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BICYCLIC HETEROCYCLIC DERIVATIVES AS MNK1 AND MNK2 MODULATORS
AND USES THEREOF

P

CROSS REFERENCE TO RELATED APPLICATIONS
The present apphcatlon clanns priority to UK Patent Apphcatlon No. 1205669.3, ﬂled March

30, 2012, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

- The human MAP Kinase-interacting kinases, also known as MAP Kinase signal-integrating -

kinases, (MNKs'), are ubiquitously expressed protein-serine/threonine kinases that are

directly activated by ERK or p38 MAP kinases.”” They compnse a group of four proteins

~ derived from two genes (gene symbols: MKNK1 and MKNK?2) by alternative splicing.

‘ MNKI a/b and MNK2a/b proteins differ at their C-termini, in each case the a—form poss.essing
| a Ionger C-terminal region than the b-form which lacks the MAP Kmase-blndmg region. The
N-termlm of all forms contain a polybasic region which binds Importin o and the translatlon

factor scaffold protein eukaryotlc Initiation Factor (eIF4G). The catalytic domains of

MNK 1a/b and MNK2a/b share three uhusual featies; two short inserts and a DFD tnpeptlde
feature where other kinases have DFG. Mnk isoforms differ markedly in their activity,
regulation, and i in subcellular 1‘ocal_1za_t_zon.A The best-characterized MNK substrate is elF4E.
Althougl-';.fhe:cellular role of elF4E phosphorylation remains unclear, it may promote expoft
of a defined set of mRNAs from the nucleus. Other Mnk substrates bind to AU-rich elements
that modulate the stability/translation of specific mRNAs.! MNK1 is higbly expressed in
hematological mahgnancxes "and both MNK 1 and MNK2 are up-regulated in solid tumors

such as gliomas and ovarian cancers.%’ -

The Eukaryetic Initiation Factor-4 E (eiF4E) regulates the expression ‘of genes involved in
proliferation and survival as a cap dependent mRNA translation and mRNA export factor.
¢[F4E is dysregulated in several human cancers, includiﬁg breaet,lo prostate'.’, and some
leukemias,'? and elevated levels of eIF4E are a marker of poor pro‘g_.gnosis.n;_13 Moreover,
overexpression and dysregulation of eIF4E leads to an increased tumor number, invasion, and
metastases in mouse models'® and transgenic expression of eIF4E leads to a variety of
cancers.'>!* eIF4E overexpression results in a spec‘iﬁc increase in the translation of these
weakly coﬁlpetitive mRNAs, many of which encode products that stimulate cell growth and

angiogenesis, e.g., fibroblast growth factor 2 and vascular endothelial growth factor,>"’
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cyclin D1,

and ribonucleotide reductase."” Several lines of evidence support the key role
that eIF4E plays in cancer development and/or progression. First, overexpression of eIF4E
can éause neoplastic transformation of cells or acceﬁfﬁéﬁé k'rieo‘plas’ci(;:‘features.m;21 Second,
reducing elF4E with antisense RNA or reducing its function by overexpression of the

inhibitory 4E-BP proteins can suppress the oncogenic properties of many cell Tines. 102223
Third, increased expression of eIF4E found in the most classes of solid tumors. These include

bladder,* breast,”*® cervical,”’” head and neck,”**® and prostate tumors.>! Finally, both the

~ expression and aétivity of elF4E are regulated at multiple levels by growth factors and

oncogenes, > suggesting that the protein is a nexus of converging transformation signaling

pathways.

elF4E is phosphorylated by the MNK1/2 serine/threonine kinases in response to activationby
mitogeﬁic and stress signals downstfeam of ERKl/i and p38 MAP kinase respectively. 3
elF4E phosphorylation at serine 209 by MNK1/2 is requlred to promote its transformaﬁon
activity.**** Surprisingly, MNK1/2 double knock-out mice do not have any apparent V'

" phenotype,” calling into question whether phosphorylation by MNK has any impact on the

functlonahty of the mammalian eIF4E. *° Nevertheless MNK phosphorylatlon of eIF4E on

Ser-209 is believed to be critical to e[F4E oncogcmc activity.**

Thus, inhibitors of MNK1/2 by preventing the phosphorylatlon of of eIF4E could pr0v1de a
viable therapeutic approach in high-eIF4E dependent cancers.

