulfinylibenzoldjthiazole was synthesized as a white foam (75 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((5-
bromo-6-methoxy-1H-benzo[d]imidazol- 1 -yDmethyl)-2-{methylthio)benzo[d|thiazole
fromn Step 3 of this Example for 6-((4-bromo-1H-imidazol-1-yhmethyl}-2-
(methyithio)benzo[d]thiazole used in Example 36. LCMS (ESI) m/z 436 and 438
(M+H)".

[06436]  Step 5: (1R, 2R)-2-({6-((5-Bromo-6-methoxy-1 H-benzo[dJimidazol-1-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanot was synthesized as a white
powder (15 mg, 26%) using a procedure analogous to that described in Step 4 of
Example 37, substituting 6-((5-bromo-6-methoxy-1H-benzo[d]imidazol-1-yl)methyl)-
2-(methylsulfinyl)benzo[d|thiazole from Step 4 of this Example for N-methyl-1-({2-
(methyisulfinyl)benzo[d]thiazol-6-y)methyl)-1 H-imidazole-4-carboxamide used in
Example 37. "H NMR (300 MHz, DMSO-ds) & 8.29 (s, 1H), 7.98 (d, /= 7.5 Hz, 1H),
7.85 (s, 1H), 7.66 (d, J= 1.1 Hz, 1H), 7.37 (s, 1H}, 7.27 - 7.33 (m, 1H), 7.22 (dd, J =
9, 1.5 Hz, 1H), 546 (5, 2H), 4.75 (d, /= 4.9 Hz, 1H), 3.85 (s, 3H}, 3.52 (brm, 1H),
3.33 (brm, 1H), 2.02 (br m, [H), 1.85 (br m, 1H), 1.55 - 1.68 (br m, 2H), 1.10 - 1.34
(br m, 4H). LCMS (ESI) m/z 487 and 489 (M+H)",
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Example 42
Preparation of (1R,2R)-1-((6-({6-bromo-3H-imidazo[4,5-b]pyridin-3-
yl)methyl)benzo[d|thiazol-2-vDamino)-2,3-dihydro-1H-inden-2-0l
N//\N/\@S}—NH o
== Pl N
N
N
Br §

[00431] A stirred mixture of 6-((6-bromo-3 H-imidazof4,5-b]pyridin-3-ylymethyl)-
2-(methylsuifiny)benzoi djthiazole from Example 29 (210 mg, 0.3 mmol), (1R,2R)-
1-amino-2,3-dikydro-1H-inden-2-o0l (92 mg, 0.6 mmol), and DIEA (267 pL, 1.5
mmol) in DMA (3 mL) was heated at 130 °C for 120 h in a sealed tube. The mixture
was cooled to rt and subjected to purification by reverse-phase preparative HPLC
using & mixture of water (5% CH;CN, 0.05% HCOOH) and CH;CN (0.05%
HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as the stationary
phase to afford (1R,2R)-1-({6-((6-bromo-3H-tmidazo[4,5-b]pyridin-3-
ylmethyhbenzo[d]thiazoi-2-ylyamino)-2,3-dibydro-1 H-inden-2-0l (5.4 mg, 4%) as a
white powder. "H NMR (300 MHz, DMSO-ds) & 8.68 (s, 1H), 8.36 - 8.54 (m, 3H),
7.71 (s, 1H), 7.35 (m, 1H), 7.11 - 7.30 (m, 5H), 5.51 (s, 2H), 5.18 (1, .J=7.0 Hz, 1H),
430 (m, 1H), 3.16(dd, 7=7.2, 15.8 Hz, 1H), 2.74 (dd, /= 7.3, 15.4 Hz, 1H). LCMS
(EST) m/z 492 and 494 (M+H) .

Example 43
Preparation of 3-((2-(((1R,2R)-2-hvdroxycyclohexyl)amino)benzo|d}thiazol-6-
yhmethyl)-3H-imidazo[4,5-b|pyridine-6-carbonitrile

AN S
N /U J>—NH  OH
N O

i
N

[00432] A stirred mixture of (1R,2R)-2-{(6-{(6~-bromo-3H-imidazof4,5-bipyridin-3-
yhmethyhbenzof[dthiazoi-2-yl)amino)cyclohexanol from Example 29 (170 mg, 0.372
mmol), zinc ¢yanide (131 mg, 1.12 mmol), 1,1 -bis(diphenyiphosphino)ferrocene (31
mg, 0.0558 mmol) and anhydrous DMF (2 mL) was degassed under argon for 15 min.
Tris(dibenzylideneacetone) dipalladivm (0) (34 mg, 0.0372 mmol) was added. The
reaction vessel was scaled and the mixture was heated at 100 °C for 6 h. After cooling
to rt, the mixture wasg purified directly by reverse-phase HPLC using a mixture of

236



WO 2013/036070 PCT/US2012/059983

water (5% CH3CN, 0.05% HCOOQH) and CH3CN (0.05% HCOOQH) as the mobile
phase and Varian Pursuit XRs C-18 column as the stationary phase to afford ((2-
(((1R,2R)-2-hydroxycyclohexyl)amino)benzo|[d]thiazol-6-yymethyl)-3 H-imidazo[4,5-
blpyridine-6-carbonitrile (51 mg, 34%) as a white solid. 'HNMR (300 MHz, DMSO-
ds) 8 8.80-8.91 (m, 2H), 8.72 (d, J= 1.5 Hz, 1H), 7.99 (d, /= 7.3 Hz, 1H), 7.68 (s,
1H), 7.20 - 7.34 (m, 2H), 5.53 (s, 2H), 4.74 (br s, 1H), 3.29 - 3.38 (m, 2H), 2.04 (m,
1H), 1.88 {m, 1H), 1.55 - 1.70 (m, 2H), 1.10 — 1.35 {m, 4H). LCMS (ESI) m/z 405
(M+H)".

Example 44
Preparation of (1R, 2R)-2-{(6-((7-methoxyimidazo[l.2-alpyridin-3-

yhimethyDbenzo[d]thiazol-2-yl)amino)cyclohexanol

~ s
NmN,)—NH OH
YRS

XN

[00433]  (1R.2R)-2-((6~((7-Methoxyimidazof1,2-a]pyridin-3-
vDmethylhbenzo[d]thiazol-2-yl)amine)cyclohexanol (25 mg) was obtained as a
vellow powder using procedures analogous to those described in Steps 4-5 of
Exampic 38, substituting 4-methoxypyridin-2-amine for 2-aminopyridine used in
Example 38. '"H NMR (300 MHz, DMSO-ds) 8 8.03 (d, /= 7.3 Hz, 1H), 7.87 (d, J=
7.5 Hz, 1H), 7.49 (s, 1H), 7.17 - 7.33 (m, 2H), 7.07 (dd, J = 1.2, 8.2 Hz, 1H), 6.92 (d,
J=2.3Hz, IH), 6.59 (dd, /= 2.4, 7.4 Hz, I[H), 473 (brs, 1H), 4.22 (s, 2H), 3.80 (s,
3H), 3.41 - 3.63 (m, 2H), 2.03 (d, ./ = 102 Hz, |H), 1.88 (d, /= 9.6 Hz, 1H), 1.61 (br
s, 2H), 1.23 (d, J= 5.3 Hz, 4H). LCMS (ESD) m/z 409 (M+11)".

Exampie 45
Preparation of (1R, 2ZE}2-((6-((6-cyciopropyl-3 H-imidazo[4,5-b]pyridin-3-
yimethylbenzo|[d]thiazol-2-yl)amino)cyclohexanol

AN S
N /\@)_NH OH
e N N C*‘

N
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[08434] A stirred mixture of (1R,2R)-2-((6-({6-bromo-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d|thiazol-2-yl)amino)cyclohexanol from Exampte 29 (30 mg, 0.0656
mmol), cyclopropylboronic acid (11 mg, 0.131 mmol), K2CO; (36 mg, 0.262 mmol),
2-dicyclohexylphosphino-2°,4°,6°~triisopropylbiphenyl (16 mg, 0.0328 mmol} and
anhydrous toluene (1 mL) was degassed under argon for 15 mn.
Tris(dibenzylidenecacetone) dipalladium (0) (6 mg, 0.0066 mmol) was added. The
reaction vessel was sealed and the mixture was heated at 100 °C for 15 h. After
cooling to rt, the mixture was purified directly by reverse-phase HPLC using a
mixture of water (5% CH3CN, 0.05% HOAc) and CH;CN (0.05% HOAC) as the
mobile phase and Phenomenex Luna C-18 column as the stationary phase to afford

(1R, 2R)-2-({6-((6-cyclopropyl-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[dlthiazol-2-yl)amino)cyclohexanol (1 mg, 4%) as a white solid. 'H
NMR (300 MHz, DMSO-ds) 6 8.51 (s, 1H), 8.24 (d, /= 1.5 Hz, 1H), 8.03 (d,J=7.3
Hz, 1H), 7.70 (d, /= 1.5 Hz, 1H), 7.63 (s, 11}, 7.28 (m, 1H), 7.19 (m, 1H), 5.44 (s,
2H), 4.82 (brs, 1H), 1.97 - 2.13 (m, 2H), 1.85 (m, 1H), 1.54 - 1.74 {m, 3H), 1.09 -
1.34 (m, 41), 0.92 - 1.02 (m, 2H), 0.70 - 0.80 (m, 2H). LCMS (ESI) m/z 420 (M+H)"

Example 46
Preparation of (1R, 2R)-1-((6-{(3H-imidaze{4,5-b]pyridin-3-
vymethylbenzo{d|thiazol-2-ylamino)-2,3-dihydro-1 H-inden-2-ol

4~ 5
N N/\©: PN OH
= N % £

N
N

[60435] (IR2R)-1-{(6-((3H-Imidazo[4,5-b]pyridin-3~-yDimethylYbenzol dlthiazol-2-
yl)amino)-2,3-dihydro-1H-inden-2-ol wus synthesized as a white powder (8 mg, 6%)
using a procedure analogous to that described in Example 42, substituting 6-((3H-
imidazo[4,5-b]pyridin-3-ylimethyl}-2-(methylsulfiny)benzo[djthiazole from
Example 3 for 6-({6-bromo-3H-imidazoi4,5-bpyridin-3-yDmethyl)-2-
(methyisulfiny!)benzo[dthiazole used in Example 42, "H NMR (300 MHz, DMSO-
ds) 8 8.62 (s, 1H), 8.46 (d, /= 8.1 Hz, 1H), 8.39(dd, /= 1.3, 4.7 Hz, 1H), 8.10 (dd, .J
=13,81Hz, iH), 7.73(d, J=1.1 Hz, 1H), 7.10 - 7.40 (m, 7H), 5.51 (s, 2H}, 5.17 (1,
J=72Hz, IH), 429 (m, 1H), 3.16 (dd, /=7.0, 15.6 Hz, 1H), 2.74 (m, 1H). LCMS§
(ESI) m/z 414 (M+H)".

Example 47
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Preparation of {1R,2R)-2-({6-((6-bromo-5-methoxy-1H-benzo|d]imidazol-1-

yhmethyhbenzo[d}thiazol-2-yamino)cyelohexanol

N 8
N /\@%NH O
Sals

Br
O\

[00436]  Step 1: To a stirred mixture of 4-bromo-5-methoxy-2-nitroaniline (5 g, 20
mmol} in MeOH (50 mL) and HOAc (20 mL) at 0 °C under argon was added zinc
powder (5.3 g, 80 mmol) portionwise. The mixture was stirred for 2 h, then filtered,
and the filtrate was cooled to 0 °C, The pH of the filtrate was adjusted to pH~9 by
addition of solid NayCQs. The muixture was then partitioned between EtOA¢ (250 mL)
and water (200 mL). The EtOAc layer was separated, dried over Na;SOy, filtered, and
concentrated under reduced pressure to afford 4-bromo-3-methoxybenzene-1,2-
diamine (3.8 g, 88%) as a dark purple solid. The material was used in the next step
without further purification. 'H NMR (300 MHz, DMSO-ds) 8 6.66 (s, 1H), 6.34 (s,
1H), 4.08 - 4.83 (m, 4H), 3.63 (s, 3H). LCMS (ESD) m/z 217 and 219 (M+H)".

[00437]  Step 2: To a stirred mixture of 4-bromo-5-methoxybenzene-1,2-diamine
(3.8 ¢, 18 mmol) from Step 1 of this Example and triethy! orthoformate (50 mL) was
added formic acid (1 mL). The mixture was heated at reflux for 3 h, then concentrated
under reduced pressure. The residue was partitioned between EtOAc (200 ml) and a

I N aq Na,CO; (100 mL). The EtOAc layer was separated, washed with brine (100
mL), dried over NaxSQ,, filtered, and concentrated under reduced pressure to afford
5-bromo-6-methoxy-1H-benzo[Jjimidazole (4.0 g) as a brown oil. The material was
used in the next step without further purification. LCMS (ESI) m/z 228 and 230
(M+H)".

[00438] Step 3: To a stirred mixture of DMF (3 mL) and NaH (60% in mineral oil,
67 mg, 1.6 mmol) at 0 °C under argon was added 5-bromo-6-methoxy-1H-
benzo[d]imidazole (346 mg, 1.5 mmol) from Step 2 of this Example in one portion.
The mixture was stirred for 5 min at 0 °C. A solution of 6-(chloromethyl)-2-
(methylthio)benzo[d]thiazole (500 mg, 2.2 mmol) from Step 4 of Exampie 36 in DMF
(3 mL) was added dropwise. The mixture was stirred at 0 °C for 1 h, then allowed to
warm slowly to rt and stirred for 6 h. The mixture was then partitioned between
EtOAc (100 mL) and water (50 mL). The FtOAc layer was separated and washed

with brine, dried over Na;SQ,, filtered, and concentrated under reduced pressure, The
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residue was purified by silica gel flash chromatography elutingwith 100% EtOAc to
afford the two regioisomers: Regioisomer 1; 6-((5-bromo-6-methoxy-1H-
benzo{d]imidazol-1-yhmethyl)-2-(methylthio)benzo[ f]thiazole (127 mg, 20%). The
structure was confirmed by comparison with NMR from the regiospecific synthesis of
the same compound described in Step 3 of Example 41. 'H NMR (300 MHz, CDCl3)
5 8.02 (s, 1H), 7.78 - 7.91 (m, 2H), 7.47 (s, 1H), 7.25 (m, 1H), 6.70 (s, 1H), 5.43 (s,
2H), 3.82 (s, 3H), 2.79 (s, 3H). LCMS (ESD) m/z 420 and 422 (M+H)". Regioisomer
2; 6-((6-bromo-5-methoxy- 1 H-benzo[djimidazol-1-yl)methyl)-2-
(methylthio)benzo[d]thiazole (81 mg, 13%). "H NMR (300 MHz, CDCL) 8 7.92 (5,
1H), 7.84 (d, J= 8.5 Hz, 1H), 7.48 (m, 2H), 7.34 (s, 1H), 7.25 (m, 1H), 5.40 (s, ZH),
3.94 (s, 3H), 2.79 (s, 3H). LCMS (EST) m/z 420 and 422 (M+H)".

[00439]  Step 4: 6-((6-Bromo-3-methoxy-1/-benzo[dlimidazol-1-yl)methyl)}-2-
(methylsulfinyl)benzo{d]thiazole was synthesized as a white foam (115 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((6-
bromo-5-methoxy-1H-benzo|d]imidazol-1-yl)methyl)-2-(methylthio)benzo] d]thiazole
{regioisomer 2 from Step 3 of this Example) for 6-((4-bromo-1H-imidazol-1-
yhmethy!)-2-(methyithio)benzo[d]ihiazole used in Example 36. LCMS (ESI) m/z 436
and 438 (M+H)".

[004401  Step 5: (1R,2R)-2-((6-((6-Bromo-5-methoxy- 1 H-benzo[d]imidazol-1-
ylymethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol was synthesized as a white
powder (15 mg, 19%) using a procedure analogous to that described in Step 4 of
Example 37, substituting 6-({5-bromo-5-methoxy-1H-benzo|d]imidazol-1-ylymethyl)-
2-(methylsulfinyl)benzo[d]thiazole from Step 4 of this Example for N-methyl-1-((2-
(methylsulfinyl)benzo[d]thiazo!-6-yymethyl)-1 H-imidazole-4-carboxamide used in
Example 37. 'H NMR (300 MHz, DMSO-ds) 8 8.37 (s, 1H), 7.98 (d, /= 7.5 Hz, 1H),
7.79 - 7.91 (m, 2H), 7.63 (s, 1H), 7.35 (s, 1H), 7.17(dd, J= 1.6, 8.2 Hz, 1H), 543 (s,
2H), 4.75 (br s, 1H), 3.84 (s, 3H), 3.51 (m, 1H), 3.33 (m, 1H), 2.03 {(m, 1H), 1.87 (m,
1H), 1.13 ~ 1.35 (br m, 2H), 1.09 - 1.35 (m, 4H). LCMS (ESI) m/z 487 and 489
(M+H)".

Example 48
Preparation of (1R,2R)-2-{(6-((9H-purin-9-yhmethyl)benzo|d]thiazol-2-

vhamine)cyclohexanol
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[66441] Step I: 2~(Methylsulf§g;1)benzo[d]thiazo]e-6~carb0nitrile was synthesized
as a tan solid (6.0 g) using a procedure analogous fo that described in Step 5 of
Example 3, substituting 2-(methylthio)benzo|dlthiazole-6-carbonitrile from Step 3 of
Example 23 for 6-((3/H-imidazo[4,5-bpyridin-3-yl)methyl)-2-
(methylthio)benzo[d]thiazole used in Example 3. LCMS (ESI) m/z 223 (M+HY'.

[60442]  Step 2: 2-(({1R,2R)-2-HydroxycyciohexyDamino)benzoldlthiazole-6-
carbonitrile was synthesized as a white solid (1.8 g, 69%) using a procedure
analogous to that described in Step 6 of Example 3, substituting 2-
(methylsulfinyl)benzo[djthiazole-6-carbonitrile from Step 1 of this Example for 6-
((3 H-imidazo{4,5-f]pyridin-3-yhmethyl)-2-(methyisulfinyl)benzo{d]thiazole used
Example 3. LCMS (ESI) m/z 274 {(M+HY'.

[06443]  Step 3: To & stirred mixture of 2-({(1R,2R)-2-
hydroxyeyclohexyDamino Ybenzo| djthiazole-6-carbonitrile (1.2 g, 4.5 mmol) from
Step 2 of this Example and 2,2-dimethoxypropane (4.7 g, 45 mmol) in 1,4-dioxane
(30 mL) were added para-toluenesuifonic acid (89 mg, 4.5 mmotl) and moiecular
sieves (4A) and the mixture was heated at reflux for 15 h. The mixture was cooled to
rt, filtered, and the filtrate was concentrated under reduced pressure. The residue was
purified via silica gel flash chromatography to afford 2-((3aR,7aR)-2,2-
dimethylhexahydrobenzo|d]oxazol-3(2 H)-y)benzold]thiazole-6-carbonitrite (70{ mg,
50%) as a white solid. LCMS (EST) m/z 314 (M+H)".

[00444]  Step 4: To a stirred mixture of 2-((3aR,7aR)-2,2-
dimethylhexahydrobenzof dJoxazol-3{2H)-yl)benzo[d[thiazole-6-carbonitrile (260 mg,
0.8 mmol) from Step 3 of this Example m THF (10 ml.) at 0 °C was added LAH (3.3
mL of a 1M solution in THF, 3.3 mmol). The mixture was allowed to warm slowly to
rt and stirred for 15 h. The mixture was again cooled to 0 °C and Na,S0,4.10H,0 was
added slowly. The mixture was stirred for 2 h, filtered, and the filtrate was
concentrated under reduced pressure to afford (2-((3aR,7aR)-2.2-
dimethylhexahydrobenzo|djoxazol-3(2H)-yibenzold]thiazol-0-y)methanamine (237
mg). The material was used in the next step without further purification, LCMS (EST)
m/z 318 (M+H)".
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[00445] Step 5: To a stirred mixture of (2-((3aR,7aR)-2,2-
dimethylhexahydrobenzo]dJoxazol-3(2H)-yl)benzo[d]thiazol-6-ylymethanamine (236
mg, 0.7 mmol) from Step 4 of this Example and DIEA (388 ul, 2.2 mmol) at 0 °C
under argon was added 4,6-dichloro-5-nitropyriridine (159 mg, 0.8 mmol) in one
portion. The mixture was stirred for 4 k and then concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography (eluting with a
gradient of 100% hexanes to 50% EtOAc in hexanes) to afford 6-chloro-N-((2-
((3aR,7aR)-2,2-dimethylhexahydrobenzo|djoxazol-3(2H)-yl)benzo[d]thiazol-6-
yhymethy)-3-nitropyrimidin-4-amine (153 mg, 43%) as an oil. "H NMR (300 MHz,
CDCl3) 8 8.45 (s, 1H), 7.81 (br s, 1H), 7.57 - 7.63 (m, 2H), 7.22 - 7.31 (m, IH), 4.85
(d,J= 5.7 Hz, 2H), 3.11 {m, 1H), 2.82 (m, 1H), 2.11 - 2.16 {(m, 1H}, 1.90 (m, 1H),
1.80 (s, 3H), 1.51 - 1.69 (m, 5H), 1.19 - 1.49 (m, 4H). LCMS (ESI) m/z 475 (M+H) .

[00446] Step 6: To a stirred mixture of 6-chioro-N-({2-((3aR,7aR)-2,2-
dimethylhexahydrobenzo| dloxazol-3(2H)-yibenzold]thiazol-6-yl)methyl)-5-
nitropyrimidin-4-amine (153 mg, 0.3 mmol) from Step 5 of this Example in McOH (5
mL.) and EtOAc (5 mL) was added Pd 10% wt. on carbon (20 mg, 0.02 mmol).
Hydrogen gas was bubbled through the stirred mixture for 2 min, then stirring was
continued for 15 h under 1 atm of H,. The mixture was filtered and the filtrate was
concentrated under reduced pressure to afford N*-((2~((3aR,7aR)-2,2-
dimethylhexahydrobenzo|d]oxazol-3(2F)-yl)benzo[dthiazol-6-yimethyl)pyrimidine-
4,5-diamine as an oil {155 mg). The material was used in the next step without further
purification. LCMS (ESD m/z 411 (M+H)",

[00447] Step 7: (3aR,7aR)-3-(6-({9H-Purin-9-ylymethyl)benzo[d]thiazol-2-y1)-2,2-
dimethyloctahydrobenzo[dJoxazole was synthesized as an ol (220 mg) using a
procedure analogous to that described in Step 3 of Example 41, substituting N((2-
((3aR,7aR)-2,2-dimethylhexahydrobenzold|oxazol-3(2H)-ylYpenzo{d]thiazol-6-
ylhimethylypyrimidine-4,5-diamine from Step 6 of this Example for 4-bromo-5-
methoxy-N'-((2-(methylthio)benzo[d]thiazol-6-yl)methy!)benzene-1,2-diamine used
in Example 41. LCMS (ESI) m/z 421 (M+H)".

[06448] Step 8: A solution of (3aR,7aR)-3-(6-((9H-purin-9-
yhmethyhbenzo[d]thiazol-2-y1)-2.2-dimethyloctahydrobenzo[d}oxazole (220 mg, 0.5
mmol) from Step 7 of this Example in TFA (5 mL) and CH,Cl; (5 mL) was stirred for

2 h at rt. The mixture was concentrated under reduced pressure and the residue was
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purified by reverse-phase preparative HPLC using a mixture of water (5% CH3CN,
0.05% HCOQOH) and CH:CN (0.05% HCOQOH) as the mobile phase and Varian
Pursuit XRs C18 column as the stationary phase to afford (1R,2R)-2-({6-((9H-purin-9-
yDmethyDbenzo[d]thiazol-2-yamino)cyclohexanoi {7 mg, 4%) as a white powder.
"H NMR (300 MHz, DMSO-dg) 8 9.17 (s, 1H), 8.96 (s, 1H), 8.74 (s, 1H), 8.01 (d, /=
7.5 Hz, 1H), 7.68 (d,J= 1.1 Hz, 1H), 7.17 - 7.36 (m, 2H), 5.50 (s, 2H), 4.78 (d, J =
4.5 Hz, 1H), 3.52 (m, 1H), 3.33 (m, 1H), 2.03 (m, 1H), 1.87 (m, 1H), 1.57 - 1.67 (m,
2H), 1.11 - 1.34 (m, 4H). LCMS (ESI) m/z 381 (M+H)".

Example 49
Preparation of {(LR,2R)-1-{({6-((5-bromo-6-methoxy-1H-benzo[dlimidazol-1-
yDmethyDbenzo[d] thiazel-2-yhamine)-2,3-dikydro-1H-inden-2-ol

P 3,
N /\©: 2—NH  OH

o/ P

[60449]  Step 1: 6-((5-Bromo-6-methoxy-1H-benzo[d]imidazol-1-y)ymethyl)-2-
{methylsulfinylYbenzo[d]thiazole was synthesized as a white foam (200 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((5-
bromo-6-methoxy-1H-benzo[dlimidazol-1-yDmethyl}-2-(methylthioYbenzo[J]thiazole
regioisomer | from Step 3 of Example 47 for 6-((4-bromo-1H-imidazol-1-ylymethyl)-
2-(methylthio)benzo[dthiazole used in Example 36. LCMS (ESI) m/z 436 and 438
(M+H)".

[60450] Step 2: To a suspension of 6-({(5-bromo-6-methoxy-1H-benzo[dlimidazol-
1-yDmethyl-2-(methylsulfinybenzo{ djthiazole (279 mg, 0.07 mmol) and (1R,2K)-1-
amino—2,3~dihydro—1H—inden—2—ol (30 mg, 0.2 mmol) was added DIEA (60 pl, 0.3
mmol). The mixture was heated in a Biotage microwave synthesizer at 160 °Cina
sealed tube for 30 min, The mixture was then subjected to purification by reverse-
phase preparative HPLC using a mixture of water (5% CHsCN, 0.05% HCOOH) and
CH:CN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs CI8 column as
the stationary phase to afford (1R,2R)-1-((6-({5-bromo-6-methoxy-1H-
benzo|dlimidazol-1-yhmethyl)benzo[d]thiazol-2-ylyamino)-2,3-dihydro-1H-inden-2-
ol {7 mg, 20%) as a whitc powder. "H NMR (300 MHz, DMSO-ds) 8 8.48 (d, /= 7.9
Hz, 1H), 8.31 (s, 1H), 7.86 (s, IH), 7.72 (s, 1H), 7.33 - 7.41 (m, 2H), 7.28 (m, 1H),
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7.12 - 7.24 (m, 4H), 5.49 (s, 26), 5.17 (t, J= 7.1 Hz, 1H), 4.29 (br 5, 1), 3.87 (s,
3H), 3.16 (dd, J= 7.0, 15.6 Hz, 1H), 2.74 (dd, J="7.3, 15.5 Hz, 1H). LCMS (EST) m/z
522 and 524 (M-+H)",

Example 56
Preparation of (£) -2-((6-({5,6-dimethoxy-1H-benzoldlimidazo}-1-
yhmethyDbenzojd]thiazol-2-yhamino)cycloheptanol

Q/\@ pN o Qﬁ F—NH OH

[00451] Step 1: To a stirred mixture of {£)-Z-azidocycloheptanol (190 mg, 1.2
mmol) in THF (1 mL) and H,0 (100 uL) was added PPh: (321 mg, 1.2 mmol). The
mixture was stitred at 1t for 15 b, then concentrated under reduced pressure. The
residue was purified via silica gel flash chromatography cluting with 100:15:1,
CH,Cl:MeOH:TEA to afford (2)-2-aminocycloheptanol (103 mg, 50%) as a white
sobid, LOMS(ELSD) (EST) m/z 130 (M+H) .

1804521  Step 2: ()-2-((6~((5,6-Dimethoxy-1 H-benzo{ dlimidazol-1-
yhimethylbenzo{dlthiazol-2-yDamino)cycloheptanol was synthesized as 2 white
powder (39 mg, 16%) using a procedure analogous to that described in Example 27,
substituting (+)-2-aminocycloheptanol from Step ! of this Example for 2-
cthoxyaniline used in Example 27. 'H NMR (300 MHz, DMSO-ds) 8 8.15 (s, 1H),
8.05(d, J="7.3 Hz, 11), 7.63 (d,J= 1.1 Hz, 1H), 7.30 (m, 1H), 7.13 - 7.24 (m, 3H),
5.41 (s, 2H), 4.80 (d, J=4.1 Hz, 1H), 3.64 - 3.81 (m, 8H), 3.58 (br s, 1H), 1.23 - 1.99
(m, 9H). LCMS (EST) m/z 453 (M+H)".

Example 51
Preparation of (1R, 2R)-2-((6~((6-methoxy-5-(1-methyl-1 H-pyrazol-4-yI)-17-
benzo[dlimidazol-1-yDhmethyl)benzo|d]thiazol-2Z-yhamino)cyclohexanel

AN &
N ’\@[/}*NH OH
O

o
N/
Ny
A

[006453] Step 1: To a suspension of 6-{(5-bromo-6-methoxy- ! H-benzo[dimidazol-
1-yDmethyl)-2-(methylsulfinyl}benzo[d]thiazole (502 mg, | mmol) from Step 1 of
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Example 49 and (1R,2R)-2-aminocyclohexanol in DMA (4 mL) was added DIEA (1
ml., 6 mmol). The mixture was heated in a sealed tube at 110 °C for 16 h. The mixture
was cooled to 1t and added dropwise with stirring to H>O (200 mL). After the mixture
was stirred for 30 min, the solid was collected by filtration to afford (1R,2R)-2-((6-
((5-bromo-6-methoxy-1H-benzo[diimidazol-1-yl)methyDbenzo[d]thiazol-2-
yhamino)cyclohexanol (443 mg, 80%) as a tan solid. 'H NMR {300 MHz, DMSO-ds)
8 8.30 (s, 1H), 7.99 (d, J="7.5 Hz, 1H), 7.86 (s, 1H), 7.66 {d, J= 1.1 Hz, 1H), 7.37 (s,
1H), 7.30 (m, 1H), 7.22 (m, 1H), 5.46 (s, 2H), 4.76 (d, J = 5.1 Hz, 1H), 3.86 (s, 3H),
3.53 (m, 1H), 3.33 (m, 1H), 2.03 (m, 1H), 1.88 (m 1H), 1.55 - 1.69 (m 2H), 1.11 -
1.33 (m, 4H). LCMS (ESI) m/z 486 and 488 (M+H)".

[06454]  Step 2: A suspension of {1R,2R)-2-((6-((5-bromo-6-methoxy-1H-
benzo|d|imidazol-1-ylmethyl)benzo]d]thiazol-2-yl)amino)cyclohexano! (30 mg, 0.06
mmol) from Step 1 of this Example and 1-methylpyrazole-4-boronic acid pinacol
ester (26 mg, 0.1 mmol) in DME (300 uL} was added aq 2M K»CO4 (150 ul, 0.2
mmol). Argon was bubbled into the mixture for 5 min followed by the addition of
dichlorobis{triphenylphosphine)palladium i (4 mg, 0.006 mmoi). Argon was bubbled
into the mixture for an additional 5 min and then the mixture was heated in a sealed
tube for 15 h. The mixture was cooled to 1t and then pariitioned between EtOAc (100
ml} and water (50 mL}. The EtOAc layer was separated and concentrated under
reduced pressure, The residue was purified by reverse-phase preparative HPLC, using
a mixture of water (5% CIHiCN, 0.05% HCOOI) and CH:CN (0.05% HCOOH) as
the mobile phase and Varian Pursuit XRs C18 column as the stationary phase to
afford (1R,2R)-2-((6-((6-methoxy-5-(1-methyl- 1 H-pyrazol-4-y1)-1 H-
benzo[dlimidazol-1-yimethyl)benzo|d|thiazol-2-y)amino)cyclohexanol (16 mg,
53%) as a white powder, 'H NMR (300 MHz, DMSO-ds) 6 8.21 (s, 1H), 7.97 - 8.06
(m, 2H), 7.87 (s, 1H), 7.80 (s, 1H), 7.66 {d, J= 1.1 Hz, 1H), 7.27 - 7.33 {m, 1H), 7.19
-7.25 (m, 2H), 5.44 (s, 2H), 4.78 (d, /= 4.3 Hz, 1H), 3.85 (s, 6H), 3.51 (m, 1H), 3.33
(m, TH), 2.03 (m, 1H), 1.87 (m, 1H), 1.56 — 1.66 (m, 2H), 1.12 - 1.32 (m, 4H). LCMS
(ESI) m/z 489 (M+H)".

Example 52
Preparation of (1R,2R)-2-((6-({5-methoxy-6-(1-methyl-1 H-pyrazol-4-y)-1H-
benzo|d]imidazol-1-yhmethylbenzo[d]thiazel-2-yl}amine)cyclohexanol
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[00455] (1R, 2R)-2-((6-{(5-Methoxy-6-(1-methyl-1H-pyrazol-4-y])-1H-
benzo]dlimidazol-1-yDmethyDbenzof dthiazol-2-yl)amino)cyclohexanol (19 mg,
55%) was synthesized as a whife powder using a procedure analogous to that
described in Step 2 of Example 51, substituting (1R,2R)-2-({6-((6-bromo-5-methoxy-
1f-benzo[d]imidazol-1-y)methyDbenzo[dlthiazol-2-yDamino)cyclohexanol from
Step 3 of Example 47 for (1R,2R)-2-((6-((5-bromo-6-methoxy-1H-benzo[dimidazol-
1-yDmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol used in Example 51. 'H NMR
(300 MHz, DMSO-ds) 8 8.27 (s, 1H), 8.06 (s, 1H), 7.99 (d, /= 7.3 Hz, 1H), 7.88 (s,
1H), 7.77 (s, 1H), 7.68 (d, /= 1.1 Hz, 1H}, 7.18 - 7.33 (m, 3H), 5.44 (s, 2H), 4.77 (d,
J=45Hz, [H), 3.86 (s, 6H), 3.50 (m, 1H), 3.33 (m, 1H), 2.02 (m, 1H), 1.86 (m,
1H), 1.55 - 1.65 (m, 2H), 1.10 - 1.31 {m, 4H). LCMS (ESI) m/z 489 (M+H) .

Example 53
Preparation of 1-{(2-(({1R,2R)-2-hydroxycyclohexylamine}benzo|d]thiazel-6-
yDmethvl)-3-methoxy-1H-benzo|d]imidazole-6-carbonitrile

o 8
N N/U >—NH OH
" O
N
o N

[00456] To a suspension of (1R,2ZR)-2-((6-({6-bromo-3-methoxy-1H-
benzo[d]imidazol-1-ymethyl)benzo]dJthiazol-2-yl)amino)cyclohexanol (50 mg, 0.1
mmol) from Step 5 of Example 47 in DMF (1.5 mL) was added zinc cyanide (24 mg,
0.2 mmol). Argon was bubbled into the mixture for 5 min followed by the addition of
1,1-bis(diphenylphosphino)ferrocene (9 mg, 0.02 mmol) and
tris(dibenzylideneacetone)dipalladiam (9 mg, (.01 mmol). Argon was bubbled into
the mixture for an additional 5 min. The reaction vessel was sealed and the mixture
was heated at 110 °C for 15 h. The mixture was cooled to rt and argon was again
bubbled into the mixture for 5 min. Additional zinc cyanide (24 mg, 0.2 mmol), 1,i'

Bis(diphenylphosphino)ferrocene (9 mg, 0.02 mmol) and
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tris{dibenzylidencacetone)dipalladium (9 mg, 0.01 mmol) were added to the mixture,
and the reaction vessel was resealed and heated for 5 h. The mixture was cooled to 1,
filtered, and the filtrate was purified by reverse-phase preparative HPLC using a
mixture of water (3% CH;CN, 0.05% HCOOH) and CH:CN (0.05% HCOOH) as the
mobile phase and Varian Pursuit XRs C18 column as the stationary phase to afford 1-
{((2-(((1R 2R)-2-hydroxycyclohexyl)amino)benzo| d]thiazol-6-yi)methyl)-5-methoxy-
1H-benzo[d)imidazoie-6-carbonitrile (18 mg, 41%) as a white powder. "H NMR (300
MHz, DMSO-ds) & 8.60 (s, 1H), 8.12 (s, 1H), 8.01 (d, /=73 Hz, IH), 7.70(d, /=
0.9 Hz, 1H), 7.43 (s, 1H), 7.20 - 7.34 (m, 2H), 5.46 (s, 2H), 4.76 (d, J = 4.9 Hz, 1H),
3.90 (s, 3H), 3.51 (m, 1H), 3.33 (m, 1H), 2.03 (m, 1H), 1.87 (m, 1H), 1.57 - 1.67 (m,
2H), 1.15 - 1.34 (m, 4H). LCMS (ESI) m/z 434 (M+H)"

Example 54
Preparation of (B)-2-((6-((3H-imidazo|4,5-b]pyridin-3-
yhmethylbenzo|[djthiazol-2-ylamino)eyclohexanone
P 5
= N
N
s e

[00457] (IR, 2R)-2-((6-((3H-Imidazo[4,5-b]pyridin-3-yDmethyl)benzo[d}thiazol-2-
yhamino)cyclohexanol from Example 3 (188 mg, 0.50 mmol) was stitred in a mixture
of DCM/MeCN/DMA (4:4:2, v/v/v) at r1. Dess-Martin periodinane (254 mg, 0.60
mmol) was added and the mixture was stirred at rt for 30 min before another batch of
periodinane (254 mg, 0.60 mmol)} was added. The resulting mixture was heated at 55
°C for 4 h, then another batch of periodinane (254 mg, 0.60 mmol) was added and the
reaction mixture was heated at 60 °C for 6 h. LCMS showed that the reaction was
mostly complete. The mixture was then cooled to rt and partitioned between DCM
and 3% aq NaOH, and then the organic layer was washed with brine, dried over
MgSQ;, and concentrated under reduced pressure. The residue was purified by silica
gel chromatography cluting with 0-100% EtOAc in hexanes to give (R)-2-((6-((3H-
imidazo[4,5-b]pyridin-3-yDmethylybenzo{d]thiazol-2-yl)amino)cyclohexanone (150
mg, $0%) as a white solid. "H NMR (300 MHz, DMSO-ds) 8 8.60 (s, 1H), 8.38 (dd, J
=1.2,48Hz, 1H), 8.22(d, J="7.3 Hz, 1H), 8.09 (dd, /=13, 8.1 Hz, 1H), 7.70 (d,J
=1.1 Hz, 1H), 7.26 - 7.35 (m, 2H), 7.19 - 7.26 (m, 1H), 5.49 (s, 2H), 4.68 (td, J= 6.5,
12.8 Hz, 1H), 2.53 - 2.67 (m, 1), 2.42 (ddd, J=2.7, 5.9, 12.3 Hz, 1H), 230 (d, /=
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13.4 Hz, 1H), 1.94 - 2.12 (m, 1H), 1.82 (br s, 2H), 1.38 - 1.66 (m, 2H). LCMS (ESD)
msz 378 (M+H)".

Example 55
Preparation of (1R,2R)-2-{({6-((6-chloro-3H-imidazo[4.,5-b]pyridin-3-
yhymethylbenzo[d]thiazol-2-yl)amino)cyclohexanol
Ng;ﬁz,}—wdpw
N
[06458F Step 1: 5~C}:1101‘0~Nw(§«(r:qethyb:i’lio)b*enzo[d}thiazol—6-yi)r:ﬁe’t:hyi)%w
nitropyridin-2-amine was synthesized as a yellow foam (126 mg, 29%) using a
procedure analogous to that described in Step 1 of Example 41, substituting S-chloro-
3-nitropyridin-2-amine for 4-bromo-5-methoxy-2-nitroaniline used in Example 41.
LCMS (ESD) m/z 367 (M+H)".

[00459] Step Z: Crude 5-chloro-N*-((2-(methylthio)benzo[/thiazol-6-
yDmethyl)pyridine-2,3-diamine was synthesized as a yellow solid using a procedure
analogous to that describe in Step 2 of Exampie 41, substituting 5-chloro-N-{(2-
{methylthio)benzo[d]thiazol-6-yl)methyl)-3-nitropyridin-2-amine from Step 1 of this
Example for 4-bromo-5-methoxy-N-{(2-(methylthio)benzo[d]thiazol-6-yl)methyl)-2-
nitroaniline used in Example 41. The residue was purified by silica gel flash
chromatography eluting with a gradient of 100% hexanes to 100% EtQAc to afford 5-
chioro-N-((2-(methylthio)benzo{dithiazol-6-yDmethyl)pyridine-2,3-diamine (75 mg,
65%). LCMS (ESI) m/z 337 (M+HY'.

[60460]  Step 3: 6-((6-Chloro-3H-imidazo{4,5-b]pyridin-3-ylymethyl)-2-
(methylthio)benzo[d}thiazole was synthesized as a white foam (62 mg, 80%) using a
procedure analogous to that described in Step 3 of Example 41, substituting 5-chloro-
Nz-('(Z-(methyithio)benzo[d}thiazoi—é-yi)methyi)pyridine-Z,S—diamine from Step 2 of
this Example for 4-bromo-5-methoxy-N'-((2-{methylthio)benzo[d]thiazol-6-
yl)methyhbenzene-1,2-diamine used in Exampie 41, LCMS (ESI) m/z 347 (M+H)".

[00461]  Step 4: 6-((6-Chloro-3H-imidazo{4,5-b]pyridin-3-yl)methyl)-2-
{methylsulfinyl)oenzofd]thiazole was synthesized as a white foam (111 mg) using a
procedure analogous to that described in Step 6 of Exampie 36, substituting 6-({6-
chloro-3H-imidazo[4,5-blpyridin-3-yDmethyl)-2-(methylthio)benzo[d]thiazole from
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Step 3 of this Example for 6-((4-bromo-1H-imidazol-1-yl)methyl)-2-
(methylthio)benzo{d]thiazole used in Example 36. LCMS (ESI) m/z 363 (M+H)".

[00462]  Step 5: (1R,2R)-2-((6-({(6-Chloro-3H-imidazo[4,5-b]pyridin-3-
vhmethyl)benzo[d]thiazol-2-y!)amino)cyclohexanol was synthesized as a white
powder (35 mg, 47%) using a procedure analogous to that described in Step 7 of
Example 36, substituting 6-({6-chloro-3H-imidazo[4.5-bpyridin-3-ylymethyl)-2-
{(methylsulfinylYbenzo[d}thiazole from Sep 4 of this Example for 6-((4-bromo-1H-
imidazol-1-ylymethyl)-2-(methylsulfinyl}benzo[d]thiazole used in Example 36. ‘H
NMR (300 MHz, DMSO-ds) 8 8.69 (s, 1), 842 (d, /= 2.1 Hz, 1H), 828 {d, /=23
Hz, 1), 7.97 (d, J= 7.5 Hz, 1H), 7.66 (d,J = 1.3 Hz, 1H), 7.29 {m, 1H), 7.21 (m,
1H), 5.48 (s, 2H), 4.74 (d, J= 5.1 Hz, 1H), 3.51 (m, 1H), 3.33 (m, 1H), 2.02 (m, 1H),
1.87 (m, 1H), 1.55 - 1.65 (m, 2H), 1.12 - 1.31 (m, 4H). LCMS (ESD) m/z 414 (M+H)"

Example 56
Preparation of (1R ,2R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo{dloxazol-2-yDamino)eyclohexanol

’~ 0
o als'

[66463] Step L: To a stirred mixture of methyl 2-mercaptobenzo[djoxazole-6-
carboxylate (5 g, 23.92 mmol) and solid KoC0O3 (9.9 g, 71.76 mmel) in anhydrous
DMF (50 mL) at rt was added methy! iodide (10.2 g, 71.76 mmol). The mixture was
stirred at rt for 13 h. The reaction mixture was diluted with water then extracted with
DCM (x 3), The combined organic layers were waghed with water and 2 M agq HCL
The organic layer was separated and dried over MgSQy, filtered, and concentrated
under reduced pressure to afford methyl 2-(methylthio)benzo[dloxazole-6-carboxylate
(4.24 g, 80%) as a light pink solid that did not require further purification, 'H NMR
(300 MHz, CDCl3) 8 8.12 (d, /= 1.1 Hz, 1H), 8.04 (dd, J= 1.1, 8.3 Hz, 1H), 7.6] (d,
J =83 Hz, 1H), 3.95 (s, 3H), 2.79 (s, 3H). LCMS (EST) m/z 224 (M + H)".

[00464] Step 2: To a stirred solution of methyl 2-(methylthio)benzo{dJoxazole-6-
carboxylate (4.24 g, 19 mmol) from Step 1 of this Example in anhydrous DCM (100
mL} under an argon atmosphere at — 78 °C was added dropwise ditsobutylaluminum

hydride (1.0 M solution in DCM, 40 mL, 40 mmel). The mixture was allowed to
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warm to — 30 °C over 2 h. The reaction was quenched by addition of saturated aq
sodium potassium tartrate and the resulting mixture stirred at rt for an additional 15 h.
The organic layer was separated and the aqueous layer extracted with additional DCM
(x 2). The combined organic layers were washed with water dried over MgSOs,
filtered, and concentrated under reduced pressure to afford (2-
(methylthio)benzo[dloxazol-6-ylymethanol (2 g, 54%) as a tan solid that did not
require further purification. 'H NMR (300 MHz, DMSO-dg) § 7.51 - 7.61 (m, 2H),
7.28(d, J=8.3 Hz, 1H), 5.34 (t, J= 5.7 Hz, 1H), 4.59 (d, /= 5.7 Hz, 2H), 2.76 (s,
3H), LCMS (ESD) m/z 196 (M + H)'

[60465]  Step 3: To a stirred solution of (2-(methylthio)benzo[d]oxazol-6-
yhmethanol (2 g, 10.26 mmol) from Step 2 of this Example in a mixtare of anhydrous
DMF (0.5 mL) and anhydrous DCM (100 mL) at 0 °C was added dropwise thionyl
chloride (4 mL, 55 mmol). The mixturc was allowed to warm {o rt and stirred for a
further 40 min. The mixture was concentrated under reduced pressure and the residue
wag partitioned between saturated aq NaHCO; and a 10:1 mixture of DCM:MeOH.
The organic layer was separated and dried over MgSQOy, filtered, and concentrated
under reduced pressure to afford 6-(chloromethyl)-2-(methylthio)benzo[d]oxazole
(2g, 92%) as a light pink solid which did not require further purification. 'H NMR
(300 MHz, DMSO-ds) 8 ppm 7.75 (d, J = 1.3 Hz, 1H), 7.63 (d, /= 8.1 Hz, 1H), 7.43
(dd,J= 1.3, 8.1 Hz, 1H), 4.89 (s, 2F), 2.77 (s, 3H). LCMS (ESD) m/z 214 (M + H)",

[60466] Step 4: To a stirred solution of 4-azabenzimidazole (304 mg, 2.55 mmol)
in anhydrous DMF (10 mL) at 0 °C was added in one portion sodium hydride (60%
dispersion in mineral oil, 107 mg, 2.68 mmol) and the mixture was stirred at 0 °C for
20 min, The mixture was allowed to warm to 1t and stirred for a further 20 min, To the
reaction mixture was added a solution of 6-(chloromethyl)-2-
{methylthio)benzo[dJoxazole (600 mg, 2.81 mmol) from Step 3 of this Example in
DMF (5 mL). The mixture was stirred at rt for 15 h. To the reaction mixture was
added water and the mixture was extracted with DCM. The combined organic layers
were washed with brine. The organic layer was separated, dried over MgsQO;, filtered,
and the filtrate was concentrated under reduced pressure. The crude material was
purified by silica gel flash chromatography eluting with 100% DCM followed by 1%
MeOH in DCM to afford 6-((3H-imidazo[4,5-bpyridin-3-ylymethyl)-2-
(methylthioYrenzo[doxazole (290 mg, 38%) as a white solid. The regiochemistry of

250



WO 2013/056070 PCT/US2012/059983

the alkylation was determined by 2-dimensional nuclear Overhauser effect (NOE)
experiment. 'H NMR (300 MHz, DMSO-ds) 8 8.64 (s, 1H), 8.38 (dd, /= 1.2, 4.6 Hz,
1H), 8.10 (dd, J= 1.2, 8.0 Hz, 1H)}, 7.69 (s, IH), 7.58 (d, /= 8.1 Hz, 1H), 7.25 - 741
(m, 2H), 5.61 (s, 2H), 2.73 (s, 3H). LCMS (ES1) m/z 297 (M+I1)".

[00467] Step 5. To a stirred solution of 6-((3H-imidazo[4,5-b]pyridin-3-
vlmethyl}-2-{methylthic)oenzo{dloxazole (290 mg, 0.979 mmol) from Step 4 of this
Example in DCM (25 mL) at 0 °C was added 70% meta-chloroperbenzoic acid (582
mg, 2.36 mmol), and the mixture was stirred at 0 °C for 2.5 h, To the mixture was
added saturated aq Nal1CQOz and the organic layer was separated. The aqueous layer
was extracted with DCM and the combined organic layers were washed with saturated
aq NaHCOs. The organic layer was separated, dried over MgSQy, filtered, and
concentrated under reduced pressure to afford 6-((3H-imidazo[4,5-bJpyridin-3-
yDmethyl)-2-(methylsulfinyDbenzo[d]oxazole (305 mg, 100%) as a solid which did
not require further purification. "H NMR (300 MKz, DMSO-ds) 8 8.67 (s, 1H), 8.38
(d,J=4.5Hz, 1H), 8.11(d, J="7.2 Hz, 1H), 7.84 - 7.94 (m, 2H), 7.52 (d, J = 8.3 Hz,
IH), 7.30 (dd, J = 4.8, 8.0 Hz, 1H), 5.69 (s, 2H), 3.18 (s, 3H). LCMS (ESI) m/z 313
(M-+H)",

[63468] Step 6: A stirred mixture of 6-((3 H-imidazo[4,5-b]pyridin-3-y)methyl)-2-
(ruethylthio)benzo[dJoxazole {165 mg, 0.53 mmol) from Step 5 of this Example,
(1R,2R)-(-)-2-aminocyclohexanol (122 mg, 1.06 mmol), and DIEA (137 mg, 1.06
mmol) in anhydrous DMA (3 mL) was sealed and heated at 100 °C for 15 h. The
reaction mixture was cooled to rt and purified directly by reverse-phase HPLC using a
mixture of water (5% CH;CN, 0.05% HOAc), CHsCN (0.05% HOAC() as the mobile
phase and Varian Pursuit XRs diphenyl column as the stationary phase to afford
(1R,2R)-2-({6~((3H-imidazo[4,5-b]pyridin-3-yDmethylbenzo]djoxazol-2-
yhamino)cyclohexanol (44 mg, 23%) as a white solid. "H NMR (300 MHz, DMSO-
ds) 8 8.60 (s, 1H), 839 (dd, /= 1.1, 4.7 Hz, 1H), 8.08 (dd, /= 1.2, 8.0 Hz, 1H), 7.81
(d,J=7.5Hz 1H)}, 740 (s, 1H), 7.29 (dd, /= 4.7, 8.1 Hz, 1H). 7.10 - 7.19 (m, 2H),
5.50 (s, ZH), 4.70 (br s, 1H), 3.25 - 3.45 (m, 2H), 1.83 - 1.97 (m, 2H), 1.57 — 1.67 (m,
2H), 1.14 - 1.32 {m, 4H). LCMS (ESD) m/z 364 (M+H)".
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Example 57
Preparation of (1R 2R)-1-((6-((3H-imidazo{4,5-blpyridin-3-
yiymethybhbenzo{dloxazol-2-yl)amine)}-2,3-dihydre-1H-inden-2-0l

CU P—NH  OH
N

[06469] A stirred mixture of 6-((3H-imidazo[4,5-h]pyridin-3-yhmethyl)-2-
(methylthio)benzo{dloxazole (108 mg, 0.346 mmol) from Step 5 of Exampie 56,
(1R 2R)-(~)-trans-1-amino-2-indanol (104 mg, 0.698 mmol), and DIEA (90 mg, 0.698
mmol) in anhydrous DMA (1.5 mL) was sealed and heated in a Biotage microwave
synthesizer at 120 °C for 30 min. The reaction mixture was cooled to rt and purified
directly by reverse-phase HPLC using a mixture of water (3% CH3CN, 0.05%
HCOOH) and CH;CN (0.05% FICOOH) as the mobile phase and Varian Pursuit XRs
C-18 column as the stationary phase to afford (1R, 2R)-1-((6-((3H-1midazo[4,5-
blpyridin-3-ylymethyl)benzo[djoxazol-2-y)amino)-2,3-dibydro-1H-inden-2-ol (35
mg, 26%) as a white solid. "H NMR (300 MHz, DMSO-ds) 5 8.62 (s, 1H), 8.36 - 8.45
(m, 2H), 8.09 (dd, /= 1.3, 8.1 Hz, 1H), 7.47 (s, 1H), 7.29 (dd, /= 4.7, 8.1 Hz, 1H},
7.12-7.25 (m, 6H), 5.52 (s, 2H), 547 (d, /= 5.1 Hz, 1H), 5.02 (m, 1H), 4.34 (m,
1H), 3.15 (dd, J= 7.2, 15.6 Hz, 1H), 2.73 (dd, /= 7.6, 15.4 Hz, 1H). LCMS (ESD) m/z
398 (M)
Example 58
Preparation of (R)-2-{((6-((3H-imidazo{4,5-b]pyridin-3-

vi)methylibenzo[d]thiazol-2-y)amine)cyclehexanone oxime
é/\(‘:l >—NH NJ‘OH

1664701  (R)-2-((6-((3H-Imidazo[4,5-b]pyridin-3-ylmethylybenzofdjthiazol-2-
vlyamino)cyclohexanone from Example 54 (70 mg, 0.19 mmol) was stirred in EtOH,
Pyridine (100 pL, excess) and NH,OHHCI (100 mg, excess) were added and the
resulting mixture was heated at 88 °C for 1h. LCMS showed that the reaction was
complete. The mixture was then cooled to 1t and purified by HPLC using a mixture of
water (5% CHCN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the mobile
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phase and Varian Pursuit XRs C-18 column as the stationary phase to afford (R)-2-
({(6-((3H-imidazo[4,5-b]pyridin-3-y)methyl)benzo[djthiazol-2-
yhamino)cyclohexanone oxime (53 mg, 73%) as a white powder. "H NMR (300
MHz, DMSO-dg) 8 10.57 (s, 1H), 8.60 (s, 1H), 8.38 (d, /= 4.0 Hz, 1H), 8.13-8.27
(m, 1H), 8.09 (dd, ./ = 0.8, 7.9 Hz, 1H), 7.58 - 7.76 (m, 1H), 7.10 - 7.39 (m, 3H), 5.49
{(5,2H),4.33-4.77 (m, 1H), 2.69 - 2.95 (m, 1H), 1.92 - 2.38 (m, ZH), 1.26 - 1.86 (m,
5H). LCMS (ESI) m/z 393 (M+H) .

Example 59
Preparation of either (15,2R)-2-((6-((3H-imidazo|4,5-b]pyridin-3-
vhmethylbenzo{d[thiazol-2-yI)amino)- I-methylcyclohexanol or (1L.R,2R)-2~((6-
((3H-imidazo[4,5-blpyridin-3-yhmethyl)benzo[d]thiazol-2-yl)amine)-1-

methylcyclohexanol
gither
o~ 8
N Nl\@: J—NH  OH
o hale
N/
or
N S
N /\CE P—NH  OH
— N N
N/

[00471}  (R)-2-({6-((3H-Imidazo{4,5-b]pyridin-3-ylymethyl)benzo[d Jthiazol-2 -
yhamino)cyclohexanone from Example 54 (60 mg, 0.16 mmol) was stirred in 5 mL
of THF at 0 °C under argon, Methyl lithium in THF (1.6 M, 99 uL, 0.16 mmol) was
dropped mn slowly. The resulting mixture was stirred at vt for 30 min before more
methyl lithium in THF (4935 pl, 0.80 mmol) was added. After 90 min, the reaction
was quenched with sat. NI14Cl (20 mL) and the resulting mixtore was extracted with
DCM (2 x 50 ;l). The combined organic layers were washed with brine, dried over
MgS0O,, and concentrated under reduced pressure. The residue was purified by silica
gel preparative TLC, eluting with 5:95 2N NHy/MeOH: EtOAc, followed by HPLC
using a mixture of water (5% CHaCN, 0.05% HCOOH) and CH:CN (0.05%
HCOOH) as the mobile phase and Varian Pursuit XRs C-18 column as the stationary

phase to afford two separate diastereoisomers:
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[00472] The first eluting isomer on reverse-phase HPLC is one of (18,2R)-2-({6-
{(SH—imidazo[f-E,S—b]pyridin—3—yl)methy£)benzo[d]thiazoi&-—yi)amino)—]—
methylevelohexanol or (1R,2R)-2-((6-((3H-imidazol4,5-bpyridin-3-
ylymethyi)benzo[d]thiazoi-2-yl)amino)-1-methyicyclohexanol

[00473] (5 mg, &%) as a white powder. "H NMR (300 MHz, MeOH-d,) 6 8.40 -
8.51 (m, 2H), 8.10 (dd, J=0.9, 8.1 Hz, 1H), 7.64 (s, 1H), 7.23 - 7.43 (m, 3H), 5.57 (s,
2T, 3.78 - 3.92 (m, 1H), 1.56 - 1.84 (m, 4H), 1.31 - 1.55 (m, 4H), 1.22 (s, 3H).
LCMS (EST) m/z 394 (M+H)".

Exampie 60
Preparation of either {(1R,2R)-2-({6-((3H-imidazo[4,5-b]pyridin-3-
viymethyl)benzo{d]thiazel-2-y)amino)-1-methylcyciohexanol or (15,2R)-2-((6-
((31-imidazo[4,5-b]pyridin-3-ylymethylbenzo[d]thiazol-2-yl}amine)-1-
methyleyeiohexanol
either

s S
N/ N/\@ />_NH §H
SRS

W)

or
P S
NCN’U ,}-—NH OH
N
N/

[60474] For the two diastereoisomers obtained in Example 59, the second eluting
isomer on reverse-phase HPLC is one of (1R,2R)-2-({6-((3H-imidazo{4,5-b |pyridin-3-
yhmethylybenzo[dthiazol-2~yl)amino)- 1-methylcyclohexanol or (18,2R)-2-((6-((3H-
imidazo[4,5-bpyridin-3-yDmethyhbenzo[djthiazol-2-yhamino}-1-
methyleyclohexanol and is the alternative to Example 59; obtained as a white powder
(4 mg, 6%). "H NMR (300 MHz, MeQH-ds) § 8.28 - 8.40 (m, 2H), 7.99 (dd, J = 1.1,
8.1 Hz, 1H), 7.52 (d, 7= 0.9 Hz, 1H), 7.13 - 7.35 (m, 3H), 5.45 (s, 2H), 3.58 (dd, J =
39,112 Hz, 1H), 1.17 - 1.74 (m, 8H), 1.12 (s, 3H). LCMS (EST) m/z 394 (M+H)".
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Example 61
Preparation of (1R,2R)-2-({6-((6-brome-3 H-imidazo[4,5-b]pyridin-3-

yhmethylybenzo[d]oxazol-2-yl)amino)cyclohexanol

7§
@U N“C;“

[00475] Step L: A stirred mixture of 5-bromopyridine-2,3-diamine (5 g, 26.6
mmol), formic acid (2.5 mL), and triethylorthoformate (70 mL) was heated at 100 °C
for 2.5 h. The reaction mixture was cooled to rt and the solid precipitate was collected
by filtration, washed with Et;0O and dried to afford 6-bromo-3H-imidazo{4,5-
Blpyridine as a solid (3.22 g, 61%) which did not require further purification. 'H
NMR (300 MHz, DMSO-ds) & 13.14 (br s, 1H), 8.50 (s, 1H), 8.44 (d, /= 2.1 Hz, 1H),
8.31(d, J= 1.9 Hz, 1H). LCMS (EST) m/z 198 and 200 (M+H)".

[086476] Step 2: To a stirred solution of 6-bromo-3H-imidazof4,5-b]pyridine (506
mg, 2.55 mmol) from Step 1 of this Example in anhydrous DMF (10 mL) at 0 °C was
added in one portion sodium hydride (60% dispersion in mineral oil, 107 mg, 2.68
mmol), and the mixture was stirred at 0 °C for 30 min. To the reaction mixture was
added a solution of 6-(chloromethyl)-2-(methylthiobenzo[dJoxazole (600 mg, 2.81
mmol) from Step 3 of Example 56 in DMF (2 mL). The mixture was allowed to warm
to tt, then stirred for a further 15 h, To the reaction mixture was added water and the
mixture was extracted with EtOAc. The organic layer was separated and the aq layer
extracted with additional EtQAc¢. The combined organic layers were washed with
water then brine. The organic layer was separated, dried over MgSQy, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 100% DCM, followed by 1% MeOH in DCM to afford
6-((6-bromo-3H-tmidazo[4,5-b jpyridin-3-ylmethyl)-2-(methylthio)benzo[dloxazole
(460 mg, 48%) as a white solid. The regiochemistry of the alkylation was determined
by 2-dimensional nuclear Overhauser effect (NOE) experiment. 'H NMR (300 MHz,
DMSO-dy) 8 8.70 (s, 1H), 8.48 (d, J= 1.9 Hz, 1H), .40 (d, ./~ 1.9 Hz, 1H), 7.68 (s,
1H), 7.58 (d, J= 8.1 Hz, 1H), 7.34 (d, /= 8.1 Hz, 1H), 5.59 (s, 2H), 2.73 (s, 3H).
LCMS (ESD) m/z 375 and 377 (M+H)".
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[66477] Step 3: To a stirred solution of 6-{(6-bromo-3H-imidazo[4,5-bpyridin-3-
ylmethyl)-2-(methylthiobenzo[d]oxazole (460 mg, 1.23 mmol) from Step 2 of this
Example in DCM (25 mL) at 0 °C was added 70% meta-chloroperbenzoic acid (333
mg, 1.35 mmol), and the mixture was allowed to warm to rt and stirred for a further
30 min. To the mixture was added saturated aq NaHCO; and the organic layer was
separated. The aqueous layer was re-extracted with DCM and the combined organic
tayers were washed with saturated aqg NaHCOs. The organic layer was separated,
dricd over MgSQy, filtered, and concentrated under reduced pressure to afford 6-({6-
bromo-3H-imidazo[4,5-bpyridin-3-ylimethyl)-2-(methylsulfinyl)benzo[d|oxazole
(481 mg, 100%) as a cream solid which did not require further purification. 'H NMR
{300 MHz, DMSO-ds) 6 8.73 (s, 1H}, 8.40 — 8.50 (m, 2H), 7.84 - 7.95 (m, 2H), 7.50
(d, J= 8.3 Hz, 1H), 5.68 (s, 2H), 3.18 (s, 3H). LCMS (EST) m/z 391 and 393 (M+H)".

[00478]  Step 4: A stirred mixture of 6-({6-bromo-3 H-imidazo[4,5-b]pyridin-3-
ylhmethyl}-2-(methylsulfinyl)benzo[dJoxazole (150 mg, 0.384 mmol) from Step 3 of
this Example, (1R,2R)-(-}-2-aminocyclohexanol (88 mg, 0.768 mmol), and DIEA (99
mg, 0.768 mmol) in anhydrous DMA (3 mL} in a sealed vial was heated in a Biotage
microwave synthesizer at 120 °C for 30 min. After the reaction mixture was cooled to
rt, it was purified directly by reverse-phase HPLC using a mixture of water (5%
CH;CN, 0.05% HCOOH) and CH3CN (0.05% HCOGH) as the mobile phase and
Varian Pursuit XRs C-18 column us the stationary phase to afford (1R,2R)-2-((6-({6-
bromo-3H-imidazo{4,5-bpyridin-3-yDmethyhbenzo[d loxazol-2-
ylyamino)eyclohexanol (64 mg, 38%) as a white solid. 'H NMR (500 MHz, DMSO-
ds) 8 8.66 (s, 1H), 849 (d, /=20 Hz, 1H), 8.38{d, /=1.7Hz, 1H), 781 (d, J=7.6
Hz, 1H), 7.39 (s, 1H), 7.10 - 7.16 (m, 2H), 5.48 (s, 2H), 4.69 (d, /= 4.2 Hz, 1H), 3.30
— 340 (m, 2H), 1.83 - 1.97 (m, 2H), 1.57 - 1.67 (m, 2H), 1.15 — 1.30 (m, 4H). LCMS
(ESI) m/z 442 and 444 (M+H)".

Example 62
Preparation of (LR, 2R)-1-((6-({(6~bromo-3H-imidazo{4,5-bpyridin-3-
vhmethvDbenze[dloxazol-2-yhamino)-2,3-dihydre-1 H-inden-2-cl

¢/\©: J)—NH OH
N/
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[06479] A stirred mixture of 6-((6-bromo-3H-imidazol4,5-b]pyridin-3-yhmethyl)-
2-(methyisulfinyl)benzo[d]oxazole (150 mg, 0.384 mmol) from Step 3 of Example
61, (1R,2R)~(-)-trans-1-amino-2-indanol (114 mg, 0.768 mmol), and DIEA (99 mg,
0.768 mmol) in anhydrous DMA (3 mL) in a sealed vial was heated in a Biotage
microwave synthesizer at 120 °C for 30 min. After the reaction mixture was cooled to
1t, it was purified directly by reverse-phase HPLC using a mixture of water (5%
CH:CN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C-18 column as the stationary phase to afford (1R,2R)-1-((6-({6-
bromo-3H-imidazo[4,5-bpyridin-3-yDmethyhbenzo[d]oxazol-2-yl)amino)-2,3-
dihydro-1H-inden-2-0l (40 mg, 22%) as a white solid. *H NMR (499 MHz, DMSO-
ds) & 8.68 (s, 1H), 8.49 (d, J= 2.0 Hz, 1H), 8.36 - 8.44 (m, 2H), 7.45 (s, 1H), 7.12 -
7.24 (m, 6H), 5.51 (s, 2H), 5.47 (d, /= 5.2 Hz, 1H), 5.01 (t,J = 7.6 Hz, 1H), 4.34 (m,
1H), 3.15(dd, ./=7.1, 15.5 Hz, 1H), 2.73 (dd, ./ = 7.6, 15.5 Hz, 1H). LCMS (ESI) m/z
476 and 478 (M+H)".

Example 63
Preparation of ($)-2-((6-((3H-imidazo[4,5-b]pyridin-3-ylymethyDbenzo|d|thizzol-
2-yhaminoe)-2-cycichexylethanol
OH

A
i
N/N’\©:/>_NH
Sy
g/

[00480] Step 1: To a stirred solution of 4-azabenzimidazole (613 mg, 5.15 mmol)
in anhydrous DMF (20 mL) at 0 °C was added in one portion sodium hydride (60%
dispersion in mineral oil, 216 mg , 5.41 mmo}) and the mixture was stirred at 0 °C for
20 min. The mixture was allowed to warm to rt and stirred for a further 20 min. To the
reaction mixture was added a solution of 6-(chloromethyl)-2-
(methylthio)benzo[dthiazole (1.3 g, 5.66 mmol) from Step 4 of Example 36 in DMF
(5 mL). The mixture was stirred at rt for 15 h. To the reaction mixture was added
water (300 mL) and the mixture was extracted with DCM (3 x 50 mL). The combined
organic layers were washed with brine. The organic layer was separated, dried over
MgSQ., filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography (eluting with 100% DCM followed by 1% MeOH
in DCM) to afford 6-((3H-imidazol4,5-bipyridin-3-yhmethyl}-2-
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{methylthio)benzo{d]thiazole (670 mg, 41%) as a white solid. The regiochemistry of
the alkylation was determined by 2-dimensional nuclear Overhauser effect (NOE)
experiment. 'H NMR (300 MHz, DMSO-ds) 8 8.65 (s, 1H), 8.38 (dd, J= 1.3, 4.7 Hz,
1H), 8.11 (dd, /=12, 8.0 Hz, 1H), 8.00 (d,/ = 1.1 Hz, 1H), 7.81 (d, /= 8.5 Hz, IH),
7.46 (dd, J=1.6, 8.4 He, 1H), 7.30 {dd, J= 4.7, 8.1 Hz, 1H), 5.62 (s, 2H), 2.77 (s,
3H). LCMS (ESI) m/z 313 (M+H)".

[00481] Step 2: To a stirred solution of 6-({(3H-imidazo[4,5-b]pyridin-3-
yhmethy-2-(methylthio)benzo[d]thiazole (670 mg, 2.15 mmol) in DCM (23 ml) at
0 °C was added 70% meta-chloroperbenzoic acid (582 mg, 2.36 mmol) and the
mixture was stirred at 0 °C for 1 h. To the mixture was added saturated aqueous
NaHCOj; and the organic layer was separated. The aqueous layer was extracted with
DCM and the combined organic layers were washed with saturated aq NaHCO3. The
organic layer was scparated, dried over MgSQOy, filtered, and under reduced pressure
to afford 670 mg of a 4:1 mixture of 6-((3H-imidazo|4,5-b |pyridin-3-yDmethyl}-2-
(methylsulfinyl)benzo[dlthiazole and 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylsulfonyl}benzo[d]thiazole as a solid that was not purified further. LCMS (EST)
m/z 329 (M+H) " (consistent with 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylsulfinylYbenzo[d]thiazole) and m/z 345 (M+H)" (consistent with 6-((3H-
imidazo[4,5-bJpyridin-3-ymethyl)-2-(methylsulfonyl)benzo[ djthiazole).

[00482]  Step 3: To a stirred mixture of LiAlH, (724 mg, 19.08 mmol) in
anhydrous THF (20 ml.) at rt was added portionwise L-(+)-2-cyclohexylglycine (1 g,
6.36 mmol). The mixture was heated at 80 °C for 4 h. The mixture was cooled to 0 °C
and then water {1 mL), 1M ag NaOH (1 mL), and water {3 mL) were added
sequentially. The mixture was filtered and the filtrate was partitioned between a
mixture of DCM, 1M aq NaOH, and saturated aq sodium potassium tartrate. The
organic layer was separated and further washed with 1M aq NaOH. The organic layer
was separated, dried over MgSOy, filtered, and concentrated under reduced pressure
to afford (§)-2-amino-2-cyclohexylcthanol {300 mg) which was not purified further.
LCMS (ESI) m/z 144 (M+H)".

[00483)  Step 4: A 4:1 mixture of 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylsulfinyl)benzo[d]thiazole and 6-((3H-imidazo[4,5-b]pyridin-3-yhmethyl)-2-
{methylsulfonyl)benzo{d]thiazole (60 mg) from Step 2 of this Example was dissolved
in anhydrous DMA (1.5 mL) and to this solution were added (S$)-2-amino-2-
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cyclohexylethanol (52 mg, 0.366 mmo!) from Step 3 of this Example and DIEA (94
mg, 0.732 mmol), The reaction vessel was sealed and the mixture was heated in a
Biotage microwave synthesizer at 150 °C for 30 min. LCMS analysis indicated that
the reaction was not complete. To the reaction mixture was added additional (S)-2-
amino-2-cyclohexylethanol (52 mg, 0.366 mmol). The reaction vessel was sealed and
the miexture was heated in a Biotage microwave synthesizer at 150 °C for 40 min.
After cooling to rt, the mixture was purified directly by reverse-phase HPLC using a
mixture of water (3% CHiCN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the
mobile phase and Varian Pursuit XRs C-18 column as the stationary phase to afford
(S)-2-({6-((3 H-imidazo{4,5-b]pyridin-3-ymethyl)benzo[d]thiazol-2-yl)amino)}-2-
cyclohexylethanol (4 mg) as a white solid. 'H NMR (500 MHz, DMSO-ds) 8 8.58 (s,
IH), 8.37 (m, 1H), 8.08 (m, 1H), 7.84 (d, /=89 Hz, 1H), 7.66 (s, 1H), 7.18 - 7.31
(m, 3H), 5.48 (5, 2H), 3.71 (m, 1H), 3.50 (m, 1H), 1.54 - 1.77 {m, 7H), 0.95 - 1.24 (m,
6H). LCMS (EST) m/z 408 (M+H)'

Example 64
Preparation of (B)-2-((6-{(3H-imidaze(4,5-b]pyridin-3-yl)methyl}benzo{d]thiazol-
2-yhamine)-2-cyclohexylethanol
OH

[60484]  Step 1: To a stirred mixture of LiAlH, (724 mg, 19.08 mmol) m
anhydrous THF (20 mL) at 1t was added portionwise 2-cyclohexyl-D-glycine (1 g,
6.36 mmol). The mixture was heated at 80 °C for 4 h. The mixture was cooled to ¢ °C
and then water (1 mL}, IM ag NaOH (1 mL), and water (3 mL)} were added
sequentially, The mixture was filtered and the filtrate was partitioned between a
mixture of DCM, 1M aq NaOH, and saturated aq sodium potassium tartrate. The
organic layer was separated and further washed with 1M aq NaOH. The organic was
separated, dried over MgSOy, filtered, and concentrated under reduced pressure to
afford (R)-2-amino-2-cyclohexylethanol (460 mg) which was not purified further.
LCMS (ESI) m/z 144 (M+H)Y'.

[66485]  Step 2: A 4:1 mixture of 6~((3H-imidazo[4,5-blpyridin-3-ymethyl)-2-
(methylsulfinyl)benzo[d]thiazole and 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
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(methylsulfonyl)benzo[d]thiazole (120 mg) from Step 2 of Example 63 was dissolved
in anhydrous DMA (2 mL), and then (R)-2-amino-2-cyclohexylethanol (209 mg, 1.46
mmol) from Step 1 of this Example and DIEA (188 mg, 1.46 mmol) were added. The
reaction vessel was sealed and the mixture was heated with stirring at 120 °C for 15 h.
After cooling to rt, the mixture was purified directly by reverse-phase HPLC using a
mixture of water (5% CHaCN, 0.05% HCOOH) and CHiCN (0.05% HCOOH) as the
mobile phase and Varian Pursuit XRs C-18 column as the stationary phase to afford
(R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-yhmethyl)benzo|d}thiazol-2-yl)amino)-2-
cyclohexylethanol (18 mg) as a white solid. "H NMR (300 MHz, DMSO-ds) & 8.59 (s,
1), 8.38 (m, 1H), 8.09 (dd, /= 1.0, 8.0 Hz, 1H), 7.85 (d, /= 8.9 Hz, 1H), 7.66 (s,
1H), 7.18 - 7.32 (m, 3H), 5.48 (s, 2H), 4.70 (br s, 1H), 3.72 (m, 1H), 3.50 (m, ZH),
1.54 - 1.77 {m, 6H), 0.94 - 1.23 (m, SH). LCMS (ESI) m/z 408 (M+HY .

Exampie 65
Preparation of 1-{(2-({(1R.2R}-2-hvdroxvcvelohexvlaminglbenzojd]thiazol-6-

yvhimethvli-6-methoxy-1H-henzo|dlimidazole-S-carbonitrile

o~ 3
N’ N,U J—NH OH
"

O
/.
N

[00486]  1-((2-(((1R,2R)-2-Hydroxycyclohexyl)amino)benzold]thiazol-6-
ylmethyl)-6-methoxy-1H-benzo|d}imidazole-5-carbonitrile was synthesized as a
white powder (20 mg, 45%) using a procedure anaiogous to that described in Example
53, substituting (1R,2R)-2-({6-{(5-bromo-6-methoxy-1H-benzof[d]imidazol-1-
yhmethyl)benzo[d]thiazol-2-ylyamino)cyclohexanol for (1R,2R)-2-((6-((6-bromeo-3-
methoxy-1H-benzo[dlimidazol-1-ylmethyl)benzo[dlthiazol-2-yl)amino)cyclohexanol
used in example 53. "H NMR (300 MHz, DMSO-ds) 8 8.60 (s, 111), 8.12 (s, 1H), 8.01
(d, J=7.3Hz, 1H), 7.70 (d, J = 0.9 Hz, 1H), 7.43 (s, 1H), 7.20 - 7.34 (m, 2H), 5.46
(s, 2H), 4,76 (d, /= 4.9 Hz, 1H), 3.90 (s, 3H), 3.51 (m, 1H), 3.33 (m, 1H), 2.03 (m,
1H), 1.87 (m, 1H), 1.57 - 1.67 (m, 2H), 1.15 — 1 .34 (m, 4H). LCMS (ESD) m/z 434
(M+H)".
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Example 66
Preparation of ((1R,2R)-2-((6-((3H-imicaze[4,5-b]pyridin-3-
ylhymethyl)benzo|[d]thiazol-2-ylamino)cyciohexylymethanol

) 8
N N/ﬁ D—NH  —OH
e alte'

N/

[60487]  Siep 1: To a stirred mixture of LiAlH4 (796 mg, 20.97 mmol) in
anhydrous THF (20 mL) at rt was added portion-wise (1R,2R)-2-
aminocyclohexanecarboxylic acid (1 g, 6.99 mmol). The mixture was heated at 80 °C
for 4 h before it was cooled to 0 °C. Water (1 mL), 1M ag NaOH (1 mL), and water (3
mL) were added sequentially. The mixture was filtered and the filtrate partitioned
between a mixture of DCM, 1M aq NaOH, and saturated aq sodium potassium
tartrate. The organic layer was separated and washed with 1M ag NaOH. The organic
layer was separated, dried over MgSO., filtered, and under reduced pressure to afford
{{(1R,2R)-2-aminocyclohexylymethanol (180 mg) which was not purified further.
LCMS (EST) m/z 130 (M+H)".

[06488] Step 2: A 4:1 mixture of 6-((3H-imidazo[4,5-b]pyridin-3-y)methyl)-2-
{methylsulfinyl)benzo[d]thiazole and 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylsulfonylYbenzo[d]thiazole {120 mg) from Step 2 of Example 63 was dissolved
in anhydrous DMA (2 mL), and then ({1 R,2R)-2-aminocyclohexylymethanol (180 mg,
1.40 mmol) from Step 1 of this Example and DIEA (188 mg, 1.46 mmol) were added.
The reaction vessel was sealed and the mixture was heated with stirring at 120 °C for
4.5 h. After cooling to rt, the mixture was purified directly by reverse-phase HPLC
using a mixture of water (3% CHiCN, 0.05% HCOOH) and CH:CN (0.05%
HCOOH) as the mobile phase and Varian Pursuit XRs C-18 column as the stationary
phase to afford ((1R,2R)-2-((6-((3H-imidazo[4,5-p]pyridin-3-
yhmethyhbenzo[d]thiazol-2-yDamino)cyclohexyl)methanof.

[00489] (41 mg) as a white solid. "H NMR (300 MHz, DMSO-ds) 5 8.59 (s, 1H),
8.38 (dd, J = 1.1, 4.7 Hz, 1H), 8.00 (dd, J= 1.2, 8.0 Hz, 1H), 8.00 (d,.J = 8.3 Hz, 1H),
7.67 (s, 1H), 7.20 - 7.32 (m, 3H), 5.49 (s, 2H), 4.48 (br s, 1H), 3.55 (m, 2H), 1.99 (m,
1H), 1.82 (m, 1H), 1.60 ~ 1.75 (m, 251, 1.10 - 1.43 (m, 65). LCMS (EST) m/z 394
(M+H)",
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Example 67
Preparation of (1R,2R)-2—((6~((6-meth0xy-1H’-bénze}[’d]imidazol—l-
yhmethyl)benzo{dlthiazol-2-yDamino}eyelohexanol

e~ S
N N’\@ J—NH O

0
/

{006490] To a mixturc of (1R,2R)-2-((6-((5-bromo-6-methoxy-1/1-
benzo[d]imidazol-1-yDmethylbenzo[djthiazol-2~yl)amino)cyclohexanol (100 mg, 0.2
mmol} from Step 1 of Example 51 in 1,4-dioxane (1.4 mL) and aq 1 N NaOH (300
uL) was added zinc powder (134 mg, 2 mmol). The mixture was heated at 80 °C for
55 h. The mixture was cooled to rt, filtered, and the filirate was purified by reverse-
phase preparative HPLC using a mixture of water (5% CHaCN, 0.05% HCOOH) and
CHCN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford (1R,2R)-2-((6-{(6-methoxy- 1 H-benzo{dlimidazol-1-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol (45 mg, 56%) as a white powder.
*H NMR (500 MHz, DMSO-ds) & 8.23 (s, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.64 (d, ] =
1.0 Hz, 1H), 7.51 (d, /J=8.6 Hz, 1H),7.29 (d, J= 8.4 Hz, 1H), 7.20 (dd, /= 1.4, 8.2
Hz, 1H), 7.12(d, J= 2.2 Hz, 1H), 6.80 (dd, /= 2.3, 8.7 Hz, 1H), 5.41 (s, 2H), 4.76
(m, 1H), 3.76 (s, 3H), 3.51 (m, 1H), 3.33 (m, 1H), 2.03 {(m, 1H), 1.87 (m, 1H), 1.56 -
1.66 (m, 2H), 1.14 - 1.29 (m, 4H). LCMS (EST) m/z 410 (M+H)"

Example 68
Preparation of (LR, 2R)-2-{(6~{((5-methoxy-1H-benzo[d]imidazol-1-
yDhmethyl)benzold|thiazol-2-yh)amino)eyelohexanol

N,}\NS/}—NH oM
shate

Q,
N

[00491]  (1R,2R)-2~{({6~{{5-Methoxy-1H-benzo[d]imidazol-1-
yDmethylbenzo[d]thiazol-2-y]amino)cyclohexanol was synthesized as a white
powder (39 mg, 53%) using a procedure analogous to that described in Example 67,
substituting {1R,2R)-2-((6-((6-bromo-5-methoxy-i H-benzo|d]imidazol-1-
yhmethyDbenzo{dlthiazol-2-ylamino)cyclohexanol from Step 5 of Example 47 for
(1R 2R)-2-((6-({5-bromo-6-methoxy- | H-benzo[dJimidazol-1-
yhmethyhbenzo[d]thiazol-2-yhamino)cyclohexanol used in Example 67. "H NMR
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{500 MHz, DMSO-d;) 8 8.31 (s, 1H), 7.99 (d,J= 7.6 Hz, 1H), 7.62 (s, 1H), 7.40 (&, J
= 8.9 Hz, 1H), 7.28 (d, J= 8.4 Hz, 1H), 7.13 - 7.19 (m, 2H), 6.82 (dd, J =22, 8.9 Hz,
1H), 5.41 (s, 2H), 4.78 (m, 1H), 3.75 {s, 3H), 3.50 (m, 1H), 3.33 (m, 1H), 2.03 {m,
1H), 1.87 (m, 1H), 1.56 - 1.66 (m, 2H), 1.13 - 1.29 (m, 4H). LCMS (ESI) m/z 410
(M+H)".

Example 69
Preparation of (1R,2R)-1-{(6-{(6-Tluoro-3H-timidazo{4,5-blpyridin-3-
yhmethvl)benzo{d]thiazel-2-yDamine)-2,3-dikydre-LH-inden-2-o}

@f\C[ p—NH  OH
W

106492} A stirred mixture of 6-({6-fluoro-3 H-imidazo[4,5-b]pyridin-3-ylimethyl)-
2-(methylsulfinyDbenzo[d]thiazole (120 mg, 0.346 mmol) from Step 4 of Example
70, (1R, 2R)~(-)}-trans- 1 -amino-2-indanol (103 mg, 0.692 mmol), and DIEA (89 mg,
(.692 mmel) in anhydrous DMA (2.5 mL) was heated in a Biotage microwave
synthesizer at 150 °C for 30 min. LCMS analysis indicated that the reaction was
mcomplete. Additional (1R,2R)-{-}-trans-1-amino-2-indanol (103 mg, 0.692 mmol)
and DIEA (89 mg, 0.692 mmol) were added and the mixture was further heated in a
Biotage microwave synthesizer at 1530 °C for 2 h. After the reaction mixture was
cooled to rt, it was purified directly by reverse-phase HPLC using a mixture of water
(5% CH;CN, 0.05% HCOOH) and CH3CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C-18 column as the stationary phase to afford (1 R,2R)-1-({6-({(6-
fluoro-3H-imidazo[4,5-bipyridin-3-yhmethybenzo[dthiazol-2-yhamino)-2,3-
dihydro-1H-inden-2-ol (24 mg, 16%) as a white solid. "H NMR (300 MHz, DMSO-
ds) 8 8.70 (s, 1H), 8.40 - 8.50 {m, 2H), 8.09 (dd, /=2.6,94 Hz, 1H),7.73(d,J=1.1
Hz, 1H), 7.32 - 7.39 (m, 1H), 7.10 - 7.31 (m, 5H), 547 - 6.00 {m, 3H), 5.18 (t,/=7.1
Hz, 1H), 4.30{(d,J=3.6 Hz, 1H),3.16(dd, /=7.0, 15.6 Hz, 1H), 2.74 (dd, J= 7.1,
15.5 Hz, 1H). LCMS (EST) m/z 432 (M+H) .

Example 70
Preparation of (LR, 2R)-2-({6-((6-finoro-3H-imidazo[4,5-b|pyridin-3-
yimethyl)benzoldjthiazol-2-yDaminojeyelohexanol
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[00493] Step 1: To a stirred mixture of 2-amino-5-fluoro-3-nitropyridine (2.46 g,
15.66 mmol) in a mixture of glacial HOAc (10 mL} and MeOH (20 mL) at 0 °C was
added zinc dust {5.09 g, 78.3 mmol) portion-wise, and the mixture was allowed to
warm slowly to rt. After stirring at rt for 15 h, the mixture was filtered through Celite
and the filtrate was concentrated under reduced pressure. The residue was partitioned
between EtOAc and saturated ag NaHCO;. The organic layer was separated and the
agueous layer was extracted with additional EtOAc. The combined organic layers
were dried over MgSQy, filtered, and concentrated under reduced pressure to afford 5-
fluoropyridine-2,3-diamine (1.13 g} as a solid which was not purified further. LCMS
(ESI) m/z 128 (M+H),

[60494]  Step 2: A stirred mixture of 5-fluoropyridine-2,3-diamine (1.13 g) from
Step 1 of this Example, formic acid (0.5 mL), and triethylorthoformate (15 mL) was
heated at 100 °C for 1 h. The reaction mixture was cooled to rt, filtered, and the
filtrate was concentrated under reduced pressure. The residue was purified via silica
gel flash chromatography eluting with 100% DCM to 10% MeOH in DCM to afford
6-fluoro-3H-imidazo[4,5-blpyridine (760 mg, 36% over two steps) as a yellow solid.
'H NMR (500 MHz, DMSO-ds) 6 13.09 (br s, 1H), 8.49 (s, 1H), 8.37 (s, 1H), 7.97 (d,
J=7.9Hz, 1H). LCMS (ESI) m/z 138 (M+H)".