Studies have shown that overexpression of ¢IF4E, as well as elF4E phosphorylation, promote
cancer cell sufvival at least in part through the elevation of the anti-apoptotic-protein Mcl-

1.¥*Mcl-1isa Bch family member with a very short half-life, and Mcl-1 mRNA translation
highly depends on eIF4E. Thus, it is possible that the inhibition of eIF4E phosphorylatmn by

Mnk might induce the death tumor cells, as shown for Myc-induced Iymphoma.*

Blast crisis chronic niyeloid leukemia (BC-CML) is characterized by an expansion of a
population of granulocyte macrophage progenitor-like cells (GMPS). tha.t, have acquired self-
renéwal capacity, ¥’ a feature not seen ih normal or chronic phase (CP) GMPs. The ability to
self-renew is thought to be mediated by B-catenin activation, and may contribute to disease
persistence, as well as activity as a reservoir for drug resistance. The mechanisms

contributing to B-catenin activation remain obscure, and will need to be identified to improve
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the control of BC-CML. The role of the translation machinery in mediating f-catenin-
mediated self-renewal was investigated, since prior Work bad implicated aberrant mRNA

translation in drug-resistance and BC pathophys;iology.3840 Using immunofluorescence (IF),

‘it was confirmed that BC-GMPs have activated nuclear beta-catenin compared to GMPs-

isolated from normal cord blood, and that this was associated with increased eIF4E
expression and phosphorylation at Ser209. Trough biochemical and genetic approaches in
CML cell lines (K562 and KCL22), it was demonstrated that eIF4E overexpression was

sufficient to increase beta-catenin activity (as measured by immunofluorescence for nuclear

- beta-catenin, beta-catenin reporter assays, and expression of beta-catenin-regulated-genes).

By expressing phospho-mutant forms of elF4E (S209A, S209D), it was found that the -
increase in beta-catenin franscriptional activity is dependent on phosphorylation of at Ser209.
In line with these observations, siRNA-mediated knockdown or inhibition of the MNK 1/2
kinases (which mediate in vivo eIF4E phosphorylation) with small rﬁolécules prevented the‘v . |
increased beta-catenin activity jnduced Ey elF4E overexpression. Mechanistically, elF4E
actiﬂfates beta-catenin signaling viaa t-{vo-step mechanism. First, eIF4E overexpression |
increased total cell beta-catenin and secondly, eIF4E phosphorylation facilitated beta-catenin
nuclear translocation. The latter step wés‘associated with increased beta-catenin

phoéphorylation at Ser552, a site known to be im'/oilyed in nuclear trénslocafion, and directly

regulated by AKT. Consistent with this model, SRNA-mediated knockdownor small =~~~

molecule inhibition of AKT (AKT inhibitor IV) prevented elF4E-mediated increases in beta- -

catenin transcriptional activity. The importance of eIF4E phosphorylation on beta-catenin

 activation and the self-renewal capacity of primary BC GMPs cells was assessed. Treatment

with CGP57380, but not imatinib or dasatinib, inhibited eIF4E phésphorylation; as well as

- preventes accumulation of active nuclear beta-catenin.in BC GMPs. The effect of MNK1/2

inhibition was evaluated on the stem cell function of BC cells using both ir vitre and in vivo
assays. In an in vitro serial replating assay, it was shown that CGP573 80 impaired the ability
of CD34+ BC cells (including those carrying T3151 mutation), but not normal CD34+ cells,

to serially replate for more than 8 weeks in methylcellulose. Interesﬁngly, treatment with

either imatinib or dasatinib only partially impaired the ability of BC-CML to serially replate.

In vitro treatment of BC CD34+ CML cells, but not normal cord blood CD34+ cells, with

CGP57380 retarded their ability to engraft NSG mice. Finally, in vivo serial transplantation
assay for assessing the leukemia stem cell (L.SC) function of patient-derived BC-GMPs was
developped. BC GMPs or BC CD34+ CML cells were injected intrafemorally into 8- to 10-
week old sublethally irradiated NSG mice. Following engraﬁmeﬁt, mice were treated with
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vehicle, CGP53780 (40 mg/kg/d), or dasatinib (Smg/kg/d) for three consecutive weeks.
Following treatment, human CD34+ cells were isolated from the mice, and transplanted into
a second recipieﬁt‘mouse. At 16 weeks, it was found that in vivo treatment with CGP57380, |

but not dasatinib, prevented BC cells from serially transplanting NSG mice. In summary,

these results demonstrate that: 1. eIF4E is overexpressed and phosphorylated at Ser209 in

BC, but not in normal GMPs; 2. eIF4E phosphorylatlon activates beta-catenin signalling in

" BC GMPs; 3. MNK inhibition prevents elF4E phosphorylation and beta—catemn sxgnalhng in

BC GMPs; and 4. MNK inhibition prevents BC GMPs from functioning as leukemia stem
cells. These studies suggest that pharmacologic inhibition of the MNK1/2 kinases may be

.therapeutically useful in BC CML. .

~ The level of expressmn of eIF4E and the degree of elF4E phosphorylat:on is regulated by
.. pathways that mclude the P38 kinase, MAPK kinase and AKT/mTOR pathways as shown

in F1gure 4. InhlbltOI'S of mTOR such as: rapamycm decrease the level of phosphorylated
elF4E. 2 mTOR inhibitors, as single agents, have proven efficacious in several cancer types

43;44 45:46

such as transplant—assoclated lymphoma™™" and Kaposi sarcoma, tuberous sclerosis-

related as’crocytoma, 7 and mantle cell and other non—Hodgkm lymphomas *® Two mTOR

mh1b1tors are currcntly marketed for the treatment of the renal cell carcinoma. ™

Inhibiton 6f mTOR by rapamycin also suppresses mTOR catalyzed phosphorylation of EBP1
leading to an 'inc"reased level eIF4E-EBP1. Consequently, rapamycin inhibits translation
initiation by decreasm g the phasphorylatlon of elF 4E-bmdmg proteins, thus decreasmg

elF4E avallablhty to the initiation complex

The treatment with rapalogs typi)caHy leads to the clinically stable disease or partial remission
rather than the tm;l;)r elimination.”! This éuboptimal drug effect is likely due at leést in part to
the cytostatic rather than cytotoxic properties of the mTORC]1 inhibitors. Therefore, there is a
potential for a drug combination therapy that ideally Wouid culminate in the complete
remission of the cancer. However, most of the attempts to combine mTORC] inhibitors with
other dnigs, typicallylthe,standard chemotherapeutic agents targeting DNA replication, have
been disappointing, on occasion even leading to drug antagonism. Preclinical studies of

mTOR combined with cis-platin® or methotrexate™ show the most promise.
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Combiﬁation therapy with MNK1/2 and mTOR kinases inhibitors could be a viable strategy
to treat cértain types of cancer.”* WO 2010/055072 discloses MNK and mTOR combination
therapy with Srhail moiecules, antibodies and siRNA for the treatment of cancer,” and recent
findings support that MNK and mTOR combination induces apoptosis in cutaneous T cell

lymphoma cells.*?