[00495]  Step 3: To a stirred solution of 6-fluoro-3H-imidazo[4,5-b]pyridine (325
mg, 2.37 mmol) from Step 2 of this Example in anhydrous DMF (10 mi) at § °C was
added in one portion sodium hydride (60% dispersion in mineral oil, 100 mg, 2.49
mmol), and the mixture was stirred at 0 °C for 30 min. To the reaction mixture was
added a solution of 6-(chloromethyl)-2-{methylthio)benzo[dthiazole (600 mg, 2.61
mmol) from Step 4 of Example 36 in DMF (2 mL). The mixture was allowed to warm
0 11 then stirved for a further 15 h, To the reaction mixture was added water (250 mL)
and the mixtare was extracted with DCM (3 x 100 mL). The combined organic layers
were washed with water and brine, dried over MgSQOy, filtered, and concentrated
under reduced pressure. The residue was purified by stlica gel flash chromatography

eluting with 100% DCM followed by 1% MeOH in DCM to afford 6-((6-fluoro-3H-
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imidazo[4,5-bJpyridin-3-yl)methyl)-2-(methyithio)oenzo[ dthiazole (356 mg, 45%) as
a white solid. The regiochemistry of the alkylation was determined by 2-dimensional
nuclear Overhauser effect (NOE) expertment, 'H NMR (300 MHz, DMSO-ds)  8.73
(s, TH), 8.41 (t,.7= 2.0 Hz, 1I), 8.10 (dd, /= 2.6, 9.4 Hz, 1H), 7.99 (s, 1H), 7.81 (d, J
=83 Hz, 1H), 746 (dd, /= 1.3, 8.3 Hz, 1H), 5.62 (s, 21, 2.77 (s, 3H). LCMS (ESI)
m/z 331 (M+H)"

[00496]  Step 4: To a stirred solution of 6-((6-fluoro-3H-imidazo{4,5-b]pyridin-3-
yDmethyl)-2-(methyithio)benzo[d]thiazole (350 mg, 1.06 mmol) from Step 3 of this
Example in DCM (15 mL) at 0 °C was added 70% meta-chloroperbenzoic acid (287
mg, 1.17 mmol), and the mixture was allowed to warm to rt and stirred for a further 2
h. To the mixture was added saturated aq NaHCO; and the organic layer was
separated. The aqueous layer was extracted with DCM and the combined organic
layers were washed with saturated aq NaFICO:. The organic layer was separated,
dried over MgSQy, filtered, and concentrated under reduced pressure to afford a solid.
The solid was triturated with E;O, filtered, then dried to afford 6-((6-fluore-34-
imidazo[4,5-bIpyridin-3-yDmethyl)-2-(methylsulfinylbenzo[d]thiazole (336 mg,
929) as a white solid. "H NMR (300 MHz, DMSO-d,) & 8.76 (s, 1H), 8.41 (br s, 1H),
8.22 (s, 1H), 8.04 - 8.15 (m, 2H), 7.63 (d, /= 8.3 Hz, 1H), 5.70 (s, 2H), 3.06 (s, 3H).
LCMS (ESI) m/z 347 (MDY

[00497]  Step 5: A stirred mixture of 6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-
yhmethyD)-2-(methylsulfinyDbenzo[d]thiazole (90 mg, 0.260 mmol) from Step 4 of
this Example, (1R, 2R)-(-)-2-aminocyclohexanol (120 mg, 1.03 mmol}, and DIEA
(133 mg, 1.03 mmol) in anhydrous DMA (3 ml) was heated at 125 °C for 15 h. After
the reaction mixture had cooled to rt, the mixture was purified directly by reverse-
phase HPLC using a mixture of water (5% CH3CN, 0.05% HCOOH) and CH;CN
(0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C-18 column as the
stationary phase to afford (1R,2R)-2-((6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo[d]thiazol-2~-y)amino)cyclohexanol (41 mg) as a white solid. 'H
NMR (300 MHz, DMSO-dg) 6 8.68 (s, 1H), 8.42 (s, 1H), 8.08 (dd,./=2.4,9.4 Hz,
1H), 7.98 (d, J= 7.5 Hz, 1H), 7.66 (g, 1H), 7.17 - 7.33 (m, 2H), 5.48 (s, 2H), 4.76 (br
8, 1H), 3.45 - 3.55 (m, 2H), 2.03 (m, 1H), 1.87 (m, 1H), 1.55 - 1.67 (m, 2H), 1.10 -
1.33 (m, 4H). LCMS (EST) m/z 398 (M+H)".
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Example 71
Preparation of (1R,2R¥»2-((6-({3H-imidazo{4,5-c] pyridin-3-

yhmethybenzold]thiazol-2-yDamino)cyclohesanol

KS\@ P—NH  Or

[00498]  Step 1: 6-((3H-Imidazo[4,5-c]pyridin-3 ~y1)methy§) 2~
{methylthio)benzo[d]thiazole (162 mg, 21%) was obtained as a white solid using a
procedure analogous to that described in Step 4 of Example 3, substituting 1H-
imidazo{4,5-c]pyridine for 3H-imidazo[4,5-blpyridine used in Example 3. The
regiochemistry of the alkylation was determined by 2-dimensional nuclear
Overhauser effect (NOE) experiment. "H NMR (300 MHz, MeOH-dq) 8 882 (d, /=
0.8 Hz, 1H), 8.62 (s, IH), 837(d, /=58 Hz, 1H),7.92 (d,.J= 1.1 Hz, 1H), 7.81 (d,.J
= 8.3 Hz, 1H), 7.75 (dd, /= 0.8, 5.7 Hz, 1H), 746 (dd. /= 1.7, 8.3 Hz, 1H), 5.74 (s,
28D), 2.79 (s, 3H). LCMS (EST) m/z 313 (M+I)".

[00499])  Step 2: (1R, 2R)-2-({6-((3H-Imidazo[4,5-c|pyridin-3-
yhymethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol (30 mg, 15% over two steps) was
obtained as a yellow powder using procedures analogous to those described in Step 5
of Example 3 followed by procedures analogous to those described in Step 5 of
Example 2, substituting 6-((3H-imidazo[4,5-c]pyridin-3-yl)methyl)-2-
(methylthio)benzo]d]thiazole from Step 1 of this Example for 6-((3H-imidazo[4,5-
blpyridin-3-yhmethyl)-2-(methylthio)benzold]thiazole used in Example 3 and
substituting the product of that reaction for the 2-bromo-6-((5,6-dimethoxy-1H-
benzo[d]imidazol-1-yl)methyl)benzo[d}thiazole used in Example 2. "H NMR (300
MHz, DMSO-ds) 6 8.94 (s, 1H), 8.63 (s, 1H), 8.30 (d, /= 5.7 Hz, 1H), 8.01 {d, /=
7.3 Hz, 1H), 7.74 (s, 1H), 7.65 (d,.J= 5.1 Hz, 1H), 7.18 - 7.36 (m, 2H), 5.56 (s, 2H),
4.76 (brs, 1H), 3.53 (d..J = 14.5 Hz, 2H), 2.02 (d, /= 10.2 Hz, 1H), 1.86 (s, 1H]}, 1.6]
(br s, 2H), 1.03 - 1.37 (m, 4F). LCMS (ESI) m/z 380 (M+H)".

Example 72
Preparation of (1R, 2ZR}2-((6-((1H-imidaze]4,5-clpyridin-1-

viymethylibenzo[dlthiazol-2-yDhamine)}cyclohexanol
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[06560] Step 1: 6-((1H-Imidazo[4,5-c]pyridin-1-ylymethyl}-2-
{methyithio}benzo[d]thiazole (206 mg, 26%) was obtained as a white solid using a
procedure analogous to that described in Step 4 of Example 3, substituting 1H-
imidazo[4,5-c]pyridine for 3H-imidazo[4,5-b]pyridine used in Example 3. The
regiochemistry of the alkylation was determined by 2-dimensional nuclear
Overhauser effect (NOE) experiment. 'H NMR (300 MHz, MeOH-d,) & 8.95 (s, 1H),
8.53 (s, 1H), 8.31 (d, /= 5.8 Hz, 1H), 7.84 (s, 1H), 7.77 (d,J= 83 Hz, 1H), 759 (d,J
=53 Hz, 1H), 741 (dd, /= 1.4, 8.4 Hz, 1H), 5.65 (s, 2H), 2.76 (s, 3H). LCMS (ESI)
m/z 313 (M+H)".

[086501] Step 2: (1R,2R)-2-({6-((1H-Imidazo[4,5-c]pyridin-1-
ylmethyl)benzo[dithiazol-2-yl)amino)cyclohexanol (85 mg, 42% over two steps) was
obtained as a yellow powder using procedures analogous to those described in Step 5
of Example 3 followed by procedures analogous to those described in Step 5 of
Example 2, substituting 6-((1H-imidazo{4.5-c]pyridin-I-yD)methyl)-2-
(methylthio)benzo[d}thiazole from Step 1 of this Example for 6-((3H-imidazof4,5-
bipyridin-3-ylymethy!)-2-(methylthio}benzo[d]thiazole used in Example 3 and
substituting the product of that reaction for the 2-bromo-6-((5,6-dimethoxy-1H-
benzo[dJimidazol-1-yDmethyDbenzofd]thiazole used in Example 2. 'H NMR (300
MHz, DMSO-d;) 8 8.95 (brs, 1H), 8.56 (s, 1H), 831 (d,J=4.9 Hz, 1H)},8.00 (d, /=
7.2 Hz, 1H), 7.69 (d, /= 1.1 Hz, 1H), 7.64 (d, J= 5.5 Hz, 1H), 7.26 - 7.37 (m, 1H),
7.11-7.26 (m, 1H), 5.51 (s, 2H), 4.74 (brs, 1H)., 3.34 {(d,J=4.1 Hz, 2H), 2.02(d, /=
10.2 Hz, 1H), 1.86 (br s, 1H), 1.60 (d, J = 4.0 Hz, 2H), 0.90 - 1.37 (m, 4H), LCMS
(ESI) m/z 380 (M+H)".

Examnple 73
Preparation of 1-(3-((2-(((1R,2R)-2-hydroxycyclohexyl)aminoYbenzo{djthiazol-6-
yl)methyl)-3H-imidazo{4,5-b]pyridin-6-ylethanone
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[00502] A stirred mixture of (1R,2R)-2-((6-((6-bromo-3H-imidazo[4,5-b]pyridin-3-
ylimethyDbenzo[d]thiazol-2-yhamino)cyclohexanol (50 mg, 0.109 mmol) from
Example 29, tributyl(1-cthoxyvinylitin (79 mg, 0.218 mmol) and TEA (22 mg, 0.218
mmotl) in anhydrous DMF (1 mL}) at rt was flushed with a stream of argon for 15 min,
To the resulting mixture was added tetrakis{triphenylphosphine)palladium (0) (19 mg,
0.0165 mmo!). The reaction vessel was scaled and the mixture was heated with
stirring at 110 °C for 1.5 k. After cooling to rt, ag 2 M HC1 (500 pL) was added and
the mixture was stirred for 1 h. The reaction mixture was purified directly by reverse-
phase HPLC using a mixture of water (5% CH;CN, 0.05% HCOOH) and CH;CN
(0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as the
stationary phase to afford 1-(3-((2-(((1R,2R)-2-
hydroxycyclohexylamino)benzo{dthiazol-6-yl)methyl)-3H-imidazo[4,5-b]pyridin-6-
yl)ethanone (8 mg, 17%) as a white solid. 'H NMR (300 MHz, DMSO-d¢) 8 9.00 (d, J
= 1.5 Hz, 1H), 8.76 (s, 1H), 8.64 (s, 1H), 7.99 (d,.J=7.5 Hz, 1H), 7.68 (s, 1H), 7.20 -
7.32 (m, 2H), 5.53 (s, 2H), 4.76 (br s, 1H), 3.50 {m, 1H), 3.30 (m, 1H), 2.68 (s, 3H),
2.04 (m, 1H), 1.87 (m, 1H), 1.55 - 1.65 (m, 2H), 1.10 — 1.30 (m, 4H). LCMS (ESI)
m/z 422 (M+H)".
Exampie 74
Preparation of (1R,2R)-2-((6-({6-(methyisulfonyl)-3H-imidazo|4,5-b]pyridin-3-
yymethyl}benzo] a'ithiazol—z-yl)amino)cyclohexanol

[00503] A stirred mixture of (IR,ZR)—Z—((6—((6—bromow3H—imidazo[4,5-b}pyri.din—3—
vyhmethyljbenzo[d]thiazol-2-yl)amino)eyclohexanol (100 mg, 0.218 mmaol) from
Example 29, sodium methanesulfinate (90 mg, 0.436 mmol) and unsymmetrical N,N-
dimethylethylene diamine (6 mg, 0.066 mmotl) in anhydrous DMSO (1 mL) at rt was

flushed with a stream of argon for 15 min. To the resulting mixture was added copper
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(I) triflucromethane-sulfonate benzene complex (20 mg, 0.0328 mmot). The reaction
vessel was sealed and the mixture was heated with stirring at 125 °C for 5 h. After
cooling to rt, the reaction mixture was purified directly by reverse-phase HPLC using
amixture of water (5% CH;CN, 0.05% HOAc¢) and CH3CN (0.05% HOACc) as the
mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford (1R,2R)-2-((6-({6~(methylsulfonyl}-3 H-imidazo[4,5-5Jpyridin-3-
yhmethyl)benzo[d}thiazol-2-yl)amino)eyclohexanol (12 mg, 12%) as a white solid.
'H NMR (300 MHz, DMSO-ds) & 8.85 — 8.95 (br m, 2H), 8.61 (s, 1H), 8.02 (d, /=
7.3 Hz, 1H), 7.69 (s, 1H), 7.18 - 7.35 (m, 2H), 5.56 (s, 2H), 4.79 (br s, 1H), 3.25 -
3.60 (m, 5H), 2.03 (m, 1H}, 1.87 (m, 1H), 1.55 ~ 1.70 (m, 2H), 1.08 - 1.36 (m, 4H).
LCMS (ESI) m/z 458 (M+H).

Example 75
Preparation of 1-(((6-((3H-imidazo|4,5-b|pyridin-3-yhmethyhbenzo[d|thiazel-2-

vl)amino)methyl)cyclohexanol
O

e O

N7 N/U »—NH

oy

N

[06504] Step 1: To a stirred solution of cyclohexanone cyanohydrin (2 g, 15.98
mmol) in anhydrous THF (40 mL) at rt was added portion-wise LiAlH, (1.82 g, 47.94
mmol). The reaction vessel was sealed and the mixture was heated at 80 °C for 5 h.
The mixture was cooled to 0 °C and water (1 mL), 1M aq NaOH (1 mL), and water
(3 mL) were added sequentially. To the resulting mixture was added DCM and
safurated aq sodium potassium tartrate , and the mixture stirred for 3 h. The organic
layer was separated and further washed with brine. The organic layer was separated,
dried over MgSOy, filtered, and concentrated under reduced pressure to afford 1-

(aminomethyleyclohexanol (1.3 g) which was not purified further. LCMS (EST) m/z

[66505]  Step 2: A 4:1 mixture of 6-((3H-imidazo[4,5-b]pyridin-3-ylymethyt)-2-
(methylsulfiny)benzo[d]thiazole and 6-((3H-imidazo[4,5-b]pyridin-3-ylymethyl)-2-
(methyisulfonylibenzo|d]thiazole {50 mg) from Step 2 of Example 63 was dissoived
in anhydrous DMA (1.5 mL), and then 1-(aminomethyl)cyclohexanol (79 mg, 0.608
mmol) from Step 1 of this Example and DIEA (98 mg, 0.760 mmoljwere added. The
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reaction vessel was sealed and the mixture was heated with stirring at 125 °C for 15
h. LCMS analysis indicated that the reaction was not complete. Further amounts of 1-
(aminomethyl)cyclohexanol (79 mg, 0.608 mmol) from Step 1 of this Example and
DIEA (98 mg, 0.760 mmol) were added and the mixture stirred at 125 °C for further 5
h. After cooling to rt, the mixture was purified directly by reverse-phase HPLC using
a mixture of water (5% CHzCN, 0.05% HOAc) and CH;CN (0.05% HOAC) as the
mobile phase and Varian Pursuit XRs Diphenyl column as the stationary phase to
afford 1-(((6-((3H-imidazo[4,5-bpyridin-3-yl)methyl)benzo[d}thiazol-2-
yhamino)methyl)cyclohexanol (10 mg) as a white solid. *H NMR (300 MHz, DMSO-
ds) & 8.60 (s, 1H), 8.38 (dd, J= 1.1,4.7 Hz, 1H), 8.09 (dd, /=12, 8.0 Hz, 1H), 7.96
(t,J = 5.6 Hz, 11D, 7.67 (5, 1H), 7.19 - 7.33 (m, 3H), 5.48 (s, 2H), 4.42 (br 5, I1H),
1.12 - 1.62 (m, 12H). LCMS (EST) m/z 394 (M+H)".

Example 76
Preparation of (1-(({(6-((3H-imidaze[4,5-bpyridin-3-yDmethylbenzo{d]thiazol-2-
yhaminc)methyhcyclohexylymethanel
OH

goC

[00506] Step 1: To a stirred solution of methyl 1-cyanocyclohexanecarboxylate (2
g, 11.96 mmol) in anhydrous THF (40 mL) at rt was added portionwise LiAlH, (1.36
g, 35.88 mmol). The reaction vessel was sealed and the mixture was heated at 80 °C
for 5 h. The mixture was cooled to 0 °C and water (1 mL), 1M ag NaOH (1 mL), and
water (3 mL) were added sequentially. To the resulting mixture were added DCM and
saturated aq sodium potassium tartrate, and the mixture was stirred for 3 h. The
organic layer was separated and further washed with brine. The organic layer was
separated, dried over MgSQy, filtered, and concentrated under reduced pressure to
afford (1-(aminomethyl)cyclohexylymethanol (I g) which was not purified further.
LCMS (EST) m/z 144 (M+H).

[00507] Step 2: A 4:1 mixture of 6~((3H-imidazo[4,5-b]pyridin-3-ymethyl)-2-
(methylsulfinyl)benzo[d]thiazole and 6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)-2-
(methylsulfonyl)benzo[dlthiazole (80 mg) from Step 2 of Example 63 was dissolved
in anhydrous DMA (2 mL), and (1-(aminomethyl)cyclohexylymethanol (175 mg, 1.22
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mmol) from Step 1 of this Example and DIEA (157 mg, 1.22 mmol)were added. The
reaction vessel was sealed and the mixture was heated with stirring at 125 °C for 15 h.
After cooling to rt, the mixture was purified directly by reverse-phase HPLC using a
mixture of water (5% CH;CN, 0.05% HOAc) and CH3;CN (0.05% HOAC) as the
mobile phase and Varian Pursuit XRs Diphenyl column as the stationary phase to
afford 1-(((6-((3H-imidazo[4,5-b]pyridin-3-yhmethylybenzo{dthiazol-2-
yl)amino)methyl)cyciohexanol (22 mg) as a white solid. 'H NMR {300 MHz, DMSO-
ds) 8 8.60 (s, 1H), 8.38 (dd, J= 1.1, 4.7 Hz, 1H), 8.09 (dd, /= 1.3, 7.9 Hz, 1H), 7.99
(t,.J = 5.7 Hz, 1H), 7.68 (s, 1H), 7.20 - 7.33 (m, 3H), 5.49 (s, 2H), 3.33 (d, /= 5.8 Hz,
2H), 3.21 (s, 1H), 1.21 - 1.49 (m, 12H). LCMS (ESI) m/z 408 (M+H)".

Example 77
Preparation of (1R,2R)-2-{(6-((4-(1-methy}-1LH-pyrazol-4-yl)-1 H-imidazol-1-
yhimethylbenzo[dloxazel-2-yl)amine)cyclohexanol

£N -0
N '
//{g/ /\&NQ_NH ey

7Y

N"N

[00508] Step 1: 6-((4—Bromo-\ 1 H-imidazoi-1-ymethyl}-2-
{methylthio)benzo|dJoxazole was synthesized as an oil (241 mg, 79%) using a
procedure analogous to that described in Step 5 of Example 36, substituting the 9:1
mixture of (2-(methylthio)benzo[dJoxazol-6-yl)methyl methanesulfonate and 6-
(chloromethyl)-2-(methylthio)benzo[d]oxazole from Step 1 of Example 34 for 6-
(chloromethyl)-2-(methylthio)benzo{d]thiazole used in Example 36. The
regiochemistry of the alkylation was determined by 2-dimensional nuclear
Overhauser effect (NOE) experiment. "H NMR (300 MHz, DMSO-de) 3 7.81 (d, J =
1.3 Hz, 1H), 7.65 (m, 2H), 7.41 (d,J= 1.3 Hz, 1H), 7.32 (dd, /= 1.3, 8.1 Hz, 1H),
527 (s, 2H), 2.76 (s, 3H). LCMS (ESI) m/z 324 and 326 (M+H)",

{00509]  Step 2: 6-((4-Bromo-1H-imidazol-1-ylymethyl)-2-
(methylsulfinyDbenzo{dloxazole was synthesized as a white foam (443 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((4-
bromo-1 H-imidazol-1-yDmethyl}-2-(methyithioYoenzo[dJoxazole from Step 1 of this
Example for 6-((4-bromo-1H-imidazoi-1-yDmethyl)-2-(methylthio)benzo{d]thiazole
used in Example 36. LCMS (ESI) m/z 340 and 342 (M+H)".
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166510)  Step 3: (1R,2R)-2-((6-((4-Bromo-1H-imidazol-1-
ylimethyDbenzo[dJoxazol-2-yDaminoycyclohexanol was synthesized as an orange
solid (280 mg, 96%) using a procedure analogous to that described in Step 7 of
Example 36, substituting 6~((4-bromo-1H-imidazol-1-yl)methyl)-2-
(methylsulfinyl)benzo[d]oxazole from Step 2 of this Example for 6-((4-bromo-1H-
imidazol-1-ylmethyl)-2-(methylsulfinyl)benzo[d]thiazoie used in Example 36.
LCMS (ESI) m/z 392 and 394 (M+H) .

[60511}  Step 4: (1R, 2R)-2-((6~((4-(1-Methyl-1H-pyrazol-4-yl}-1 H-imidazol-1-
yhmethyljbenzo[d]oxazol-2-yl)aminojcyclohexanol was synthesized as a white
powder (27 mg, 10%) using a procedure analogous to that described in Step 8 of
Example 36, substituting (1R,2R)-2-({(6-((4-bromo-1H-imidazol-1-
yhmethyl)benzofdloxazol-2-yl)amino)cyclohexanol from Step 3 of this Example for
(1R, 2ZR)-2-((6~((4-bromo-1 H-imidazol-1-ylymethyl)benzo[d]thiazol-2-
vhamino)jcyclohexanol used in Example 36. "H NMR (300 MHz, DMSO-dg) 8 7.78 -
7.86 (m, 2H). 7.75 (s, 1H), 7.57 (s, 1H), 7.32 (s, 1H), 7.26 (s, 1H), 7.17 (m, 1H), 7.09
(m, TH), 5.15(s, 2H), 4.71 (d, J= 4.3 Hz, 1H), 3.80 (s, 3H)}, 3.27 — 3.42 (m, 2H), 1.8
-2.03 (m, 2H), 1.55— 1.70 {m, 2H), 1.10 - 1.34 (m, 4¥0). LCMS (EST) m/z 393
(M+H)".

Example 78
Preparation of (1R, 2R)~2-({6-{{S«brome-35~imidazo[4,5-b} pyridin-3-

yimethylbenzoidithiazol-2-vijJamino)evelohexanol

Cl\]@: »—NH  OH
N

166512} Step 1: To a stirred mixture of 6-bromo-3-nitro-2-pyridinamine (2.5 g,
11.47 mmol) in a mixture of glacial HOAc (10 mL), MeOH (10 mL) and EtOH (10
mL) at 0 °C was added portionwise zinc dust (3.73 g, 57.35 mmol). The mixture was
stirred at rt for 15 h. The mixture was filtered through Celite, and the filtrate was
concentrated under reduced pressure. The residue was partitioned between saturated
aaq NaHCO, and EtOAc. The organic layer was separated and the aqueous layer was
extracted with additional EtQAc, The combined organic layers were washed with

brine, separated and dried over MgS0,, filtered, and concentrated under reduced
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pressure to afford 6-bromopyridine-2,3-diamine (1.30 g, 60%) as a solid that did not
require further purification. "H NMR (300 MHz, DMSO-ds) 8 6.61 (d, J= 7.7 Hz,
1H)Y, 6.47 (d, J = 7.7 Hz, 1H), 5.82 (s, 2H), 4.79 (s, 2H). LCMS (ESI} m/z 188 and
190 (M+H)Y".

[0G513]  Siep 2: A stirred mixture of 6-bromopyridine-2,3-diamine (1.30 g, 6.91
mmol) from Step 1 of this Example, formic acid (0.7 mkL), and triethylorthoformate
(28 mL) was heated at 160 °C for 1.5 h. After the reaction mixture was cooled to rt,
the mixture was concentrated under reduced pressure. The residue was triturated with
a mixture of 3% MeOH in DCM. The solid was collected by filtration and dried to
afford 5-bromo-3H-imidazo[4,5-b]pyridine (245 mg, 18%) as a tan solid which did
not require further purification. The filtrate was concentrated under reduced pressure,
and the residue was purified by silica gel flash chromatography (eluting with 100%
DCM te 10% MeOH in DCM) to afford additional 5-bromo-3H-imidazo[4,5-
blpyridine (756 mg, 55%) as a tan sofid. "H NMR (300 MHz, DMSO-d;) 5 13.08 (br
s, 1H), 8.50 (s, 1H), 8.00 (d, /= 8.3 Hz, 1H), 7.43 (d, J= 8.3 Hz, 1H). LCMS (EST)
m/z 198 and 200 (M+H)",

[00514] Step 3: To a stirred solution of 5-bromo-3H-imidazo[4,5-]pyridine (1 g,
5.05 mmol) from Step 2 of this Example in anhydrous DMF (25 mL) at 0 °C was
added in one portion sodium hydride (60% dispersion in mineral oil, 222 mg 5.56
mmol), and the mixture was stirred at 0 °C for 30 min. To the reaction mixture was
added a solution of 6-{chloromethyl)-2-(methylthio)benzo|d]thiazole (1.39 g, 6.06
mmol) from Step 4 of Example 36 in DMF (3 mL). The mixture was allowed to warm
to rt and stirred for a further 15 h. To the reaction mixture was added water (300 mL)
and the mixture was extracted with EtOAc (3 x 50 mL). The combined organic layers
were washed with water and then brine. The organic layer was separated, dried over
MgS0Qy, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography eluting with 100% DCM, followed by 1% MeOH
in DCM to afford 6-((5-bromo-3 H-imidazo[4,5-b]pyridin-3-ylimethyl)-2-
(methylthio)benzo{d]thiazole (1.02 g, 52%) as a white solid. The regiochemistry of
the alkylation was determined by 2-dimensional nuclear Overhauser effect (NOE)
experiment. 'H NMR (300 MHz, DMSO-ds) 8 8.65 (s, 1H), 8.09 (d, J= 8.3 Hz, IH),
7.96 (d,/=0.9 Hz, 1H), 7.83 (d, J= 8.3 Hz, 1H), 7.49 (d,J= 8.3 Hz, 1H), 7.43 (dd, J
= 1.5, 8.3 Hz, 1H), 5.60 (s, 2H), 2.77 (s, 3H). LCMS (ESI) m/z 391 and 393 (M+H)".
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[00515]  Step 4: To a stirred solution of 6-{(5-bromo-3H-imidazo[4,5-b]pyridin-3-
yDmethyl)-2-(methylthio)benzo[d]thiazole (1.02 g, 2.61 mmol) from Step 3 of this
Example in DCM (50 mL) at ( °C was added 70% meta-chloroperbenzoic acid (707
mg, 2.87 mmol) and the mixture was allowed to warm to rt and stirred for a further 45
min. To the mixture was added saturated aq NaHCOs and the organic layer was
separated. The agqueous layer was extracted with DCM and the combined organic
layers were washed with saturated aq NaHCOs. The organic layer was separated,
dried over MgSO,, filtered, and the filtrate was concentrated under reduced pressure
to afford 6-((5-bromo-3H-imidazo[4,5-b]pyridin-3-y)methyl)-2-
{methylsuifinyl)benzo[d]thiazole (1.06 g, 100%) as a cream solid which did not
require further purification. "H NMR (300 MHz, DMSO-ds) 8 8.68 (s, 1H), 8.18 (s,
1H), 8.08 —8.12 (m, 2H), 7.6} (m, 1H), 7.50 (d, /=9 Hz, 1H), 5.68 (s, 2H}, 3.07 (s,
3H); LCMS (EST) m/z 407 and 409 (M+H)",

[00516] Step 5: A stirred mixture of 6-((5-bromo-3H-imidazo[4,5-b]pyridin-3-
ylimethyl)-2-(methylsulfiny)benzo[dthiazole (50 mg, 0.123 mmol) from Step 4 of
this Example, (IR, 2R)-(-}-2-aminocyclohexanol (42 mg, 0.369 mmol), and DIEA (46
mg, 0.369 mmol) in anhydrous DMA (1 ml) was heated in & sealed vessel at 100 °C
for 15 h. The reaction was allowed to cool to rt and then was purified directly by
reverse-phase HPLC using a mixture of water (5% CHzCN, 0.05% HOAc) and
CHLCN (0.05% HOAC) as the mobile phase and Varian Pursuit XRs diphenyl column
as the stationary phase to afford (1R, 2R)-2-((6-({5-bromo-3H-imidazol4,5-blpyridin-
3-yDmethyl)benzo[d]thiazol-2-yT)amino)cyclohexanol (12 mg, 21%) as a white solid.
'H NMR (300 MHz, DMSO-dg) & 8.60 (s, 1H), 7.98 - 8.10 (m, 2H), 7.64 (d, J= 1.1
Hz, 1H), 7.48 (d, J= 8.5 Hz, 1H), 7.31 (m, 1H), 7.18 (dd, ./ = 1.6, 8.2 Hz, 1H), 546
(s, 2H), 4.79 (br s, 1H), 3.50 (m, 1H), 3.30 {m, 1H), 2.04 (m, 1H), 1.87 (m, 1H}, 1.65
~1.67 (m, 2H), 1.12 — .34 (m, 4H). LCMS (ESI) m/z 458 and 460 (M+H)".

Example 79
Preparatien of methyl 3-((2-{((1R.2R)-2-
hvdroxycyclohexyl)amino)benzo{dithiazol-6-ylymethyl)-3/-imidazo[4,5-
bipyridine-6-carbexylaie
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[00517] Step 1: To a stirred mixture of methyl 6-amino-5-nitronicotinate (2 g,

10.15 mmol) in a mixture of THF (30 mL) and MeOH (10 mL) at rt was added
palladium (10 wt% on activated carbon, 100 mg}, and the mixture stirred under
hydrogen gas (1 atmosphere) for 15 h. The mixture was filtered through Celite, and
the filtrate was concentrated under reduced pressure to afford methy! 5,6-
diaminonicotinate (1.69 g, 100%) as a yellow solid which did not require further
purification, 'H NMR (300 MHz, DMSO-ds) 8 7.94 (d, J= 2.1 Hz, 1H), 7.16 (d, /=
2.1 Hz, 1H), 6.27 {br s, 2H), 4.92 (br s, 2H), 3.74 (s, 3H). LCMS (ESI) m/z 168
(M+HY".

[06518]  Step 2: A stirred mixture of methyl 5,6-diaminonicotinate (1.69 g, 10.12
mmol) from Step 1 of this Example, formic acid (0.5 mL), and triethylorthoformate
(25 mL) was heated at 90 °C for 2.5 h. The reaction mixture was cooled to rt and then
the precipitated solid was collected by filtration and dried to afford methyl 3/-
imidazo[4,5-b]pyridine-6-carboxyiate (588 mg, 33%) as a cream solid which did not
require further purification. The filtrate was concentrated under reduced pressure, and
the residue purified by silica gel flash chromatography eluting with 100% DCM to
10% MeOH in DCM to afford additional methyl 34-imdazo[4,5-b]pyridine-6-
carboxylate (550 mg, 31%) as a cream solid. 'H NMR (300 MHz, DMSO-dg) § 13.33
{(brs, 1H), 895 (d, J= 1.5 Hz, 1H), 8.64 (s, 1H), 8.50 (d, /= 1.5 Hz, 1H}, 3.91 (s,
3H). LCMS (ESD m/z 178 (M+H)".

[06519] Step 3: To a stirred solution of methyl 3H-imidazo[4,5-b]pyridine-6-
carboxylate (1.34 g, 7.56 mmol) from Step 2 of this Example in anhydrous DMF (25
mL) at 0 °C was added in one portion sodium hydride (60% dispersion in mineral oil,
333 mg, 8.32 mmol) and the mixture was stirred at 0 °C for 30 min. To the reaction
mixture was added a solution of 6-(chloromethyl}-2-(methylthio)benzo[d]thiazole (1.3
g, 5.66 mmo!) from Step 4 of Example 36 in DMF (5 mL). The mixture was allowed
to warm to rt then stirred for a further 15 h. To the reaction mixture was added water

{300 mL) and the mixturc was extracted with EtOAc (3 x 50 mL). The combined
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organic layers were washed with water and then brine, dried over MgSQy, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 100% DCM followed by 1% MeOH in DCM to afford
methyl 3-((2-(methylthioYbenzo[d|thiazol-6-ylymethyl}-3H-imidazo{4,5-hpyridine-6-
carboxylate (1.3 g, 46%) as a white solid. The regiochemistry of the alkylation was
determined by 2-dimensional nuclear Overhauser effect (NOE) experiment. 'HNMR
(300 MHz, DMSO-d5) 8 8.95 (d, J= 1.9 Hz, 1H), 8.81 (s, 1H), 8.56 (d, /= 1.7 Hz,
1H), 8.00 (d, J=1.1 Hz, 1H), 7.80 (d, J = 8.5 Hz, 1H), 7.47 (dd, J= 1.6, 8.4 Hz, 1H),
5.66 (s, 2H), 3.90 (s, 3H), 2.76 (s, 3H). LCMS (EST) m/z 371 (M+H)".

[00526] Step 4: To a stirred solution of methy! 3-((2-(methylthio)benzo[dthiazol-
6-ylymethyl)-3H-imidazo{4,5-bpyridine-6-carboxylate (300 mg, 0.811 mmol) from
Step 3 of this Example in DCM (10 mL) at ¢ °C was added 70% meta-
chloroperbenzoic acid (154 mg, 0.892 mmol) and the mixture was aliowed to warm to
t and stirred for a further 4 h. To the mixture was added saturated aq NalHCGO; and
the organic layer was separated. The aqueous layer was extracted with DCM and the
combined organic layers were washed with saturated ag NaHCQOs. The organic layer
was separated, dried over MgSOy, filtered, and concentrated under reduced pressure
to afford 370 mg of a 2:1 mixture of methyl 3-({(2-(methylsulfinyl)benzo{dithiazol-6-
yiymethyl)-3 H-imidazo[4,5-bpyridine-6-carboxylate and methyl 3-((2-
(methylsulfonylbenzo{dJthiazol-6-ylymethyl)-3H-imidazo[4,5-blpyridine-6-
carboxylate as an oil that was not purified further. LCMS (EST) m/z 387 (M+H)
(consistent with methyl 3-((2-(methylsulfinyl)benzo[dthiazol-6-yymethyl)-3 H-
imidazo[4,5-b]pyridine-6-carboxylate) and m/z 403 (M+H)" (consistent with methyl
3-((2-(methylsulfonyl)benzo{d]thiazol-6-ylImethyl}-3H-imidazo{4,5-b|pyridine-6-

carboxylate).

100521] Step 5: A 2.1 mixturc of methyl 3-((2-(methylsulfiny)benzo[d]thiazol-6-
yhmethyl)-3 H-imidazo|4,5-bpyridine-6-carboxylate and methyl 3-((2-
(methylsulfonylbenzo[dlthiazol-6-yimethyD)-3H-imidazo[4,5-bpyridine-6-
carboxylate (360 mg) from Step 4 of this Exampie was dissolved in anhydrous DMA
(10 mL), and (1R,2R)-(-)-2-aminocyclohexanol (322 mg, 2.79 mmol) and DIEA (360
mg, 2.79 mmol) were added. The reaction vessel was sealed and the mixture was
heated with stirring at 100 °C for 19 h. LCMS indicated the reaction was not
complete. To the reaction mixture was added additional (1R,2R)-(-)-2-
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aminocyclohexanol (100 mg, 0.870 mmol) and the reaction vessel was sealed and the
mixture was heated at 100 °C for a further 15 h. After the reaction mixture was cooled
to rt, one half of the reaction mixture was purified directly by reverse-phase HPLC
using & mixture of water (5% CH:CN, 0.05% HOAc) and CHiCN (0.05% HOAC) as
the mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford methyl 3-((2-{{{1R,2R)-2-hydroxycyclohexyljamino)benzo{djthiazoi-6-
yhmethyl)-3H-imidazo[4,5-b ]pyridine-6-carboxylate (19 mg) as a white solid. ‘H
NMR (300 MHz, DMSO-d) 6 8.96 (d, J = 7.3 Hz, 1H), 8.76 (m, 1H), 8.54 (m, 1H),
7.99 (brs, 1H), 7.66 (d, J = 7.2 Hz, 1H), 7.16 - 7.33 (m, 2H), 5.51 (br s, 2H), 4.76 (br
s, 1H), 3.89 (s, 3H), 3.30 - 3.50 (m, 2H), 2.02 (m, 1H), 1.86 (m, 1H), 1.50 - 1.70 {m,
2H), 1.10 = 1.30 (m, 4H). LCMS (ESI) m/z 438 (M+H)",

Exampie 80
Preparation of (1R,2R)-1-((6-((5-bromo-3H-imidazo[4,5-b] pyridin-3-
viymethyl)benzo[d]thiazol-2-yl)amino)-2,3-dikydro-1 H-inden-2-ol

LN S
N /\©: )—NH  OH

N/
Br

[00522] A stirred mixture of 6-((5-bromo-3 H-imidazo[4,5-b]pyridin-3-yDymethyl)-
2-(methylsulfinyl)benzo[dlthiazole {130 mg, 0.332 mmol} from Step 4 of Example
78, (1R,2R)-(-)-trans- | -amino-2-indanol (198 mg, 1.33 mmol}, and DIEA (214 mg,
1.66 mmol} in anhydrous DMA (2 mL) in a sealed reaction vessel was heated in a
Biotage microwave synthesizer at 140 °C for 1.5 h. LCMS indicated that the reaction
was incomplete. Additional (1R,2R)-(-)-trans-1-amino-2-indanol (50 mg, 0.335
mmol) was added, and the mixture was heated in a Biotage microwave synthesizer at
140 °C for a further 45 min. The reaction mixture was cooled to rt and purified
directly by reverse-phase HPLC using a mixture of water (5% CH:CN, 0.05% HOAc)
and CHLCN (0.05% HOAc) as the mobile phase and Varian Pursuit XRs diphenyl
column as the stationary phase to afford (1R,2R)-1-{(6~({5-bromo-3H-imidazo[4,5-
blpyridin-3-yDmethyl)benzo{d]thiazol-2-yl)amino)-2,3-dihydro-1H-inden-2-0l (24
mg, 15%) as a white solid. "H NMR (300 MHz, DMSO-ds) 5 8.62 (s, 1H), 8.47 (d, /=
7.9 Hz, 1H), 8.08(d. /= 8.3 Hz, 1H), 7.69 (s, 1H), 7.49 (d, /=83 Hz, 1H), 7.37 (d, J
= 8.3 Hz, 1H), 7.11 - 7.28 (m, 5H), 5.45 - 5.54 (m, 3H), 5.18 (t, /= 7.1 Hz, 1H), 4.24
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-4.35 (m, 1H), 3.16 (dd, J= 6.9, 15.5 Hz, 1H), 2.74 (dd, J= 7.1, 15.5 Hz, IH). LCMS
(ESY) m/z 492 and 494 (M+H)".

Example 81
Preparation of 3-((2-(((1R,2R)-2-hydroexyeyclohexylamine)benzo[d]| thiazol-6-
yhmethyl}-3H-imidazof4,5-b]pyridine-6-carboxylic acid
al S
N P—NH  OH
== N
N
\ ! O

OOH

[60523] A mixture of methyl 3-((2-(((1R,2R)-2-
hydroxycyclohexylamino)benzo[djthiazol-6-ylimethyh)-3 H-imidazo[4,5-bjpyridine-
6-carboxylate (210 mg, 0.48 mmol) from Example 79 in THF (5 mL) and 1 M aq
LiOH (5 mL) was stirred at rt for 3 h. The reaction mixture was acidified to pH~1.0
with 2 M aq HCI, and the mixture was purified directly by reverse-phase HPLC using
a mixture of water (5% CH;CN, 0.05% HOAc) and CH;CN (0.05% HOAC) as the
mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford 3-((2-{({1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6~ymethyl)-3 H-
imidazol4,5-Alpyridine-6-carboxylic acid (37 mg, 18%) as a white solid. 'H NMR
(360 MHz, DMSQ-ds) 8 13.15 (brs, 1H), 8.96 (d, /= 1.7 Hz, 1H), 8.74 (s, 1H), 8.52
(d,./= 19 Hz, 1H), 798 (d,/=7.3 Hz, 1H), 7.67 (d, /= 1.1 Hz, 1H), 7.19 - 7.33 (m,
2H), 5.33 (s, 2H), 4.75 (br s, 1H), 3.51 (m, 1H), 3.33 (m, 1H), 2.03 (m, 1H), 1.87 {m,
1H), 1.55 ~ 1.68 (m, 2H), 1.09 - 1.35 (m, 4H). LCMS (ESI) m/z 424 (M+H) .

Example 82
Preparation of (LR, 2R)-2-((6~((6~(morpholinomethyl)-3H-imidazo{4,5-b|pyridin-

3-yDmethyiibenze|d]thiazol-2-ylamino)cyclohexanol

a
/\‘: />—NH OH
O

C’f

[06524] A stirred mixture of (1R, 2R)-2-((6-((6-bromo-3H-imidazo[4,5-bjpyridin-3-
yhmethylbenzo[d]thiazol-2-yDaminocyclohexanol (100 mg, 0.22 mmol) from
Example 29, potassium {morpholin-4-yDmethyltrifluoroborate (59 mg, 0.28 mmol) ,
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Pd(OAc); (1.5 mg, 0.007 mmol), 2-dicyclohexylphosphino-2',4",6'-
triisopropylbiphenyl (6.2 mg, 0.013 mmol) and Cs,CO3 (213 mg, 0.66 mmol) in
THF/H,0 (1.5 mL, 4:1, v/v) was purged with argon for 10 min. The mixture was then
heated at 85 °C in a sealed reaction vessel overnight. LCMS showed the reaction
complete. After cooling to rt, the reaction mixture was filtered through a Celite plug
and the filtrate was purified by reverse-phase preparative HPLC using a mixture of
water (5% CHaCN, 0.05% HCOOH) and CH3CN (0.05% HCOOH) as the mobile
phase and Varian Pursuit XRs C18 column as the stationary phase to afford (1R,2R)-
2-((6-({6-(morpholinomethyl)-3H-imidazo{4,5-b]pyridin-3-

yhmethyl)benzo| djthiazol-2-ylamino)eyclohexanol as a white powder (36 mg, 33%).
"H NMR (300 MHz, DMSO-dg) 8 8.57 (s, 1H), 8.31 (d, J= 1.5 Hz, 1H), 7.88 - 8.04
{m, 2H), 7.67 (d, J= 0.9 Hz, lH), 7.26 - 7.33 (m, 1H), 7.17 - 7.26 (m, 1H), 5.46 (s,
2HD, 4.75 (br s, 1H), 3.60 (s, 2H), 3.45 - 3.58 (m, 5H), 2.36 (br s, 4H), 2.03 (d, /=
10.4 Hz, 1H), 1.79 - 1.89 (m, 1H), 1.62 (d,.J= 5.1 Hz, 2H), 1.05 - 1.37 (m, 4H).
LCMS (EST) m/z 479 (M-+H)".

Example 83
Preparation of either (1R, 2R)-1-((6-((4-(1-methyl-1H-pyrazol-4-yh)-LH-imidazol-
1-yDmethyl)benzo|d]thiazol-2-yl)amino)-2,3-dihydro-1H-inden-2-ol or (1R,2R)-1-
{(6-{(5-(1-methy}-1 H-pyrazol-4-y}}-1 H-imidazol-1-yhmethylbenze{d]thiazol-2-
yhamino)-2,3-dihydro-1H-inden-2-ol (alternative to product of Example 32)

NQ{%@};&*@H }/g/’ /\©: @OH

Y

—~Z

[60525]  Step 1: 6-((5-(1-Methyl-1 H-pyrazol- -yl) 1 H-imidazol-1-ylymethyl}-2-
(methylsutfinyl)benzoidthiazole or 6-((4-(1-methyl-1H-pyrazol-4-yl)-1 H-imidazol-1-
yhmethyl)-2-{methylsulfinyl)benzo|dlthiazole was synthesized as a white foam (140
mg) using a procedure analogous to that described in Step 5 of Example 32,
substituiing regioisomer 2 from Step 4 of Example 32, ( either 6-({(5-(1-methyl-1H-
pyrazol-4-yl)-1 H-imidazol- 1 -y)methyl)-2-(methylthio)benzo[d Jthiazole or 6-({4-(1-
methyl-1H-pyrazol-4-y1)-1H-imidazol-1-yl)methyl)-2-(methylthio)benzo[d]thiazole)
for regioisomer 1, used in Example 32. LCMS (ESI) m/z 356 (M+H)".
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[06526] Step 2: (1R,2R)-1-((6-((4~(1-Methyl-1H-pyrazol-4-y1)-1H-imidazol- -
yhmethyhbenzo[d]thiazol-2-yl)amino)-2,3-dihydro- 1 H-inden-2-0l or (1R,2R)-1-((6-
((3-(1-methyl-1H-pyrazol-4-y1)-1 H-imidazol- 1 -ylymethyl)benzo[d]thiazol-2-
yljamino)-2,3-dihydro-1H-inden-2-ol (alternative of starting material in Step 6 of
Example 32) was synthesized as a white powder (10 mg, 8%, using a procedure
analogous to that described in Step 6 of Example 32, subsituting the product from
Step 1 of this Example for 6-((5-(1-methyl-1H-pyrazol-4-y1)-1H-imidazol-1-
ylimethyl)-2-(methylsulfiny!)benzo[d]thiazole or 6-((4-(1-methyl-1H-pyrazol-4-yl)-
1H-imidazol-1-yl)methyl)-2-(methylsulfinyl)benzo[dthiazole used in Example 32. 'H
NMR (300 MHz, DMSG-ds) 8 8.50 (d, J=7.9 Hz, 1H), 7.81 (s, 1H), 7.73(d,J = 0.9
Hz, 1H), 7.66 (s, 1H), 7.58 (s, 1H), 7.38 (d, /= 8.3 Hz, 1H), 7.11 - 7.30 (m, 6H), 5.54
(m, 1H), 511 - 5.25 (m, 3H), 4.31 (m, 1H), 3.81 (s, 3H), 3.17 (m, 1H), 2.75 (m, 1H).
LCMS (EST) m/z 443 (M+H)".

Example 84
Preparation of (1R,2R)-2-((6-((6-(hydroxymethyl)-3H-imidazo[4,5-b]pyridin-3-

viimethyhbenzo{d]|thiazol-2-yDaminc)cyelohexansl

s S
N N/\@ 2—NH QH
=N N 3 §
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[00527}  To a stirred mixture of methyl 3-((Z-(((1R,2R)-2-
hydroxycyclohexylamino)benzo[dlthiazol-6-ylymethyl)-3 H-imidazo[4,5-b]pyridine-
6-carboxylate (76 mg, 0.174 mmol) from Example 79 in anhydrous DCM (1 mL) at
50 °C under argon was added dropwise diisobutylaluminum hydride (I M solution in
DCM, 0. 696 ul, 696 mmol). The mixture was allowed to warm to — 20 °C and
stirred for 10 min. The reaction mixture was acidified to pH~1.0 with 2 M aq HCI,
and the mixture was purified directly by reverse-phase HPLC using a mixture of
water (5% CH;CN, 0.05% HOAc) and CH3CN (0.05% HOAc) as the mobile phase
and Varian Pursuit XRs diphenyl column as the stationary phase to afford (1R,2R)-2-
{{6-{(6-(hydroxymethyl)-3H-imidazo[4,5-b]pyridin-3-ylimethyl )benzo{d]thiazol-2-
yhamino)cyclohexanol (20 mg, 28%) as a white solid. 'H NMR (300 MHz, DMSO-
ds) 6 8.56 (s, 1H), 8.35 (d, J= 1.3 Hz, 1H), 7.93 - 8.01 (m, 2H), 7.65 (s, 1H), 7.28 (m,
1H), 7.20 (m, 1H), 5.47 (s, 2H), 5.29 (br s, 1H), 4.75 (d, J = 4.0 Hz, 1H), 4.62 (brs,

280



WO 2613/056070 PCT/US2012/039983

2H), 3.50 (m, 1H), 3.30 (m, 1H), 2.03 (m, [H), 1.87 (m, 1H), 1.55 ~ 1.65 (m, 2H),
1.10 — 1.35 (m, 4H). LCMS (ESI) m/z 410 (M+H)".

Example 85
Preparation of (LR,2R)-2-((6-{(6~-(methylthio)-3H-imidaze|4,5-bjpyridin-3-
yhmethylbenzold|thiazol-2-vi)amine)cyclohexancl

t:ﬁ D—NH OH

[00528] (1R.2R)-2-((6-((6-(Methylthio)-3H-imidazo[4,5-b]pyridin-3-
vl)methyl)benzo[d]thiazol-2-yl)amino)cyclohexanoi (25 mg, 18%) was obtained as a
tan powder using a procedure analogous to that described in Example 82, substituting
potassium (thiomethyl)methyltrifluoroborate for potassium {morpholin-4-
yDmethyltrifluoroborate, substituting dioxane/H,O for THF/H,O used in Example 82,
and running the reaction at 100 °C instead of 85 °C. "H NMR (300 MHz, MeOH-d4) &
8.37 - 8.50 (m, 2H), 8.07 (d, J= 1.7 Hz, 1H), 7.64 (s, 1H), 7.34 - 7.40 (m, 1H), 7.25 -
7.34 (m, 1H), 5.53 (s, 2H), 3.58 (dd, /= 3.4, 9.8 Hz, 1H), 3.39 - 3.51 (m, 1H), 2.56 (s,
3H), 2.10 - 2.24 (m, 1H),2.03 (d, /= 10.9 Hz, 1H), 1.64 - 1.85 (m, 2H), 1.13 - 1.51
(m, 4H). LCMS (ESI) m/z 426 (M+H)".

Example 86
Preparation of (1R.2R}-2-((6-((6-((methylthic)methy!)-3H-imidazo[4.5-b]pyridin-
3-yiymethyl)benzo[djthiazol-2-yljamino)cyclohexanol

4N s
N /C[ />_NH OH
N O

g

[08529]  (1R2R)-2-((6-((6-((methylthic)methyi)-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[dthiazol-2-yhamino)cyclohexanol (5 mg, 4%) was obtained as a fan
powder using a procedure analogous to that described in Exampie 82, substituting
potassium (thiomethylymethyltrifluoroborate for potassium (morpholin-4-
yhmethyltrifluoroborate used in Example 82, substituting dioxane/H,0 for THE/H20
used in Example 82, and running the reaction at 100 °C instead of 85 °C. 'H NMR
(300 MHz, MeOH-d:) 3 8.29 (s, 2H), 7.95 (brs, 1H), 7.52 (s, 1H), 7.22 - 7.30 (m,
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1H), 7.13 - 7.22 (m, 1H), 5.43 (s, 2H), 3.76 (s, 2H), 3.47 (dd, J = 3.4, 9.8 Hz, 1H),
3.27 - 3.40 (m, 1H), 2.04 (d, 7= 11.7 Hz, 1H), 1.93 (br s, 1H), 1.90 (s, 3H), 1.52 -
1.74 (m, 2H), 1.01 - 1.40 (m, 4E0). LCMS (EST) m/z 440 (M+E)".

Example 87
Preparation of 3-((2-(((1.R,2R)-2-hydroxycyelohexyDamino)benzo|d] thiazol-6-
yhmethyl}-3H-imidaze[4,5-b]pyridine-5-carbenitrile

Ty g
v}
N

[60530] A stirred mixture of (LR,2R)-2-((6-({5-bromo-3H-imidazo[4,5-bJpyridin-3-
yhmethyljbenzo[d]thiazol-2-ylyamino)cyclohexanol (100 mg, 0.218 mmol) from
Exarmple 78, zinc cyanide (77 mg, 0.634 mmol), and 1,1°-
bis{diphenylphosphino)ferrocene (18 mg, 0.0327 mmol) in anhydrous DMF (2 mL) at
rt was purged for 15 min with a stream of argon. To the resulting mixture was added
tris(dibenzylideneacetone} dipalladium (18 mg, 0.0218 mmol). The reaction vessel
was sealed and the mixture was stirred at 100 °C for 2 h. After cooling to rt, the
reaction mixture was purified directly by reverse-phase HPLC using a mixture of
water (5% CH3CN, 0.05% HOAc) and CH2CN (0.05% HOAc) as the mobile phase
and Varian Pursuit XRs diphenyl column as the stationary phase to afford 3-((2-
{(({1R,2R)-2-hydroxycyclohexyl)amino)benzoidlthiazol-6-yl)methyl)-3H-imidazo[4,5-
Blpyridine-5-carbonitrile (34 mg, 39%) as a white solid. '"H NMR (300 MHz, DMSO-
ds) 5891 (s, 1H), 834 (d, /=83 Hz, 1H),8.01(d, /=73 Hz, IH),7.92(d,./=8.1
Hz, 1D, 7.67 (d, J= 1.1 Hz, 1H), 7.32 (m, 1H}, 7.22 (m, 1H), 5.53 (s, 2H), 4.77 (br s,
1H), 3.51 (m, 1H), 3.30 (m, 1H), 2.03 (m, 1H), 1.85 (m, 1H), 1.65 - 1.67 (m, 2H),
1.08 - 1.37 (m, 4H). LCMS (ESI) m/z 405 (M+H)'.

Example 88
Preparation of I-(3~((2-(((1R,2R)-2-hydroxycyclehexyDamino)benzo[dfthiazol-6-
yvhmethyi)-3H-imidazo[4,5-bipyridin-5-yl}ethanone

SN S
N /@:%NH OH
P ) D

N/
O
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[00531] A stirred mixture of (1R,2R)-2-((6-((5-bromo-3H-imidazo[4,5-bJpyridin-3-
yhimethyl)benzo[d]thiazol-2-ylemino)cyclohexanol (100 mg, 0.218 mmol) from
Example 78, tributyl(1-cthoxyvinylitin (157 mg, 0.436 mmol) in anhydrous DMF (2
ml.) at rt was purged for 15 min with a stream of argon. To the resulting mixture was
added tetrakis(triphenylphosphine) palladium (0) (38 mg, 0.0327 mmol). The reaction
vessel was sealed and the mixture was stirred at 110 °C for 2 h. After cooling to rt, 2
M ag HC1 (0.5 mL) was added, and the mixture was stirred at rt for 1.5 h. The mixture
was purified directly by reverse-phase HPLC using a mixture of water (5% CH;CN,
0.05% HOAc) and CH3CN (0.05% HOACc) as the mobile phase and Varian Pursuit
XRs diphenyl column as the stationary phase to afford crude 1-(3-((2-(((1R,2R)-2-
hydroxycyclohexyl)amino)benzo[djthiazol-6-yl)methyl)-3 H-imidazo[4,5-b]pyridin-5-
yhethanone. The crude product was triturated with Et,O and the solid was collected
by filtration and dried to afford 1-(3-((2-(((1R,2R)-2-
hydroxycyclohexyllamino)benzo]d]thiazol-6-yhmethy!)}-3H-imidazo{4,5-b]pyridin-5-
yl)ethanone (19 mg, 21%) as a white solid. 'H NMR (300 MHz, DMSO-dg) 8 8.84 (s,
1H), 8.22 (d, J = 8.5 Hz, 1H), 8.00 (d, /= 7.5 Hz, 1H}, 7.92(d, J = 8.3 Hz, 1H), 7.80
(s, 1H), 7.26 - 7.39 (m, 2H), 5.55 (s, 2H), 4.77 (d, J = 4.9 Hz, 1H), 3.50 (m, 1H), 3.30
(m, 1H), 2.74 (s, 3H), 2.02 (m, 1H), 1.87 (m, 1H), 1.55-1.67 (m, 2H), 1.12 - 1,32
(m, 4H). LCMS (ESI) m/z 422 (M+H) .
Example 89
Preparation of 3-((2-(({1R,2R)-2-bydroxycyclohexyl)amino)benzo|d] thiazol-6-
yhmethy)-NV-methyl-3H-imidazo[4,5-b]pyridine-6-carboxamide

O~ S
N N/\©: P—NH  OH
premr) N F
N
N O

© NH

/

[08532] To a stirred mixture of 3-((2-(((1R,2R)-2~
hydroxycyclohexyljamino)benzo[d]thiazol-6-ylmethy!)-3H-imidazo(4,5-b]pyridine-
6-carboxylic acid (70 mg, 0.165 mmol) from Example 81 and TEA (67 mg, 0.660
mmol) in anhydrous THF (2.5 mL) at rt was added methylamine (2 M solution in
THF, 413 ul, 0.825 mmol) followed by benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (109 mg, 0.248 mmol).

283



WO 2013/656070 PCT/US2012/059983

The mixture was stirred at rt for 4.5 h. The mixture was purified by reverse-phase
HPLC using a mixture of water (5% CHiCN, 0.05% HOAc) and CH-CN (0.05%
HOAC) as the mobile phase and Varian Pursuit XRs diphenyl column as the stationary
phase to afford 3-((2-(((1LR,2R)-2-hydroxycyclohexyl)amino)benzo| d|thiazol-6-
yhmethyl)-N-methyl-3H-imidazo[4,5-b]pyridine-6-carboxamide (26 mg, 36%) as a
white solid. "H NMR (300 MHz, DMSO-de) 5 8.86 (d, /= 1.88 Hz, 1), 8.69 (s, 1H),
8.59 (d, J = 4.52 Hz, 1H), 8.49 (d, /= 1.88 Hz, 1H), 7.97 (d, /= 7.54 Hz, 1H), 7.67
(d,J = 1.13 Hz, 1H), 7.19 - 7.32 (m, 2H), 5.51 (s, 2H), 4.73 (br. 5., iH), 3.51 (m, 1H),
3.30 (m, 1H), 2.82 (d, /= 4.33 Hz, 3H), 2.02 (m, 1H), 1.88 (m, 1H), 1.55 - 1.65 (m
2H), 1.10 = 1.30 (m, 4H). LCMS (EST) m/z 437 (M+H) .

Example 90
Preparation of N-hydrexy-3-((2-({({1R,2R)-1-
hydroxycyciohexyl)amino)benzo{djthiazol-6-ylymethyl)-3H-imidazo[4,5-

blpyridine-6-carboximidamide

7N S
N /\©:,>——NH OH
YRS

i

HN 1}15.1
OH

[06533] A stirred mixture of 3-((2-{({1R.,2R)-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-ylymethyl}-3H-imidazo[4,5-b]pyridine-
6-carbonitrile from Example 43 (55 mg, 0.14 mmol) and excess 50% NH,OH in HyG
(300 uL) in EtOH (3 mL) was heated at 80 °C for 1h. LCMS analysis showed that the
reaction was complete. The crude product was purified by preparative HPLC using a
mixture of water (5% CHiCN, 0.05% AcOH) and CFI3CN (0.05% AcOH) as the
mobile phase and Varian Pursuit XRs Diphenyl column as the stationary phase to
afford N-hydroxy-3-((2-(((1R,2R)-2-hydroxycyclohexyhamino)benzo[d]thiazol-6-
yhmethyl)-3H-imidazo[4,5-b]pyridine-6-carboximidamide (8 mg, 13%) as a tan
powder. 'H NMR (300 MHz, MeOH-d,) & 8.73 (d, /= 1.7 Hz, 1H), 8.50 (s, 1H), 8.29
(d,J=1.7Hz, 1H), 7.63 (s, 1H), 7.32 - 7.39 (m, 1H}, 7.25 - 7.32 {m, 1H), 5.55 (s,
2H), 3.50 - 3.65 (m, 1H), 3.37 - 349 (m, 1H}),2.13(d, J=12.1 Hz, 1H), 2.02 (d, /=
10.4 Hz, TH), 1.62 - 1.82 (m, 2H), 1.15 - 1.49 (m, 4H). LCMS (ESI) m/z 438 (M-+H)",

Example 91
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Preparation of (1.R,2R)-2-((6-({(6-(aminomethvi)-3H-imidazoe[4,5-b]pyridin-3-

vlimethybenzo|d|thiazol-2-yDaminc)cyclohexanol acetate

7N s
N
,/T@NHH =
S
HoN /lLOH

[00534] To a stirred mixture of 3-((2-(((IR,2R)-2-
hydroxycyclohexyl)amino)benzofdithiazol-6-yl)methyl)-3H-imidazo[4,5-b]pyridine-
6-carbonitrile from Example 43 (85 mg, 0.21 mmol) in THF (3 mL) at 0 °C was added
dropwise LAH in diethyl ether (2.0 M, 0.4 mL, 0.4 mmol). The resulting mixture was
stirred at rt for 1h, before another 0.4 mI. 0of 2.0 M LAH in diethyl ether was added.
After stirring at 1t overnight, the reaction mixture was treated with sequential addition
of 61 pl of HyO, 61 pL of 10% NaOH, and 183 uL of H;O. The resulting mixture
was filtered through a Celite plug and concentrated under reduced pressure. The
residue was purified by preparative HPLC using a mixture of water (5% CHiCN,
0.05% AcOH) and CH;CN (0.05% AcOH) as the mobile phase and Varian Pursuit
XRs Diphenyl column as the stationary phase to afford (1R,2R)-2-{{6-((6-
(aminomethyl}-3H-imidazo[4,5-blpyridin-3-yDmethyl)benzo{d}thiazol-2-
yhamino)cyclohexanol acetate (4 mg, 5%) as a tan powder. "H NMR (300 MHz,
MeQH-dy) 3 8.54(d, J=9.2 Hz, 2H), 8.19 (5, 1H), 7.63 (s, 1H), 7.19 - 7.42 {m, 2H),
5.56 (s, 2H), 4.27 (s, 2H), 3.57 (d, J= 9.6 Hz, 1H), 3.37 - 3.50 (m, 1H), 2.13 (d, /=
11.3 Hz, 1H), 2.01 (brs, 1H), 1.92 (s, 3H), 1.62 - 1.81 (m, ZH), 1.17 - 149 (m, 4H).
LCMS (EST) m/z 409 (M+H) .

Example 92
Preparation of 3-((2-({(18,2R)-2-hydroxycyciohexyamine)benzo[d]thiazol-6-
yhmethyl)-V,N-dimethyl-3H-imidazo[4,5-b]pyridine-6-carboxamide

7 S
N N/\]@: >—NH  OH
YRS

N
N\

ON"’
/

[08535]  To a stirred mixture of 3-((2-(((1R,2R)-2-
hydroxycyclohexyl)amino)benzo[dlthiazoi-6-yl)methyl)-3H-imidazo[4,5-b]pyridine-
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6-carboxylic acid (65 mg, 0.153 mmol) from Example 81 and TEA (77 mg, 0.767
mmol) in a mixture of anhydrous THF (1.5 mL) and anhydrous DMF (0.5 mL) at rt
was added dimethylamine (2 M solution in MeOH, 383 uL, 0.767 mmol) followed by
benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (102 mg,
0.230 mmol). The resulting mixture was stirred at rt for 2 h. The mixture was purified
directly by reverse-phase HPLC using a mixture of water (5% CH3CN, 0.05% HOAc)
and CHzCN (0.05% HOAC) as the mobile phase and Varian Pursuit XRs diphenyi
column as the stationary phase to afford 3-{((2-(({(1R,2R)-2-
hydroxycyclohexyhamino)benzo[d]thiazol-6-ylymethyl)-N, N-dimethyl-3H-
imidazo[4,5-bpyridine-6-carboxamide (33 mg, 48%) as & white solid. 'H NMR (300
MHz, DMSO-dg) 8 8.70 (s, 1H), 8.45 (s, 1H), 8.16 (s, 1H), 7.96 (d, J=7.54 Hz, 1H),
7.68 (s, 1H), 7.20 - 7.33 (m, 2H), 5.50 (s, 2H), 4.73 (d, J=4.90 Hz, IH), 3.51 (m,
1H), 3.30 (m, 1H), 2.99 (br. 5., 6H), 2.02 (m, 1H), 1.87 (m, 1H), 1.55 — 1.65 (m, 2H),
1.10 — 1.30 (m, 4H). LCMS (ESI) m/z 451 (M+H) .

Example 93
Preparation of (1R, 2R)-2-((6-((6-(2H-tetrazol-5-y1)-3H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo{d]thiazol-2-yl)amino)cyclohexanol

SQ o
N
p NMEH %

)

[006536] A stirred mixture of 3-((2-(((1R,2R)-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-yl)methyl)-3H-imidazo[4,5-b]pyridine-
6-carbonitrile from Example 43 (120 mg, 0.30 mmol), NaN; (29 mg, 0.45 mmol) and
NH4Cl {24 mg, 0.45 mmol) in DMF (1.5 mL) was heated at 100 °C overnight. LCMS
showed the reaction mostly completed. A portion of the reaction mixture (~ 1/3) was
cooled to 1t and purificd by preparative HPLC using a mixture of water (5% CHaCN,
0.05% AcOH) and CH3;CN (0.05% AcOH) as the mobile phase and Varian Pursuit
XRs Diphenyl column as the stationary phase to afford (1R,2R)-2-({6-((6-(2H-
tetrazol-5-yl)-3H-imidazo{4,5-blpyridin-3-yhymethyD)benzo[d]thiazo]-2-
yhamino)cyclohexanol (4 mg, 9%) as a white powder. "H NMR (300 MHz, McOH-
dy) 8 9.13 (s, 1H), 8.67 {5, 1H), 8.60 (s, 1H), 7.76 (dd, J= 7.5, 10.9 Hz, 2H), 7.69 (s,
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1H), 5.60 (s, 2H), 3.56 (d, J = 9.6 Hz, 1H), 3.37 - 3.50 (m, 1H), 1.92-2.21 (m, 2H),
172 (d, J = 8.9 Hz, 2H), 1.17 - 1.49 (m, 4H). LCMS (EST) m/z 448 (M+H)™.

Example 94
Preparatien of (1R, 2R)-2-{{(6-{{6-(2-methyl-2H-tetrazol-5-y1)-3H-
imidazo(4,5-b|pyridin-3-yl)methylybenzo[d]thiazel-2-yhHamino)cyciohexanol

N NH
P N/>— {OH

J

[66537] To the remaining portion of the reaction mixture from Example 93 were
added excess Cs;CO5 (300 mg) and excess Mel (200 ul). The resulting mixture was
heated at 90 °C for 4h. LCMS showed that the reaction was mostly completed. Afier
cooling fo rt, the mixture was purified by preparative HPLC using a mixture of water
(5% CH;CN, 0.05% AcOH) and CH;CN (0.05% AcOH) as the mobile phase and
Varian Pursuit XRs Diphenyl column as the stationary phase to afford (1R,2R)-2-((6-
{(6-(2-methyl-2H-tetrazol-3-y1}-3H~imidazo[4,5-b]pyridin-3-
yimethyhbenzo|d]thiazol-2-yhamino)cyclohexano! (8 mg) as a white powder. The
regiochemistry assignment of the compound was consistent with the resuit from a
NMR Nuctear Overhauser Effect (NOE) experiment. 'H NMR (300 MHz, McOH-d,)
839.17 (s, 1H), 8.69 (s, 1H), 8B.55 (s, TH), 7.67 (s, 1H), 7.25 - 7.41 {m, 2H), 5.58 (s,
2H), 4.36 -4.51 (m, 3H),3.57 (d, /= 9.6 Hz, 1H), 3.36 - 349 (m, 1H), 2.13(d, J =
11.3 Hz, 1H), 2.01 (br s, 1H), 1.71 (d, J = 10.0 Hz, 2H), 1.12 - 1 .48 {m, 4H). LCMS
(EST) m/z 462 (M+H) "

Example 95

Preparation of (1R,2R)-1-((6-((SH-purin-9-yDmethyl)benzo|djthiazol-2-
vhamine)-2,3-dihydre-1 H-inden-2-ol

sqest P
ehghe
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[00538]  Step 1: 6-((9H-Purin-9-yl)methyl)-2-(methylthio)benzof}thiazole was
synthesized as a white solid (690 mg, 30%) using a procedure analogous to that
described in Step 3 of Example 47, substituting 94-purine for 5-bromo-6-methoxy-
1H-benzo[d]-imidazole used in Example 47. The regiochemistry of the alkylation was
determined by 2-dimensional nuclear Overhauser effect (NOE) experiment. "H NMR
(300 MHz, DMSO-ds) 8 9.19 (s, 1H), 8.96 (s, 1H), 8.80 (s, 1H), 8.01 (d, /= 0.9 Hz,
1H), 7.82 (d, J = 8.3 Hz, 1H), 7.49 (dd, J= 1.5, 8.5 Hz, 1H), 5.64 (s, 2H), 2.77 (s,
3. LCMS (ESD m/z 314 (M+H)".

[06539]  Step 2: 6-((9H-Purin-9-y)methyl)-2-(methylsulfinyl)benzold]thiazole was
synthesized as a white foam (473 mg) using a procedure analogous o that described
in Step 6 of Example 36, substituting 6-((9H-purin-9-ylymethyl)-2-
(methylthioYoenzo[d]thiazole from Step 1 of this Example for 6-((4-bromo-1H-
imidazol-1-ylmethyl)-2-(methylthioYoenzo[d]thiazole used in Example 36. LCMS
(EST) m/z 330 (M-+H)".

[66540]  Step 3: To a mixture of 6-((9H-purin-9-ylymethyl)-2-
(methylsulfinyl)benzo[d]thiazoic (270 mg, 0.8 mmol) from Step 2 of the this Exampie
and (1R,2R)-1-amino-2,3-dihydro-1FH-inden-2-ol (246 mg, 1.6 mmol) in NMP (1.5
mL) was added DIEA (570 ul, 3.3 mmol). The reaction vessel was sealed and the
mixture was heated at 150 °C in the Biotage microwave reactor for 1.5 h, The mixture
was purified by reverse-phase preparative HPLC using a mixture of water (5%
CH:CN, 0.05% HCOOH) and CH:CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C18 column as the stationary phase to afford (1R,2R)-1-({(6-({9H-
purin-9-yl)methyl)benzofd]thiazol-2-yl)amino)-2,3-dihydro-1 H-inden-2-ol (71 mg,
21%) as a white powder. "H NMR (300 MHz, DMSO-ds) 8 9.18 (s, 1H), 8.97 (s, 1H),
8.77 (s, IH), 847 (d, J= 8.1 Hz, 1H), 7.74 (d, /= 1.3 Hz, 1H), 7.37 (m, 1H), 7.30 (m,
1H}, 7.11 - 7.25 (m, 4H), 5.45 - 5.57 (m, 3H), 5.18 (t, /= 7.1 Hz, 1H), 4.28 (m, 1H),
3.16 (dd,J = 6.9, 15.5 Hz, 1H), 2.74 (m, 1H). LCMS (EST) m/z 415 (M+H)".

Example 96
Preparation of (1R,2ZR)-2-((6-((6-ethynyl-3H-imidazo[4,5-blpyridin-3-

yiymethyl)ybenzo|d]thiazol-2-yhamino)cyclohexanol
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[00541]  Step 1: 6-lodo-3H-imidazo[4.5-b]pyridine (3.78 g) was obtained using a
procedure analogous to that described in Step 7 of Example 23, substituting 3-
iodopyridine-2,3-diamine for 6-methoxy-N*~((2-(methylthio)benzo[d]thiazol-6-
ylmethybDpyridine-2,3-diamine used in Example 23. LCMS (ESI) m/z 246 (M+H)',

[00542]  Step 2: (1R, 2R)-2-({6-((6~lodo-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol was obtained as an off-white

solid using procedures analogous to

100543]  those described in Steps 4-5 of Example 3 and Step 5 of Example 2,
sequentially, substituting 6-iodo-3H-imidazo[4,5-blpyridisc from Step 1 of this
Example for 3H-imidazo[4,5-b]pyridine used in Step 4 of Example 3, and then
making the analogous substitutions for the starting materials used in Step 5 of
Example 3 and Step 5 of Example 2. LCMS (ESI) m/z 506 (M+H)".

[00544] Step 3: To a stirred suspension of (1R,2R)-2-({6-({6-i0do-3H-imidazo[4,5~
b]pyridin-3-ylimethylybenzo[d]thiazol-2-yl)amine)eyclohexanol (152 mg, 0.30 mmol)
from Step 2 of this Example in DMF (3 mL) were added Cul (6 mg, 0.032 mmol) and
PdCLy(PPha), (11 mg, 0.015 mmol). The mixture was purged with argon while
ethynyltrimethylsilane (85 ul, 0.60 mmol) and TEA (127 uL, 0.90 mmo!) were added
sequentially. The resulting mixture was stirred at rt for th. LCMS analysis showed
that the reaction was complete, Water (30 ml.) was added and the resulting dark
brown solid was collected by filtration and dried to give crude (1R, 2R)-2-({6-((6-
((trimethylsilyDethynyD)-3H-imidazo[4,5-b]pyridin-3-yDmethyDbenzof d]thiazol-2-
vl)amino)jcyclohexanol (100 mg, 70%). LCMS (ESD m/z 476 (M+H)".

[06545]  Step 4: To a stirred solution of (1R, 2R)-2-({6-({(6-((trimethylsilyDethynyi)-
3H-imidazo[4,5-bJpyridin-3-ylymethyl)benzo]d]jthiazol-2-yl)amino)cyclohexanol (100
mg, 0.21 mmol} from Step 3 of this Example in MeOH (5 mL) was added excess
K»COs (150 mg). The resulting mixture was stirred at rt for 30 min. LCMS analysis
showed that the reaction was complete. The reaction mixture was filtered through a

Celite plug and the filtrate was purified by preparative HPLC using a mixture of water
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(5% CHiCN, 0.05% AcOH) and CH;CN (0.05% AcOH) as the mobile phase and
Varian Pursuit XRs Diphenyl column as the stationary phase to afford (1R,2R)-2-((6-
((6-ethynyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d}thiazol-2-
yhamino)cyclohexanol as a tan powder (40 mg, 47%). 'H NMR (300 MHz, DMSO-
dg) 8 8.69 (s, 1H), 8.50 (d, /= 1.5 Hz, 1H), 8.23 (d, /= 1.7 Hz, 1H), 8.02 (d, /= 6.6
Hz, 1H), 7.66 (s, 1H), 7.26 - 7.34 (m, 1H), 7.15 - 7.26 (i, 1H), 5.49 (s, 2H), 4.29 (s,
1H), 3.26 - 3.38 {m, 2H}, 2.03 (d, J= 10.4 Hz, 1H), 1.85 (brs, 1H), 1.62 (d, /=47
Hz, 2F), 1.00 - 1.38 (m, 4H). LCMS (ESI) m/z 404 (M+H) .

Exarnpie §7
Preparation of (1R,2R)-2-((6-({(6-morpholino-3H-imidazo[4,5-bipyridin-3-

yhmethyl)benzo[d]thiazol-2-yhamine)cyclohexanol)

b/ﬁ P—NH  OH

O
[00546] To a stirred solution of (1R,2R)-2-((6-((6-10do-3H-imidazo[4,5-b]pyridin-
3-ylymethyl)benzo[d]thiazol-2-yl)amino)cyciohexanol from Step 2 of Example 96
(150 mg, 0.30 mmol) in DMSO (3 mL) were added morpholine (156 plL, 1.78 mmol),
Cul (23 mg, (.12 mmol), L-proline (14 mg, 0.12 mmol), and K,CO; (123 mg, 0.89
mmol). The resulting mixture was flushed with argon, the reaction vessel was sealed
and the mixture was heated at 100 °C for 2 h, then at 110 °C for 2 h. LCMS analysis
showed that the reaction complete. The reaction mixture was cooled to rt, filtered
through a Celite plug, and the filtrate was purified by preparative HPLC using a
mixture of water (5% CH3CN, 0.05% AcOH) and CH:CN (0.05% AcOH) as the
mobile phase and Varian Pursuit XRs Diphenyl colummn as the stationary phase o
afford (1R,2R)-2-((6-({6~morpholino-3H-imidazol4,5-bjpyridin-3-
yhmethyDbenzo[d]thiazol-2-ylyamino)cyclohexanol (15 mg, 11%) as a tan powder.
'H NMR (300 MHz, DMSO-ds) 8 8.46 (s, 1H), 8.22 (d, /= 2.3 Hz, 1H), 8.03 (d, J =
7.2 Hz, 1H), 7.63 (br s, 2H), 7.24 - 7.34 (m, 1H), 7.14 - 722 (m, 1H), 5.42 (s, 2H),
3.70 - 3.83 (m, 4H), 3.48 - 3.55 (m, 2H), 3.07 - 3.15 (m, 4H), 2.03 (d, /= 10.2 Hz,
iH), 1.87 (d, J = 9.6 Hz, 1H), 1.61 (brs, 2H), 1.22 (d, J=7.3 Hz, 4H). LCMS (ESI)
m/z 465 (M+H)".
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[10063]
Example 98
Preparation of (1R, 2R)-2-({(6-({6-vinyl-3H-imidazo[4,5-blpyridin-3-
viimethvDbenzojd|thiazol-2-vl)amino)cyclohexanol

s S
N N’\©:,>—NH OH
= N
N

N
(08547} To a stirred mixture of (1R, 2R)-2-{(6-((6-bromo-3H-imidazo{4,5-
blpyridin-3-yDmethyDbenzo| dlthiazol-2-yaminocyclohexanol (200 mg, 0.44 mmol)
from Example 29 in »-PrOH were added potassium vinyltrifluoroborate (117 mg, 0.88
mmol}, PACL{dppfyDCM (18 mg, 0.022 mmol), and TEA (122 ul, 0.88 mmol). The
resuiting mixture was purged with argon for 5 min, the reaction vessel was sealed and
the mixture was heated at 100 °C overnight. LCMS analysis showed that the reaction
was comaplete. The reaction mixture was cooled to rt and purified by reverse-phase
preparative HPLC using a mixture of water (5% CH:CN, 0.05% HCOOH) and
CHCN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford (1R,2R)-2-((6-((6-vinyl-3H-imidazo{4,5-b|pyridin-3~
yhmethyDbenzo[d]thiazol-2-ylyamino)cyclohexanol as a tan powder (40 mg, 23%).
'H NMR (300 MHz, MeOH-d,) 5 8.50 (d, /= 1.7 Hz, 1H), 8.43 (s, 1H), 8.15(d, J=
1.7 Hz, 1H), 7.63 (5, 1H), 7.32 - 7.41 (m, 1H), 7.25 - 7.32 {m, 1H), 6.91 (dd, /=109,
17.7 Hz, 1H), 591 (d, J=17.5 Hz, 1H), 5.53 (s, 2H), 5.35 (d, /= 11.1 Hz, 1H), 3.50 -
3.66 (m, 1H), 3.37-3.49 (m, 1H), 2.14 (d,/=12.1 Hz, 1H), 2.01 (brs, 1H}, 1.63 -
1.82 (m, 2H), 1.13 - 1.50 (m, 4H). LCMS (EST) m/z 406 (M+H)".

Exampie 99
Preparation of N-((3-((2-{{(1R,2R)-2-hydroxycyclohexylamino)benzo|d]thiazol-
6-yDmethyl}-3H-imidaze{4,5-b]pyridin-6-yymethylacetamide

N >—NH
ANy N/ §QH
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[00548] To a stirred solution of (1R, 2ZR}-2-((6-{(6-(aminomethyl}-3H-imidazo[4,5-
b]pyridin-3-ylymethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol (50 mg, 0.12 mmol)
from Example 91 in DCM (2 mL) were added pyridine (40 uL, 0.48 mmol) and AcCl
(27 ul., 0.36 mmol). The resulting mixture was stirred at rt for 3h before it was
concentrated under reduced pressure. The residue was purified by reverse-phase
preparative HPLC using a mixture of water (5% CH;CN, 0.05% HCOOH) and
CH;CN (0.05% HCGOOHR) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford N-((G-((2-({((1R.2R)-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-ylymethyl)-3H-imidazo[4,5-b]pyridin-6-
yhmethyl)acetamide (45 mg, 82 %) as a white powder. 'H NMR (300 MHz, DMSO-
ds) 0 8.58 (s, 1H), 8.40 (br s, 1H), 8.31 (s, 1H), 7.84 - 8.10 (m, 2H), 7.65 (s, 1H), 7.24
-7.41 (m, 1H), 7.10 - 7.24 (m, 1H), 547 (s, 2H), 437 (d, /=55 Hz, 2H), 3.34 (d, /=
8.7 Hz, 2H), 1.97 - 2.16 (m, 1H), 1.89 (br 5, 1H), 1.86 (s, 3H), 1.61 (br s, 2H), 0.99 -
1.39 (m, 4H). LCMS (ESI) m/z 451 (M+H)".

Example 100
Preparation of (1R,2R)-2-{(6-((5-bromo-L H-benzo[d}limidazol-1-
yihimethyhbenzodjthiazol-2-yl)amino)cyciohexanol

- S

N N’ﬁ)__NH OH
j—" " 6
Br

[06549] Step 1: To a stirred mixture of (2-(methylthio)benzo[d]thiazol-6-
yhmethanol (958 mg, 4.5 mmol) from Step 3 of Example 36 in CH2Cl, (20 mL) at 0
°C under argon was added Dess-Martin periodinane (2.0 g, 5.0 mmol) portionwise.
The mixture was stirred for 1 h and then diluted with CH,Cl; (160 mL). To this
mixture was added a 50/50 mixture of saturated aq sodium sulfite and saturated aq
sodium bicarbonate (40 mL). This mixture was stirred for 10 min and then the CH,Cl,
layer was separated, washed with a saturated ag sodium bicarbonate (50 mL), dried
over Na; S0y, filtered, and concentrated under reduced pressure to afford 2-
{methylthio)benzoldthiazole-6-carbaldehyde (937 mg, 99%) as a white solid. LCMS
(EST) m/z 210 (M+H)".

[00550] Step 2: To a stirred mixture of 4-bromo-2-nitroaniline (694 mg, 3.2 mmol)
in TFA (5 mL) at -15 °C under argon was added NaBH(OAc¢);(1.1g, 5.3 mmol)
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portionwise. The mixture was stirred for 10 min. To the stirred mixture was added
dropwise 2-(methylthio)benzo[d]thiazole-6-carbaldehyde (735 mg, 3.5 mmol) from
Step 1 of this Example in CH2Cl> (3 mL). The mixture was stitred for 1 h and then
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with a gradient of 100% hexanes to 100% EtOAc to afford 4-
bromo-N-((2-(methylthio)benzo[d]Jthiazol-6-ylymethyl)-2-nitroaniline (1.0 g, 77%) as
a vellow solid. "H NMR (300 MHz, DMSO-ds) 6 8.84 (t,./ = 6.0 Hz, 1H), 8.19 (d, J =
2.4 Hz, 1H), 7.98 (s, 1H), 7.81 (d, /= 8.3 Hz, 1H), 7.56 (dd, J = 2.4, 9.3 Hz, 1H),
7.46 (d,.J= 8.3 Hz, 1H), 6.88 (d, J= 9.2 Hz, 1H), 4.75 (d,./= 6.0 Hz, 2H), 2.77 (s,
3H). LCMS (ESI) m/z 410 and 412 (M+H)",

[00551]  Step 3: 4-Bromo-N"-((2-(methylthio)benzo[d|thiazol-6-
yhmethyl)benzene-1,2-diamine was synthesized as an oil (I g) using a procedure
analogous to that described in Step 2 of Example 41, substituting 4-bromo-N-((2-
(methylthio)benzo[d]thiazol-6-yl)methyl)-2-nitroaniline from Step 2 of this Example
for 4-bromo-5-methoxy-N-((2-(methylthio)benzo|dlthiazol-6-ymethyl)-2-
nitroaniline used in Example 41. LCMS (ESI) m/z 379 and 381 (M-+H)".

[08552]  Step 4: 6-((5-Bromo-1H-benzo[d]imidazol-1-ylymethyl}-2-
{methylthio)benzo[d]thiazole was synthesized as a white solid (630 mg, 57%) using a
procedure analogous to that described in Step 3 of Example 41, substituting 4-bromo-
N'-((2-(methylthio}benzo[d]thiazol-6-ymethyl)benzene-1,2-diamine from Step 3 of
this Example for 4-bromo-5-methoxy -N°~((2-(methylthio)benzo[d]thiazol-6-
yhmethyl)benzene-1,2-diamine used in Example 41. "H NMR (300 MHz, DMSO-de)
8 8.51 (s, 1H), 8.00 (s, 1H), 7.75 - 7.91 (m, 2H), 7.54 (d, J = 8.5 Hz, 1H), 7.33 - 7.45
(m, 2H), 5.62 (s, 2H), 2.77 (s, 3H). LCMS (ESI) m/z 389 and 391 (M-+H)".