" Macrophages are major effectors of innate immunity, stimulated by a broad variety of

bacterial products through specific TLRs on the cell surface to produce proinflammatory

- cytokines, such as TNF. E. coli LPS is a potent stimulus to macrophage gene expression,

especially TNF, by engaging the TLR4 membrane signaling complex.’® It was shown that
TLR signaling pathways require Mnk expression through the use of a panel of commercial
TLR agonist panel on macrophage. TNF production was inc’reased as a response to
Salmonella LPS (TLR4), ODN2006 (TLR9), HKLM (TLR2), FSL (TLR6/2) and 1m1qu1mod
(TLR7) stlmulatlon In each case the productlon of TNF was 1nh1b1ted by MNK kmases
inhibitor CGP57380 in a dose dependant fashwn and the release of multiple innate

promﬂammatory cytokines were affected, supporting a central role for MNK in

mﬂammat10n

It is reported that heterogeneous 1 nuc]ear nbonucleoprotem Al (mRNPA1) when -

:phosporylated by MNK1/2 accumulates in the cytoplasmzc stress granules (SGs) under stress

related conditions. bnRNPA1 exit the nucleus bound to poly(A) mRNA and this complex is
required for hnRNPA1 phosphorylation by MINK1/2 and for its relocalization to the
éytoplasrhic SGs. Phosphorylation of hnRNPA1 by MNK1/2 reduces its binding affinity to

- 3°UTR mRNA and consequently Mnk inhibition enhances hnRNAPAT1 association with TNF '

mRNA. TNF gene transcript level is undetectable n unstlmulated T Cell and greaﬂy
increased upon stimulation. MNK 1nh1b1t10n effect on TNF appears to be more at the
translation level as MNK inhibition has no influence on the level of TNF mRNA.>

‘Moreover, the formation of SG is reported to belprevented by MNK inhibition® thus

removing the protectlon that was offered by the SGs where the phosphorylated hnRNPA 1
bound mRNA could localize.

MNK inhibitors can regulate the innate immune response in macrophage. A compound with

anti inflammatory properties will inhibit the release of pro-inflammatory cytokines.



10

15

20

It has been shown that CGP57380, a Mnk inhibitor, inhibits the release of TNF alpha by
macrophage®’ (and not elF4E). According to WO2005/003785 MNK kinases are promising

targets for anti-inflammatory therapy.

MNK1/2 were also reported to phosphorylate a number of different proteins in addition to
eIF4E. Three of these are hnRNPA1,% ¢cPLA2 and Sprouty?2.5%% Their role and function is
still being investigated. Among these substrates, nRNPA1 is overexpressed in colorectal
cancer and it could contribute to maintenance of telomere repeats in cancer cells with
enhanced cell proliferation.®* It is also reported that the expression levels of hnRNPA/B is

deregulated in non small cell lung cancer.”

MNK inhibitors are potentially useful in the treatment of cancers including breast,”® protate,'!
hematological malignancies (e.g., CML, AML), head and neck, colon,®” bladder, prostatic

b b . . 9
adenocarcinoma, lung, cervical, and lymphomas.*%6%¢

SUMMARY
In an embodiment, the present disclosure relates to compounds that act as kinase inhibitors, in
particular as inhibitors of the MAP kinase interacting kinases 1 and 2 (MNK1 and MNK2).

In certain embodiments, a compound of the present disclosure is of Formula (I):

N
\Xl"::/ .

X3-~\
X4 X2

or a pharmaceutically acceptable form thereof, wherein R}, Rz, R?, Rs, R6, R’ R% R, Xy, Xo,
X3, X4, X5, X4, X7, and X are as described herein.