[B0553] Step 5: 6-((5-Bromo-1H-benzo[d]imidazol-1-ylymethyl)-2-
(methylsulfinyl)benzo[d]thiazole was synthesized as a white foam (1.0 g) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((3-
bromo-1H-benzojdfimidazol-1-ylymethyl}-2~(methylthio)benzo{dthiazole from Step
4 of this Example for the 6-((4-bromo-1H-imidazol-1-yD)methyl)-2-
{methyltho)benzo[dithiazole used in Example 36. LCMS (ESI) m/z 405 and 407
(M+H)".
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[00554]  Step 6: (1R, 2R)-2-((6-((5-Bromo-1 H-benzofdlimidazol-1-
yhimethyl)benzo[d|thiazol-2-yl)amino)cyclohexanot was synthesized as a white
powder (36 mg, 36%) using a procedure analogous to that described in Step 7 of
Example 36, subsituting 6-((5-bromo-1/-benzo{d]imidazol-1-yl)methyl)-2-
(methylsulfinyl)benzo[d]thiazole from Step 5 of this Example for 6-((4-bromo-1H-
imidazol-1-ylymethyl)-2-(methyisulfinyl)benzo[d]thiazole used in Example 36. 'H
NMR (300 MHz, DMSO-ds) 8 8.46 (s, 1H), 8.00(d,/=7.5Hz, 1H), 7.85(d, J=1.7
Hz, 1H), 7.64 (d, J= 1.3 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 7.25 - 7.39 (m, 2H), 7.18
(dd, J= 1.5, 8.3 Hz, 1H), 547 (s, 2H), 4.76 (m, 1H), 3.50 (m, 1H), 3.33 (m, 1H), 2.02
(m, 1H), 1.87 (m, 1H), 1.55 ~ 1.65 (m, 2H), 1.12 - 1.32 (m, 4H). LCMS (ESI} m/z 456
and 458 (M+H)".

Example 141
Preparation of N-(1-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo|d|thiazol-6-
vlymethyl)-1/-imidazol-4-yhacetamide

s~ s
O}/:\;;j ,\E:[N/}“NHD&OH
[60555]  Step 1: To a mixture of the regioisomers 4-bromo-1-({2-
{trimethylsilyDethoxy)methyl)-1H-imidazole and 5-bromo-1-((2-
(trimethylsilylethoxy)methyl)-1H-imidazole (643 mg, 2.3 mmol) from Step 1 of
Example 32, acetarmde (275 mg, 5.0 mmol), and Cs;COs (1.5 g, 5 mmol) in 1.4-
dioxane (7 mL) was added N,N'-dimethylethylenediamine (500 pL, 5 mmol). Argon
was bubbled into the mixture for 5 min followed by the addition of Cul (221 mg, 1.1
mmol), Argon was bubbled into the mixture for an additional 5 min. Then the reaction
vessel was sealed and the mixture was heated at 100 °C for 15 h. The mixture was
cooled to tt, then partitioned between EtOAc (100 mL) and water (50 mL). The
EtOAc layer was separated, washed with brine, dried over NaySQy, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with a gradient of 100% hexanes to 100% EtOAc to afford a
mixture of regioisomers N-(1-{(2-(trimethylsilyDethoxy)methyl}-1H-imidazol-4-
yDacetamide and N-(1-((2-(trimethylsilyl)ethoxyymethyl)-1 H-imidazol-5-
ylacetamide (170 mg, 29%) as an oil. LCMS (ESI) m/z 256 (M+H)".
[60556]  Step 2: The mixture of regioisomers N-(1-((2-
(trimethylsilylethoxy)methyl}-1H-imidazol-4-yhacetamide and N-(1-((2-
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(trimethylsilyljethoxy)methyl)-1 H-imidazol-5-yl)acetamide (170 mg, 0.7 mmol) from
Step 1 of this Example was stirred in 70% TFA in CH,Cly (10 mL) at rt for 4 h. The
mixture was concentrated under reduced pressure to afford N-(1H-imidazol-4-
yhacetamide {147 mg) as a yellow film which was used in the next step without
further purification. LCMS (EST) m/z 126 (M+H)".

[06557]  Step 3: N-(1-((2«(Methylthio)benzofdJthiazol-6-yDimethyi}-1H-imidazol-
4-yDacetamide was synthesized as a white solid (58 mg, 15%) using a procedure
analogous to that described in Step 5 of Example 36, substituting N-(1H-imidazol-4-
yhacetamide from Step 2 of this Example for 4-bromo-1H-imidazole used in Example
36. The regiochemistry of the alkylation was determined by 2-dimensional nuciear
Overhauser effect (NOE) experiment. 'H NMR (300 MHz, DMSO-ds) § 10.27 (s,
1H), 7.94 (s, 1H), 7.83 (d, /= 8.5 Hz, 1H), 7.60 (s, 1H), 7.38 (d, /= 8.5 Hz, 1H), 7.20
(s, LH), 5.24 (s, 2H), 2.78 (s, 3H), 1.94 (s, 3H). LCMS (ESD m/z 319 (M+H)',

[60558]  Step 4: N-(1-((2-(Methylsulfinylybenzo| dithiazol-6-ylymethyl)- 1 H-
imidazoi-4-yhacetamide was synthesized as a white foam (106 mg) using a procedure
analogous to that described in Step 6 of Example 36, substituting N-(1-((2-
(methylthio)benzo[d]thiazol-6-ylimethyl)- 1 H-imidazol-4-yl)acetamide from Step 3 of
this Example for 6-((4-bromo-1H-imidazol- -yD)methyl)-2-
(methylthio)benzo[d]thiazole used in Exampie 36. LCMS (ESI) m/z 351 (M+H)"

[0655%]  Step 5§: N-(1-((2-(({1R,2R)-2-Hydroxycyclohexylyamino )benzo[dJthiazol-
6-yDymethyl)-1H-imidazol-4-yacetamide was synthesized as a white powder (4 mg)
using a procedure analogous to that described in Step 7 of Exampie 36, subsituting N-
(1<{(2-(methyisuifinyDbenzo] dthiazol-6-yDimethyl)-1 H-imidazol-4-yljacetamide
from Step 4 of this Example for 6-((4-bromo-1 H-imidazol-1-yl)methyl})-2-
(methylsulfinyl)benzo[dlthiazole used in Exampie 36. The powder was further
purified by preparative TLC eluting with 10% MeOH in CH,Cl, to afford N-(1-((2-
(({1R,2R}-2-hydroxycyclohexyl)aminoybenzo|[d]thiazol-6-yymethyl}- 1 H-imidazot-4-
yhacetamide (2 mg, 2%) as a white solid. "H NMR (300 MHz, MeQH-dJ) § 7.50 (s,
2H), 735 (d,J=8.1 Hz, 1H), 7.12 - 7.25 (m, 2H), 5.13 (s, 2H), 3.60 (m, 1H), 3.43
(m, 1H), 1.96 - 2.20 (m, 5H), 1.67 — 1.80 (m, 2H), 1.20 - 1.47 (m, 4H). LCMS (ESI)
m/z 386 (M+H)".

Example 102
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Preparation of (1R,2R)-2-({6-({6-ethyl-3H-imidazo{4,5-b]pyridin-3-

yl)methylibenzo[d|thiazol-2-yl)amino)cyclohexanol

S be
N NH
J @‘Z &

J

[00566] To a stirred solution of (1R,2R)-2-((6-{(6-vinyl-3H-imidazo[4,5-b]pyridin-
3-yhmethyl)benzo[d]thiazol-2-yDaminoeyclohexanol (20 mg, 0.049 mmol) from
Exampie 98 in 1:1 MeOH/THF (2 mL) was added Raney Ni {10 mg). The resulting
mixture was stirred under a H; balloon at rt for 4h, LCMS analysis showed that the
reaction was complete. The reaction mixture was filtered through a Celite plug and
the fiitrate was purified with preparative TL.C to give (1R, 2R)-2-({6-({6-cthyi-3H-
imidazo[4,5-bjpyridin-3-yl)methyl)benzo[dthiazol-2-yl)amino)cyclohexanol (6 mg,
30 %). "H NMR (300 MHz, DMSO-ds) 8 8.53 (br s, 1H), 8.26 (brs, 1H), 7.95(d, J =
12.4 Hz, 2H), 7.66 (br s, 1H), 7.25 - 742 (m, 1H), 7.06 - 7.25 (m, 1H), 5.45 (brs,
2H), 4.74 (d, J= 4.5 Hz, 1H), 3.51 (brs, 1H), 2.73 (d, /= 7.2 Hz, 2H), 2.04 (br s,
1H), 1.86 (brs, 1H), 1.62 (br s, 2H), 1.23 (t, /= 6.8 Hz, 7H). LCMS (ESI) m/z 408
(M+H)".

Exampie 103
Preparation of 1-((2-(((1R.2R)-2-hvdroxvevelohexvilamino)benzo[d]thiazel-
o-vhimethv)-3-(1-methyi-1 H-pyrazol-4-vhpvrazin-2(1H-one

[66561) Step i: To 2,3-dichloropyrazine (1.12 g, 7.52 mmol), 1-methyl-4-
(4,4,5,5-tetramethyl-1,3 2-dioxaborolan-2-yl}-1H-pyrazole (1.56 g, 7.52 mmol),
bis(triphenylphosphine)palladium(1l) dichloride (270 mg, 0.38 mmol}), and Na,CO3
(24 g, 22.56 mmol) in a pressure tube were added 1,2-dimethoxyethane (15 mL) and
water (2 mL). The flask was evacuated and flushed with argon (3x) and then sealed
and heated at 90 °C overnight. The mixture was concentrated under reduced pressure

and purified by stlica gel chromatography eluting with 20-100% EtOAc/hexanes to
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afford 2-chloro-3-(1-methyl- 1 H-pyrazol-4-yhpyrazine (780 mg, 53%). LCMS (ESI)
m/z 195 (M + HY'.

[80562] Step 2: To 2-chloro-3-(1-methyl-1H-pyrazol-d-ylpyrazine (200 mg, 1.03
mmol) from Step 1 of this Example in DMSO (1.5 mL) and water (1.5 mL) was
added KOH (890 mg, 15.4 mmol) and the mixture was heated at 80 °C for 3 h. The
mixture was cooled and partitioned between EtOAc and 4 N HCL The aqueous layer
was concentrated under reduced pressure and then a mixture of MeOH and EtOH was
added and the suspension was filtered through Celite. The filtrate was concentrated
under reduced pressure and then Et,O was added and the mixture again concentrated
under reduced pressure. The residue was triturated with DCM and filtered to afford
crude 3-(1-methyl-1H-pyrazol-d-yDpyrazin-2{ 1 H)-one {300 mg, quantitative) as a
yellow solid. "H NMR (300 MHz, DMSO-ds) 8 8.60 (s, 1 H), 8.18 (s, 1 H), 7.24 -
7.39 (m, 2 H), 3.91 (5, 3 H).

[40563] Step 3: To 3-(l-methyl-1H-pyrazol-4-yDipyrazin-2(1H)-one (139 mg,
0.78 mmol) from Step 2 of this Example in DMF (3 mL) was added NaH (60% in
mineral oil, 32 mg, 0.78 mmol) and the mixture was stirred at 1t for 10 min. 6-
{Chloromethyl)-2-(methylthioYbenzo[d]thiazole (180 mg, 0.78 mmol) from Step 4 of
Example 36 was then added. The mixture was stirred at rt overnight and then
concentrated under reduced pressure. The residuc was purified by silica gel
chromatography ehuting with 0-15% MeOH/DCM 1o afford impure 3-(1-methyl-1H-
pyrazol-4-yD-1-((2-(methylthiobenzo[d]thiazot-6-yDmethylypyrazin-2(1 H)-one (80
mg, 27%) which was used without further purification. LCMS (ESI) m/z 370 (M +
H)".

[00564] Step 4: To 3-(1-Methyi-1H-pyrazol-4-y1)-1-((2-
(methylthio)benza[d]thiazol-6-yhmethylpyrazin-2( 1 H)-one (80 mg, 0.21 mmol)
from Step 3 of this Example in DCM (5 mL} at 0 °C was added 3-chloroperbenzoic
acid {70%, 75 mg, 0.3 mmol) and the mixture was stirred for 20 min. The mixture was

diluted with DCM and then washed with aq sodium thiosulfate and saturate

[60565]  aq sodium bicarbonate. The organic layer was dried over sodium sulfate
and concentrated under reduced pressure. To the residue was added NN«
dimethylacetamide (4 mL), DIEA (0.075 mL, 0.43 mmol) and (1R 2R)-2-
aminocyclohexanol (50 mg, (.43 mmol). The mixture was heated at 100 °C for 3 d
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and then purified by reverse-phase preparative HPLC using a mixture of water (5%
CH,CN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the mobile phase and
Varian Pursuit XRs C18 column as the stationary phase to afford 1-((2-(((1R,2R)-2-
hydroxycyclohexyl)aminoYoenzo|d |thiazol-6-yiymethyl)-3-(1-methy!- 1H-pyrazol-4-
yhpyrazin-2(1H)-one (7 mg, 8%). 'H NMR (300 MHz, DMSO-d;) § 8.55 (s, 1 H),
8.09 (s, 1 H), 8.00 (d, /=7.54 Hz, 1 H), 7.66 - 7.71 {m, 2 H), 7.35 (d, /=433 Hz, I H},
729-733(m, 1 H),7.22-7.27(m, 1 H),5.14 (5,2 H), 477 (br.s.,, 1 H), 3.89 (s, 3
H) 3.52 (br.s., 1 H), 2.04 (d, /=10.36 Hz, 1 H), 1.89 (br. 5., 1 H), 1.63 (br. 5., 2 H),
1.23 (d, J=5.84 Hz, 4 H). LCMS (EST) m/z 437 (M + H)

Example 104
Preparation of (1R.2RY2-((6-((6-(3-bvdrexy-3-methvibut-1-vn-1-vl}-3H-

imidazol4.5-bipvridin-3-vIimethvDbenzo{d]thiazol-2-vDamino)cvelohexanol

//““N’Us
N NH
g Nf>*z "

)
i

HO
[86366] (1R, 2R)-2-((6-((6-(3-Hydroxy-3-methylbut-1-yn-1 ;yl)-3H-imida20{4,5—
blpyridin-3-yDmethyl)benzo[d]thiazoi-2-ylaminojeyclohexanol (125 mg, 91%) was
obtained as a white powder using a procedure analogous to that described in Step 3 of
Example 96, substituting 2-methylbut-3-yn-2-ol for ethynyltrimethylsilane used in
Example 96. 'H NMR (300 MHz, DMSO-de)  8.67 (br s, 1H), 8.41 (s, 1H), 8.10 (br
s, 1H), 7.99 (d, /= 7.3 Hz, 1H), 7.66 (3, 1H), 7.26 - 7.36 (m, 1H), 7.17 - 7.26 (m, 1H),
5.48 (s, 2H), 4.77 (br s, 1H), 3.48 - 3.61 (m, 2H), 2.03 (d, /= 10.2 Hz, 1H), 1.88 (d, ./
=10.0 Hz, 1H), 1.62 (d, /= 4.5 Hz, 2H), 1.49 (s, 6H), 1.22 (d, /= 5.8 Hz, 4H).
LCMS (ESI) m/z 462 (M+H)".

Example 145
Preparation of (1R2R)-2-((6-{(2-(triflnoromethyh-9H-purin-9-

yhmethvhbenzo|d|thiazol-2-vDaminc)evelohexanol
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[00567] Step 1: 2-(Trifluoromethyl}-9H-purine {940 mg, 94%) was obtained as a
white solid using a procedure analogous to that described in Step 7 of Exampie 23,
substituting 2-(trifluoromethylypyrimidine-4,5-diamine for 6-methoxy-N-((2-
(methylthio)benzo[d]thiazol-6-ylymethyDpyridine-2,3-diamine used in Exampie 23.
LCMS (ESI) m/z 189 (M+H)".

[06568]  Step 2: 2-(Methylthio)-6-((2-(trifluoromethyl}-9H-purin-9-
yhmethyl)venzo[djthiazole (480 mg, 47%) was obtained as an oil using a procedure
analogous to that described in Step 1 of Example 63, substituting 2-(triflucromethyl)-
9H-purine from Step 1 of this Example for 4-azabenzimidazole used in Example 63.
LCMS (ESI) m/z 382 (M+H)".

[60569]  Step 3: (1R 2R)-2-{(6-({2-(Trifluoromethy!)-9H-purin-9-
yhmethylybenzo[d]thiazol-2-yl)amino)cyclohexanol was obtained as a light brown
solid using procedures analogous to those described in Step 5 of Example 3 followed
by procedures analogous to those used 1n Step 5 of Example 2, substituting 2-
{methylthio)-6-((2-(trifluoromethyl}-9H-purin-9-ymethyl)benzo[d]thiazole from
Step 2 of this Example for 6-((3H-imidazo[4,5-b]pyridin-3-ymethyl)-2-
{methylthio)benzo[d]thiazole used in Example 3, and substituting the product of that
reaction for the 2-bromo-6-({5,6-dimethoxy-1H-benzo|dlimidazol-1-
yhimethyl)benzo{d]thiazole used in Example 2. "H NMR (300 MHz, DMSO-ds) 8
9.39 (s, 1H), 8.97 (s, 1H), 8.05 (d,./J=7.5 Hz, IH), 7.69 (s, 1H}, 7.29 - 7.3% {(m, 1H),
7.14 - 7.28 (m, 1H), 5.56 (s, 2H), 4.81 (br s, 1H), 3.50 (d, J= 7.7 Hz, 2H), 1.96 - 2
(m, 1H), 1.88 (d,./= 9.6 Hz, 1H), 1.62 (br 5, 2H), 0.93 - 1.41 (m, 4H). LCMS (ESI)
m/z 449 (M+H)".

Exampie 146
Preparation of (LR.2.R)-2-((6-{((5-(methvisulfonyh-3H-imidazo[4,5-

blpvridin-3-yIimethylibenze|dithiazol-2-vl)aminojcvelohexansl
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[66570] A stirred mixture of (1R,2ZR)-2-((6-((5-bromo-3H-imidazo[4,5-bJpyridin-3-
ylymethyhbenzofd]thiazol-2-yljamino)cyclohexanot (89 mg, 0.194 mmol) from
Example 78, sodium methane sulfinate (80 mg, 0.777 mmol), and N,N-
dimethylethylenediamine (7 mg, 0.078 mmol) in anhydrous DMSO (2 mL) at rt was
purged for 15 min with a stream of argon. To the resulting mixture was added copper
(I) trifluoromethane-sulfonate benzene complex (20 mg, 0.038 mmol). The reaction
vessel was sealed and the mixture was stirred at 125 °C for 5 h. After cooling to rt, the
reaction mixture was purified directly by reverse-phase HPLC using a mixture of
water (5% CHz:CN, 0.05% HOAc¢) and CH:CN (0.05% HOAc) as the mobile phase
and Varian Pursuit XRs diphenyl column as the stationary phase to afford (1R,2R)-2-
((6-((5-(methylsulfonyl)-3H-imidazo[4,5-b1pyridin-3-ylymethyl)benzo[d]thiazol-2-
yljamino)cyclohexanol (33 mg, 37%) as a white solid. 'H NMR (300 MHz, DMSO-
ds) 5 8.91 (s, 1H), 8.39 (d, /= 8.3 Hz, 1H), 7.90 - 8.02 (ry, 2H), 7.78 (s, 1H), 7.25 -
7.36 (m, 2H), 5.54 (s, 2H), 4.74 (br s, 1H), 3.50 (br s, 1H), 3.33 — 3.34 (m, 4H), 2.02
(m, 1H), 1.87 (m, 1H), 1.55 — 1.65 (m, 2H), 1.15 -~ 1.30 (m, 4H); LCMS (ESI) m/z
458 (M+H)".

Example 107
Preparation of (1 R2R}-2-((6-({6-bremo-1H-benzo|d|imidazol-1-

viimethvDbenzoldlthiazol-2-vDaminoicvciohexanol

SN S

N /\C[,)—NH OH

@ ) O
Br

[0¢571]  Step 1: To a stirred mixture of (2-(methylthio)benzo[d]thiazol-6-
yhmethanol (958 mg, 4.5 mmol) from Step 3 of Example 36 in CH,Cl, (20 mL) at 0
°C under argon was added Dess—Martin periodinane (2,1 g, 5.0 mmol) in small
portions. Afier the mixture was stirred for 1 hr at 0 °C, it was diluted with CHyCly
(100 mL) followed by the addition of a 1:1 mixture of saturated aq Nap SO and
saturated aqg NaHCOs (40 mL). The mixture was stirred for 10 min. The layers were
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separated and the CH,Cl, layer was sequentially washed with saturated ag NaHCOs
(50 mL) and brine (50 mL). The organic layer was separated and dried over Na;S0s,
filtered, and concentrated under reduced pressure to yield 2-
(methyithio)benzold]thiazole-6-carbaldehyde (937 myg, 99%) as an off white solid
which did net require further purification. 'H NMR (300 MHz, DMSO-ds) 3 10.06 (s,
1H), 8.62 (s, TH), 7.99 (s, 2H), 2.84 (s, 3H); LCMS (ESI) m/z 210 (M+H)".

[60572]  Step 2: To a stirred mixture of 5-bromo-2-nitroaniiine (714 mg, 4.0 mmol)
in TFA (7 mL) at -15 °C under argon, was added NaBH(OAc¢): (1.2 ¢, 5.4 mmol) in
small portions. The mixture was stirred for 15 min, then a solution of 2-
{methylthio)benzo[d|thiazole-6-carbaldehyde in CH;Cl; (2 ml.) was added dropwise.
The mixture was stirred for 30 min then concentrated under reduced pressure to give a
red oil. The oil was partitioned between EtOAc (200 mL) and saturated aq NaHCO;
(100 mL). The organic layer was scparated and washed with brine (100 mL). The
organic layer was separated, dried over Na;8Q,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel flash chromatography eluting
with a gradient of 100% hexanes to 50% hexanes in EtOAc to afford 5-brome-N-((2-
{methylthio)benzo[d]thiazol-6-ylymethyl)-2-nitroaniline (1.1 g, 73%) as a yellow
solid. LCMS (ESI) m/z 409, 411 (M+H)",

[66573]  Step 3: 5-Bromo-N'~((2-(methylthio)benzo[dthiazol-6-y])methyl)benzene-
1,2-diamine was synthesized as a brown solid (920 mg) using a procedure analogous
ta that described in Step 2 of Exampice 41, substituting 5-bromo-N-({2-
(methylthio)benzo{d}thiazol-6-ylymethyl}-2-nitroaniline from the previous step for 4-
bromo-5-methoxy-N-((2-(methylthio)benzo| dlthiazol-6-yl)methyl)-2-nitroaniline
used in Example 41. LCMS (EST) m/z 379, 381 (M+H)".

[00574]  Step 4: 6-((6-Bromo-1H-benzo|d)imidazol-1-yDmethyl)-2-
(methylthio)benzo[d]thiazole was synthesized as a yellow solid (701 mg, 70%) using
a procedure analogous to that described in Step 3 of Example 41, substituting 5-
bromo-N l—({2—(methylthio)benzo[d}thiazoi—6~y1)methyi)benzenem1 2-diammne from the
previous step for 4-bromo-35-methoxy-N' -((2-(methylthio)benzo]d)thiazol-6-
vhmethylibenzene-1,2-diamine used i Example 41. L.CMS (EST) m/z 389, 391
(M+H)".
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[60575]  Step 5: 6-((6-Bromo-1 H-benzo[dJimidazol-1-yl)methyl)-2-
(methylsulfinyhbenzo{dlthiazole was synthesized as a yellow foam (811 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((6-
bromo- 1 H-benzofdlimidazol-1-yDmethyl)-2-(methylthio)benzo{djthiazole from the
previous step for 6-((4-bromo-1H-imidazol- 1-ylmethyl)-2-
{methylthio)benzo|d]thiazole used in Example 36. LCMS (ESI) m/z 405, 407
(M+H)",

100576]  Step 6: (1R, 2R)-2-((6-((6-Bromo-1 H-benzo[d]imidazol-1-
yhmethyDbenzo[d]thiazol-2-yl)amino)cyclohexanol was synthesized using a
procedure analogous to that described in Step 7 of Exampie 36, substituting 6-((6-
bromo-1H-benzo[d]imidazol-1-yhmethyl)-2-(methylsulfinyl)benzo[dthiazole from
the previous step for 6~({4-bromo-1H-imidazol-1-ylymethyl)-2-
{methylsulfinyl}benzo{d]thiazole used in Example 36. A portion of crude product
was purified by preparative HPLC using a mixture of water (5% CH;CN, 0.05%
HCOOH) and CH:CN (0.05% HCOOH) as the mobile phase and a Varian Diphenyl
column as the stationary phase to yield (1R, 2R}-2-((6-({6-bromo-15-
benzo[d]imidazol-1-ylymethylybenzo[dJthiazol-2-yl)amino)cyclohexanol as a white
powder (33 mg) 'H NMR (300 MHz, DMSO-ds) 8 §.44 (s, 1H), 8.00 (d, /= 7.5 Hz,
1H), 7.85(d, J= 1.5 Hz, 1H), 7.56 - 7.68 (m, ZH), 7.26 - 7.36 (m, 2H), 7.15 - 7.24 (m,
1H), 5.47 (s, 2H), 4.76 (d, /= 4.5 Hz, 1H), 3.52 (m, 1H), 3.32 (m, 1H), 1.99 (m, 1H),
1.88 (m, 1H), 1.55 ~ 1.67 {m, 2H), 1.12 — 1.30 (m, 4H); LCMS {EST) m/z 456, 458
(M+H)".

Example 108
Preparation of 1-{(2-{{(1 R.2R}-2-hvdroxveyclohexvhamino)benzo|djthigzel-6-

vhimethvl)-1H-benzo

imidazole~-5-carbonitrile

[00577]  Step 1: 4-Bromo-N-((2-(methylthio)benzo[d]thiazol-6-yl)methyl)-2-

nitroaniline was synthesized as a yellow solid (1.08 g, 77%) using a procedure

analogous to that described in Step 2 of Example 107, substituting 4-bromo-2-
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nitroaniline for 5-bromo-2-nitroaniline used in Example 107. "H NMR (300 MHz,
DMSO-ds) 6 8.84 (1, /= 6.0 Hz, 1H), 8.19 (d, /=24 Hz, 1H), 7.98 (s, 1H), 7.81 (d, J
=83 Hz, 1H), 7.56 (dd, J= 24,93 Hz, 1H), 746 (d, /=83 Hz, 1H), 688 (d,J=90.2
Hz, 1H), 4.75(d, J= 6.0 Hz, 2H), 2.77 (s, 3H); LCMS (EST) m/z 410, 412 (M+H) .

{00578]  Step 2: 4-Bromo-N'-{(2-(methyithio)benzo[d]thiazol-6-yDmethyl)benzene-
-},2—diamine was synthesized as a red oil using a procedure analogous to that
described in Step 2 of Example 41, substituting 4-bromo-N-({2-
(methylthio)benzo[d]thiazol-6-yDmethyl}-2-nitroaniline from the previous step for 4-
bromo-5-methoxy-N-{(2-{methylthio)benzo[dlihiazol-6-yDmethyl)-2-nitroaniline
used in Example 41, LCMS (EST) m/z 380, 382 (M-+H)

[06579]  Step 3: 6-((5-Bromo-1H-benzo[d|imidazol-1-yl)methyl)-2-
(methylthio)benzo[d]thiazole was synthesized as a white solid (630 mg, 62% over two
steps) using a procedure analogous to that described in Step 3 of Example 41,
substituting 4-bromo-N'-((2-(methylthio)benzo[d]thiazol-6-ylmethylbenzene-1,2-
diamine from the previous step for 4-bromo-5-methoxy-N'-((2-
(methylthio)benzo[d]thiazol-6-ylYmethyl)benzene-1,2-diamine used in Example 41.
"H NMR (300 MHz, DMSO-ds) & 8.51 (s, 1H), 8.00 (s, 1H), 7.87 (d,J = 1.7 Hz, 1H),
7.81 (d,J=8.5Hz, 1H), 7.54 (d, /= 8.5 Hz, 1H), 7.33 - 7.45 (m, 2H), 5.62 (s, ZH},
2.77 (s, 3H); LCMS (ESD m/z 390, 392 (M+HY'.

[00580]  Step 4: 6-((5-Bromo-1H-benzo[d]imidazol-1-yl)methy[)-2-
(methylsulfinylbenzo{d]thiazole was synthesized as a white foam (830 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((5-
bromo-1H-benzo[d}imidazol-1-ylimethyl)-2-(methyithio)benzo[djthiazole from the
previous step for 6-((4-bromo-1H-imidazol-1-yDmethyl)-2-
(methylithio)benzo[dlthiazole used in Example 36. LCMS (ESI) m/z 405, 407
(M+H)".

[00581] Step 5: To a suspension of 6-((5-bromo-1 H-benzoldlimidazol-1-
yhmethyl)-2-(methylsulfinyl)benzo[d]thiazole {655 mg, 1.6 mmol) and (1R, 2R)-2-
aminocyclohexanol (558 mg, 4.8 mmol) in anhydrous DMA (3.0 mL) was added
DIEA (842 uL, 4.8 mmol). The mixture was heated in a scaled tube at 110 °C for 18
h. The mixture was cooled to rt and added dropwise to a stirred solution of water

causing a precipitate to form. After stirring for 10 min, the solid was collected by
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filtration to afford (1R,2ZR)-2-({6-{(5-bromo-1 H-benzo[d imnidazol-1-
yhmethyl)benzold]thiazol-2-yl)amino)cyclohexanol (837 mg) as a tan solid. The
material was used in the next step without further purification. 'H NMR (300 MHz,
DMSO-ds) 6 8.46 (s, 1H), 7.97 (d, J=7.5 Hz, 1H), 7.85(d, /= 1.7 Hz, 1H), 7.65 (s,
1H), 7.54 (d, J= 8.5 Hz, 1H), 7.26 - 7.39 (m, 2H), 7.19 (m, 1H), 5.47 (s, 2H), 4.74 (d,
J=25.1Hz, 1H), 3.51 (m, 1H), 3.32 (m, 1H), 2.0 (m, 1H), 1.87 (m, 1H), 1.55 - 1.67

[60582]  Step 6: 1-((2-(((1R,2R)-2-Hydroxycyclohexylamimo)benzo[J]thiazol-6-
vlymethyl)-1 H-benzo[djimidazole-5-carbonttrile was synthesized as a white powder
(32 mg, 6%) using a procedure analogous to that described in Step 1 of Example 53,
substituting {1 R,2R)-2-((6-{(5-bromo-1H-benzofd}imidazol-1-
yhmethylibenzo[d]thiazol-2-yl)amino)cyclohexanol from the previous step for

(1R, 2ZR)-2-((6-{(6-bromo-5-methoxy- 1 H-benzo[d}imidazol-1-
yhmethyl)benzofdlthiazol-2-yl)amino)cyclohexanol used in Example 53. The product
was further purified by silica gel flash chromatography ctuting with 5% MeOH in
CHCl,. 'H NMR (300 MHz, DMSO-ds) 8 8.66 (s, 1H), 8.22 (s, 1H), 7.98 (d,J=17.5
Hz, 1H), 7.79(d, J= 8.5 Hz, 1H), 7.68 {s, 1H), 7.62 (m, 1H}, 7.29 (m, 1H), 7.21 (m,
1H), 5.54 (8, 2H), 4.73 (d, J = 5.3 Hz, 1H), 3.51 (m, 1H), 3.33 (m, 1H), 2.03 (m, 1H),
1.88 {m, 1H), 1.56 — 1.67 (m, 2H), 1.10 - 1.35 (m, 4H); LCMS (ESI) m/z 404
(M+H)"

Example 169
Preparation of (1 R.2E)-2-((6-({6-(2-hvdroxvpropan-2-vD3-3H-imidazold,S-

blpvridin-3-viymethvhbenzold]thiazel-2-vDamino)evelohexanol

SN S
N /\©: />_..NH QH
- N 3 &

N
N/

HO

[00583]  Siep 1: To a stirred solution of methyl 3-((2-(methyithio)benzo[d)thiazot-

6-yhimethyl)-3 H-imidazo[4,5-b]pyridine-6-carboxylate (253 mg, 0.684 mmol) from

Step 3 of Example 79 in a mixture of anhydrous DCM (2.5 ml.} and anhydrous THF

(6.4 mL) at 0 °C under an inert atmosphere was added dropwise methyl magnesium
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bromide (3M solution in diethy! ether, 0.49 mL., 1.47 mmol). The mixture was
allowed to slowly warm to rt and stir for 1.5 h. Additional methyl magnesium
bromide (3M solution in diethyl ether, 0.49 mL, 1.47 mmol) was added and the
mixture was stirred at 1t for an additional 48 h. Additional methyl magnesium
bromide (3M solution in diethyl ether, 6.25 mL, 0.74 mmol) was added and the
mixture was stirred at rt for an additional 4 h. The reaction mixture was partitioned
between EtOAc and a 1:1 mixture of saturated aq NH4Cl and saturated aq NaHCGOs,
The organic layer was separated, dried over MgSOs, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel flash chromatography eluting
with 100% DCM to 15% MeOH in DCM to afford 2-(3-((2-
(methylthio)benzo[d]thiazol-6-yD)methyl)-3H-imidazo[4,5-b]pyridin-6-yl)propan-2-ol
(191 mg, 75%) as a solid. "H NMR (300 MHz, DMSO-ds) 5 8.59 (s, 1H), 8.52 (d, /=
3.0 Hz, 1H), 8.12 (d, J = 3.0 Hz, 111}, 8.00 (m, 1H), 7.81 (d, /= 9.0 Hz, 1H), 7.45 (dd,
J=9.0,3.0 Hz, 1H), 5.59 (s, 2H), 5.20 (s, 1H), 2.77 (s, 3H), 1.51 (s, 6H); LCMS
(ESD) m/z 371 (M+H)'.

[80584]  Step 2: 2-(3-((2-(Methylsulfinyt)benzo[d]thiazol-6-ylymethyl)-3H-
imidazo[4,5-b]pyridin-6-yl)propan-2-ol (140 mg, 70%) was obtained as a yeilow solid
using a procedure analogous to that described in Step 5 of Exampie 3, substituting 2-
(3-((2-(methylthio)benzo[d]thiazol-6-ylmethyl)-3H-~imidazo{4,5-bpyridin-6-
yl)propan-2-ol from Step 1 of this Example for 6-((3H-imidazo[4,5-b]pyridin-3-
yDimethyl)-2-(methylthio)benzo[d]thiazole used in Example 3. LCMS (ESH m/z 387
(M+H)",

[00585]  Step 3: (1LR,2R)-2-({6-((6-(2-Hydroxypropan-2-yl)-3/{-imidazo[4,5-
blpyridin-3-y)methylybenzo{dJthiazol-2-yhamino)cyclohexanol (17 mg, 11%) was
obtained as a solid using a procedure analogous to that described in Step 5 of
Example 70, substituting 2-(3-((2-(methylsulfinyl)benzo[d]thiazol-6-yymethyl)-3H-
imidazo{4,5-bJpyridin-6-yl)propan-2-ol from Step 2 of this Example for 6-((6-fluoro-
3H-imidazo[4,5-bIpyridin-3-yl)ymethy!)}-2-(methylsulfinyl)benzo[dlthiazole uscd in
Example 70. "H NMR (300 MHz, DMSO-ds) 8 8.54 (s, 1H), 8.53 (d, /= 3.0 Hz, 1H),
8.10(d,J=3.0Hz, 1H), 7.97 (d, J= 6.0 Hz, 1H), 7.66 (m, 1H), 7.19 - 7.30 (m, 2H),
5.46 (s, 2H), 5.22 (br s, 1H), 4.76 (br d, /= 3.0 Hz, 1H), 3.50 (m, 11), 3.30 (m, 1H),
2.03 (m, TH), 1.86 (m, 1H), 1.60 ~ 1.70 {m, 2H), 1.51 (s, 6H), 1.15 - 1.30 (m, 4H);
LCMS (EST) m/z 438 (M+H)'".
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Example 110
Preparation of 1-(1-((2-({(1R.2R)-2-hvdroxvcyclohexvliamino)benzo[djthigzol-6-

vhmethvi)-1H-benzoldjimidazol-S-vi}ethanone

s S
N N/\©: />—NH OH
N i 4
O

[60586] A stirred suspension of (1R, 2R)-2-((6-((5-bromo-1H-benzo[d]imidazol-1-

ylmethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol (150 mg, 0.33 mmol) from Step
5 of Example 108 and tributyl{1-ethoxyvinylitin (177 mg, 0.5 mmol) in DMA (1.5
mL) was purged with a stream of argon for 5 min. To the mixture was added
tetrakis(triphenylphosphine)patladium (0) (57 mg, 0.05 mmol) and argon was bubbled
into the mixture for an additional 5 min. The reaction vessel was sealed and the
mixture was heated at 110 "C for 3 h. The mixture was cooled to rt. To the mixture
was added 0.5 M aq HC1 (500 uL) followed by stirreing at rt for 12 h. The mixture
was filtered, and the filtrate was purified directly by reverse-phase preparative HPLC
using a mixture of water (5% CH3CN, 0.05% HCOOH) and CH,CN (0.05%
HCOOH) as the mobile phase and a Varian Pursuit XRs C18 column as the stationary
phase. The product was further purified by silica gel flash chromatography cluting
with 5% MeOH in CH»Cl; to afford 1-(1-((2-(((1R,2R)-2-
hydroxycyclohexyl)aminoybenzo]dithiazol-6-yimethyl)- 1 H-benzo[djimidazol-5-
vhethanone (11 mg, 8%) as a white powder. 'H NMR (300 MHz, DMSO-ds) § 8.57
(s, 1HD), 8.32 (s, 1H), 7.97 (d, /= 7.5 Hz, 1H)}, 7.85 (d,J= 8.5 Hz, 1H), 7..64 - 7.72
(m, 2H), 7.30 (m, 1H), 7.20 (m, 1H), 5.52 (s, 2H), 4.73 (d, ./ = 5.1 Hz, 1H), 3.52 (m,
1H), 3.34 (m, 1H), 2.62 (s, 3H), 2.02 (m, 1H), 1.90 (m, 1H), 1.55 - 1.69 (m, 2H), 1.10
~1.35 (m, 4H); LCMS (EST) m/z 421 (M+H)".

Example 111
Preparation of 1-{(2-(({(LR.2R)-2-hvdroxveyelohexvljamino)benzoldithiazol-6-

vhmethvl)-1H-benzojdlimidarole-o-carbonitrile

Q/\Q: P)—NH  OH
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[06587]  1-((2-(((1R,2R)-2-Hydroxycyclohexyl)amino)benzo|dithiazol-6-
yhmethyl}-1H-benzo[dimidazole-6-carbonitrile was synthesized as a white powder
(23 mg, 13%) using a procedure analogous to that described in Step 6 of Example
108, substituting (1R,2R}-2-((6-({6-bromo-1H-benzo[d]imidazol-1-
ylmethylbenzo[d|thiazol-2-yl)amino)cyclohexanol from Step 6 of Example 107 for
(1R.2R)-2-((6-((5-bromo-1/{-benzo[d]imidazol-1-yymethyljbenzold]thiazol-2-
yDamino)cyclohexanol nsed in Example 108. 'H NMR (300 MHz, DMSO-ds) § 8.70
(s, 1H), 8.27 (s, IH), 8.01 (d, J = 7.3 Hz, 1H), 7.83 (d, J= 8.3 Hz, 1H), 7.73 (s, 1H),
7.58 (d, /= 8.5 Hz, 1H), 7.23 — 7.35 (m, 2H), 5.53 (s, 2H}, 4.76 {d, /= 4.5 Hz, 1H),
3.51 (m, 1H), 2.50 (m, 1H), 2.03 (m, 1H), 1.87 (m, 1H), 1.55 - 1.67 (m, 2H), 1.13 -
1.31 {m, 4H); LCMS (ESI) m/z 404 (M+H)".

Example 112
Preparation of (1R.2.R)-2-((6-{(5-(methyisuifonvl}-1 H-benzoldlimidazol-1-

yhmethvDbenzold|thiazol-2-vhaminolevelohexanol

7E0
[060588] A stirred suspension of (1R,2R)-2-({6-((5-bromo-1H-benzo[d}imidazol-1-

yhmethyl)benzo|d]thiazol-2-yl)amino)cyciohexanol (100 mg, 0.22 mmol) (prepared
as described in Example 108, steps 1 through 6), sodium methane sulfinate (8% mg,
0.9 mmol) and N N-dimethylethylenediamine (9.6 uL, 0.9 mmol) was degassed under
a stream of argon for 5 min. Copper (1) trifluoromethane-sulfonate benzene complex
(22 mg, 0.04 mmol) was added and the mixture was sealed and heated at 125 °C for 7
h. The mixture was cooled to rt, filtered, and the filtrate subjected to purification by
reverse-phase preparative HPLC eluting with a mixture of water (5% CHaCN, 0.05%
HOAC) and CH:CN (0.05% HOAC) as the mobile phase and a Varian diphenyl
column ag the stationary phase, to afford (1.R,2R)-2-({6-((5-(methylsulfonyl}-1H-
benzo[d]imidazol-I-ylymethylYbenzo[dlthiazoi-2-ylyamino)cyclohexanol (30 mg,
30%) as a white powder. "H NMR (300 MHz, DMSO-ds) 8 8.69 (s, 1H), 8.20 (s, 1H),
8.06 (d, /= 7.5 Hz, 1H), 7.84 (m, 1H), 7.76 (m, 1H), 7.69 (s, 1H), 7.30 {m, 1H), 7.21
{(m, 1H), 5.56 (s, 2H), 4.82 (m, 11), 3.50 {m, 1H), 3.36 (m, 1H), 3.19 (s, 3H), 2.01 {m,
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1H), 1.87 (m, 1H), 1.56 — 1.67 (m, 2H), 1.11 - 1.31 (m, 4H); LCMS (EST) m/z 457
(M+H) ",

Example 113
Preparation of (1R.2R)-2-((6-{(6-(methvisulfonvl)-1 H-benzo[djimidazol-1-

yhmethvl)benzofd]thiazol-2-yDamino)evciohexanol

Q/\C[ )—NH OH

,-, ~
[00589] (iR, 2R)~2~((6—((6—(Methylsuifony]) 1H-benzo[d]imidazol-1-

ylymethyl)benzo[d]thiazol-2-yhamino)cyclohexanol was synthesized as a white
powder (22 mg, 26%) using a procedure analogous to that described in Example 112,
substituting (1 R,2R)-2-((6-((6-bromo-1 H-benzo[d]imidazol-1-
yhmethyl)benzo[d]thiazol-2-y)amino)cyclohexanol (as prepared in Example 107,
steps 1 through 6) for (1R,2R)-2-((6-({5-bromo-1H-benzo{dlimidazol-i-
yhmethyhbenzo[d]thiazol-2-yl)amino)cyclohexanol used in Example 112. '"H NMR
(300 MHz, DMSO-ds) 6 8.69 (s, 1H), 8.21 (s, 1H}, 8.01 (d, J= 7.3 Hz, 1H), 7.89 (d, J
= 8.5 Hz, 1H), 7.75 (m, 1H), 7.67 (d, /= 1.1 Hz, 1H), 7.32 (m, 1H), 7.20 (m, 1H),
5.60 (s, 2H), 4.76 (d, /= 4.3 Hz, 1H), 3.51 (m, 1H), 3.35 (m, 1H), 3.21 (s, 3H), 2.02
(m, 1H}, 1.88 (m, 1H), 1.55 — 1.67 (m, 2H), 1.13 - 1.34 (m, 4H), LCMS (ESI) m/z
457 (M+H)".
Example 114
Preparation of (1R 2R)-2-((6-((3H-imidazo{4.5-b| pvridin-3-

vhimethvijthizzolel4.5-b] pyridin-2-vi}aminocvelohexanol

AN x-S
N

d/\a )—NH OH
» O

[606590] Step 1: A mixture of cthy! 6-amino-5-bromonicotinate (1.0 g, 4 mmol)

and O-cthylxanthic acid potassium salt (785 mg, 4.2 mmol) in DMF (15 mL) was
heated at reflux for 6 h. The mixture was cooled to rt and was partitioned between
EtOAc (200 mL) and 1 M aq Na;COs (150 mL). A solid formed between the two
layers and was collected by filtration. The layers were separated and the organic layer

was concentrated under reduced pressure until a slurry began to form. The mixture
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was cooled to 0 °C and the resulting solid was collected by filtration. The two solid
batches were combined to afford ethyl 2-mercaptothiazolo[4,5-bJpyridine-6-
carboxylate potassium salt (871 mg, 89%), which did not require further purification.
"H NMR (300 MHz, DMSO-ds) 8 8.69 (d, J= 2.1 Hz, 1H), 8.19 (d,.J = 2.1 Hz, 1H),
4.29 (q,.J=7.0 Hz, 2H), 1.31 (t,J = 7.1 Hz, 3H); LCMS (EST) m/z 241 (M+H)".

[00591]  Step 2: To a stirred mixture of ethyl 2-mercaptothiazolo[4,5-b}pyridine-6-
carboxylate potassium salt (1.7 g, 6.6 mmol) from the previous step in DMF (10 mL)
at 0 °C was added iodomethane (226 pul., 3.6 mmol). After the mixture was stirred at 0
°C for 2 h, it was allowed to warm slowly to rt. The mixture was partitioned between
EtOAc (100 mL) and 0.5 M ag Na;CO; (50 mL). The organic layer was separated and
washed with brine (50 mL), dried over Mg,SQq, filtered, and concentrated under
reduced pressure to afford ethyl 2-(methyithio)thiazolo{4,5-b]pyridine-6-carboxylate
(724 mg, 82%) as a yetlow solid. The material was used in the next step without
further purification. "H NMR (300 MHz, DMSO-ds) 8 9.07 (s, 2H), 4.38 (¢, /= 7.0
Hz, 2H), 2.86 (s, 3H), 1.36 (t, /= 7.1 Hz, 3H); LCMS (ESI) m/z 255 (M+H)".

[00392] Step 3: (2-(Methyithio)thiazolo[4,5-bpyridin-6-yymethanol was
synthesized as a white solid (404 mg, 67%) using a procedure analogous to that
described in Step 3 of Example 306, substituting ethyl 2-(methylthio)thiazoic[4,5-
blpyridine-6-carboxylate from the previous step for ethyl 2-
(methylthioYoenzo[d]thiazole-6~carboxylate used in Example 36. '"H NMR (300 MHz,
DMSO-dg) 6 8.51 (d, J=1.9 Hz, 1H), 8.42 (d,.J= 1.9 Hz, 1H), 5.44(t, /= 5.7 Hz,
1H), 4.63 (d, J= 5.7 Hz, 2H), 2.82 (s, 31); LCMS (EST) m/z 213 (M+H)",

[06593]  Step 4: To a stirred mixture of (2-(methylthio)thiazolo{4,5-b]pyridin-6-
ylymethanol (404 mg, 2 mmol) in anhydrous CH,Cl (20 mL) at rt was added SOCl,
(166 uL, 2.4 mmol). After 3 b, the mixture was concentrated under reduced pressure
to afford 6-(chloromethyl)-2-(methyithio)thiazolo[4,5-b]pyridine (497 mg) as a white
solid. The material was used in the next step without further purification. "H NMR
(300 MHz, DMSO0-dg) 8 8.65 (d, J = 1.9 Hz, 1H), 8.60 (d, /= 1.9 Hz, 1H), 4.95 (s,
2H), 2.83 (s, 3H); LCMS (EST) m/z 231 (M+H)".

[00594] Step 5: To a stirred mixture of DMF (5 mL) and sodium hydride (60% in
mineral oil, 64 mg, 1.6 mmol) at § °C under argon, was added 4-azabenzimidazole

(204 mg, 1.1 mmol) in one portion, The mixture was stirred for S min at 0 °C
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followed by dropwise addition of a solution of 6-(chloromethyl)-2-
{methylthio)thiazolo[4,5-blpyridine (497 mg, 2.2 mmol) in DMF {2 mL). The mixture
was warmed slowly to rt then heated at 70 °C for 18 h. The mixture was cooled to tt,
then partitioned between EtOAc (150 mL) and 0.5 M aq Na;CO; (50 mL). The
organic layer was separated and washed with water (50 mL), then brine, dried over
Na, S0y, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography elufing with a gradient of 100% CH,Cl; to 5%
MeOH in DCM to afford 6-((3H-imidazo[4,5-b]pyridin-3-ylmethyl)-2-
{methylthio)thiazolo[4,5-b]pyridine (126 mg, 35%) as a yellow solid. The
regiochemistry of the alkylation was determined by 2-dimensional nuclear
Overhauser effect (NOE) experiment. 'H NMR (300 MHz, DMSO-ds) 5 8.64 - 8.74
(m, 2H), 8.46 (d, /= 2.1 Hz, 1H), 838 (dd, /= 1.1,4.7 Hz, 1H)}, 8.12 (dd, /= 1.3, 8.1
Hz, 1H), 7.31 (dd, /= 4.7, 8.1 Hz, I1H), 5.67 (s, 2H), 2.80 (s, 3H); LCMS (ESI) m/z
314 (M+H)".

[005395]  Step 6: 6-((3H-Imidazo[4,5-blpyridin-3-ymethyl)-2-
{methylsulfinyDthiazolo[4,5-b]pyriding was synthesized as a white foam (135 mg)
using a procedure analogous to that described in Step 6 of Example 36, substituting 6-
((3 H-imidazof4,5-b]pyridin-3-yl)methyl)-2-(methylthio)thiazolof4,5-blpyridine from
the previous step for 6-({(4-bromo-1H-imidazol-1-ylymethyl)-2-
(methylthioYbenzo[d]thiazole used in Example 36. LCMS (EST) m/z 330 (M+H)".

[08596]  Step 7: (1R 2R)-2-((6-((3H-Imidazo{4,5-b]pyridin-3-
yhmethyhthiazolo[4,5-b]pyridin-2-yhamino)cyclohexanol was synthesized as a white
powder (80 mg, 53%) using a procedure analogous to that described in Step 7 of
Exampie 36, substituting 6-((3H-imidazof4,5-b]pyridin-3-ylymethyl)-2-
(methylsulfinylythiazolo[4,5-bIpyridine from the previous step for 6-((4-bromo-1H-
imidazol-1-ylymethyl)-2-(methylsulfinyl)benzo[d]thiazole used in Example 36. *H
NMR (300 MHz, DMSO-ds) 8 8.62 (s, 1H), 8.46 (d, /= 7.5 Hz, 1H), 8.39 (dd, J =
1.2, 4.8 Hz, 1H), 833 (d,.J = 2.1 Hz, 1H), .09 (dd, /= 1.3, 8.1 Hz, 1H), 8.05(d, J =
2.1 Hez, 1H), 7.30 (m, 1H), 5.50 (s, 2H), 4.82 (d, J = 5.3 Hz, 1H), 3.61 (m, 1H), 3.35
(m, 1H), 2.03 (m, 1H), 1.88 (m, !H), 1.55 — 1.70 (m, 2H), 1.15 - 1.33 (m, 4H); LCMS
(EST) m/z 381 (M+H)".

Example 115
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Preparation of (1R.2R)-2-((6-({(6-((R,S)-1-hvdroxvethvl)-3H-imidazo{4.5-
blpyridin-3-vIimethvi)benzol{dlthiazol-2-vhamino)cyelohexanol

o S
N N/\©/>—NH OH
! N O

N

HO

100597} Toa stirred solution of 1-(G3-((2-(((1R,2R)-2-
hydroxyeyclohexyDaminoybenzo|djthiazol-6-yl)methyl)-3 H-imidazo[4,5-b]pyridin-6-
vljethanone (92 mg, 0.22 mmol) from Example 73, MeOH (5 mL) and DMF (3 ml.)
at rt was added sodium borohydride (17 mg, 0.44 mmol). The mixture was stirred at 1t
for 15 min. The reaction mixture was purified directly by reverse-phase HPLC using a
mixture of water (5% CH:CN, 0.05% HOAc¢) and CHaCN (0.05% HOAC) as the
mobiie phase and Varian Pursuit XRs diphenyi coiwmm as the stationary phase to
afford (1R, 2R)-2-((6-((6-({R,5)-1-hydroxyethyD)-3H-imidazo{4,5-b |pyridin-3-
vhmethyhbenzo[d]thiazel-2-yhamino)cyclohexanol (38 mg, 41%) as a white solid.
'H NMR (300 MHz, DMSO-ds) 8 8.55 (s, 1H), 8.37 (d, J= 1.5 Hz, 1H), 7.97 - 8.00
{m, 2H), 7.66 (m, 1H), 7.28 (d, /= 6.0 Hz, 1H), 7.20 (dd, /= 6.0, 3.0 Hz, 1H), 5.46
(s, 2H), 5.30 {br m, 1H), 4.90 (m, 1H), 4.76 (br m, 1H), 3.50 (m, 1H), 3.30 (m, 1),
2.03 (m, 1H), 1.87 (m, 1H), 1.55 - 1.65 (m, 2H), 1.40 (d, /= 6.0 Hz, 3H), 1.10 - 1.30
(m, 4H). LCMS (EST) m/z 424 (M+H)"

Example 116
Preparation of 2-(dimethvylamino)-1-(3-({(2-(((IR.2R)-2-

hvdrexvevelohexviiaminolbenzoldlthiazol-6-vIimethvh)-3H-imidazo[4.5-

bipvridin-g-vl)eithanone acetate salf

7N S
U o
T O

™
O
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[00598F  Step 1: A stirred mixture of (1R,2R)-2-((6-({6-bromo-3H-imidazo[4,5-
blpyridin-3-yl)ymethylibenzo[dJthiazol-2-ylyamino)cyclohexanol (693 mg, 1.51 mmol)
from Example 29, tributyl (1-cthoxyvinyljtin {1.10 g, 3.03 mmol) and DMF (10 mL)
was purged with argon. To the mixture was added
tetrakis(triphenyliphosphine)patladium {0) (262 mg, 0.23 mmol}. The reaction vessel
was scaled and the mixfure was heated at 110 °C for 2 h. The mixture was allowed to
cool to rt. The mixture was partitioned between water and DCM and the organic layer
was separated. The aqueous layer was extracted with additional DCM. The combined
organic layers were washed with water then brine, dried over magnesium suifate,
filtered, and concentrated under reduced pressure. The residue was purified by silica
gel flash chromatopgraphy eluting with 100% DCM to 15% MeOH in DCM to afford
(1R.2R)-2-({(6-((6-(1 -ethoxyvinyl)-3 H-imidazo{4,5-b]pyridin-3-
yhmethylbenzoldithiazol-2-yamino)cyclohexanol (320 mg, 47%) as a solid. LCMS
(EST) m/z 450 (M+H)",

[60599]  Step 2: To a stirred solution of (1R, 2R)-2-{(6-((6-(1-ethoxyvinyl)-3H-
imidazo[4,5-h]pyridin-3-yDmethyl)benzo[dlthiazol-2-yl)amino)cyclohexanol (90 mg,
0.20 mmol) from the previous step in DMF (2 mL) at 0 °C was added N-
bromosuccinimide (36 mg, .20 mmol), and the mixture was stirred for 15 min. To
the mixture was added dimethylamine (ZM in THF, 0.90 mL, 1.80 mmol) and stirring
was continued at (0 °C for 5 min. The reaction mixture was purified directly by
reverse-phase HPLC using a mixture of water (5% CH:CN, 0.05% HOAc) and
CH;3CN (0.05% HOAC) as the mobile phase and Varian Pursuit XRs diphenyl column
as the stationary phase to afford 2-(dimethylamino)-1-(3-((2-{({(1R,2R)-2-
hydroxycyclohexyl)amino)benzo{d|thiazol-6-yl)methyl)-3H-imidazo[4,5-b]pyridin-6-
ylethanone acetate salt (5 mg, 5%} as a white solid. 'H NMR (300 MHz, DMSO-ds)
$9.01(d,./= 1.7 Hz, 1H), 8.75 (s, 1H), 8.67 (d,./= 1.7 Hz, 1H), 8.03 (d, J= 7.5 Hz,
1H), 7.68 (s, 1H), 7.20 - 7.32 (m, 2H), 5.52 (s, 2H), 4.80 (br s, 1H), 3.78 (s, 2H), 3.51
(brm, 1H), 3.30 (br m, 1H), 2.25 (s, 6H), 2.04 (br m, 1H), 1.82 — 1.86 (m, 4H), 1.59 -
1.65 {(br m, 2H), 1.10 — 1.60 (m, 4H); LCMS (EST) m/z 465 (M+H)".

Exampie 117
Preparation of 3-(2-(({1R.2R}-2-hvdrexvevelohexvhamino)penzojd]thiazol -6-

yhmethvhimidazoil.2-aipvridine-7-carbonitrile
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[60680] Step 1: A mixture of 2-fluoro-4-iodoaniline (2.4 g, 10 mmol) and
sodium O-ethyl carbonodithicate (3.2 g, 20 mmol) in DMF {8 mL) was stirred at 95
°C for 5 h. The reaction mixture was cooled to rt then diluted with water (25 mL) and
1 N aqueous HCI (20 mL}. The mixture was stured at room temperature for 1 h. The
resulting precipitate was collected by filtration and washed with water. The solid was
dried to afford 6-iodobenzo[d}thiazole-2-thiol as a light vellow solid (3.3 g, 100%).
"H NMR (300 MHz, CD,0D) 8 7.89 (d, /= 1.2 Hz, 1H), 7.67 (dd, J= 1.8, 8.7 Hz,
1H), 7.05 (d, /= 8.4 Hz, 1H). LCMS (ESI) m/z 294 (M+H)".

[00601] Step 2: To a stirred mixture of 6-lodobenzo[d]thiazole-2-thiol (0.5 g, 1.7
mmmol) and potassium carbonate (0.23 g, 1.7 mmol) in THF (10 mL) was added
methyl iodide (0.12 mE, 1.1 mmotl). After stirring at rt overnight, the mixture was
concentrated under reduced pressure to give a solid. The solid was partiﬁoﬁed
between saturated aq sodium carbonate and DCM. The organic layer was dried over
Na,SO; and filtered, and concentrated under reduced pressure to give 6-iodo-2-
(methylthioybenzo[d]thiazole as a off-white solid (0.4 g, 76%). 'H NMR (300 MHz,
CDCl;) 6 8.07 (d, /= 1.2 Hz, IH), 7.69 (dd, /= 1.8, 8.4 Hz, 1H), 7.58 (d, /= 8.4 Hz,
1H), 2.78 (s, 3H). LCMS (ESD m/z 308 (M+H)".

[60602] Step 3: A mixture of 6-todo-2-(methylthio)benzo[d]thiazole (5.0 g, 16.3
mmeol), allyl alcohol (2.2 mL, 32.6 mmal}, Pd(OAc): (0.36 g, 1.63 mmel),
tris{o-tolyl) phosphine (1.0 g, 3.3 mmol) and NaHCO; (2.8 g, 32.6 mmol) in
DMEF (75 mL) was stirred at 100 °C under nitrogen atmosphere for 4 h, Then
the mixture was cooled to rt and water (300 mL) was added. The mixture was
extracted with EtOAc (200 mLx 3). The combined organic layers were washed
with brine, dried over Na,80,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography eluting with
10: ! to 5: 1 petroleum ether/EtOAc to afford 3-(2-
(methylthio)benzo[d]thiazol-6-yl)propanal as a dark yellow oil (2.0 g, 52%). 'H
NMR (300 MHz, CDDCI5) § 9.83 (t, /= 1.2 Hz, 1H), 7.78 (d, /=84 Hz, 1H), 7.58 (¢, J
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= 1.2 Hz, 1H), 7.23 (dd, J= 1.8, 8.4 Hz, 1H), 3.05 (t, J = 7.5 Hz, 2H), 2.85 (, /= 7.3
Hz, 2H), 2.78 (s, 3H). LCMS (EST) m/z 238 (M-H)",

[60603] Step 4: L-proline (0.22 g, 1.9 mmol) was added to a solution of 3-(2-
{methylthio)benzo[d]Jthiazoi-6-ypropanal (2.3 g, 9.7 mmel) in DCM (40 mL) at 0
°C followed by addition of N-chlorosuccinimide (1.4 g, 10 mmol}). The reaction
mixture was slowly warmed to ambient temperature and stirred overnight. The
reaction mixture was concentrated under reduced pressure and purified by silica
gel chromatography, eluting with 10: 1 to 2: 1 petroleum ether/EtOAc to afford
2-chloro-3-{2-(methylthio)benzo[d]thiazoi-6-y)propanal as a yellow oil (2.1 g,
79%). '"H NMR (300 MHz, CDCls) 3 9.56 (dd, J=1.2, 2.1 Hz, 1H), 7.81 (d, /= 8.4
Hz, 1H), 7.63 (d, J= 0.6 Hz, 1H), 7.28 (d, J = 1.5 Hz, 1H), 4.44-4.39 (m, 1H), 3.51-
3.44 (m, 1H), 3.20-3.13 (m, 1H), 2.78 (s, 3H). LCMS (EST) m/z 290 (M+18-+H)",

[08604] Step 5: A mixture of 4-bromopyridin-2-amine (4.9 g, 28.5 mmol),
Zn(CNY, (5.0 g, 42.5 mmol), Pdy(dba)s (1.3 g, 1.4 mmol) and dppf (1.6 g, 2.8 mmol)
in DMF (150 mL) was stirred at 100 °C under nitrogen atmosphere for 1.5 h. The
mixture was cooled to rt and water (500 mL) was added. The mixture was extracted
with EtOAc (300 mLx 3). The combined organic layers were washed with brine,
dried over Na;S0O,, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography eluting with 10: 1 to 2: 1
petroleum ether/EtOAc to afford 2-aminoisonicotinonitrile as a light yellow solid
(2.7 g, 80%). "H NMR (300 MHz, CDC1:) 8 8.19(d, /= 5.1 Hz, 1H), 6.82 (d, /= 4.8
Hz, 1H), 6.69 (d, /= 0.9 Hz, 1H), 4.72 (br 5, 2H). LCMS (EST) m/z 120 (M+H)".

[00605] Step 6: A mixture of 2-chloro-3-(2-(methylthio)benzo[dithiazol-6-
yhpropanal (0.35 g, 1.3 mmol) and 2-aminoisonicotinonitrife (0.30 g, 2.6 mmot) in 1-
butanol (15 mL) was heated at reflux overnight. After cooling to rt, the formed solid
was collected and washed with water, then dried to afford 3-((2-(methylthio)benzo[d]
thiazol-6-y)methyl)imidazo{1,2-a]pyridine-7-carbonitrile as a white solid (0.27 g,
62%). "H NMR (300 MHz, CDCl3) 8 8.45 (d,.J = 7.2 Hz, 1H), 8.34 (s, 1H), 7.90 (s,
1H), 778 (d, J= 8.7 Hz, 1H), 7.75 (s, 1H), 7.37 (dd, J = 1.2, 7.8 Hz, 1H), 7.20 (dd, J
= 1.8, 7.2 Hz, 1H), 4.49 (s, 2H), 2.77 (s, 3H). LCMS (ESI) m/z 337 (M+H) .

[66606] Step 7: To a solution of 3-((2-(methylthio)benzo[d]thiazol-6-
yhmethylimidazeo[1,2-a]pyridine-7-carbonitrile (0.27 g, 0.8 mmol) in DCM (15 mL)
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wag added m-CPBA (0.17 g, 0.9 mmol) at 0 °C. The reaction mixture was stirred for 2
h at 0 °C, then aq Na,SOs (15 mL) was added and the mixture was stirred for 0.5 h.
The organic layer was separated, dried over Na,SOq, filtered and concentrated
under reduced pressure to afford 3-((2-(methylsulfinyl)benzo|d] thiazol-6-
ylymethyl)imidazof1,2-alpyridine-7-carbonitrile as a yellow solid (0.28 g,
99%). "H NMR (300 MHz, CDCls) 3 8.46 (d,./= 7.2 Hz, 1H), 8.36 (s, 11), 8.15(d, ./
= 1.2 Hz, 1H), 8.04 (d, /= 8.7 Hz, 1H), 7.78 (s, 1H), 7.55 (dd, /= 1.5, 8.4 Hz, 1H),
7.21 (dd, J=1.8,7.2 Hz, 1H), 4.57 (s, 2H), 3.06 (s, 3H). LCMS (ESI) m/z 353
(M+H)"

[06607]  Step 8: A mixture of 3-((2-{methylsulfinyDbenzo{d]thiazol-6-
yhymethyl) imidazo[1,2-ajpyridine-7-carbonitrile (0.20 g, 0.56 mmol), (1R,2R)-2-
amino cyclohexanol (97 mg, 0.84 mmol) and DIEA (0.18 g, 1.4 mmol) in DMA (10
mL)} was stirred for 2 d at 140 °C. The mixture was cooled to rt and water (50 mL)
was added. The mixture was extracted with EtOAc (30 mL» 3). The combined
organic layers were washed with brine, dried over Na,SQy, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 50: I to 10: 1 DCM/MeOH to afford a solid,
which was recrystaliized in 10:1 DCM/ MeOH {10 mL) to afford 3-((2-
(((}1R,2R)-2-hydroxycyclohexylamino)eenzo[d]thiazol-6-
yvl)ymethyl)imidazo[1,2-a]pyridine-7-carbonitrile as a white solid (75 mg, 33%).
'H NMR (300 MHz, DMSO-dg) 8 8.40 (d, J= 6.9 Hz, 1H), 8.32 (s, 1H), 7.88 (d, /=
6.9 Hz, 1H), 7.72 (s, 1H), 7.53 (s, 1H), 7.27 (4, /= 8.1 Hz, 1H), 7.19 (d, J= 6.9 He,
i), 7.09(d,J=7.5Hz, 1H), 473 (d, /=42 Hz, 1H), 436 (5, ZH), 3.54-3.50 {m,
1H}), 3.37-3.34 (m, 1H), 2.05-2.01 (m, 1H), 1.90-1.86 {(m, 1H), 1.65-1.59 (m, 2H),
1.30-1.16 (m, 4H). LCMS (ESI) m/z 404 (M+H)".

Example 118
Preparation of (1R.2ZR)-2-((6-((9H-purin-9-vhimethvDbenzoldloxazol-2-vl}

amino)evelohexanol

13 ks

[00608] Step 1: A solution of pyrimidine-4,5-diamine (718 mg, 6.53 mmol) and
HCOOH (0.36 mL) in tricthoxymethane (19 mL) was stirred at 90 °C for 3.5 h. The
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reaction mixture was concentrated under reduced pressure. The residue was purified
by silica gel chromatography eluting with 40:1 DCM/MeOH to give 9H-purine as a
brown solid (784 mg, 100%). "H NMR (300 MHz, DMSO-d¢) 6 13.40 (br s, 1H), 9.12
(s, TH), 8.92 (s, 1H), 8.60 (s, 1H). LCMS (ESI) m/z 121 (M+H)".

[00609]  Step 2: To a stirred solution of 9H-purine (784 mg, 6.53 mmaol) in DMF (
16 mL) was added NaH (60% dispersion in mineral oil, 373 mg, 9.33 mmol,)
portionwise at 0 °C. After stirring for 30 min, 6-(chloromethyl)-2-
{methylthioybenzo[d]oxazole (1.3 g, 6.22 mmol) was added to the mixture. The
reaction mixture was allowed to warm to rt and stir for 3 h. The reaction mixture was
poured into water (150 mL) and extracted with ethyl acetate (150 mLx4). The
combined organic layers were washed with water and brine, dried over NazSO.,
filtered and concentrated under reduced pressure. The residue was purified by silica
gel chromatography eluting with 40:1 DCM/MeOH to give 6-((9H-purin-9-
yhmethyl)-2-{methylthioYbenzo[d] oxazole as & light yeliow solid (569 mg, 32.7%).
"H NMR (300 MHz, DMSO-ds) § 9.14 (s, 11), 8.92 (s, 1H), 8.77 (5. 1H), 7.69 (s,
1H}, 7.56 (d, J="7.8 Hz, 1H), 7.35 (d, J=9.0 Hz,1H}, 5.59 (s, 2H), 2.70 (s, 3H).
LCMS (ESD m/z 298 (M+H)".

[06610] Step 3: A mixture of 6-((9H-purin-9-ylymethyl)-2-
{methyithio)benzo[d]oxazole (400 mg, 1.35 mmol) and m-CPBA (289 mg, 1.69
mmol) in DCM (25 mL) was stirred at 0 °C for 6 h. The reaction mixture was washed
with ag Na,S,05 and brine, dried over Na,SOy filtered and concentrated under
reduced pressure. The residue was purified by silica gel chromatography eluting with
1:5 petroleum ether/ethy! acetate to give 6-((9H-purin-9-yhmethyl)-2-
(methylsulfinyl)benzo[d]oxazole as a light yellow solid (143 mg, 33.89%). "H NMR
(300 MHz, CDCl3) 6 9.18 (s, 1H), 9.03 (s, 1H), 8.13 (s, IH), 7.82 (d, /= 8.4 Hz, 1H),
7.66 (s, 1H), 7.44 (d, /= 9.9 Hz, 1H), 5.62 (s, 2H), 3.18 (3, 3H). LCMS (ESI) m/z 314
(M+H)".

[00611] Step 4: A mixture of 6-((9H-purin-9-ylymethyi)-2-
(methylsulfinyl)benzo[d]oxazole (106 mg, 0.34 mmol), (1R,2R)-2-aminocyclohexanol
(77 mg, 0.51 mg) and DIEA (132 mg, 1.02 mmol) in DMA (3 mL) was stirred at 135
°C for 2 . The reaction mixture was cooled to rt, poured into water (30 mL) and

extracted with ethyl acetate (20 mL=2). The combined organic layers were washed
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with brine, dried over Na,S8Qy, filtered and concentrated under reduced pressure. The
residue was purified by silica ge! chromatography eluting with 1:6 petroleum
ether/ethyl acetate to give crude product, which was washed with 10:1 petroleum
ether/ethyl acetate to afford (1R,2R)-2-((6-((9H-purin-9-yl)methyl)benzo[ djoxazol-2-
ylamino)cyclohexanol as a light yellow solid (68 mg, 48.57%). "H NMR (300 MHz,
DMSO-ds) 6 9.16 (s, 1H), 8.96 (s, 1H), 8.73 (5, 1H), 7.79(d, /= 7.8 Hz, 1H), 742 (s,
1H), 7.16 (d, J= 1.2 Hz, 1H), 7.14 (d, /=8.1 Hz, 1H) 5.51 (5, 2H), 4.66 (d,./ = 4.2
Hz, 1H}), 3.34 (br s, 2H), 1.90 (br s, 2H), 1.60 (br s, 2H), 1.22 (br s, 4H). LCMS (ESI)
m/z 365 (M+H)"

Example 119
Preparation of (1R.28)-2-{(6-(({5.6-dimethyl-1 H-benze[dlimidazel-1-

viimethvilbenzoldithiazol-2-vliamine)cvelohexanol

Q/\Q )—NH  OH

[60612] Step 1: To a stirred mixture of anhydrous DMF (135 mL} and sodium
hydride {(60% dispersion in mineral oil, 105 mg, 2.63 mmol) at 0 °C under nitrogen,
was added portionwise 5,6~-dimethyl-1H-benzo[djimidazole {215 mg, 1.4 mmol). The
reaction mixture was stirred for 5 min. A solution of 6-(chloromethyl)-2-
(methylthio)benzo[djthiazole (320 mg, 1.4 mmol) from Step 4 of Exampie 36 in
anhydrous DMF (2 mL) was added dropwise.. The reaction mixture was allowed to
warm to rt and stir for 1 h. The reaction solution was poured into icc-water and
extracted with EtOAc (50 mL x 3). The combined organic layers were further washed
with water (20 mL), then brine (20 mL). The organic layer was separated, dried over
Na,S0q, filtered, and concentrated under reduced pressure to afford 6-((35,6-dimethyl-
i H-benzo[dlimidazol-1-ymethyl)-2-(methylthio)benzo[d]thiazole (450 mg, 96%) as
a yellow solid which was not purified further. "H NMR (300 MHz, CDCls) 8 7.86 (s,
1H), 7.81 (d, J= 8.4 Hz, 1H), 7.59 (s, 1H), 7.46 (s, 1H), 7.24-7.26 (m, 1H), 7.03 (s,
1H), 5.40 (s, 2H), 2.77 (s, 3H), 2.37 (s, 3H), 2.32 (s, 3H); LCMS (EST) m/z 340 (M +
HY".

[00613] Step 2: To a stirred solution of 6-((5,6-dimethyl-1H-benzo|J]imidazol-1-
ylmethyl)-2- (methylthio)benzo[d]thiazole (450 mg, 1.32 mmol) from the previous
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step in DCM (20 mL) at 0 °C was added a solution of mera-chioroperbenzoic acid
(270 mg, 1.32 mmol) in DCM (3 mL). After stirring for 2 h at 0 °C, the reaction
solution was diluted with EtOAc (100 ml.) and washed sequentially with saturated aq
NaS,04, saturated aq NaHCO3, and brine. The organic layer was dried over NaySQ,,
filtered, and concentrated under reduced pressure to afford 6-((5,6-dimethy!-1 /-
benzo[d]imidazo!l-1-yDmethyl)-2-(methylsulfinyl)penzold}thiazole (460 mg, 98%) as
a colorless solid which was not purified further, 'H NMR (300 MHz, CDCl3) 8 8.01
(d, /= 8.4 Hz, 1H), 7.90 (s, 1H), 7.72 (s, 1H), 7.60 (s, 1H), 7.37 (m, 1H), 7.02 (s, 1H),
5.48 (s, 2H), 3.06 (s, 3H), 2.37 (s, 3H), 2.32 (s, 3H); LCMS (ESI) m/z 356 (M + H)".

[60614] Step 3: A stirred mixture of 6-((5,6-dimethyl-1H-benzo[dlimidazol-1-
yiymethy}-2- {methylsulfinyDbenzold]thiazole (150 mg, 0.42 mmol) from the
previous step, (1R,2R)- 2-aminocyclohexanol (140 mg, 1.2 mmotl), DIEA (540 mg,
4.2 mmol) and NMP (2 mL) was heated at 130 °C for 12 h. The reaction mixture was
cooled to rf, diluted with EtOAc (30 mL) and washed with water (10 mL x 2). The
organic layer was separated, dried over Na,SQy, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel flash chromatography eluting
with 3% MeOH in DCM to afford (1 R,2R)-2-({6~((5.6-dimethyl-1H-
benzo[dlimidazol-1-yhmethyDbenzo[d]thiazol-2-yhaminojcyclohexanol (80 mg,
47%) as a white solid. "H NMR (300 MHz, DMSO-ds) 8 8.22 (s, 1H), 7.92 (d, J = 6.0
Hz, 1H), 7.58 (m, 1H), 7.41 (s, 1H), 7.26 - 7.31 (m, 2H}, 7.14 (m, 1H)}, 5.40 (s, 2H),
4.71(d, /= 3.0 Hz, 1H), 3.50 {(m, 1H)}, 3.35 {m, 1H), 2.30 (s, 6H), 2.02 (m, 1H), 1.88
(m, 1H), 1.86 — 1.90 {m, 2H), 1,12 — 1.27 (m, 4H); LCMS (ESD) m/z 407 (M + H)".

Example 120
Preparation of 1-(1-((2-({({(1R,2R)-2-hvdroxveyciohexvhamino)benzo[d]thiazol-6-

ylmethvl}-1H-benzo|d]imidazol-6-vl}ethanone

Za S
N /U )—NH OH
" O

O

[00615)  I-(1-({2-{(({1R,2R)-2-Hydroxycyclohexyl)amino)benzo{ d|thiazol-6-
yhmethyl)-1 H-benzojd]imidazol-6-yl)ethanone was synthesized as a white powder (8
mg, 6%) using a procedure analogous to that described in Example 110, substituting
(1R.2R}-2-({6-({6-bromo- 1 H-benzo[d]imidazol-1-yDmethylbenzo[d]thiazol-2-
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yhamino)cyclohexanol from Steo 6 of Example 107 for (1R,2R)-2-((6-((5-bromo-1H-
benzo[dlimidazol-1-ylymethybenzo[dthiazol-2-yl)amino)cyclohexanol used in
Example 110. 'H NMR (300 MHz, DMSO-ds) 8 8.60 (s, 1H), 8.24 (s, 1H), 7.99 (d, J
= 7.5 Hz, 1H), 7.82 (m, 1H), 7.74 (m, 1H), 7.68 (s, 1H), 7.31 (m, 1H), 7.21 (m, 1H),
5.58 (s, 2H), 4.75 (d, J= 5.1 Hz, 1H), 3.51 (m, 1H), 3.35 (m, 1H), 2.61 (s, 3H), 2.02
{(m, 1H), 1.87 {m, 1H), 1.35 - 1.67 (m, 2H), 1.10 — 1.34 (m, 4H); LCMS (ESI) m/z
421 (M+H)".

Example 121
Preparation of (LR,2R)-2-((6-({5-ethynyl-1H-benzo[d]imidazol-1-
yhimethyl)benzo[d]thiazol-2-yl)amino)cyclohexancl

/\N/\/\’ ,}——NH OH

@k/t
0

[00616]  Step 1: A stirred mixture of {1R,2R)-2-((6-((5-bromo-1H-
benzo[dfimidazol-1-y)methyl)benzo{d]thiazol-2-yamino)cyclohexanol (109 mg,
0.24 mmol) from Step 6 of Example 108, (trimethylsilyhyacetylene (68 uL, 0.48
mmol), and DIEA (62 pL, 0.36 mmol) in CH:CN (2 mL), was purged with a stream
of argon for 5 min. To the mixture was added tetrakis(triphenylphosphinejpalladium
(0) (57 mg, 0.05 mmol) and argon was bubbled into the mixture for an additional 5
min. The reaction vessel was sealed and the mixture was heated at 80 °C for 5 h. The
mixture was cooled to rt and was partitioned between EtQAc (100 mL) and 1 M aq
NaHCO; (50 mL). The organic layer was washed with brine (50 mL), dricd over
Mg,SOq, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography etuting with 5% MeOH in DCM to afford (1R.2R)-
2-((6-((5-((trimethylsilyl)ethynyl)- L H-benzo[d]imidazol-1-ylymethyl}benzo[d]thiazol-
2-yDamino)cyclohexanol (61 mg, 54%) as an amber oil. LCMS (ESI) m/z 476
(M-+H)".

[00617]  Step 2: A mixture of (1LR,2R)-2-((6-((5-((trimethylsilyl)ethynyl)- 1 H-
benzo[d]imidazol-1-yDmethyl)benzo[dJthiazol-2-yl)amino)cyclohexanol ( 61 mg,
0.13 mmole) and NapCO; (177 mg, 1.3 mmole) in MeOH (2 mL.) was stirred at rt for
2 h. The mixture was filtered and the filtrate was concentrated under reduced

pressure. The residue was purified by reverse-phase preparative HPLC using a
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mixture of water (5% CHiCN, 0.05% HCOOH) and CH;CN (0.05% HCOOH) as the
mobile phase and a Varian Pursuit XRs C18 column as the stationary phase to afford
(1R,2R)-2-((6-((5-cthynyl-1H-benzo[dJimidazol--yDmethyl)benzo[ d}thiazol-2-
ylamino)cyclohexanot (8 mg, 17%) as a white powder. 'H NMR (300 MHz, DMSO-
ds) 8 8.49 (s, 1T1), 8.01 (d, /= 7.3 Hz, 1H), 7.76 (s, 1H), 7.65 (s, 1H), 7.57 (d, /= 8.3
Hz, 1H), 7.27 — 7.33 (m, 2H), 7.19 (m, 1H), 5.48 (s, 2H), 4.78 {d, /= 4.9 Hz, 1H),
4.03 (s, 1H), 3.51 (m, 1H), 3.35 (m, 1H), 2.03 (m, 1H), 1.87 (m, 1H), 1.56 — 1.69 (m,
2H), 1.11 - 1.31 (m, 4H); LCMS (ESI) m/z 405 (M+H)".

Example 122
Preparation of (1R,2R)-2-((6-((6-ethynyl-1H-benzo|d|imidazol-1-
yhmethylbenzo|d}thiazoi-2-ylaminojcyciohexanol

p s
Ty
B

[00618]  Step 1: (1R, 2R)-2-((6-((6-((Trimethylsitylyethynyl)-1H-benzoldimidazol-
1-yDmethylbenzo[dJthiazol-2-yhamino)cyclohexanol was synthesized as an oil (46
mg, 41%) using a procedure analogous to that described in Step 1 of Example 121,
substituting (1R,2R)-2-((6-((6-bromo-1H-benzo[djimidazol-1-
ylimethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol from Step 6 of Example 107 for
(1R, 2R)-2-{(6-((5-bromo-1H-benzo[dJimidazol-1-ylymethyl)benzo[d]thiazol-2-
yhamino)cyclohexanol used in Example 121. LCMS (ESI) m/z 476 (M+H)".

[60619]  Step 2: (1R,2R)-2-({6-((6-Ethynyl-1 H-benzo[d}imidazol-1-
ylymethyDbenzo[d]thiazol-2-y)amino)cyclohexanoi was synthesized as a powder (7
mg, 18%) using a procedure analogous to that described in Step 2 of Example 121,
substituting (1R,2R)-2-({6-((6-({trimethylsilyethynyl)- 1H-benzo[d]imidazol-1-
yhmethybhbenzo[d]thiazol-2-yl)amino)cyclohexanol from the previous step for

(1R 2R)-2-((6-((5-({trimethylsilyl)ethynyl)-1 H-benzo[dJimidazol-1-
yhmethyl)benzoidithiazol-2-ylJamino)cyclohexano! used in Example 121. "H NMR
(300 MHz, DMSO-ds) 8 8.50 (s, 1H), 8.03 (d, J=7.2 Hz, IH), 7.74 (s, 1H), 7.60 -
7.68 (m, 2H), 7.16 - 7.34 (m, 3H), 5.48 (5, 2H), 480 (d, /= 4.0 Hz, 1H), 4.10 (s, 1H),
3.51 (m, 1H), 3.35 (m, 1H), 2.02 (m, 1H), 1.87 {m, 1H), 1.56 - 1.67 (m, 2H), 1.11 —
1.34 (m, 4H); LCMS (EST) m/z 405 (M+H) .
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Example 123
Preparation of (1R,2R)-2-({6-((6-brome-S-methoxy-3H-imidazel4,5-b]pyridin-3-
yhmethyl)benzo{d|thiazol-2-yvl)amino)cyclohexanol

&U P—NH OH

[00628] Step 1: To a stirred selution of é-methoxy-3-nitropyridin-2-amine (1.56 g,
9.2 mmol) in 15 mL of DMF &t rt was added N-bromosuccimide (1.81 g, 10.1 mmol)
in portions. The resulting mixture was stirred at rt for Th. TLC showed the reaction
was complete. The reaction mixture was quenched with water and the reddish brown
solid was collected by filtration, washed with water, and dried in a vacuum oven to
give S5-bromo-6-methoxy-3-nitropyridin-2-amine (2.1 g, 92%). LCMS (ESI) m/z 248,
250 (M+H) .

[00621] Step 2: A mixture of acetic anhydride (15.9 mL, 168.7 mmol) and formic
acid (6.4 mL, 168.7 mmol) was heated at 60 °C for 3 h. After cooling to rt, 5-bromo-
6-methoxy-3-nitropyridin-2-amine (2.1 g, 8.4 mmol) from Step 1 of this Example was
added in portions. The resulting mixture was heated at 60 °C for 1 h, then at 70 °C for
Th, LCMS analysis showed that the reaction was complete. The volume was
condensed under reduced pressure, and the precipitated solid was collected by
filtration to give N-(5-bromo-6-methoxy-3-nitropyridin-2-yl)}formamide as a light
yeliow solid (2.2 g, 94%). LCMS (EST) m/z 276, 278 (M+H) .

[08622] Step 3: Crude N-(3-bromo-6-methoxy-3-nitropyridin-2-y1)-N-({2-
{methylthioYbenzof djthiazol-6-yDmethyl Yormamide (950 mg) was obtained as a light
yellow solid using a procedure analogous to that described in Step 4 of Example 3,
substituting N-(5-bromo-6-methoxy-3-nitropyridin-2-yhformamide from Step 2 of
this Example for 3H-imidazo[4,5-b]pyridine used in Example 3. LCMS (ESI) m/z
469,471 (M+H)".

[60623]  Step 4: To a stirred solution of crude N-(5-bromo-6-methoxy-3-
nitropyridin-2 -y }-N-((2-(methylthio)benzo{d]thiazol-6-yDrethylformamide (950
mg, 2.0 mmol) in EtOH (8 mL) were added AcOH (2 mL.) and iron (169 mg, 3.0
mmol}). The resulting mixture was heated at reflux for 1 h. Another portion of iron
(169 mg, 3.0 mmol) was added and heating was continued for 1 h at 105 °C. LCMS
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analysis showed that the reaction was complete. The mixture was allowed to cool to
rt, and then water was added. Crude 6-({(6-bromo-5-methoxy-3H-imidazo[4,5-
b]pyridin-3-yl)methyl)-2-(methylthio)benzo{d]thiazole was collected by filtration as a
brownish green sofid (1.01 g). LCMS (ESI) m/z 421, 423 (M.

[00624] Step 5: (1R,2R)-2-((6-((6-Bromo-5-methoxy-3H-imidazo[4,5-b]pyridin-3-
ylimethyl)benzo[d]thiazol-2-ylamino)cyclohexanol (115 mg, 23%) was obtained as a
light yellow solid using procedures analogous to those described in Step 5 of Example
3 followed by Step 5 of Example 2, substituting 6-({(6-bromo-S-methoxy-3H-
imidazo|[4,5-b]pyridin-3-yDmethy)-2-(methylthio)benzo{d]thiazole from Step 4 of
this Example for 6-((3H-imidazo[4,5-b]pyridin-3-ylmethyl)-2-
(methylthio)benzo[d]thiazole used in Example 3, and substituting the product of that
reaction for 2-bromo-6-((5,6~-dimethoxy-1H-benzo[d]Jimidazol-1-
yhimethyl)benzo[d]thiazole used in Example 2. 'H NMR (300 MHz, DMSO-dy) 8
841 (s, 1H), 8.35 (s, 1H), 7.97 (d, J= 7.5 Hz, 1H), 7.73 (s, 1H), 7.29 (s, 2H), 5.39 (s,
2H), 4.75 (brs, 1H), 4.01 (s, 3H), 3.50 (br s, 2H), 2.04 (br s, 1H), 1.80 - 1.88 {m, 1H),
1.60 (br s, 2H), 1.22 (d, J = 5.8 Hz, 4H). LCMS (ESI) m/z 488, 490 (M-+H).

Example 124
Preparation of 3-((2-({({1R,2R)-2-hydroxycyciohexyl)amino)benzofd}oxazoi-6-yl)
methyD-3H-imidazo[4,5-blpyridine-6-carbenitrile

,>——NH OH
@ O

[60625] Step 1: A solution of 5-bromo-pyridine-2,3-diamine (3.0 g, 15.96 mmol})
and HCOOH (1.1 mL) in tricthoxymethane (48 mL) was stirred at 90 °C for 3 h. The
reaction mixture was concentrated under feduced pressure. The residue was purtfied
by silica gel chromatography eluting with 40:1 DCM/MeOH to give 6-bromo- 3H-
imidazo[4,5-b]pyridine as a light brown solid (2.74 g, 86.7%). 'H NMR (300 MHz,
DMSO-dy) 6 8.49 (s, 1H), 8.44 (s, 1H), 8.30 (br s, 1H). LCMS (ESI) m/z 198 (M +
Hy .