In a first aspect, there is provided a compound of Formula (Ib):



X; X
X
R! xg/
Ré
R7
N
R X7 Dxg
i)
R P
x{ %
- Xg
R! Xg/
R6
R7
(Ib)

or a pharmaceutically acceptable form thereof, wherein

X1, X2, and X3 are independently N or C;

X4, X5 and X are independently N or CRY;
wherein at least one of X, Xy, X3, X4, X5 and Xgis N;

X41is N or CH;

Xgis N or CH;

R' is -C(O)R, wherein R is an optionally substituted 5-6 membered heterocyclyl non-
aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms, wherein each
heteroatom is independently selected from nitrogen, oxygen and sulfur; wherein the
optionally substituted 5-6 membered heterocyclyl non-aromatic ring system is unsubstituted

or substituted with;
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halogen, ~CN, -NO,, ~N3, ~SO,H, ~SO;H, ~OH, ~OR*™, -ON(R™);, -N(R®®),, -N(R?),"X",
~N(OR*)R™, —SH, —SR™, —SSR*, ~C(=0)R*, ~CO,H, -CHO, ~C(OR**),, ~CO,R®, —
OC(=O)R™, -OCO,R™, ~C(=0)N(R™),, ~OC(=0)N(R"),, -NR®C(=0)R*, ~NR™®CO,R®, —
NR"C(=0)NR™),, ~C(=NR™)R™, ~C(=NR®)OR™ ~OC(=NR™)R*, ~OC(=NR"™)OR®, —
C(=NR)N(R®),, ~OCENRPINR),, ~NRPC(=NRPINR ), —C(=0)NRP’SO,R®, -
NR™®SO,R™, ~SO,N(R™),, ~SO,R™, ~S0,0R®, ~OSO,R®, —S(=0)R*, ~0S(=0)R*, —
Si(R™)3, ~OSi(R™); ~C(=S)N(R ), ~C(=0)SR™, —C(=8)SR*, -SC(=8)SR™, ~-SC(=0)SR*®,
—~OC(=0)SR™, -SC(=0)OR™, -SC(=0O)R™, ~P(=0),R*, ~OP(=0),R*, ~P(=0)(R*),, —
OP(=0)(R™)z, ~OP(=0)(OR™)z, ~P(=0)2N(R™), ~OP(=0)N(R™), ~P(=0)(NR™),, -
OP(=0)(NR"),, ~NR*P(=0)(OR%);, -NR®P(=0)(NR®),, ~P(R%),, ~P(R%)3, ~OP(R%),, —
OP(R““)Q, —BR™);, ~B(OR**),, ~-BR™(OR*), Cj.19 alkyl, Cy_¢ perhaloalkyl, sy, alkenyl,
Ca-10 alkynyl, Cs_yo carbocyclyl, 3—14 membered heterocyclyl, Cs_y4 aryl, and 5-14
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R groups;

or two geminal hydrogens on a carbon atom are replaced with the group =0, =S,
=NN(R™);, =NNR™PC(=0)R*, =NNR®C(=0)OR™, =NNR™S(=0),R%, =NR™, or =NOR;

each instance of R™ is, independently, selected from Cy_jq alkyl, Cy_1o perhaloalkyl,
Ca-10 alkenyl, Cy1g alkynyl, Cs_1o carbocyelyl, 314 membered heterocyclyl, Cs_14 aryl, and
5-14 membered heteroaryl, or two R* groups are joined to form a 3—14 membered
heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 RY groups;

cach instance of R™ is, independently, selected from hydrogen, ~OH, ~OR?, —
N(R*),, =CN, —C(=0)R™, ~C(=0)N(R**), ~CO,R™, ~S0,R*, ~C(=NR*)OR*, ~
C(=NRFNR ), ~SONR )2, ~=SO,R%, —~SO,0R*, ~SOR™, ~C(=8)N(R*),, ~C(=0)SR*, —
C(=S)SR?, -P(=0)2R™, ~P(=0)(R™)z, ~P(=0)2N(R*)2, ~P(=0)(NR*)z, Cy_1¢ alkyl, C_1o
perhaloalkyl, Cy_1¢ alkenyl, Cy.10 alkynyl, Cs_1o carbocyclyl, 3-14 membered heterocyclyl,
Cs-14 aryl, and 5-14 membered heteroaryl, or two R® groups are joined to form a 314
membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,
2,3,4,0r5 R groups;

each instance of R* is, independently, selected from hydrogen, Cy_yo alkyl, Ci_jo
perhaloalkyl, Cy.1o alkenyl, Cy_1¢ alkynyl, Cs_jp carbocyclyl, 3—14 membered heterocyclyl,
Cé-14 aryl, and 5-14 membered heteroaryl, or two R groups are joined to form a 3-14