[060626] Step 2: To a stirred solution of 6-bromo-3H-imidazo[4,5-b]pyridine (200
mg, 1.01 mmol) in DMF (16 mL) was added NaH (60% dispersion in mineral oil, 581

mg, 1.44 mmol) portionwise at 0 °C. After the mixture was stirred for 30 min, 6-
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(chloromethyl)-2- (methylthio)benzo[dloxazole (203 mg, 0.96 mmal) was added. The
reaction mixture was allowed to warm to rt and stir for 2 h. The reaction mixture was
poured into water (40 mL) and extracted with ethyl acetate (60 mLx* 4). The
combined organic layers were washed with water and brine, dried over Na, SO,
filiered and concentrated under reduced pressure. The residue was purified by
preparative TLC eluting with 15:1 DCM/MeOH to give 6-({(6-bromo- 3H-
imidazo[4,5-b]pyrdin-3-yl) methyl)-2-(methylthio)benzo[dJoxazole (156 mg, 43.2%)
as a light yellow solid. "H NMR (300 MHz, DMSO-dy) 6 8.47 (s, 1H), 8.22 (s, 1H),
.04 (s, 1H), 7.56 (d, /= 8.4 Hz, 1H), 740 (s, 1H), 7.26 (d, /= 6.6Hz, 1H), 5.53 (s,
2H), 2.74 (s, 3H). LCMS (EST) m/z 374 (M+H) "

[00627]  Step 3: A mixture of 6-((6-bromo-3H-imidazo{4.5-b]pyridin-3-yl)methyl)-
2- (methylthio)benzo[d]oxazole (522 mg, 1.39 mmol) and m-CPBA (282 mg, 1.39
mmol) in DCM (20 mL) was stirred at 0 °C for 5 h. The reaction mixture was washed
with ag Na;S;05 and brine, dried over Na,SOy, filtered and concenirated under
reduced pressure. The residue was purified by silica gel chromatography eluting with
1:1 t0 1:5 petroleum ether/cthyl acetate to give 6-((6-bromo-3H-imidazo[4,5-
blpyridin-3-y1) methyl)-2-(methylsulfinyl)benzo[d}oxaz-ole as a light yellow solid
(400 mg, 73.7%). 'H NMR (300 MHz, DMSO-ds) & 8.69 (s, 1H), 8.48 (s, 1H), 8.40
{s, 1H), 7.68 (s, 1H), 7.58 (d, /= 8.1 Hz, 1H), 7.34 {d, /= 9.3 Hz, 1H), 5.60 (s, 2H),
2.73 (s, 3H). LCMS (ESI) m/z 390 (M+H)".

[60628] Step 4: A mixture of 6-((6-bromo-3H-imidazo[4,5-b]pyridin-3-yljmethyl)-
2-(methyt sulfinyl)benzo[d]oxazole (330 mg, 0.84 mmol), (1R,2R)- 2-
aminocyclohexanol {192 mg, 1.27 mg) and DIEA (327 mg, 2.54 mmol) in DMA (15
mL) was stirred at 135 °C for 1 h. The reaction mixture was cooled to rt, poured into
water (100 mL) and extracted with ethyl acetate (50 mLx 3). The combined organic
layers were washed with water and brine, dried over Na,SQs, filtered and
concentrated under reduced pressure. The residuc was purified by silica gel
chromatography eluting with 1:6 petroleum cther/ethyl acetate to give (1R, 2R)-2-((6-
({6-bromo-3H-imidazo{4,5-bpyridin-3-yhmethybenzo{djoxazol-2-
yhamino)eyclohexanol as a light yellow solid (373 mg, 100%). '"H NMR (300 MHz,
DMSO-ds) 6 8.65 (s, 1H), 848 (s, 1H), 838 (5, 1H), 7.79(d, J = 7.5 Hz, 1H), 738 (s,
1H), 7.13 (s, 1H), 5.48 (s, 2H), 4.68 (s, 3H), 3.37 (br s, 2H), 1.92 (br s, 2H), 1.62 (br
s, 2H), 1.23 (br s, 4H). LCMS (ESI) m/z 441 (M+H)".
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[60629] Step 5: A mixture of (IR,2R)-2-((6-({6-bromo-3H-imidazo[4,5-b]pyridin-
3-ylimethyl) benzo[dloxazol-2-ylamino)eycichexanol (276 mg, 0.62 mmol),
Zn{CN), (110 mg, 0.94 mmol), Pdz(dba)s (57 mg, 0.062 mmol) and dppf (68.8 mg,
0.124 mmol) in DMF (6 ml.) was stirred at 100 °C for 2 h. The reaction mixture was
cooled to rt, poured into water (100 mL) and extracted with ethyl acetate (100 mEx
2). The combined organic layers were washed with water and brine, dried over
NazSOa, fiitered and concentrated under reduced pressure. The residue was purified
by silica gel chromatography eluting with 15:1 DCM/MeOH to give 3-((2- (({1R,2R)-
2-hydroxycyclohexyl)amine) benzo[dJoxazol-6-yl)methyl)-3H-imidazo{4,5-
b]pyridine-6-carbonitrile as a light yellow solid (62 mg, 25.8%). ‘H NMR (300 MHz,
DMSO-ds) 8 8.85 (s, 1H), 8.83 (d, /= 1.5 Hz, 1H), 8.70 (s, 1H), 7.81 (d, /= 7.8 Hz,
IH), 7.41(s, 1H), 7.14 (m, 2H), 5.54 (s, 2H), 4.68 (d, J = 4.8 Hz, 1H), 3.34 (br s, 2H),
1.91 (brs, 2H), 1.62 (br s, 2H), 1.22 (br, 4H). LCMS (ESI) m/z 389 (M+H) .

Example 125
Preparation of (1R 2R)-2-({6-{imidaze[],2-aipyrazin-3-vimethvl)benzoid|thiazol -

2-yhaming)evciohexanol

=

S
Ny J—NH  OH
Z’N N §
Wi

N

{00633} Step 1: A stirred mixture of 2-chloro-3-(2-{methylthio)benzo[d}thiazol-6-
ylypropanal from Step 4 of Example 117 (300 mg, 1.1 mmol) and pyrazin-2-amine
(210 mg, 2.2 mmo!) in 1-butanc] (10 mL) was heated at reflux overnight. The mixture
was cooled to rt and water (20 mL) was added. The mixture was extracted with
EtOAc (10 mL=3), The combined organic layers were washed with brine, dried
over Na; S0y, filtered and concentrated under reduced pressure. The residue
wag purified by silica gel chromatography eluting with 50: 1 to 20: 1
DCM/MeOH to afford 6-(imidazo[1,2-alpyrazin-3-ylmethyl}-2-(methylthio)benzo
[d]thiazole as a vellow solid (120 mg, 35%). 'H NMR (300 MHz, CDCl3) § 9.10 (d, J
= 1.2 Hz, 1H), 7.83-7.80 (m, 2H), 7.72-7.68 (m, 2H), 7.30 (d, J= 9.0 Hz, 1H), 7.23
(d, J= 1.8 Hz, 1H), 4.38 (s, 2H), 2.78 (s, 3H). LCMS (ESI) m/z 313 (M+H)".

[#8631] Step 2: To a solution of 6-(imidazofl,2-a]pyrazin-3-yimethyl)-2-

(methylthio)benzo [d]thiazole (230 mg, 0.74 mmol) from the previous step in DCM

(14 mL) was added m-CPBA (160 mg, 0.93 mmol) at 0 °C. The rcaction mixture was
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stirred for 2 h at 0 °C, then ag Na;S;0; (15 mL) was added and the mixture was
stirred for 0.5 h. The organic layer was separated, dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography, eluting with 50: 1 to 20: 1 DCM/MeOH, to afford 6-
(imidazo{1,2-aJpyrazin-3-ylmethyl)-2~ {methylsulfinyl)benzo[d]thiazole as a
yellow solid (200 mg, 83%). 'H NMR (300 MHz, CDCl3) 5 9.13 (d, /= 1.5 Hz,
1H), 8.02 (d, J= 8.7 Hz, 1H), 7.85-7.79 {(m, 2H), 7.74-7.70 (m, 2H), 7.40 (dd, J = 1.5,
8.4 Hz, 1H), 4.46 (s, 2H), 3.07 (s, 3H). LCMS (ESI) m/z 329 (M+H)".

[80632] Step 3: A mixture of 6-(imidazo[1,2-a]pyrazin-3-ylmethyl)-2-
{(methylsulfinyl) benzo[d]thiazole (350 mg, 1.07 mmof), (1R,2R)-2-
aminocyclohexanol (324 mg, 2.14 mmol) and DIEA (414 mg, 3.21 mmol) in NMP
{14 mL) was stirred for 2 d at 140 °C. The mixture was cooled to rt and water (50 mL)
was added. The mixture was extracied with EtOAc¢ (30 mLx=3). The combined
organic layers were washed with brine, dried over Na,;SOy, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography ecluting with 50: 1 to 10: 1 DCM/MeOH to afford 100 mg of
solid. The solid was recrystallized with 10:1 DCM/MeOH to afford (1R,2R)-2-
((6-(imidazo[1,2-a]pyrazin-3-ylmethylbenzo[d]thiazol-2-
yDamino)eyclohexanol as a white solid (70 mg, 17%). "HNMR (300 MHz,
DMSO-de) 8 9.03 (d, J=1.2 Hz, 1H), 8.33 (dd, J= 1.8, 4.5 Hz, 1H), 7.88-7.85 (m,
2H), 7.68 (s, 1H), 7.54 (s, 1H), 7.27 (d, /=7.8 Hz, 1H), 7.11 (dd, /= 1.5, 7.8 Hz,
1H), 4.71 (d, J= 4.8 Hz, 1H), 4.35 (s, 2H), 3.52-3.49 (m, 1H), 3.39-3.36 (m, 1H),
2.05-2.01 (m, 1H}, 1.90-1.86 (m, 1H), 1.65-1.59 {m, 2H), 1.30-1.16 (m, 4H}. LCMS
(ESI) m/z 380 (M+H)".

Example 126
Preparation of 3-((2-(((1R.2R)-2-hvdroxvevelshexyDamino)benzo|d|thiazol-6-

yhmethyl)-5-methoxyv-IH-imidazeid. 5-b|pvridine-6-carbonitrile

N S
N /\©:,>~NH OH
0
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[00633]  3-((2-(((1R,2R»2-Hydroxycyclohexylyamino)benzo[d]thiazol-6-
ylymethyl)-5-methoxy-3H-imidazo[4,5-blpyridine-6-carbonitrile (55 mg, 69%) was
obtained as a light yellow solid using a procedures analogous to that described in
Example 43, substituting (1R,2R)-2-((6~({6-bromo-3-methoxy-3H-~imidazo[4,5-
blpyridin-3-ylymethyDbenzo[d]thiazoi-2-yhamino cyclohexanol from Example 123
for (1R,2R)-2-({6-((6-bromo-3 H-imidazol4,5-bpyridin-3~yDmethy!benzo[ d]thiazol-
2-yDamino)cyclobhexanol used in Example 43. 'H NMR (300 MHz, DMSO-ds) & 8.60
(d, J=6.6Hz, 2H), 7.99 (d, /=7.3 Hz, I1H), 7.74 (s, 1H), 7.30 (s, 2H), 5.42 (s, 2H),
4.76 (br s, 1H), 4.07 (8, 3H), 3.51 - 3.70 {m, 2H), 1.97 - 2.14 (m, 1H), 1.86 (br s, 1H),
1.62 (d, J= 4.5 Hz, 2H), 1.22 (d, J = 5.5 Hz, 4H). LCMS (ESI} m/z 435 (M+H)".

Exampie 127
Preparation of (1R.2K)-2-({6-({5-methvl-1H-benzo!diimidazol-1-

viimethvhbenzo|dithiazol-2-yhamino)evelohexanol

s g
NG N’\©: ,>—NH OH
@ " O

[60634]  Step 1: To a stirred mixture of 4-methyl-2-nitroaniline (1 g, 6.5mmol) in
TFA (15 mL) at 0 to 5 °C was added portionwise sodium triacetoxyborohydride (2.78
g, 13.2 mmol) and the mixture was stirred for 10 min. To the reaction mixture was
added portionwise 2-{methylthio}benzoldjthiazole-6-carbaldehyde (1.44 g, 6.9 mmol)
fFom Step 1 of Example 100. After stirring at rt for 4 h, the mixture was poured into
ice-water and extracted with EtOAc (100 mL x 3). The combined organic layers were
washed with saturated aq NaHCO; (100 mL x 2) and brine (100 mL). The organic
layer was separated, dried over Na,SO, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography eluting with 3%
EtOAc in petroleum ether to afford 4-methyl-N-((2-(methylthio)benzo[d}thiazol-6-
yhmethyl)-2 -nitroaniline (0.93 g, 41%) as a yellow solid. 'H NMR (300 MHz,
CDCl3) 8 8.37 (brs, 1H), 8.01 (s, 1H), 7.83 (d. /= 8.4 Hz, 1H), 7.71 (s, 1H), 7.38 (dd,
J=84,24Hz IH),7.19(dd, /=8.7, 2.1 Hz, 1H), 8.71 {d, /= 8.7 Hz, 1H), 4.83 (d,
J=6.0 Hz, 2H), 2.83 (s, 3H), 2.25 (5, 3H); LCMS (ESI) m/z 346 (M + HY,
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[60635] Step 2: A mixture of 4-methyl-N-((2-(methylthio)benzo[d]thiazol-6-
yhmethyl 1)-2-nitroaniline (0.93 g, 2.7 mmol) from the previous step, MeOH (50 mL)
and palladium on activated charcoal (100 mg) was stirred under hydrogen at 1 atm
pressure at t for 12 h. The mixture was filtered and the filtrate was concentrated
under reduced pressure to afford 4-methyl-& "_((2«(methylthio)benzo[d]thiazol-6-
yhmethylbenzene-1,2-diamine 0.70 g, 85%) as a brown solid which was not purified
further. LCMS (ESI) m/z 316 (M + H)".

[00636]  Step 3: A stirred mixture of crude 4-methyl-N'~((2-
(methylthio)benzo[d]thiazol -6-yhmethyl)benzene-1,2-diamine (0.7 g, 2.3 mmol),
formic acid (0.5 mL} and triethyl orthoformate (5 mL) was heated at 100 °C for 1 h,
The reaction mixture was cooled to rt and concentrated under reduced pressure. The
residue was purified by silica gel flash chromatography cluting with 3% MeOH in
DCM to afford 6-{((5-methyl-1H-benzoldlimidazol-1-yl)methyl)-2-
{methyithio)benzo[d]thiazole (0.61 g, 85%) as a yellow solid. 'H NMR (300 MHz,
CDCl3) 8 7.94 (s, 1H), 7.82 (d, /= 8.4 Hz, 1H), 7.62 (s, 1H), 7.49 (s, 11}, 7.26 (m,
1H), 7.14 (d, J= 8.1 Hz, 1H), 7.07 (d. J = 8.1 Hz, 1H), 5.43 (s, 2H), 2.77 (s, 3H), 2.47
(s, 3H); LCMS (ESI) m/z 326 (M + H)".

[66637] Step 4: To a stirred solution of 6-({5-methyl-1H-benzo[dJimidazol-1-
ylimethyD)-2- (methylthio)benzo[d]thiazole (0.61 g, 1.8 mmol) from the previous step
in DCM (20 mL) at 0 °C was added a solution of meta-chloroperbenzoic acid (0.40 g,
1.57 mmol) in DCM (3 mL). After stirring for 2 h at 0 °C, the solution was diluted
with EtOAe (100 mL) and washed sequentially with saturated aq Na,5,0;, saturated
ag NaHCOs, and brine. The organic layer was separated, dried over Na; SOy, filtered,
and concentrated under reduced pressure to afford 6-((5-methyl-1/-
benzo[d]imidazol-1-yDmethyl)-2-(methylsulfinyl)benzoldithiazole (0.57 g, 89%) as a

yellow solid which was not purified further.

[00638] Step 5: A stirred mixture of 6-((5-methyl-1H-benzo[d]imidazol-1-
yhmethy)-2- (methylsulfinyDbenzo[dthiazole (0.26 g, 0.76 mmol) from the previous
step, (1R,2R)-2-aminocyclohexanol (0.26 g, 2.2 mmol), DIEA (0.98 g, 7.6 mmol) and
NMP (2 mL) was heated at 130 °C for 12 h. The reaction mixture was cooled to i,
diluted with EtOAc (30 mL), and washed with water (10 mL x 2). The organic layer
was dried over NapSQ,, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel flash chromatography cluting with 3% MeOIH in
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DCM to afford (1R, 2R)-2-((6-((5-methyl-1 H-benzo[d] imidazol-1-
yhmethybenzo[d]thiazol-2-y])amino)cyciohexanol (79 mg, 89%) as a white solid.
'H NMR (300 MHz, DMSO-ds) 5 8.30 (s, 1H), 7.91 (d, J = 7.5 Hz, 1H), 7.61 (d, J =
2.0 Hz, 1H), 7.39 - 742 (m, 2H), 7.28 (d, /= 8.1 Hz, 1H), 7.16 (dd, /=84, 1.8 Hz,
1H), 7.02 (d, /= 7.2 Hz, 1H), 542 (3, 2H), 4.69 (d, /= 5.1 Hz, 1H), 3.39 (m, 1H),
3.33 (m, 1H), 2.38 (s, 3H), 2.03 (m, 1H), 1.86 (m, 1H), 1.59 - 1.63 (m, 2H), 1.21 -
1.23 (m, 4H); LCMS (EST) m/z 393 (M + H)'.

Example 128
Preparation of (1R 2R)-2-((6-((5.6-difluore-1F{-benzo|dlimidazol-1-

viimethvhbenzold]thiazol-2-vilamino)cvelohexanol

P 5

N N/\@}—NH OH
2: N Z :
I F

[00639] Step 1: A mixture of 4,5-difluoro-2-nitroaniline (1.73 g, 10 mmol),
palladium on activated charcoal (200 mg), and MeOH (50 mL} was stirred under
hydrogen (1 atm) at rt for 12 h. The mixture was filtered to remove the catalyst and
the filtrate was concentrated under reduced pressure to afford 4,5-difluorobenzene-
1,2-diamine (1.42 g, 97%) as a brown solid, which was not purified further. 'H NMR
{300 MHz, CDCl3) & 6.50 (m, 2H), 2.75 - 3.48 (br s, 4H).

[66640])  Step 2: A stirred mixture of 4,5-difluorobenzene-1,2-diamine (1.40 g, 9.7
mmol) from the previous step, formic acid (2.0 mL), and triethyl orthoformate (20
mL) was heated at 100 °C for 1 h. The reaction mixture was cooled fo rt and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 3% Me¢OH in DCM to afford 5,6-difluoro-14-
benzo[d]imidazole as (1.12 g, 75%) as a white solid. "H NMR (300 MHz, CDCl3) &
8.07 (s, 1H), 7.44 (m, 2H); LCMS (ESI) m/z 155 (M + H)".

[00641]

[60642] Step 3: To a stirred mixture of sodium hydride (60% dispersion in mineral
oil, 0.744 g, 3.0 mmol) in anhydrous DMF (10 mL) at 0 °C under a nitrogen
atmosphere was added portionwise 6-difluoro-iH-benzo{d]imidazole (0.475 g, 2.0
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mmol) from the previous step. The mixture was stirred at 0 °C for 5 min. To the
mixture was added dropwise a solution of 6-(chloromethyl)-2-
{(methylthio)benzo[d]jthiazole (0.32 g, 2.0 mmol) from Step 4 of Example 36 in
anhydrous DMF (2 mL). The reaction mixture was allowed to warm to rt and stir for 1
h. The mixture was poured into ice-water and extracted with EtOAc¢ (100 mL x 2).
The combined organic layers were further washed with water (20 mL) then brine (20
mL). The organic layer was separated and dried over Na;SOy, filtered, and
concentrated under reduced pressure to afford 6-((5,6-difluoro-1/-benzo[d]imidazol-
l-yhmethyl)-2-(methylthio)benzo[d]thiazole (0.55 g, 76%) as a vellow solid, which
was not purified further. 'H NMR (300 MHz, CDCl3) § 7.97 (s, 1H), 7.84 (d,J =84
Hz, 1H), 7.59 (m, 1H), 7.50 (s, 1H), 7.24 (m, 1H), 7.02 (m, 1H), 5.40 (s, 2H), 2.78 (s,
3H); LCMS (ESI) m/z 348 (M + H)".

[08643]  Step 4: To a stirred solution of 6-((5,6-diflucro-1H-benzo[d]imidazoi-1-
yhmethyl)-2- (methylthio)oenzo[d]thiazole (0.55 g, 1.58 mmol) from the previous
step in DCM (20 mL) at 0 °C was added a solution of mera-chloroperbenzoic acid
(0.32 g, {.58 mmol) in DCM (3 mL). After stirring for 2 h at 0 °C, the mixture was
dituted with EtOAc (100 mL) and washed sequentially with saturated aq Na,S,0s,
saturated aq NaHCO3, and brine. The organic layer was separated, dried over NapSQy,
filtered, and concentrated under reduced pressure to afford 6-((5,6-difluoro-1H-
benzo[d]imidazoi-1-ylymethyl)-2-(methylsulfinyl)benzo[d]thiazole (0.50 g, 88%) as a
white solid, which was not purified further. 'H NMR (300 MHz, CDCl;) 8 8.02 - 8.06
{m, 2H), 7.77 (s, 1H), 7.61 (m, 1H), 7.37 (dd, /= 8.4, 1.5 Hz, [H), 7.01 (m, 1H), 5.48
(s, 2H), 3.07 (s, 3H); LCMS (ESI) m/z 364 (M + H)".

[00644]  Step 5: A stirred mixture of 6-({5,6-difluoro-1H-benzo[dlimidazol-1-
yhmethyl)-2- (methylsulfinyl)benzo[d]thiazole (0.20 g, 0.55 mmol), (1R,2R)-2-
aminocyclohexanol (0.19 g, 1.6 mmol), DIEA (0.71 g, 5.5 mmol) and NMP (2 mL)
was heated at 130 °C for 12 h. The reaction mixture was cooled to rt, diluted with
EtOA¢ (30 mL) and washed with water (10 mL x 2). The organic layer was separated,
dried over Na; SOy, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel flash chromatography eluting with 3% MeOH in DCM to
afford (1R,2R)-2-{(6-((5,6-difluoro-1 H-benzo[dJimidazol-1-
yhmethylhbenzo[d]thiazoi-2-yl)amino)cyclohexanol (65 mg, 30%) as a white solid.
'H NMR (300 MHz, DMSO-~ds) 6 8.48 (s, 1H), 7.97 (d, J= 7.5 Hz, 1H), 7.69 - 7.78
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(m, 3H), 7.30 (d, J = &.1 Hz, 1H), 7.22 (d, J= 8.1 Hz, 1H), 5.44 (s, 2H), 4.74 (d, J =
4.8 Hz, 1H), 3.51 (m, 1H), 3.42 (m, 1H), 2.00 (m, 1H), 1.87 (m, 1H), 1.58 — 1.60 (m,
2H), 1.15 - 1.25 (m, 4H); LCMS (ESI) m/z 415 (M + H).

Example 129
(IR 2RV-2-((6-((5-fluoro-1 H-benze|dlimidazol-1 -vi)methvi)benzo[dlthiazol-2-vi)

aming)cvelohexanol

~ S

NG N’U )—NH  OH
?;L N 3 5

F

[66645]  Step 1: 4-Fluoro-N-((2(methylthio)benzoldjthiazol-6-y)methyl)-2-
nitroaniline (0.88 g, 66%) was obtained as a yellow solid using a procedure analogous
to that described in Step 1 of Example 127, substituting 4-fluoro-2-nitroaniline for 4-
methyl-2-nitroaniline used in Example 127. "H NMR (300 MHz, CDCl;) 6 8.37 (brs,
1H), 8.01 (s, 1HD), 7.92 (dd, /= 9.0, 3.0 Hz, 1H), 7.85 (d, J=9.0 Hz, 1H), 7.37 (dd, J
=84, 1.5Hz, 1H), 7.17 (m, 1H), 6.75(dd, J= 9.6, 4.8 Hz, 1H), 4.64 (d, /= 5.7 Hz,
2H), 3.78 (s, 3H); LCMS (ESI) m/z 350 (M + H)".

[00646] Step 2: To a stirred mixture of 4-fluoro-N-({2-
(methylthio)benzo[dthiazol-6-yymethyl)-2- nitroaniline (1.18 g, 3.3 mmol) from the
previous step, acetic acid {3 mL), MeOH (3 mL) and DCM (20 mL) at -10 °C was
added portionwise zinc dust (1.7 g, 26 mmol). The reaction mixture was stirred at —10
°C for 0.5 h. The mixture was poured into ice-water and extracted with EtOAc (100
mL x 3). The combined organic layers were washed sequentially with water, saturated
aq Nal1CO: (100 mi x 2}, and brine (100 mL). The organic layer was separated, dried
over NaySOq, filtered, and concentrated under reduced pressure to afford 4-fluoro-N'-
((2-(methylthioybenzo[d]thiazol-6-yDmethyl)benzene-1.2-diamine (0.93 g, yield 7%)
as & yellow solid, which was not purified further. "H NMR (300 MHz, CDCl3) § 7.82
(d, J=84Hz, 1H), 7.76 (s, 1H), 7.42 (dd, /= 8.4, 1.8 Hz, 1H), 6.42 - 6.56 (m, 3H),
4.35 (s, 2H), 3.60 (br s, 2H), 2.79 (s, 3H); LCMS (ESI) m/z 320 (M + HY'.

[00647]  Step 3: A stirred mixture of 4-fluoro-N'-((2-(methylthio)benzo{d]thiazol-
6-yhmethyl} benzene-1,2-diamine (0.93 g, 2.93 mmol) from the previous step, formic
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acid (0.5 mL) and triethyl orthoformate (5 mL) was heated at 100 °C for 1 h. The
reaction mixture was cooled to rt and concentrated under reduced pressure. The
residue was purified by silica gel flash chromatography eluting with 3% MeOH in
DCM to afford 6-((5-fluoro-1H-benzo{d|imidazol-1-yl)methyl)-2-
(methylthio)benzo[dlthiazole (0.64 g, 67%) as a yellow solid. ' NMR (300 MHz,
CDCl3)y 6 7.99 (s, 1H), 7.83 (d, /= 8.1 Hz, 1H), 7.47 - 7.51 {m, 2H), 7.26 (m, 1H),
7.17 (m, 1H), 7.00 (dt, J = 9.3, 2.4 Hz, 1H}), 5.44 (5, 2H), 2.77 (s, 3H); LCMS (ESD)
m/z 330 (M +H)'.

[00648] Step 4: To a stirred solution of 6-((5-fluoro-1H-benzo [d]imidazol-1-
yhmethyl)-2-(methylthio)benzo[d]thiazole (0.64 g, 1.9 mmol) from the previous step
in DCM (20 mL) at 0 °C was added a solution of mera-chloroperbenzoic acid (0.472
g, 2.3 mmol) in DCM (3 mL). The mixture was stirred at 0 °C for 2 h. The solution
was diluted with EtOAc (100 mL) and washed sequentially with saturated aq

Na, 8,0, saturated ag NaHCOs3, and brine. The organic layer was separated, dried
over NapSQy, filtered, and concentrated under reduced pressure to afford 6-((5-fiuoro-
1H-benzold|imidazol-1-yl)methyl)-2-(methyisulfinyl)benzo[d]thiazole (0.63 g, 94%)
as a yellow solid, which was not purified further. 'H NMR (300 MHz, CDCly) 8 8.02
—8.05 (m, 2H), 7.78 (s, 1H), 7.51 (dd, /= 9.6, 2.4 Hz, 1H), 7.38 (dd, /= 8.4, 1 8§ Hz,
1H}, 7.20 (m, 1H), 7.00 (dt, /=9.0, 2.4 Hz, 1H), 5.52 (s, 2H), 3.07 (s, 3H); LCMS
(ESTy m/z 346 (M + H) .

[606649] Step 5: A stirred mixture of 6-((5-fluoro~1 H-benzo[d]imidazol-1-
yhmethyD-2- (methylsulfinyYbenzo{d]thiazole {0.20 g, 0.57 mmol) from the previous
step, (1R,2R)-2-aminocyclohexanol (0.20 g, 1.7 mmol), DIEA (0.73 g, 5.7 mmol) and
NMP (2 mL), was heated at 130 °C for 12 h. The reaction mixture was cooled fo rt,
diluted with EtOAc (30 ml), and washed with water (10 mL x 2). The organic layer
was separated, dried over Na;SO,, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel flash chromatography eluting with 3% MeOH
in DCM to afford (1R,2R)-2-({6-({5-fluoro-1H-benzo[d]imidazol-1-
yDmethylbenzofd]thiazol-2-yDamino)cyclohexano! {75 mg, 33%) as a white solid.
"H NMR (300 MHz, DMSO-dg) 8 8.45 (s, 1H), 7.93 (d, /= 7.2 Hz, 1H), 7.65 (d, J =
1.5 Hz, 1H), 7.56 (m, 1H), 7.43 (dd, J= 9.6, 2.4 Hz, 1H}), 7.28 (m, 1H), 7.19(dd, /=
8.4, 1.8 Hz, 1H), 7.08 (dt, /= 9.6, 3.0 Hz, 1H), 5.46 (s, 2H), 4.69 (d, J = 5.4 Hz, 1H)},
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3.51 (m, 1FD), 3.37 (m, 1F), 2.01 (m, 1), 1.87 (m, 1FD), 1.59 - 1.63 (m, 2H), 1.15 -
1.23 (m, 4H); LCMS (EST) m/z 397 (M + H)".

Example 13§
Preparation of (1R, 2E-2-({6-({5-(trifluoromethvD-1H-benroldiimidazol-1-vl)

methvl)benzo|d|thiazol-2-vamine)cyelohexanol

o~ 3

N N/\O: D—NH  OH
Z}/(/ N 3 &
FaC

[00650]  Step 1: N~((2-(Methylthio)benzo[d]thiazol-6-yl)methyl)-2-nitro-4-
{trifluoromethylaniline {0.38 g, 49%) was obtained as a yellow solid using a
procedure analogous to that described in Step 1 of Example 127, substituting 2-nitro-
4-(trifluoromethyl)aniline for 4-methyl-2-nitroaniline used in Example 127. 'H NMR
(300 MHz, CDCls) 3 8.64 (br s, 1H), 8.50 (s, 1H), 7.87 (d, J= 8.4 Hz, 1H), 7.71 (s,
IH), 7.56 (dd. J=9.0, 2.1 Hz, 1H), 7.38 (dd, /=84, 1.8 Hz, 1H), 6.90 (d, J = 9.0 Hz,
tH), 4.69 (d, J= 5.7 Hz, 2H), 2.79 (s, 3H); LCMS (EST) m/z 400 (M + H)'.

{08651]  Step 2: A mixture of N-({2-(methylithio)benzo[d]thiazol-6-ylymethyl)-2-
nitro-4- trifluoromethyl)aniline (0.38 g, 2.0 mmol) from the previous step, MeOH (30
ml) and palladium on aciivated charcoal (50 mg) was stirred under hydrogen (1 atm)
at rt for 12 h. The mixture was filtered to remove the catalyst and the filtrate was
concentrated under reduced pressure to afford N-((2-(methylthio)benzo[d]thiazol-6-
ylymethyl)-4-(trifluoromethyl) benzene-1,2-diamine (0.32 g, 91%) as a brown solid,
which was not purified further. LCMS (ESI) m/z 370 (M + H)".

[06652]  Step 3: A stirred mixture of N'-((2-(methylthio)benzo[d]thiazol-6-
yhmethyl)-4- (trifluoromethyl)benzene-1,2-diamine (0.32 g, 0.86 mmol} from the
previous step, formic acid (0.5 mL) and triethyl orthoformate (5 mL) was heated at
100 °C for 1 h. The reaction mixture was cooled to rt and concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography eluting with 3%
MeOH in DCM to afford 2-(methylthio)-6-({5-(trifluoromethy!)-1 H-
benzo[dlimidazol-1-yD)methyl)benzo[d]thiazole (0.22 g, 69%) as a yellow solid. 'H
NMR (300 MHz, CDCl:) 8 8.12 (5, 1H), 8.08 (s, 1H), 7.84 (d, /= 8.4 Hz, 1H), 7.48 -
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7.54 {m, 2H), 7.36 (d, J = 8.4 Hz, 1H), 7.26 (m, 1H), 5.49 (s, 2H), 2.78 (s, 3H);
LCMS (ESD m/z 380 (M +H)".

[068653] Step 4: To a stirred solution of 2-(methylthio)-6-((5-(trifluoromethyl)-1H-
benzo[d]imidazotl -1-yymethylibenzo[dlthiazole (0.22 g, (.58 mmol) from the
previous step in DCM (20 mlL) at 0 °C was added a solution of mera-chloroperbenzoic
acid {0.30 g, 1.5 mmol) in DCM {3 mL). The mixture was stirred at 0 °C for 2 h, The
mixture was diluted with EtOAc¢ (100 mL) and washed sequentially with saturated aq
NayS;0s, saturated aq NaHCOs, and brine, The organic layer was separated, dried
over NayS0y,, filtered, and concentrated under reduced pressure to afford 2-
(methylsulfinyl)-6-((5-(trifluoromethyl)-1 H-benzo[djimidazol-1-
yi)ymethyl)benzo{d]thiazole (0.22 g, 96%) as a yellow solid, which was not purified
further, "H NMR (300 MHz, CDCl:) 8 8.12 — 8.14 (m, 2H), 8.05 (d, J= 8.4 Hz, 1H),
7.79 (s, 1H), 7.50 (dd, J= 8.7, 1.2 Hz, 1H), 7.37 (t, ] = 8.4 Hz, 2H), 5.57 (s, 2H), 3.06
(s, 3H); LCMS (EST) m/z 396 (M + H)".

[60654]  Step 5: A stirred mixture of 2-(methylsulfiny)-6-((5-(trifluoromethyl)- 1H-
benzo{d] imidazol-1-ylymethyl)benzo[dJthiazole (0.20 g, 0.50 mmol) from the
previous step, {1R,2R)-2-aminocyclohexanol (0.17 g, 1.5 mmol), DIEA (0.59 ¢, 4.6
mmol) and NMP (2 mL) was heated at 130 °C for 12 h. The reaction mixture was
cooled to =, diluted with EtOAc (30 mL), and washed with water (10 mL x 2). The
organic layer was separated, dried over Na,SQy, filtered, and concenirated under
reduced pressure. The residue was purified by silica gel flash chromatography eluting
with 3% MeOH in DCM to afford (1 R,2R)-2-({6-((5-(triftuoromethyl)-1H -
benzo{djimidazol-1-yl)methyl)benzo|dithiazol-2-yl)amino)cyciohexanol (54 mg,
23%) as a white solid. "H NMR {300 MHz, DMSO0-dg) § §.62 (s, 1H), 8.02 (s, 1H),
7.95(d,/J=78Hz, 1H),7.79(d, J=8.7Hz, 1H), 767 (d,J= 1.2 Hz, 1H), 7.54 (d, J
= 8.7 Hz, 1H), 7.29 (d, /= 8.4 Hz, 1H), 7.20 (d, /= 8.4 Hz, 1H), 5.54 (s, 2H), 4.71 (d,
J=15.1Hz, 1H), 3.51 (m, 1H), 3.39 (m, 1H), 2.01 (m, 1H), 1.80 (m, 1H), 1.59 - 1.62
(m, 2H), 1.17 - 1.23 (m, 4H);, LCMS (ES1) m/z 447 (M + H)".

Example 131
Preparation of (1R,2R)-2-((6-(imidare]1.2-blpvridazin-3-

vimethvhbenzo|d|thiazol-2-vI)aming)cyclohexanol
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[00655]  Step I: A stirred mixture of 2-chloro-3-(2-(methylthio)benzo|d|thiazol-6-
yDpropanal (500 mg, 1.8 mmol) from Step 4 of Example 117 and pyridazin-3-amine
(350 mg, 3.6 mmol) in t-butanol (20 mL) was heated at reflux for 15 h. The mixture
was cooled to rt and water (40 mL) was added. The mixture was exiracted with
EtOAc (20 mL x 3} and the combined organic layers were washed with brine.
The organic layer was separated, dried over Na,SOy, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 2 to 5% MeOH in DCM to afford 6-(imidazo[1,2-
blpyridazin-3-ylmethyl)-2-(methylthio)benzo[d]thiazole (460 mg, 80%) as a light
brown solid. "H NMR (300 MHz, CDCl3) 5 8.32 (dd. /= 4.5, 1.5 Hz, 1H), 7.94 (dd, J
=93,1.5Hz, 1H), 7.79(d, /= 8.7 Hz, 1H), 7.66 (s, 1H), 7.58 (s, 1H), 7.36(dd, /=
8.4, 1.8 Hz, 1H), 7.02 (m, 1H), 4.45 (s, 2H), 2.77 (s, 3H); LCMS (EST) m/z 313
(M+H)',

[06656]  Step 2: To a stirred solution of 6-(imidazo[ 1,2-b]pyridazin-3-ylmethyl)-2-
(methylthio)benzo[d]thiazole (350 mg, 1.1 mmol) from the previous step in DCM (30
mL) at 0 °C was added meta-chloroperbenzoic acid (194 mg, 1.1 mmol). The reaction
mixture was stirred at 0 °C for 2 h. To the mixture was added saturated aq NapS;0s
(15 mL) and the mixture was stirred for a further 0.5 h. The organic layer was
separated, dricd over NaySQ,, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel flash chromatography eluting with 2 to
5% MeOH in DCM to afford 6-(imidazo[1,2-blpyridazin-3-ylmethyl)-2-
(methylsulfinyl}benzo[d]thiazole (320 mg, 87%) as a yellow solid. "H NMR
(300 MHz, CDCIl3) 8 8.33 (dd, J=4.5, 1.5 Hz, 1H), 7.91 - 8.00 (m, 3H), 7.62 (s, 1H),
7.54 (dd, /= 8.4, 1.8 Hz, 1H), 7.03 (m, 1H), 4.52 (s, 2H), 3.05 (s, 3H); LCMS (ESI)
m/z 329 (M+H)'.

[60657] Step 3: A stirred mixture of 6-(imidazo[1,2-b]pyridazin-3-ylmethy!)-2-
(methylsulfinyl)benzold]thiazole (260 mg, 0.79 mmol) from the previous step,
(IR,2R})-2-aminocyclohexanol hydrochloride (360 mg, 2.38 mmol), DIEA (408 mg,
3.16 mmol) and NMP (10 mL), was heated at 140 °C for 48 h. The mixture was
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cooled to rt and water (50 mL) was added. The mixture was extracted with EtOAc (30
mkL x 3} and the combined organic layers were washed with brine. The organic
layer was separated, dried over Na,5Qq, fittered, and concentrated under
reduced pressure. The residue was purified by silica gel flash chromatography
cluting with 2 to 10% MeOH in DCM to afford a solid. The solid was further
purified by recrystallization from a 10:1 mixture of DCM: MeOH to afford
(IR, 2R)-2-((6-(imidazoil,2-b]pyridazin-3-ylmethyDbenzo[d]thiazol-2-
yD)amino)cyclohexanol (80 mg, 27%) as a white solid. 'H NMR (300 MHz,
DMSO-ds) & 8.53 {(dd, /= 4.5, 1.5 Hz, 1H), 8.10 (dd, J=9.3, 1.5 Hz, 1H), 7.83 (d, ] =
7.8 Hz, 1H), 7.60 (s, 1H), 7.53 (s, 1H), 7.25 (d, ] = 8.7 Hz, 1H), 7.19 (m, 1H), 7.12
(dd, /=8.4, 1.8 Hz, 1H), 4.71 (d, J = 4.8 Hz, 1H), 4.32 (5, 2H), 3.51 (m, 1H), 3.38
(m, 1H), 2.04 (m, 1H), 1.88 (m, 1H), 1.59 - 1.65 (m, 2H), 1.16 ~ 1.30 (m, 4H); LCMS
(ESI) m/z 380 (M+H)".

Example 132
Preparation of {1R.2R)-2-{(6-((6-flucro-3H-imidazo[4.5-blpyridin-3-

viymethvlibenzoldiozazel-2-viamino)cvelchexanol

uy
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[00658] Step 1: To a stirred solution of 6-fluoro-3H-imidazo[4,5-bpyridine (502
mg, 3.66 mmol) from Step 2 of Example 70 in anhydrous DMF (10 mL) at 0 °C was
added in one portion sodium hydride (60% dispersion in mineral oil, 220 mg, 5.49
mmol), and the mixture was stirred at 0 °C for 30 min. To the reaction mixture was
added a solution of 6-(chioromethyi}-2-(methylthioYbenzo[dJoxazole (858 mg, 4.03
mmol) from Step 3 of Example 56 in DMF (2 mL). The mixture was allowed o warm
to rt and stir for a further 3 h. To the reaction mixture was added water and the
mixture was extracted with ethyl acetate (3 x 100 mL). The combined organic layers
were washed sequentially with water and brine, dried over MgSQy, filtered, and
concentrated under reduced pressure. The residue was purified by sitica gel flash
chromatography eluting with 30 to 50% ethyl acetate in petroleum ether to afford 6-
((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yDmethyl)-2-(methylthio)benzo[dloxazole
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(698 mg, 61%) as a white solid. The regiochemistry of the alkylation was determined
by 2-dimensional nuclear Overhauser effect (NOE) experiment. 'H NMR (300 MHz,
DMSO-ds): 6 8.71 (s, 1H), 8.41 (s, 1H), 8.07 (d, /= 6. 9 Hz, 1H), 7.68 (5, 1H), 7.58
(d, /=728 Hz, 1H), 7.35(d, J= 6.3 Hz, 1H), 5.59 (s, 2H), 2.73 (s, 3H), LCMS (EST)
m/z 315 (M+H)".

[00659]  Step 2: To a stirred solution of 6-((6-fluoro-3H-imidazof4,5-b]pyridin-3-
yhmethyl)-2-(methylthio)benzo[d]oxazole (595 mg, 1.89 mmol) from the previous
step in DCM (10 mL) at 0 °C was added 70% meta-chloroperbenzoic acid (425 mg,
2.46 mmol). The reaction mixture was stirred at 0 °C for 2 h. The reaction mixture
was washed sequentially with aq sodium sulfite and brine. The organic layer was
separated, dried over sodium sulifate, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography eluting with
50% ethyl acetate in petroleum ether to afford 6-((0-fluoro-3H-imidazo[4,5-b]pyridin-
3-yDmethyl)-2-(methylsulfinyl)benzo{dJoxazole (509 mg, 82%). 'HNMR (300 MHz,
DMSO-ds): 6 8.73 (s, 1H), 8.40 (s, 2H), 7.53 (d, /= 7.2 Hz, 1H), 7.37 (s, 1H), 7.15 (d,
J=4.5Hz, 1H), 5.69 (s, 2H), 3.18 (s, 3H); LCMS (ESI) m/z 331 (M+H)".

[63660]  Step 3: A stirred mixture of 6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethyh-2-(methylsulfinyl)benzo| dloxazole (220 mg, 0.67 mmol) from the
previous step, (1R,2R)-2-amino-cyclohexanol (152 mg,  mmol), and DIEA (259 mg,
2.01 mmol) in DMA (5 mL) was heated at 135 °C for 2 h. The reaction mixture was
cooled to rt, poured into water (30 mL), and extracted with ethyl acetate (50 mL x 3).
The combined organic layers were washed sequentially with water and brine. The
organic layer was separated, dried over sodium sulfate, filtered, and concentrated
under reduced pressure. The residue was purified directly by preparative reverse-
phase HPLC to afford (1R,2R)-2-{(6-((6-fluoro-3H-imidazo[4,5-H]pyridin-3-
ylymethyDbenzoldioxazol-2-yl)amino)cyclohexanol (68 mg, 27%) as a yellow solid.
"H NMR (300 MHz, DMSO-do): 8 8.67 (s, 1H), 8.41 (m, 1H), 8.06 (m, 1H), 7.79 (m,
1H), 7.39 (s, 1H), 7.13 - 7.15 (m, 2H), 5.48 (s, 2H), 4.67 (d, /= 3.9 Hz, 1H), 3.30 —
3.35 (m, 2H), 1.86 — 1.95 (m, 2H), 1.60 ~ 1.65 (m, 2H), 1.15 —~ 1.35 (m, 4H); LCMS
(EST) m/z 382 (M+H)",

Fxample 133
Preparation of (0 R.2IR)-2-((6-((6-brome-3H-imidazo[4.5-blpyridin-3-

yvimethvhbenzo|dIthiazef-2-vDamineievelohexvhmethanol
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[00661]  Step 1: To a stirred solution of (1R,2R)-2-aminocyclohexanecarboxylic
acid {500 mg, 3.49 mmol) in anhydrous THF (3 mL) at 0 °C was added dropwise a
solution of LAH (2M solution in THF, 7 mL, 13.99 mmol). The reaction vessel was
sealed and the mixture was stirred at 85 °C for 24 k. The mixture was cooled ta § °C
and dituted with THF (6 mL). To the reaction mixture was added sequentially water
(0.5 mL), 1M ag NaOH (0.5 mL), and water (1.5 mL). To the muxture was added
MgS0, and the mixture was stirred at rt for 10 min. The mixture was then diluted
with THF (10 mL) and filtered, and the filtrate was concentrated under reduced
pressure to afford ((1R,2R)-2-aminocyciohexyiymethanol (326 mg, 70%) as an oil. 'H
NMR (300 MHz, DMSO-d;) 8 3.27 - 3.52 (m, 3H), 2.29 (dt, /= 10.1, 4.0Hz, 1H),
1.53 - 1.78 (m, 4H), 0.98 - 1.21 {m, 4H), 0.87 (m, 1H).

[00662]  Step 2: ({1R,2R)-2-((6-((6-Bromo-3 H-imidazo[4,5-b]pyridin-3-
ylymethyl)benzojd|thiazol-2-yljamino)cyclohexyl)methanol (18 mg, 18%) was
obtained as a solid using a procedure analogous to that described in Step 5 of
Example 70, substituting 6-((6-bromo-3H-imidazol4,5-bpyridin-3-ymethyl)-2-
(methyisulfinyl)benzo[d]thiazole from Step 4 of Example 29 for 6-((6-fluoro-3H-
imidazol4,5-b]pyridin-3-yl)methyh)-2-(methylsulfinyl)benzo[d]thiazole used in
Example 70, and substituting ((1R,2R)-2-aminocyclohexyi)methanol from Step 1 of
this Example for (1R,2R)-2-aminocyclohexanol used in Example 70, 'H NMR (500
MHz, DMSO-dy) 8 8.65 (s, 1H), 848 (d, /= 2.0 Hz, 1H), 8.39 (d, /= 2.0 Hz, 1H),
8.00 (d, /= 8.4 Hz, 1H), 7.65 (d, /= 1.0 Hz, 1H), 7.28 (m, 1H), 7.22 (m, 1H), 547 (s,
2H), 4.46 (t, J= 5.4 Hz, 1H), 3.55 (br m, 1H), 3.41 (m, 1H), 3.30 (m, 1H), 1.98 (d, /=
8.9 Hz, 1H), 1.83 (d, J=10.8 Hz, 1H), 1.62 - 1.73 {m, 2H), 1.37 (m, 1H), 1.12- 1.29
(m, 4H) LCMS (EST) m/z 472, 474 (M+H)".

Example 134
Preparation of {18.2R)-2-((6-((6-(}-methvl-1 H-tetrazol-3-vi}-3H-imidazo/4.5-
blpvridin-3-vhimethvhbenzo[d]thiazol-2-v)aming)cvelobexanol
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[00663] (1R 2R)-2-((6-((6~(1-Methyl-1H-tetrazol-5-yi)-3H-imidazo[4,5-b]pyridin-
3-ylymethylbenzo[d]thiazol-2-yDamino)cyclohexanol (30 mg, 10%) was obtained as
a minor product from the reaction deseribed in Example 94, The regiochemical
assignment was consistent with the result from a NMR nuclear Overhauser effect
(NOE) experiment. "H NMR (500 MHz, DMSO-ds) 8 8.76 - 8.84 (m, 2H), 8.60 (d, .J
=2.0 Hz, 1H), 8.00 (d, /=74 Hz, 1H), 7.71 (s, 1H), 7.67 {d, /= 19.7 Hz, 1H), 7.28 -
7.35 (m, 2H), 7.20 - 7.28 (m, 2H), 5.56 (s, 3H), 4.77 (brs, 1H), 3.50 (br s, 2H), 2.03
(d, /= 11.8 Hz, 1H), 1.87 (d, /= 11.3 Hz, 1H), 1.52 - 1.69 (m, 2H), 1.08 - 1.34 (m,
4H). LCMS (EST) m/z 462 (M+H)".

Example 135
Preparation of (1R.2ZR)-2-((6-((7-(2-hvdroxvethoxv}imidazo|1.2-a|pvridin-3-

yhmethvl)benzoidjthiazol-2-vDaminc}cycichexanol

[60664] To a stirred solution of (1R,2R)-2-({6-({7-(2-methoxyethoxy)imidazo{ 1,2-
alpyridin-3-yDmethylbenzofdlthiazol-2-yl)amino)cyclohexanol (45 mg, 0.099 mmol)
from Example 153 in 2 mL of DCM at -10 °C was added BBr; in DCM (1.0 M, 110
uL, 0.11 mmol). The resulting mixfure was stirred at vt for 30 min before it was
cooled to ~10 °C and additional BBr; in DCM (1.0 M, 100 uL, 0.10 mmol) was added.
After stirring at rt overnight, BBr; in DCM (1.0 M, 100 uL, 0.10 mmol) was added
and stirring was continued for 1 d. The resulting mixture was quenched with MeOH
and the mixture was purified by reverse-phase preparative HPLC using a mixture of
water (5% CHaCN, 0.05% HCOOH) and CHaCN (0.05% HCOOH) as the mobile
phase and Varian Pursuit XRs C18 column as the stationary phase to afford(1R,ZR)-
2-({6-{(7-(2-hydroxyethoxy)imidazo[ 1,2-ajpyridin-3-yDmethyDbenzo[d]thiazol -2~
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ylamino)eyclohexanol (16 mg, 37%). 'H NMR (500 MHz, DMSO-ds) 5 8.00 (d, J =
7.9 Hz, TH), 7.91 (d, J = 7.4 Hz, 1H), 7.49 (s, 1H), 7.26 (d, /= 8.4 Hz, 1H), 7.22 (s,
1H), 7.06 (d, J = 8.4 Hz, 1H), 6.90 (d, J=2.0 Hz, 1), 6.57 (dd, J= 2.5, 7.4 Hz, 110),
479 (brs, TH), 4.22 (s, 2H), 4.02 (¢, J = 4.7 Hz, 2H), 3.72 (1, J = 4.7 Hz, 2H), 3.50 (br
s, 2H), 2.04 (d, J= 12.8 Hz, 1H), 1.87(d, J= 11.3 Hz, 111}, 1.54 - 1.68 (m, 2H), 1.10
- 1.37 (m, 4H). LCMS (EST) m/z 439 (M+H).

Example 136
Preparation of ((18.2R)-2-((6-((6-bromo-3H-imidazol4.5-b|pvridin-3-
yhimethvhbenzold]thiazol-2-viamine)evelohexvi)ymethanol

Shakes

[00665]  Step 1: ({15.2R)-2-Aminocyclohcxylymethanol (460 mg, 64%) was

obtained as a solid using a procedure analogous to that described in Step 1 of
Example 133, substituting (18,2R)-2-aminocyclohexanecarboxylic acid hydrochloride
for (1R,2R)-2-aminocyclohexanecarboxylic acid used in Example 133, "H NMR (500
MHz, DMSO-d;) 6 3.40 (m, 1H), 3.28 (dd, /= 10.6, 6.2 Hz, 1H), 3.04 (g, ./= 3.4 Hz,
TH), 1.44 - 1.58 (m, 5H), 1.23 - 1.43 {m, 6H), 1.17 (m, 1H).

[00666] Step 2: ((15,2R)-2-((6-{(6-Bromo-3H-imidazof4,5-b]pyridin-3-
yhmethyl)benzo[djthiazol-2-yl)amino)cyclohexylymethanol (7 mg, 19%) was
obtained as a solid using a procedure analogous to that described in Step 5 of
Example 70, substituting 6-((6-bromo-3/-imidazo[4,5-b |pyridin-3-ylymethyl)-2-
(methylsulfinylybenzo{dlthiazole from Step 4 of Example 29 for 6-({6-fluoro-3H-
imidazo[4,5-bpyridin-3-yhmethyl)-2-(methylsulfinyl)benzo[djthiazole used in
Example 70, and substituting ({15,2R)-2-aminocyclohexylymethanol from Step 1 of
this Example for (1R,2R)-2-aminocyclohexanol used in Example 70. *H NMR (500
MHz, DMSO-ds) 6 8.66 (s, 1H), 848 (d, /= 2.0 Hz, 1H), 8.39 (d, J= 2.0 Hz, IH),
7.92(d,J=8.4Hz 1H), 7.65(d, /= 1.0 Hz, 1H), 7.28 (m, 1H), 7.23 (m, 1H), 5.48 (s,
2H), 4.61 (brs, 1H), 4.23 (br s, 1H}, 3.27 (m, 1H), 3.21 {m, 1H), 1.81 (m, 1H), 1.74
(m, 1H), 1.63 (m, 1H), 1.39 - 1.52 (m, 4H), 1.21 - 1.37 (m, 2H); LCMS (ESI) m/z
472, 474 (M+H)",

. Example 137
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Preparation of (1R, 2R)-2-({6-((5.6-dichioro-3H-imidazo[4.5-bipvridin-3-

yDmethylihenzoldjthiazol-2-v)aminojcvelohexanol

¢l\©: p—NH  OH
N

[00667]  Step 1: 5,6-Dichloro-N-{(2-{methylthio)benzo{d]thiazol-6-ylymethyl)-3-
nitropyridin-2-amine (105 mg) was obtained as an yellow solid using a procedure
analogous to that described in Step 5 of Example 23, substituting 2,3,6-trichloro-5-
nitropyridine for 2-chioro-6-methoxy-3-nitropyridine used in Exarmple 23. LCMS
(EST) m/z 401, 403, 405 (M+H)",

[00668]  Step 2: (1R,2R)-2-((6-((5,6-Dichloro-3H-imidazo{4,5-b]pyridin-3-

vl)methyl)benzo[d]thiazol-2-y] }amino)cyclohexanol (35 mg, 31%) was obtained
using procedures analogous to those described in Step 6-9 of Example 23, substituting
3,6-dichloro-N-((2-(methylthio)benzo[d]thiazol-6-yD)methyl)-3-nitropyridin-2-amine
from Step 1 of this Example for 6-methoxy-N*-((2-{methylthio)benzo{ d]thiazol-6-
yhmethyl)pyridine-2,3-diamine used in Step 6 of Example 23, and making the
analogous substitutions in the subsequent steps. 'H NMR (500 MHz, DMSO-ds) §
$.69 (s, 1H), 8.52 (s, 1H), 798 (d,J =79 Hz, 1H), 7.63 (s, 1H), 7.30 (d, / = 8.4 Hz,
1H), 7.19 (d, /= 7.9 Hz, 1H), 5.45 (s, 2H), 4.74 (br s, 1H), 3.51 (brs, 1H), 2.03 (d, J
=11.8 Hz, 1H), 1.86 (brs, 1H), 1.52 - 1.69 (m, 2H), 1.06 - 1.34 (m, 4H). LCMS (ESI)
m/z 448, 450, 452 (M+H)".

Example 138
Preparation of (1 R.2R)-2-((6-{{5-ethoxv-1H-benzo[djimidazol-1-

vDmethvlbenzo]d]thiazol-2-yvhamino)cvelohexanol
’\~©: ,>-—NH OH

[00669] A mixturc of 1-((2-((1R.2R)-2-

hydroxycyclohexylamino)benzo{d]thiazol-6-ylymethyl)- 1 H-benzo| d]imidazol-3-ol
(80 mg, 0.20 mmol) from Example 147, iodoethane (47 mg, 0.30 mmol) and Cs,CO;
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(196 mg, 0.6 mmotl) in NMP (3.5 mL) was stirred at rt for 5 h. The mixture was added
to water and extracted with DCM. The organic layer was separated, washad
sequentially with water and brine, dried over Na,S0,, filtered, and concentrated under
reduced pressure. The residue was purified by reverse-phase preparative HPLC to
afford (1R,2R)-2-({(6-({5-ethoxy-1 H-benzold]imidazol-1-y)methyDbenzo[d]thiazol-2-
yhamino)cyclohexanol (35 mg, 42%) as a white solid. 'H NMR (300 MHz, DMSO-
ds) 8 8.30 (s, 1H), 7.96 (d, J= 7.5 Hz, 1H), 7.62 (s, 1H), 7.39 (d, /= 9.0 Hz, 1H), 7.29
(d,J=84Hz, 1H), 7.14 - 7.19 (m, 2H), 6.82 (d, /= 9.0 Hz, 1H), 5.41 (s, 2H), 4.72
(d, J=4.8 Hz, 1H), 3.97 - 4.04 (m, 2H), 3.43 - 3.54 (m, 2H), 2.03 {(m, 1H), 1.87 (m,
1H), 1.60 — 1.65 (brm, 2H), 1.32 (t, /= 13.8 Hz, 3H), 1.15 ~ 1.24 (m, 4H). LCMS
(EST) m/z 423 (M-+H)".

Example 139
Preparation of 3-(C2-({((1R.2R)2-hvdroxvevelohexvDaminolbenzo] dithiazol-6-

viimethvi-3H-imidazol4,5-bipvridine-5,6-dicarbonitrile

7N 5
O o
O

-
A
g
N
[G66676]  3-((2-(({1R,2R)-2-HydroxycyclohexyljaminoYoenzo| d fthiazol-6-
yhmethyl}-3H-imidazo{4,5-b]pyridine-5,6-dicarbonitrile was obtained as a white
powder (7 mg, 21%) using a procedures analogous to those described in Example 43,
substituting (1R,2R)-2-((6-((5,6-dichloro-3H-imidazo[4,5-b]pyridin-3-
yhmethylbenzo[d}thiazol-2-yi)amino)jcyclohexanoi from Exampie 137 for (1R,2R)-
2-((6-((6-bromo-3 H-imidazo[4.5-bIpyridin-3-yl)methyDbenzo[d]thiazol-2-
yhamino)cycliohexanol used in Example 43. 'H NMR (500 MHz, DMSO-ds) 8 9.10
(s, IH), 9.03 (s, 1H), 8.08 (d, J= 7.4 Hz, 1H), 7.66 (s, 1H), 7.27 - 7.36 (m, 1H), 7.24
(d, /=84 Hz, 1H), 5.56 (s, 2H),4.84 (br s, 1H}, 3.46 - 3.64 (m, 2H), 2.03 (d, /= 11.§
Hz, 1H), 1.87 (d,./= 10.8 Hz, 1H), 1.51 - 1.70 (m, 2F), 1.08 - 1.39 (m. 4H). LCMS
(EST) m/z 430 (M+H)".

Example 140
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Preparation of 3-((2-(((1R.2R)-2-
{(hvdrexvmethvhevclohexvl)aminolbenze[djthiazol-6-vhimethyl)-3H imidazo{4,5-
blpvridine-6-carbenitrile

AN S
. /\@i%w ~—OH
SIS

N
N

H
N

[00671]  3-((2-({(1R,2R)-2-(Hydroxymethyl)cyclohexyl)amino)benzo[ d]thiazol-6-
viymethyl)-3H-imidazo[4,5-b]pyridine-6-carbonitrile was obtained as a solid (18 mg,
19%) using a procedure analogous to that described in Example 43, substituting
((1R.2R)-2((6-((6-bromo-3H-imidazo[4,5-b]pyridin-3-ymethyl)benzo[d]thiazol-2-
ylamino)cyclohexylymethanol from Example 133 for (1R,2R)-2-((6-((6-bromo-3H-
imidazo{4,5-b]pyridin-3-yDmethyl)benzo[d}thiazol-2-yl)amino)cyclohexanol used in
Example 43. 'H NMR (500 MHz, DMSO-ds) 8 8.84 (s, [H), 8.82 (d, /= 1.5 Hz, 1H),
8.72(d, /= 1.5 Hz, 1H), 8.01 (d, /= 8.4 Hz, 1H), 7.67 (s, 1H), 7.28 (m, 1H), 7.24 (m,
1H), 5.53 (s, 2H), 4.46 (br m, 1H), 3.55 (brm, 1H}), 3.41 (d, /= 9.8 Hz, 1H), 3.30 (m,
1H), 1.98 (m, 1H), 1.83 (d, /= 10.8 Hz, 1H), 1.62 - 1.73 (m, 2H), 1.37 (m, 1H), 1.17 -
1.27 (m, 4H); LCMS (ESI) m/z 419 (M-+H)'.

Example 141
Preparation of (1R.2R)-2-({6-{{6-{1H-pvrazol-1-vI}-3H-imidaze[4,5-blpyridin-3-

vﬂmethvl)benzo{dithiazol-z-vl)amine)cvclohexanoi

[66672] To a stirred solution of Cul (14 mg, 0.0053 mmol), K2CO; (102 mg, 0.74
mmol), and pyrazole (30 mg, 0.44 mmol) in 2 mL of DMF under argon was added
(1R,2R)-2-((6-((6-iodo-3H-imidazo[4,5-b]pyridin-3-yl)methyl}benzo[d Jthiazol-2-
vlamino)cyclohexanol from Step 2 of Example 96 (150 mg, 0.30 mmol) and frans-
Nl,Nz—dimethyicyclohexanc-1,2~diamine (21 mg, 0.15 mmol). The reaction mixture
was then heated at 110 °C overnight. The mixture was cooled to rt, diluted with
MeQOH, and purificd by preparative HPLC using a mixture of water (3% CHiCN,
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0.05% AcOH) and CH3CN (0.05% AcOH) as the mobile phase and Varian Pursuit
XRs Diphenyl column as the stationary phase to afford (1R,2R)-2-((6-((6-(1H-
pyrazol-1-y1)-3H-imidazo[4,5-b]pyridin-3-yDmethybenzo[d]thiazol-2-
yl)amino)cyclohexanol (85 mg, 64%) as a white solid. 'H NMR (500 MHz, DMSO-
ds) 8 8.92 (d,/=2.0 Hz, 1H), 8.69 (s, 1H), 8.57 (d,J=2.5 Hz, 1H), 8.50(d, /=2.5
Hz, 1H), 7.96 (d, J="7.4 Hz, 1H), 7.79 (s, 1H), 7.68 (s, 1H), 7.29 (s, 1H), 7.20 - 7.27
(m, 1H), 6.58 (s, 1H), 5.52 (s, 2H), 4.74 (br s, 1H), 3.51 (brs, 1H), 2.03 {(d, /=123
Hz, 1H), 1.80 - 1.95 (m, 1H), 1.52 - 1.72 (m, 2H), 1.08 - 1.33 (m, 4H). LCMS (ESI)
n/z 446 (M+H)",

Example 142
Preparation of (1R.2R)-2-({6-(imidazo|1.2-bipvridazin-3-

vimethvDbenrzojdjoexazol-Z-vDaminolevelohexanol

O
N‘\
O

N

[00673]  Step 1: A mixture of 6-iodobenzo[dloxazol-2(3H)-one (3.2 g, 12.3
mmmol) in 30 mL of toluene was heated with Lawesson’s reagent (2.7 g, 6.7 mmol)
at 100 °C for 4 h. Solvent was then removed under reduced pressure and the residue
was coeled to 1t and dissolved in 20 mI. of DMF. To the mixture was added K,CO;
(8.4 g, 61.2 mmol) and iodomethane (2.27 mL, 36.7 mmol). The resulting mixture
was stirred at rt overnight and heated at 55 °C for 1h. After cooling to rt, the reaction
mixture was partitioned between EtOAc and water, and the organic layer was washed
with brine, dried over Nap;SQy, filtered, and evaporated under reduced pressure. The
residue was purified on by silica gel column chromatography eluting with 0-25%
EtOAc in hexanes to give 6-iodo-2-(methylthio)benzo[dloxazole as a white solid (1.5
g, 42%). LCMS (ESI) m/iz 292 (M+H) "

[00674] Step 2: Crude 2-chloro-3-(2-{(methylthio)benzo[d]oxazol-6~y1)propanal
(120 mg) was obtained using procedures analogous to those described in Steps 3-4 of
Example 117, substituting 6-iodo-2-(methyithio)benzo[d]oxazole from Step 1 of this
Example for 6-iodo-2-(methylthio)benzo|dthiazole used in Step 3 of Example 117,
and making the analogous substitution in Step 4 of Example 117. LCMS (ESI) m/z
256, 258 (M+HY".
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[00675] Step 3: (1R,2R)-2-({(6-(Imidazol1,2-blpyridazin-3-
ylmethylbenzo[d]oxazol-2-yl)amino)cyclohexanol (20 mg) was obtained as a tan
solid using procedures analogous to those described in Steps 1-3 of Example 131,
substituting 2-chloro-3-(2-(methylithio)benzo{dJoxazol-6-yDpropanal from Step 2 of
this Exampie for 2-chioro-3-(2-(methylthio)benzo[dlthiazol-6-yi)propanal used in
Step 1 of Example 131, and making the analogous substitutions in Steps 2 and 3 of
Example 131, '"H NMR (500 MHz, DMSO-ds) 8 8.53 (d, /= 3.0 Hz, 1H), 8.09 (d,J =
9.4 Hz, 1H), 7.74 (d, /=74 Hz, 1H), 7.58 (s, 1H), 7.25 (s, 1H), 7.19(dd, /= 4.4, 8.9
Hz, 1H), 7.06 - 7.13 (m, 1H), 7.03 (d, /= 7.9 Hz, 1H), 4.74 (br 5, 1H}, 4.33 (s, 2H),
1.96 (d, /= 9.4 Hz, 1H), 1.88 (d, /= 10.3 Hz, 1H), 1.63 (brs, 2H), 1.23 (d, /= 6.4
Hz, 4H). LCMS (ESD m/z 364 (M+H)".

Example 143
Preparation of 3-{(2-(((1R.2R)-2-hvdroxvevelohexvlamine)benzo[dlthiazol-6-

vhmethvl)-N-methviimidazo[1.2-bBipvridazine-6-carboxamide

= S
NmN,}.NH OH

N
N H
N
O
[60676] Step L: Ethyl 3-{((2-(methylthio)benzo[d]thiazoi-6-yl)methyl)imidazof1,2-
blpyridazine-6-carboxylate (272 mg, 54%) was obtained as a white solid using a
procedure analogous to that described in Step 6 of Example 117, substituting ethyl 6-
aminopyridazine-3-carboxylate for 2-aminoisonicotinonitrile used in Example 117.

LCMS (ESI) m/z 385 (M+H) .

[00677]  Step 2: Ethyl 3-((2-(methylthio)benzofd]thiazol-6-yl)methyl)imidazo[1,2-
b]pyridazine-6-carboxyvlate (115 mg, 0.3 mumol) was heated with 2 mL of 2.0 M
NH;Me in THF at 85 °C in a sealed tube for 1h, at 100 °C for I h, then at 110 °C
overnight. LCMS analysis showed that the reaction was complete. Solvent was
evaporated under reduced pressure, and the residue was dried in a vacuum oven to
give N-methyl-3-((2-(methylthio)benzo[d]thiazol-6-yl)methyhimidazo[1,2-
blpyridazine-6-carboxamide, which was used directly for the next step. LCMS (ESI)
m/z 370 (M),

Step 3: 3-(2-(((1R,2R)-2-Hydroxycyclohexylyaminobenzo{d|thiazol-6-ylymethyl}-
N-methylimidazo{1,2-b]pyridazine-6-carboxamide (55 mg, 42%) was obtained as a
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tan solid using procedures analogous to those described in Step S of Example 3
followed by Step 5 of Example 2, substituting N-methyl-3-({2-
{methylthio)benzo[d]thiazol-6-ylymethyl)imidazo{1,2-blpyridazine-6-carboxamide
from Step 2 of this Example for 6-((3H-imidazo[4,5-b]pyridin-3-yljmethyl)-2-
(methylthio)benzo[d]thiazole used in Example 3, and making the analogous
substitution in Step 5 of Example 2. "H NMR (500 MHz, DMSO-d;) 8 8.83 (d, J =
4.9 Hz, 1H), 8.20 (d, /= 9.4 Hz, 2H), 7.88 (d, /= 7.9 Hz, 1H), 7.60 - 7.71 (m, 3H),
7.24 -7.32 (m, 1H), 7.15 - 7.24 (m, 1H), 4.76 (br s, 1H), 4.44 (s, 2H), 3.51 (br s, 1H),
2.89 (d, J= 4.4 Hz, 3H),2.04 (d, /= 11.8 Hz, 1H), 1.87 (d, /= 11.3 Hz, lH), 1.53 -
1.72 (e, 2H), 1.09 - 140 (m, 4H). LCMS (ESI) m/z 437 (M+H)".

Example 144
Preparation of (1R 2RY-2-((6-((6-(hvdroxvmethyDimidazo{1.2-bipvridazin-3-

vimethvDbenzo[dithiazol-2-vDamino)evelohexancl

N S
Nm P—NH  OH
\N N
SRS
OH

[00678)  Step 1: (3-((2-(Methylthio)benzo[ djthiazol-6-ylymethyl)imidazo[1.2-
blpyridazin-6-yl)methanol (48 mg, 34%) was obtained as a white solid using a
procedure analogous to that described in Step 2 of Example 2, substituting ethyl 3-{(2-
(methylthio)benzo] d]thiazol-6-yDmethylimidazo| 1,2-bpyridazine-6-carboxylate
from Step 1 of Example 143 for ethyl 2-bromobenzo{d}thiazole-6-carboxylate used in
Exampic 2. LCMS (ESI) m/z 343 (M+H)".

[00679]  Step 2: (1R,2R)-2-((6-({6-(Hydroxymethylyimidazo[ 1.2-b]pyridazin-3-
yhmethyl)benzo[d|thiazol-2-ylamino)cyclohexanol (15 mg, 26%) was obtained as a
yellow powder using procedures analogous to those described in Step 5 of Example 3
followed by Step 5 of Example 2, substituting (3-{(2-(methylthio)benzo[d]thiazol-6-
ylmethylyimidazof1,2-b]pyridazin-6-ylymethanol from Step 1 of this Example for 6-
((3H-~imidazo{4,5-bpyridin-3-yl)methyl)-2-(methylthio)benzo{ d]thiazole used in
Example 3, and making the analogous substitution in Step 5 of Example 2. 'H NMR
{500 MHz, DMSO-d;s) 6 8.07 (d. J=94 Hz, 1H), 7.91 (d, /= 7.4 Hz, 1H), 7.55 (s,
iH), 7.50 (s, 1H}, 7.21 - 7.30 (m, 2H), 7.13 (d, J = 8.4 Hz, 1H), 4.79 (br s, 1H}, 4.60
(s, 2H), 4.28 (s, 2F), 3.50 (br s, 2H), 2.04 (d, 7= 11.8 Hz, 1H), 1.87 (d, /= 10.8 Hz,
1H), 1.52 - 1.70 (m, 2H), 1.66 - 1.36 (m, 4H). LCMS (ESD) m/z 410 (M+H)",
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Example 145
Preparation of (1R.2R)-2-((6-((6-(1H-1.2.4-triazol-1-v1)-3i-imidaze[4,5-

bi nvridin—i’;-vhmethvﬂbenzo[d}thiazui-i!-vl Jaming)eyclohexanol

N-../
(806807  (1R2R)-2-((6-({6-(1H-1,2,4-Triazol-1-y1}-3H-imidazof4,5-bjpyridin-3-
ylimethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol (48 mg, 45%) was obtained as a
yellow powder using a procedure analogous to that described in Example 141,
substituting 1,2,4-triazole for pyrazole used in Example 141, "H NMR (500 MHz,
DMSO-de) 6 9.30 (s, 1H), 8.89 (d,J=2.0 Hz, 1H), 8.76 (s, 1H), 8.56 (d, J=2.0 Hz,
1H), 8.29 (s, 111), 7.99 (d, /= 7.4 Hz, 1H), 7.69 (s, 1H), 7.28 - 7.34 (m, 1H), 7.17 -
7.26 (m, 1H), 5.54 (s, 2H), 4.76 (br s, 1H), 3.47 - 3.60 (m, 2H), 2.03 (d, J= 11.8 Hz,
1H), 1.86 (m, 1H), 1.52 - 1.70 (m, 2H), 1.10 - 1.34 (m, 4H). LCMS (ESI) m/z 447
(M+H)".

Example 146
Preparation of (LR.2R)-2-((6-({6-iodo-IH-imidazo]4.5-bjpvridin-3-

viimethvDbenzoldlthiazol-2-vDlamino)evelohexanol

Q’U ,>_N€:>OH

[80681] (1R,2R)-2-{(6-{(6-lodo-3H-imidazo[4,5-blpyridin-3-
yhimethyl)benzo[d}thiazol-2-yl)amino)cyclohexanol was obtained as an off-white
solid using procedures analogous to those described in Steps 4-5 of Example 3
foltwed by Step 5 of Example 2, substituting 6-iodo-3H-imidazo[4,5-bjpyridine from
Step 1 of Example 96 for 3H-imidazo[4,5-b]pyridine used in Step 4 of Example 3,
and making the analogous substitutions in Step 5 of Example 3 and Step 5 of Example
2. "H NMR (500 MHz, DMSO-ds) & 8.59 (s, 1H), 8.56 (s, 1H), .49 (s, 1H), 8.06 (d, J
=74 Hz, 1H), 7.64 (s, 1H}, 7.23 - 7.32 (m, 1H), 7.19 (d, /= 8.4 Hz, 1H), 5.46 (5,
2H), 4.84 (br s, 1H), 3.50 (brs, 2H), 2.03 (d, /= 11.8 Hz, 1H), 1.86 (d, /= 10.8 Hz,
1H), 1.53 - 1.67 (m, 2H), 1.09 - 1.36 (m, 4H). LCMS (ESI) m/z 506 (M+H)".
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Example 147
Preparatign of 1-((2-{((1R.2R)-2-hvdroxvevelehexvamino)benzoe[d] thi

azol-6-yhimethvl)-1H-benzo|dlimidarzol-S-¢l

~ s

N Nr,\@: >—NH  OH
N 2 F

HO

[00682]  Step 1: To a stirred mixture of 4-(benzyloxy)-2-nitroaniline (2.0 g, 8.2
mmol) in TFA (14 mL) at —15 °C was added sodium triacetoxyborohydride (2.84 g,
12 mmol). Then a solution of 2-{methyithio)benzo[d]thiazole-6-carbaldehyde (1.9 ¢,
9.0 mmol) from Step 1 of Example 100 in DCM (10 mI) was added dropwise. The
reaction mixture was allowed to warm to 0 °C and stir for 2 h. The mixture was
partitioned between DCM and water, The organic layer was separated and washed
sequentially with saturated aqg NaHCO; and brine, The organic layer was separated,
dried over NapSOy, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel flash chromatography eluting with a gradient of 10% EtOAc
in petroleum cther to 100% EtOAc to afford 4-(benzyloxy)-N-((2-
{methylthio)benzo[dthiazol-6-yI)methyl}-2-nitroaniline (2.3 g, 64%) as a red-brown
solid. "M NMR (300 MHz, CDCl3) 8 8.34 (s, 1H), 7.84 (d, /= 8.4 Hz, 1H), 7.72 —
777 {m, 2H}), 7.33 — 743 {m, 6H), 7.14 (m, 1H), 6.76 (d, J= 9.6 Hz, 1H), 5.02 (s,
2H), 4.64 (d, J = 5.7 Hz, 2H), 2.79 (s, 3H); LCMS (ESI) m/z 438 (M+H)",

[06683] Step 2: To a mixture of 4-(benzyloxy)-N-({2-(methylthio)benzo[d]thiazol-
6-ylmethyl)-2-nitroantline (2.8 g, 6.42 mmol)} from the previous step, HOAc (7.5
mL}), MeOH (7.5 mL) and DCM (50 mL) at 0 °C was added portionwise zinc dust
(4.25 g, 65.4 mmol). The reaction mixture was stirred at 5 °C for 1 h. The mixture
was filtered and the filtrate was diluted with DCM and washed sequentially with
water and saturated ag NaHCOs. The organic layer was separated, dried over Nay SOy,
filtered, and concentrated under reduced pressure to afford 4-(benzyloxy}-N'-((2-
(methylthio)benzo[dlthiazol-6-yl)methyl)benzene-1,2-diamine (2.49 g, 95%) as a
light orange solid which was not purified further. "H NMR (300 MHz, CDCly) 8 7.83
(d,J=84Hz, 1H), 7.77 (s, 1H), 7.26 — 7.44 (m, 7H), 6.539 (d, J= 8.4 Hz, 1H), 6.46

347



WO 2013/056670 PCT/CR2012/059983

(s, 1H), 6.38 (m, 1H), 4.97 (s, 2H), 4.34 (s, 2H), 3.54 (br s, 2H), 2.80 (s, 3H). LCMS
(EST) m/z 408 (M+H)'.

[00684]  Step 3: A mixture of 4-(benzyloxy)-N' ~((2-(methylthio)benzofd]thiazol-6-
ylmethyhbenzene-1,2-diamine (2.49 g, 6.1 mmol) from the previous step,
triethylorthoformate (60 mL), and formic acid (1.22 g) was stirred at 90 °C for 2 h.
The reaction mixture was cooled to rt, and then concentrated under reduced pressure.
The residue was purified by silica gel flash chromatography eluting with a gradient of
50% EtOAc in petroleum ether to 100% EtOAc to afford 6-((5-(benzyloxy)-1H-
benzo[dlimidazol-1-yDmethyl)-2-(methylthiobenzo[ dJthiazole (1.6 g, 62%) as a light
yellow solid. "H NMR (300 MHz, CDC1) 8 7.93 (s, 1H), 7.82 (d, J = 8.4 Hz, 1H),
7.50 (s, 1H), 7.44 —7.49 (m, 2H), 7.30 - 7.40 (m, 4H), 7.26 (m, 1H), 7.13 (d, /= 9.0
Hz, 1H), 6.98 (m, 1H), 5.41 (s, 2H), 5.10 (s, 2H), 2.77 (s, 3H); LCMS (ESI) m/z 418
(M+H)".

{00685]  Step 4: A mixture of 6-{(5-(benzyloxy)-1H-benzo[d]imidazol-1-
ylimethyl)-2-{methylthio) benzo{d]thiazole (1.6 g, 3.8 mmol) from the previous step
and meta-chloroperbenzoic acid (0.82 g, 4.75 mmol) in DCM (38 ml.) was stirred at 0
°C for 2 h. The mixture was diluted with DCM and washed sequentially with aq
NayS,04, saturated aq NaHCO;, and water, The organic layer was separated, dried
over Na,S50,, filtered, and concentrated under reduced pressure to afford 6-{(5-
(benzyloxy}-1H-benzo|d|imidazol-1-ylymethyl)-2-{methylsulfinybenzofdlthiazole
(1.58 g, 96%) as a yellow solid. 'HI NMR (300 MHz, CDCL) 8 8.02 (d, J=8.4 He,
1H), 7.96 (s, 1H), 7.76 (s, 1H), 7.44 - 7.47 (m, 2H), 7.31 - 7.40 (m, 5H), 7.12 (d, J =
8.7 Hz, 1H), 6,97 (m, 1H), 5.49 (s, 2H), 5.11 (s, 2H), 3.08 (s, 3H); LCMS (ESI) m/z
434 (M+H)",

[00686] Step 5: A stirred mixture of 6-((5-(benzyloxy)-1 H-benzo[djimidazol-1-
ylymethyl)-2-(methylsulfinyl) benzo[d]thiazole (1.48 g, 3.4 mmol) from the previous
step, (1R,2R)-2-aminocyclohexanol hydrochioride (1.29 g, 8.5 mmol), and DIEA
(2.19 g, 17 mmol) in DMA (44 mL) was heated at 138 °C for 15 h. The reaction
mixture was cooled to rt and concentrated under reduced pressure. The residue was
purified by silica gel flash chromatography cluting with 2 to 6% MeOH in DCM to
afford (1R,2R)-2-((6-((5-(benzyloxy)- 1 H-benzo|dlimidazoi-1-
yhmethyhbenzo[dthiazol-2-ylamino)cyclohexanol (0.98 g, 59%) as a yellow solid.
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"H NMR (300 MHz, CDCl3) 8 7.88 (s, 1H), 7.43 - 7.46 (m, 3H), 7.29 -7.39 (m, 4H),
7.25(s, 1H), 7.13 - 7.16 (m, 2H), 6.96 (m, 1H}, 5.75 (brs, 1T, 5.31 (s, 2H), 5.09 (s,
2H), 3.46 — 3.56 (m, 2H), 2.07 — 2.18 (m, 2H), 1.71 ~ 1.77 (m, 2H), 1.26 -1.40 (m,
4H), LCMS (EST) m/z 485 (M+H)".

[68687] Step 6: To a stirred mixture of (1R, 2R)-2-((6-((5-(benzyloxy)-1H-
benzo[d]imidazol-1-y)methyl)benzo|d]thiazol-2-yHamino)cyclohexanol (3.4 g, 7.02
mmol) in DCM (40 mL) at -30 °C was added boron tribromide (3.4 mL, 35.4 mmol).
The reaction mixture was stirred at -30 °C for 2 h. To the mixture was added water
and the pH was adjusted to 8 with aq NH4OH. The precipitate was collected by
filtration to give a hight yellow solid (2.45g). A portion of this solid (150 mg) was
purified directly by reverse-phase preparative HPLC to afford 1-((2-(((1R,2R)-2-
hydroxycyclohexyDaminobenzo[djthiazel-6-yDmethyl)- 1 H-benzo[ dHimidazoi-5-ol as
a white solid (54 mg). "H NMR (300 MHz, DMSO-ds) 5 8.98 (s, 1H), 8.22 (s, 1H),
7.93(d,J=7.5Hz, 1H), 7.61 (s, 1H), 7.30 (s, 1H), 7.27 (s, 1H), 7.17 (m, TH), 6.94 (s,
1H), 6.69 (m, 1H), 5.37 (s, 2H), 471 (d, J= 5.4 Hz, 1H), 3.53 (m, 1H), 3.36 (m, 1H),
2.03 (m, 1H), 1.88 (m, 1H), 1.60—1.63 (m, 2H), 1.15 - 1.29 (m, 4H). LCMS (EST)
m/z 395 (M+HY".

Example £48
Preparation of (1R 2R}-2-({6-((5.7-difluoro-1H-benzoldlimidazol-1-

vhimethvilbenzoldlthiazol-2-vhamine)cvelohexanol

’\@ >—NH on
o

[00688]  Step 1: 2,4-Difluoro-N-((2-(methylthio)benzo[ d]thiazol-6-yhmethyl)-6-
nitroaniline (0.8 g, 73%) was obtained as a yellow solid using a procedure analogous
to that described in Step 1 of Example 127, substituting 2,4-difluoro-6-nitroaniline for
4-methyl-2-nitroaniline used in Example 127. 'H NMR (300 MHz, CDCl:) 8 7.84 (d,
J=8.1Hz, 1H), 7.70 — 7.74 (m, 2H), 7.36 (dd, /= 8.4, 1.8 Hz, 1H), 7.05 (m, 1H),
4.78 (d, J= 3.6 Hz, 2H), 2.79 (s, 3H); LCMS (ESD m/z 368 (M + H)',

[00689]  Step 2: 4,6-Difluoro-N'-((2-(methylthio)benzo[ d]thiazol-6-

yiymethyl)benzene-1,2-diamine (0.29 g, 91%) was obtained as a yellow solid using a

procedure analogous to that described in Step 2 of Example 130, substituting 2,4-
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difluoro-N-({2-(methylthio)benzo[djthiazol-6-ylymethyl)-6-nitroaniline from Step 1 of
this Example for N-{(2-(methylthio)benzo[dlthiazol-6-ylmethyl)-2-nitro-4-
trifluoromethyt)aniline used in Example 130. 'H NMR (300 MHz, CDCl3) § 7.79 (d, J
=8.4 Hz, 1H), 7.70 (s, 1H), 7.35(dd, J = 8.7, 1.8 Hz, 1H), 6.18 - 6.24 (m, 2H), 4.20
(br s, 2H), 4.13 (s, 2H), 2.79 (s, 3H); LCMS (ESI) m/z 338 (M + )"

[60690]  Step 3: 6-((3,7-Difluoro-1H-benzo[djimidazol-1-y)methyl)-2-
(methylthio)benzo[d]thiazole (0.18 g, 59%) was abtained as a yellow solid using a
procedure analogous to that described in Step 3 of Example 130, substituting 4,6-
difluoro-N'-((2-(methylthio)benzo|d]thiazol-6-y1) methyl)benzene-1,2-diamine from
Step 2 of this Example for N'-((2-(methylthio)benzo[d]thiazol-6-yl)methyl)-4-
(trifluoromethyl)benzene-1,2-diamine used in Example 130, LCMS (ESI) n/z 348
(M-+H)".

[06691]  Step 4: 6-((5,7-Difluoro-1H-benzofdlimidazol-1-ylymethyl)-2-
(methylsulfinyl)benzo[d]thiazole (0.17 g, 90%) was obtained as a yellow solid using a
procedure analogous to that described in Step 4 of Example 130, substituting 6-((5,7-
diftuoro-1H-benzo[ dlimidazol-1-y)methyl)-2-(methyithio)benzo[dithiazolc from
Step 3 of this Example for 2-(methylthio)-6-((5-(trifluoromethyl)-1.H-
benzo[dlimidazol-1-yDmethyl)benzo[dlthiazole used in Example 130. 'H NMR (300
MHz, CDCl;) 6 8.01 ~8.05 (m, 2H), 7.81 (s, 1H), 7.41 (dd.,./ = 8.7, 1.8 Hz, 1H), 7.32
(dd,.J = 9.0, 2.1 Hz, 1H), 6.80 (t, J = 9.6 Hz, 1H), 5.64 (s, 2H), 3.06 (s, 3H); LCMS
(EST) m/z 364 (M+H)'.