6b



10

15

20

25

30

membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,
2,3,4,0r5 R groups;

cach instance of R™ is, independently, selected from halogen, ~CN, ~NO,, -Nj, — -
SO,H, -SO3H, ~OH, ~OR%, -ON(RT),, -N(R™),, -NRH; X", -N(OR®)RT, —-SH, ~SR%,
SSR*, ~C(=0)R®, ~CO,H, ~CO,R*, ~OC(=0)R*, ~OCO,R**, ~C(=0)N(R™),, —
OC(=ONR™),, NRIC(=0)R*, -NRTCO,R®, -NRIC(=0)NR),, -C(=NRTOR*, -
OC(=NRHR®, -OC(=NRMHOR*, -C(=NRHNR),, ~OCENRHNRS),, —
NRTCENRHNR®),,-NRFSO,R®, ~SO,N(RT),, ~SO,R®, ~S0,0R%, ~OSO,R*, ~S(=0)R%,
~Si(R*)3, —0Si(R*)3, —C(=S)N(R"),, ~C(=0)SR*, ~C(=8)SR**, ~SC(=S)SR*, —P(=0)R%, ~
P(=0)(R*),, ~OP(=0)(R*),, ~OP(=0)(OR*),, Ci¢ alkyl, Cy_¢ perhaloalkyl, C,_¢ alkenyl, C,_
¢ alkynyl, Cs_jo carbocyclyl, 3—-10 membered heterocyclyl, Cg_1g aryl, 5-10 membered
heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups, or two geminal R%
substituents can be joined to form =0 or =S;

each instance of R* is, independently, selected from Cs alkyl, C,_¢ perhaloalkyl, C,.
¢ alkenyl, Cy_¢ alkynyl, Cs_y9 carbocyclyl, Co.19 aryl, 3—-10 membered heterocyclyl, and 3-10
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups;

each instance of R is, independently, selected from hydrogen, C;.¢ alkyl, Ci_4
perhaloalkyl, Co_4 alkenyl, Cy¢ alkynyl, C;-1p carbocyclyl, 3—10 membered heterocyclyl, Cs_
10 aryl and 5-10 membered heteroaryl, or two R groups are joined to form a 3-14 membered
heterocyclyl or 5~14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, |
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 R® groups; and

cach instance of R®® is, independently, halogen, ~CN, ~NO,, N3, ~SO,H, ~SO;H, —
OH, —OCi.¢ alkyl, ~ON(Ci_¢ alkyl),, ~N(Cj-¢ alkyl)s, ~N(C1_s alkyl); X", -NH(C ¢
alkyl), X", -NH(C1_¢ alkyl) "X, -NH; X", -N(OC)_¢ alkyl)(C)_s alkyl), -N(OH)(C_¢ alkyl),
-NH(OR), —-SH, -SC\_s alkyl, ~SS(Ci- alkyl), -C(=0)(Ci-¢ alkyl), ~CO,H, ~CO,(C/_¢
alkyl), ~OC(=0)(Cy alkyl), -OCO,(C;s alkyl), ~C(=O)NH,, ~C(=O)N(C.¢ alkyl),, —
OC(=0O)NH(Cy_¢ alkyl), -NHC(=0O)( C ¢ alkyl), -N(C -6 alkyl)C(=O)( C;_¢ alkyl), —
NHCO,(C1 alkyl), -NHC(=0)N(C)_s alkyl);, -NHC(=O)NH(C - alkyl), ~NHC(=O)NHs,,
~C(=NH)O(Cy-¢ alkyl),~OC(=NH)(C ¢ alkyl), -OC(=NH)OC/_¢ alkyl, ~C(=NH)N(C_4
alkyl)s, -C(=NH)NH(C-¢ alkyl), -C(=NH)NH,, -—-OC(E=NH)N(C,¢ alkyl),,

6¢c
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~OC(NH)NH(C alkyl), -OC(NH)NH,, -NHC(NH)N(C,_¢ alkyl),, ~NHC(=NH)NH,, —
NHSOy(Cy ¢ alkyl), —=SO2N(C s alkyl)z, ~SO,NH(C)¢ alkyl), —~SO;NH,,~S0,C)_¢ alkyl, -
S0,0C-¢ alkyl, ~OSO,C)_ alkyl, ~SOC alkyl, —~Si(C\_¢ alkyl);, ~OSi(C16 alkyl); —
C(=S)N(C alkyl)z, C(=S)NH(Cs alkyl), C(=S)NH,, -C(=O)S(C ¢ alkyl), -C(=8)SC/.¢
alkyl, ~SC(=S)SC\_¢ alkyl, -P(=0)x(C¢ alkyl), —P(=0)(Ci-s alkyl),, ~OP(=0)(C;_s alkyl),, —
OP(=0)(OC¢ alkyl),, C1-s alkyl, Ci-¢ perhaloalkyl, Cy ¢ alkenyl, Cy_¢ alkynyl, Cs-1o
carbocyclyl, Cg_19 aryl, 3—10 membered heterocyclyl, 510 membered heteroaryl; or two
geminal R® substituents can be joined to form =0 or =S; wherein X is a counterion;

R? R’ R%and R’ are independently —H, -F, -Cl, -CN, CHj, -CFs, CHF,, -C(O)NH,, -
OH, -0C;4alkyl, or —OCF3; or R® and R’ are taken together to form a 5-6 membered fused
heterocyclcely or heteroaryl,

each R* is independently hydrogen, or Cy.4 alkyl.
In an embodiment, there is provided a compound as defined above, wherein the compound is
an MNK1 and/or MNK2 inhibitor.
In another embodiment, the present disclosure relates to pharmaceutical compositions
comprising these compounds and to their use for the preparation of a medicament for the
prophylaxis and treatment diseases associated with a dysfunction linked to MNK1 and
MNK2 pathway, where MNK1 and MNK2 play arole (MNK overexpression, elF4E
overexpression, P38 MAPK
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kinase pathway), such as but not limited to, cancer (blood and solid tumors), inflammatory
conditions, Alzheimer’s disease, metabolic disorders (obesity, diabetes) as well as methods of
treatment of these disorders using compounds described herein as single agents or in
combination with one or more additional agents. In some embodiments, an additional agent is a
kinase inhibitor. In some embodiments, an additional agent is an mTOR inhibitor. Exemplary
mTOR inhibitors include sirolimus, temsirolimus, everolimus, and ridaforolimus. In some
embodiments, an additional agent is a PI3-kinase inhibitor. Exemplary P13-kinase inhibitors
include wortmannin, demethoxyviridin, LY294002, perifosine, CAL101, PX-886, BEZ235,
SF1126, INK1117, INK1197, IPI-145, GDC-0941, BKM120, X1.147, X765, palomid 529,
GSK1059615, ZSTK474, PWT33597, IC87114, TG100-115, CAL263, P1-103, GNE-477,
CUDC-907, GSK 2126458, GDC-0980, PF-46915032, CAL263, SF1126 and PX-886. In some
embodiments, the PI3-kinase inhibitor inhibits PI3K—d, PI3K-B, PI3K~y, and/or PI3K-5.

In another aspect, there is provided a composition comprising a compound as defined above or a
pharmaceutically acceptable form thereof, and a pharmaceutically acceptable excipient.

In another aspect, there is provided an in vitro method of inhibiting MNK.1 and/or MNK2 in a
cell comprising administering to a cell a compound as defined above, or a pharmaceutically
acceptable form thereof, or a composition as defined above.