{60692] Step 5: ((E.R,Z.R}-2-({6-((S,7-Diﬂuoro—lH-benzo{d]imidazoi—l-yl)
methylYoenzofdithiazol-2-yl)amino)cyciohexanol (65 mg, 34.5%) was obtained as a
yellow solid using a procedure analogous to that described in Step 5 of Example 130,
substituting 6-((3,7-difluoro-1H-benzo{dlimidazol-1-ylmethyl)-2-
(methylsulfinylbenzo[dJthiazole from Step 4 of this Example for 2-(methylsulfinyl)-
6-((5-(trifluoromethyl)-1H-benzo{ d]imidazoi-1-yl)methyl)benzo|djthiazole used in
Example 130. 'H NMR (300 MHz, DMSO-ds) 8 8.51 (s, 1H), 7.95 (d,J = 7.8 Hz,
IH), 7.54 (s, 1H), 7.36 (dd, J = 9.3, 1.5 He, 1H), 730 (d, J = 8.1 Hz, 1H), 7.06 - 7.15
{m, 2H), 5.51 (s, 2H}, 4.71 (d, J = 5.1 Hz, 1H), 3.53 (m, 1H), 3.33 (m, 1H), 2.03 (m,
1H), 1.87 (m, 1), 1.59 - 1.63 (m, 2H), 1.14 — 1.29 (m, 4H); LCMS (ESI) m/z 415
(M+H)".
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Example 149
Preparation of (1R.2R)-2-((6-((5-(trifluoromethoxv)-1 H-benzoldlimidazol-1-vH)

methvlybenzol|d]thiazol-2-vilamino)cvelohexanol
/\QE ,>——NH OH

FsCO
[00693]  Step 1: N-({2-(Methylthio)benzo[dJthiazol-6-yhimethyl)-2-nitro-4-

(trifluoromethoxy)aniline (0.85 g, 51%) was obtained as a yellow solid using a
procedure analogous to that described in Step 1 of Example 127, substituting 2-nitro-
4-(trifluoromethoxy)aniline for 4-methyl-2-nitroaniline used in Example 127. 'H
NMR (300 MHz, CDCl3) 8 8.49 (brs, 1H), 828 (d, /= 0.6 Hz, 1H), 7.94 (d, /= 3.0
Hz, 1H), 7.84 (s, 1H), 7.38 (dd, /= 8.4, 1.5 Hz, 1T), 7.29 (m, 1H), 6.83 (d,./ = 9.0
Hz, 1H), 4.66 (d,./= 5.7 Hz, 2H), 2.79 (s, 3H), LCMS (EST) m/z 416 (M + H)".

[60694] Step 2: Nl—((2—(Meth.ylthio)benzo[d]thiazol~6-y])methyi)—4—
(trifluoromethoxy)benzene-1,2-diamine (0.69 g, 88%) was obtained as a yellow solid
using a procedure analogous to that described in Step 2 of Example 130, substituting
N-((2-(methylthio)benzo[ d]thiazol-6-ylymethyl)-2-nitro-4-(trifluoromethoxy)aniline
from Step 1 of this Example for N-((2-(methylthio)benzo[d]thiazol-6-yl)methyl)-2-
nitro-4-trifluoromethyaniline used in Example 130. "H NMR (300 MHz, CDCl3) 8
7.83 (d,J= 8.4 Hz, 1H), 7.75 (s, 1H), 7.41 (dd, /= 8.4, 1.5 Hz, 1H), 6.54 — 6.65 (m,
4H}), 4.35 (s, 2H), 3.48 (br s, 2H), 2.77 (s, 3H); LCMS (ESID m/z 386 (M + H)".

[60695]  Step 3: 2-(Methylthio)-6-((5-{trifluoromethoxy)-1H-benzo[dJimidazol-1 -
yl) methyl)benzo{d]thiazole (0.55 g, 79%) was obtained as a yellow solid using a
procedure analogous to that described in Step 3 of Example 130, substituting N -((2-
{methylthio)benzo[d]thiazol-6-ylymethyl}-4-(trifluoromethoxy)benzene-1,2-diamine
from Step 2 of this Example for N'-((2-(methylthio)venzo[d]thiazol-6-yD)methyl)-4-
(triflucromethyl)benzene-1,2-diamine used in Example 130. '"H NMR (300 MHz,
CDCl3) 6 8.03 (s, 1H), 7.83 (d, /=84 Hz, 1H), 7.70 (s, 1H), 7.52 (s, 1H), 7.22 - 7.28
(m, 2H), 7.13 (m, 1H), 5.45 (s, 2H), 2.78 (s, 3H); LCMS (ESD) m/z 396 (M + H)Y".

[00696]  Step 4: 2-(Methylsulfinyl}-6-((5-(trifluoromethoxy)-1H-benzo[dlimidazol-
1-yl)methyl)benzo|djthiazole (0.55 g, 96%) was obtained as a yellow solid using a
procedure analogous to that described in Step 4 of Example 130, substituting 2-
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(methylthio)-6-((5-(trifluoromethoxy)-1H-benzo[dlimidazol-1-y1)
methyDbenzo[d}thiazole from Step 3 of this Example for 2-(methyithio)-6-((5-
(trifluoromethyl}-1 H-benzo[dlimidazol-1-yl)methyl)benzofdithiazole used in
Example 130, 'H NMR (300 MHz, CDCls) 8 8.08 (s, 1H), 7.04 (¢, J = 8.4 Hz, 1H),
7.79 (s, TH), 7.71 (8, 1H), 7.38 (dd, /= 8.4, 1.8 Hz, 1H), 7.24 (m, 1H), 7.13 (m, 1H),
5.52 (s, 2H), 3.06 (s, 3H); LCMS (ESD) m/z 412 (M + H)".

{80697}  Step 5: (1R,2R)-2-((6-{(5-(Trifluoromethoxy)-1 H-benzo[d]imidazol-1-yl)
methyl)benzo[dfthiazol-2-yl)amino)cyclohexanol (65 mg, 35%) was obtained as a
white solid using a procedure analogous to that described in Step 5 of Example 130,
substituting 2-(methylsuifinyl)-6-((5~(trifluoromethoxy)-1H-benzo[d]imidazol-1-
ylymethyl)benzo|d] thiazole from Step 4 of this Example for 2-(methylsulfiny1)-6-((5-
(trifluoromcthyl)-1H-benzo[d]imidazol-1-y methy)benzo[d]thiazole used in
Example 130. 'H NMR (300 MHz, DMSO-ds) § 8.54 (s, 1H), 7.93 (d, J = 6.6 Hz,
1H), 7.65 —7.75 (m, 3H), 7.30 (d, J= 8.1 Hz, 1H), 7.21 - 7.26 (m, 2H), 5.50 (s, ZH),
4,69 (d,JJ= 5.1 Hz, 1H), 3.51 (m, 1H), 3.40 (m, 1H), 2.01 (m, 1H), 1.85 (m, 111}, 1.57
— 1.60 (m, 2H), 1.20 — 1.23 (m, 4H); LCMS (ESI) m/z 463 (M + H)".

Example 150
Preparation of (1R 2R)-2-((6-((6-methoxvimidaze[1.2-b|pyridazin-3-yhimethvl)

benzoldlthiazol-2-vhaminolevelehexanol

S
NG N,>—-NH OH

e

[00698]  Step 1: A stirred mixture of 2-chloro-3-(2-(methylthio)benzo[d]thiazol-6-
vl)propanal from Step 4 of Example 117 (600 mg, 2.2 mmol) and 6-
methoxypyridazin-3-amine (550 mg, 4.4 mmol) in |-butanol (20 mL) was heated at
reflux overnight. The mixture was cooled to rt and water (40 mL) was added. The
mixture was extracted with E#OAc (20 mLx 3). The combined organic layers were
washed with brine, dried over Na,SQ,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography eluting with
50: 1 to 20: 1 DCM/MeQR to afford 6-({6-methoxyimidazo[1,2-b]pyridazin-3-
ylymethyl)-2-(methylthio)benzo[thiazole as a light brown solid (500 mg, 66%). 'H
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NMR (300 MHz, CDCls) § 7.79-7.73 (m, 2H), 7.67 (d, J = 1.2 Hz, 1H), 7.43 (s, 1H),
738 (dd, J = 1.5, 8.4 Hz, 1H), 6.64 (d, J = 9.6 Hz, 1H), 4.33 (s, 2H), 3.94 (s, 3H),
2.78 (s, 3H). LCMS (ESI) m/z 343 (M+H)".

[06699] Step 2: To a solution of 6-({6-methoxyimidazo[1,2-b]pyridazin-3-
yhmethyl)-2- (methylthio}benzo[dlthiazole (500 mg, 1.46 mmol) in DCM (30 mL)
was added m-CPBA (314 mg, 1.82 mmol) at 0 °C. The reaction mixture was stirred
for 2 h at 0 °C, then aq Na;SO; (15 mL) was added and the mixture was stirred for 0.5
h. The organic layer was separated, dried over Na;SQOy, filtered and concentrated
under reduced pressure. The residue was purified by silica gel chromatography
eluting with 30: 1 to 20: 1 DCM/MeOH to afford 6-((6-methoxyimidazof1,2-
blpyridazin-3-y)methyl) -2-(methylsulfinyl)benzo[d]thiazole as a yellow solid
(500 mg, 95%). 'H NMR (300 MHz, CDCly) 8 7.99-7.93 (m, 2H), 7.76 (d, J = 9.6
Hz, 1H), 7.53 (dd, J= 1.5, 8.4 Hz, 1H), 7.46 (s, 1H), 6.65 (d, /= 9.3 Hz, 1H), 4.42 (5,
2H), 3.94 (s, 3H), 3.06 (s, 3H). LCMS (EST) m/z 359 (M+H)".

[06700] Step 3: A mixture of 6-((6-methoxyimidazol1,2-bipyridazin-3-
ylmethy)-2- (methylsulfinyl)benzo[d]thiazole (320 mg, 0.89 mmol), (1R,2R)-2-
amino cyclohexanol (308 mg, 2.68 mmol) and DIEA (231 mg, 1.79 mmol) in NMP
{11 mL) was stirred for 1 d at 140 °C. The mixture was cooled to rt and water (50 mL)
was added. The mixture was extracted with EtOAc (30 mLx3), The combined
organic layers were washed with brine, dried over Na>S0y, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 50: 1 to 10: 1 DCM/MecOH, then further purified
by preparative HPLC to afford (1R,2R)-2-((6-({6-methoxyimidazo{1,2-
blpyridazin-3-yl)methyl)benzo[d]thiazol-2-yl)amino)cyclohexanol as a brown
solid (120 mg, 33%). 'H NMR (300 MHz, DMSO-ds) 8 7.97 (d, J = 9.6 Hz, 1H),
7.83 (4, J= 7.5 Hz, IH), 7.61 (s, 1H), 7.44 (s, 1H), 7.26 (¢, /= 8.4 Hz, 1H), 7.18 (d, J
=99 Hgz, 1H), 6.82(d, J=9.6 Hz, 1H), 4.72 (d, /= 5.4 Hz, 1H), 4.23 (s, 2H), 3.95 (s,
3H), 3.52-3.49 (m, 1H), 3.39-3.36 (m, 1H), 2.05-2.01 (m, 1H), 1.50-1.86 (m, 1H),
1.65-1.59 (m, 2H), 1.28-1.14 (m, 4H). LCMS (EST) m/z 410 (M+H) .

Example 151
Preparation of (1R.2R}-2-((6-((S-methoxv-1H-benzold]imidazol-1-vIimethvhiben

roldloxazel-2-vDamine}velohexanol
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[60701] Step 1: To a solution of 4-methoxy-2-nitroaniline (500 mg, 2.99 mmol)
and TFA (3.07 mL) in DCM (15 mL) at 5 °C was added NaBH{OAc): (1.9 g, 8.97
mmol). To the resulting mixture at 0 °C was added a solution of 2-
(methylthio)benzo[dloxazole-6-carbaldehyde (630 mg, 3.29 mmol) in DCM (10 mL),
and. the mixture was stirred at 0 °C for 2 h. The reaction mixfure was diluted with
DCM and washed sequentiaily with H,0O, aq NaHCO; and brine. The organic layer
was dried over Na,SO, and concentrated under reduced pressure to give 4-methoxy-
N-{(2-(methylthio)benzo[d]oxazol-6-ylymethyl)-2-nitroaniline as a light brown solid
(1.08g, quantitative). "H NMR (300 MHz, DMSO-ds) & 8.62 (1, 1H), 7.64 (5, 1H),
7.58(d,/= 8.4 Hz, 1H), 7.52 (s, |H), 7.37 {d,/=9.3 Hz, 1H), 7.18 (d, /= 6.0 Hz,
1H), 6.93 (d,.J = 9.3 Hz, 1H), 4.71 (d, /= 5.7 Hz, 1H), 3.72 (s, 3H), 2.75 (s, 3H).
LCMS (EST) m/z 346 (M+H)".

[60762]  Step 2: To a stirred solution of 4-methoxy-N-((2-
{methylthio)benzo[d]oxazol-6-yl) methyl)-2-nitroaniline (1.07 g, 3.11 mmol), HOAc
(3.7 mL) and MeOH (3.7 mL) in DCM (40 mL) at 0 °C was added zinc dust (2.02 g,
31.1 mmol) portionwise. After stirring for 2 h, the mixture was filtered. The filtrate
was washed with aq NaHCOs and brine, dried over Na,SQs and concentrated under
reduced pressure to give 4-methoxy-N'-((2-(methylthio)benzo[djoxazol-6-
yDmethyl)benzene-1,2-diamine (775 mg, 79.1%). "H NMR (300 MHz, DMSO-dg) &
7.60 (s, IH), 7.55 (d, J= 8.4 Hz, 1H), 7.35 (d, /= 9.6 Hz, 1H), 6.26 (d, /= 8.1Hz,
1H), 6.21 (s, 1H), 5.97 (d, J = 9.0 Hz, 2H), 4.74 (t, 1H), 4.68 (s, TH), 431 (d,J=5.7
Hz, 1H), 3.35 (s, 3H), 2.74 (s, 3H). LCMS (ESI) m/z 316 (M+H)",

[00703]  Step 3: A solution of 4-methoxy-N'-{(2-(methylthio)benzo[d|oxazol-6-
yhmethyl) benzene-1,2-diamine (755 mg, 2.40 mmol) in triethoxymethane (8 mL)
and HCOOH (0.2 mL) was stirred at 90 °C for 40 min. The reaction mixture was
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:2 petroleum ether/ethyl acetate to give 6-({5-methoxy-
1H-benzo[dlimidazol-i- yDmethyl)-2-(methylthio)benzo[d]oxazole as a light brown
solid (683 mg, 87.6%). "H NMR (300 MHz, DMSO-ds) § 8.36 (s, 1H), 7.66 (s, 1H),
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7.58(d,.J= 7.8 Hz, 1H), 7.43 (d, J= 9.0 Hz, 1H), 7.30 (d, J= 6.6 Hz, 1H), 7.16 (s,
1H), 6.82 (d, J = 6.6 Hz, 1H), 5.54 (s, 2H), 3.75 (s, 3H), 2.73 (s, 3H). LCMS (ESD)
miz 326 (M+H)",

[00764]  Step 4: A solution of 6-((5-methoxy-1H-benzo{d]imidazol-1-y)methyl)-2-
(methyi thio)benzo{djoxazole (683 mg, 2.1 mmol) and m-CPBA (471 mg, 2.7 mmol)
in DCM {10 mL) was stirred at 0 °C for 3.5 h. The reaction mixture was washed with
aq Na;S,0; and brine. The organic layer was dried over Na;SQy, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:1 petroleum ether/ethyl acetate to give 6-((5-methoxy-
1H-benzo[dlimidazol-1 -yl ymethyl}-2-(methylsulfinylYbenzol[dloxazole (453 mg,
63.6%) as a yellow solid. "H NMR (300 MHz, DMSO-de) & 8.40 (s, 1H), 7.88 (m,
2H3, 7.4 4 (m, 2H), 7.18 (8, 1H), 6.83 (s, 1H), 5.63 (5, 2H), 3.75 (s, 3H}, 3.18 (s, 3H).
LCMS (ES1) m/z 342 (M+H)".

[00705]  Step 5: A mixture of 6-({5-methoxy-1H-benzo]djimidazol-1-ylymethyf)-2-
(methylsulfinyl)benzo{dloxazole (450 mg, 1.32 mmol), (1R,2R)-2-aminocyclohexanol
(228 mg, 1.98 mmol) and DIEA (341 mg, 2.64 mmol) in DMA (10 mL) was stirred at
120°C for 1.5 h. The reaction mixture was cooled to 1t and poured into water (30 mL)
and the resulting mixture was extracted with cthyl acetate (30 mLx 3). The combined
organic layers were washed with water and brine, dried over Na;SO;, filtered and
concentrated under reduced pressure. The residue was purified by preparative HPLC
to give (1R, 2R)-2-({6-((5-methoxy- 1 H-benzo[d}imidazol-1-
ylmethyl)benzo[d]oxazol-2-yl)amino)cyclohexano! as a white solid (153 mg, 29.9%).
"HINMR (300 MHz, DMSO-dg) 6 8.32 (s, 1H), 7.80 (d, J= 7.8 Hz, 1H), 741 (d, /=
8.7 Hz, 1H), 7.33 (s, 1H), 7.16-7.08 {m, 3H), 6.82 (dd, /= 2.4, 8.7 Hz, 1H), 542 (s,
2H), 4.68 (d, /= 4.5 Hz, 1H), 3.75 (s, 3H), 3.35 (br s, 2ZH), 1.90 (m, 2H}, 1.62 (br s,
2H), 1.22 (br s, 4H). LCMS (ESI) m/z 393 (M+H)".

Example 152
Preparation of (1LR.2ZR}-2-{{6~({6~-methoxv-1H-benzoldlimidazol-1-viimethvi

henzojdloxazel-2-vl}aminc)evelohexanol

o~ G
N NA@}—NH OH
T ale

o
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[60706] Step 1: To a solution of 3-methoxy-2-nitroaniline (500 mg, 2.99 mmol)
and TFA (3.07 mL) in DCM (15 mL) at § °C was added NaBH{OAc); (1.9 g, 8.97
mmol). To the resulting mixture at 0 °C was added dropwise a solution of 2-
(methylthio)benzo[d]oxazole-6-carbaldehyde (630 mg, 3.29 mmol) in DCM (10 mL)
and . the mixture was stirred at 0 “C for 2 h. The reaction mixture was diluted with
DCM and washed with HO, ag NaHCO: and brine. The organic layer was dried over
Na,S04 and concentrated under reduced pressure to give S-methoxy-N-{(2-
(methylthioYbenzo| djoxazol-6-ylmethyl)-2-nitro aniline as a light brown solid {1.06
g, 100%). '"H NMR (300 MHz, DMSO-ds) 3 8.90 (t, 1H), 8.04 (d, J= 8.7 Hz, 1H),
7.68 (s, TH), 7.60 (d, J = 8.4 Hz, IH), 7.41 (d, /= 7.5 Hz, 1i), 6.28-6.32 (m, 2H),
473 (d,J =6 Hz, 2H), 3.72 (s,3H), 2.74 (s, 3H). LCMS (ESID) m/z 345 (M+H)".

[00707] Step 2: To a stirred solution of S-methoxy-N-((2-
{mcthylthio)benzofd]oxazol-6-yD) methyl)-2-nitroaniline (1.05 g, 3.05 mmol), HOAc
(3.6 mL) and methnol (3.6 mL) in DCM (40 mL} at 0 °C was added zinc dust (1,98 g,
30.5 mmol) portionwise. After stitring for 2 h, the mixture was filtered. The filtrate
was washed with aq NaHCO; and brine, dried over Na;SO,4 and concentrated under
reduced pressure to give 5~meth0xy~N] ~{(2-(methylthioybenzo[d]oxazol-6-
yDmethylbenzene-1,2-diamine as a light yellow solid (920 mg, 95.7%). 'H NMR
{3006 MHz, DMSO-ds) 8 7.55-7.60 (m, 2H), 7.35(d, /=78 Hz, 1H), 647 (d,./= 8.1
Hz, 1H), 5.93-5.99 (m, 2H), 5.32 (t, 1H), 4.38 (d, /= 5.7 Hz, 2H), 4.13 (s, 2H), 3.50
(s, 3H), 2.74 (s, 3H). LCMS (ESI) m/z 316 (M+HY"

[00708]  Step 3: A mixture of 5-methoxy-N'-({(2-(methylthio)benzo[dJoxazol-6-
ylimethyl) benzene-1,2-diamine (920 mg, 2.92 mmol), tricthoxymethane (8.8 mL)
and HCOOH (0.2 mL) was stirred at 90 °C for 40 min. The reaction mixture was
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:2 petroleum cther/cthyl acetate to give 6~((6-methoxy-
1H-benzo[d]imidazol-1-ylymethyl)-2-{methyithio)benzo[d]oxazole as a light brown
solid (799mg, 84.1%). '"H NMR (300 MHz, DMSO-ds) & 828 (s, 1H), 7.68 (s, 1H),
7.59 (d,J=8.1Hz, 1H),7.52(d, /= 9.0 Hz, 1H), 7.33 (d, /= 6.6 Hz, 1H), 7.15 (s,
1H), 6.80 (d, /= 6.6 Hz, 1H), 5.54 (s, 2H), 3.75 (s, 3H), 2.73 (s, 3H). LCMS (ESI)
m/z 326 (M)
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[00709] Step 4: A solution of 6-((6-methoxy-1H-benzo[d}imidazol-1-ylymethyl)-2-
{methyi lthio)benzo[d]oxazole (799 mg, 2.46 mmol) and m-CPBA (351 mg, 3.20
mmol) in DCM (18 mL) was stirred at 0 °C for 3.5 h. The reaction mixture was
washed with aqueous Na,S,0; and brine. The organic layer was dried over Na;SOy
and concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:1 petroleum ether/ethyl acetate to give 6-((6-methoxy-
1H-benzo|d]imidazoi-1-ylymethyl)-2-(methylsulfinylybenzo[d]oxazole as a light
yellow solid (697 mg, 74.9%). 'H NMR (300 MHz, DMSO-ds) & 8.34 (s, 1H), 7.87-
7.92 {m, 2H), 7.47-7.55 (m, 2H), 7.16 (s, 1H), 6.82 (d, J = 5.4 Hz, 1H), 5.63 (s, 2H),
3.75 (s, 3H), 3.18 (s, 3H). LCMS (ESI) m/z 342 (M+H)".

[06710] Step 5: A mixture of 6-((6-methoxy-1H-benzo{d]|imidazol-1-ylymethyl)-2-
(methyl sulfinyl)benzo[d]oxazole (595 mg, 1.74 mmol), (1R,2R)-2-
aminocyclohexanol (301 mg, 2.6 mmol) and DIEA (449 mg, 3 48 mmol) in DMA (12
mL) was stirred at 120 °C for 1.5 k. The reaction mixture was cooled to rt, poured into
water (30 mL) and extracted with ethy! acetate (30 mLx3). The combined organic
layers were washed with brine, dried over Na,SO,4 and concentrated under reduced
pressure. The residue was purified by preparative HPLC to give (1R, 2ZR)-2-((6-((6-
methoxy-1H-benzo[dlimidazol-1-yl)methylyoenzo[djoxazol-2-yhamino)cyciohexanol
as a white solid (198 mg, 29.0%). 'H NMR (300 MHz, DMSO0-d,) 5 8.24 (s, 1H), 7.80
(d, J= 6.9 Hz, 1H), 7.50 (d, J= 8.7 Hz, 1H), 7.36 (s, 1H), 7.14 (s, 3H), 6.80 (dd, J =
2.4,9.0 Hz, 1H), 5.42 (s, 2H), 4.68 (d, J = 3.3 Hz, 1H), 3.76 (s, 3H), 3.33 {br s, 2H),
1.89 (br s, 2H), 1.62 (br s, 2H), 1.22 (br s, 4H). LCMS (ESI) m/z 393 (M+H)'.

Example 153
Preparation of (1 R.28}-2-({(6-((7-(2-methoxvethoxviimidazo[}.2-alpvridin-3-

viymethvl}benzo]dithiazol-2-vhamino)cyclohexanol
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[00711]  Step 1: (1R,2R)-2-((6-lodobenzo[d]thiazol-2-yl)amino)cyclohexanol (1.9
g, 81%) was obtained as a yellow solid using procedures analogous to those described
in Step 5 of Example 3 followed by Step 5 of Example 2, substituting 6-iodo-2-
(methylthio)benzo[d]thiazole (Ref: US2009/163464 AL, 2069) for 6-((3H-
imidazo[4,5-b]pyridin-3-yl)methyl)-2-(methylthio)benzo[d]thiazole used in Example
3, and then making the analogous substitution in Step 5 of Example 2. LCMS (ESI)
miz 375 (M+H)".

[06712] Step 2: Crude 2-chloro-3-(2-(({1R,2R}-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-yl)propanal (180 mg) was obtained as a
vellow oil using procedures analogous to those described in Steps 3-4 of Example
117, substituting (1R,2R)-2-((6-iodobenzo[d]thiazol-2-yHamino)cyclohexanol from
Step 1 of this Example for 6-iodo-2-(methyithio)benzo{d]thiazole used in Step 3 of
Example 117, and making the analogous substitution in Step 4 of Example 117,
LCMS (EST) m/z 339, 341 (M+H)". In the same reaction, 2-chloro-3-(4-chloro-2-
{({1R,2R)-2-hydroxycyclohexyl)amino}benzo[d]thiazol-6-yl)propanal was also

present as a minor product,

[00713]  Step 3: (1R,2R)-2-((6-((7-(2-Methoxyethoxy)imidazo[ 1,2-a]pyridin-3-
ylymethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol (28 mg, 18%) was obtained as a
yellow powder using a procedure analogous to that described in Step 6 of Example
117, substituting 4-(2-methoxyethoxy)pyridin-2-amine (Ref: WQO2008/121687 A2,
2008) for 2-aminoisonicotinonitrile, and 2-chioro-3-(2-(((1R,2R)-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-yl)propanal from Step 2 of this Example
for 2-chloro-3-(2-(methylthio)benzo[dthiazol-6-ylypropanal used in Example 117. 'H
NMR (500 MHz, DMSO-ds) 6 8.00 (d,./= 7.4 Hz, 1H), 7.89 (d, /= 7.4 Hz, 1H), 7.49
(s, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.23 (s, 1H), 7.06 (d, J= 7.9 Hz, 1H), 6.92 (d, /=
2.5 Hz, 1H), 6.58 (dd, J= 2.5, 7.4 Hz, 1H),4.77 (d, /= 5.9 Hz, 1H), 422 (s, 2H),
4,07 - 4,16 (m, 2H), 3.60 - 3.72 (m, 2H), 3.50 (brs, 2H), 3.30 (s, 3H), 2.04 (d, /=
12.3 Hz, 1H), 1.87 (¢, /= 11.8 Hz, 1H), 1.53 - 1.71 {m, 2H), 1.06 - 1.36 (m, 4H}.
LCMS (ESI) m#z 453 (MATT)".

Exampie 154
Preparation of (1R.2R)-2-({6-((3H-imidazo[4.5-blpvridin-3-vI)methyi)-5-

fluorobenzo|d]thiazol-2-vilamino)evelohexanol
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100714]  Step 1: A mixture of 4-amino-2,5-difluorobenzonitrile (1.0 g, 6.5 mmol)
and O-cthylxanthic acid potasstum salt (1.2 g, 7.8 mmol} in DMF (15 ml.) was heated
at reflux for 6 h. The mixture was cooled to 1t and partitioned between EtQOAc (200
mL) and T M aq Na,CO; (100 mL). The organic layer was separated and the aqueous
layer was extracted with additional EtOAc (2 = 200 mL). The combined organic
layers were washed with brine (100 mL), dried over Mg;SO, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with 2% MeOH in DCM to afford 6-cyano-3-
fluorobenzo(d]thiazole-2-thiolate potassium salt (1.94 g) as an orange solid. LCMS
(ESD) m/z 211 (M+H)".

[00715]  Step 2: 5-Fluoro-2-(methylthio)benzo{d}thiazole-6-carbonitrile was
synthesized as an orange solid (1.2 g, 86%) using a procedure analogous to that
described in Step 2 of Example 114, substituting 6-cyano-5-fluorobenzo]d]thiazole-2-
thiolate potassium salt from the previous step for ethyl 2-mercaptothiazolo[4,5-
Blpyridine-6-carboxylate potassium salt used in Example 114, '"H NMR (300 MHz,
DMSO-ds) 8 8.67 (d, /= 6.4 Hz, 1H}, 8.01 (d, /= 10.5 Hz, 1H), 2.84 (s, 3H); LCMS
(ES1) m/z 225 (M+H)".

[00716] Step 3: To a stirred mixture of 5-fluoro-2-(methyithio)benzo[dlthiazole-6-
carbonitrile in anhydrous THF (20 mL) at —20 °C under argon was added dropwise
lithium aluminum hydride (2 M solution in THF, 11.7 mL, 5.9 mumol). After 1 h,
water (500 uL) and 1 M ag NaOH (500 nl) were added stowly to the reaction
mixture, After 5 minutes, additional water (2 mL} was added and the mixture was
stirred at rt for 30 minutes. The mixture was filiered and the filtrate was concentrated
under reduced pressure. The residue was purified by silica gel flash chromatography
eluting with 5% MeOH in CH:Cl; to afford (5-fluoro-2-(methylthio)benzo{d|thiazol-
6-yDmethanamine (128 mg, 29%) as a colorless oil. "H NMR (500 MHz, DMSO-ds) 8
8.07 (d,J=7.1Hz, 1H), 7.64 (d,J= 11.1 Hz, 1H}, 3.83 (s, 2H), 2.78 (s, 3H), 1.80 -
2.06 (m, 2H); LCMS (ESI) m/z 229 (M+H)".
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106717]  Step 4: To a stirred mixture of (5-fluoro-2-(methylthio)benzo[d|thiazol-6-
yhmethanamine {128 mg, 0.6 mmol) and DIEA (195 ul, 1.2 mmol) at 0 °C under
argon was added 2-chloro-3-nitropyridine (98 mg, (.7 mmol) in one portion. The
mixture was stirred at rt for 18 h and then concentrated under reduced pressure. The
residue was purified by silica gel flash chromatography eluting with a gradient of
100% hexanes to 50% EtOAc in hexanes to afford N-((5-fluoro-2-
(methylthio)benzo[d]thiazol-6-ylymethyl)-3-nitropyridin-2-amine (165 mg, 84%) as a
yellow oil. LCMS (EST) m/z 351 (M+H)".

[00718] Step 5: N°-((5-Fluoro-2-(methylthio)benzo[ djthiazol-6-
yhmethyDpyridine-2,3-diamine was synthesized as a yellow solid (200 mg) using a
procedure analogous to that described in Step 2 of Example 41, substituting N-((5-
fluoro-2-(methylthio)benzo[d]thiazol-6-ymethyl)-3-nitropyridin-2-amine from the
previous step for 4-bromo-35-methoxy-N-((2-(methylthio)benzo| d]thiazol-6-
yhmethyl)-2-nitroaniling used in Example 41. LCMS (EST) m/z 321 (M+H)".

[66715]  Step 6: 0-((3H-Imidazo[4,5-blpyridin-3~yDmethyl}-3-flucro-2-
(methylthio)benzo[d]thiazole was synthesized as a tan sohid (180 mg) using a
procedure analogous to that described in Step 3 of Example 41, substituting N2((5-
fluoro-2-(methylthio)benzo[dthiazol-6-y)methyl)pyridine-2,3-diamine from the
previous step for 4-bromo-5-methoxy-N' -((2-(methylthio)benzo[d]thiazol-6-
yhmethylbenzene-1,2-diamine used in Example 41. LCMS (EST) m/z 331 (M+H)".

[66720] Step 7: 6-((3H-Imidazo[4,5-blpyridin-3-yDHmethyl)-5-fluoro-2-
{(methylsulfinyDbenzo[dthiazole was synthesized as a white foam (314 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((3H-
imidazo[4,5-bpyridin-3-yDmethyl)-5-fluoro-2-(methylthio)benzof dJthiazole from the
previous step for the 6-((4-bromo-1H-imidazol-i-ylymethyl)-2-
(methylthioybenzo[d]thiazole used in Example 36. LCMS (EST) m/z 347 (M+H)".
[00721]  Step 8: (1R,2R)-2-((6-((3H-Imidazo[4,5-bJpyridin-3-y)methyt)-5-
fiuorobenzo[d]thiazol-2-yl)amino)cyclohexanol was synthesized as a white powder
(42 mg, 19%}) using a procedure analogous to that described in Step 7 of Example 36,
substituting 6-((3H-imidazof4,5-bJpyridin-3-ymethyD)-5-fluoro-2-
(methyisulfinyl}benzo{dithiazole from the previous step for 6-({(4-bromo-1H-
imidazol-1-yl)methyl)-2-(methylsulfinyl)benzo[d}thiazole used in Example 36. 'H
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NMR (500 MHz, DMSO-dq) 8 §.50 (s, 1H), 8.36 (dd, J= 1.2, 4.7 Hz, 1H), 8.15 (d, J
=17.6 Hz, 1H), 8.09 (dd, J= 1.1, 8.0 Hz, 1H), 7.60 (d, J= 7.4 Hz, 1H), 7.29 (m, 1H),
7.18 (d, J= 11.6 Hz, 1H), 5.52 (s, 2H), 4.75 (d, J= 5.2 Hz, 1H), 3.51 (m, 1H), 3.32
(m, 1H), 2.01 (m, 1H), 1.89 (m, 1H), 1.56 - 1.65 (m, 2H), 1.12 - 1.31 (m, 4H); LCMS
(EST) m/z 398 (M+H)".

Example 155
Preparation of (1R.2R)-2-((6-({6-morpholingimidarzol1,2-blpvridazin-3-

yhmethvl)benzo[d]thiazol-2-vDamino)cvelohexanol

S
>
N\N\ [\f NH §H
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[00722] (1R 2R)-2-((6-({6-Morpholinoimidazo{1,2-blpyridazin-3-
ylmethyl)benzo[d]thiazol-2-yl)amino)eyclohexanol (55 mg, 13%) was obtained as a
yellow powder using a procedure analogous to that described in Step 6 of Example
117, substituting 6-morpholinopyridazin-3-amine (Ref: US4104385 Al, 1978) and 2-
chloro-3-(2-({{1R,2R)-2-hydroxycyclohexylaminobenzo[d]thiazol-6-ytpropanal
from Step 2 of Example 153, respectively, for 2-uminoisonicotinonitrile and 2-chloro-
3-(2-(methylthio)benzo[d}thiazoi-6-yl)propanal used in Example 117, TH NMR (300
MHz, DMSO-d;) & 7.87 (d, J= 7.8 Hz, 1H), 781 (d, /= 9.9 Hz, 1H), 7.58 (s, 1H),
735 (s, 1H), 724 (d, /=83 Hz, 1H), 713 (d. /=83 Hz, 1H), 7.09(d, /= 9.9 Hz,
1H), 4.78 (brs, 1H), 4.17 (s, 2H), 3.72 (d, /= 4.7 Hz, 4H), 3.50 (br s, 2H), 3.42 - 3.49
(m, 4H), 2.04 (d, /= 11.9 Hz, 1H), 1.87 {d, J= 10.4 Hz, 1H}), 1.53 - 1.71 (1, 2H),
1.10 - 1.37 (m, 4H). LCMS (EST) m/z 465 (M+H)".

Example 156
Preparation of (1R.2R)-2-((4-chloro-6-((6-morpholinsimidazo[1.,2-b]pvridazin-3-

viimethvDbenzeldlthiazol-2-vHaminoicyclohexanol

361



WO 2013/656070 PCT/US2012/059983

—

N ] N,)—NH OH
N 7 Ci b

N

.
[00723]  (1R,2R)-2-({4-Chloro-6-({6-morpholinoimidazo[ 1,2-b]pyridazin-3-
ylymethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol (25 mg, 6%) was obtained as a
yellow powder using a procedure analogous to that described in Step 6 of Example
117, substituting 6~morpholinopyridazin-3-amine (Ref: US4104385 Al, 1978) and 2-
chloro-3-{4-chloro-2-(((1R,2R)-2-hvdroxycyclohexylyaminoYbenzo[d]thiazol-6-
yl)propanal (minor product from Step 2 of Example 153), respectively, for 2-
aminoisonicotinonitrile and 2-chloro-3-(2-(methylthio)benzo{d}thiazol-6-y!)propanal
used in Example 117.'H NMR (500 MHz, DMSO-ds) 8 8.20 (d, J = 7.3 Hz, 1H), 7.82
(d..7=9.9 Hz, 1H), 7.56 (s, 1H), 7.40 (s, 1H), 7.27 (s, 1H), 7.10 (4, ./ = 9.9 Hz, 1H),
483 (brs, 1H), 4.17 (s, 2H), 3.66 - 3.80 (m, 4H), 3.44 (d, /= 4.7 Hz, 4H), 2.02 (d, J =
7.8 Hz, 1H), 1.88 (d, /= 11.4 Hz, 1H), 1.63 (br s, 2H), 1.10 - 1.37 (m, 4H). LCMS
(ESI) m/z 499, 501 (M+H)".

Example 157
Preparation of {1 R.ZR}-2-({(6-{imidazo!2.1-b]thiaze]l-S-ylmethyibenzo

[dthiazol-2-vDiamino)eveiochexanol

3
PN

S
NN
2
[60724]  Step 1: A stirred mixture of 2-chloro-3-(2-(methylthio)benzofd]thiazol-6-
yhpropanal from Step 4 of Example 117 (500 mg, 1.84 mmol} and thiazol-2-amine
(370 mg, 3.68 mmol) in 1-butancl (22 mL) was heated af refiux overnight. The
mixture was cooled to rt and water (120 mL) was added. The mixture was extracted
with EtOAc (60 m1.x3). The combined organic layers were washed with brine,
dried over NaySQy, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography eluting with 30: 1 to 20: 1
DCM/MeOQH to afford 6-(imidazo[2,1-hlthiazol-5-ylmethyl)-2-(methylthio)benzo[d]
thiazole as a yellow solid (350 mg, 60%). "H NMR (300 MHz, CDCL) § 7.80 (d, J =
8.4 Hz, 1H), 7.55(d, /= 1.2 Hz, 1H), 7.29(d, /= 1.8 Hz, 1H), 7.16 (d, /= 0.9 Hz,
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1H), 6.99 (d, J = 4.5 Hz, 1H), 6.71 (dd, J = 0.9 Hz, J = 4.5 Hz, 1H), 4.24 (s, 2H), 2.78
(s, 3H). LCMS (EST) m/z 318 (M+H)".

[66725]  Step 2: To a solution of 6-(imidazo(2,1-F]thiazol-5-ylmethyl)-2-
{methyithio)benzold] thiazole (350 mg, 1.1 mmotl) in DCM (20 mL) was added m-
CPBA (240 mg, 1.4 mmotl) at 0 °C. The reaction mixture was stirred for 2 hat 0 °C,
then ag Na;S5,0; (20 mL) was added and the mixture was stirred for 0.5 h. The
organic layer was separated and dried over NapSOy, filtered and concentrated under
reduced pressure. The residue was purified by silica gel chromatography
eluting with 50: 1 to 20: 1 DCM/MeOH to afford 6-(imidazo[2,1-b]thiazol-5-
yvimethyl)-2-(methylisulfinylYbenzoidlthiazole as a yellow solid (310 mg, 85%).
*H NMR (300 MHz, CDCl3) 6 8.00 (d, /= 8.4 Hz, 1H), 7.82 (d, /= 0.9 Hz, 1H), 7.43
(dd, /= 1.5, 8.4 Hz, 1H), 7.18 (s, 1H), 7.03 (d, J=4.5 Hg, 1H), 6.75(dd, /= 0.9, 4.5
Hz, 1H), 4.32 (3, 2H), 3.07 (s, 3H). LCMS (ESI) m/z 334 (M+H)".

[60726]  Step 3: A mixture of 6-(imidazo[2,1-b]thiazol-5-ylmethyl})-2-
{methylsulfinyl) benzo[d]thiazole (310 mg, 0.93 mmol), (1R,2R)-2-
aminocyciohexanol (321 mg, 2.79 mmol) and DIEA (240 mg, 1.86 mmol) in NMP
(10 mL) was stirred for 1 d at 130 °C. The mixture was cooled to rt and water (50 mL)
was added. The mixiure was extracted with EtOAc (100 mL=3). The combined
organic layers were washed with bring, dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 50: 1 to 10: 1 DCM/MeOH, and the product was
further purified by preparative HPLC to afford (1R.2R)-2-({6-(imidazo[2,1-
blthiazol-5-yimethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol as a brown
solid (100 mg, 28%). "H NMR (300 MHz, DMSO-ds) 6 7.84 (d, J = 7.2 Hz, 1H),
7.68(d,/=4.5Hz, 1H), 7.54 (d,/= 1.8 Hz, IH}, 7.27 (d, J= 8.1 Hz, 1H), 7.20 (dd, J
=(.9,4.2 Hz, 1H), 7.10 {dd, /= 1.8, 8.4 Hz, 1H), 7.02 (s, 1H), 4.71 (d, /= 4.8 Hz,
1H), 4.15 (s, 2H), 3.52-3.49 (m, TH), 3.39-3.36 (m, 1H), 2.05-2.01 (m, 1H), 1.90-1.86
(m, 1H), 1.65-1.59 (m, 2H), 1.30-1.16 (m, 4H). LCMS (ESD) m/z 385 (M+H)".

Example 158
Preparation of (LR.2ZR)-2-({6-({6-chloroimidazo|1.2-b|pvridazin-3-vIimethvl}

benzoldlthiazol-2-vDamino)cveiohexano!
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[00727]  Step 1: A mixture of 2-chloro-3-(2-(methylthio)benzo[ d]thiazol-6-
yl)propanal from Step 4 of Example 117 (1.5 g, 5.5 mmol) and 6-chloropyridazin -3-
amine (1.4 g, 11 mmol) in 1-butanol (60 mL) was heated at reflux overnight. Then the
mixture was cooled to rt and water (120 mL) was added. The mixture was cxtracted
with EtOAc (60 mLx* 3). The combined organic layers were washed with brine,
dried over Na;SQy, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography eluting with 50: 1 to 20: 1
DCM/MeOH to afford 6-({6-chloroimidazof[1,2-b]pyridazin-3-yDmethyl)-2-
{methylthio)benzo[d]thiazole as a yellow solid (1.6 g, 84%). 'H NMR (300 MHz,
CDCls) 8 7.89 (d, J = 9.6 Hz, 1H), 7.81 (d, /= 8.4 Hz, 1H), 7.68 (dd, /= 0.6, 1.2 Hz,
1H), 7.53 (s, 1H), 7.37 (dd, J= 1.8, 8.4 Hz, 1H), 7.03 (d, /= 9.3 Hz, 1H), 4.40 (s,
2H), 2.78 (s, 3H). LCMS (ESI) m/z 347 (M+H)".

[06728]  Step 2: To a solution of 6-((6-chloroimidazo[1,2-b]pyridazin-3-
ylymethyD)-2- {methylthio)benzo|d]thiazole (1.6 g, 4.6 mmol) in DCM (90 mL) was
added m-CPBA (1.0 g, 5.8 mmol) at 0 °C. The reaction mixture was stirred for 2 h at
0 °C, then aq Na,5,05 (45 mL) was added and the mixture was stirred for 0.5 h. The
organic layer was separated, dried over Na,SQy, filtered and concentrated under
reduced pressure. The residuc was purified by silica gel chromatography
eluting with 50: 1 to 20: 1 DCM/MeOH to afford 6-((6-chloroimidazof1,2-
blpyridazin-3-yDmethyl)-2-(methylsulfinylYbenzo[dithiazole as a yellow solid
(1.68 g, 100%). "H NMR (300 MHz, CDCl:) § 8.00 (d, /= 8.4 Hz, 1H), 7.92 (d, /=
3.6 Hz, 1H), 7.89 (s, 1H), 7.58 (s, 1), 7.53 (dd, J= 2.1, 8.7 Hz, 1H), 7.05 (d, /= 9.3
Hz, 1H), 4.48 (s, 2H), 3.07 (s, 3H). LCMS (EST) m/z 363 (M+TH)'.

[00729] Step 3: A mixture of 6-((6-chloroimidazo[1,2-5|pyridazin-3-
yhmethyl)-2- (methylsulfinyl)benzo[dithiazole (1.0 g, 2.7 mmol), (1R,2R)-2-
aminocyclohexano! (0.93 g, 8.1 mmol) and DIEA (697 mg, 5.4 mmol) in NMP (40
mL) was stirred for 2 d at 140 °C. The mixture was cooled to rt and water (150 mL)
was added. The mixture was extracted with EtOAc (100 mELx3). The combined

organic layers were washed with brine, dried over Na;SOy, filtered and
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concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 50: 1 to 10: 1 DCM/MeOH to afford (1R,2R)-2-
((6-((6-chloroimidazo[1,2-b]pyridazin-3-yymethyl)benzo{d]thiazol-2-
yhamino)cyclohexanol as a brown solid (530 mg, 46%). 'H NMR (300 MHz,
DMSO- ds) 8 8.20 (d, /= 9.6 Hz, 1H), 7.86 (d, J="7.2 Hz, 1H), 7.63 (s, 1H), 7.54 (d,
J=1.8Hz, [H),7.32(d, /=99 Hz, 1H), 727 (d, /= 1.8 Hz, 1H), 7.12(dd, /= 1.5,
8.4 Hz, 1H),4.73 (d, /= 5.1 Hz, 1H), 4.29 (s, 2H}, 3.52-3.49 (m, 1H), 3.39-3.36 (m,
1H), 2.05-2.01 (m, 1H), 1.90-1.86 (m, 1H), 1.65-1.59 (m, 2H), 1.30-1.16 (m, 4H).
LCMS (ES) m/z 414 (M+H)".

Example 159
Preparation of (1 R2R)-2-{{6-({6-(11-pvrazol-1-vhimidaroil,2-ajpvridin-3-

yvhmethvDbenzojdithiazol-2-viyamino)cveichexanol
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[80730] Step 1: (1R.2R)-2-{(6-((6-lodoimidazo[1,2-a}pyridin-3-
yhmethyl)benzo[d|thiazol-2-yl)amino Jcyclohexanol (50 mg, 13%) was obtained as a
light brown solid using a procedure analogous to that described in Step 6 of Example
117, substituting 5-todopyridin-2-amine and 2-chloro-3-(2-(({1R,2R)-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-yDpropanal from Step 2 of Example
153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-3-(2-
(methylthio)benzo[d}thiazol-6-yDpropanal used in Example 117. LCMS (EST) m/z
505 (M+H)".

[66731]  Step 2: (1R,2R)-2-({6-({6-(1H-Pyrazol-1-yDimidazo[1,2-a]pyridin-3-
yDmethylybenzo{d]thiazol-2-yDamino)cyelohexanol (7 mg, [16%) was obtained as a
light tan solid using a procedure analogous to that described in Example 141,
substituting( 1 R,2R)-2-((6-{(6-iodoimidazof 1,2-aJpyridin-3-yl)methyl)benzo{d]thiazol-
2-yllamino)cyclohexanol from Step 1 of this Example for (1R, 2R)-2-{(6-{(6-i0do-311-
imidazo[4,5-blpyridin-3-yDmethylYoenzo[d}thiazol-2-y)amine)cyclohexanol used in
Example 141. '"H NMR (500 MHz, DMSO-ds) 8 8.70 (br s, 1H), 8.48 (d, /= 2.1 Hz,
1H), 7.92 (d. J= 7.3 Hz, 1H), 7.76 (br s, 2H), 7.73 (br s, 1H), 7.54 (s, 1H), 7.28 (d, J
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=8.3 Hz, 1H), 7.12 (d, /= 8.3 Hz, 1H), 6.57 (s, 1H), 4.79 (br s, 1H), 4.36 (s, 2H),
3.49 (d,.J=6.7 Hz, 2H), 2.04 (d,J= 11.4 Hz, 1H), 1.87(d, J= 10.4 Hz, 1H), 1.53 -
1.71 (m, 2H), 1.08 - 1.36 (m, 4H). LCMS (ESI) m/z 445 (M)

Example 160
Preparation of (1R 2R}-2-((6-((5-(1 H-pyvrazol-1-v)-1H-benzold]imidazoi-1-

vhmethvhbenzo{d]thiazol-2-vIlamino)cvclohexanel

P 3

N” NU}—NH OH
e als'
N-"N

Ly

[00732]  (IR2R)-2-((6-((5-(1H-pyrazol-1-y}-1 H-benzo[djimidazol-1-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol (18 mg, 20%) was obtained as a
solid using a procedure analogous 1o that described in Example 141, substituting

(1R, 2R)-2-((6-((5-iodo-1 H-benzo[d]imidazol-1-ylymethyDbenzo[d]thiazol-2-
yDamino)cyclohexanol from Step 5 of Example 183 for (1R,2R)-2-((6-((6-10do-3H-
imidazo[4,5-b]pyridin-3-yDmethylbenzo{d]thiazol-2-yl)amino)cyclohexanol used in
Example 141, "H NMR (500 MHz, DMSO-dg) & 8.43 - 8.53 (m, 2H), 8.06 (d, /= 1.6
Hz, 1H), 7.99 (d, /= 7.8 Hz, 1H), 7.69 - 7.75 (m, 2H), 7.64 - 7.68 (m, 2H), 7.30 (d, /
=8.3 Hz, 1H), 7.22 (d, J=8.3 Hz, 1H), 6.51 (d, /=2.1 Hz, 1H), 5.50 (s, 2H), 4.76 (br
m, 1H), 3.48-3.56 (br m, 2H), 2.02 {(m, 1H), 1.87 (m, 1H), 1.52 - 1.68 (m, 2H), 1.09 -
1.35 (m, 4H); LCMS (EST) m/z 445 (M+T1)".

Example 161
Preparation of (1 R,218)-2-({6-{(8-(1H-1,2 4-triazel-1-vI}-1H-benzo[d]imidazol-1-

vhmethvibenzold]thiazol-2-vDamino)cvelohexanol

o~ S

N N’\©: )—NH  OH
Zj N 3 ;
N

N

2
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[00733]  (1R2R)2-({6~((5-(1H-1,2,4-Triazol-1-yh-1 H-benzo[d]imidazol-] -
yDymethyhbenzo[d]thiazol-2-yl)amino)cyclohexanol (10 mg, 8%) was obtained as a
solid using a procedure analogous to that described in Example 141, substifuting

(1R 2RY-2-({6~((5-i0do-1F-benzo[d]imidazol-1-ylymethyl)benzo{d|thiazol-2-
vlyamino)cyclohexanol from Step 5 of Example 183 and 1H-1,2,4-triazole,
respectively, for (1R, 2R)-2-({6-((6-i0odo-3 H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo[d]thiazol-2-ylaminoeyclohexanol and 1 H-pyrazole used in
Example 141. "H NMR (500 MHz, DMSO-ds) § 9.23 (s, 1H), 8.54 (s, IH), §.20 (s,
1H), 8.12 (s, 1H), 797 (d, J = 7.3 Hz, 1H)}, 7.71-7.74 {m, 2H), 7.68 (s, IH), 7.30 (d, J
=8.3 Hz, IH), 7.22 (d, J= 8.3 Hz, 1H), 5.52 (s, 2H), 4.74 (br s, 1H), 3.48-3.56 (br m,
2H), 2.02 (m, 1H), 1.87 (br s, 1H), 1.52 - 1.72 (m, 28}, 1.10 - 1.33 (m, 4H); LCMS
(EST) m/z 446 (M+H)"

Example 162
Preparation of (18.2R)-2-((6-({6-fluoro-3H-imidazo{4.5-bpvridin-3-

vDmethvDibenzo[d]thiazol-2-vDaminolevelohexanol

4~ s

N N/\©:/>—NH OH
X

F

[60734] Step I: A mixture of acetic anhydride (49 mi, 0.5 mol) and formic acid

{19 mL, 0.5 mol) was heated at 60 °C for 3 h. 5-Fluoro-3-nitropyridin-2-amine was
added and the mixture was stirred at 60 °C for 1 h. The mixture was concentrated
under reduced pressure and the residue was stirred vigorously in diethyl ether (200
mL} for 30 minutes. The solid was collected by filtration to afford N-(5-fluoro-3-
nitropyridin-2-yl)formamide (4.5 g, 96%) as an orange solid which did not require
further purification. LCMS (ESI) m/z 186 (M+H) .

[60735]  Step 2: N-(5-Fluoro-3-nitropyridin-2-yl}-N~((2-
(methylthioYoenzo[dlthiazol-6-ylymethylformamide was synthesized as an yellow
solid (4 g, 82%) using a procedure analogous to that described in Step 3 of Example
47, substituting N-(5-fluoro-3-nitropyridin-2-yl)formamide from the previous step for
5-bromo-6-methoxy- 1 H-benzo[dlimidazole used in Example 47. LCMS (ESH m/z
379 (M+H)".
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[00736] Step 3: A stirred mixture of N-(5-fluoro-3-nitropyridin-2-y1}-N-((2-
{methylthio)benzo[d]thiazol-6~yD)methylformamide and iron powder (6 g, 108 mmol)
in EtOH (70 mL) and HOAc (30 mL) was heated at reflux for 2 h. The mixture was
cooled to 11, filtered, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel flash chromatography, eluting with & gradient of
100% hexanes to 100% EtOAc, to afford 6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-
ylymethyl)-2-(methylthio)benzo[Jthiazole (1 g, 28%) as & white foam. "H NMR (500
MHz, DMSO-ds) § 8.72 (s, 1H), 8.40 (t, /= 2.0 Hz, 1H), 8.09 (dd, /= 2.6, 9.5 Hz,
1H), 7.99 (s, 1H), 7.80 (d, J = 8.4 Hz, 1H), 745 (dd, /= 1.5, 8.4 Hz, 1H), 5.61 (s,
2H), 2.76 (s, 3H); LCMS (EST) m/z 331 (M+H)".

1007371 Step 4: 6-((6-Fluoro-3H-imidazo[4,5-bipyridin-3-yDmethyi)-2-
(methylsulfinyl)benzo[d]thiazole was synthesized as a white foam (1.8 g) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((6-
fluoro-3H-imidazo[4,5-blpyridin-3-yymethyl)-2-(methylthio)benzo[d]thiazole from
the previous step for 6-((4-bromo-1H-imidazol-1-ylymethyl)-2-
{methylthio)benzo|d]thiazole used in Example 36. LCMS (EST) m/z 347 (M+H)".

[60738] Step 5: To a suspension of 6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)-2-(methyisulfinyDbenzo[dithiazoie (1.0 g, 3.0 mmol) and (15,2R)-2-
aminocyclohexanol hydrochloride (916 mg, 6 mmol) in anhydrous DMA (12 mL) was
added DIEA (1.6 mL, 9.0 mmol). The mixture was heated in a scaled tube at 110 °C
for 12 h. The mixture was cooled to rt and additional (15,2R)-2-aminocyclohexanol
hydrochloride (458 mg, 3 mmol) and DIEA (530 pL, 3 mmol) were added. The
mixture was further heated in a sealed tube at 120 °C for 12 h. The mixture was
cooled to rt and partitioned between EtOAc (200 mL) and 0.5 M ag K2COs3 (100 mL).
The organic layer was separated, washed with brine (100 mL), dried over NaySOy,
filtered, and concentrated under reduced pressure. The residue was purified by silica
gel flash chromatography, eluting with 5% MeOH in CH;Cl,, then by reversc-phase
preparative HPLC using a mixture of water (5% CHaCN, 0.05% HCOOH) and
CH;CN (0.05% HCOQOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford (15,2R)-2-({6-((6-fluoro-3H-imidazo[4,5-bJpyridin-3-
viymethyl)benzo|d}thiazoi-2-yl)amino)cyciohexanol (89 mg, 7%) as a white powder,
"H NMR (500 MHz, DMSO-ds) 8 8.67 (s, 1H), 8.41 (s, 1H), 8.06 (dd, J=2.5, 9.5 Hz,
1H), 7.85 (d, J= 7.5 Hz, 1H), 7.66 (s, 1H}, 7.29 (d, J= 8.0 Hz, 1H), 7.21 {(dd, J= 1.3,
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8.3 Hz, 1H), 5.47 (s, 2H), 4.67 (m, 1H), 3.90 (m, 1H), 3.84 (m, 1H), 1.64 - 1.74 (m,
2H), 1.43 - 1.63 (m, 4H), 1.25 - 1.34 (m, 2F0); LCMS (ESI) m/z 398 (M+H)".

Example 163
Preparation of frans-4-((6-{(6-fluoro-3H-imidazo[4,5-b)pvridin-3-

Daminolevelohexanol

[06739] To a stirred suspension of 6-({6-fluoro-3H-imidazo[4,5-bJpyridin-3-
ylimethyl)-2-{methylsulfinybenzo]d]thiazole (119 g, 0.3 mmol} from Step 4 of
Example 162 and trans-4-aminocyclohexanol (119 mg, 1.0 mmol) in anhydrous DMA
(1 mL) was added DIEA (180 ul, 1.0 mmol). The mixture was heated in a sealed tube
at 110 °C for 15 h, The mixture was cooled to rt and was purified by reverse-phase
preparative HPLC using a mixture of water (5% CH:CN, 0.05% HCOOH) and
CH:ON (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford #rans-4-((6-((6-fluoro-3H-imidazoi4,5-b]pyridin-3-
yimethylbenzo[d]thiazol-2-ylyamino)cyclohexano! (50 mg, 37%) as a white powder.
'H NMR (500 MHz, DMSO-ds) 8 8.67 (s, 1H), 8.41 (s, 1H), 8.06 (dd, /= 2.6, 9.3 Hz,
1H), 7.92 (d, /=7.3 Hz, 1H), 7.66 (s, 1H), 732 (¢, /=83 Hz, 1H),7.23 (d,/=8.0
Hz, 1H), 5.48 (s, 2H), 4.55 (m, 1H), 3.60 (m, 1H), 3.40 {m, 1), 1.93 — 2.03 (m, 2H),
1.78 — 1.87 (m, 2H), 1.19 — 1.30 (m, 4H); LCMS (EST) m/z 398 (M+H)'.

Example 164
Preparation of (1R.2E)-2-((6-((3H-imidazo{4.5-bipyridin-3-vi}methvyl)-7-

fluorobenzold]|thiazol-2-vilamino)cvelohexanol

1
£~ s
cqeerle
N
o T O

[60746] Step 1. 6-(Methoxycarbony-7-fluorobenzofdjthiazole-2-thiolate
potassium salt was synthesized as a brown oil (1.2 g) using a procedure analogous to

that described in Step 1 of Example 114, substituting methyl 4-amino-2,3-
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difluorobenzoate for ethyl 6-amino-5-bromonicotinate used in Example 114, The
material was used in the next step without further purification. LCMS (ESI) m/z 243
(M+H)",

[66741]  Step 2: Methyl 7-fluoro-2-(methylthio)oenzo[d]thiazole-6-carboxylate was
synthesized as a clear oil (400 mg, 29%) using a procedure analogous to that
described in Step 2 of Example 114, substituting 6-(methoxycarbonyl)-7-
fluorobenzo{d]thiazole-2-thiolate potassium sait from the previous step for ethyl 2-
mercaptothiazoio[4,5-blpyvridine-6-carboxylate potassium salt used in Example 114.
'H NMR (500 MHz, DMSO-ds)  7.96 (m, 1H), 7.77 (d, J = 8.6 Hz, 1H), 3.89 (s, 3H),
2.85 (s, 3H); LCMS (ESI) m/z 258 (M+H)'.

[00742] Step 3: (7-Fluoro-2-(methylthio)benzo[dthiazol-6-v1imethanol was
synthesized as a white solid (249 mg, 69%) using a procedure analogous to that
described in Step 3 of Example 36, substituting methy! 7-fluore-2-
(methyithio)benzo{dithiazole-6-carboxylate from the previous step for ethyl 2-
(methyithio)benzojdithiazole-6-carboxylate used in Example 36. '"H NMR (500 MHz,
DMSO-ds) 8 7.70 (d, J=8 4 Hz, 1H), 7.56 (t, /=78 Hz, 1H), 5.39 (1, /= 5.8 Hz,
1H), 4.64 (d, J= 5.7 Hz, 2H), 2.81 (s, 3H); LCMS (EST) m/z 230 (M+H)".

[06743]  Step 4: 6-(Chloromethyl)-7-fluoro-2-(methylthio)benzo[d]thiazole was
synthesized as a white solid (258 mg) using a procedure analogous to that described in
Step 4 of Example 114, substituting methyl {7-fluoro-2-(methylthio)benzo|d]thiazol-
6-yl)methanol from the previous step for (2-{methylthio)thiazolo[4,5-b]pyridin-6-
yhmethanol used in Example 114. LCMS (ESI) m/z 248 (M+H)",

[06744]  Step 3: 6-((3H-Imidazo[4,5-bipyridin-3-ymethy])-7-fluore-2-
(methyltthio)benzojdjthiazole was synthesized as a yellow solid {200 mg, 61%) using
a procedure analogous to that described in Step 5 of Example 114, substituting 6-
(chioromethyl)-7-fluoro-2-(methylthio)benzofd]thiazole from the previous step for 6-
(chloromethyl)-2-(methylthio)thiazolo{4,5-b]pyridine uvsed in Example 114, The
regiochemistry of the alkylation was determined by 2-dimensional nuclear
Overhauser cffect (NOE) experiment. "H NMR_ (500 MHz, DMSO-de) 8 8.60 (s, 1H),
8.36 (dd, /= 1.0, 4.7 Hz, 1H), 8.10 (dd, /= 1.1, 8.0 Hz, 1H), 7.67 {d, /= 8.4 Hz, 1H),
7.42 (t,J= 8.0 Hz, 1H), 7.29 (dd, /= 4.8, 8.0 Hz, 1H), 5.68 (s, 2H), 2.80 (s, 3H};
LCMS (ESD) m/z 331 (M+H)".
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[06745]  Step 6 6-((3H-Imidazo[4,5-blpyridin-3-yDmethyl)-7-fluore-2-
{methylsulfinyDbenzo]d]thiazole was synthesized as a vellow solid {350 mg) using a
pracedure analogous to that described in Step 6 of Example 36, substituting 6-((3H-
midazo[4,5-b}pyridin-3-ymethyl)-7-fluoro-2-(methylthio)benzo{ d]thiazole from the
previous step for 6-((4-bromo-1H-imidazol-1-ylymethyl)-2-
(methylthio)benzo[d]thiazole used in Example 36. LCMS (EST) m/z 347 (M+H)".

[060746]  Step 7: (1R.2R)-2-{(6-((3H-Imidazo[4,5-b]pyridin-3-y1)methyl)-7-
fluorobenzo[d|thiazol-2-ylyamino)cyclohexanol was synthesized as a white powder
(75 mg, 31%) using a procedure analogous to that described in Step 7 of Example 36,
substituting 6-((3H-imidazo[4,5-b]pyridin-3-yhmethyl)-7-fluoro-2-
{methylsulfinylYbenzo[d]thiazole from the previous step for 6-((4-bromo-1H-
imidazol-1-yhmethyD)-2-(methylsulfinylYbenzo[d]thiazole used in Example 36. 'H
NMR (500 MHz, DMSO-dg) & 8.53 (s, I1H), 8.37 (dd, /=12,4.7 Hz, 1H), 826 (d, ./
=7.6 Hz, 1H), 8.09 (dd, /= 12,8 1Hz, 1H), 7.29(dd, /=48, 8.0 Hz, 1H), 7.11 -
7.23 (m, 2H), 5.56 (s, 2H), 4.77 (d, J = 4.9 Hz, 1H), 3.50 (mm, 1H), 3.32 (m, 1H), 2.03
(m, 1H), 1.88 (m, [H), 1.56 - 1.68 (m, 2H), 1.12 - 1.32 (m, 4H}); LCMS (ESI) m/z 398
(M+H)".

Example 165
Preparation of (1R, 2R)-2-{{6-({6~-methoxvimidazo[l.2-aipvridin-3-

vhimethylibenzold|thiazoi-2-vhaminolcvelohexanol

[0604]
s
s,
N
Sk h;e)--NH OH

9 O

[08747F  (1R2R)-2-((6-({6-Methoxyimidazo|1,2-a}pyridin-3-
yhmethyhbenzo[d}thiazol-2-yhamino)cyclohexanol (538 mg, 6%) was obiained as a

light tan solid using a procedure analogous to that described in Siep 6 of Example
117, substituting S-methoxypyridin-2-amine and 2-chloro-3-(2-({((1R,2R)-2-
hydroxycyclohexyl)amino)benzo{d|thiazol-6-y)propanal from Step 2 of Example
153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-3-(2-
(methylthio)benzo[d]thiazol-6-yl)propanal used in Fxample 117.'H NMR (500 MHz,
DMSO-ds) 8 7.88 (d, J=7.4 Hz, 1H), 7.78 (s, 1H), 7.55 (s, 1H), 7.47 (d, J = 9.8 Hz,
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1H), 7.30 (s, 1H), 7.28 (d,J = 8.4 Hz, 1H), 7.13 (d, J = 8.4 Hz, 1H), 7.00 (dd, J = 2.0,
9.8 Hz, 1H), 4.76 (br s, 1H), 4.26 (s, 2H), 3.74 (s, 3H), 3.51 (br s, 2H), 2,04 (d, J =
12.8 Hz, 1H), 1.87 - 1.92 (m, 1H), 1.55 - 1.71 (m, 2H), 1.11 - 1.35 (m, 41). LCMS
(EST) m/z 409 (MHH)"

Example 166
Preparation of (1R 2R)-2-((6~({3H-imidazoi4.5-b|pyridin-3-viimethvi}-4-

bromobenzoldithiazel-2-vDaminodevelohexanol

FN 3,

NC)\@E N o
N N \

\ s O

Br

[00748] Step 1: To a stirred mixture of 4-amino-3-fluorobenzonitriie (5 g, 37
mmol} in anhydrous CH;ClL; {40 mL) under Ar at rt was added dropwise N-
bromosuccinimide (6.5 g, 37 mmol). After 15 h, the mixture was concentrated under
reduced pressure. The residue was purified by silica gel flash chromatography eluting
with a gradient of 100% hexanes to 50% EtOAc in hexanes to afford 4-amino-3-
bromo-5-fluorobenzonitrile (6.4 g, 81%) as a tan solid. "H NMR (500 MHz, DMSO-
ds) 8 7.76 (s, 1H), 7.62 (dd, /= 1.5, 11.1 Hz, 1H), 6.44 (s, 2H); LCMS (ESI) m/~ 214,
216 (M+H)".

[60749]  Step 2: 4-Bromo-6-cyanobenzo[d|thiazole-2-thiolate potassium salt was
synthesized as a brown o0il (9.3 g) using a procedure analogous to that described in
Step 1 of Exampie 154, substituting 4-amino-3-bromo-5-fluorobenzonitrile from the
previous step for 4-amino-2,5-difluorobenzonitrile used in Example 154 and omitting
the chromatography used in Step 1 of Example 154, LCMS (ESI) m/z 269, 271
(M-+H)".

[0073¢] Step 3: 4-Bromo-2-(methylthio)benzo[dthiazole-6-carbonitrile was
synthesized as a yellow solid (1.0 g, 12%) using a procedure analogous to that
described in Step 2 of Example 114, substituting 4-bromo-6-cyanobenzo[d]thiazole-2-
thiolate potassium salt from the previous step for ethyl 2-mercaptothiazolo{4,5-
bipyridine-6-carboxylate potassium salt used in Example 114, LCMS (ESI) m/z 284,
286 (M+H)'.
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[08731]  Step 4: (4-Bromo-2-(methylthio)benzo|[dthiazol-6-y)methanamine was
synthesized as a clear oil (794 mg, 79%) using a procedure analogous to that
deseribed in Step 3 of Example 154, substituting 4-bromo-2-
(methylthio)benzo[d]thiazole-6-carbonitrile from the previous step for 5-fluoro-2-
(methylthio)benzofdlthiazole-6-carbonitrile used in Example 154, LCMS (ESI) m/z
288, 290 (M+H)"

[60752]  Step 5: N-((4-Bromo-2-{methylthio)benzo[d]thiazol-6-ylymethyl)-3-
nitropyridin-2-amine was synthesized as a yellow solid (115 mg, 39%) using a
procedure analogous to that described in Step 4 of Example 154, substituting (4-
bromo-2-(methylthio)benzo[d]thiazol-6-yl)methanamine from the previous step for
(5-fluoro-2-(methylthioYbenzo|dMthiazol-6-ylymethanamine used i Example 154,
LCMS (ESD) m/z 410, 412(M+H)".

[60753] Step 6: N“-{{4-Bromo-2-(methylthio)benzo[d]thiazol-6-
yhmethyDpyridine-2,3-diamine was synthesized as a red solid (120 mg) using a
procedure analogous to that deseribed in Step 2 of Example 41, substituting N-({(4-
bromo-2-(methylthio)benzo{ d]thiazol-6-ylyimethyl}-3-nitropyridin-2-amine from the
previous step for 4-bromo-5-methoxy-N-((2-(methylthio)benzo[d]thiazol-6-
ylymethyl)-2-nitroaniline used in Example 41. LCMS (EST) m/z 380, 382 (M+H)".

[06754] Step 7: 6-((3H-Imidazo[4,5-b]pyridin-3-ylimethyl)-4-bromo-2-
(methylthio)ybenzo]d]thiazole was synthesized as an orange solid (180 mg) using a
procedure analogous to that described in Step 3 of Example 41, substituting Nz-((dln
bromo-2-(methylthio)benzo[d|thiazol-6-ylymethyl)pyridine-2,3-diamine from the
previous step for 4-bromo-5-methoxy-N'-((2-(methyithio)benzo[d]thiazol-6-
ylymethyl)benzene-1,2-diamine used in Example 41. LCMS (EST) m/z 390, 392
(M+H)".

[06755]  Step 8: 6-((3H-Imidazo[4,5-b]pyridin-3-yl)methyl)-4-bromo-2-
(methylsulfinylybenzoldlthiazole was synthesized as a yellow foam (211 mg) using a
procedure analogous to that described in Step 6 of Exmple 36, substituting 6-((34-
imidazof4,5-b]pyridin-3-ymethyl}-4-bromo-2-(methylthio)benzo|d}thiazole from the
previous step for 6-({4-bromo-1H-imidazol-1-yhmethyl)-2-
(methylthio)benzo[d]thiazole used in Example 36. LCMS (ESI) m/z 406, 408
(M+H)",
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[06756] Step 9: (IR2R)-2-((6-({(3H-imidazo[4,5-b]pyridin-3-y)methyi}-4-
bromobenzo|dithiazol-2-yhamino)cyclohexanol was synthesized as a white powder
(9 mg, 7%) using a procedure analogous to that described in Step 7 of Example 36,
substituting 6-((3H-imidazo[4,3-blpyridin-3-ylymethyl)-4-bromo-2-
(methylsulfinyDbenzo[dlthiazole from the previous step for 6-({4-bromo-1H-
imidazol-1-ylymethyl)-2-(methylsulfinyl)benzo[d]thiazole used in Example 36. 'H
NMR (500 MHz, DMSO-dg) 8 8.61 (s, 1H), 8.29 - 841 (m, 2H), 8.09 (dd, /=12, 8.1
Hz, 1Hj}, 7.68 (s, 1H), 749 (d, /= 1.2 Hz, 1H), 7.30 (m, 1H), 547 (s, 2H), 4.85 (m,
1H), 3.35 (m, 1H), 1.99 (m, 1H), 1.88 (m, 1H), 1.60 — 1.66 (m, 2H), 1.13 - 1.33 (m,
SH);, LCMS (ESI) m/z 457, 459 (M+H) .

Example 167
Preparation of (1 R.2R-2-((6-((7-(A H-pyrazol-1-vyhimidazo{1.2-a|pvridin-3-

yhmethvilbenzoldithiazol-2-vhamino)cvclohexanol

s

i

N N,)—NH OH
\ O

[60757] Step 1: (1R.2R)-2-((6-((7-lodoimidazo[1,2-a]pyridin-3-
yhmethylbenzofd|thiazol-2-ylamino)cyclohexanol (50 mg, 13%) was obtained as a
light brown solid using a procedure analogous to that described in Step 6 of Exampie
117, substituting 4-iodopyridin-2-amine and 2-chloro-3-(2-{((1R,2R)-2-
hydroxyeyclohexylaminobenzofdthiazel-6-yD)propanal from Step 2 of Example
153, respectively, for 2-aminoisonicotinonitriie and 2-chioro-3-(2-
(methylthio)benzo[d|thiazol-6-yl)propanal used in Example 117. LCMS (EST) m/z
505 (M+H)"

[066758]  Step 2: (1R, 2R)-2-((6-((7-(1H-Pyrazol-1-ylyimidazo[1,2-a]pyridin-3~
yhmethyDbenzo[dlthiazol-2-yDamino)eyclohexanol (7 mg, 16%) was obtained as a
light tan solid using a procedure analogous to that described in Example 141,
substituting (1R, 2R)-2-((6-((7-iodoimidazo[1,2-a]pyridin-3-
yhmethyDbenzo[d]thiazol-2-ylamino)cyclohexanol from Step 1 of this Example for
(1R,2R)-2-((6-{{6-10do-3H-imidazo[4,5-b]pyridin-3-ymethyYbenzo[d]thiazol-2-
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yl)amino)cyclohexanol used in Example 141, 'H NMR (500 MHz, DMSO-ds) 5 8.64
(d,J=2.6Hz, |H), 832 (d, J=6.7 Hz, 1H), 7.98 (br s, 1H), 7.87 (d,./= 7.3 Hz, 1H),
7.79 (s, TH), 7.54 (s, 2F), 7.44 (br s, 1H), 7.28(d, /= 83 Hz, 1H), 7.12 (d, J= 7.3
Hz, 1H), 6.39 (s, 1H), 4.74 (br s, 1H), 4.31 {s, 217), 3.48 - 3.37 (m, 2H), 2.03 (d, J =
10.9 Hz, 1H), 1.87 (d, /= 10.4 Hz, 1H), 1.54 - 1.71 {m, 2H), 1.09 - 1.38 (m, 4H).
LCMS (ESD m/z 445 (M+H)'.

Example 168
Preparation of (1R2RY-2-((6-((3H-imidazol4,5-blpvridin-3-vImethvl)-4.7-

diflaorobenzold|thiazel-2-vDaminolcvelohexanol

F
o~ 5

Nd N/Yfr J—NH OH
Cr T

N/ F

[80759]  Step 1: 4-Amino-3-bromo-2.5-difluorobenzonitrile was synthesized as a
yellow solid (2.4 g, 73%) using a procedure analogous to that described in Step 1 of
Example 166, substituting 4-amino-2,5-difluorobenzonitrile for 4-amino-3-
fluorobenzonitrile used in Example 166. 'H NMR (500 MHz, DMSO-ds) 8 7.71 (dd, J
=359, 11.1 Hz, 1H), 6.89 (br s, 2H); LCMS (ESI) m/z 232, 234 (M+H)",

[00760] Step 2. 6-Cyano-4,7-difluorobenzo{d]thiazole-2-thiolate potassium salt
was synthesized as a brown oil (3.93 g) using a procedure analogous to that described
i Step 1 of Example 154, substituting 4-amino-3-bromo-2,5-difluorobenzonitrile
from the previous step for 4-ammo-2,5-difluorobenzonitrile used in Example 154,
LCMS (EST) m/z 228 (M+H) .

[00761]  Step 3: 4,7-Difluoro-2-(methylthio)benzo[d]thiazole-6-carbonitrile was
synthesized as a yellow solid (1.0 g, 37%) using & procedure analogous to that
described in Step 2 of Examplie 114, substituting 6-cyano-4,7-
difluorobenzo[d]thiazole-2-thiclate potassium salt from the previous step for ethyi 2-
mercaptothiazolo[4,5-blpyridine-6-carboxylate potassium salt used in Example 114
Y1 NMR (500 MHz, DMSO-dg) 3 8.04 (m, 1H), 2.88 (s, 3H); LCMS (ESI) m/z 243
(M-+H)".

108762}  Step 4: (4,7-Difluoro-2-(methylthio)benzo[d]thiazol-6-yDmethanamine

was synthesized as a clear oil (646 mg, 64%) using a procedure analogous to that
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described in Step 3 of Example 154, substituting 4,7-difluoro-2-
(methylthio)benzo[d]thiazole-6-carbonitrile from the previous step for 5-fluoro-2-
(methylthio)benzo[d]thiazole-6-carbonitrile used in Example 154. LCMS (ESI) m/z
247 (M+H)",

[06763]  Step 5: N-({(4,7-Difluoro-2-(methylthio)benzo[ dJthiazol-6-yDmethyl}-3-
nitropyridin-2-amine was synthesized as a yellow oil (187 mg, 39%) using a
procedure analogous to that described in Step 4 of Example 154, substituting (4,7-
difluoro-2-(methylthio)benzo[d]thiazol-6-ylymethanamine from the previous step for
(5-fluoro-2-(methylthioybenzo[dthiazol-6-yl)methanamine used in Example 154, 'H
NMR (500 MHz, CDCI3) 8 8.99 (t, /= 6.0 Hz, 1H), 8.40 - 8.48 (m, 2H), 7.36 (dd, J =
5.5,11.0 Hz, 1H), 6.80 (dd, /=4 .4, 8.4 Hz, 1H),4.91 (d,J= 6.2 Hz, 2H), 2.82 (s,
3Hy; LCMS (ESH) m/z 369 (M+H)".

[00764]  Step 6: N°-((4,7-Difluoro-2-(methyithio)benzo[d]thiazol-6-
yl)methyl)pyridine-2,3-diamine was synthesized as a yellow solid (190 mg) using a
procedure analogous to that described in Step 2 of Example 41, substituting N~((4,7-
difluoro-2-{methylthio)benzo[d]thiazol-6-y)methyl)-3-nitropyridin-2-amine from the
previous step for 4-bromo-5-methoxy-N-((2-(methylthio)benzo[dlthiazol-6-
yDmethyl)-2-nitroaniline used in Example 41, LCMS (EST) m/z 339 (M+H)".

[06765]  Step 7. 6-((3H-Imidazo{4,5-b]pyridin-3-ylymethyl)-4,7-difluoro-2-
(methylthio)benzo[d]thiazole was synthesized as & orange solid (220 mg) using a
procedure analogous to that described in Step 3 of Example 41, substituting N*-((4,7-
difluoro-2-(methylthioYbenzo{dithiazol-6-yDmethyl)pyridine-2,3-diamine from the
previous step for 4-brome~5-methoxy-N'«({2-(methylthioybenzo[d}thiazol-6-
yhmethyl)benzene-1,2-diamine used in Example 41. LCMS (EST) m/z 349 (M+H)".
[60766] Step 8: 6-((3H-Imidazo[4,5-b]pyridin-3-yDmethyl)-4,7-difluoro-2-
(methylsulfinylbenzo[d]thiazole was synthesized as a yellow foam (200 mg) using a
procedure analogous to that described in Step 6 of Example 36, substituting 6-((3H-
imidazold,5-bIpyridin-3-ylymethyl)-4,7-difluoro-2-(methylthio)benzo[d/thiazole from
the previous step for 6-((4-bromo-1/-imidazol-1-yl)ymethyi)-2-
(methylthio)benzo[d]thiazole used in Example 36. LCMS (ESI) m/z 364 (M+H)',
[08767] Step 9: (1R, 2R)-2-{((6-((3H-Imidazo[4,5-b]pyridin-3-yymethyl)-4,7-

difluorobenzofdthiazol-2-vl)amino)cyciohexanol was synthesized as a white powder
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(58 mg, 25%) using a procedure analogous to that described in Step 7 of Example 36,
substituting 6-((3H-imidazo{4,5-bpyridin-3-yDmethyl)-4,7-difluoro-2-
(methylsulfinyDbenzo[d]thiazole from the previous step for 6-((4-bromo-1H-
imidazol-1-yl)methyl)-2-(methylsulfinyl)benzo[d]thiazole used in Example 36. 'H
NMR (500 MHz, DMSO-dg) & 8.45 - 8.58 (m, 2H), 8.38 (d, J= 4.7 Hz, 1H), 8.09 (d,
J=8.0 Hz, 1H), 7.29 (dd, /=4.7, 8.0 Hz, 1H), 7.16 (dd, J = 5.8, 10.8 Hz, 1H), 5.54
(s, 2H), 4.80 (d, /= 5.2 Hz, 1H), 3.51 (m, 1H), 3.35 (m, 1H), 2.02 (m, 1H), 1.88 (m,
1H), 1.57 = 1.67 (m, 2H), 1.17 = 1,32 (m, 4H). LCMS (EST) m/z 416 (M+H)".

Example 169
Preparation of (1R.28)-2-((6-((7-(1H-1.2 4-triazol-1-vl}imidazo[1.2-alpyridin-3-

vimethvhbenzo|d| thiazol-2-vhamine)cyclohexanol

S
3
N

N/

N’N

Ly
[00768]  (LR,2ZR)-2-((6-((7-(1H-1,2,4-triazol-1-yl)imidazo[1,2-a]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yamino)cyclohexanol (50 mg, 57%) was obtained as a
light yellow powder using a procedure analogous to that described in Example 141,
substituting (1R,2R)-2-({6-({7-iodommidazoi [, 2-a]pyridin-3-
yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol from Step 1 of Example 167 and
1H-1,2 4-triazole, respectively, for (1R,2R)-2-({6-((6-iodo-3H-imidazo{4,5-b]pyridin-
3-yDmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol and pyrazole used in Example
141. '"H NMR (500 MHz, DMSO-ds) 8 9.41 (s, 111), 8.40 (d, /= 7.3 Hz, 1H), 828 (s,
IH), 8.08 (s, 1H), 7.90(d, /= 7.3 Hz, 1H), 7.54 (s, 1H), 7.50 (s, IH), 7.48(d, /= 5.7
Hz, 1H}, 7.28 (d, /= 8.3 Hz, 1H), 7.11 (d, .= 8.3 Hz, 1H), 4.76 (br s, I1H), 4.34 (s,
2H), 348 - 3.56 (m, 2H), 2.04 (d, J=11.4 Hz, 1H), 1.88 - 1.93 (m, 1H), 1.33 - 1.70
(mn, 2H), 1.08 - 1.36 (m, 4H). LCMS (ESI) m/z 446 (M+H)".

Exampie 176
Preparation of 1-(C-{{{1R.2R)-2-hvdroxvevciohexyDamino)benzold]oxazol-6-vi}

methvh-1H-benzo|diimidazole-5-carbonitriie
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[00769] Step 1: To a solution of 4-bromo-2-nitroaniline (400 mg, 1.84 mmol) and
TFA (1.89 mL) in DCM (8 mL) at -5 °C was added NaBH(OAc); (1.17 g, 5.52
mmol). Then to the mixture at 0 °C was added a solution of 2-
{methylthio)benzo[dJoxazole-6-carbaidehyde (391 mg, 2.03 mmol} in DCM (7 mL.),
and the mixture was stirred at 0 °C for 2 h. The mixture was diluted with DCM and
washed with H,O, ag NaHCO; and brine. The organic layer was dried over Na,SOy,
filtered and concentrated under reduced pressure, The residue was purified by silica
gel chromatography eluting with 20:1 to 10:1 petroleum ether/ethyl acetate to give 4-
bromo-N-((2-(methylthio)benzo[d]oxazol-6-y1) methyl}-2-nitroaniline as a yellow
solid (704 mg, 97.4%). 'H NMR (300 MHz, DMSO-ds) 8 8.80 (t, 1H), 8.15 (s, 1H),
7.64 (s, 1H), 7.50-7.60 (m, 2H), 7.35 (d, /= 8.4 Hz, 1H), 6.90 (d, /= 9.3 Hz, 1H),
4.72(d, J= 6.6 Hz, 1H), 2.73 (s,3H). LCMS (ESD) m/z 394 (M+H)".

[606770] Step 2: To a stirred solution of 4-bromo-N-((2-
(methylthio)benzo[dloxazol-6-yl) methyl)-2-nitroaniline (704 mg, 1.79 mmol), HOAc
(2.1 mL) and methnol (2.1 mL) in DCM (18 mL) at § °C was added zinc dust{1.16 g,
17.9 mmol) portionwise. After stirring for 2 b, the mixture was filtered. The filtrate
was washed with ag NaHCQs; and brine. The organic layer was dried over NaS(y,
filtered and concentrated under reduced pressure to give 4-bromo-N'-((2-
(methylthioybenzold]oxazol-6-y1) methyl)benzene-1,2-diamine (469 mg, 71.9%) as a
yellow solid. "H NMR (300 MHz, DMSO-ds) 8 7.72-7.60 (m, 2H), 7.53 (d, /= 5.4
Hz, 1H), 6.68 (s, 1H), 649 (d, /= 1.8 Hz, 1H), 6.23 (d,./=8.1 Hz, 1H), 336 (1, 1H),
4.90 (s, 2H), 4.38 (d, J= 6.0 Hz, 2H), 2.74 (s, 3H). LCMS (ESI) m/z 365 (M+ID) .

[60771] Step 3: A mixture of 4-bromo-N'-((2-(methylthio)benzo[dJoxazol-6-
yDmethyl) benzene-1,2-diamine (465 mg, 2.40 mmol), triethyl orthoformate (3.8 mL),
and HCOOH (0.06 mL) was stirred at 90 °C for 40 min. The reaction mixture was
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:1 petroleum ether/ethyl acetate to give 6-((5-bromo-
1H-benzofd]imidazol-1-yhmethyl) -2-(methylthio)benzofdloxazole as a light brown
solid (327mg, 68.3%). 'H NMR (300 MHz, DMSO-dq)  8.50 (s, 1H), 7.85 (s, 1H),
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7.68 (s, 1H), 7.55-7.60 (m, 2H), 7.30-7.37 (m, 2H), 5.60 (s, 2H), 2.73 (s, 3H). LCMS
(ESI) m/z 375 (M+H)".

[66772] Step 4: A solution of 6-((5-bromo-1H-benzo[d]imidazoi-1-ylymethyl)-2-
(methylthio) benzo[dloxazole (327 mg, 0.87 mmol) and m-CPBA (226 mg, 1.31
mmol) in DCM (6 mL) was stirred at 0 °C for 3.5 h. The mixture was waghed with aq
Na;S;05 and brine. The organic layer was dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography cluting with 1:5 petroieum ether/ethyl acetate to give 6-((5-bromo-
1H-benzo[dJimidazol-1-yDmethy!)-2-{methylsulfinyl)benzold]oxazole (256 mg,
75.52%) as a yellow solid. 'H NMR (300 MHz, DMSO-ds) & 8.54 (s, 1H), 7.97 (s,
1H), 7.87-7.89 (m, 2H), 7.57 (d, J= 9.0 Hz, 1H), 7.46 {d, /=9.6 Hz, 1H), 7.36 (d, /=
6.6 Hz, 1H), 5.68 (s, 2H), 3.18 (s, 3H). LCMS (ESI) m/z 391 (M+H)".

[66773] Step 5: A mixture of 6-((5-bromo-1H-benzo[d]imidazol-1-yhmethyt)-2-
(methy! sulfinyl)benzo[dloxazole (206 mg, 0.53 mmol), (1R,2R)-2-
aminocyclohexanol (91 mg, 0.79 mmol) and DIEA (136 mg, 1.06 mmol) in DMA (4
mlL) was stirred at 120°C for 2 h. The reaction mixture was cooled to rt, poured into
water (30 mL) and extracted with ethyl acetate (30 mL.x3), The combined organic
layers were washed with brine, dried over Na; SOy, filtered and concentrated under
reduced pressure. The residuc was purified by preparative HPLC to give (1R,2R)-2-
((6-((5-bromo-1H-benzo[dlimidazol-1-yl)methyl benzo[djoxazol-2-
ylamino)cyclohexanol as a light yellow solid (175 mg, 74.8%). 'H NMR (300 MHz,
DMSO-ds) 8 8.46 (5, 1H), 7.81-7.84 (m, 2H), 7.56 (d, /= 8.7 Hz, 1H), 7.33-7.36 (s,
1H), 7.12 (s, 2H), 5.48 (s, 1H), 4.68 (d, J=4.2 Hz, 1T}, 3.35 (br s, 2H), 1.90 (br s,
2H), 1.62 (br s, 2H), 1.22 (br s, 4H). LCMS (ESI) m/z 442 (M+H)".

[060774]  Step 6: A mixture of (1R,2R)-2-((6-({5-bromo-1H-benzo[d}imidazol-1-
ybhmethyl) benzo{dloxazol-2-ylamino)cyclohexanol (126 mg, 0.29 mmol), Zn(CN),
(134 mg, 1.14 mmol), Pdz(dba}: (53 mg, 0.06 mmol) and dppf (63 mg, 0.12 mmol) in
DMF (4 ml.) was stirred at 130 °C for 6 h. The reaction mixture was cooled to 1t
poured inte water (20 mL.) and extracted with ethyl acetate (20 mLx 2). The
combined organic layers were washed with water and brine, dried over Nay SOy,
filtered and concentrated under reduced pressure. The residuc was purified by
preparative HPLC to give 1-((2-(({1R,ZR)-2-
hydroxycyclohexylyamino)benzo{dloxazol-6-ylymethyl}-1H-benzo[d]imidazole-5-
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carbonitrile as a white solid (40 mg, 35.7%). 'H NMR (300 MHz, DMSO-ds) 6 8.67
(s, 1TD), 8.20 (s, 1H), 7.83-7.78 (m, 2H), 7.61 (d, J = 6.9 Hz, 1H), 7.41 (s, 1H), 7.14 (s,
1H), 5.54 (s, 2H), 4.68 (d, 1H), 3.32 (br 5, 2H), 1.91 (brs, 2H), 1.62 (br 5, 2H), 1.22
(br s, 4H), LCMS (EST) m/z 388 (M+H)".

Example 171
Preparation of {1R,2R)-2-((6-((5-(2-morpholinoethoxv)-1H-benzo{d]imidazol-1-

vhimethvlibenzo|d]|thiazol-2-viiaminolcyelohexanol

@“@ H

\,J
[00775] Step 1. To a mixture of I-((2-(({1R,2R)-2-
hydroxycyclohexyDamino)Ybenzo[d]thiazol-6-yl)methyl)- 1 H-benzo| djimidazol-5-0l
2.4 g, 6.07 mmol) from Example 147 and 2,2-dimethoxypropane (8 g, 76.81 mmaol)
m 1,4-dioxane (200 mL) was added para-toluenesulfonic acid (0.15 g, 0.8 mmol}.
The reaction mixture was heated at 100 °C for 15 h. The mixture was partitioned
between saturated ag NaHCO: and DCM. The organic layer was separated, dried over
NazS0s, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography eluting with 2 to 10% MeOH in DCM to afford 1-
((2-((3aR,7aR)-2,2-dimethylhexahydrobenzo[dloxazol-3(2H)-yhibenzo[dlthiazoi-6-
yhmethyl)-1H-benzo[dJimidazol-5-0] (0.9 g, 34%) as a yellow solid. 'H NMR (300
MHz, DMSO-d;) 6 8.99 (s, 1H), 8.24 (s, 1H), 7.79 (s, 1H), 7.50 (d, J = 8.4 Hz, 1H),
7.24 - 7.30 (m, 2H), 6.94 (s, 1H), 6.68 (m, 1H), 5.43 {s, 2H), 3.68 (m, 1H), 3.05 (m,
1H), 2.67 (m, 1H), 2.04 (m, 1H), 1.76 - 1.78 (m, 2H), 1.70 (s, 3H), 1.53 {5, 3H), 1.26
—1.39 (m, 4H); LCMS (ESI) m/z 435 (M+H)".

[06776] Step 2: A stirred mixture of 4-(2-chloroethyiymorpholine (1 g, 5.4 mmol)
and KI (4.5 g 26.8mmol) in acetone (15 mL) was heated at 75 °C for 24 h. The
mixture was diluted with saturated ag NaHCO; and extracted with DCM. The organic
layer was separated, dried over Na;SQs, filtered, and concentrated under reduced
pressure to afford 4-(2-iodocthylymorpholine (0.8 g, 62%) as a pale yeliow oil which
wag not purified further. 'H NMR (300 MHz, CDCl3) 8 3.71 (t, J = 9.0 Hz, 4H), 3.20
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(t,J=7.8 Hz, 2H), 2.72 (t, J = 7.8 Hz, 2H), 2.49 (t, J = 9.3 Hz, 4H). LCMS (ESI) m/z
242 (M+H)".

[60777] Step 3: A mixture of 1-{(2-{(3aR,7aR)-2,2-
dimethylhexahydrobenzo[dloxazol-3(2H)-yhbenzo[d]thiazol-6-ymethyl)-1H-
benzo[d]imidazol-5-o0l (100 mg, 0.23 mmol) from Step 1 of this Example, 4-(2-
iodoethylymorpholine (111 mg, 0.46 mmol) from Step 2 of this Example, Cs2COs
(250 mg, 0.69mmol), and NMP (2 mL) was stirred at vt for 3 h. The mixture was
diluted with EtOAc and washed with brine. The organic layer was separated, dried
over Na,S0y, filtered, and concentrated under reduced pressure, The residue was
purified by stlica gel flash chromatography, eluting with a gradient of 33% DCM in
THF to 100% THF, to afford (3aR,7aR)-2,2-dimethyl-3-(6-((5-(2-
morpholinocthoxy)-1 H-benzo[d]imidazol-1-yimethyDbenzo[ d]thiazol-2-
yhoctahydrobenzo{djoxazole (84 mg, 67%) as a yellow solid. "H NMR (300 MHz,
CDCl:) 8 7.90 (s, 1H), 7.58 (d, /= 8.1 Hz, 1H), 740 (s, 1H), 7.29 (s, 1H), 7.14 - 7.19
(m, 2H), 6.90 (m, 1H), 5.35 (s, 2H}, 4.11 - 4,17 (m, 2H), 3.70 - 3.75 (m, 4H), 3.65
(m, 1H), 3.08 (m, 1H), 2.76 — 2.84 (m, 3H), 2.57 - 2.60 (m, 4H), 2.17 (m, 1H), 1.82 -
1.92 (m, 2H), 1.78 (s, 3H), 1.46 (s, 3H), 1.33 — 1.39 (m, 4H); LCMS (ESI) m/z 548
(M-+H)".

[08778] Step 4: To a stirred mixture of (3aR,7aR)-2,2-dimethyl-3-(6-{(5-(2-
morpholinecthoxy)- 1 H-benzofdimidazol-1 -y ymethybenzo[dlthiazol-2-
vhoctahydrobenzo[djoxazole (85 mg, 0.15 mmol) from the previous step in DCM {10
mL.) at § °C was added methanolic HCL (3 drops). The reaction mixture was stirred at
0 °C for 10 min. The mixture was adjusted to pH ~ 7 by addition of triethylamine and
then concentrated under reduced pressure. The residue was purified directly by
reverse-phase preparative HPLC to afford (1R,2R)-2-({6-({5-(2-morpholinoethoxy)-
1H-benzo[djimidazol-1-yl)methyl)benzo|d]thiazol-2-yl)amino)cyclohexanol (20 mg,
259%) as a light yeliow solid. 'H NMR (300 MHz, DMSO-ds) 8 8.30 (s, 1H), 7.97 (m,
1H), 7.62 (8, 1H), 7.39(d, /= 8.4 Hz, 1H), 7.29 (d, /= 8.1 Hz, 1H), 7.17(d.J =69
Hz, 2H), 6.83 (m, 1H), 541 (s, 2H), 4.73 (d. /= 5.4 Hz, 1H), 4.08 {t, /= 11.7 Hz,
2H),3.57(t,J= 9.1 Hz, 4H), 3.47 - 3.52 (m, 2H), 2.68 {t, J= 11.7 Hz, 2H), 246 (t, J
=93 Hz, 4H), 2.02 (m, 1H), 1.87 (m, 1H), 1.59 - 1.63 (br s, 2H), 1.16 - 1.28 (m,
4H). LCMS (ESI) m/z 508 (M+H)".

Example 172
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Preparation of (1R, 2R}-2-((6-{(5-(2-hvdroxvethoxv)-1H-benzo{diimidazol-1-

vhimethvlibenzold]thiazgl-2-vDamino)cycichexanol

@“@ g

HO

[06779] Step 1: A stirred mixture of 1-((2-((3aR,7aR)-2,2-
dimethylhexahydrobenzo[dJoxazol-3(2H)-yl)benzo|d]thiazol-6-yDymethyl)-1 H-
benzo[d]imidazol-5-of (60 mg, 0.14 mmol) from Step 1 of Example 171, 2-
iodoethanol (60 mg, 0.35 mmol),JCszCaO; (137 mg, 0.42 mmol), and NMP (2 mi.) was
heated at 100 °C for 24 h. The mixture was diluted with EtOAc and washed with
brine. The organic layer was separated, dried over Na,SQOq, filtered, and concentrated
under reduced pressure. The residue was purified by preparative TLC to afford 2-((1-
((2-((3aR,7aR)-2,2-dimethylhexahydrobenzo|dloxazol-3(2H)-yhbenzo[d]thiazol-6-
yhmethyl)-1H-benzo[d]imidazol-5-yloxy)ethanol (26 mg, 39%) as a light yellow
solid. "H NMR (300 MHz, CDCl3) 8 7.93 (s, 1H), 7.58 (d, /= 8.1 Hz, 1H), 7.40 (s,
1H), 7.32 (s, 1H), 7.16 — 7.19 (m, 2H}, 6.91 (m, 1H), 5.36 (s, 2H), 4.13 {t,J = 9.0 Hz,
2H), 3.98 (4, J = 9.0 Hz, 2H), 3.65 (m, 1H), 3.08 (m, 1H), 2.80 (m, 1H), 2.14 (m, 1H),
1.84 — 1.92 (m, 2H), 1.78 (s, 3H), 1.63 (8, 3H), 1.28 ~ 1.40 (m, 4H); LCMS (ESI) m/z
479 (M+H)".

[06780] Step 2: To a stirred mixture of 2-((1-((2-((3aR,7aR)-2,2-
dimethylhexahydrobenzo|dloxazol-3(2H)-yl)benzo[d]thiazoi-6-ymethyl)-1H-
benzo|d]imidazol-3-yhoxy)ethanol (70 mg, 0.15 mmol) from the previous step in
DCM (5 mL) at 0 °C was added methanolic HCI (3 drops).. The reaction mixfure was
gtirred at 0 °C for 10 min. The mixture was adjusted to pH ~ 7 by the addition of
triethylamine and concentrated under reduced pressure. The residue was purified
directly by reverse-phase preparative HPLC to afford ((1R.2R)-2-((6-((5-(2-
hydroxyethoxy)-1H-benzo{dlimidazol-1-ylmethyl)benzo{d]thiazol-2-
ylamino)cyclohexanol (30 mg, 47%]) as a light yellow solid. "H NMR (300 MHz,
DMSO-ds) & 8.30 (s, 1H), 7.95 (d, /= 7.2 Hz, 1H), 7.62 (s, 1H), 7.40 (d, /= 9.0 Hz,
tH), 7.29 (d, /= 8.1 Hz, 1H), 7.16 — 7.18 (m, 2H), 6.84 (m, 1H}, 5.41 (s, 2H), 4.83
(brs, 1H), 4.72(d, J=4.5 Hz, 1H), 3.98 (t, /= 9.6 Hz, 2H}, 3.71 (d, /= 4.5 Hz, 2H),
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3.52 (m, 1H), 3.33 (br s, 1F1), 2.03 (m, 1H), 1.87 (m, 1H), 1.61 — 1.63 (m, 2H), 1.22 -
1.28 (m, 4H); LCMS (EST) m/z 439 (M+HY'.

Example 173
1-{Q2-(((LR 2K)-2-hvdroxveyelehexvl)amino)benzold thiazol-6-vDmethvl)-/V-

methyl-1H-benzo|dlimidazole-S-carboxamide

s 3
N7 N/ﬁ J—NH  OH
N

HN
/ ]

[60781] Step 1: Methyl 4-(((2-(methylthio)benzo[d]thiazol-6-ylymethyamino)-3-

nitrobenzoate (1.80 g, 91%) was obtained as a yeliow solid using a procedure

%,

[ ] “tyy

analogous to that described in Step 1 of Example 127, substituting methy! 4-amino-3-
nitrobenzoate for 4-methyl-2-nitroaniting used in Example 127. 'H NMR (300 MHz,
CDCl3) 8 9.15 (br s, 1H}, 8.63 (s, IH), 7.98 (s, IH), 7.88 (dd, /= 9.0, 2.4 Hz, 1H),
7.82 (d,J= 8.4 Hz, 1H), 7.47 (dd, /= 8.7, 1.8 Hz, 1H), 7.02 (d, J = 9.0 Hz, 1H), 4.81
(d,.J= 5.7 Hz, 2H), 3.80 (s, 3H), 2.77 (s, 3H); LCMS (ESI) m/z 391 (M + H)".

[06782] Step 2: Methyl 3-amino-4-(((2-{methylthio) benzo|d]thiazol-6-
vl)methylamino)benzoate (1.01 g, 62%) was obtained as a yellow solid using a
procedure analogous to that described in Step 2 of Example 129, substituting 4-(((2-
(methylthio)benzo[d]thiazol-6-yDmethyDamino }-3-nitrobenzoate from Step 1 of this
Example for 4-fluoro-N-(2-(methylthio)benzo[dithiazol-6-yymethyl)-2-nitroaniline
used in Example 129. LCMS (ESD) n/z 360 (M + HY'.

[006783] Step 3: Methyl 1-((2-(methylthio)benzo[dthiazol-6-yymethyD-1H
benzofdlimidazole-5-carboxylate (0.42 g, 42%) was obtained as a yellow solid using
a procedure analogous to that described in Step 3 of Example 130, substituting methyl
3-amino-4-({(2-(methylthio)benzo[d]thiazol-6-ylmethyl)amino)benzoate from Step 2
of this Example for N'-((2-(methylthio)benzo] J]thiazol-6-yymethyl)-4-
(trifluoromethyl)benzene-1,2-diamine used in Example 130. 'H NMR (300 MHz,
CDCls) § 8.55 (s, 1H), 8.05 (s, 1H), 7.98 (dd, J=8.7, 1.5 Hz, IH), 7.83 (d, /= 8.4 Hz,
1H), 7.51 (s, 1H), 7.26 — 7.32 (m, 2H), 5.48 (s, 2H), 3.94 (s, 3H), 2.77 (s, 3H); LCMS
(ESI) m/z 370 (M + HY'.
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[00784] Step 4: Methy! 1-((2-(methylsulfinyl)benzo{d]thiazol-6-ylymethyl)-1H-
benzo[d]imidazole-5-carboxylate (0.40 g, 93%) was obtained as a yellow solid using
a procedure analogous to that described in Step 4 of Example 130, substituting methyl
1-({2-(methylthio)benzo[ dlthiazol-6-yl)methyl)- L/ benzo{d]imidazole-5-carboxylate
from Step 3 of this Example for 2-(methylthio)-6~((5-(trifluoromethyl)-1H-
benzo[d]imidazol -1-vDmethylibenzo[d|thiazole used in Example 130, 'H NMR (300
MHz, CDCl) 8 8.56 (s, 1H), 8.09 (s, 1H), 7.91 ~ 8.05 (m, 2H), 7.79 (s, 1H), 7.39 (dd,
J=87,1.6Hz, 1H), 7.29(d, /= 8.7 Hz, 1H), 5.56 (s, 2H), 3.94 (s, 3H), 3.06 (s, 3H);
LOMS (EST) m/z 386 (M -+ H)".

[00785]  Step 5: Methyl 1-((2-{{{1R,2R)-2-hydroxycyclohexylamino)
benzo[d]thiazol-6-y1)ethyl)-1 H-benzo[dlimidazole-5-carboxylate (0.27 g, 60%) was
obtained as a white solid using a procedure analogous to that described in Step 5 of
Example 130, substituting methyl 1-((2-(methylsulfinyl)benzo[dJthiazol-6-
yhmethyl)-1 H-benzold]imidazole-5-carboxylate from Step 4 of this Example for 2-
(methylsulfinyl}-6-((5-(trifluoromethyl}- 1 H-benzo]d}imidazol-1-
yhmethyl)benzo[d]thiazole used in Example 130. 'H NMR (300 MHz, CDCL) 6 8.51
(s, IH), 8.01 (s, 1H), 9.76 (dd, /= 8.4, 1.5 Hz, 1H), 7.46 (d, /= 8.1 Hz, 1H), 7.30 (d,
J=84Hz 1H), 7.13 (dd, J= 8.1, 1.2 Hz, 1H), 7.27 (s, 1H), 5.35 (s, 2H), 3.92 (s,
3H), 348 - 3.51 (m, 2H), 2.01 - 2.03 (m, 2H), 1.70 (br m, 2H), 1.25 — 1.32 (m, 4H);
LCMS (EST) m/z 438 (M + H)".

[06786] Step 6: A mixfure of methyl 1-((2-(((1R,2R)-2-
hydroxycyciohexyl)amino)benzo[d] thiazol-6-yhethyl)-1H-benzo{d]imidazole-5-
carboxylate (0.27 g, 0.61 mmol) from the previous step, lithium hydroxide (84 mg,
3.05 mmol), THF (20 mL) and water (4 mL) was stirred at rt for 3 h. The mixture was
concentrated under reduced pressure and the pH was adjusted to 4 -5. The mixture
was extracted with FtOAc (30 mL x 3) and the combined organic layers were washed
with water (10 mL x 2), dried over Na,SO,, filtered, and concentrated under reduced
pressure to afford 1-((2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo{d]thiazol-6-
yhmethyl}- 1 H-benzo{d] imidazole-5-carboxylic acid (0.15g, 58%) as a white solid
which was not purified further. "H NMR (300 MHz, CDClz) 8 8.25 (s, 1H), 7.94 (s,
1H), 7.81 (d, J= 8.4 Hz, 1H), 7.27 (m, 1H), 7.18 = 7.21 {m, 2H}, 7.06 (m, 1H), 5.25
(s, 2H), 3.30 — 3.39 (m, 2H), 1.98 (m, 1H), 1.86 {m, 1H), 1.53 — 1.56 {m, 2H), 1.06 -
1.16 {m, 4H); LCMS (EST) m/z 424 (M + H} .
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[60787] Step 7: A mixture of 1-({(2-({(1R,2K)-2-
hydroxycyclohexyhamino)benzold]thiazol-6-yt) methyl)-1 H-benzo[dJimidazoie-5-
carboxylic acid (100 mg, 0.24 mmol) from the previous step, methylamine (1 mL,
22.5 mmol), DIEA (91 mg, 0.35 mmol) and DMF (5 mL) was stirred at rt for 15 min.
HATU (180 mg, (.23 mmol) was added and the mixture was stirred at 1t for 15 h. The
reaction mixture was diluted with EtOAc {50 mL) and washed sequentially with water
{10 mL) and brine (10 mL). The organic fayer was separated, dried over NapSOy,
filtered, and concentrated under reduced pressure. The residue was purified directly
by reverse-phase preparative HPLC to afford 1-((2~(((1R,2R)-2-
hydroxycyclohexyl)amino)benzo{d|thiazol-6-yymethyl)-N-methyl-1H-
benzo[dlimidazole-3-carboxamide (26 mg, 25%) as a white solid. 'H NMR (300
MHz, DMSO-ds) & 8.49 (s, 1H), 8.37 (br s, 1H), 8.16 (s, 1H), 7.95 (d, /= 7.5 Hz,
LH), 7.58 — 7.75 (m, 3H), 7.29 {m, 1H), 7.20 {(m, 1H), 549 (s, 2H), 4.72 (d, J=5.1
Hz, 1H), 3.50 (m, 1H), 3.35 (m, 1H), 2.50 (s, 3H}), 2.04 {m, 1H), 1.88 (m, 1H), 1.60
1.62 (m, 2H), 1.18 — 1.21 (m, 4H). LCMS (EST) m/z 436 (M + H)".

Example 174
Preparation of (1R, 2R)-2-{(6-{(5-(3.6-dihvdro-2H-pvran-4-yI}-1 H-henzo[d]imida

zol-1-vhmethvYbenzoldithiazol-2-vl)amine}cvelohexanol
P S
N N/\@ )—NH  OH
" O

A
O

[00788] A stirred mixnure of (1R, 2R)-2-({6-((5-10do-1H-benzo|dJimidazol-1-
ylmethylbenzo[d] thiazol-2-yi)amino)cyclohexanol (300 mg, 0.59 mmol) from Step
5 of Example 183, 2-(3,6-dthydro-2 H-pyran-4-yl1}-4,4,5,5-tetramethyl-1,3,2~
dioxaborolanc (188 mg, 0.89 mmol), Na,CO; (126 mg, 1.19 mmol), 1,4-dioxane (3
mLY} and water (0.5 mL} was purged with a stream of nitrogen for 10 min. [1,1'
Bis(diphenylphosphine)ferrocene]dichloropalladium (IT) (44 mg, 0.59mmol) was
added and the mixture was heated at 100 °C for 2 h. The reaction mixture was cooled
to rt and partitioned between EtOAc and water. The organic layer was separated,

dried over Na;SQ,, filtered, and concentrated under reduced pressure. The residue
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was purified by silica gel flash chromatography eluting with 30:1 DCM: MeGH and
then by reverse-phase preparative HPLC to afford (1R, 2R)-2-((6-((5-(3, 6-dihydro-
2H-pyran-4-y1)-1 H-benzo[d]imidazol-1 -ylmethyl)benzo[d]thia zol-2-
yhamino)cyclohexano! (54 mg, 20%) as a white solid. ‘H NMR (300 MHz, DMSO-
ds) 8 8.38 (s, IH), 7.94 (d, /=78 Hz, 1H), 7.67(d,/= 1.5 Hz, 1H), 7.63 (d, /= 1.8
Hz, 1H), 7.50 (d, /= 8.4 Hz, 1H), 7.35 (m, 1H), 7.29 (d, /= 8.1 Hz, 1H), 7.18 (m,
1H), 6.19 (s, 1H), 5.46 (s, 2H), 4.71 (d, J = 5.1 Hz, 1H), 4.22 (d, J= 2.7 Hz, 2H), 3.81
- 3.84 (m, 2H), 3.51 (m, 1H), 3.38 (m, 1H), 2.02 (m, 1H), 2.00 (m, 1H), 1.61 (brs,
2H), 1.14 = 1.29 (m, 4H); LCMS (EST) m/z 460 (M+H)".

Example 175
Preparation of (1 R.2R)-2-{(6-((5-(3,3.3-trifluoroprop-1-en-2-vi)-1fi-benzoidiimi

dazol-1-viymethvlibenzo|d|thiazoi-2-vIyamino)cyciohexanol

o~ S
N/ N/\Q: />_NH S-OH
O

Fal

{06789]  (1R2R)-2-((6-((5-(3.3,3-Trifluoroprop-1-en-2-yi)-1H-benzo[dlimidazol-1-
yhmethyl) benzo{d]thiazol-2-yl)amino)cyclohexanol (71 mg, 25%) was obtained as a
white solid using a procedure analogous to that described in Example 174,
substituting 4,4,5,5-tetramethy!-2-(3,3,3-trifluoroprop-1-en-2-yl}-1,3,2-dioxaborolane
for 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane used in
Example 174. "H NMR (300 MHz, DMSO-de) 5 8.49 (s, 1H), 7.95 (d, J = 7.8 Hz,
1H), 7.75 (s, 1H), 7.67 (d,J = 1.2 Hz, 1H), 7.63 (d, J=84 Hz, 1H), 735 (d, /= 8.4
Hz, 1H), 7.30 (d, J = 8.4 Hz, 1H), 7.20 (m, 1H), 6.04 (t, /= 1.8 Hz, 2H), 5.49 (s, 2H),
4.17(d, J= 5.1 Hz, 1H), 3.51 (m, 1H), 3.35 (m, 1H), 2.03 (m, 1H), 1.88 (m, 1H), 1.60
— 1.64 (m, 2H), 1.18 — 1.25 (m, 4H); LCMS (EST) m/z 473 (M+H)",

Examplie 176
Preparation of (R)-N-{cyclohex-2-en-1-vi)-6-((6-fluoro-3H-imidazo[4.5-61pvridin-

3-vhimethvhbenzo|dlthiazol-2-amine
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[6079G6] To a stirred mixtare of (1R, 2R)-2-((6-((6-fluoro-3H-imidazo[4,5-
blpyridin-3-yDmethyl)benzo[d|thiazol-2-yl)amino)cyclohexanol (156 mg, 0.4 mmotl)
from Example 162 in CH,Cl, (10 mL) at —78 °C under argon was added
diethylaminosulfur trifluoride (63 ni, 0.5 mmol). After stirring the mixture for 3 h,
additional diethylaminosulfur trifluoride (63 pl., 0.5 munol) was added. After the
mixture was stirred for a further 3 h, it was poured over ice. Additional CH,Cl; (56
mL) was added and the mixture was stirred until the ice was melted. The layers were
separated and the organic layer was washed with brine (50 mL), dried over MgSO,,
filtered, and concentrated under reduced pressure. The residue was purified by
reverse-phase preparative HPLC using a mixture of water (5% CHiCN, 0.05%
HCOOH) and CH3CN (0.05% HCOGOH) as the mobile phase and Varian Pursuit XRs
C18 colunmm as the stationary phase to afford (R)-N-(cyclohex-2-en-1-y1}-6-({6-fluoro-
3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo|djthiazol-2-amine (5 mg, 3%) as a
white powder, ‘H NMR {500 MHz, DMSO-ds) 6 8.67 (s, 1H), 8.41 (s, 1T1), 8.03 -
8.13 (m, 251), 7.68 (s, 1), 7.32 (d, J = 8.3 Hz, 1H), 7.24 (dd, J = 1.3, 8.3 Hz, 1H),

5.83 (m, 1H), 5.72 (m, 1H), 5.48 (s, 2H), 4.40 (brs, 1H), 1.95 ~ 2.03 (m, 2H), 1.90
(m, 1H), 1.70 (tm, 1H), 1.54 ~ 1.62 (m, 2H); LCMS (ESD) m/z 380 (M+H)".

Example 177
Preparation of (1R.28)-2-((6-{(¢6-bromoimidazoll.2-blpyridazin-3-

HimethvDhenzoldithiazol-2-vDamine)evelohexanol

g
Oy e
¥, O

N

Br
[06791] (1R,2ZR)-2-({6-({6-Bromoimidazo[1,2-b]pyridazin-3-
yhmethyhbenzo|djthiazol-2-vl)amino)eyclohexanol (25 mg, 28%) was obtained as a
light tan solid using a procedure analogous to that described in Step 6 of Example
117, substituting 6-bromopyridazin-3-amine and 2-chloro-3-(2-({{(1R,2R)-2-
hydroxycyclohexyhamino)benzo[d]thiazol-6-yl)propanal from Step 2 of Example
153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-3-(2-

(methylthio)benzo[d]thiazol-6-yl)propanal used in Example 117. "H NMR {500 MHz,
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DMSO-dg) 8 8.09 (d, J = 9.8 Hz, 1H), 7.89 (d, J = 7.4 Hz, 1H), 7.59 (s, 1H), 7.54 (s,
1H), 7.39 (d, J = 9.4 Hz, 1H), 7.27 (d, J = 7.9 Hz, 1H), 7.12 (d, J = 8.4 Hz, 1H), 4.76
(br s, 1TD), 4.29 (s, 2H), 3.47 - 3.59 (m, 2H), 2.04 (4, ./ = 11.8 Hz, 1H), 1.86 - 1.92 (m,
1H), 1.55 - 1.69 (m, 2H), 1.11 - 1.34 (m, 4H). LCMS (EST) m/z 458, 460 (M+T)".

Exampie 178
Preparation of (1R.2R)-2-({6-((6-(4-methvipiperazin-1-vl)imidaze|1,2-

bipvridazin-3-viimethvilbenzoe[dlthiazel-2-vIlaminolevelohexanol

s
~2

N
o N,}—NH OH

-

N

Q
[00792] (1R.2R)»-2-({6-((6-(4-Methyipiperazin-1-yDimidazo[ 1,2-b]pyridazin-3-
yhmethylbenzo[d}thiazol-2-yl)aminojcyclohexanol (40 mg, 28%) was obtained as a
yeliow powder using a procedure analogous to that described in Step 6 of Example
117, substituting 6-(1-methylpiperidin-4-ylpyridazin-3-amine (Ref: US4104385 AT,
1978) and 2-chloro-3-(2-({({1R,2R)-2-hydroxycyclohexyhamino)benzof dlthiazol-6-
vi)propanal from Step 2 of Example 153, respectively, for 2-ammoisonicotmonitrile
and 2-chloro-3-{2-(methylthio)benzofd]thiazol-6-yl)propanal used in Example 117. 'H
NMR (300 MHz, DMSO-ds) & 7.88 (d, J="7.4 Hz, 11}, 7.78 (d, /= 9.8 Hz, 1H), 7.38
(s, 1H), 7.33 (br s, 1H), 7.24 (d, /= 7.9 Hz, 1H), 7.13 (d, /= 8.4 Hz, 1H)}, 7.10 (4, /=
9.8 Hz, 1H), 4.77 (br s, 1H), 4.16 (s, 2H), 3.44 - 3.51 {m, 4H), 3.34 (td, /= 4.6, 9.0
Hz, 2H), 2.37 - 2.46 (m, 4H), 2.21 (s, 3H), 1.98 - 2.08 (m, 1H), 1.87 - 1.94 (m, 1H},
1.53 - 1.70 (m, 2F), 1.09 - 1.35 {m, 4H), LCMS (EST) m/z 478 (M+H)",

Examnie 179
Preparation of (srans-4-((6-((6-flucro-3H-imidazol4.5-b|pvridin-3-

vhmethvlibenzo|dithiazol-2-vDaming)cyvclohexyDmethanol

¢/\©: J—NH
N

[00793] Step I: To a stirred suspension af frans-4-aminocyclohexanecarboxylic
acid hydrochloride (0.5 g, 2.8 mmol) in anhydrous THF (10 mL) at 0 °C under argon
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was added dropwise lithium aluminum hydride (2 M solution in THF, 5.6 mL, 11
mmol). The mixture was stirred for 1 h at 0 °C, then allowed to warm to 1t and stir for
an additional 1 h. The mixture was then heated in a sealed tube at 85 °C for 12 h. The
mixture was cooled to 0 °C and H,0 (600 ul.) was slowly added, followed bya 1 M
aq NaOH (1.2 mL) and H,0 (1.8 mL). The mixture was dihited with CH;Cl, (50 ml)
and stirred for 30 min at rt. The mixture was filtered, and the filtrate was concentrated
under reduced pressure to afford (rrans-4-aminocyclohexyhmethanol (323 mg, 90%)

as a white solid that did not require further purification.

[00794)  Step 2: (trans-4-((6-((6-Fluore-3 H-imidazo[4,5-bJpyridin-3-
yvhmethyl)benzo{dthiazol-2-y])amino)cyclohexyl)methanol was synthesized as a
white powder (43 mg, 36%) using a procedure analogous to that described i Step 5
of Example 162, substituting (frans-4-aminocyclohexylymethanol for (15,2R)-2-
aminocyclohexanol hydrochloride used in Example 162. "H NMR (500 MHz, DMSO-
ds) D 8.68 (s, 1H), 841 (t,J= 2.0 Hz, 1H), 8.07 (dd, .J=2.6,9.5 Hz, 1H), 7.95 (d. J =
7.4 Hz, 1H), 7.66 (d, /= 1.2 Hz, 1H), 7.31 (m, 1H), 7.22 (dd, J = 1.6, 8.2 Hz, 1H),
547 (s, 2H), 4.40 (1, J= 5.2 Hz, 1H), 3.58 (m, 1H), 3.22 (m, 2H), 2.00 - 2.07 (m, ZH),
1.73 — 1.80 {m, 2H), 1.32 (m, 1H), 1.13 - 1.25 (m, 2H), 0.92 - 1.03 (m, 2H); LCMS
(EST) m/z 412 (M+H)".

Example 184
Preparation of {¢f5-4-((6-{(6-Tluoro-3H-imidazo[4.5-blpvridin-3-

vhmethvitbenzoldjthizzol-2-yDamino)cvelohexvhmethanel

o S
= N
N
N/
F

HC
[06795]  Step 1: (cis-4-Aminocyclohexyl)methanol was synthesized as a white

powder (301 mg, 86%) using a procedure analogous to that described in Step 1 of
Example 179, substituting cis-4-aminocyclohexanecarboxylic acid for trans-4-

aminocyclohexanecarboxylic acid hydrochloride used in Exampie 179,

[60796]  Step 2: (cis-4-({6-((6-Fluoro-3 H-imidazo[4,5-b]pyridin-3-
yhmethyDbenzo[d]thiazol-2-yl)amino)cyclohexyl)methanol was synthesized as a

white powder (26 mg, 21%) using a procedure analogous to that described in Step 5
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of Example 162, substituting (cis-4-aminocyclohexylymethanol from the previous step
for (18,2R)-2-aminocyclohexano! hydrochloride used in Example 162. "H NMR (500
MHz, DMSO-ds) 8 8.67 (s, 1H), 8.41 (t,J= 2.0 Hz, 1I1), 8.07 (dd, J=2.5, 9.4 Hz,
1H), 798 (d,J=7.1 Hz, 1H), 7.66 (d, /= 1.0 Hz, 1H), 7.30 (m, 1H), 7.23 (d4, J =
14,82 Hz, 1H), 548 (s, 2H), 441 (t,/=4.9Hz, 1H), 396 (m, 1H), 3.26 (1, /=54
Hz, 2H), 1.76 ~ 1.78 (m, 2H), 1.4 - 1.60 (m, SH), 1.28 — 1.38 (m, 2H); LCMS (ESI)
miz 412 (M+H)".

Example 181
Preparation of 6-((6-fluore-3H-imidazo[4.5-blpvridin-3-viymethvi)-NV-{(1R.2K}-2-

{methvithio)cvelohexybenzo[dl thiazol-2-amine

P 8
.Y N/\©: PERVIRS
— N
N
o
F

1007971  Step 1: To a stirred mixture of (1R,2R)-2-((6-((6-fluoro-3 H-umidazo(4,5-
blpynidin-3-ylmethylybenzo[dJthiazol-2-yDamino)cyclohexanol (517 mg, 1.3 mmol)
from Example 162, TEA (194 uL, 1.4 mmol), and CH,Cl, (15 mL} at rt under argon
was added methanesuifonyl chloride (152 ul., 2.0 mmol). After stirring the mixture
for 15 h, additional TEA (194 nL, 1.4 mmol) and methanesulfonyl chloride {152 ul,
2 .(rmmol) were added. After stirring for an additional 18 h, the mixture was diluted
with CH>Cl, and stirred with saturated aq NaHCOs (50 mL) for 30 min. The layers
were scparated and the organic layer was washed with brine (50 ml.), dried over
MgSQy, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography, eluting with a gradient of 160% hexanes to 100%
EtOAc, to afford (18,2R)-2-((6-((6-fluoro-3 H-imidazo[4,5-bpyridin-3-
yhmethyhbenzo[d]thiazol-2-yl)amino)eyclohexyl methanesulfonate (274 mg, 44%)
as a clear oil. "H NMR (500 MHz, DMSO-ds) 8 8.66 (s, 1H), .39 (t, /= 1.8 Hz, 1H),
8.16(d,J="7.4Hz, 1H), 8.04 (dd, J=2.6, 9.5 Hz, 1H), 7.66 (d, /= 1.0 Hz, 1H), 7.33
(d,J=8.1Hz, 1H), 7.22 (dd,.J = 1.4, 8.2 Hz, 1H), 5.46 (s, 2H), 4,98 (m, 1H), 4.06
{m, 1H), 2.99 (s, 3H), 2.01 (m, 1H), 1.54 — 1.72 (m, 4H), 1.34 ~ 1.50 {m, 3H); LCMS
(EST) m/z 476 (M+H)".
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[08798] Step 2: A mixture of (15,2R)-2-((6-((6-fluoro-3 H-imidazo[4,5-b|pyridin-
3-yhmethyl)benzo[d]thiazol-2-yl)amino)cyclohexyl methanesulfonate (100 mg, 0.2
mmeol) and sodium thiomethoxide (74 mg, 1.0 mmol) in DMF (1.0 mL) was stirred at
1t for 2h. The mixture was purified directly by reverse-phase preparative HPLC using
a mixture of water (5% CHiCN, 0.05% HCOOH} and CH;CN (0.05% HCOOH) as
the mobile phase and Varian Pursuit XRs C18 column as the stationary phase fo
afford 6-((6-fluoro-3fH-imidazol4,5-b]pyridin-3-ylymethy)-N-({1R,2R)-2-
(methylthio)cyclohexyljbenzo[d]thiazol-2-amine (5 mg, 4%) as a white powder. "H
NMR (500 MHz, DMSO-dg) 8 8.68 (s, 1H), 8.41 (t,.J= 1.8 Hz, 1H), 8.04 - 8.11 (m,
2H), 7.67 (s, 1H), 7.30 (m, 1H), 7.23 (m, 1H), 5.48 (s, 2H), 3.72 (m, 1H), 2.56 (m,
1H), 1.99 - 2.08 (m, 5H), 1.63 - 1.71 {m, 2H), 1.41 — 1.51 (m, 1H), 1.21 — 1.36 (m,
3H); LCMS (EST) m/z 428 (M+H)'.

Example 1§82
Preparation of (1R.2R)-2-{{6-({5-(exetan-3-vioxv)-1 H-benzo[dlimidazo}-1-

vhmethviberzo[d]thiazol-2-yDaminelevelohexanol

o~ S
N/ N/\@ %NH QH
g,:( N 3 &
G

o

[06799] Step 1: To a stirred mixture of oxetan-3-ol (0.85 g, 11.5 mmol) in DCM
(38 mL) were added TEA (3.3 mL, 23 mmol) and 4-methylbenzene-1-sulfonyi
chloride {2.7 g, 13.8 mmol). The reaction mixture was stirred at 1t for 15 h. The
mixture was partitioned between water and DCM. The organic layer was separated,
dried over Na;80,, filtered, and concentrated under reduced pressure, The residue
was purified by silica gel flash chromatography eluting with a gradient of 30% DCM
in petroleum ether to 100% DCM to afford oxetan-3-yl 4-methylbenzenesulfonate
(1.3 g, 50%) as a white solid. "H NMR (300 MHz, CDCl3) 8 7.77 (d, J = 8.4 Hz, 2H),
7.35{(d, J=8.7 Hz, 2H}, 5.30 (m, 1H), 4.66 — 4.74 (m, 4H), 2.46 (s, 3H); LCMS (ESI)
m/z 229 (M+H)".

[60860]  Step 2: A stirred mixture of 1-((2-((3aR,7aR)-2,2-
dimethylhexahydrobenzo|dJoxazol-3(2ZH)-yl}benzo[d]thiazol -6~y methyl)-1H-
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benzo|d]imidazol-5-oi (100 mg, 0.23 mumol) from Step 1 of Example 171, oxetan-3-yl
4-methylbenzenesulfonate (420 mg, 1.84 mmol) from the previous step, Cs;CO; (225
mg, 0.69 mmol), sodium iodide (276 mg, 0.69 mmol) and NMP {4 mL) was heated at
145 °C for 15 h. The mixture was diluted with EtOAc and washed with brine. The
organic layer was dried over Na,SQyq, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography eluting with
40:1 DCM/MeOH 1o afford (3aR,7aR)-2,2-dimethyl-3-(6-((5-(oxetan-3-yloxy)-1H-
benzo{diimidazol-1-yimethyl)benzo|dithiazol-2-yhoctahydrobenzo [d]oxazole (35
mg, 31%) as a yellow solid. 'H NMR (300 MHz, CDCl3) & 7.90 (s, 1H), 7.5& (d, /=
8.4 Hz, 1H), 7.40 (s, 1H), 7.17 - 7.20 {m, 2H), 6.94 (s, 1H), 6.84 (m, [H), 5.35 (s,
2H}Y, 5.24 (m, 1H), 5.00 (m, 2H), 4.79 (m, 2H), 3.66 {m, 1H), 3.08 (m, 1H), 2.81 (m,
1H), 2.15 (m, 1H), 1.84 — 1.92 (m, 2H), 1.78 (s, 3H), 1.63 (s, 3H), 1.30 - 1.45 (m,
4H); LCMS (EST) m/z 491 (M+H)".

[60801]  Step 3: (1R, 2R)-2-{(6-({5-(Oxetan-3-yloxy)}-1 H-benzo[d]imidazol-1-
ylmethyhbenzo{dthiazol-2-yl)amino)cyclohexanol (20 mg, 50%) was obtained as a
yellow solid using a procedure analogous to that described in Step 2 of Example 172,
substituting (3aR,7aR)-2,2-dimethyl-3-(6-((5-(oxetan-3-yloxy)-1H-benzo[d]imidazol-
|-yDmethyDbenzo{d]thiazol-2-yl)octahydrobenzo [d]oxazole from Step 2 of this
Example for 2-((1-((2((3aR,7aR)-2,2-dimethylhexahydrobenzo[d]oxazol-3(2H)-
vlibenzo[dithiazol-6-y)methyl)-1H-benzo[d]imidazol-3-yhoxy)ethancl used in
Example 172, ‘H NMR {300 MHz, DMSO-d;) 8 8.21 (s, 1H), 7.49 (s, 1H), 7.34
7.37 (m, 2H), 7.19 (m, 1H), 6.82 - 6.89 (m, 2H), 5.44 (s, 2H), 5.28 (, /= 8.4 Hz, 1H),
5.00 - 5.04 (m, 2H), 4.67 - 4.71 {m, 2H), 3.57 {m, 1H), 3.44 (m, 1H), 2.08 (m, 1H),
2.00 (m, 1H), 1.70 ~ 1.77 (m, 2H), 1.29 — 141 (m, 4H); LCMS (ESI) m/z 451
(M+HY,

Exampie 183
Preparaiion of {1 R2RY-2-((6-{(5-vinvi-1H-benzoldlimidazel-1-vhimethvidbenzo

idjthiazol-2-vI}amino)cveishexanol

o~ §
N N’U J—NH  OH
N 3 F

AN
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[006802] Step 1: 4-lodo-N-((2-(methylthio)benzo[dithiazol-6-ylymethyl)-2-
nitroaniline (5.7 g, 66%) was obtained as a yellow solid using a procedure analogous
to that described in Step 1 of Example 127, substituting 4-iodo-Z-nitroaniline for 4-
methyl-2-nitroaniline used in Example 127, "H NMR (300 MHz, CDCl3) 8 8.50 (d, J
= 2.1 Hz, 1H), 8.46 (br s, 1H), 7.85 (d, /= 8.7 Hz, 1H), 7.70 (s, 1H)}, 7.57 (d, J=9.0
Hz, 1H), 7.36 (d, /= 8.4 Hz, 1H), 6.58 (d, /= 9.0 Hz, 1H), 4.63 (d,./=5.7 Hz, 2H),
2.79 (s, 3H); LCMS (EST) m/z 458 (M+H)™",

[00803]  Step 2: 4-Todo-N'-{(2~(methylthioYbenzo|d]thiazol-6-yl)methyi)benzene-
1,2-diamine (4.89 g, 92%) was obtained as a yellow solid using a procedure
analogous to that described in Step 2 of Example 129, substituting 4-iodo-N~((2-
(methylthioYbenzo[d|thiazol-6-ymethyl)-2-nitroaniiine from Step 1 of this Example
for 4-fluoro-N-{(2<(mcthylthio)benzo[d]thiazol-6-yymethyt)-2-nitroaniline used in
Example 129. LCMS (EST) m/z 428 (M+H)".

[60804]  Step 3: 6~((5-Iodo-1H-benzo[d]imidazol-1-yl)methyl)-2-
(methylthio)benzoid]thiazole (3 g, 60%) was obtained as a orange solid using a
procedure analogous to that described in Step 3 of Example 130, substituting 4-iodo-
N-((2-(methylthio)benzo[d]thiazol-6-y!methyl)benzene-1,2-diamine from Step 2 of
this Example for N'-((2-(methylthio)benzo[dJthiazol-6-yDmethyl)-4-
(tnflucromethyDbenzene-1,2-diaming used in Example 130. "H NMR (300 MHz,
CDCly) 8 8.18 (s, 1H), 7.91 (s, 1H), 7.82 (d, J=8.4 Hz, IH), 7.48 - 7.53 (m, 2H),
7.24(d, J=9.0 Hz, 1H), 7.04 (d, J = 8.4 Hyz, 1H), 5.43 (s, 2H), 2.78 (s, 3H); LCMS
(EST) m/z 438 (M+H)".

[06805] Step 4: 6-{(5-Todo-1 H-benzo[d|imidazol-1-yD)methyl)-2-
(methyisulfinylYoenzo[d]thiazole (2.79 g, 90%) was obtained as a tan solid using a
procedure analogous to that described in Step 4 of Example 130, substituting 6-({5-
iodo-1H-benzo[dfimidazol-1-y)methyl)-2-(methyithio)benzo[d]thiazole from Step 3
of this Example for 2-(methylthio)-6-((5-(trifluoromethyl}- 1 F{-benzo[d]imidazol -1-
yDymethyl)benzol[d]thiazole used in Example 130. 'H NMR (300 MHz, CDCl3) § 8.20
(s, 1H), 8.03(d, /=84 Hz, 1H), 7.96 (s, IH), 7.76 (s, 1H), 7.52 (d, /= 8.4 Hz, IH),
7.36(d,J= 8.4 Hz, 1H), 7.03 (d, /= 8.4 Hz, 1H), 5.51 (s, 2H), 3.07 (s, 3H); LCMS
(ESI) m/z 454 (M+H)".
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[060866] Step S: (1R.2R)-2-((6-((5-lodo-1H-benzo[d]imidazol -1-
yhmethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol (1.78 g, 57%) was obtained as a
brown solid using a procedure analogous to that described in Step 5 of Example 130,
substituting 6-((5-i0do-1H-benzo[dlimidazol-1-yiimethyl)-2-
(methylsulfinylbenzo[dlthiazole from Step 4 of this Example for 2-(methylsuifinyl)-
6-({5-(trifluoromethyl}-1H-benzo[djimidazol-1-ylymethylbenzo[dtthiazole used in
Example 130. '"H NMR (300 MHz, CDCL) 8 8.13 (s, 1H), 7.87 (s, 1H), 7.46 (d, J =
8.45 Hz, 1H), 7.44 (d, /=99 Hz, 1H), 7.19 (s, 1H), 7.08 (d, J = 8.4 Hz, 1H), 7.03 (d,
J=8.4Hz, 1H}), 5.28 (s, 2H), 3.52 (m, 1H), 3.44 (m, 1H), 2.04 - 2.16 (m, 2H), 1.68 -
2.73 (m, 2H), 1.18 — 1.42 (m, 4H); LCMS (ESI) m/z 505 (M+H)".

[60807] Step 6: (1R, 2R)-2-((6-({5-Vinyl-1 H-benzo{djimidazol-1-
yhmethyDbenzo[d)thiazoi-2-yDamino)cyclohexanol (64 mg, 20%) was obtained as a
white solid using a procedure analogous to that described in Exampic 174,
substituting 4,4,5,5-tetramethyi-2-vinyl-1,3,2-dioxaborolane for 2-(3,6-dihydro-2FH-
pyran-4-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane used in Example 174. "H NMR
(300 MHz, DMSO-ds) 6 8.39 (s, 1H), 7.95 (d, J="7.5 Hz, 1H), 7.72 (s, 1H), 7.64 (s,
IH), 7.51 (d, /=84 Hz, 1H), 7.38 (d, /= 8.4 Hz, 1H), 728 (d, /= 8.4 Hz, IH), 7.19
(d,J=8.4Hz, 1H), 6.81 {m, 1H), 5.77 (d, /= 18.0 Hz, 1H), 5.45 (5, 2H), 5.16 (d, J =
11.1 Hz, 1H),4.73 (d, /= 8.4 Hz, 1H), 3.53 (m, 1H), 3.27 (m, 1H), 2.02 (m, 1H), 1.87
(m, 1H), 1.60 — 1.62 (m, 2FT), 1.20 — 1.24 (m, 45); LCMS (EST) m/z 405 (M-+H) .

Example 184
Preparation of (1R.2ZE}-2-({o-{{5-(¢cvelohex-1-en-1-vIl-LH-benzold]imidazel-1-vI)

methvhibenzodlthiazol-2-vl)amine)evelohexanol

SN

N /\@S)—NH OH
o O

®

[088€8]  (1R.2R)-2-((6-({5-{Cyclohex-1-en-1-yl)}-1H-benzo[d]imidazol-1-
ylimethyhbenzo{dthiazol -2-yDamino)cyclohexanol (80 mg, 30%) was obtained as a
white solid using a procedure analogous to that described i Example 174,

substituting 2-(cyclohex-1-en-1-yi)-4, 4, 5, 5-tetramethyl-1,3,2-dioxaborolane for 2-
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(3,6-dihydro-2 H-pyran-4-yl)-4,4,5,5-tetramethyi-1,3,2-dioxaborolane used in
Example 174, '"H NMR (300 MHz, DMSO-ds) 8 8.35 (s, IH), 7.94 (d, /= 8.1 Hz,
1H}, 7.60 (d,./= 8.7 Hz, 2H), 745 (d, /= 8.4 Hz, 1H), 7.29 (d, /= &.1 Hz, 2H), 7.18
(m, 1H), 6.08 (d, J=4.5 Hz, 1H), 5.44 (s, 2H), 4.72 (d, /= 5.4 Hz, 1H), 3.51 {(m, 1H),
3.37 (m, 1H), 2.39 - 2.45 (m, 2H), 2.13 — 2.20 (m, 2H), 2.04 (m, 1H), 1.89 (m, 1H),
1.80 — 1.83 (m, 2H), 1.56 — 1.66 (m, 4H), 1.11 - 1.36 {m, 4H); LCMS (ESI) m/z 459
(M+H)'.

Example 185
Preparation of (1R.2E)-2-((6-({5-(1 -methvi-3-(triflucromethyh-1 H-pvrazol-4-vl)-

1H-benzoldlimidazol-1-vimethvi}benzoldithiazel-2-vDamino)eyvelohexanol

o~ S
N7 N/\@: p—NH  OH
N E F

[6080%1 (1R,2R)-2-((6-((5-(1-Methyl-3-(trifluoromethyl)-1 H-pyrazol-4-y1)-1H-
benzo|dlimidazol-1-yDmethylhbenzo[dthiazol-2-yamino)cyclohexanol (71 mg,
25%) was obtained as a white solid using a procedure analogous to that described in
Example 174, substituting (1-methyli-3-(trifluoromethyl}-1 H-pyrazol-4-yDboronic
acid for 2-(3,6-dihydro-2H-pyran-4-yl)-4.4,5 5-tetramethyl-1,3,2-dioxaborolanc used
in Example 174. "H NMR (300 MHz, DMSO-dq) § 8.44 (s, 1H), 8.10 (s, 1H), 7.95 (m,
1H), 7.69 (s, 1H), 7.63 (s, 1H), 7.60 {(d, /=8.7 Hz, 1H), 7.30 (d, J = 8.4 Hz, 1H), 7.23
- 7.75 {m, 2 H), 5.48 (s, 2H}, 4.70 (m, 1H), 3.96 (s, 3H), 3.51 (m, 1H), 3.32 (m, 11,
2.03 (m, 1H), 1.84 (m, 1H), 1.59 - 1.62 (m, 2H), .15 - 1.29 (m, 4H); LCMS (ESI)
m/z 527 (M+H)',

Example 186
Preparation of (1R.2R)-2-({6-{(S-fluorsimidaze{1.2-alpvridin-3-
yhmethvhbenzoldithiazol-2-vhamino)cyelohexanol
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[60816] (IR,2R)-2-((6-((5-Fluoroimidazo[1,2-a]pyridin-3-
ylymethylhbenzo|d]thiazol-2-ylamino)cyclohexanol (5 mg, 10%) was obtained as a
yellow powder using a procedure analogous to that described in Step 6 of Example
117, substituting 6-fluoropyridin-2-amine and 2-chloro-3-(2-(((1R,2R)-2-
hydroxycyclohexyljamino)benzo{d]thiazol-6-yl)propanal from Step 2 of Example
153, respectively, for 2-aminoisonicotinonitriie and 2-chloro-3-(2-
(methylthio)benzo[d]thiazol-6-y])propanal used in Example 117. '"H NMR (500 MHz,
DMSO-dg) 8 792 (d,J=7.4 Hz, 1H), 7.42 (d, /= 3.9 Hz, 1H), 7.35 - 7.40 (m, 1H),
726 (d,J=8.4 Hz, 1H), 7.22 (dd, J= 7.1, 15.5 Hz, 1H), 6.99 (d. J = 7.9 Hz, 1H),
6.66 (t,J=7.1 Hz, 1H), 480 {(brs, 1H), 4,39 (brs, 2H), 3.50 (brs, 2H), 2.04 (d,J =
11.8 Hz, 1H), 1.87(d, J=10.8 Hz, 1H), 1.54 - 1.70 (m, 2H), 1.10 - 1.37 (m, 4H).
LCMS (EST) m/z 397 (M+H)".

Example 187
Preparation of (1R 2IR)-2-((6-((7-morpholineimidazo[1.2-alpvridin-3-
viimethvhbenzofdlthiazol-2-vIlamino)cvelohexanol
[0605]

S
—
N

S N/>-—~NH OH

N

O

[60811]  Step 1: A nuxture of 4-chloropyridin-2Z-amine (400 mg, 3.1 mmol) and
morpholine (2 mlL.) in 2 mL of DMA was heated at 200 °C for 5 min in a microwave
reactor. LCMS analysis indicated completion of the reaction, The mixture was
partitioned between EtOAc and brine, and the organic layer was dried over NaySOy
and concentrated under reduced pressure to give crude 4-morpholinopyridin-2-amine
as a yellow solid (350 mg). LCMS (ESI) m/z 180 (M+H) .

[60812]  Step 2: (IR,2R)-2-((6-((7-Morpholinoimidazo[1,2-aipyridin-3-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol (50 mg, 31%) was obtained as a
yellow powder using a procedure analogous to that described in Step 6 of Example
117, substituting 4-morpholinopyridin-2-amine from Step 1 of this Example and 2-
chloro-3-(2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzof djthiazol-6-yl)propanal
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from Step 2 of Example 153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-
3-(2-(methylthio)benzo[d]thiazol-6-yl)propanal used in Example 117. 'H NMR (500
MHz, DMSO-ds) 8 7.94 (d, J=7.9 Hz, 1H), 7.88 (d, J = 7.4 Hz, 1H), 7.48 (s, IH),
7.25(d,J=79Hz IH),7.18 (s, 1H}, 7.06 (d, /=84 Hz, 1H), 6.79(dd, /=22, 7.6
Hz, 1H), 6.67 (d, J=2.0Hz, 1H), 4.75 (brs, 1H}, 4.20 (s, 2H), 3.67 - 3.79 (m, 4H),
3.50 (brs, 2H), 3.09 - 3.16 (m, 4H), 2.03 (d, /= 11.8 Hz, 1H), 1.86 (br s, 1H), 1.55 -
1.71 (m, 2H), 1.12 - 1.38 (m, 4H). LCMS (ESI) m/z 464 (M+H)".

Example 188
[0006] Preparation of (1R.2R)-2-({(6-((7-(4-methvipiperazin-1-vhimidazo]1,2-

aipyridip-3-vhmethylibenzo[dlthiazel-2-vl)aminojeyelehexanol

B

N z,*)—NH O
W/
(N
/NJ
[00813] Step L: A mixture of 4-chloropyridin-2-amine (400 mg, 3.1 mmol) and N-
methylpiperizine (2 mL) in DMA (2 ml.) was heated at 200 °C for 5 minina
microwave reactor, LCMS analysis indicated completion of the reaction, The reaction
mixture was partitioned between EtOAc and bring, and the organic tayer was dried
over Na;SO; and concentrated under reduced pressure fo give crude 4-(4-

methylpiperazin-1-yDpyridin-2-amine as a brown solid (350 mg). LCMS (ESI) m/z
193 (M+H)".

[60814] Step 2: (1R,2R)-2-({6~((7-(4-Methylpiperazin-1-yl)imidazo[1,2-a]pyridin-
3-yDmethyDbenzo[d]thiazol-2-yl)amino)cyclohexanol (17 mg, 9%) was obtained as a
vellow solid using a procedure analogous to that described in Step 6 of Example 117,
substituting 4-(4-methylpiperazin-1-ylypyridin-2-amine from Step 1 of this Example,
and 2-chloro-3-(2-(((1R,2R)-2-hydroxycyclohexyl)amino)benzo{ d]thiazol-6-
viypropanal from Step 2 of Example 153, respectively, for 2-aminoisonicotinonitriie
and 2-chloro-3-(2-(methylthio)benzo]dJthiazol-6-yl)propanal used in Example 117.'H
NMR. (500 MHz, DMSO-ds) 6 7.90 (d, /= 7.4 Hz, 1H), 7.87(d, J=7.4 Hz, 1H), 7.47
(s, 1H), 7.25 (d, J=8.4 Hz, 1H), 7.17 (s, 1H), 7.06 (d, J = 6.9 Hz, 1H), 6.72 - 6.81
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(m, 2H), 6.64 (s, 1H), 4.19 (s, 2H), 3.51 (br s, 1H), 3.31 - 3.37 (m, 2H), 3.16 (d,J =
4.4 Hz, 4H), 2.42 (d, J = 4.4 Hz, 4H), 2.21 (s, 3H), 2.03 (d, /= 11.8 Hz, 1H), 1.83 -
1.87 (m, 1H), 1.55 - 1.70 (m, 2E1), 1.10 - 1.35 (m, 4H). LCMS (EST) m/z 477 (M+H)".

Example 189
[0607] Preparation of ({(1R.2R)-2-((6-((5.7-dimethvl-1/H-benzoldjimidazol-1-

vhmethvhibenzofd]thiazol-2-vhamino)evelohexanol

I~ s
N7 N/\@ )—NH  OH
N 3 §

[06815]  Step 1: N-(2,4-Dimethyl-6-nitrophenyl}formamide (746 mg, 64%) was
obtained as a solid using a procedure analogous to that described in Step 1 of
Example 203, substituting 4,6-dimethyl-2-nitroaniline for 4-bromo-2-fluoro-6-

nitroaniline used in Example 203. LCMS (EST) m/z 195 (M+H)".

[00816]  Step 2: N-(2,4-Dimethyl-6-nitrophenyl}-N-((2-
(methylthio)benzo[d]thiazol-6-ymethyl)formamide (1.29 g, §7%) was obtained as a
vellow solid using a procedure analogous to that described in Step 2 of Example 203,
substituting N-(2,4-dimethyl-6-nitrophenyl}formamide from the previous step for M-
{4-bromo-2-flucro-6-nitrophenyl)formamide used in Example 203. LCMS (ESI) m/z
388 (M+H)".

[00817]  Step 3: 6-((3,7-Dimethyl-1H-benzo[dlimidazol- I-yD)methyl)-2-
(methylthioYbenzo[d]thiazole (696 mg, 62%) was obtained as a solid using a
procedure analogous to that described in Step 3 of Example 203, substituting N-(2,4-
dimethyl-6-nitrophenyD)-N-((2-(methylthio)benzo[d]thiazol-6-ylymethyl)formamide
from the previous step for N-(4-bromo-2-fluoro-6-nitrophenyl)-N-((2-
(methylthio)benzo[dthiazol-6-ylymethyl)formamide used in Example 203. 'HNMR
(500 MHz, DMSO-ds) 8 8.25 (s, 1H), 7.80 {d, ./ = 8.4 Hz, 1H), 7.60 (d,./= (.8 Hz,
1H), 7.29 (s, 1H), 7.08 (dd, /= 8.4, 1.6 Hz, 1H), 6.74 (s, 1H), 5.75 (s, 2H), 2.75 (s,
3H), 2.33 (s, 3H), 2.33 (s, 3H); LCMS (EST) m/z 340 (M)

[00818]  Step 4: 6-((5,7-Dimethyl-1H-benzo[d]imidazol-1-ylymethyl)-2-

(methylsulfinyl)benzo[d]thiazole (600 mg, 83%) was obtained as a solid using a
procedure analogous to that described in Step 4 of Example 203, substituting 6-((5,7-
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dimethyl-1H-benzo[d]imidazol-1-yDmethy])-2-(methylthioYbenzo[d]thiazole from the
previous step for 6-((5-bromo-7-fluoro-1H-benzo[d]imidazoi-1-yl)methyl)-2-
(methylsulfinyl)benzo[d]thiazole used in Example 203. "H NMR (500 MHz, DMSO-
ds) 8 8.28 (s, 1H), 8.07 (d, /= 8.5 Hz, 1H), 7.83 (m, 1H), 7.31 (m, IH}), 7.28 (dd, J=
8.6, 1.6 Hz, 1H), 6.74 (m, 1H), 5.83 (s, 2H), 3.05 (s, 3H), 2.33 (s, 3H), 2.33 (s, 3H);
LCMS (ESD) m/z 356 (M+H) ",

[00819]  Step 5: ((1R,2R)-2-((6-((5,7-Dimethyl-1 H-benzo[dHmidazol-1-
vhmethylibenzoldithiazol-2-yhamino)cyclohexanol (50 mg, 29%) was obtained as a
solid using a procedure analogous to that described in Step 5 of Example 203,
substituting 6-{(5,7-dimethyl-1H-benzo[dlimidazol- 1~y methyl}-2-
{methylsulfinylbenzofdjthiazole from the previous step for 6-((5-bromo-7-fluoro-1H-
benzo{djimidazol-1-yDmethyl)-2-(methylsulfinyl)benzo[d}thiazole used in Example
203. "H NMR (500 MHz, DMSO-ds) & 821 (s, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.22 -
7.30 (m, 3H), 6.81 (dd, /= 1.2, 8.4 Hz, 1H), 6.73 (s, 1H), 5.62 (s, 2H), 4,75 (br m,
1H), 3.51 (brm, 1H), 3.30 (brm, 1H), 2.38 (s, 3H), 2.33 (g, 3H), 2.02 (m, 1H), 1.85
(m, 1H), 1.56 - 1.66 (m, 2H), 1.13 - 1.30 (m, 4H); LCMS (ESD) m/z 407 (M+H)".

Example 199
Preparation of {1R.2R)-2-((6-{({5-bromo-7-methvl-1H-benzo|dlimidazol-1-

vimethvl}benzold]thiazol-2-vhamino}cvclohexanol

o~ S
N N/@ >—NH  OH
N 3 &

Br
[60828] Step 1: N-(4-bromo-2-methyl-6-nitrophenylyformamide (227 mg, 33%)

was obtained as a solid using a procedure analogous to that described in Step 1 of
Example 203, substituting 4-bromo-2-methyl-6-nitroaniline for 4-bromo-2-fluore-6-
nitroaniline used in Example 203, LCMS (ESI) m/z 259 and 260 (M+H)".

[06821]  Step 2: N-(4-Bromo-2-methyl-6-nitrophenyl)-N-((2-
(methylthioYbenzo[d]thiazol-6-viymethyhformamide (377 mg, 95%) was obtained as
an oil using a procedure analogous to that described in Step 2 of Example 203,
substituting N-(4-bromo-2-methyl-6-nitrophenyl)formamide from the previous step
for N-(4-bromo-2-fluoro-6-nitrophenyl)formamide used in Example 203. LCMS (ESI)
m/z 452 and 454 (M+H)".
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[60822] Step 3: 6-((5-Bromo-7-methyi-1H-benzo|djimidazol-1-ylymethy!)-2-
{methylthio)benzo[d]thiazole (100 mg, 30%) was obtained as a solid using a
procedure analogous to that described in Step 3 of Example 203, substituting N-(4-
bromo-2-methyl-6-nitrophenyl}-N-((2-(methyithio)benzo[d]thiazol-6-
yhmethyl)formamide from the previous step for N-(4-bromo-2-fluoro-6-nitrophenyl)-
N-((2-(methylthio)benzo[d]thiazol-6-ylymethyl}formamide used in Example 203. 'H
NMR (500 MHz, DMSO-de) & 8.38 (s, 1H), 7.81 (d, /= 8.4 Hz, 1H), 7.72 (m, 1H),
7.62 (m, 1H), 7.10 ~ 7.11 (m, 2H), 5.79 (s, 2H), 2.76 (s, 3H), 2.37 (s, 3H); LCMS
(ESI) m/z 404 and 406 (M+H)".

[006823] Step 4: 6-((5-Bromo-7-methyi-1 H-benzo[dlimidazol-1-ylymethyl)-2-
(methylsulfinyl)benzojd]thiazoie (60 mg, 58%) was obtained as a solid using a
procedure analogous to that described in Step 4 of Exampie 203, substituting 6-((5-
bromo-7-methyl-1H-benzo{dlimidazol-1-yDmethy)-2-(methyithio)benzofdithiazole
from the previous step for 6-((5-bromo-7-fiuoro-1H-benzo|dimidazol-1-vhmethyl})-
2-(methylsulfinyl)benzo[d]thiazole used in Exampie 203. 'H NMR (500 MHz,
DMSO-ds) 6 8.42 (s, 1H), 8.09 (d, J = 8.5 Hz, 1H), 7.85 (m, 1H), 7.73 (m, 1H), 7.31
(dd, J=8.6, 1.6 Hz, 1H), 7.12 {m, 1H), 5.87 (s, 2H), 3.05 (s, 3H), 2.37 (s, 3H); LCMS
(EST) m/z 420 and 422 (M-+H)".

[00824]  Step 5: (1R,2R)-2-({6-((5-Bromo-7-methyl-1 H-benzo|d)imidazol-1-
yhmethylbenzo[d]thiazol-2-yl)amino)cyclohexanol (9 mg, 13%) was obtained as a
solid using a procedure analogous to that described in Step 5 of Exampie 203,
substituting 6-((5-bromo-7-methyl-1H-benzo[d}imidazol-1-yl)methyi)-2-
(methylsulfinyl)benzo{d]thiazole from the previous step for 6-((5-bromo-7-tluoro-1H-
benzo[d]imidazol-1-ylmethy[)-2-(methylsulfinylbenzol{d}thiazole used i Example
203. "THNMR (500 MHz, DMSO-dq) 8 8.34 (s, 1H), 7.98 (4, ./ = 7.6 Hz, 1H), 7.70 (d,
J=1.0Hz, 1H), 7.25 - 7.31 (m, 2H), 7.10 (s, 1H), 6.83 (dd, /= 1.2, 8.1 Hz, 1H), 5.66
(s, 2H), 4.76 (br m, 1H), 3.51 (br m, 1H), 3.30 (br m, 1H), 2.42 (s, 3H), 2.03 (m, 1H),
1.87 (m, 1H), 1.56 - 1.66 {m, 2H}, 1.13 - 1.32 (m, 4H); LCMS (ESI) m/z 471 and 473
(M+H) .

Example 191
[0068] Preparation of 6-{(6-fluorg-3H-imidazo{4.5-bipyridin-3-vhimethvi}-N-
phenvibenzoidithiazel-2-amine
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S~ S ;
N Nf\©[>_NH
=\ N

N

F
[00825]  6-((6-Fluoro-3H-imidazo[4,5-b]pyridin-3-ylmethyl)-N-

phenyibenzo[d]thiazol-2-amine was synthesized as a white powder (38 mg, 23%)
using a procedure analogous to that described in Step 5 of Example 162, substituting
aniline for (15,2R)-2-aminocyclohexanol hydrochloride used in Example 162 and
increaging the reaction temperature to 130 °C. ‘H NMR (500 MHz, DMSO-ds) 8
10.50 (brs, 1H), 8.71 (s, 1H), 8.42 {m, 1H), 8.09 (dd, J=2.5, 9.4 Hz, 1H), 7.80 (s,
1H), 7.73 - 7.77 {m, 2H), 7.55 (4, /=84 Hz, 1H), 7.32 - 7.37 (m, 3H), 7.01 (t,.] =
7.4 Hz, 1H), 5.55 (s, 2H); LCMS (ESD) m/z 376 (M+H)'.

Exampie 192
Preparation of ((1R,3R)-3-((6-({6-Iluoro-IH-imidazo]4.5-b|pyridin-3-

vhmethvhbenzo[dlthiazol-2-vDamino)levelshexviimethanol

o~ 8
N/ N/@Z />_NH
= N OH
N
F

[00826] Step 1: A mixture of (1R,3R)-3-((tert-
butoxycarbonylamino)cyclohexanecarboxylic acid in a 1:1 solution of TFA: CH;Cl,
{6 mL) was stirred at 1t for 3 h. The mixture was concentrated under reduced pressure.
The residue was triturated in cthyi cther (50 ml) and the resulting solid was collected
by filtration to afford (1R,3R)-3-aminocyclohexanecarboxylic acid trifluoroacetate

(253 mg, 86%) as a white solid that did not require further purification.

[00827]  Step 2: ((1R,3R)-3-Aminocyclohexyl)ymethanol was synthesized as a white
powder (213 mg, 75%) using a procedure analogous te that deseribed in Step 1 of
Example 179, substituting (1R,3R)-3-aminocyclohexanecarboxylic acid
trifluoroacetate from the previous step for trans-4-aminocyclohexanecarboxylic acid

hydrochloride used in Example 179.
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[00828]  Step 3: ((1R,3R)-3-({6~((6-Fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo[d]thiazol-2-yl)amino)cyclohexyl)methanol was synthesized as a
white powder (17 mg, 10%) using a procedure analogous to that described in Step 5
of Example 162, substituting ((1R,3R)-3-aminocyclohexyl)ymethanol from the
previous step for (15,2R)-2-aminocyclohexanol hydrochloride used in Example 162.
"H NMR (500 MHz, DMSO-dg) 8 8.68 (s, 1H), 8.41 (t, /= 1.8 Hz, 1H), 8.07 (dd, J=
2.5,9.4 Hz, 1H), 7.96 (d, /= 7.6 Hz, 1H), 7.66 (s, 1H), 7.31 {m, 1H), 7.23 (dd, J =
1.5, 8.4 Hz, 1H), 5.48 (s, 2H), 4.43 (m 1H), 3.65 (m, 1H), 3.17 ~ 3.28 (m, 2H), 1.95 -
2.10 (m, 2H), 1.61 ~ 1.79 (m, 2H), 1.49 (m, 1H}), 1.31 (m, 1H), 1.08 (m, 1H), .75 -
0.90 (m, 2H); LCMS (EST) m/z 412 (M+H)".

Example 193
Preparation of (1R.25,3R)-3-((6~((6-fluoro-3H-imidazo|4,5-blpyridin-3-

vDmethvl}benzo|d|thiazol-2-vDamino)cvelohexane-1,2-diol

[60829] (1R,25,3R)-3-({6- ((6~F1uoro 3H-imidazo[4,5-b]pyridin-3-
yhimethyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol was synthesized as &
white powder (15mg, 14%) using a procedure analogous to that described in Step 5 of
Example 232, substituting 6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-yDymethy!)-2-
{methyisulfinyDbenzold]thiazole from Step 4 of Example 70 for 6-((5-iodo-1H-
benzo[d]imidazol-1-yDmethyh)-2-(methylsulfinyl)benzo[d]thiazole used in Example
232, "H NMR (500 MHz, DMSQ-de) 5 8.68 (s, 1H), 8.41 (1. /= 2,0 Hz, 1H), 8.07 (dd,
J=12.5,94Hz, 1H), 7.94 (d,./= 7.9 Hz, 1H), 7.66 (d, /= 1.0 Hz, 1H), 7.29 (m, 1H),
7.22(dd, /=14, 82 Hz, 1H), 548 (s, 2H), 4.54 (br s, 1H}, 4.44 (br s, 1H), 3.93 (m,
1H), 3.79 (m, 1H), 3.39 (m, 1H), 1.91 (m, 1H), 1.52 -~ 1.69 (m, 2H), 1.33 - 1.43 (m,
2H), 1.19 (m, 1H); LCMS (ESI) m/z 414 (M+H) .

Example 194
Preparation of ((15,3R)-3-((6-((6-fluoro-3H-imidazo[4.5-h]pyridin-3-

viimethvhbenzoldlthiazel-2-vhamino)eveichexvhmethanol
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C/\@ J—NH
N

[60830] Step 1: (15.3R)-3- Ammocyclohexa,nemrboxyhc acid trifluoroacetate was
synthesized as a white powder (275 mg, 94%) using a procedure analogous to that
described in Step 1 of Example 192, substituting (15,3R)-3-{(tert-
butoxycarbonyl)amino)cyclohexanecarboxylic acid for {(1R,3R)-3-((tert-

butoxycarbonyl)amino)cyclohexanecarboxylic acid used in Example 192.

[606831] Step 2: ((15,3R)-3-Aminocyclohexylymethanol was synthesized as a white
powder (157 mg, 59%) using a procedure analogous to that described in Step 1 of
Exampie 179, substituting (15,3R)-3-aminocyclohexanccarboxylic acid
trifluoroacetate from the previous step for frans-4-aminocyclohexanccarboxylic acid

hydrochloride used in Example 179.

[60832]  Step 3: ((15,3R)-3-({(6-((6-Fluoro-3 H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d|thiazol-2-yl)amino)cyclohexvl)methanol was synthesized as a
white powder (15 mg, 8%) using a procedure analogous to that described in Step 3 of
Example 162, substituting ((15,3R)-3-aminocyclohexylymethanol from the previous
step for (15,2R)-2-aminocyclohexanol hydrochloride used in Example 162. "H NMR
(500 MHz, DMSO-ds) 8 8.68 (s, 1H}, 841 {t, /= 1.8 Hz, 1H), 8.07(dd, /= 2.5,9.4
Hz, 1H), 7.96 (d, /= 7.6 Hz, {H), 7.66 (s, 1H), 7.31 (m, 1H}, 7.23 (dd, /= 1.5,8 4
Hz, 1H}, 5.48 (s, 2H), 4.43 {m 1H), 3.65 (m, 1H), 3.17 —~ 3.28 (m, 2H), 1.95 - 2.10 {(mn,
2H), 1.61 ~ 1.79 (m, 2H), 1.49 (m, 1H), 1.31 (m, IH), 1.08 {m, 15, 0.75 — 0.90 (m,
2H); LCMS (EST) m/z 412 (M+H) .

Example 195
Preparation of 6-chloro-1-{(2-({(1R.2R)-2-
hvdroxveyciohexyvhamino)benzo[d]oxazol-6-viimethvi)-1 H-benzo[dlimidazole-5-

carbonitrile

o~ 0
N Nl\@: J—NH  OH
N :
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[00833] Step 1: A mixture of 5~-chloro-2-nitroaniline (6.0 g, 34.88 mmeol) and NBS
(6.06 g, 34.0 mmol) in HOA¢ (240 m1L) was stirred at 130 °C for I h. The reaction
mixture was poured into water. The precipitate was collected by filtration and washed
with petroleum ether fo give 4-bromo-5-chloro-2-nitroaniline as a light brown sohd
(8.25 g, 96.5%). "H NMR (300 MHz, DMSO-de) 8 8.24 (s, 1H), 7.62 (br s, 2H), 7.29
(s, 1H). LCMS (EST) m/z 251 (M+H) "

[00834] Step 2: To a solution of 4-bromo-5-chloro-2-nitroaniline (550 mg, 2.19
mmol) from the previous step and TFA (2.26 mL) in DCM (10 mL) at -15 °C was
added NaBH{OAc); (1.39 g, 5.37 mmol). Then a solution of 2-
(methylthio)benzo[d]oxazole-6-carbaldehyde (465 mg, 2.41 mmol) in DCM (6 mL)
was added to the mixture. After complete addition, the mixture was stirred at -10 °C to
0 °C for 2 h. The reaction mixture was diluted with DCM and washed sequentially
with 1,0, aqg NaHCO; and brine. The organic layer was dried over Na S0y, filtered
and concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 5:1 to 2:1 petroleum ether/DCM to give 4-bromo-5-
chloro-N-((2- (methylthio)benzo|dloxazol-6-yl)methyl}-2-nitroaniline as a yellow
solid (451 mg, 48.2%). 'H NMR (300 MHz, DMSO-ds) 8 8.81 (t, 1H), 8.34 (s, 1H),
7.66 (s, 1H), 7.60 (d, J= 8.1 Hz, 1H), 7.37 (d, J = 6.9 Hz, 1H), 7.19 (s, 1H), 4.76 (d, J
= 6.3 Hz, 2H), 2.74 (s, 3H). LCMS (EST) m/z 428 (M+H)",

[00835]  Step 3: To a stirred solution of 4-bromo-3-chloro-N-((2-
(methylthio)benzo{djoxazol-6-yimethyl)-2-nitroaniline (451 mg, 1.06 mmol) in
methanol (80 mL) and DCM (80 mL) was added palladium on activated charcoal (100
mg). The mixture was stirred under hydrogen for 2 h, filtered and concentrated under
reduced pressure to give 4-bromo-5-chloro-N'-({2-(methylthio)benzo[ dJoxazol-6-
yDmethyl)benzene-1,2-diamine as a light yellow solid (415 mg, 98.6%). 'H NMR
(300 MHz, DMSO-ds) 6 7.57-7.60 (m, 2H), 7.35 (d, /= 8.1 Hz, 1H), 6.81 (s, 1H),
6.41 (s, 1H), 5.64 (t, 1H), 5.03 (5, 2H), 440 (d, /= 6.0 Hz, 2H), 2.74 (s, 3H). LCMS
(ESI) me/z 399 (M+H)",

[00836]  Step 4: A mixture of 4-bromo-5-chloro-N'-((2-
(methylthio)benzojd]oxazol-6-yl) methyl)benzene-1,2-diamine (622 mg, 2.40 mmol),
triethoxymethane {5 mL) and HCOOH {0.08 mL) was stirred at 90 °C for 2 h. The
reaction mixture was concentrated under reduced pressure. The residue was purified

by silica gel chromatography, eluting with 1:1 petroleum ether/ethyl acetate to give 6-
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((5-bromo-6-chloro-1H-benzo[dlimidazol-1-ylmethyl)-2-
(methylthio)benzo[djoxazole as a light brown solid (607 mg, 84.5%). 'H NMR (300
MHz, DMSO-ds) & 8.56 (s, 1H), 8.07 (s, 1H), 8.02 (s, 1H), 7.72 (s, 1H), 7.66 (d. J=
8.4 Hz, 1H), 7.34 (d, /= 6.6 Hz, 1H), 5.60 (s, 2H), 2.73 (s, 3H). LCMS (ESI) m/z 408
(M+H)".

[6G837] Step 5: A solution of 6-{(5-bromo-6-chloro-1H-benzo[d]imidazol-1-
yhmethyD)-2-(methylthio)benzo[d]oxazole (554 mg, 1.80 mmol) and m-CPBA (403
mg, 2.34 mmol) in DCM (18 mL) was stirred at 0 °C for 3 h. The reaction mixture
was washed with aqueous Na;S,0; and brine. The organic layer was dried over
Nay50y, filtered and concentrated under reduced pressure. The residue was purified by
silica gel chromatography eluting with 1:3 petroleum cther/ethyl acetate to give 6-((5-
bromo-6-chloro-1H-benzo{dlimidazol-1-ylmethyl)-2-
{methylsulfinyl)benzofdJoxazole (510 mg, 87.5%) as a yellow solid. "H NMR (300
MHz, DMSO-ds) § 8.59 (s, 1H), 8.08 (s, 1H), 8.04 (s, 1H), 7.97 (s, IH), 7.90 (d, /=
8.7 Hz, 1H), 7.50 (d, J = 9.3 Hz, 1H), 5.69 (s, 2H), 3.18 (s, 3H). LCMS (ESI) m/z 424
(M+H)".

[60838] Step 6: A mixture of 6-({5-bromg-6-chloro-1H-benzo[dJimidazol-1-
yhmethyl)-2- (methylsulfinybenzofdloxazole (460 mg, 1.08 mmofi), (1R,2R)-2-
aminocyclohexanol (245 mg, 2.13 mmol) and DIEA (366 mg, 2.84 mmol) in DMA
{10 mL) was stirred at 120 °C for 1 h. The reaction mixture was cooled to rt, poured
into water (30 mL) and extracted with ethyl acetate (100 mLx3). The combined
organic layers were washed with brine, dried over Na,SO4 filtered and concentrated
under reduced pressure. The residue was purified by silica gel chromatography eluting
with 1:5 petroleum ether/ethyl acetate to give (1R,2R)-2-((6~((5-bromo-6-chloro-1H-
benzo[d]imidazol-1-ylymethyljbenzo[dJoxazol-2-yl)amino)cyclohexanol as a light
yeliow solid (470 mg, $2.3%). 'H NMR (300 MHz, CDCLy) § .52 {s, 1H), 8.06 (s,
1H), 8.00 (s, 1H), 7.82(d, /= 7.8 Hz, 1H), 7.41(s, 1H), 7.14 (s, 1H), 5.48 (s, 2H), 4.68
(d, J=42Hz, 1H), 3.33(brs, 2H), 1.91 (brs, 2H), 1.63 (br s, 2H), 1.25 (br s, 4H).
LCMS (ESD) m/z 477 (M+H)".

{0683%] Step 7: A mixture of (1R,2R)-2-((6-({5-bromo-6-chloro-1H-

benzo[d]imidazol-1-ylimethyl)benzo[dJoxazol-2-y])amino)cyclohexanol (215 mg,

0.45 mmol), Zn(CN), (327 mg, 2.71 mmol), Pdy(dba)z (82 mg, 0.09 mmol) and dppf

(100 mg, 0.18 mmol) in DMA (10 mL) was stirred at 100 °C for 16 h. The reaction
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mixture was cooled to room temperature, poured into water (20 mL) and extracted
with ethyl acetate (50 mLx 2). The combined organic layers were washed with water
and brine, dried over Na;SO4, filtered and concentrated under reduced pressure. The
residue was purified by preparative HPLC to give 6-chloro-1-((2-{({(1R,2R)-2-
hydroxycyclohexyl)amino)benzo[d]oxazol-6-yymethy!}-1H-benzo[d [imidazole-5-
carbonitrile as a white solid (25 mg, 13.5%). "H NMR (300 MHz, DMSO-ds): 6 8.69
(s, 1H), 8.36 (s, 1H), 8.13 (5, 1H), 7.82 (d, J = 7.8 He, 1H), 7.45 (s, 1H), 7.16 (s, |H),
5.53 (s, 2H), 4.68 (d, J= 4.5 Hz, 1H), 3.38-3.31 (i, 2H), 1.92-1.86 (m, 2H), 1.65-
1.60 (m, 2H), 1.27-1.19 (m, 4H). LCMS (ESI) m/z 422 (M+H) .

Exampie 196
Preparation of 2-(Q-{C-(((AR.ZRY-2-hvdroxvevelohexvhaminobenzo[dlthiazol-6-
vhmethvh-14-benzo|dlimidazol-5-yljoxv)acetonitrile

L~ S
N/ N/\©: />—NH QH
Z)//L N 2 #
0

a

N

[00840] Step L. 2-((1-(2-((3aR,7aR)-2,2-Dimethylhexahydrobenzo]djoxazol-
3(2H)-yDbenzo[ dlthiazol-6-ymethyl)- 1 H-benzo[djimidazol-5-yl)oxy)acetonitrile
(42 mg, 25%) was obtained as a yellow solid using a procedure analogous to that
described in Step 3 of Example 171, substituting iodoacetonitrile for 4-(2-
iodoethylymorpholine used in Example 171. "H NMR (300 MHz, CDCly) § 7.99 (s,
iH), 7.58 (d, J=&.1 Hz, IH), 7.30 - 7.40 (m, 2H), 7.16 - 7.26 (m, 2H}, 6.95 (m, 1H),
5.38 (s, 2H). 4.79 (s, 2H), 3.65 (mn, 1H), 3.08 (m, 1H), 2.80 (m, 1H), 2.17 (m, 1),
182 1.92 (m, 2H), 1.78 (s, 3H), 1.64 (s, 3H), 1.33 — 1.39 (m, 4H).

[00841] Step 2: 2-((1(2-{(({1R,2R)-2-Hydroxycyclohexyl)amino)benzo{d]thiazol-
6-yl)methyl)-1/{-benzo[d]imidazol-5-yDoxy)acetonitrite (31 mg, 68%) was obtained
as a white solid using a procedure analogous to that described in Step 4 of Example
171, substituting 2-((1-((2-{(3aR,7aR)-2,2-dimethylhexahydrobenzo| djoxazol-3(2 H-
vbenzo[dthiazol-6-yDmethyl}-1H-benzof dlimidazol-5-yloxyacetonitrile for
(3aR,7aR)-2 2-dimethyl-3-(6-((5-(2-morpholinocthoxy)-1 H-benzo[d|imidazol-1-
yDmethyDbenzo[d]thiazol-2-yljoctahydrobenzo{d]oxazole used in Example 171. 'H
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NMR (300 MHz, CDCL3) & 7.95 (s, 1H), 7.48 (d, /= 8.4 Hz, 1H), 7.40 (d, /= 2.1 Hz,
1H), 7.29 (m, 1H), 7.20 (d, J = 8.1 Hz, 1H), 7.16 (dd, J= §.1, 1.5 Hz, 1H), 6.96 (dd, .
=87, 2.4 Hz, 1H), 5.36 (s, 2H), 5.21 {m, 1H), 4.80 (s, 2H), 3.83 (br m, 1H), 3.61 (br
m, 1H), 3.47 (m, 1H), 2.08 — 2.18 (m, 2H), 1.75 - 1.79 (m, 2H), 1.24 — 1 44 (m, 4H).
LCMS (ESI) m/z 434 (M+H)".

Example 197
Preparation of 6-((6-fluoro-3H-imidaze[4.5-blpvridin-3-vhimethvh-N-(2-

methexvphenvDbenzo[d]thiazol-2-aming

C/\@ D—NH %
N

[00842]  6-((6-Fluoro-3H-imidazo[4,5-b]pyridin-3-yDmethyl}-N-(2-
methoxyphenyl)benzo[dithiazol-2-amine was synthesized as a white powder {45 mg,
15%) using a procedurc analogous to that described in Example 191, substituting 2-
methoxyaniline for aniline used in Example 191. "H NMR (500 MHz, CDCl;) § 9.84
(s, 1H), 8.71 (s, 1H), 8.35 — 8.46 (m, 2H), 8.08 {dd, /=2.6, 9.5 Hz, 1H), 7.78 (s, 1H),
7.50(d, J=8.4 Hz, 1H), 7.31 (dd, /= 1.5, 8.4 Hz, 1H), 6.91 — 7.10 (m, 3H), 5.53 (s,
2H), 3.85 (s, 3H); LCMS (EST) m/z 407 (M+H)".

Exampie 198
Preparation of N-((1R.2R)-2-chlorocvelohexv)-6-((6-flucre-3H-imidazof4,5-

bipvridin-3-viimethvlibenzoldlthiazol-2-amine

2 3
N N/ﬁ,}«mﬂ ke
= i
N
9 @
¢

[60843] To a stirred mixture of (15,2R)-2-((6-((6-fluoro-3H-imidazo[4,5-h pyridin-
3-yDmethyhbenzo!{d]thiazol-2-yl)amino)cyclohexanol (282 mg, 0.7 mmol) from
Example 162, DIEA (247 pl., 1.4 mmol), and CH,Cl; (15 mL) at 0 °C under argon
was added sulfuryi chloride (142 mg, 2.0 mmol). The mixture was warmed to rt and
stirred for 15 h, and then stirred at 60 °C for 15 h. The mixtare was cooled to rt and
purified directly by reverse-phase preparative HPLC using a muxture of water (5%
CH;CN, 0.05% HCOOH) and CH3CN (0.05% HCOOH) as the mobiie phase and
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Varian Pursuit XRs C18 column as the stationary phase. The product was further
purified by trifurating in CH,Cl; (5 mL)} to afford N-((1R,2R)-2-chlorocyclohexyl)-6-
({6-fluoro-3H-imidazo[4,5-b]pyridin-3-yDmethyl benzo{dthiazol-2-amine (29 mg,
10%) as a white solid, '"H NMR (500 MHz, CDCl3) 8 8.68 (s, 1H), 8.41 (s, 1H), 8.24
(d,./= 8.4 Hz, 1H), 8.07 (dd,.J=2.6,9.5 Hz, 1H), 7.68 (s, 1H), 7.33 (d, /= 8.4 Hz,
1H), 7.24 (dd, J= 1.4, 8.2 Hz, 1H), 5.48 (s, 2H), 4.02 (m, 1H), 3.87 (m, 1H), 2.20 (m,
1H}Y, 2.07 (m, 1H), 1.63 ~ 1.75 {m, 3H), 1.29 - 1.41 {m, 3H); LCMS (ESI) m/z 416
(M+H)",

Example 199
Preparation of I-(3-(C-(((1R.2E}2-hvdroxvevelohexvDamino)beanzod]thiazol-6-

yvhimethylYimidazo[l.2-alpvridin-7-vDipiperidin-4-ol

s
s

N

i N/>—NH OH

N

HG
[00844] 1-(3-((2-(({1R,2R)-2-HydroxycyclohexyDamino)benzo[ dithiazol-6-
yhmethyDimidazo[1,2-alpyridin-7-yl)piperidin-4-oi (30 mg, 22%) was obtained as a
veilow solid using a procedure analogous to that described in Step 6 of Example 117,
substituting 4-{2-aminopyridin-4-ylcyclohexanol and 2-chloro-3-(Z-({(1R,2R)-2-
hydroxycyclohexyl)amino)benzo[dlthiazoi-6-yl)propanal from Step 2 of Example
153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-3-(2-
(methylthio)benzo[d]thiazo]-6-yl)propanal used in Example 117. 'H NMR (500 MHz,
DMSO-ds) 8 7.88 (d, J=7.4 Hz, 2H}, 7.47 (s, 1H), 7.25 (d, /= 8.4 Hz, 1H), 7.15 (s,
iH), 7.06 (d, /=84 Hz, 1H), 6.76 (dd, /=2.2, 7.6 Hz, 1H), 6.63 (s, 1H), 4.74 (br s,
1H), 4.18 (s, 2H), 3.63 (dd, J=4.2, 8.6 Hz, 1H), 3.54 (d, /= 12.8 Hz, 2H), 3.31 - 3.37
(m, 4H), 2.80 - 2.93 (m, 2H), 2.04 (d, /= 11.8 Hz, [H), 1 .88 - 1,92 (m, 1H), 1.74 -
1.83 (m, 2H), 1.56 - 1.70 (m, 2H), 1.38 - 1.50 (m, 2H), 1.10 - 1.37 (m, 4H). LCMS
(ESI) m/z 478 (M+H)".

Example 260
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Preparation of 1-(3-{(2-(({1R.2R)-2-hvdroxyevclohexvl)aminc}benzo[d}thiazel-6-
yDmethvhimidazo[1.2-ajpvridin-7-vhiethanone

S
e
N
e

Y/

0O

[00845]  Step 1: 1-(2-Aminopyridin-4-yl)ethanone was obtained as a yellow solid
(398 mg, 64%) using a procedure analogous to that described in Example 73,
substituting 4-iodopyridin-2-amine for (1R,2R)-2-((6-((6-bromo-3H-imidazo[4,5-
blpyridin-3-yhmethylYbenzo[d]thiazol-2-yl)amino)eyclohexano! used in Example 73.
LCMS (ESY m/z 137 (M+H)".

[66846]  Step 2: 1-(3-(QQ-(((1R,2R)-2-Hydroxycyclohexyhamino)benzo[d]thiazol-
6-yDmethyl)imidazof1,2-ajpyridin-7-yhethanone (80 mg, 35%) was obtained as a
yellow powder using a procedure anajlogous to that described in Step 6 of Example
117, substituting 1-(2-aminopyridin-4-y}jethanone from Step 1 of this Example and 2-
chloro-3-(2-{({1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-yl)propanal
from Step 2 of Example 153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-
3-(2-(methylthio)benzo[dthiazol-6-yl)propanal used in Example 117. "H NMR (500
MHz, DMSO-ds) 6 8.32 (s, 1H), 8.29 (d, /= 6.9 Hz, 1H), 7.87 (d, .7 = 7.4 Hz, 1H),
7.67 (s, 1H), 7.53 (s, 1H), 7.28 (br s, 1H), 7.27 (d,.J= 7.9 Hz, 1H), 7.09 (d, /=84
Hz, 1H), 4.72 (d, J= 4.9 Hz, 1H), 4.35 (s, 2H), 3.51 (br s, 1H), 2.62 (s, 3H), 2.03 (4, J
= 11.3 Hz, 1H), 1.87 (d, /= 10.8 Hz, 1H), 1.35 - 1.70 (m, 2H), 1.09 - 1.35 (m, 4H).
LCMS (EST) m/z 421 (M-H)

Example 281
Preparation_of (1 R.2E)-2-((6-{(7-(1-hvdroxvethvDimidaze[1.2-alpvridin-3-

vimethylibenzojd]thiazol-2-vhaminojevelohexanol

S
-
NmNHZH o

N
HO

{00847] To a stirred solution of 1-(3-((Z-(((1R,2R)-2-
hydroxycyclohexyhamino)benzofd]thiazel-6-ylymethylimidazol1,2-alpyridin-7-
ylyethanone (40 mg, 0.095 mmol} from Example 200 in MeOH at rt was added
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NaBH.. After 30 min, 3N HC] was added and the mixture was purified by reverse-
phase HPLC using a mixture of water (5% CH3CN, 0.05% HCOOH) and CH;CN
{0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as the
stationary phase to afford (1R,2R)-2-((6-((7-(1-hydroxyethyl)imidazo[ 1,2-a pyridin-3-
ylymethyl)benzod]thiazol-2-yl)amino)cyclohexanol (23 mg, 58%) as white powder.
"H NMR (500 MHz, DMSO-ds) 8 8.11 (d, /= 7.4 Hz, 1H), 7.87 (d, /= 7.9 Hz, 1H),
7.50 (s, 1H), 7.41 (s, 1H), 7.37 (s, 1H), 7.26 {(d. /= 8.4 Hz, 1H), 7.07 (d,J = 7.9 Hz,
1H), 6.84 (d, /= 7.4 Hz, 1H), 5.30 (br s, 1H), 4.72 {q, / = 6.4 Hz, 2H), 4.26 (s, 2H),
3.50 (brs, 1FD), 2.03 (d, /= 11.8 Hz, 1H), 1.82 - 1.87 (m, 1H), 1.55 - 1.69 (m, 2H),
1.32 (d, J = 6.9 Hz, 3H), 1.10 - 1.30 (m, 4H). LCMS (EST) m/z 423 (M+H)".

Example 202
Preparation of 1-(3-(C-(((LR.2R)-2-hvdroxvevciohesvijamino)benzo|dithiazol-6-

vhmethyvDimidazol1,2-2]pyridin-7-vhethanone oxime

s
e,

N N,}—NH OH
N

N.—-—

HO
[00848] To a stirred solution of 1-(3-((2-(((1R,2R)-2-
hydroxycyclohexyl)amino)benzo[d]thiazol-6-yDmethyhimidazo[ 1,2-a]pyridin-7-
ylethanone (40 mg, 0.095 mmol) from Example 200 in EtOH (2 mL) at rt were added
hydroxylamine hydrochloride (120 mg, excess) and pyridine (200 pL, excess). The
mixture was heated at 99 °C for 1 h, and then cooled to rt. Purification by reverse-
phase HPLC using a mixture of water (5% CHaCN, 0.05% HCOOH), CHaCN (0.05%
HCOOH) as the mobile phase and Varian Pursuit XRs Ci8 column as the stationary
phase afforded 1-(3-((2-(({1R,2R)-2-hydroxycyclohexylyamino)benzofd]thiazol-6-
ylimethyl)imidazo[1,2-a]pyridin-7-yl)ethanone oxime (23 mg, 61%) as yellow
powder. 'H NMR (500 MHz, DMSO-ds) 8 11.46 (br s, 1H), 8.13 (d, /= 7.4 Hz, IH),
7.90(d, J =74 Hz, 1H), 7.72 (s, 1H), 7.51 (s, 1H), 7.45 (s, 1H), 7.08 (d, /= 8.4 Hz,
1H), 6.44 - 6.58 {m, 1H), 5.89 (s, 1H), 4.78 (d, ./ = 2.5 Hz, 1H), 4.29 (s, 2H), 3.50 (br
s, LFD), 2.18 (s, 3H), 2.04 (d, J= 12.3 Hz, TH), 1.87 (d, J = 10.8 Hz, 1), 1.56 - 1.67
(m, 2H), 1.15 - 1.32 (m, 4H). LCMS (BST) m/z 436 (M+H)".
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Example 203
Preparation of (1R2R)-2-((6-((5-bromo-7-fluoro-1H-benzefdlimidazol-1-

vhmethvhbenzo[d]thiazol-2-vhamino)cvelohexanol

@i\@%’““ o

[06849] Step 1: A stirred mixture of acetic anhydride (20 mL, 213 mmol) and
formic acid (8 mL, 213 mmol) was heated at 60 °C for 3 h. The mixture was cooled to
rt, -bromo-2-fluoro-6-nitroaniline (2.5 g, 10.64 mmol) was added. The mixture was
heated at 60 °C for 15 b, cooled to rt and concentrated under reduced pressure. The
residue was partitioned between saturated aq NaHCO; and DCM. The organic layer
wasg separated, dried over MgSOy, filtered, and concentrated under reduced pressure
to afford N-(4-bromo-2-fluoro-6-nitrophenyl)formamide (2.79 g, 100%) as a brown
solid that was not purified further. LCMS (ESI) m/z 285 and 287 (M+H + Na}".

{00850] Step 2: To a stirred solution of N-(4-bromo-2-fluoro-6-
nitrophenyl)formamide (2.79 g, 10.61 mmol) from the previous step in anhydrous
IDMPF (40 mL) at 0 °C was added sodium hydride (60% dispersion in mineral oil, 485
mg, 12.13 mmol). The mixture was stirred at 0 °C for 15 min, then allowed to warm
to rt. To the reaction mixture was added a solution of 6-(chloromethyl)-2-
(methylthio)benzo[d]thiazole (3.04 g, 13.24 mmol) from Step 3 of Example 3 in DMF
{10 mL), and the mixture was stirred at rt for 15 h. The mixture was partitioned
between water and DCM and the organic layer was separated and washed sequentially
with water and brine. The organic layer was separated, dried over MgSQy, filtered,
and concentrated under reduced pressure to afford N-(4-bromo-2-fluoro-6-
nitrophenyl }-N-((2-(methylthio)benzo{dlthiazol-6-ylymethyl)yformamide (4.8 g, 98%)
as an oil, which was not purified further. LCMS (EST) m/z 456 and 458 (M+H)".
[00851]  Step 3: To a stirred mixture of N~(4-bromo-2-fluoro-6-nitrophenyl }-N-((2-
(methylthio)benzo[dithiazol-6-y)methyl)formamide (4.8 g, 10.55 mmol) from the
previous step, HOAc (15 mL) and EtOH (50 mL) at rt was added portionwise iron
powder (1.77 g, 31.65 mmol). The mixture was heated at 80 °C for 2.5 h. After

cooling to rt, the mixture was partitioned between saturated ag NaHCO; and a 10:1
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mixture of EtOAc and MeOH. The biphasic mixture was filtered through Celite, and
the layers of the filtrate were separated. The aqueous layer was extracted with a 10:1
mixture of EtOAc and MeOH. The combined organic layers were dried over MgS0,,
filtered, and concentrated under reduced pressure. The residual solid was purified by
trituration with diethyl ether to afford 6-({5-bromo-7-fluoro-1H-benzo[dJimidazol-1-
yhmethyl)-2-(methylthio)benzo[d]thiazole (1.39 mg, 39%) as a white solid. '"H NMR
(500 MHz, DMSO-ds) 8 8.56 (s, 1H), 7.87 (m, 1H), 7.80 (d, ./ = 8.4 Hz, 1H), 7.75 (m,
1H), 7.30 — 7.34 (m, 2H), 5.66 (s, 2H), 2.76 (s, 3H); LCMS (ESI) m/z 408 and 410
(M+H)+.

[60852]  Step 4; 6-((53-Bromo-7-ftuoro-1H-benzo|dfimidazol- 1 -yDmethyl)-2-
{(methylsulfinyl)benzold]thiazole (1.33 g, 92%) was obtained as a white solid using a
procedure anaiogous to that described m Step 4 of Example 130, substituting 6-((5-
bromo-7-fluoro-1H-benzo|dlimidazol- I -yDmethyl)-2-(methyithio)benzo[ dithiazole
from Step 3 of this Example for 2-(methylthio)-6-((5-(trifluoromethyl)-1H-
benzo[dlimidazol -1-yDmethyhbenzo[d]thiazole used in Example 130, 'H NMR (500
MHz, DMSO-ds) 6 8.58 (s, 1H), 8.10 (m, 1H), 8.07 (d, /= 10.6 Hz, 1H), 7.76 (m,
1H), 748 (dd, /=85, 1.7 Hz, 1H), 7.32 (dd, /= 10.6, 1.7 Hz, 1H), 5.75 (s, 2H), 3.05
(s, 3H); LCMS (EST) m/z 424 and 426 (M+H)+.

[00853] Step 5. A stirred mixture of 6-((5-bromo-7-fluoro-1H-benzo{d]imidazol-1-
vhmethyh-2-(methylsulfinyl)benzo{dithiazole (1.33 g, 3.14 mmoel), (1R,2R)-2-
aminocyclohexanol (1.09 g, 9.43 mmol), DIEA (1.62 g, 12.58 mmol) and DMA {40
mL) was heated in 2 sealed vial at 110 °C for 15 h. The mixture was cooled to rt and
then partitioned between water and EtOAc. The organic layer was separated and
washed sequentially with water and brine. The organic layer was separated, dried over
Mg80y, filtered, and concentrated under reduced pressure. The residual solid was
purified by trituration with a 6:1 mixture of diethyl ether and DCM to afford (1R,2R)-
2-{{6-{(5-bromo-T7-fluoro-1H-benzoldlimidazo!- 1 -yl ymethyhbenzo{Jithiazol-2-
yl)amino)cyclohexanol (952 mg, 64%) as a tan solid. A 90 mg portion was further
purified by reverse-phase preparative HPLC using a mixtare of water (5% CH3CN,
0.05% HOAc) and CH;CN {0.05% HOAC) as the mobiie phase and Varian Pursuit
XRs diphenyl column as the stationary phase to afford {1 R,2R)-2-((6~((5-bromo-7-
fluore-1H-benzo[dlimidazol-1-yDmethylbenzold|thiazol-2-ylamino)cyclohexanol
(15 mg) as a white solid. "H NMR (500 MHz, DMSQ-ds) 8 8.52 (s, 1H), 7.98 (d, J =
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10.0 Hz, 1H), 7.74 (d, /= 5.0 Hz, 1H), 7.54 (m, 1H), 7.33 (m, 1H), 7.29 (d, /= 10.0
Hz, 1H), 7.08 (m, 1H), 5.52 (s, 2H), 4.75 (d, J= 5.0 Hz, 1H), 3.51 (m, 1H), 3.33 (m,
1H), 2.02 (m, 1H), 1.87 (m, 1H), 1.59 — 1.64 (m, 2H), 1.16 - 1.30 (m, 4H); LCMS
(EST) m/z 475 and 477 (M+H)+.

Example 204
Preparation of 1-(3-((2-(((1R.2R)-2-hvdroxyevelohexvliaminoybenzo|dthiazei-6-

vimethvl)imidazo[1.2-alpyridin-7-vDiethanone ¢-methvl oxime

S
-
Nm &,)_NH SH

N/

t‘N——

—0
[00854]  1-(3-((2-(((1R,2R)-2-Hydroxycyclohexyl)amino)benzofd]thiazol-6-
yhmethylimidazo[1,2-alpyridin-7-yl)ethanone O-methyl oxime was obtained as
yellow powder (23 mg, 59%) using a procedure analogous to that described in
Example 202, substituting O-methylhydroxylamine hydrochloride for hydroxylamine
hydrochloride used in Example 202. "H NMR (500 MHz, DMSO-ds) § 8.17 (d, J =
7.4 Hz, 1H), 7.92 {d, J = 7.4 Hz, 1H), 7.79 (s, 1H), 7.51 (s, 1H), 7.46 (s, 1H), 7.27 (d,
J=8.4 Hz, 2H), 7.08 (d, /= 7.9 Hz, 1H), 4.78 (br s, LH), 4.30 (s, 2H), 3.94 (s, 3H),
3.50 (brs, 1H), 2.21 (s, 3H), 2.04 (d, /= 11.8 Hz, 1H), 1.85 - 1.93 (m, 1H), 1.54 -
1.69 (m, 2H), 1.09 - 1.35 (m, 4H). LCMS (ESI) m/z 450 (M+H)

Example 205
Preparation of (1R.2R)-2-((6-((9H-benzo dlimidaze(1.2-¢limidazel-3-
vhymethvl)benzold]thiazel-2-yhaminolevelohexanol

[60835]  (1R,2R)-2-((6-({9H-Benzo[d]imidazol1,2-a}imidazol-3-
yDmethylbenzoldlthiazol-2-yl)amino)cyclohexanol (17 mg, 7%) was obtained as a

solid using a procedure analogous to that described in Step 3 Example 153, using 2-
chloro-3-(2-(((1R,2R)-2-hydroxycyclohexylamino)benzoldlthiazol-6-yl)propanal
from Step 2 of Example 153 and substituting 1H4-benzo[d]imidazol-2-armne for 4-(2-
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methoxyethoxy)pyridin-2-amine used in Step 3 of Example 153. 'H NMR (500 MHz,
DMSO-ds) 8 11.66 (br s, 1H), 7.87 (d, J= 7.4 Hz, 1H), 7.54 (s, 1H), 7.35 (dd, /= 3.4,
7.9 Hz, 2H), 7.28 (d, /= 8.4 Hz, 1H), 7.08 - 7.17 (m, 2H), 6.84 - 6.95 (m, 2H), 4.74
(brs, 1H), 4.32 (s, 2H), 3.50 (brs, 1H), 3.33 (m, 1H), 2.02 (m, 1H), 1.87 (m, 1H),
1.54 - 1.67 (m, 2H), 1.12 - 1.33 (m, 4H); LCMS (EST) m/z 418 (M+I)".

Example 266
Preparation of 7-fluore-1-{((2-{{(1R.2ZEK)-2-

hvdroxvevciohexvilamingibenzo|d|thiazol-6-vhmethvl)-1 H-benzo|dlimidazole-5-

carbonitriie

o~ S
N* N/\@ J—NH  OH

U
N

[60856} A stirred mixture of (1R,2R)-2-{{6-{(5-broma-7-fluoro-} H-
benzof[d]imidazol-1-ymethylbenzo[d]thiazol-2-yl)amino)cvclohexanol (150 mg,
0.316 mmol) from Example 203, zinc cyanide (111 mg, 0.948 mmol), 1,1°-
bis{diphenyiphosphino)ferrocene (35 mg, 0.0632 mmol}) and anhydrous DMF (2 mL)
was purged with a stream of argon. To the mixture was added
palladium(trisdibenzylideneacetone) {0 (29 mg, 0.0316 mmel) and the mixture was
heated in a seaied tube 100 °C for 6 h. The mixture was cooled and additional zinc
cyanide (111 mg, 0.948 mmol), 1,1’-bis(diphenyiphosphino)ferrocene (35 mg, 0.0632
mmol), and palladium(trisdibenzylidencacctone) (0} (29 mg, 0.0316 mmol) were
added, and heating in a sealed tube was continued at 100 °C for 15 h. The mixture
was cooled to rt and purified directly by reverse-phase preparative HPLC using a
mixture of water (3% CH:CN, 0.05% HOAc) and CH:CN (0.45% HOAC) as the
mobile phase and Varian Pursuit XRs diphenyi column as the stationary phase to
afford (7-fluoro-1-((2-(({(1R,2R)-2-hydroxycyclohexyl yamino)benzo[d]thiazol-6-
vhimethyl)- 1 H-benzo[dJimidazole-5-carbonitrile (2.6 mg, 2%) as a white solid. 'H
NMR (500 MHz, DMSO-d) 8 8.70 (s, 1H), 8.13 (s, 1H), 8.02 {d, .J=7.6 Hz, 1H},
7.63 (d,J=11.1 Hz, 1H), 7.57 (s, 1H), 7.29 {(d. /= 8.1 Hz, 1H), 7.10 (d, ./= 8.1 Hz,
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1H), 5.58 (s, 2H), 4.77 (br s, 1H), 3.50 (br m, [H), 3.30 (br m, 111), 2.02 (m, 1H), 1.87
(m, TH), 1.55 - 1.67 (m, 2H), 1.12 - 1.32 (m, 4H); LCMS (EST) m/z 422 (M+FT)".

Example 267
Preparation of (1R, 2R)-2-((6-({7-fiworo-5-vinyl-1H-benzo[d]imidazol-1-

yhmethvhibenzo|d|thiazol-2-viaminolcvelohexanol
7 S
N N’@E J—NH  OH
F N C

R
[60857] A stirred mixture of (1R 2R)-2-((6-((5-bromo-7-fluoro-1F-
benzo[djimidazol-1-yDmethyl)benzo] dthiazol-2-yDamino)cyclohexanol (150 mg,

0.316 mmol) from Example 203, vinyl boronic acid pinacol ester (97 mg, 0.632
mmol), sodium carbonate (67 mg, 0.0632 mmol), 1,4-dioxane (2 mL), and water (0.5
mL) was purged with a stream of argon. T'o the mixture was added dichlorof1,1'-
bis{diphenylphosphino)ferrocene] palladium (II) DCM adduct (35 mg, 0.0474 mmol)
and the mixture was heated in a sealed reaction vessel at 100 °C for 2.5 k. The
mixture wag cooled to rt and purified directly by reverse-phase preparative HPLC
using a mixture of water (3% CHaCN, 0.05% HOAc) and CHiCN (0.05% HOAc) as
the mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford (1R,2R)-2-((6-((7-fluoro-5-vinyl-1 H-benzo[djimidazol-1-
yhmethylbenzodithiazol-2-yl)amino)cyclohexanol (23 mg, 17%) as a white solid.
'H NMR (500 MHz, DMSO-d) 5 8.44 (s, 1H), 7.98 (d, /= 7.6 Hz, 1H), 7.55 (d,J =
6.9 Hz, 2H), 7.23 - 7.31 (m, 2H), 7.09 (m, 1H), 6.79 (dd, /= 11.0, 17.6 Hz, 1H), 5.83
(d, /=175 Hz, 1H), 5.51 (s, 2H), 5.22 (d, /= 11.1 Hz, 1H), 4.74 (d,J= 4.4 Hz, 1H),
3.51 (br m, 1H), 3.30 (br m, 1H), 2.03 (m, 1H}, 1.87 (m, 1H), 1.55 - 1.67 (m, 2H),
1.14 - 1.32 (m, 4H); LCMS (EST) m/z 423 (M+H)".

Example 208
Preparation of (LR 2R)-2-{{6-{(5-(3.6-dihvdro-2H-pvran-4-vi)-7-fluoro-15-
benzodlimidazel-1-viimethyDbenzoldlthiazol-2-vlamine)evclehexanol
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[06858] A stirred mixture of (1R,2R)-2-((6~((5-bromo-7-fluoro-1H-
benzo[d]imidazol-1-ylmethyl)benzo[djthiazol-2-yhamino)cyclohexanol (150 mg,

0.3 16 mmol) from Example 203, 3,6-dihydro-2H-pyran-4-boronic acid pinacol ester
(133 mg, 0.632 mmol), sodium carbonate (67 mg, 0.0632 mmol), 1,4-dioxane (2 mL),
and water (0.5 mL) was purged with a stream of argon. To the mixture was added
dichloro[1,1’-bis(diphenylphosphino)ferrocene] palladium (1I) DCM adduct (35 mg,
0.0474 mmol) and the mixture was heated in a sealed vessel at 100 °C for 3 h. The
mixture was cooled to rt and purified dircctly by reverse-phase preparative HPLC
using a mixture of water (5% CH:CN, 0.05% HOAc) and CH3CN (0.05% HOAc) as
the mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford (1R,2R)-2-({6-((5-(3,6-dihydro-2H-pyran-4-yl)-7-fluoro- 1 H-benzo[djimidazol-
1-yhmethyhbenzo[d]thiazol-2-yl)amino)cyclohexanol (55 mg, 36%) as a white sokd.
'H NMR (500 MHz, DMSO-de) 8 8.43 (s, 1H), 7.95 (d, J= 7.6 Hz, 1H), 7.49 - 7.56
(m, 2H), 7.29 (d, /= 8.1 Hz, 1H), 7.21 (d, /= 13.0 Hz, 1H), 7.09 (m, 1H), 6.27 (br m,
1H), 5.51 (s, 2H), 4.72 (d, J= 5.2 Hz, 1H), 421 (d, J = 2.5 Hz, ZH), 4.06 (m, 1H),
3.81(t,J= 5.4 Hz, 2H), 3.61 {m, 1H), 3.51 (br m, 1H}, 3.30 (br m, 1H)}, 2.00 (m, 1H),
1.88 (m, 1H), 1.55 - 1.67 (m, 2H), 1.11 - 1.32 {m, 4H); LCMS (EST) m/z 479 (M+H)".

Exampie 209
Preparation of (1R2R)-2-((6-({5-morpholino-1 H-benzo[dlimidazol-1-

vlimethvhbenzo[djthiazol-2-vDaminojcvclohexanol

@“@ gl

O
[00859]  (1R,2R)-2-((6-((5-Morpholino-1H-benzo[d]imidazol-1-
yhmethyhbenzo[d]thiazol-2-yDarmino)cyclohexanol (10 mg, 7%) was obtained as a

solid using a procedure analogous to that described in Exampie 97, substituting
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(1R, 2R)-2-((6-((5-iodo~1 H-benzo|dlimidazol-1-yl)methyl)benzo[d]thiazol-2-
ylhamino)cyclohexanol from Step 5 of Example 183 for (1R,2R)-2-((6-((6-iodo-3H-
imidazol4,5-blpyridin-3-yDmethy)benzo[dJthiazol-2-yamino)cyclohexanol from
Example 97. 'H NMR (500 MHz, DMSO-ds) 8 §.42 (br s, 1H), 7.62 (br s, 1H), 7.57
(s, 1H), 7.47 (brs, 1H), 7.29 (&, /=84 Hz, 1H),7.15(d, /=79 Hz, 2H), 694 (d, /=
8.9 Hz, 1H), 5.40 (s, 2H), 4.42 (br s, 1H), 3.70 - 3.81 (m, 4H), 3.52 (m, 1H), 3.41 (br
s, 1H), 3.06 - 3.11 (m, 4H), 2.07 {m, 1H}, 1.90 (m, 1H), 1.60 - 1.70 {m, 2H}, 1.20 -
1.36 (m, 4H); LCMS (ESI) m/z 464 (M+H)".

Example 218
Preparation of 1-(1-{(2-({{1 R.ZR)-2-hvdroxyevelohexvilamine)benzofd thiazel-6-

vhmethvl)-1 H-benzold{imidazol-S-vI)piperidin-2-one
@ @

[00860] To a stirred mixture of copper iodide (23 mg, 0.12 mmol) and tripotassium
phosphate (190 mg, 0.90 mmol) in DMSO (3 mL) were added (1R,2R)-2-({(6-((5-10do-
1H-benzo[djimidazol-1-y)methyl)benzo{d]thiazol-2-yl)amino)cyclohexanol (150 mg,

0.30 mmol) from Step 5 of Example 183 and piperidin-2-one (200 mg, 2.02 mmol).
The mixture was flushed with argon and heated in a scaled reaction vessel at 125 °C
for 15 h. The reaction mixture was cooled to 1t and filtered, and the filtrate was
purified directly by reverse-phase preparative HPLC using a mixture of water (5%
CH:CN, 0.05% HOAc) and CH:CN (0.05% HOAC) as the mobile phasc and Varian
Pursuit XRs diphenvl column as the stationary phase to afford 1-(1-((2-(({1R,2R)-2-
Hydroxycyclohexyhamino)benzo|d]thiazol-6-ylmethyl)- 1 H-benzo[dimidazol-5-
vi)piperidin-2-one (3 mg, 7%} as a solid. "H NMR (500 MHz, DMSO-ds) 8 8.31 (brs,
1H), 7.69 (br s, 1H), 7.62 (s, 1H), 7.44 - 7.53 (m, 2H), 7.30 (d, /= 8.4 Hz, 1H), 7.18
(d,./=84 Hz, 1H), 7.08 (d, /=8.9 Hz, 1H), 5.45 (s, 2H), 3.62 (t, J = 5.4 Hz, 2H),
3.51 (brs, 1H), 3.37 - 3.46 (m, 2H), 2.36 - 2.43 (m, 2H), 2.06 (m, 1H}, 1.82 - 1.93 (1,
5H), 1.61 - 1.70 (m, 2H), 1.20 - 1.36 (m, 4H); LCMS (ESD) m/z 476 (M+H)".

Example 211
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Preparation of (1 R2RY-2-{(6-((5-(1 H-pvrazol-3-yI}-1H-benzoldlinidazol-1-
yhmethvhbenzo[d]thiazol-2-vhamino)cvelohexanol

N 3
N /\©: J—NH  OH
N 3 &

[60861] To a stirred solution of (1R,2R)-2-((6-((5-iodo-1H-benzo[d]imidazol-1-
yhmethyDbenzo[d]thiazol-2-ylamino)cyclohexanol (100 mg, 0.20 mmol) from Step
5 of Example 183 in DMF (2 mL.) were added (1H-pyrazol-3-yhboronic acid (90 mg,
0.80 mmol), NaHCOs (100mg 1.2 mmol), bis(triphenylphosphine) palladiuvm(ii)
dichloride (28 mg, 0.04 mmol), and water (0.4 mL). The mixture was flushed with
argon and heated in a sealed vessel at 90 °C for 15 h, The reaction mixture was
cooled to rt and partitioned between DCM and water. The aqueous layer was
extracted twice with DCM and the combined organic phases were washed three times
with a 1:1 mixture of water and brine. The organic phases were then dried over
MgSQy, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash chromatography eluting with 100% DCM to 10% MeOH/DCM to
afford (1R, 2R)-2-((6-((5-{1 H-pyrazol-3-yl}-1 H-benzoldimidazol-1-
yI)methylbenzold]thiazol-2-yl)amino)cyclohexanol (4 mg, 5%) as a solid. 'H NMR
{500 MHz, DMSO-ds) 8 12,92 (br s, 1H), 12.53 (brs, 1H}), 8.29 (brs, 1H), 8.03 (m,
IH), 7.58 - 7.74 (m, 3H), 7.53 (d,/=79 Hz, 1H),7.31(d, /=79 Hz, 1H),7.20(d,J
=84 Hz, 1H), 6.63 (brs, 1H), 547 (s, 2H), 442 (d, J = 4.4 Hz, 1H), 3.51 (brs, 1H),
3.41(tt,J=4.5, 88 Hz, 1H), 2.06 (m, 1H), 1.90(d, /= 11.8 Hz, 1H), 1.57 - 1.71 (m,
2H), 1.19 - 1.36 (m, 4H); LCMS (ESI) m/z 445 (M+H)".

Example 212
Preparation of (IR2ZRYV2-({6-{6-(triflueromeibvi)-3H-imidazoj4.5-blpvridin-3-
viimethvhbenzoldithiazol-2-vamino)cvelohexanol
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[60862] Step 1: A mixture of 2-chloro-3-nitro-5-(trifluoromethyl)pyridine (500

mg, 2.21 mmol), (2-(methylthio)benzo[d}thiazol-6-yl ymethanamine from Step 4 of
Exampie 23 {583 mg, 2.76 amol), and tricthylamine (837 mg, 8.29 mmol) in DMF
(10 mL) was stirred at rt overnight. The reaction mixture was diluted with EtOAc and
washed with water. The organic layer was dried over Na; S0y, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:0 to 10:1 petroleum ether/EtOAcC to give N-((2-
(methylthio)benzo[d]thiazol-6-ylymethyl)-3-nitro-3-(trifluoromethyDpyridin-2-amine
as a yellow solid (150 mg, 84.7%). "H NMR (300 MHz, DMSO-ds) § 9.46 (t, J= 1.8
Hz,1H), 8.78 (d, J = 2.1 Hz, 1H), 8.66 (d,.J= 2.4 Hz, 1H), 7.97 (s, 1H), 7.78 (d, /=
8.4 Hz, 1H), 7.49-7.45 (m, 1H), 4.95 (d, J = 6.6 Hz, 2H), 2.77 (s, 3H); LCMS (ESI)
m/z 401 (M+H)",

[60863]  Step 2: To a mixture of N-((2-(methylthio)benzo[djthiazol-6-yl)methyl)-3-
nitro-3-(trifltuoromethylpyridin-2-amine (0.97 g, 2.42 mmol}, HOAc (4 mL), and
MeOH (4 mL) in DCM (30 mL} cooled in ice-water bath was slowly added zinc dust
(1.6 g, 24.2 mmol). The reaction mixture was stirred at 0 °C for 2 h. The mixture was
filtered and the filtrate was diluted with DCM and then washed with water and aq
NaHCQ;. The organic layer was dried over Na,SO,, filtered and concentrated under
reduced pressure to afford N2{((2-(methylthio)benzo[dthiazol-6-ylymethy!)-5-
(trifluoromethyhpyridine-2,3-diamine (0.89 g, 100%). "H NMR (300 MHz, DMSO-
ds) & 8.05 (s, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.77 (s, 1H), 7.44-7.41 (m, 1H), 7.03 (d, ./
= 1.8 Hz, 1H), 4.84 (br s, 1H), 4.78 (d, /= 5.1 Hz, 2H), 3.29 (br s, 2H}, 2.79 (s, 3H).
LCMS (ESI) m/z 371 (M+H)".

[60864] Step 3: A mixture of N2{((2~(methylthio)benzo[d]thiazol-6-yDmethyl)-3-
(triflucromethyDpyridine-2,3-diamine (0.89 g, 2.39 mmol), triethoxymethane (30 mL)
and HCOOH (0.65;). was stirred at 90 °C for 2 h. The mixture was concentrated under
reduced pressure, The residue was purified i)y_siiica gel chromatography cluting with
2:1 to 0:1 petroleurn ether/EtOAc to afford 2~-(methylthio)-6-((6-(trifluoromethyl)-3H-
imidazo[4,5-bpyridin-3-ylymethyl)benzo[d]thiazole as a light yellow solid (0.77 g,
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79.3%). 'H NMR (300 MHz, DMSO-d5) 5 8.88 (s, 1H), 8.77 (d,J= 1.2 Hz, 1), 8.57
(d,J=1.8 Hz, 1H), 8.00 (4, J= 1.2 Hz, 1H), 7.81 (d, /= 8.4 Hz, 1H), 7.49-7.46 (m,
TH), 5.68 (s, 2H), 2.77 (s, 3H). LCMS (EST) m/z 381 (M+H)".

[00865]  Step 4: A mixture of 2-(methylthio)-6-((6-(trifluoromethyl)-3H-
imidazo{4,5-blpyridin-3-ylimethylbenzold}thiazole (200 mg, 0.53 mmol) and m-
CPBA (114 mg, 0.66 mmol) in DCM (5 mL) was stirred in an ice-water bath for 2 h.
The mixture was diluted with DCM and washed with aq Na,5$,0s, ag NaHCO; and
water. The organic layer was dried over Na,SQO,, filtered and concentrated under
reduced pressure to afford 2-(methylsulfinyl)-6-((6-(trifluoromethyl)-3H-imidazo[4,5-
blpyridin-3-ylymethyl)benzo[d thiazole as a yellow solid (180 mg, 87.8%). '"H NMR
(300 MHz, DMSO-d,) 8 8.91 (s, [H), 8.77 (s, 1H), 8.59 (s, 1H), 8.23 (s, 1H), 8.08 (d,
J=18.1Hz, 1H), 7.66-7.62 (m, 1H), 5.77 (s, 2H), 3.06 (s, 3H). LCMS (EST) m/z 397
(M+H)".

[00866] Step 5: A mixture of 2-(methylsulfinyl)-6-((6-(trifluoromethyt)-3H-
imidazo[4,5-bipyridin-3-yDmethyl)benzo[d]thiazole {180 mg, 0.45 mmol), (1R,2R)-2-
aminocyclohexanol (112 mg, 0.97 mmol) and DIEA (261 mg, 2 mmol) in DMA (2
mL.) was stirred at 130 °C overnight. The reaction mixture was diluted with EtOAc
and washed with brine. The organic layer was dried over NaSOy, filtered and
concentrated under reduced pressure. The residue was purified by preparative HPLC
to afford (1R, 2R)-2-({6-({(6-{trifluoromethy!)-3H-imidazo]{4,5-b]pyridin-3-
yI)methyl)benzo[d]ﬁiazoi—2-yl.)amin0)cyciohexanol as a yellow solid (64 mg,
31.8%). 'H NMR (300 MHz, DMSO-d;) 8 8.84 (s, 1H), 8.78 (d, /= 1.2 Hz, 1H), 8.55
(d, J=15Hz, 1H),7.95(d,.J=78 Hz, 1H), 7.68 (d, J= 1.5 Hz, 1H), 729 (d, /=78
Hz, 1H), 7.25-7.22 (m, 1H), 5.55 (s, 2H), 4.71 (d, /= 5.1 Hz, 1H), 3.52-3.50 (m, 1H),
3.37-3.33 (m, 1H), 2.08-2.01 (1, 1H), 1.87-1.85 (m, 11T}, 1.64-1.60 (m, 2H), 1.29-
1.19 (m, 4H). LCMS (EST) m/z 448 (M+H)".

Example 213
Preparation of (15.25)-2-({6-({6-fluoro-3f-imidazg|4 5-bpvridin-3-
yhmethyhbenzo|dlthiazoi-2-vDaminecveiochexanol

P S,
N N/\@ JNH - oH
== N
N
N O
F
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[00867]  (15,28)-2-((6~((6-Fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[dthiazoi-2-yljamino)cyclohexano! was synthesized as a white
powder (48 mg, 42%) using a procedure analogous to that described in Step 5 of
Example 162, substituting (15,25)-2-aminocyclohexanol for (15,2R)-2-
aminocyclohexanol hydrochloride used in Example 162. 'H NMR (500 MHz, DMSO-
ds) 8 8.67 (s, 1H), 8.41 (1, /= 2.0 Hz, 1H), 8.07(dd,/=2.6,9.5 Hz, 1H), 795 (d, /=
7.6 Hz, 1H), 7.66 (d, J= 1.2 Hz, 1I), 7.28 (m, 1H), 7.22 (dd, J= 1.5, 8.4 Hz, 1H),
5.48 (s, 2H), 472 (d, /=52 Hz, 1H), 3.51 (m, 1H), 3.33 (m, 1H), 2.02 (m, 1H), 1.87
(m, 1H), 1.57 — 1.65 (m, 2H), 1.15 — 1.29 (m, 4H); LCMS (ESI) m/z 399 (M+H)".

Exampile 214
Preparation of (1R.2R-2-({6-{((7-(1 H-imidazol-1-vDimidazo/ 1.2-ajpvridin-3-

vhmethvlbenzojdjthiazol-2-vl)aminolcvelohexanol

S
N =~
gﬁﬂﬂtﬁ &

N/

N

[y
[00868]) (1R, 2R)-2-((6-((7-(1H-Imidazol-1-yi)imidazo{1,2-alpyridin-3-
yhmethyhbenzo[d]thiazol-2-yDamino)cyclohexanol (27 mg, 47%) was obtained as a
light tan solid using a procedure analogous to that described in Example 141,
substituting(1R,2R)-2-((6-((7-wodoimidazol 1,2 -alpyridin-3-yDmethyDbenzo[ d thiazol-
2-ylamino)cyclohexanol from Step 1 of Example 167 and imidazole, respectively, for
(1R,2R)-2-{(6~({6-10do-3H-imidazo[4,5-bpyridin-3-yi)methyl)benzo[ dithiazol-2-
ylh)amino)eyclohexanol and pyrazole used in Example 141, "H NMR (500 MHz,
DMSO-ds) 8 8.42 (brs, 1H), 8.34 (d,/=6.9 Hz, 1H), 7.93 (br s, 1H), 7.90 {(d, /=74
Hz, 2H), 7.54 (s, 1H), 7.49 (br s, [H), 7.33 (d, /=74 Hz, 1H), 7.27 {d, /= 8.4 Hz,
1H}, 7.01 - 7.19 (m, 2H), 4.77 (br s, 1H), 4.33 (s, 2H), 3.51 (br s, 1H), 3.31 - 3.34 (m,
2H), 2.04 (d, /= 11.8 Hz, 1H), 1.87 (d,.J=10.8 Hz, 1H), 1.53 - 1.70 {m, 2H}, 1.06 -
1.36 (m, 4H). LCMS (ESI) m/z 445 (M+H)".

Example 215
Preparation of (1R 2RY-2-{(6-((7-(2Hi-1.2.3-triazol-2-vl}imidazo{1.2-a]pyvridin-3-

ylimethyDbenzo[djthiazel-2-vDamino)evelohexanal
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[00869] (1R,2R)-2-((6-((7-(2H-1,2,3-Triazol-2-yl)imidazo[1,2-a]pyridin-3-
yhmethyDbenzo[d]thiazol-2-yljamino)cyclohexanol (13 mg, 23%) was obtained as a
light tan solid using a procedure analogous to that described in Example 141,
substituting (1R,2R)-2-{{6-((7-iodoirmidazo[1,2-a]pyridin-3-
yhymethylbenzo[djthiazol-2-yl)amino)cyclohexanol from Step | of Example 167 and
1,2,3-trtazole, respectively, for (1R,2R)-2-{(6-((6-i0do-3H-imidazo[4,5-b]pyridin-3-
yhmethyibenzo[d]thiazol-2-yhamino)cyclohexanol and pyrazole used in Example
141. "H NMR (500 MHz, DMSO-ds) & 8.40 (d, J = 7.4 Hz, 1H), 8.18 (s, 2H), 8.04 (s,
1H), 7.90 (d, J= 7.9 Hz, 1H), 7.63 (dd, J=2.0, 7.4 Bz, 1H), 7.54 (s, LH), 7.51 (s,
1HY, 7.28 (d, J= 8.4 Hz, 1H), 7.11 (d, /= 6.9 Hz, 1H), 4.77 (br s, 1H), 4.34 (s, 2ZH),
3.51 (brs, 3H),2.04 (d,J= 11.8 Hz, 1H), 1.87 (d,/= 11.3 Hz, 1H), 1.55 - 1.69 (m,
2H), 1.10 - 1.36 (m, 4H). LCMS (ESI) m/z 446 (M+H)".

Example 216
Preparation of (1R, 2ZE)-2-({(6-((7-vinvlimmidazo|1.,2-alpvridin-3-

viimethvitbenzo]d]thiazol-2-vi}aminojcvelohexanol

s
=
N H

o h{>“Nr{ OH

W/
N
[00870] Step 1: Crude 4-vinylpyridin-2-amine (200 mg) was obtained as a light tan
solid using a procedure analogous to that described in Example 98, substituting 4-
iodopyridin-2-amine for (1R,2R)-2-((6~({6-bromo-3H-imidazo[4,5-blpyridin-3-
yhmethyl)benzo|d]thiazol-2-yt)amino)cyclohexanol used in Example 98. LCMS
(EST) m/z 121 (M+T)",

[06871]  Step 2: (1R2R)-2-((6~({7-Vinylimidazo[1,2-a}pyridin-3-
yhmethylbenzo[d]thiazol-2-ylamino)cyclohexanoi (13 mg, 8%) was obtained as a
light tan solid using a procedure analogous to that described m Step 6 of Example

117, substituting 4-vinylpyridin-2-amine from Step 1 of this Example and 2-chloro-3-
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(2-({(1R,2R)-2-hydroxycyclohexyl)amino)benzo[d]thiazol-6-yipropanal from Step 2
of Example 153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-3-(2-
(methylthio)benzo{d]thiazol-6-yl)propanal used in Example 117. 'H NMR (500 MHz,
DMSO-dg) 6 8.14 (d, /=69 Hz, 1H), 7.86 (d,/=7.4 Hz, 1H), 7.52 (d,/= 3.4 Hz,
2H}), 7.40 (s, 1H)Y, 7.26 (d,/ =79 Hz, 1H), 7.13 (d,.J=59Hz, 1H), 7.09(d, /=609
Hz, 1H), 6.77 (dd, /= 10.8, 17.7 Hz, 1H), 591 (d, /= 17.7 Hz, 1H),3.34 (d,J=113
Hz, 1H), 4.72 (d, J= 3.4 Hz, 1H), 4.28 (s, 2H), 3.52 (d, J= 8.4 Hz, 2H), 2.03 (d, J =
10.8 Hz, 1H), 1.87 (d, J=11.3 Hz, 1H), 1.54 - 170 (m, 2H), 1.11 - 1.36 (m, 4H).
LCMS (ESI) m/z 405 (M+H)".

Example 217
Preparation of (1R.2RY-2-((6-{(7-{allvioxv)imidaze[1,2-alpvridin-3-
yiimethvhbenzo|dlthiazol-2-v)amino}evciohexanol

S

-

- £>—NH OH
O
Q

A

[00872] Step 1: To a stirred solution of 2-aminopyridin-4-ol (500 mg, 4.5 mmol) in
DMF (5 mL) at rt was added K;CO3 (940 mg, 6.8 mmol). The resulting mixture was
stirred at rt for 20 min before allyl bromide (393 uL, 4.5 mmol) was added. The
mixture was then stirred at rt overnight and heated at 60 °C for 2 h. After cooling to 1t,
the mixture was partitioned between EtOAc and water, and the organic layer was
washed with brine, dried over Na;SQs, and cvaporated under reduced pressure. The
residue was purified by silica gel chromatography eluting with EtOAc in hexanes to
give 4-(allyloxy)pyridin-2-amine (110 mg, 16%) as a white solid. LCMS (EST m/z
151 (M+H)".

[60873] Step 2: (1R.2R)-2-((6-((7-(Allyloxy)imidazof1,2-a]pyridin-3-
yDmethyDbenzo[ d]thiazol-2-yi)amino)cyclohexanol (56 mg, 34%) was obtained as a
light tan solid using a procedure analogous to that described in Step 6 of Example
117, substituting 4-(allyloxy)pyridin-2-amine from Step 1 of this Example and 2-
chloro-3-(2-(((1R,2R)-2-hydroxycyclohexylamino benzo{d|thiazol-6-y)propanal

from Step 2 of Example 153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-
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3-(2-(methylthio)benzo{d|thiazol-6-y1)propanal used in Example 117, " NMR (500
MHz, DMSO-ds) 8 8.02 (d, J= 7.4 Hz, 1H), 7.88 (d, /= 7.9 Hz, 1H), 7.49 (s, 1H),
7.26 (d, J="7.9 Hz, 1H), 7.23 (s, 1H), 7.07 (d, J= 8.4 Hz, 1H), 6.92 (d, J= 2.5 Hz,
1H), 6.60 (dd, /= 2.5, 7.4 Hz, 1H), 5.96 - 6.10 (m, 1H), 5.42 (d, /= 17.2 Hz, 1H),
5.28 (d, J= 10.3 Hz, 1H), 4.75 (brs, 1H), 4.61 (d, J= 5.4 Hz, 2H), 4.22 (s, 2H), 3.51
(brs, 2HD), 2.04 (d, = 11.8 Hz, 1H), 1.87 - 1.94 (m, 1H), 1.55 - 1.69 (m, 2H), 1.11 -
1.36 (m, 4H). LCMS (ESI) m/z 435 (M+H)".

Example 218
Preparation of (1R 2RY-2-((6-({7-(1H-1,2,3-triazo)-1-vDimidazo[1,2-alpyridin-3-

vhmethvilbenzo|d|thiazol-2-vl)amino)evelohexanol

S
e
OO g
O O
N
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[60874] (1R,2R)-2-({6-{(7-(1H-1,23-triazol-1-yl)yimidazo{!,2-alpyridin-3-
yhmethybenzo[d]thiazol-2-yl)amino)cyclohexanok (6 mg, 11%) was obtained as a
light tan solid using a procedure analogous to that described in Example 141,
substituting{1R 2R)-2-((6-((7-iodoimidazo[1,2-a]pyridin-3-yDmethylYoenzo[d]thiazol-
2-ylyamino)cyclohexanol from Step 1 of Example 167 and 1,2,3-triazole, respectively,
for (1R,2R)-2-((6-((6-iodo-3H-imidazo[4,5-b]pyridin-3-yDmethylbenzo[d]thiazol-2-
yhamino)cyclohexanol and pyrazole used in Example 141, "H NMR (500 MHz,
DMSO0-ds) § 8.98 (s, 1H), 8.44 (d, J = 7.4 Hz, 1H), 8.17 {s, 1H), 8.01 (s, 1H), 7.96 (d,
J=T74Hz, IH), 7.58(d, J="7.4 Hz, 1H), 7.55 (br s, 2H}, 7.28 (d, /= 8.4 Hz, 1H),
7.11(d, J= 8.4 Hz, 1H), 4.83 (brs, 1H), 4.35 (s, 2H), 3.50 (br s, 3H), 2.04 (d, J =
11.8 Hz, 1H), 1.87 (d, /= 10.8 Hz, 1H), 1.54 - 1.67 (m, 2H), 1.08 - 1.33 (m, 4H).
LCMS (ESI) m/z 446 (M+H)".

Example 219
Preparation of V-((1R.28)-2-chiorocyelohexvl)-6-((6-flugro-3H-imidazoe[4,5-
hipvridin-3-vlimethvhbenzoldjthiazel-2-amine

424



WO 2013/656070 PCT/USZ012/059983

N%Nzﬁ%—w ci

She
160875] N—((lR,ZS)—Z—Chlorocyc?ohexylf)»@((6~ﬂuor0~3H—imidazo[4,5~b]pyridiﬁ—3—
yhmethyl)benzo[d]thiazol-2-amine was synthesized as a white powder (6 mg, 2%)
using a procedure analogous to that described in Exampic 198, substituting (1R,2R)-2-
((6-{(6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yhmethyl)benzo[djthiazol-2-
yhamino)cyclohexanol for (1.52R)-2-({6-({6-fluoro-3H-imidazo[4,5-b]pyridin-3-
ylimethylbenzo[d]thiazol-2-yl)amino)cyclohexanol used in Example 198. 'H NMR
(500 MHz, CDCly) 8 8.68 (s, 1H), 8.41 (s, 1H), 8.24 (d, /= 8.4 Hz, 1H), 8.07(dd, J =
2.6,9.5 Hz, 1H), 7.68 (s, 1H), 7.33 (d, J=8.4 Hz, 1H), 7.24 (dd, /= 1.4, 8.2 Hz, 1H),
5.48 (s, 2H), 4.02 (m, 1H), 3.87 (m, 1H), 2.20 {m, 1H), 2.07 (m, 1H), 1.63 ~ 1.75 (m,
3H), 1.29 — 1.41 (m, 3H); LCMS (EST) m/z 416 (M+H)",

Example 220
Preparation of 3-amino-1-((2-(({1R2R)-2-

hvdroxvevelohexvhamine}benzoldlthiazol-6-vl)methvDpyrazin-2(1/)-one acetate

sait
7 S
(\N/\@ p—NH  OH
%O N N
NH,

[00876] Step 1: To a stirred mixture of sodium iodide (4.89 g, 32.67 mmol) and 2-
iodo-3-methoxypyrazine (2.57 g, 10.89 mmol) in acetonitrile (30 mL} at rt was added
trimethylsilyl chloride (3.55 g, 32.67 mmol). The mixture was heated at 70 °C for 1.5
h. The mixture was cooled to rt and partitioned between a mixture of DCM, MeOH,
and aq 2 M HCL The organic layer was separated and the agqueous layer was extracted
with additional DCM/MeOH mixture. The combined organic layers were dried over
MgS0,, filtered, and concentrated under reduced pressure to afford 3-iodopyrazin-
2(1H)-one (1.21 g, 50%) as a brown solid that did not require further purification. 'H
NMR (500 MHz, DMSO-ds) 8 12.54 (br s, 1H), 7.42 (¢, J=3.7Hz, 1H), 7.17({d, J =
3.7 Hz, 1H); LCMS (ESI) m/z 223 (M+H)".

[00877]  Step 2: 3-Iodo-1-({(2<(methylthio)benzo[dJthiazol-6-ylymethyl)pyrazin-
2(1LH)-one (1 g) was obtained as a brown solid using a procedure analogous to that

described in Step 2 of Example 203, substifuting 3-iodopyrazin-2(1H)-one from Step
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1 of this Example for N-(4-bromo-2-fluoro-6-nitrophenyl)formamide used in Example
203. "H NMR (500 MHz, DMSO-ds) 5 7.98 (s, 1H), 7.81 ~ 7.85 (m, 2H), 7.45 (m,
1H), 7.23 (m, TH), 5.19 (s, 2H), 2.77 (s, 3H); LCMS (EST) m/z 416 (M+H) .

[00878]  Step 3: A stirred mixture of 3-iodo-1-{(2-(methylthioYbenzo[d]thiazol-6-
yhmethyDpyrazin-2(1 H)-one (750 mg, 1.81 mmol), ammonia (7 M solution in
MeOH, 2 mL, 14 mmol), and DMSO (1.5 mL), was heated in a Biotage Microwave
Synthesizer at 150 °C for 15 min. The mixture was cooled to and partitioned between
EiOAc and a 1:1 mixture of water and brine. The organic layer was separated, dried
over MgSQy, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel flash chromatography eluting with a gradient of 100% DCM to
2% MeOH in DCM to afford 3-amino-1-{(2-(methylthio)benzo[d}thiazol-6-
yhmethyl)pyrazin-2(1H)-one (149 mg) as a yellow solid. 'H NMR (500 MHz,
DMSO-ds) 8 7.96 (s, 1H), 7.82 (d, /=8.4 Hz, 1H), 7.43 (dd, /= 1.5, 8.4 Hz, 1H),

(EST) m/z 305 (M+H)".

[66879] Step 4: 3-Amino-1-((2-(methylsulfinyl)benzo[d]thiazol-6-
ylmethyDpyrazin-2(1 H)-one (84 mg, 54%) was obtained as a yellow solid using a
procedure analogous to that described in Step 4 of Example 130, substituting 3-
amino-1-((2-(methylthio)benzo[d]thiazol-6-ylymethyl)pyrazin-2(1 H)-one from Step 3
of this Example for 2-(methylthio)-6-((5-(trifluoromethyl}-1 H-benzo[dlimidazol-i-
ylymethyl)benzo[d]thiazole used in Example 130. "H NMR (500 MHz, DMSO-ds) §
8.20 (s, 1H), 8.08 (d, J= 8.6 Hz, 1H), 7.59 (dd, /= 1.5, 8.4 Hz, 1H), 6.94 (d, /= 4.7
Hz, 1H), 6.69 (d. J= 4.4 Hz, 3H), 5.19 (s, 2H). 3.07 (s, 3H); LCMS (ES1) m/z 321
(M+H)y+.

[00880] Step 5: 3-Amino-1-{((2-({((1R,2R)-2-
hydroxycyclohexylyaminoybenzo[dthiazol-6-ylmethylipyrazin-2( 1 F)-one acetate
salt (19 mg, 17%) was obtained as a solid using a procedure analogous to that
described in Step 5 of Example 203, substituting 3-amino-1-((2-
(methylsulfinyl)benzo[dJthiazol-6-yl)mcethyl)pyrazin-2{1 H}-one from Step 4 of this
Example for 6-((5-bromeo-7-fluoro-1H-benzofd)imidazol-1-ymethyl)-2-
(methylsulfinyl)benzo[d]thiazole used in Example 130. "H NMR (500 MHz, DMSO-
ds) 07.99 (d,J="7.4Hz, 1H), 7.62 (s, 1H), 7.30 (d, /= 8.1 Hz, 1H}, 7.19 (dd, J = 1.5,
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8.1 Hz, 1H), 6.87 (d, J= 4.7 Hz, 1H), 6.60 — 6.80 (m, 3H), 4.99 (s, 2H), 3.20 - 3.60
(m, 4HD), 2.04 (m, 1H), 1.88 (s, 3H), 1.57 - 1.67 (m, 2H), 1.12 - 1.33 (m, 4H); LCMS
(ESD) m/z 372 (M+H)".

Example 221
Preparation of 3-((2-{({1R.2ZR)-2-hvdroxvevelohexvliaming)benzo | d] thiazol-6-

vhmethyDimidazof1,2-b|pyridazine-6-carbonitrile

s
N N/>—NH oH

CN

{06881}  Step I: A stured mixture of 2-¢chloro-3-(2-(methylthioYbenzo]dithiazol-6-
vlpropanal from Step 4 of Example 117 (1.3 g, 4.8 mmol) and 6-aminopyridazine-3-
carbonitrile (0.8 g, 7.2 mmol) in 1-butanol (48 mL) was heated at reflux overnight.
The mixture was cooled to rt and water {100 mL) was added. The mixfure was
extracted with EtOAc (3%60 mL, and the combined organic layers were washed
with brine, dried over Na,SQy, filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography eluting with
50: 1 i0 20: 1 DCM/MeOH to afford 3-((2-(methylthioYbenzo[d]thiazol-6-
yDmethyl)imidazo{1,2-h]pyridazine-6-carbonitrile as a yellow solid (0.7 g, 44%). 'H
NMR (300 MHz, CDCl3) 8 8.09 (d, /= 9.0 Hz, 1H), 7.83-7.78 (m, 2H), 7.69 (s, 1H),
7.36 (d, J=8.4 Hz, 1H), 7.29 (d, J= 9.3 Hz, 1H), 4.46 (s, 2H), 2.78 (s, 3H). LCMS
(EST) m/z 338 (M+H)".

[60882]  Step 2: To a solution of 3-((2-(methylthio)benzofd|thiazol-6-
yhmethyDimidazo[1,2-b] pyridazine-6-carbonitrile (0.7 g, 2.1 mmol) in DCM (30
mL) at 0 °C was slowly added m-CPBA (0.4 g, 2.1 mmol). The reaction mixture was
stirred at 0 °C for 2 h, then aq Na,SO; (25 mL) was added and the mixture was stirred
for 0.5 h. The organic layer was scparated and dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 50: 1 to 20: 1 DCM/MeOH to afford 3-((2-
(methylsulfinyl)benzo[d]thiazol-6-y)methyl)}imidazo{1,2-b]pyridazine-6-
carbonitrile as a yellow solid (0.7 g, 96%). "H NMR (300 MHz, CDCL) & 8.11 (d,
J=93Hz, IH), 8.02 (d, J= 8.4 Hz, 1H), 7.92 (5, IH), 782 (5, 1H)},7.51 (d,./= 84
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Hz, 1H), 7.31 (d, J= 9.3 Hz, 1H), 4.54 (s, 2H), 3.07 (s, 3H). LCMS (ESI) m/z 354
(M-+H)".

[60883]  Siep 3: A mixture of 3-((2-(methylsulfinyl)benzo[d]thiazol-6-
yhmethyDimidazo [1,2-b]pyridazine-6-carbonitrile (300 mg, 0.9 mmol), (1R,2R)-2-
aminocyclohexanol (293 mg, 2.5 mmol) and DIEA (219 mg, 1.7 mmol) in NMP (16
mL) was stirred at 135 °C overnight. The mixture was cooled to rt and water (40 mL)
was added. The mixture was extracted with EtOAc (3% 30 mL). The combined
organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated
under reduced pressure. The residue was purified by silica gel chromatography eluting
with 50: 1 to 20: 1 DCM/MeOH to afford 3~((2-{({1R,2R)-2-
hydroxycyclohexyhamino)benzo[dlthiazol-6-y)methyl)imidazo{ 1,2-4]pyridazine-6-
carbonitrile as a brown solid (100 mg, 30%). 1H NMR (300 MHz, DMSO-d) 6 8.40
(d, J=9.3 Hz, 1H), 7.87-7.84 (m, 2H), 7.70 (d, /= 9.3 Hz, 1H), 7.55 (d, /= 1.5 He,
1H), 7.28 (d, J= 8.1 Hz, 1H), 7.13 (dd, J= 1.5, 8.1 Hz, 1H), 4.72 (d, /= 5.1 Hz, 1H),
4.36 (s, 2H), 3.54-3.51 (m, 1H), 3.39-3.36 (m, 1H), 2.06-2.02 (m, 1H), 1.90-1.86 (m,
1H), 1.65-1.59 (m, 2H), 1.31-1.17 {m, 4H). LCMS (ESI) m/z 405 (M+H)".

Example 222
Preparation of 1-(2-(((1R.2R}-2-hvdroxvevelohexvlamine)benzojdithiazol-6-

yhmethvl-3-morpholinopvrazin-2(1H}-one
2N S
N%/\CEN%NH OH
(e}
) C
(@
[006884] Step 1: A mixture of 2,3-dichloropyrazine (894 mg, 6 mmol), morpholine
{523 mg, 6 mmol) and DIEA (1.55 g, 12 mmol) in DMSO (8 mL) was stirred at 70 °C

for 2 h. The reaction mixture was poured into water (30 mL) and extracted with ethyt
acetate (3x20 mL). The combined organic layers were washed with 2N aq HCL (30
mL), water (2x30 mL} and brine, dried over NaySOs, fittered and concentrated under
reduced pressure to give 4-(3-chloropyrazin-2-ylymorpholine as a light yellow solid
(1.01 g, 92.8%). "H NMR (300 MHz, DMSO-ds) 8 $.11(d, /=24 Hz, 1H), 7.90 (d,J
= 2.7 Hz, 1H), 3.86 (t, J = 9.3 Hz, 4H), 3.45 (t, /= 9.6 Hz, 4H). LCMS (ESI) m/z 200
(M-+H)".
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[06885] Step 2: A mixture of 4-(3-chloropyrazin-2-yhmorpholine (894 mg, 6
mmol) and aq NaOH (13 mL, 52 mmol) in DMSO (18 mL) was stirred at 80 °C for 2
h. The reaction mixture was poured into water {30 mL) and extracted with ethyl
acetate (3>20 mL). The combined organic layers were washed with brine, dried over
Na;S0q, filtered and concentrated under reduced pressure to give 3-
morpholinopyrazin-2(1H)-one as a light yellow solid (807 mg, 92.9%). "H NMR (300
MHz, CDClz) 8 11.80 (brs, 1H), 7.05 (d, /=42 Hz, IH), 6.73 (d, /= 4.2 Hz, 1H),
3.84 (5, 8H). LCMS (ESD m/z 182 (M+H)".

[60886] Step 3: To a stirred solution of 3-morpholinopyrazin-2(1H)-one (317 mg,
1.75 mmol} in DMF (8 mL) at 0 °C was added NaH (60% in mineral oil, 105 mg, 2.63
mmol). Aficr stirring for 20 nun, a solution of 6-(chloromethyl)-2-
(methylthioYoenzo[d]thiazele (400 mg, 1.75 mmol) in DMF (2 mL) was added
dropwise, and the mixture was stirred at 1t for 2 h. The mixture was poured into water
and extracted with ethyl acetate (3x 20 mL). The combined organic layers were
washed with brine, dried over Na,8Q,, filtered and concentrated under reduced
pressure to give 1-((2-(methylthio)benzo| d]thiazol-6-ylymethyl)-3-morpho
linopyrazin-2(1H)-one as 2 lght yellow solid (625 mg, 95.4%). 'H NMR (300 MHz,
CDCl3) 8 7.82 (d, J= 8.4 Hz,1H), 7.71 (s, 1H), 736 (d, /= 6.6 Hz, 1H), 6.92(d, /=
4.2 Hz, 1H), 6.71 (d, J =42 Hz, 1H), 5.10 (s, 2H), 3.81 (s, 8H), 2.80 (s, 3H}. LCMS
(ESI) m/z 375 (M-+H)".

[00887] Step 4: A solution of 1-((2-{methylithic)benzo[d]thiazol-6-ylimethyl)-3-
morpholinopyrazin -2(1H)-one {752 mg, 2.0 mmol) and m-CPBA (449 mg, 2.6 mmol)
m DCM (20 mL) was stirred at 0 °C for 4 h. The reaction mixture was washed with
aqueous Na;S,0; and brine. The organic layer was dried over Na,S0y filtered and
concentrated under reduced pressure, The residue was purified by silica gel
chromatography eluting with 1:3 petroleum ether/cthyl acetate to give 1-((2-
(methylisulfinyl)benzofdjthiazoi-6-yl) methyl)-3-morpholinopyrazin-2(1H)-one as a
light yeliow solid (430 mg, 55.1%). 'H NMR (300 MHz, DMSO-ds) 6 8.20 (s, 1H),
8.08(d,/=84Hz 1H),7.59(d,J=69 Hz, 1H), 7.29(d, J=4.5Hz, 1H), 6.96 (d,J
= 4.2 Hz, 1H), 5.20 (s, 2H), 3.65 (s, 8H), 3.07 (s, 3H). LCMS (ESD m/z 391 (M+H)".

[00888] Step 5: A mixture of I-((2-(methyisulfinyl)benzo[dthiazo!l-6-yDmethyl)-
3-morpholine pyrazin-2(1H)}-one (250 mg, 0.64 mmol), (1R,2R)-2-
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aminocyclohexanol (221 mg, 1.92 mmol) and DIEA (248 mg, 1.92 mmol) in DMA
(6.6 mL) was stirred at 130 °C for 16 h. The reaction mixture was cooied to rt and
poured into water (30 mL). The mixture extracted with ethyl acetate (3x100 mL) and
the combined organic layers were washed with brine, dried over Na,S0, filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 1:5 petroleum ether/ethyl acetate to give 1-((2-
{{{(1R,2R)-2-hydroxycyclohexylyamino)benzo[d]thiazol-6-yymethyl)-3-
morpholinopyrazin-2(1H)-one as a light yellow solid (120 mg, 26.5%). 'H NMR (300
MHz, DMSO-ds) 8 7.96 (d, J= 7.2 Hz, 1H), 7.63 (s, 1H), 7.30 (d, J = 8.4 Hz,1H),
7.18-7.22 (m, 2H), 6.90 (d,.J = 4.8 Hz,1H), 5.01 (s, 2H), 4.72 (d, /= 5.1 Hz, 1H),
3.65 (s, 8H), 3.55-3.52 (m, 1H), 3.36-3.31 (m, 1H), 2.07-2.02 {(m, 1H), 1.90-1.86 (m,
[H), 1.63-1.62 (m, 2H), 1.30-1.22 {m, 4H). LCMS (ESTD) m/z 442 (M+H)".

Example 223
Preparation of (3-((2-(({(1LR.2R)-2-hvdroexveveclohexviamino}benzo[d]thiazol-6-

viimethyDimidazo}1.2-alpyridin-7-vIXpvrrelidin-1-vDmethanone

s
N
i l\,;)—NH ey

[00889]  (3-{(2-(({1R,2R)-2-HydroxycyclohexyDamino)benzo[dithiazol-6-
ylymethylyimidazo[[,2-a]pyridin-7-yl}pyrrolidin-1-yl)methanone {65 mg, 46%) was
obtained as a light tan solid using a procedure analogous to that described in Step 6 of
Example 117, substituting (2-aminopyridin-4-yl)(pyrrolidin-1-yl)methanone and 2-
chloro-3-(2-({{1R,2R)-2-hydroxycyclohexyl)amino)benzoldjthiazol-6-y1)propanal
from Step 2 of Example 153, respectively, for 2-aminoisonicotinonitrile and 2-chloro-
3-(2-(methylthio)benzo|d]thizzol-6-yl)propanal used in Example 117. 'H NMR (500
MHz, DMSO-ds) 6 8.24 (4, J= 6.9 Hz, 1H), 8.01 (d, /= 7.4 Hz, 1H), 7.72 (s, 1H),
7.33 (s, 2H), 7.31 (brs, 1H), 7.27 (d, /= 7.9 Hz, 1H), 7.10 (d, ./ = 8.4 Hz, 1H), 6.99
(d, J=6.9 Hz, IH), 6.78 (br s, 1H), 4.88 (br s, 1H), 4.31 (s, 2H), 3.43 - 3.58 (m, 6H),
2.04(d, /= 12.3 Hz, 1H), 1,76 - 1.94 (m, 5H), 1.57 - 1.68 (m, 2H), 1.10 - 1.27 (m,
4H). LCMS (EST) m/z 476 (M+H)".
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Example 224
Preparation of (E)-3-(1-((2-{¢((1 R.2R)-2-
hvdroxvepclohexvllamine)benzo[d|thiazol-6-vhmethvl)-1H-benze{d]imidazol-5-

yhacrvlic acid
Z~N S
A o
O
N
9]
OH

[06890]  Step 1: To a stirred solution of (1R,2R)-2-({6-((5-iodo-1H-
benzo[djimidazol-1-yDmethyl)benzo{d|thiazol-2-yl)amino)cyclohexanol (150 mg,
0.30 mmol) from Step 3 of Example 183 in DMF (2 mL} were added cthyl acrylate
{0.036 ml., 0.33 mmol), palladium (IT) acetate (7 mg 0.03 mmol), and triethylamine
(0.088 mL., 0.63 mumol}. The mixture was flushed with argon and heated in a sealed
vessel at 120 °C for 3 k. The mixture was cooled to rt and partitioned between EtOAc
and water. The separated agueous layer was extracted twice with EtOAc and the
combined organic phases were washed three times with a 1:1 mixture of water and
brine, dried over MgSOQy, filtered, and concentrated under reduced pressure to afford
(Ey-ethyl 3-(1-({(2-({(1R,2ZR)-2-hydroxycyclohexyl)aminoYoenzo|dthiazol-6-
yhmethyl)-1 H-benzo[dfimidazol-5-ylacrylate (187 mg) as a solid. The product was
used directly in the next step. LCMS (ESI) m/z 477 (M+H)".

[66891] Step 2: To a stirred solution of (£)-ethyl 3-(1-((2-{{({1R,2R)-2-
hydroxycyclohexyl)amino)benzo| dfthiazol-6-ylmethyl)-1 H-benzo[d]imidazol-5-
ylacrylate from the previous step in THF (2 mL) was added 1M aq LiOH (2 mL) and
the mixture was stirred at rt for 48 h. The mixture was then acidified and concentrated
under reduced pressurc. The residue was purified directly by reverse-phasc
preparative HPLC using a mixture of water (5% CH.CN, 0.05% HOAc) and CH:CN
{0.05% HOACc) as the mobile phase and Varian Pursuit XRs diphenyl column as the
stationary phase to afford (F)-3-(1-((2-(({(1R,2R)-2~
hydroxycyclohexyDamino)benzo[d]thiazol-6-ylymethy!)-1H-benzo[d]imidazol-5-
yDacrylic acid as a solid (22 mg, 16%)."H NMR (500 MHz, DMSO-ds) 5 8.46 (s,
1H), 7.90 - 8.01 (m, 2H), 7.68 (d, /= 15.8 Hz, iH), 7.66 (d, /= 1.0 Hz, 1H), 7.58 (s,
2H), 7.29 (4, J= 10 Hz, 1H), 7.20 (dd, /= 1.2, 8.1 Hz, 1H), 6.48 (d, /= 15.8 Hz, 1H),
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5.48 (s, 2H), 4.73 (br's, 1H), 3.47-3.57 (br m, 2H), 2.02 (m, 1H), 1.86 (m, 1H), 1.55 -
1.67 (m, 2H), 1.12 - 1.32 (m, 4H). LCMS (EST) m/z 449 (M+H)",

Example 225
Preparation of (1R.2ZR)-2-((6-((5-(1.2.3.6-tefrahvdropyridin-4-v)-1H-

benzo[djimidazoi-1-vDmethvD)benzo|d]thiazel-Z-vi}aminsjeveiohexanol
P S
N N/\@ p—NH  OH
N 2 &

N

N
H

[00892] Step 1: To a stirred solution of (1R,2R)-2-((6-((5-iodo-1H-
benzo[d]imidazoi-1-ylmethyl)benzo[dthiazol-2-yl)amino)cyclokexanol (100 mg,
0.20 mmol) from Step 5 of Example 183 in DMF (2 mL) were added N-Boc-1,2,5,6-

tetrahydropyridine-4-boronic acid pinacol ester (93 mg, 0.30 mmol), potassium
carbonate (55 mg 0.40 mmol), bis-triphenylphosphine paltadium (II) chloride (6.3 mg,
0.009 mmol), and 1,1 -bis{diphenylphosphino)ferrocene (5 mg, 0.009 mmol). The
mixture was flushed with argon and heated in a sealed vessel at 80 °C for 15 h. The
reaction mixture was purified directly by reverse-phase preparative HPLC using a
mixture of water (5% CH;CN, 0.05% HOAc) and CH3CN (0.05% HOAC) as the
mobile phase and Varian Pursuit XRs diphenyl column as the stationary phase to
afford fert-butyt 4-(1-((2~(((1R.2R)-2-kydroxycyclohexyl)amino)benzo[dthiazol-6-
yhmethyl)-1 H-benzo[djimidazol-5-y1)-5,6-dihydropyridine- 1(2H)-carboxylate as a
solid (35 mg, 31%). 'H NMR (500 MHz, DMSO-ds) 8 8.38 (s, 1H), 7.97(d, /= 7.9
Hz, 1H), 7.66 (s, 1H), 7.63 (s, IH), 749 (d, /= 84 Hz, 1H}), 7.33 (m, 1H), 7.28 (d,J =
8.4 Hz, 1H), 7.18 (dd, J= 1.2, 8.1 Hz, 1H), 6.09 (br s, 1H), 345 (s, 2H), 4.75 (d, J =
3.9 Hz, 1H), 3.98 (br s, 2H), 3.46 - 3.59 (m, 4H), 3.36-3.42 (m, 2H), 2.02 {(m, 1H),
1.87 (m, 1H), 1.56 - 1.67 {m, 2H), 1.38 - 1.48 {m, 9H), 1.13 - 1.32 (m, 4H); LCMS
(ESI) m/z 560 (M+H)".

[00893]  Step 2: To a stirred solution of tert-butyl 4-(1-((2-(((1R,2R)-2-
hydroxycyclohexylyamino)benzo[d]thiazol-6-ylymethyl)-1H-benzof djimidazol-5-yi)-
5,6-dihydropyridine-1{2H)-carboxylate (30 mg, 0.05 mmot) from the previous step in
DCM (3 mL) at 0 °C was added 4M HCl in 1,4-dioxane (0.3 mL), and the mixture
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was stirred at 0 °C for 5 min. The mixture concentrated under reduced pressure and
the residue was purified by reverse-phase preparative HPLC using a mixture of water
(5% CH3CN, 0.05% HOACc) and CH:CN (0.05% HOAc) as the mobile phase and
Phenomenex Luna C-18 column as the stationary phase to afford (1R,2R)-2-((6-({5-
(1,2,3 ,6-tetrahydropyridin-4-yl)}-1H-benzo[d]imidazol-1-ylymethyl)benzof d]thiazol-2-
yhamino)cyclohexanol as a solid (1.38 mg, 5%)."H NMR (500 MHz, DMSO-d) &
8.36 (s, 1H), 8.00 (d, J= 7.4 Hz, IH), 7.62 (d, J= 5.9 Hz, 2H), 747 {d, /= 8.9 Hz,
1H), 7.31 (d, /= 8.4 Hz, 1H), 7.28 (d, /= §.4 Hz, 1H), 7.18 (dd, /= 1.2, 8.1 Hz, 1H),
6.14 (br s, 1H), 5.44 (s, 2H), 3.47-3.57 (br m, 2H), 2.94 (1, /= 5.4 Hz, 2H), 2.40 (br s,
2H), 2.62 (d, J= 11.8 Hz, tH), 1.85-1.87 (m, 6H), 1.57 - 1.66 (m, 2H), 1.12 - 1.30 (m,
4H); LCMS (ESD) m/z 460 (M+H)".

Example 226
Preparation of (LR 2R-2-({6-((5-(1 H-imidazol-1-v])-1 H-benzojdlimidazol-1-

Dmethvhibenzoldlthiazol-2-vDaminolevelohexano!
o~ s
N N,/\@ »>—NH  OH
N 3 &
N
W,

[00894] A stirred mixture of (1R,2R)-2-((6-((5-i0do-1H-benzo[d]imidazol-1-
yDmethylybenzo{d] thiazol-2-yl)aminojcyclohexanol (250 mg, 0.50 mmol) from Step

5 of Example 183, imidazole (80 mg, 1.18 mmol}, potassium carbonate (82 mg, 0.59
mmol), frans-N,N-dimethylcyclohexane-1,2-diamine (9 mg, 0.063 mmol), copper (1)
iodide (30 mg, 0.158 mmol) and DMF (2 mL) was heated at 120 °C for 3 h. The
reaction mixture was cooled to rt and partitioned between EtOAc and water. The
organic layer was separated, dried over NaySOy, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel flash chromatography, eluting
with 20:1 DCM: MeOH, to afford (1 R,2R)-2-((6-((5-(1H-imidazol-1-yl)-1 H-
benzo[d]imidazol-1-ylmethyl)benzo[dJthiazol-2-yl)amino)cyclohexanol (78 mg,
359%) as a white solid. "H NMR (300 MHz, DMSO-d) 5 8.52 (s, 1H), 8.18 (s, 1H),
7.91 = 7.96 (m, 2H), 7.72 ~ 7.86 (m, 3H), 747 (dd, J=8.4, L 8 Hz, 1H), 730 (d, /=
8.1 Hz, 1H), 7.21 (dd, /= 8.1, L.5 Hz, 1H), 7.07 (d, /= 1.2 Hz, 1H), 5.52 (s, 2H),
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4,71 (d, J= 5.1 Hz, 1H), 3.51 (m, 1H), 3.38 (m, 1H), 2.02 (m, 1H), 1.88 ¢(m, 1H), 1.60
— 1.80 (m, 2H), 1.15 — 1.28 (m, 4H); LCMS (ESI) m/z 445 (M+H)".

Example 227
Preparation of (1R 2R)y-2-{(6-((5-(2-methvl-2H-tetrazol-5-vI)-1H-
benzoidlimidazol-1-vymethvlybenzo[d|thiazel-2-viyamino)ceyciohexanol

o~ S
N 3 §

N=
| ,,N
PUNIY
[00895]  (1R,2R)-2-({6-((5-(2-Methyl-2H-tetrazol-5-yi)- 1 H-benzo[dimidazol-1-

ylmethyDbenzo[d]thiazol-2-yDamino)cyclohexanol (18 mg, 18%) was obtained as a
solid using a procedure analogous to that described in Step 5 of Example 203,
substituting 6-({5-(2-methyl-2 H-tetrazol-5-y1}-1 H-benzo[d)imidazol-1-yDmethyl)-2-
(methyisulfinyl)benzo]d]thiazole from Step 6 of Example 236 for 6-({(5-bromo-7-
fluoro-1H-benzo[d]imidazol-1-yl)methyi)-2-(methylsulfinyl)benzol d]thiazole used in
Example 203. 'H NMR (300 MHz, DMSO-d;) 8 8.53 (s, 1H), 8.29 (s, 1H), 7.91 -
7.97 (m, 2H), 7.68 — 7.76 (m, 2H), 7.21 - 7.32 (m, 2H), 5.52 (s, 2H), 4.72 (d, J=5.1
Hz, 1H), 4.42 (s, 3H), 3.51 (m, 1H), 3.38 (m, 1H), 2.02 (m, 1H), 1.88 (m, 1H), 1.60 -
1.80 (m, 2H), 1.15 — 1.28 (m, 4H); LCMS (ESI) m/z 461 (M+H) .

Example 228
Preparation of (1528 .3R)-3-((6-({6-fluoro-3H-imidazo|4.5-hipvridin-3-

vhmethyDbenzoldlthiazel-2-vhaming)eyclohexane-1,2-diol

o~ 3
N7 N/\(:[ J—NH  OH
== N
N

Sy o

F
[06896] To a stirred mixture of NMO in terr-butanol (5 mL), THF (1.5 mL), H,O
(0.5 mL), and a 4% wt salution of 0304 in H,O (10 pL, 0.3 mmol) at rt was added

portionwise (R)»-N-(cyclohex-2-en-1-y1)-6-((6-flnoro-3H-imidazo{4,5-F}pyridin-3-
yhmethylibenzo[d|thiazol-2-amine (142 mg, 0.4 mmol) from Example 176, After the
mixture was stirred at rt for 18 h, it was partitioned between EtOAc¢ (200 mL) and 0.5
M aq K,CO; (100 mL). The organic layer was separated, washed with brine (100
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ml), dried over MgSQy, filtered, and concentrated under reduced pressure. The
residue was purified twice by reverse-phase preparative HPLC eluting with a mixture
of water (5% CH3CN, 0.05% HCOOH) and CH:CN (0.05% HCOOH) as the mobile
phase and Varian Pursuit XRs C18 column as the stationary phase to afford

(15,2R 3R)-3-((6-({6-fluoro-3/-imidazo]4,5-h|pyridin-3-ylymethyl)benzold]thiazol-2-
yhamino)cyclohexane-1,2-diol (7 mg, 2%} as a white powder. 'H NMR (500 MHz,
DMSQO-de) & 8.67 (s, 1H), 8.40 (m, 1H), 8.07 (dd, /= 2.6,9.5 Hz, 1H), 7.95 (d, J =
7.9 Hz, 1H), 7.66 (d,.J= 1.2 Hz, 1H), 7.29 (d, /=84 Hz, 1H), 7.21 (dd, /= 1.6, 8.2
Hz, 1H}, 5.47 (s, 2H), 445 —~ 4.70 (m, 2H), 3.88 (br s, 1H), 3.76 (m, 1H), 3.43 (m,
1H), 1.40 - 1.62 (m, 5H), 1.25 (m, 1H); LCMS (EST) m/z 414 (M+H)".

Example 229
Preparation of (1R.,25.3R)-3-{(6-({7-{1H-pyrazol-1-vimidazo[1.2-ajpvridin-3-

vhmethvlibenzo{dlthiazol-2-vDamino)cvelohexane-1,2~diol

S

~

Ty e

N Z:>ﬂiﬂOH
N\

L

60897]  Step 1: A 20 mL reaction vesscl was charged with 4-iodopyridin-2-amine
(1.5 g, 6.8 mmol) and 1H-pyrazole (4.6 g, 58.9 mmol). Concentrated hydrochloric
acid ( 1.5 ml) and 1,4-dioxane (1.5 mL) were added, and the reaction vessel was
sealed. The mixture was irradiated in a microwave oven at 120 °C for 45 min and
then at 130 °C for 60 min. The mixture was cooled fo rt and then diethy! ether (6 mlf)
and ethanol (3 ml) were added. The mixture was sonicated for 10 min, and the solid
was collected by filtration and washed with diethyl ether and n-hexane to give 4-(1H-
pyrazol-1-yhpyridin-2-amine hydrochloride (1.2 g, 90%) as a white solid. LCMS
(BSD) m/z 161 (M+H)",

[00898]  Step 2: 6-((7-(1H-pyrazol-1-ylimidazo[ 1,2-a]pyridin-3-ylymethyl)-2-
{methylthio)benzo[d]thiazole (176 mg, 63%) was obtained as a yellow solid using a
procedure analogous to that described in Step 6 of Example 117, substituting 4-(1H-

pyrazol-1-yDpyridin-2-amine hydrochioride from Step 1 of this Example for 2-
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aminoisonicotinonitrile used in Exampie 117, and adding NaHCOs to the reachion

mixture. LCMS (ESI) m/z 378 (M+H)".

[00899%] Step 3: (1R, 28.3R)-3-((6-((7-(1H-Pyrazoi-1-yl)imidazo[ 1,2-a]pyridin-3-
yhmethyDbenzo[dithiazol-2-yi)amino)cyclohexane-1,2-diol (25 mg, 12%) was
obtained as a light tan solid using procedures analogous to those described in Steps 7-
8 of Example 117, substituting 6-((7-(1H-pyrazol-1-yl)imidazo[ [ ,2-a]pyridin-3-
yhmethyl)-2-(methylthio)benzo[d}thiazole for 3-((2-(methylthio}benzo[d]thiazol-6-
vhmethyl)imidazo [1,2-a]pyridine-7-carbonitrile used in Step 7 of Example 117, and
substituting the product of that reaction and (1R,2S5,3R)-3-aminocyclohexane-1,2-diol
hydrochloride, respectively, for 3-({2-(methyisulfinyl)benzo[d]thiazol-6-
yhmethyl) imdazo[1,2-a]pyridine-7-carbonitrile and (1£,2R)-2-amino
cyclohexanol used in Step § of Example 117. "H NMR (500 MHz, DMSO-d¢) & 8.66
(d,J=2.5Hz, 1H), 832 (d,J=7.4Hz, 1H), 7.99 (s, 1H), 7.85 (d, /= 7.9 Hz, 1H),
7.79 (s, 1H), 7.54 (s, 1H), 7.53 (d, /= 2.0 Hz, 1H}, 7.43 (s, 1H), 7.28 (d, /= 7.9 Hz,
1H), 7.12 (d, J= 8.4 Hz, 1H), 6.59 (s, 1H), 4.53 (d, J= 5.9 Hz, 1H), 443 (d, /= 3.9
Hz, 1H), 4.31 (s, 2H), 3.93(d, /= 3.9 Hz, 1H), 3.80 (br s, 1H), 3.37 - 3.45 (m, 1H),
1.92 (dd, /= 3.4, 11.8 Hz, 1H), 1.65 (dd, J= 5.2, 16.5 Hz, 1H), 1.51 - 1.61 (m, 1H),
1.32 - 1.48 (m, 2H), 1.14 - 1.29 (m, 1H). LCMS (ESI) m/z 461 (M+H)",

Example 230
Preparation of (1R.25.3R)-3-({6-{{5-methoxv-1 H-benzo[dlimidazol-1-

viimethvhibenzoldlthiazol-2-viiamino)evelohexane-1.2-diol

[66906] Step 1: 4-»M.ethoxy-N-((2-(methylthio)benzo[afjthiazob6-y1)met§1y1.)w2~
nitroaniline (5.2 g, 92%) was obtained as a red solid using a procedure analogous to
that described in Step 1 of Example 127, substituting 4-methoxy-2-nitroaniline for 4-
methyl-2-nitroaniline used in Example 127, "H NMR (500 MHz, DMSO-ds) 8 8.64 (t,
J=06.1Hz, 1H), 7.98 (m, 1H), 7.80 (d, /= 8.4 Hz, 1H), 7.52 (d, /= 3.1 Hz, 1H), 745
(dd,/=84,1.5Hz, IH), 7.18 (dd, J=9.4, 3.1 Hz, 1H), 6.91 (d,J=9.5 Hz, 1H), 4.72
(d,.J=6.1 Hz, 2H), 3.72 (s, 3H), 2.77 (s, 3H); LCMS (ESI) m/z 362 (M+H)".
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[00901]  Step 2: 4-Methoxy-N'-((2-(methylthio)benzo[d]thiazol-6-
yDmethyl)benzene-1,2-diamine (4 g, 84%) was obtained as an oil using a procedure
analogous to that described in Step 2 of Example 129, substituting 4-methoxy-N-((2-
(methytthio)benzo[d]thiazol-6-yl)methyl)-2-nitroaniline from the previous step for 4-
fluoro-N-((2-(methylthioYbenzo|djthiazol-6-ylymethyl)-2-nitroaniline used in
Example 129. LCMS (BST) m/z 332 (M+H)".

[00902])  Step 3: 6-((5-Methoxy-1H-benzo{dlimidazol-1-yl)methyl)-2-
(methyithio)benzo[d]thiazole (1.12 g, 27%) was obtained as a solid using a procedure
analogous to that described in Step 3 of Example 129, substituting 4-methoxy-N"-{(2-
(methylthio)benzo[d}thiazol-6-ylymethyl)benzene-1,2-diamine from the previous step
for 4-fluoro-A'-((2-(methylthio)benzo|dlthiazol-6-yl)methyl) benzene-1,2-diaming
used in Example 129. "H NMR (500 MHz, DMSO-dg) § 8.35 (s, 1H), 7.97 (4, J=1.2
Hz, 1H), 7.79 (d, /= 8.4 Hz, 1H), 7.38 - 741 (m, 2H), 7.18 (d, /= 2.3 Hz, 1H), 6.82
(dd, J= 8.8, 2.3 Hz, 1H), 5.55 (s, 2H), 3.75 (s, 3H), 2.76 (s, 3H); LCMS (ESI) m/z
342 (M+H)".

[00903}  Step 4: 6-((5-Methoxy-1H-benzo[dlimidazol-1-yymethyl)-2-
(methylsulfinyl)benzo[d]thiazole (986 mg, 84%) was obtained as a solid using a
procedure analogous to that described in Step 4 of Example 129, substituting 6-((5-
methoxy-1H-benzo[d]imidazol-1-ylymethyl)-2-(methylthio)benzo[d]thiazole from the
previous step for 6-((5-fluoro-1H-benzo {d]imidazol-1-ylymethyl)-2-
(methylthio)benzo[d]thiazole used in Example 129. 'H NMR (500 MHz, DMSO-ds) 8
8§38 (s, 1H), 821(d, /=12 Hz, 1H), 8.06 (d, /=84 Hz, 1H),7.55(dd, /=85, 1.6
Hz, 1H), 7.38 (d, /= 8.8 Hz, 1H), 7.19(d, J= 2.3 Hz, 1H), 6.83 (dd, /= 8.8, 2.3 Hz,
1H), 5.64 (s, 2H), 3.75 (s, 3H), 3.05 (s, 3H); LCMS (EST) m/z 358 (M+H)".

[08964]  Step 5: (1R,25,3R)-3-{{6-((5-Methoxy-1H-benzo[d])imidazo}-1-
yhmethy!)benzo[d]thiazoi-2-yhaminojcyclohexane-1,2-dioi (53 mg, 15%) was
obtained as a solid using a procedure analogous to that described in Step 5 of
Example 232, substituting 6-((5-methoxy-1 H-benzo{dfimidazol-1-yl)methyl)-2-
(methylsulfinyl)benzofd]thiazole, prepared as described in the previous step for 6-((5-
1odo-1H-benzojdjimidazol-1-yymethyl)-2-{methylsulfinyl)benzo[djthiazole from
Example 232. *H NMR (500 MHz, DMSO-ds) 8 8.31 (s, IF), 7.92 (d, /= 7.9 Hz,
IH), 7.62 (s, 1H), 7.40 (d, /= 8.9 Hz, 1H), 7.29 (d, /= 8.1 Hz, 1H), 7.13 - 7.20 (m,
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2H), 6.82 (dd, /= 2.1, 8.7 Hz, 1H), 5.41 (s, 2H), 4.52 (d,J = 5.9 Hz, 1H), 443 (d, J =
3.7 Hz, 1H), 3.93 (d, /= 4.4 Hz, 1H), 3.79 (m, 1H), 3.75 (s, 3H), 340 (m, 1H), 1.91
(dd, J=13.8, 12.4 Oz, 1H), 1.51 - 1.70 (m, 2H), 1.32 - 1.45 (m, 2H), 1.20 (m, 1H);
LCMS (EST) m/z 425 (M+H)".

Example 231
Preparation of (1R.28.3R)-3-({6-((7-(2H-1.2.3-triazol-2-yDimidazof1.2-alpvridin-

3-vlimethylibenzo[dlthiazol-2-v}amine)eveciohexane-1.2-diol

s
3
i !\{>—NH OH
N/ MOH
N
NN
LN

{00905]  Step 1: 4-(2H-1,2,3-triazol-2-yD)pyridin-2-amine (370 mg, 39%) was
obtained as a white solid using a procedure analogous to that described in Example
141, substituting 4-iodopyridin-2-amine and 1.2,3-triazole, repectively, for (1R,2R)-2-
{{6-({6-iodo-3H-imidazo[4,5-blpyridin-3-yl)methyl)benzo{d]thiazoi-2-
yhamino)cyclohexanol and pyrazole used in Example 141, LCMS (ESI) m/z 162
(M+H)".

[60906] Step 2: 6-((7-(2H-1,2,3-Triazol-2-ylyimidazo[1,2-a]pyridin-3-ylmethyl)-
2-(methylthio)benzo[dthiazole (87 mg, 31%) was obtained as a yellow solid using a
procedure analogous to that described in Step 6 of Example 117, substituting 4-(2H-
1,2,3-triazol-2-yl)pyridin-2-amine from Step 1 of this Example for 2-
aminoisonicotinonitrile used in Example 117, and adding NaHCO: to the reaction

mixture. LCMS (ESI) m/z 379 (M+H)',

[00907)  Step 3: (1R,25,3R)-3-((6~((7«2H-1.2,3-Triazol-2-yl)imidazo[1,2-
alpyridin-3-ylymethyl)benzo{d]thiazol-2-yDamino)cyclohexane-1,2-diol (35 mg,
33%) was obtained as a light tan solid using procedures analogous to those described
in Steps 7-8 of Example 117, substituting 6-((7-(2H-1,2,3-triazol-2-yl)imidazo{1,2-
alpyridin-3-yDmethyl)-2-(methylthio)benzo[d]thiazole from Step 2 of this Example
for 3-((2-(methylthio)benzo[d]thiazol-6-yl)methyl)imidazo [1,2-a]pyridine-7-
carbonitrile used in Step 7 of Example 117, and substituting the product of that

reaction and (1R,25,3R)-3-aminocyclohexane-1,2-diol hydrochloride, respectively, for

438



WO 2013/056070 PCT/US2012/659983

3-((2-(methyisulfinylYbenzo[d]thiazol-6-yl)methyl) imidazol1,2-alpyridine-7-
carbonitrile and (1R,2R)-2-amino cyclohexanol used in Step 8 of Exampie 117. 'H
NMR (500 MHz, DMSO-ds) § 8.40 (d, J=7.4 Hz, 1H), 8.19 (s, 2H), 8.04 (s, 1H),
TR3(d, J=T79Hz, 1H), 7.63(dd, J=2.0, 7.4 Hz, 1H), 7.54 (s, 1H), 7.51 (s, 1H),
7.29(d, J= 8.4 Hz, 1H), 7.12 {d, /= 8.4 Hz, 1H), 4.49 - 4.69 (m, 1H), 443 (br s, 1},
4.34 (s, 2H), 3.93 (d, /= 3.9 Hz, 1H), 3.80 (br s, 1H), 3.40 (d, /= 8.4 Hz, 2H), 1.92
(dd, J=3.9, 12.3 Hz, 1H), 1.66 (dd, J= 5.4, 10.8 Hz, 1H), 1.51 - 1.61 (m, 1H), 1.31 -
1.48 (m, 2H), 1.12 - 1.29 (m, 1H). LCMS (ESI) m/z 461 (M+H)",

Example 232
Preparation of (1R.28.38)-3~((6-((5-vipvi-1 H-benzold]imidazoi-1-

yhimethvlbenzeld]thiazel-2-vDaminolcvelohexane-1.2-diol

o 3
N N/U >—NH  OH

O

Y
160908]  Step 1: N-(4-lodo-2-nitrophenyl}formamide was synthesized as a black

solid (7.4 g, 71%) using a procedure analogous to that described in Step 1 of Example
162, substituting 4-iodo-2-nitroaniline for 5-fluoro-3-nitropyridin-2-amine used in
Example 162. LCMS (EST) m/z 293 (M+H) .

[00909]  Step 2: N-(4-lodo-2-nitrophenyl)-N-((2-(methylthio)benzo[dthiazol-6-
yhmethyl)formamide was synthesized as an brown solid (9.7 g, 82%) using a
procedure analogous to that described in Step 3 of Example 47, substituting N-(4-
lodo-2-nitrophenyformamide from the previous step for 5-bromo-6-methoxy-14-
benzo[d]imidazole used in Example 47. LCMS (ESI) m/z 486 (M+H)",

[00910]  Step 3: A stirred mixture of N~(4-iodo-2-nitrophenyl}-N-((2-
{methylthio)benzo[d]thiazol-6-yl)methyl)formamide and tron powder (16.7 g, 20
mmeol) in EtOH (140 mL) and HOAc (60 mL) was heated at reflux for 1 h. The
mixture was cooled to rt and filtered, and the filtrate was concentrated under reduced
pressure. The residue was partiioned between EtOAc (200 m1.) and 0.5 M aq NaCO3
(100 mL). The organic layer was separated and further washed with brine (100 mL),
dried over MgSQs, filtered, and concentrated under reduced pressure to afford 6-((5-
iodo-1H-benzo[d]imidazol- 1-yDmethyl)-2-(methylthioYbenzo[d]thiazole (5.9 g, 68%)
as a yeltow solid that did not require further purification. *H NMR (500 MHz,
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DMSO-ds) 8 §.44 (s, 1H), 8.03 (d,J = 1.0 Hz, 1H), 7.97 (s, 1H), 7.80 (d, /= 8.4 Hz,
1H), 7.49 (dd, J= 1.4, 8.5 Hz, 1H), 7.37 - 7.43 (m, 2H), 5.60 (s, 2H), 2.76 (s, 3H);
LCMS (ESI) m/z 438 (M+H)".

[00911]  Step 4: 6-((5-lodo-1H-benzo[dlimidazol-1-yljymethyl)-2-
(methylsulfinyl)benzo[d]thiazole was synthesized as a white foam (2.9 g, 94%) using
a procedure analogous to that described in Step 6 of Example 36, substituting 6-((5-
iodo-1H-benzo{d]imidazol-1-yDmethy!)-2-(methylthioYbenzo[d]thiazole from the
previous step for the 6-((4-bromo-1H-imidazol-1-yDmethyl)-2-
(methyithioYbenzo[d]thiazole used in Example 36. "H NMR (500 MHz, DMSO-ds) &
8.47 (s, 1H), 8.21 (s, 1H), 8.02 - .10 {m, 2H), 7.56 (dd, /= 1.4, 8.5 Hz, 1H), 7.50
(dd,J=1.2, 8.4 Hz, 1H), 7.40 (4, J = 8.6 Hz, 1H), 5.69 (s, 2H), 3.05 (s, 3H); LCMS
(ESI) m/z 454 (M+H)Y".

[66912] Step S5: To a suspension of 6-((5-iodo-1H-benzo[dlimidazol-1-ylymethyl}-
2-(methylsulfinyl)benzo[d]thiazole (350 mg, 0.8 mmol) and (1R,25,3R)}-3-
aminocyclohexane-1,2-diol hydrochloride (258 mg, 1.6 mmol), prepared as described
in Gauthier Frrasti, ef al, Org. Lett. 2009, 13, 2912-2915, in anhydrous DMA (1.5
mL) was added DIEA (402 uL, 2.4 mmol). The mixture was heated in a sealed tube at
120 °C for 15 h. The mixture was cooled to rt and partitioned between EtOAc (150
mL) and 0.5 M aq KoCO5 (100 mL). The organic layer was separated and washed
with brine (100 mL), dried over Na,SO;, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel flash chromatography eluting with 5%
MeOH in DCM to afford (1R,25,3R)-3-((6-((5-lodo-1H-benzo[djimidazol-1-
yhymethylbenzo[d|thiazol-2-ylyamino)cyclohexane-1,2-diol (127 mg, 32%) as a
yeilow solid. LCMS (ESI) m/z 521 (M-+H)".

[006913] Step 6: A suspension of (1R,28,3R)-3-((6~((5~iodo-1/1-benzo[d]imidazol-
l-yDmethyhbenzo|djthiazol-2-yhamino)cyclohexane-1,2-diol (120 mg, 0.2 mmol),
vinylboronic acid pinacol ester (71 mg, 0.5 mmol), and K,CO; (64 mg, 0.5 mmol) in
6:1 dioxane:water (3.5 ml.) was purged with argon for 5 min. [1,1'-
Bis(diphenylphosphino)ferrocene] dichloropalladium (1) (19 mg, 0.02 mmol}) was
added to the mixture, the mixture was purged with argon for an additional 5 min and
then heated in a sealed tube at 100 °C for 6 h. The mixture was cooled to rt and
partitioned between EtOAc (150 ml.) and 0.5 M aq K;CO4 (100 mL). The organic
layer was separated and washed with brine (100 mL), dricd over NasSO,, filtered, and
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concentrated under reduced pressure. The residue was purified by reverse-phase
preparative HPLC using a mixture of water (5% CH3CN, 0.05% HCOOH) and
CH;CN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs C18 column as
the stationary phase to afford the nearly pure compound. This was further purified by
silica gel flash chromatography, eluting isocraticlly with 5% MeOH in CH,Cls, to
afford (1R,28.3R)-3-({(6-((5-vinyl-1H-benzo[dimidazol- 1 -ylimethylibenzo[dithiazol-
2-yDamino)eyclohexane-1,2-diol (5 mg, 5%) as a white powder. "H NMR (500 MHz,
MeOH-d,) 6 8.28 (br s, 1H), 7.69 (s, 1H), 7.54 (m, 1H), 7.41 —7.43 {m, 2H), 7.37 (d,
J=8.1 Hz, 1), 7.22 (m, 1H), 6.81 - 686 {m, 2H), 5.76 (d, J= 17.7 Hz, 1H), 549 (s,
2H), 5.19 (d, /= 11.1 He, 1H), 3.99 — 4.02 (m, 2H), 3.50 (m, 1H), 2.08 (m, 1H), 1.72
—1.85 (m, 2H), 1 .48 ~ 1.55 (m, 2H), 1.28 — 1.39 (m, 2H); LCMS (ES1} m/z 421
(M-+H)".

Example 233
Preparation of (1R,25.3R)-3-((6-((5-(oxetan-3-yloxy)-1H-benze|d]imidazol-1-
vlymethvi)benzo{d]thiazol-2-v)aming)eyclohexane-1,2-diol

[00914] Step 1: To a stirred solution of 4-amino-3-nitrophenol (1.37 g, 8.91 mmol)
in DMF (15 mL) at rt was added cesium carbonate (5.79 g, 17.82 mmol) and the
mixture was stirred for 30 min, Oxetan-3-yl-4d-methylbenzenesulfonate (3.05 g, 13.36
mmol) was added and the mixture was heated at 80 °C for 6 h. The mixture was
cooled to rt and partitioned between EtOAc and water. The organic layer was
separated, and the aqueous layer was extracted with additional EtOAc, The combined
organic layers were washed with brine. The organic layer was separated, dried over
MgSQ,, filtered, and concentrated under reduced pressure. The solid residue was
purified by trituration with diethy! ether to afford 2-nitro-4-(oxetan-3-yloxy)aniline
(3.33 g, 71%) as a brown solid. 'H NMR (500 MHz, DMSO-dg) 6 7.29 (br s, 2H),
7.15(dd, J=92,3.0 Hz, 1H), 7.10 (d, J= 3.0 Hz, 1H), 7.02 (d, /= 9.2 Hz, 1H), 5.24
(pentet, J = 4.9 He, 1H), 4.87 — 4.93 (m, 2H), 4.51 — 4.53 (m, 2H); LCMS (ESI) m/z
211 (M+H)".
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[00915]  Step 2: A stirred mixture of acetic anhydride (15 mL., 161 mmol) and
formic acid {6 mL, 161 mmol) was heated at 60 °C for 3 h. The mixture was cooled to
rt, then 2-nitro-4-(oxetan-3-yloxy)aniline (1.69 g, 8.02 mmol) was added and the
mixture was heated at 70 °C for 15 h. The mixture was cooled fo rt and concentrated
under reduced pressure. The residue was partitioned between EtOAc and saturated ag
NaHCOs:. The organic layer was separated, dried over MgSQOy, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography eluting with a gradient of 20% EtOAc in hexanes to 100% EtOAc to
afford N-(2-nitro-4-(oxetan-3-yloxy)phenylformamide (967 mg, 51%) as a yellow
solid. "H NMR (500 MHz, DMSO-ds) 8 10.36 (brs, 1H), 8.29 (m, 1H), 7.85 (d, J =
8.9 Hgz, 1H), 7.36 (d, /= 1.8 Hz, 1H), 7.24 (dd, /= 9.0, 3.0 Hz, 1H), 5.38 (pentet, /=
4.9 Hz, 1H), 4.92 — 494 (m, 2H), 4.53 ~ 4.56 (m, ZH).

[00916]  Step 3: N-((2-(Mecthylthio)benzo[d]thiazol-6-yhmethy)-N-(2-nitro-4-
{oxetan-3-yloxy)phenyl)formamide (1.71 g) was obtained as an oil using a procedure
analogous to that described in Step 2 of Example 203, substituting N-(2-nitro-4-
(oxetan-3-yloxy)phenylformamide from Step 2 of this Example for N-(4-bromo-2-
fluoro-6-nitrophenyl)formamide used in Example 203. LCMS (ESI) m/z 432 (M+H)".

[60917] Step 4. 2-(Methylthio)-6-{(5-(oxetan-3-yloxy)-1H-benzo[dJimidazol-1-
yhmethyl)benzo[dthiazole (640 mg, 41% from N-(2-nitro-4-(oxetan-3-
vioxy)phenylformamide) was obtained as a solid using a procedure analogous to that
described in Step 3 of Example 203, substituting N-({(2-(methylthio)benzo[d]thiazol-
6-yhmethyl)}-N-(2-nitro-4-(oxetan-3-yloxy)phenyhformamide from the previous step
for N-(4-bromo-2-fluoro-6-nitropheny!)-N-{(2-(methylthio)Ybenzo[Jithiazol-6-
yhmethyl)formamide used in Exampic 203. 'H NMR (500 MHz, DMSO-ds) § 8.38
(s, 1H), 798 (d, J= 1.4 Iz, 1H), 7.79 (d, /= 8.4 Hz, 1H), 743 (d, J= 8.8 Hz, 1H),
7.40 (dd, J=8.4, 1.8 Hz, 1H), 6.93 (d, /=23 Hz, 1H), 6.79 {dd, J= 8.8, 2.3 Hz, 1H),
5.55 (s, ZH), 5.27 (pentet, J = 5.6 Hz, 1H), 4.91 - 494 (m, 2H), 4.53 — 4,55 (m, 2H),
2.76 (s, 3H); LCMS (EST) m/z 384 (M+H)".

[00918]  Step 5: 2-(Methylsulfinyl)-6-((5-(oxetan-3-yloxy)-1 H-benzo[d]imidazol-
1-yDmethyhbenzo[dthiazole (496 mg, 74%) was obtained as a white solid using a
procedure analogous to that described in Step 4 of Example 130, substituting 2-
(methylthio}-6-((5+(oxetan-3-yloxy)-1H-benzo[d|imidazol-1-
ylhmethyhbenzo[d]thiazole from the previous step for 2-(methylthio)-6-((5-
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(trifluoromethyl)-1 H-benzo[djimidazol-1-yl)methyl)benzo[d]thiazole used in
Example 130. "H NMR (500 MHz, DMSO-ds) 8 8.41 (s, 1H), 8.22 (m, 1H), 8.07 (d, J
= 10.0 Hz, 1H), 7.56 (m, 1H), 7.42 (d, /= 10.0 Hz, 1H), 6.95 (d, /= 5.0 Hz, 1H), 6.80
(m, TH), 5.64 (s, 2H), 5.27 (pentet, J = 5.0 Hz, 1H), 4.92 — 4.95 (m, 2H), 4.52 - 4.55
(m, 2H), 3.05 (s, 3H); LCMS (ESTD) m/z 400 (M+H)+.

[00919] Step 6: (1R,25,3R)-3-((6-((5~(Oxetan-3-yloxy)-1H-benzo{d]imidazol-1-
yhmethyl)benzo{d}thiazol-2-y)aminojcyclohexane-1,2-diol (68 mg, 12%) was
obtained as a solid using a procedure analogous to that described in Step 5 of
Exarple 232, substituting 2-(methylsulfinyl}-6-((5-(oxetan-3-yloxy)-1H-
benzo[d]imidazol-1-vhymethyl)benzo[d]thiazole from the previous step for 6-((5-iodo-
1H-benzoldlimidazol-1-ymethyl}-2-(methyisulfinyYbenzo|d]thiazole used in
Example 232. "H NMR (500 MHz, DMSO-ds) 8 8.34 (s, 1H), 7.92 (d, J= 7.9 Hz,
1H), 7.63 (d, J= 1.5 Hz, 1H), 743 (d, /= 88 Hz, 1H), 7.28 (d, /=82 Hz, 1H), 7.18
(dd, /=8.2, 1.6 Hz, 1H)}, 6.91 (d, /= 2.3 Hz, 1H), 6.79 (dd, J= 8.8, 2.4 Hz, 1H), 541
(s, 2H), 5.27 (pentet, ./ = 5.2 Hz, 1H), 4.91 - 4.94 (m, 2H), 4.51 —4.54 (m, 2H), 4.43
(d, J=3.8Hz, 1H), 3.92 (br m, 1H), 3.79 (m, IH), 3.38 {m, 1H), 3.31 {(m, 1H), 1.91
(m, 1TH), 1.54 - 1.67 (m, 2H), 1.34 - 1.42 (m, 2H), 1.21 (m, 1H);, LCMS (EST) m/z 467
(M+H)"

Example 234
Preparation of (IR 285.3R)-3-((6-((6-(1H-1.2. 4-triazol-1-y1}-3H-imidazoi4.5-
blpvridin-3-vDimethyDbenzo[d]thizzol-2-vI}amino)cveciohexane-1.2-digl

“GH

N-J
[00920] Step 1: 6-((6-(1H-1,2,4-Tnazol-1-yl)-3H-mmidazo{4,5-bipyridin-3-
yhmethyl}-2-(methylithio)benzoid]thiazole {108 mg, 19%) was obtained as a yellow
solid using a procedure analogous to that described in Example 141, substituting 6-
((6-iodo-3H-imidazo{4,5-b]pyridin-3-ylymethyl)-2-(methylithio)benzo[d]thiazole,
prepared as an intermeidate product in Step 2 of Example 96, and 1,2 4-triazole,

respectively, for (1R,2R)-2-((6-{(6-1odo-3H-1midazo{4,5-bjpyridin-3-
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ylmethyl)benzo[d}thiazol-2-yl)amino)cyclohexanol and pyrazole used in Example
141. LCMS (EST) m/z 380 (M-+H).

[66921}  Step 2: (1R,25.3R)-3-((6~{(6~(1H-1,2,4-Triazol-1-yl)}-3H-imidazo{4,5-
bipyridin-3-yDymethyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol (53 mg,
41%) was obtained as a yellow solid using procedures analogous to those described in
Steps 7-8 of Example 117, substituting 6-({(6-(1H-1,2,4-triazol-1-yl)}-3H-imidazo[4,5-
bpyridin-3-yl)methyl)-2-(methylthio)benzo[d]thiazole from Step | of this Example
for 3-({2-(methylthio)benzo[d}thiazol-6-yl)methyimidazo [1,2-a]pyridine-7-
carbonitrile used 1n Step 7 of Example 117, and substituting the product of that
reaction and (1R,25,3R})-3-aminocyclohexane-1,2-diol hydrochloride, respectively, for
3-((2-(methylsulfinyl)benzo[d]thiazol-6-y1)methyl) imidazo[1,2-a]pyridine-7-
carbonitrile and {1R,2R)-2-amino cyclohexanol used in Step 8§ of Example 117. 'H
NMR (500 MHz, DMSO-d;) 6 9.30 (s, 1H), 8.8% (d, /= 2.0 Hz, 1H), 8.76 (s, 1H),
8.56 (d,J=2.0Hz, 1H),8.29 (s, 1H), 8.21 (s, 1H), 7.93(d, /= 7.9 Hz, 1H), 7.69 (s,
1H), 7.27 -7.32 (m, 1H), 7.20 - 7.27 (m, 1H), 5.54 (s, 2H), 4.44 (4, J = 4.9 Hz, 2H),
393 (d,J=44Hz 1H),3.79 (brs, 1H), 3.39 (d, J=8.4 Hz, 2H), 1.92 (dd, /=3 .4,
12.8 Hz, 1H), 1.61 - 1.71 (m, 1H), 1.30 - 1.61 (m, 1H), 1.30 - 1.47 (m, 2H), 1.12 -
1.29 (m, 1H). LCMS (EST) m/z 463 (M+H)".

Example 235
Preparation of (1R.25.3R)-3-((6-((5-morpholino-1H-benzold]imidazol-1-

vhimethvilbenzo|dlthiazel-2-vi}amine)evelohexane-1.2-diol
N//\N,\©:S,>~NH e
N
Shaksd
(N
J

{00922] A suspension of (1R,28,3R)-3-((6~((5-iodo-1H-benzoldlimidazol-1-

yhmethyl)benzo[d|thiazol-2-yl)amino)cyclohexane-1,2-diol (262 mg, 0.5 mmol) from
Step 5 of Example 232, morpholine (264 uL, 3.0 mmol), L-proline (23 mg, 0.2
mmol), and K;CO; (209 mg, 1.5 mmol} in DMSO (2.0 mL) was purged with argon
for 5 min. Copper (I} iodide (19 mg, 0.02 mmol) was added, and the mixture was
purged for an additional 5 min, then heated in a sealed tube at 110 °C for 2 h. The
mixture was cooled to 1t and filtered through Celite, and the filtrate was purified by
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reverse-phase preparative HPLC using a mixture of water (5% CHiCN, 0.05%
HCOOH) and CHyCN (0.05% HCOOH) as the mobile phase and Varian Pursuit XRs
C18 column as the stationary phase, followed by silica gel flash chromatography
eluting with 5% MeOH in CH,Cl, to afford (1R,25,3R)-3-((6-((5-morpholino-1H-
benzo[d]imidazol-1-ylymethyhbenzo[dJthiazol-2-yl)amino)cyclohexane-1,2-diol (2
mg, 1%) as a white powder. '"H NMR (500 MHz, MeOH-d4) & 8.19 (s, 1H), 7.50 (s,
1H), 7.31 ~ 7.39 (m, 2H), 7.16 - 7.23 (m, 2H), 7.05 {dd, /= 2.0, 8.9 Hz, 1H), 5.44 (s,
2H), 3.95 - 4.06 (m, 2H), 3.80 — 3.88 (m, 4H), 3.50 (dd, /= 2.6, 9.2 Hz, 1H), 3.06 -
3.14 (m, 4H), 2.09 (m, 1H), 1.77 — 1.86 (m, 2H), 1.48 — 1.53 (m, 2H}, 1.33 (m, 1H);
LCMS (ESI) m/z 480 (M+H) .

Example 236
Preparation of (1R.25.3R)-3-({6-{{5-(2-methvi-2H-tetrazoi-5-vH)-1H-

benzo[d]imidazol-1-vhmethvlibenzo{d| thiazol-2-vl}aminojcvciohexane-1.2-diol

o~ S
N NI\@: J—NH  OH

i (OH

NN

/N‘N"
[6G923] Step 1: N-(4-Cyano-2-nitrophenyl}formamide was synthesized as a white
solid (4.8 g, 100%) using 2 procedure analogous to that described in Step 1 of
Example 162, substituting 4-cyano-2-nitroaniline for 5-fluore-3-nitropyridin-2-amine

used in Example 162. LCMS (EST) m/z 192 (M+H)'

[00924]  Step 2: N-(4-Cyano-2-nitrophenyl}-N-((2-(methylthio)benzo[d|thiazol-6-
yhmethyl)yformamide was synthesized as an yellow foam (920 mg, 92%) using a
procedure analogous to that described in Step 3 of Example 47, substituting N-(4-
cyano-2-nitrophenylyformamide from the previous step for 5-bromo-6-methoxy-14-
benzo{d]imidazole used in Example 47. LCMS (ESI) m/z 385 (M+H) "

[60925]  Step 3: 1-((2-(Methyithio)benzo[d/thiazol-6-ylymethyi)-1/1-
benzo[djimidazole-3-carbonitrile was synthesized as a white solid (694 mg, 86%)
using a procedure analogous to that described in Step 3 of Example 232, substituting
N-{4-cyano-2-nitrophenyl)-N-((2-(methyithio)benzo[d|thiazol-6-yhymethyl)formamide
from the previous step for N-(4-iodo-2-nitrophenyl}-N-((2-
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{methylithio)benzoldithiazol-6-yl)methyljformamide nsed in Example 232, LCMS
(EST) m/z 337 (M+H) .

[00926]  Step 4: A suspension of 1m((zn(methylthio)benzo{d]thiazol-ﬁ-yl)methyl)-
1H-benzoldjimidazole-5-carbonitrile (694 mg, 2.1 mmol), sodium azide (403 mg, 6.3
mmol), and ammonium chloride (331 mg, 6.3 mmol) in DMF (3 mL) was heated in a
sealed tube at 125 °C for 15 h. The mixture was cooled to rt and a precipitate formed.
The solid was collected by filtration fo afford 6-({5-(2H-tetrazol-5-yl)-1H-
benzo[d]imidazol-1-ylymethyl)}-2-(methylthio)benzofd|thiazole (796 mg, 100%) as a
yellow solid that did not require further purification. "H NMR (500 MHz, DMSO-ds)
8 8.41 (s, 1H), 8.19 (s, 1H), 8.02 (s, 1H), 7.88(dd, /= 1.0, 8.4 Hz, 1H), 7.81 (d,J =
8.6 Hz, 1H), 7.52 (d, J= 8.4 Hz, 1H), 7.45 (dd, J= 1.4, 8.5 Hz, 1H), 7.15 - 7.30 (br s,
2H), 5.60 (s, 2H), 2.76 (s, 3H); LCMS (ESI) m/z 380 (M+H)".

{60927] Step 5: To a stirred mixture of 6-((5-(2H-tetrazol-5-yl)-1H-
benzo{d]imidazol-1-yhmethyl)-2-{methylthio)benzo[ d]thiazole (796 mg, 2.1 mmol},
Cs2C05 (673 mg, 2.1 mmol), and DMF (10 mL) was added iodomethane {129 pL, 2.1
mmol). The mixture was heated at 60 °C for 6 h. Additional iodomethane (30 ul, 0.5
mmol) was added and the mixture wasg stirred at 60 °C for an additional 4 h. The
mixture was cooled to rt and partitioned between EtOAc (200 ml) and 0.5 M ag
NazCO; (100 mL). The organic layer was separated and washed with brine (100 mL),
dried over MgSO;;,I filtered and concentrated under reduced pressure. The residuc was
purified by silica gel flash chromatography, eluting with 2% MeOH in CH,Cls, to
afford 6-({5-(2-methyl-2H-tetrazol-5-yi)- | H-benzo|d]imidazol-i-yDimethyl)-2-
{methylthio)benzo{d]thiazole (318 mg, 39%) as a white solid. The regiochemistry of
the alkylation was determined by 2-dimensional nuclear Overhauser effect (NOE)
experiment. "H NMR (500 MHz, DMSO-de) 5 8.58 (s, 1H), 8.31 (s, 1H), 8.03 (s, 1H),
7.93{dd, S=1.0,8.4 Hz, 1H), 7.82 (d, /= 8.4 Hz, 1H), 7.73 (d, /= 8.6 Hz, 1H), 7.46
(dd, J= 1.2, 8.4 Hz, 1H), 5.66 (s, 2H), 4.41 (s, 3H), 2.76 (s, 3H); LCMS (ESI) m/z
394 (M+H)".

[00928] Step 6: 6-((5-(2-Methyl-2H-tetrazol-5-y1)- 1 H-benzo[d]imidazol-1-

yvhmethyl)-2-(methyisulfiny)benzo| d}thiazole was synthesized as a white foam (390

mg) using a procedure analogous to that described in Step 6 of Example 36,

substituting 6-((3-(2-methyl-2H-tetrazol-5-y-1 H-benzo[dlimidazol-1-yl)methyi)-2-

(methylthio)benzo[d]thiazole from the previous step for 6-((4-bromo-1H-imidazol-1-
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yhmethyl)-2-(methylthio)benzo{d}thiazole used in Example 36. LCMS (ESI) m/z 410
(M+H)",

[00929]  Siep 7: To a suspension of 6-((5-(2-methyl-2H-tetrazol-5-yl)-1H-
benzo[d]imidazol-1-ymethyl)-2-(methylsulfinyl)benzo[ d]thiazole (330 mg, 0.8
mmol) and (1R,2S,3R}-3-aminocyclohexane-1,2-diol hydrochloride (391 mg, 2.4
mmol), prepared as described in Gauthier Ervasti, ef al, Org. Lert. 2009, 13, 2912-
2915, in anhydrous NMP (3.0 mL) was added DIEA (703 uL, 4.0 ramol). The mixture
was heated in a sealed tube at 120 °C for 15 h. Additional (1R,25,3R)-3-
aminocyclohexane-1,2-diol hydrochloride (258 mg, 1.6 mmol) and DIEA (703 uL.,
4.0 mmol) were added, and the mixture was heated at 140 °C for a further 15 h. The
mixture was cooled to rt and was purificd by reverse-phase preparative HPLC using a
mixture of water (5% CH3CN, 0.05% HCOOH) and CH1CN (0.05% HCOOH) as the
mobile phase and Varian Pursuit XRs C18 column as the stationary phase to afford
(1R.28,3R)-3-((6~({5~(2~methyl-2 H-tetrazol-5-y1)- 1 H-benzo[d]imidazol-1 -
yhmethyhbenzo[dthiazoi-2-yl)amino)cyclohexane-1,2-diol (37 mg, 10%) as a white
powder. "H NMR (500 MHz, DMSO-ds) & 8.53 (s, 1H), 8.29 (s, 1H), 7.90 - 7.98 (m,
2H), 7.74 (d, J = 8.4 Hz, 1H), 7.69 (s, 1H), 7.31 (m, 1 H), 7.23 (dd, /= 1.5, 8.4 Hz,
TH), 5.52 (s, 2H), 4.41 (s, 3H), 3.93 (m, 1H), 3.79 (m, 1H), 3.25 (m, 1H), 1.91 (m,
THD, 1.52 = 1.69 (m, 3H), 1.32 — 1.44 (m, 2H), 1.15 - 1.25 (m, 2H); LCMS (ESI) nvz
477 (M+H) .

Example 237
M-NFS5-60 Cell proliferation assay
[00930] The compounds disclosed herein were tested in an M-NFS-60 cell
proliferation assay to determine their cellular potency against CSFIR. M-NI'S-60s
are mouse monocytic cells that depend on the binding of the ligand M-CSF to its
receptor, CSFIR, to proliferate. Inhibition of CSFIR kinase activity will cause
reduced growth and/or cell death. This assay assesses the potency of compounds as

CSF1R inhibitors by measuring the reduction of Alamar Blue reagent by viable cclis.

[00931] On day one of the experiment, M-NFS-60 cells were maintained in RPMI
complete medium (Omega Scientific) plus 10% FBS supplemented with 20 ng/mL of
M-CSF (R&D Sysiems). 96-well TC- treated, flat bottom plates were seeded at
10,000 cell/well at a volume of 100 uL per well. The cells were cultured overnight at
37°C under 5% COx.
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[06932] On day two, compounds were added to the cells at 9 different
concentrations, with half-log intervals alongside a control reference compound
serving as a positive control. Final DMSO concentration was kept at 0.5% for a final
volume of 200 uL. The compounds were aliowed to incubate with the cells for 72
hours at 37°C under 5% CO,.

[00933] On day five of the experiment, 40 ul of Alamar Blue reagent was added to
each well and allowed to incubate for 3 hours. Alamar Blue fluorescence was read
using SoftMax Pro software at 560nm (excitation) and 590nm (emission). 1Csqs were
penerated as an average of duplicates and represents the concentration of test

compound that achieves 50% inhibition of cellular proliferation compared to control.

[00934] In one embodiment, the compounds provided herein were found to have
ICsy of about or less than about 5,4, 3,2, 1, 0.5, 0.1, 0.05 or 0.01 pM. In another
embodiment, the compounds provided herein were found to have activity 1C50 of
about or less than about 2000, 1000, 500, 300, 100, 50, 40, 30 or 20 uM. In another
embodiment, the compounds provided herein were found to have activity 1C50 of less
than about 200 or 100 nM.

Example 238

HEK?293 CSFIR Phosphorylation MSD assay
[06935] The compounds disclosed herein were tested in a CSFIR phosphorylation
assay to determine their cellular potency against CSF1R, A HEK293 cell line
expressing CSFIR fused to FK506 binding protein (FKBP) as a moiecular tag was
generated. Inhibition of CSF1R kinase activity will prevent ligand-stimulated
autophosphorylation of the CSFIR-FKBP in intact cells. Subsequent cell lysates are
assayed in a sandwich ELISA employing the electrochemiluminescent Meso Scale
Discovery (MSD) technology for the presence of the phosphorylated (p)CSFiR-
FKBP. This assay determines the potency of compounds as CSF1R inhibitors by
measuring the reduction in the amount of pCSFIR with increasing doses of

compounds added to the cells prior to M-CSF stimulation.

[06936] On day one of the experiment, HEK293-CSF1R-FKPB celis, maintained
in DMEM, with L-glutarmine (Mediatech), 10% FBS, and 160 units/mL.
Penicillin/Streptomycin, were seeded at 50,000 cell/well in a volume of 100 L per

well in 96-well Cell Bind plates (Costar). The cells were cultured overnight at 37 °C
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under 5% CO;. To prepare the plates used in the MSD assay, a 330 nM biotin-FK 506
(in TBS pH 7.2) solution was added at 30 uL per well to streptavidin-coated 96-well
plates (MSD), and incubated overnight at room temperature, shaking at 500 rpm on an

orbital shaker.

(089371  On day two, compounds diluted in DMSQO were added to the cells in
duplicate plates at 3 different concentrations with half-log intervals, plus DMSO only
control, alongside a reference compound serving as a positive control. Final DMSO
concentration was 0.5% in a volume of 200 yL per well. The corapounds were
allowed to incubate with the cells for 2 h at 37 °C under 5% CQO,. At the end of the
incubation, human M-CSF (R&T} Systems) was added for 5 min to a final
concentration of 50 ng/mL to stimulate CSFIR phosphorylation. Cells were lysed for
20 min, and the lysates were applied to the washed, FK506-coated MSD plates, and
incubated overnight at 4 °C shaking at 500 rpm.

{00938]  On day three, the MSD plates were washed, and the captured CSFIR-
FKBP was assayed sequentially for phosphorylation using mouse anti-
phosphotyrosine antibody (Millipore) and Sulfo-TAG goat anti-mouse IgG antibody
(MSD), and detected on a Sector Imager 6000 instrument (MSD).

[00939] A single IC50 value for each compound was determined by averaging the
1Cso8 of the duplicates calculated using Igor Pro 6 software, and represents the
compound concentration that achieves a 50% inhibition of ligand-induced CSFIR

phosphorylation compared to DMSO controt,

Example 239
Competition binding assay f¢ determine selectivity scores and binding constants
(Kd) of the compounds against a panel of Kinases
[00940] Competition binding assays used herein were developed, validated and
performed as described in Fabian et al., Nature Biotechnology 2005, 23,329-
336. Kinases were produced as fusions to T7 phage (See, Fabian er al. or
WO04/015142) or alternatively. the kinases were expressed in HEK-293 cells and
subsequently tagged with DNA for PCR detection (See, WOO08/005310). For the
binding assays, streptavidin-coated magnetic beads were treated with biotinylated
affinity ligands for 30 min at room temperature to generate affinity resins. The

liganded beads were blocked with excess biotin and washed with blocking buffer
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{(SeaBlock (Pierce), 1 % BSA, 0.05 % Tween 20, | mM DTT) to remove unbound
ligand and to reduce non-specific binding. Binding reactions were assembled by
combining kinase, liganded affinity beads, and test compounds in I x binding buffer
(20 % SeaBlock, 0.17x PBS, 0.05 % Tween 20, 6 mM DTT). Test compounds were
prepared as 100 x stocks in DMSO and diluted into the aqueous environment. Kds
were determined using an eleven point threefold serial dilutions. DMSO or control
compounds were was added to control assays lacking a test compound. Primary
screen assays were performed in polypropylene 384-well plates in a final volume of
20-40 pL, while Ka determinations were performed in polystyrene 96-well plates in a
final volume of 135 ul.. The assay plates were incubated at room temperature with
shaking for 1 hour to allow the binding reactions to reach equilibrium, and the affinity
beads were washed extensively with wash buffer (ix PBS, 0.05 % Tween 20) to
remove unbound protein. The beads were then resuspended in elution buffer (Ix
PRS, 0.05 % Tween 20, 0.5 uM non-biotinylated affinity ligand) and incubated at
room temperature with shaking for 30 min. The kinase concentration in the eluates

was measured by quantitative PCR.

[60941] A selectivity score ($10) is a quantitative measure of selectivity of a
compound against a panel of kinases. An S10 was calculated for a compound by
dividing the number of kinases found to have a percent of control (BMSO) less than
10 by the total number of distinct kinases tested (excluding mutant variants). Percent
of control (POC) is calculated by subtracting the signal of the control compound
(POC = ) from the signal of the test compound and dividing the outcome by the
signal of DMSO (POC = 100) minus the signal of the control compound. For the
compounds disclosed herein, $S10 scores were obtained by testing the compounds at

10 uM concentration in a kinase panel containing either 386 or 392 distinct kinases.

[00942]) In one embodiment, the compounds provided herein were found to have
S10 score of about or less than about 0.1, 0.08, 0.06, 0.04, 0.03, or 0.02.

[00943] The compounds provided herein were found to have the following activity

shown in Table 1:

Table 1
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Ex.#! CSFIR | FLT3 KIT | PDGFRE | CSF1IR HEK293 Kinase
Kd (nM) Kd Kd Kd (nM} | M-NFS-60 | pCSFIR | specificity
(M) | (nM) CTBAGCs M-CSF S(10)
(nM) MSD:Csg
(n)

100 B c B B B B A
101 c B c B B B B
102 B B A A A A B
103 B D (0 B B B ND

In Table 1,

CSFIR Kd{(nM): A <5, 5<B<20, 20<C<50, D>50; and ND=no data;

FLT3 Kd (nM): A <200, 200<B<1000, 1000<C<5000, D>5000; and ND= no data;
KIT Kd (nM): A <100, 100<B<500, 5300<C<2000, D>2000; and ND= no data;
PDGFRB Kd (nM): A <50, 50<B<500, 500<C=<2000, D>2000; and ND=no data;
CSFIR Celi Proliferation Assay (M-NSEF-60) ICsq (nM}): A <50, 50<B=400,
400<C<13500, D>1500; and ND= no data;

HEK293 pCSFIR Assay (M-CSF MSD) ICs; (nM}: A <50, 50<B<200, 200<C<500,
D=>500; and ND= no data; and

S score: A <0.01, 0.01<B=0.02, C > 0.02; and ND= no data.

Additional compounds provided herein were found to have the following activity

shown in Table 2:

Table 2
Ex. # | CSFIR FLT3 KIT PDOGFRB CSFIR HEK293 Kinase
Kd (nM) Kd Kd Kd (nM) | M-NF3-60 pCSF1R specificity
(M) | (nM) CTB:ICsy M-CSF S(10)
{nhd) MSD:ICsg
{nM})

104 A A A A A A A
105 B B cC C C C A
106 Cc B C C D 3] A
107 B C B B B B B
108 B D C C B B A
109 C C B B B B A
110 A C B B B A A
111 B C C C B B A
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Ex. #

CSFIR
Kd (i}

FLT3
Kd
(nM)

KIT
Kd
(nM)

PDGFRS
Kd (nM)

CSF1R
M-NFS-60
CTB:ICs,
(nM)

HEK283
pCSFIR
M-CSF
MSDICsp
(nM)

Kinase
specificity
3(10)
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In Table 2,
CSFIR Kd{nM): A <3, 5<B=<20, 20<C<50, D>50; and ND= no data,
FLT3 Kd (nM): A <200, 200<B<1000, 1000<C=<5000, D>5000; and ND= no data;
KIT Kd (nM): A <100, 100<B=<500, 500<C<2000, D>2000; and ND= no data;
PDGFRB Kd (nM): A <50, 50<B<500, 500<C<2000, D>2000; and ND= no data;
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CSFIR Cell Proliferation Assay (M-NSF-60) ICs; (nM): A <50, 50<B<400,
400<C<1500, D=1500; and ND= no data;

HEK293 pCSF1R Assay (M-CSF MSD) ICss (nM): A <50, 50<B=<200, 2006<C<500,
B>500; and ND=no data; and

S score: A <0.01, 0.01<B<0.02, C > 0.02; and ND= no data.

Example 248

In vive Inhibificn of the Growth and Sorvival of MLNFS-68 Tumor Cells in Mice

[00944]  1x10’ M-NFS-60 cells susperded in PBS were injected into the peritoneal
cavity of athymic nu/nu mice (Harlan Research Labs) in all study groups except the
naive group, on Day 0. On Days 1-3, Compound A having the Formula I suspended
in 0.5% hydroxypropyimethylcelluiose (HPMC) was dosed orally at 100, 30, and 10
and 3 mg/kg once a day (QD) in the treatment group and compound Ki20227
suspended in Pharmatek#6 was dosed orally at 30 mg/kg once a day (QD) to the
positive control group. The vehicle control group received Pharmatek#6 once a day
{QD) and the naive group was untreated. On Day 4, the peritoneal cavity was fiushed
with SmL sterile PBS containing 40units/mL sodium heparin and the peritoneal cells
were counted via the Vi-cell cell counter. Figure 1 shows the decrease in the number

of tumor cells in the groups that were administered Compound A.

{80945] The same study was conducted using Compound B of having the Formula
1, which was administered in the same formulation at the same dose and schedule.
Figure 2 shows the decrease in the number of tumor cells in the groups that were

administered Compound B.

Example 241

£ vive Inhibition of PTHrP-induced Hypercalcomis

[00946] Hypercalcemia of malignancy is a significant complication of advanced

breast and lung cancer, and multiple myeloma. Production of humoral factors by the
primary tumor is the mechanism responsible for 80% of cases. The vast majority of
HHM is caused by tumor-produced parathyroid hormone-related protein, which acts
through PTH/PTHTP receptors in the bone and kidney to stimulate osteoclastic bone

resorption and calcium resorption, Traunsicrming growth factor-f {TGEF-BY, which s
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stored in bone matrix and released by osteoclastic bone resorption, brings about
enhanced PTHIP production of timor celis in bone. Inoreased production of PTHeP
accelerates further bone resorption and provides more space for tumeor cell
profiferstion. Suppression of osteoclast-raediated hone resorption may therefore be
effective against bone metastasis. M-USF has been shown to induce osteoclast
generation and bone resorption and theretore CSFIR inhibition may be an effective

mechanism against bone metastasis,

[66947]  In this humoral hypercaleemia of malignancy moedcel, 32-day-nid BDF
mice {Charles River Laboratories) m all groups except natve were challenged twice
daily (morning and evening, by subcutaneous injection) with 0.3mg/kg recombinant
PTHrP (Bachem, Torrance,CA) for seven days. The treatment group was
administered Compound A of Formula I suspended in 0.5%
hydroxypropyimethylcellulose (HPMC) ar 164, 340, and 13 and 3 myg/leg oralivence o
day {4303 for seven days On dayl, rPTHrP was injected immediately prior to dosing
of Compound A or Vehicle Control. The positive control group was administered
compound KiZ3227 suspended in Pharmatek#6 and was dosed orally at 30 mekg
ance a day {QJD) while the vehicle control group received 1%
hydroxypropyimethyicellulose orally once daily for seven days. The study groups are
summarized in Table 3 below. Mandibular blood was drawn exactly 3hr after last
dose to monitor changes in blood ionized calcium and TRAPCSD levels {a bone
resorption marker). Blood ionized caleium levels were determined using a
QuantiChrom Calcium Assay Kit (DICA-500) for Quantitative Colorimetric Calcium
Determination at 612am. TRAPCSb levels were determined using mouse TRAP assay
(Immunodiagnosticsystems Inc. # SB-TR103). Mice were sacrificed on Day8 and the
tibiae were harvested for bone TRAPSD and H&E staining.

Table 3:
Group N Treatment Route/frequency
i Naive 4 none n/a
2 PTHP 4 0.5 mg/kg PTHrP SCBID
3 4 0.5 mg/kg PTHrP + SC BID and PO QD
vehicle control 1% HPMC
4 4 0.5 mg/kg PTHrP + SCBIDand PO
positive control Ki20227 30mg/kg
5 5 0.5 mg/kg PTHP + SC BID and
experimental 100 mg/kg Compound A PO QD
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6 5 0.5 mg/kg PTHrP + SCBID and
experimental 30 mg/kg Compound A PO QD

7 5 0.5 mg/lkg PTHrP + SC BID and
experimental 10 mg/kg Compound A PO QD

8 5 0.5 mg/kg PTHP + SCBID and
experimental 3 mg/kg Compound A PO QD

[00948] The results show that CSF1R inhibitors can be effective in this HHM
model. Figure 3 shows Compound A reduced serum TRAP5b levels in a dose related

manner and at the highest dose, reduced TRAPSD levels below that of naive animals.

[60949] The same stedy was conducted using Compound B having the Formula §
which was administered in the same formulation at the same dose and schednle,
Figure 4 shows Compound B reduced serum TRAPSb levels 1n a dose related manner

and at the highest dose, reduced TRAP3D levels below that of naive animals.

Example 247

Far vive Inhibition of MOUP-§ Induction

[00956} MCP-1 (monocyte chemo-attractant protein 1) is a chemokine that
regulates migration and infiltration of monocytes/macrophages and is implicated in
the development of tumor metastasis. It was demonstrated in prior experiments that
M-CSF stimulation of human monocytes, peripheral blood mononuclear cells
(PBMC) or whole blood, induced levels of MCP-1. This experiment was conducted

to see whether the same observations may be made in vivo.

[60951] In this study, 55-day old Balb/c mice (Harlan Laboratories) were
grouped according to Table 4. One hour prior to M-CSF stimulation, animals were
dosed orally with either Compound A, GW-2580 or vehicle. One hour post dose,
animals were administered 0.8 pg each M-CSF resuspended in 200 ul. sterile saline
1.V.. Two hours afier administration of M-CSF, blood was collected via the maxillary
vein and processed for MCP-1 ELISA (R&D Systems # MJE0Q) according to the

manufacturer’s instructions.

Table 4:
Group N Treatment MCSF Therapy (Dose)
1 3 Vehicle + sterile saline Saline IV 1%HPMC
2 3 Vehicle + 0.8 ug/ms tM-CSF-CF 200 uL 1v 1%HPMC
3 4 0.8 ug/ms tM-CSF-CF in saline 200 ulL TV Cmpd A (1 mg/kg)
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4 4 0.8 pg/ms tM-CSF-CF in saline 200 uL 1V Cmpd A (3 mg/kg)
3 4 0.8 ug/ms tM-CSF-CF in saline 200 pul IV Cmpd A (10 mg/kg)
6 4 0.8 ug/ms rM-CSF-CF in saline 200 uL TV Cmpd A (30 mg/kg)
7 4 0.8 ug/ms rM-CSF-CF in saline 200 uL TV | Cmpd A (100 mg/ke)
8 4 0.8 pg/ms tM-CSF-CF in saline 200 pL IV GW-2580 (160

me/kg)

9 3 Naive for base line none none

[00952]  Figure 5 shows that IV injection of M-CSF in mice induces the level of

MCP-1 approximately three-fold. The most potent MCP-1 reduction was observed at

60% at 100 mg/kg, and activity was reduced but comparable at the 30 and 10 mg/kg

(46 and 53%, respectively) by pretreatment with Compound A. The same study was

conducted using Compound B having the Formula I, which was administered in the

same formulation at the same dose and schedule. Figure 6 also shows IV injection of

M-CSF inducing a three-fold increase in MCP-1 levels. A dose response was less

evident, but maximal activity was again observed at 100 mg/kg, and the % reduction

(59%) was nearly identical to that measured for Compound A.

[00953] The embodiments described above are intended to be merely exemplary,

and those skilled in the art will recognize, or will be able to ascertain using no more

than routine experimentation, numerous equivalents of specific compounds, materials,

and procedures. All such cquivalents are considered to be within the scope of the

claimed subject matter and are encompassed by the appended claims.

[06954] Since modifications will be apparent to those of skill in the art, it is

intended that the claimed subject matter be limited only by the scope of the appended

claims.
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What is claimed is:

1. A compound having Formula IX

QS
QB \\WS RS
7 Z>_N" (@
SRSy
IX

or a pharmaceutically acceptable salt, hydrate, single stereoiomer, mixture of
stereoisomers or racemic mixture of stereoisomers thereof, wherein:

R is hydrogen or C,_salkyl,

each Q' is independently

halo, oxo, Cy.salkyl, halo C;_galkyl, hydroxy Cyealkyl, Cg_ﬁcycloalkyl, =NOH, -R"OR* or
-R*C(O)R*; each R" is independently Cy salkylene or a direct bond; each R” is independently
hydrogen or C;.salkyl;

Y is (CRR®)¢-;

R’ and R® are each independently hydrogen, halo, C;alkyl, halo C;salkyl or hydroxy Ci.
salkyl;

Zis O, S, or NH;

W*is N or CR“b;

W is N or CRB;

R'™®is hydrogen, halo or Cy_galkyl;

R* is hydrogen, halo or C,.salkyl;
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Q° and Q° are each independently hydrogen, halo, C,_salkoxy, tetrazole or pyrazole,

where the tetrazole and pyrazole rings are optionally substituted with one or more C,_qalkyl; and

q is an integer from 0-4.
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2. The compound of claim 1, wherein, Q° and Q° are each independently hydrogen,

chloro, fluoro, bromo or methoxy.

3. The compound of claim 1 having Formula X1

/
O
\‘Qﬁ\
Q
s 2. K
/ 1
N - (Q o2
SR SvoNe Ly

or a pharmaceutically acceptable salt, hydrate, single stereoiomer, mixture of stereoisomers or racemic
mixture of stereoisomers thereof, wherein:

R is hydrogen or C;salkyl;

ecach Q' is independently halo, oxo, Cy.¢alkyl, halo C).salkyl, hydroxy C,salkyl, Cs.

scycloaltkyl, =NOH, -R*OR” or -R*C(O)R”;

each R" is independently C;.salkylene or a direct bond;

each R” is independently hydrogen or C;_galkyl;

Y is ~(CR'R®)q-;

2150, S, or NH;

W*is Nor CR'™;

R s hydrogen, halo or C,_salkyl;
W’ is N or CR";

R" is hydrogen, halo or C;.¢alkyl; and

q is an integer from 0-4.

465



4. The compound of claim 1, wherein the compound is selected from:

2-((6-({1 H-benzo[dlimidazol-1-yl)methyl)benzo[d]thiazol-2-yl)amino)eyclohexanol,

(1R,2R)-2-((6-((5,6-dimethoxy-1 H-benzo[d|imidazol-1-ylymethyl)benzo[d]thiazol-2-
yhamino)cyclohexanol,

2-({6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-yl)methylybenzo[d]thiazol-2-

yDamino)cyelohexanol,
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(1R.2R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-ylimethyl)benzo[djthiazol-2-

ylamino)cyclohexanol methanesulfonic acid,

(1R 2R)-2-((6-((6-methoxy-1H-benzo[d]imidazol-1-yl)methyl)benzo[d]thiazol-2-
ylyamino)cyclohexanol,

2-({6-({6-methoxy- 1 H-benzo[d]imidazol-1-ylimethyl}benzo[ d]thiazol-2-
yhamino)cyclohexanol,

(1R,2R)-2-({6-((5-methoxy-1 H-benzo[d]imidazol-1-ylymethyl)benzo[d}thiazol-2-
vlamino)cyclohexanol,

2-((6-((5-methoxy-1 H-benzo|dlimidazol-1-yl)methyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol,

(1R,2R)-2-((6-({(1H-benzo[dJimidazol-1-ylymethyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol,

(15,28)-2-((6-((1H-benzo[dJimidazol-1-yl)methyl)benzo[d]thiazol-2-

ylyamino)cyclohexanol,

N-cyclohexyl-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-yl)methyl)-N-
methylbenzo[d]thiazol-2-amine,
N-cyclohexyl-6-((5,6-dimethoxy-1H-benzo[d]imidazol-1-yl)methyl)benzofd]thiazol-2-
amine, 7
(1R,2R)-2-((6-((5-methoxy-3H-imidazo[4,5-b]pyridin-3-yl)methyl}benzo[ d}thiazol-2-
yl)amino)cyclohexanol,
2-((6-((5-methoxy-3H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo[d]thiazol-2-

ylamino)cyclohexanol,

N-(cyclohexylmethyl)-6-((5,6-dimethoxy-1 H-benzo[d]imidazol-1-
yl)methyl)benzo[d]thiazol-2-amine,
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(1R,2R)-2-((6-((6-bromo-3H-imidazo[4,5-blpyridin-3-yljmethyl)benzo|d ]thiazol-2-
yhamino)cyclohexanol,
2-{{(6-((6-bromo-3H-imidazo{4,5-bpyridin-3-yhmethyl}benzol dithiazol-2-

yhamino)cyclohexanol,

{(8)-N-(1-cyclohexylethyl)-6-((5,6-dimethoxy- 1 H-benzo| dJimidazol-1-
ylmethylbenzo|d}thiazol-2-amine,

N-(1-cyclohexylethyl)-6-((5,6-dimethoxy-1 H-benzo[d}imidazol-1-
vhmethyl)benzo[d]thiazol-2-amine,

(1R,2R)-2-((6~((5,6-dimethoxy-1 H-benzo[d]imidazol-1-ymethyl)benzo[djoxazol-2-
ylamino)cyclohexanol,

2-((6-((5,6-dimethoxy~1H-benzo[d}imidazol-1-yl)methyl)benzo[d]oxazol-2-
ylyamino)cyclohexanol,

N-(cyclohexylmethyl}-6-((5,6-dimethoxy-1H-benzo[d|imidazol-1-

ylmethyhbenzo[d]oxazol-2-amine,

(1R, 2R)-2-((6-((6-(1-methyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-3-
yl)methylybenzo[d]thiazol-2-yl)amino)cyclohexanol,

2-((6-((6-(1-methyl-1H-pyrazol-4-yi)-3H-imidazo[4,5-b]pyridin-3-
ylimethyl)benzo[dlthiazol-2-yl)amino)cyclohexanol,

(1R,2R)-2-((6-((5-bromo-6-methoxy- 1 H-benzo[d]imidazol-1-yvDmethyl }benzo[d]thiazol-

2-yl)amino)cyclohexanol,
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2-({6-((5-bromo-6-methoxy- 1 H-benzo[d|imidazol-1-ylmethyl)benzo[ d]thiazol-2-

yl)amino)cyclohexanol,

(1R, 2R)-2-((6-((6-bromo-5-methoxy- 1 H-benzo[d]imidazol-1-y)methyl)benzo[d]thiazol-
2-yhamino)cyclohexanol,

2-({(6-((6-bromo-5-methoxy-1H-benzo[dlimidazol-1-yDmethyl)benzo[ d]thiazol-2-
yl)amino)cyclohexanol,

(1R, 2R)-2-({6-((6-methoxy-5-(1-methyl-1 H-pyrazol-4-yi)-1H-benzo[d]imidazol-1-
ymethyl)benzo[d|thiazol-2-yl}amino)cyclohexanol,

2-((6-((6-methoxy-5-(1-methyl-1 H-pyrazol-4-yl)-1 H-benzo[dlimidazol- 1 -
ylhmethyl)benzo[d]thiazol-2-yl}amino)cyclohexanol,

(1R,2R)-2-{(6-{(5-methoxy-6-(1-methyl-1 H-pyrazol-4-yl)-1 H-benzo{djimidazol-1-
yhmethyl)benzo[d|thiazol-2-yl)amino)cyclohexanol,

2-{(6~({5-methoxy-6-(1-methyl-1H-pyrazol-4-yl}-1 H-benzold|imidazol-1-
yDmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,

(R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-ylmethyl)Ybenzo[d]thiazol-2-

yl)amino)cyclohexanone,
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2-((6-((3H-1mmidazo{4,5-b]pyridin-3-ylmethyl)benzo[d]thiazol-2-
ylyamino)cyclohexanone,
(1R,2R)-2-((6-({(6-chloro-3H-imidazo{4,5-b]pyridin-3-yl)methyl }benzo{d}thiazol-2-
yl)amino)cyclohexanol,
2-((6-((6-chloro-3H-imidazo{4,5-b}pyridin-3-yl)methyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol,
(1R,2R}-2-((6-((3H-imidazo{4,5-b]pyridin-3-yhmethyl)benzo|djoxazol-2-
yDamino)cyclohexanol,
2-((6-((3H-imidazo[4,5-b]pyridin-3-yDmethyl)benzo[ d]oxazol-2-yljamino)cyclohexanol,
(R)-2-((6-((3H-imidazo[4,5-b|pyridin-3-yl)methyl)benzo[d]thiazol-2-
ylamino)cyclohexanone oxime,
2-((6-((3H-imidazo[4,5-bIpyridin-3-yhmethyl)benzo[d]thiazol-2-
yljamino)cyclohexanone oxime,
(1.5,2R)-2-((6-((3H-imidazo[4,5-bpyridin-3-yl)methyl}benzo[d]thiazol-2-yl)amino)-1-
methylcyclohexanol,
(1R,2R)-2-{(6-((3H-imidazo[4,5-b]pyridin-3-yimethyl)benzo[d]thiazol-2-yl)amino}-1-
methyleyclohexanol,
2-((6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d]thiazol-2-yl)amino)-1-
methylcyclohexanol,
(1R,2R)-2-((6-((6-bromo-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzold]oxazol-2-
ylJamino)cyclohexanol,
2-((6-{(6-bromo-3 H-imidazo|4,5-b]pyridin-3-yl)methyl)benzo[d]oxazol-2-
yl)amino)cyclohexanol,
(S)-2-((6-((3H-imidazo[4,5-b]pyridin-3-yhmethyl)benzo[d|thiazol-2-yl)amino}-2-
cyclohexylethanol,
2-((6-((3H-imidazo[4,5-bpyridin-3-yl)methyl)benzo[d]thiazol-2-yl)amino}-2-
cyclohexylethanol,
(R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo{d|thiazol-2-yl)amino)-2-
cvclohexylethanol,
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((1R,2R)-2-((6-((3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo| d]thiazol-2-
yl)amino)eyclohexylymethanol,

2-((6-((3H-imidazol4,5-b]pyridin-3-yl)methyl}benzo[d]thiazol-2-
yl)amino)cyclohexylmethanol,

(1R,2R)-2-({6-({6-methoxy-1H-benzo[d|imidazol-1-yl)methyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol,

2-((6-((6-methoxy-1H-benzo[d]imidazol-1-yl)methyl}benzo[ d]thiazol-2-
ylamino)cyclohexanol,

(1R, 2R)-2-((6-((5-methoxy-1H-benzo[d]imidazol-1-ylymethyl }benzo| d}thiazol-2-
yhamino)cyclohexanol,

2-((6-({5-methoxy-1H-benzo[d]imidazol-1-yl )methyl}benzo|{d|thiazol-2-
yl)amino)cyciohexanol,

(1R,2R)-2-({6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo| d]thiazol-2-
yhamino)cyclohexanol,

2-((6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo{d]thiazol-2-

yl)amino)cyclohexanol,

F-(({6-((3 H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo[d]thiazol-2-
yDamino)methyl)eyclohexanol,

(1-(((6-((3H-imidazo[4,5-b]pyridin-3-y)methyl)benzold|thiazol-2-
yl)amino)methyl)cyclohexyl)methanol,

(1R,2R)-2-({6-((5-bromo-3H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo[d]thiazol-2-

yhamino)cyclohexanol,
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2-((6-((5-bromo-3 H-imidazo[4,5-b]pyridin-3-y)methyl)benzo[djthiazol-2-

yl}amino)cyclohexanol,
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(1R,2R)-2-({6-({6-(2H-tetrazol-5-y1)-3H-imidazo[4,5-bpyridin-3-
ylimethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,
2-((6-((6-(2H-tetrazol-5-y1}-3H-imidazo{4,5-blpyridin-3-yDmethyl)benzo[ d jthiazol-2-
yljamino)cyclohexanol,
(1R,2R)-2-((6-((6-(2-methyl-2H-tetrazol-5-y1)-3H-imidazo{4,5-b]pyridin-3-
ylmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,
2-((6-({6-(2-methyl-2H-tetrazol-3-yl1)-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d|thiazol-2-yl)amino)cyclohexanol,
(1R,2R)-2-((6-((6-(1-methyl-1H-tetrazol-5-yl)-3H-imidazo[4,5-b]pyridin-3-
ylymethyl)benzo{d]thiazol-2-yl)amino)cyclohexanol,
2-((6-((6-(1-methyi-1H-tetrazol-5-y1)-3H-imidazo[4,5-b]pyridin-3-
ylmethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol,
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(1R,2R)-2-({6-((5-bromo-1H-benzo[d}imidazol-1-ylymethyl Yoenzo[d]thiazol-2-
yhamino)cyclohexanol,

2-((6-((5-bromo-1 H-benzo[d|imidazol- 1 -ylymethyl)benzo[ d]thiazol-2-
ylyamino)cyclohexanol,

(1R 2R)-2-((6-((6-ethyl-3H-imidazo[4,5-b]pyridin-3-vi)methyvl)benzo|d]thiazol-2-
yl)amino)cyclohexanol,

2-((6-((6-ethyl-3H-imidazo{4,5-b]pyridin-3-yl)methyl)benzo{ d}thiazol-2-
yhamino)cyclohexanol,

(1R,2R)-2-({6-({6-(3-hydroxy-3-methylbut-1-yn-1-yl}-3H-imidazo[4,5-b]pyridin-3-
ylimethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol;

(1R,2R)-2-((6-((6-bromo-1H-benzo[dimidazol-1-yl)methyl)benzo[d|thiazol-2-

ylyamino)cyclohexanol;
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2-({6-({6-bromo-1H-benzo|djimidazol-1-ylymethyl)benzo[d}thiazol-2-

yl}amino)cyclohexanol;
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(1R,2R)-2-({6-((5,6-dimethyl-1 H-benzo[d]imidazol- 1 -ylymethyl)benzo[ d]thiazol-2-
yhamino)cyclohexanol;
2-((6-((5,6-dimethyl-1 H-benzo[dlimidazol-1-yl)methylbenzo|{ d|thiazol-2-

ylyamino)cyclohexanol;

(1R, 2R)-2-((6-((6-bromo-5-methoxy-3H-imidazo[4,5-b]pyridin-3-
yl)methyl)benzo{d]thiazol-2-yl)amino)cyclohexanol;
2-({6-({6-bromo-5-methoxy-3H-imidazo[4,5-b}pyridin-3-ylymethyl)benzo[d]thiazol-2-

yl)amino)cyclohexanol;
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(1R,2R)-2-((6-((5-methyl-1 H-benzo|dimidazol-1-ylmethyl)benzo[d]thiazol-2-
yh)amino)cyclohexanol;

2-((6-((5-methyl-1H-benzo[dlimidazol-1-ylymethyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol;

(1R,2R)-2-((6-((5,6-difluoro-1 H-benzo[d}imidazol-1-yl)methyl)benzo| d]thiazol-2-
yl)amino)cyclohexanol;

2-((6-((5,6-diftuoro-1 H-benzo[d]imidazol-1-yl)methyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol;

(1R,2R)-2-((6-((5-fluoro-1H-benzo[ d]imidazol-1-ylymethyl)benzo[ d]thiazol-2-yl)
amino)cyclohexanol;

2-((6-((5-fluoro-1H-benzo[d]imidazol-1-yl)methyl)benzo[d]thiazol-2-yi)

amino)cyclohexanol;

(1R,2R)-2-((6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[dJoxazol-2-
yl)amino)cyclohexanol;

2-{(6-((6-fluoro-3 H-imidazol4,5-bIpyridin-3-yl)methyl)benzo[d]oxazol-2-
yl)amino)cyclohexanol;

((1R,2R)-2-{(6-({6-bromo-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d]thiazol-2-
yl)amino)cyclohexyl)methanol;

2-((6-({6-bromo-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d]thiazol-2-

yl}amino)cyclohexyl)methanol;
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(1R 2R)-2-((6-((6-(1-methyl-1H-tetrazol-5-y1)-3H-imidazo[4,5-b]pyridin-3-
yl)methyl)benzo[d]thiazol-2-yljamino)cyclohexanol;

2-((6-((6-(1-methyl-1H-tetrazol-5-y1)-3H-imidazo{4,5-b]pyridin-3-
yl)methyl)benzo{d]thiazol-2-yl}amino)cyclohexanol;

((18,2R)-2-({6-((6-bromo-3 H-imidazo[4,5-b]pyridin-3-ylymethyl)benzo| d]thiazol-2-
yl)amino)cyclohexylymethanol;
2-((6-({6-bromo-3H-imidazo[4,5-bpyridin-3-yl)methyl)benzo| d|thiazol-2-
ylamino)cyclohexyl)methanol;
(1R,2R)-2-((6-((5,6-dichloro-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d}thiazol-2~
yljamino)cyclohexanol;
2-((6-((5,6-dichloro-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo| djthiazol-2-
yl)amino)cyclohexanol;
(1R,2R)-2-((6-{(5-ethoxy-1H-benzo[d]imidazol-1-yl)methyl)benzo[d]thiazol-2-
yhamino)cyclohexanol;
2-((6-((5-ethoxy-1H-benzo[d|imidazol-1-yl}ymethyl)benzo[d}thiazol-2-

yl)amino)cyclohexanol,

(1R,2R)-2-((6-({6-(1H-pyrazol-1-yl)-3H-imidazo[4.5-b]pyridin-3-
ylymethyl)benzo[d]thiazol-2-yl)amino)cyclohexanol;
2-((6-((6-(1H-pyrazol-1-yl)-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d]thiazol-2-

yl)amino)cyclohexanol;
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(1R,2R)-2-({6-({6-10do-3H-imidazo[4,5-b]pyridin-3-ylmethyl)benzo[d]thiazol-2-
ylamino)cyclohexanol;
2-({6-({6-iodo-3H-1imidazo[4,5-b]pyridin-3-yl)methyl)benzo|d]thiazol-2-

yl)amino)cyclohexanol;
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(1R,2R)-2-((6-{(5-methoxy-1H-benzo{d]imidazol-1-yl ymethyl)benzo[d]oxazol-2-
yl)amino)cyclohexanol;

2-((6-((5-methoxy-1H-benzo[dlimidazol- I -yl imethyl}benzo[dloxazol-2-
yl)amino)cyclohexanol;

(1R.2R)-2-({6-((6-methoxy-1H-benzo[d]imidazol-1-yhmethyl)benzo| djoxazol-2-
yl)amino)cyclohexanol;

2-((6-((6-methoxy-1H-benzo[d}imidazol-1-yl)methyl)benzo[d]oxazol-2-

ylyamino)cyclohexanol;
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(1R,2R)-2-{((6-((5-(1 H-pyrazol-1-y1}- 1 H-benzo[d]|imidazol-1-yljmethyl)benzo[ dithiazol-
2-ylyamino)cyclohexanol;
2-{(6-{(5-(1 H-pyrazol-1-yl)-1 H-benzo[dJimidazol- 1 -yl)methyl }benzo[d]thiazol-2-

ylhamino)cyclohexanol;

(18,2R)-2-({6-({6-fluoro-3H-imidazo[4,5-b]pyridin-3 -y )methyl)benzo[d]thiazol-2-
yl)amino)cyclohexanol;

2-((6-({6-fluoro-3H-imidazol4,5-bpyridin-3-ylimethylbenzo[d]thiazol-2-
ylyamino)cyclohexanol;

trans-4-((6-({6-fluoro-3 H-imidazo{4,5-b]pyridin-3-yl)methyl)benzo{d|thiazol-2-
yl)amino)cyclohexanol;

4-((6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-yhmethyl)benzo[ d|thiazol-2-

yhamino)cyclohexanol;
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(trans-4-({(6-({6-fluoro-3 H-imidazo[4,5-bpyridin-3-ylymethyl)benzo[d]thiazol-2-

ylyamino)cyclohexylymethanol;
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{cis-4-({(6-{(6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[dithiazol-2-
yhamino)cyclohexylymethanol;
4-((6-((6-fluoro-3 H-imidazo[4,5-bpyridin-3-y)methyl)benzo[dithiazol-2-

yhamino)cyclohexyl)methanol;
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((1R,3R)-3-((6-((6-fluoro-3H-imidazo[4,5-F]pyridin-3-yljmethyl)benzo[d}thiazol-2-
yhamino)cyclohexyl)methanol;

3-((6-((6-fluoro-3 H-imidazo[4,5-hlpyridin-3-yhmethyl)benzo[ d]thiazol-2-
yhamino)}cyclohexyl)methanol;

(1R,2S5.3R)-3-((6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[ d]thiazol-2-
ylyamino)cyclohexane-1,2-diol;

3-((6-{(6-fluoro-3H-imidazo[4,5-b]pyridin-3-yl)methyl }benzo| Jthiazol-2-
yl)amino)cyclohexane-1,2-diol;

((1S,3R)-3-((6-{(6-fluoro-3H-imidazo[4,5-b]pyridin-3-yhmethyl)benzo[d]thiazol-2-
ylhamino)cyclohexyl)methanol;

3-((6-({6-fluoro-3H-imidazo[4,5-b]pyridin-3-yhimethyl)benzo[d|thiazol-2-

yhamino)cyclohexyl)methanol;

N-((1R,2R)-2-chlorocyclohexyl}-6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-
y)methyl)benzo{d]thiazol-2-amine;

N-(2-chlorocyclohexyl)-6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-
yhmethyhbenzo{d]thiazol-2-amine;
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(1R,2R)-2-((6-((5-(1 H-pyrazol-3-yl)-1 H-benzo| d]imidazol-1 -yl ymethylbenzo|[ ] thiazcl-
2-ylyamino)cyclohexanol;
2-((6-((5-(1 H-pyrazol-3-yl}-1 H-benzo[ d]imidazol- 1 -yl)methyl)benzo[dlthiazol-2-

yhamino)cyclohexanol;

(1.5,25)-2-({6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yl)methyl )benzo[ dithiazol-2-
yhamino)cyclohexanol;
2-((6-((6-fluoro-3H-imidazol4,5-bjpyridin-3-yl)methyl)benzo| d|thiazol-2-

yl)amino)cyclohexanol;
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N-((1R,25)-2-chlorocyclohexyl)-6-((6-fluore-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzold]thiazol-2-amine;

N-(2-chlorocyclohexyl}-6-((6-fluoro-3H-imidazo[4,5-b]pyridin-3-
yhmethyl)benzo[d]thtazol-2-amine;
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(1R, 2R)-2-{{6-((5-(2-methyl-2H-tetrazol-5-y1)-1 H-benzo[d]imidazol-1-
ylmethyl)benzo[d|thiazol-2-yljamino)cyclohexanol;

2-((6-((5-(2-methyl-2 H-tetrazol-5-y1)-1 H-benzo[ d]imidazol-1-ylymethyl)benzo[ d]thiazol-
2-yhamino)cyclohexanol;

(18,2R,3R)-3-((6-((6-fluoro-3 H-imidazo[4,5-b]pyridin-3-yl)methyl)benzo[d]thiazol-2-
yDamino)cyclohexane-1,2-diol;

3-((6-((6-fluoro-3 H-imidazo[ 4,5-b]pyridin-3-ylimethyl)benzo[ d]thiazol-2-

ylh)amino)ecyclohexane-1,2-diol;

(1R,28,3R)-3-((6-((5-methoxy-1H-benzo| d]imidazol- 1 -yl)methyl)benzo{dithiazol-2-
yl)amino)cyclohexane-1,2-diol;
3-({6-((5-methoxy-1H-benzo[d}imidazol-1-yl)methyl)benzo[d}thiazol-2-

yhamino)cyclohexane-1,2-diol,
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{(1R,28,3R)-3-({6-({5-(2-methyl-2H-tetrazol-5-y1)-1 H-benzo[d|imidazol-1-
ylmethyl)benzo[d]thiazol-2-yl)amino)cyclohexane-1,2-diol; and
3-({6-((5-(2-methyl-2 H-tetrazol-5-y1)-1 H-benzo[ d]imidazol- 1 -yDmethyl)benzo| d]thiazol-

2-yhamino)cyclohexane-1,2-diol.

5. A pharmaceutical composition comprising a compound of any of claims 1-4 and a

pharmaceutically acceptable carrier.

6. The compound of any one of claims 1-4 for use in the treatment of a disease

selected from an inflammatory disease, an autoimmune disease and cancer.

7. The compound of claim 6, wherein the disease is modulated by CSF1R, FLT3,
KIT, and/or PDGFRJ kinase.

8. The compound of claim 6, wherein the disease is modulated by wild type or

mutant CSFIR, FLT3, KIT, and/or PDGFRJ kinase.
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9. A compound of any one of claims 1-4 for use in the treatment of a disease
selected from myeloproliferative disorder (MPD), myelodysplastic syndrome (MDS),
polycythemia vera (PCV), essential thrombocythemia (ET), primary myelofibrosis (PMF},
chronic eosinophilic leukemia (CEL), chronic myelomonocytic leukemia (CMML), systemic
mastocytosis (SM), idiopathic myelofibrosis (IMF), myeloid leukemia, chronic myeloid
leukemia (CML), imatinib-resistant CML, acute myeloid leukemia (AML), acute
megakaryoblastic leukemia (AMKL), lymphoma, Hodgkin's lymphoma, lymphoblastic
leukemia, myeloma, multiple myeloma, cancer of the head and neck, prostate cancer, breast
cancer, ovarian cancer, endometrial cancer, melanoma, fung cancer, brain cancer, thyroid cancer,
stomach cancer, gastrointestinal stromal tumor, colorectal cancer, pancreatic cancer, renal
cancer, non-small cell lung cancer, bone cancer, tenosynovial giant cell tumors, glioblastoma
multiforme, atherosclerosis, restenosis, obliterative bronchiolitis, idiopathic myelofibrosis,
obesity, obesity-induced insulin resistance, hypercalcemia of malignancy, lupus nephritis,
glomerular nephritis, idiopathic hypereosinophilic syndrome, chronic eosinophilic syndrome,
systemic mastocytosis, Langerhans cell histiocytosis, Kaposi's sarcoma, multiple endocrine
neoplasia, immunodeficiency, autoimmune diseases, tissue transplant rejection, graft-versus-host
disease, wound, kidney disease, multiple sclerosis, thyroiditis, type 1 diabetes, sarcoidosis,
psoriasis, allergic rhinitis, inflammatory bowel disease including Crohn’s disease and ulcerative
colitis (UC), systemic lupus erythematosis (SLE), cutaneous lupus erythematosis, arthritis,
osteoarthritis, theumatoid arthritis, psoriatic arthritis, osteoporosis, endometriosis, asthma,
allergic asthma, ankylosing spondylitis, chronic obstructive pulmonary disease (COPD),

Alzheimer’s disease and multiple sclerosis.
10. A compound of any one of claims 1-4 for use in the treatment of a disease

selected from myeloid leukemia, cancer of the head and neck, prostate cancer, breast cancer,

melanoma, lung cancer, arthritis, and Alzheimer’s disease.
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11.  Use of a compound of any of claims 1-4 for the manufacture of a medicament for
the treatment of a disease selected from myeloproliferative disorder (MPD), myelodysplastic
syndrome (MDS), polycythemia vera (PCV), essential thrombocythemia (ET), primary
myelofibrosis (PMF), chronic eosinophilic leukemia (CEL), chronic myelomonocytic leukemia
(CMML), systemic mastocytosis (SM), idiopathic myelofibrosis (IMF), myeloid leukemia,
chronic myeloid leukemia (CML), imatinib-resistant CML, acute myeloid leukemia (AMLY),
acute megakaryoblastic leukemia (AMKL), lymphoma, Hodgkin's lymphoma, lymphoblastic
leukemia, myeloma, multiple myeloma, cancer of the head and neck, prostate cancer, breast
cancer, ovarian cancer, endometrial cancer, melanoma, lung cancer, brain cancer, thyroid cancer,
stomach cancer, gastrointestinal stromal tumor, colorectal cancer, pancreatic cancer, renal
cancer, non-small cell lung cancer, bone cancer, tenosynovial giant cell tumors, glioblastoma
multiforme, atherosclerosis, restenosis, obliterative bronchiolitis, idiopathic myelofibrosis,
obesity, obesity-induced insulin resistance, hypercalcemia of malignancy, lupus nephritis,
glomerular nephritis, idiopathic hypereosinophilic syndrome, chronic eosinophilic syndrome,
systemic mastocytosis, Langerhans cell histiocytosis, Kaposi's sarcoma, multiple endocrine
neoplasia, immunodeficiency, autoimmune diseases, tissue transplant rejection, graft-versus-host
disease, wound, kidney disease, multiple sclerosis, thyroiditis, type 1 diabetes, sarcoidosis,
psoriasis, allergic rhinitis, inflammatory bowel disease including Crohn’s disease and ulcerative
colitis (UC), systemic lupus erythematosis (SLE), cutaneous lupus erythematosis, arthritis,
osteoarthritis, rheumatoid arthritis, psoriatic arthritis, osteoporosis, endometriosis, asthma,
allergic asthma, ankylosing spondylitis, chronic obstructive pulmonary disease (COPD),

Alzheimer’s disease and multiple sclerosis.

12. The compound of claim 6 further comprising a second pharmaceutical agent
selected from anti-proliferative agent, anti-inflammatory agent, immunomodulatory agent and
immunosuppressive agent.

13. Use of a compound of any of claims 1-4 for the manufacture of a medicament for
treating disease selected from an inflammatory disease, an inflammatory condition, an
autoimmune disease and cancer.

14, Use of a compound of any of claims 1-4 for the manufacture of a medicament for
treating disease selected from myeloid leukemia, cancer of the head and neck, prostate cancer,

breast cancer, melanoma, lung cancer, arthritis, and Alzheimer’s disease.
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