In another aspect, there is provided a use of a compound as defined above, or a pharmaceutically
acceptable form thereof, or a composition as defined above, in the manufacture of a medicament
for treating a MNK1 — or MNK2 —related disorder, wherein the disorder is cancer, Alzheimer’s
disease, obesity, diabetes or inflammation associated with acne, asthma, arteritis, polyarteritis,
temporal arteritis, periarteritis nodosa, Takayasu’s arteritis, arthritis, crystalline arthritis,
osteoarthritis, psoriatic arthritis, gouty arthritis, reactive arthritis, rheumatoid arthritis, and
Reiter’s arthritis, ankylosing spondylitis, amylosis, amyotrophic lateral sclerosis, autoimmune
diseases, allergies or allergic reactions, atherosclerosis, bronchitis, bursitis, chronic prostatitis,
conjunctivitis, Chagas disease, chronic obstructive pulmonary disease, cermatomyositis, dry eye
syndrome, diverticulitis, diabetes, type I diabetes mellitus, type 2 diabetes mellitus, a skin
condition, psoriasis, eczema, burns, dermatitis, pruritus, endometriosis, Guillain-Barre
syndrome, infection, ischaemic heart disease, Kawasaki disease, glomerulonephritis, gingivitis,
hypersensitivity, headaches, migraine headaches, tension headaches, ileus, postoperative ileus
and ileus during sepsis, idiopathic thrombocytopenic purpura, interstitial cystitis, prostatitis,

appendicitis, Blau
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syndrome, blepharitis, bronchiolitis, cervicitis, cholangitis, cholecystitis, chronic recurrent
multifocal osteomyelitis (CRMO), cryopyrin associated periodic syndrome (CAPS),
dacryoadenitis, dermatomyositis, dry eye syndrome, encephalitis, endocarditis, endometritis,
enterocolitis, epicondylitis, epididymitis, familial cold-induced autoinflammatory syndrome,
familial Mediterranean fever (FMF), fasciitis, fibrositis, hepatitis, hidradenitis suppurativa,
laryngitis, mastitis, meningitis, mevalonate kinase deficiency (MKD), Muckle-Well
syndrome, myelitis, myocarditis, myositis, nephritis, oophoritis, orchitis, osteitis,
inflammatory osteolysis, otitis, pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis,
pleuritis, phlebitis, pneumonitis, pneumonia, proctitis, pulmonary fibrosis, pyelonephritis,
pyoderma gangrenosum and acne syndrome (PAPA), pyogenic sterile arthritis, rhinitis,
salpingitis, sinusitis, stomatitis, synovitis, TNF receptor associated periodic syndrome
(TRAPS), tonsillitis, undifferentiated arthropathy, uveitis, vaginitis and vulvitis,
gastrointestinal disorder, peptic ulcers, regional enteritis, diverticulitis, gastrointestinal
bleeding, eosinophilic gastrointestinal disorders, eosinophilic esophagitis, eosinophilic
gastritis, eosinophilic gastroenteritis, cosinophilic colitis, gastritis, diarrhea, gastroesophageal
reflux disease (GERD), inflammatory bowel disease (IBD), Crohn’s disease, ulcerative
colitis, collagenous colitis, lymphocytic colitis, ischaemic colitis, diversion colitis, Behcet’s
syndrome, indeterminate colitis, inflammatory bowel syndrome (IBS), lupus, multiple
sclerosis, morphea, myeasthenia gravis, myocardial ischemia, nephrotic syndrome,
pemphigus vulgaris, pernicious aneaemia, peptic ulcers, polymyositis, primary biliary
cirrhosis, neuroinflammation associated with brain disorders, Parkinson’s disease,
Huntington’s disease, progressive supranuclear palsy, corticobasal degeneration,
frontotemporal lobar degeneration, Pick's disease , Lewy body disease, oamyotropic lateral
sclerosis (ALS), Alzheimer’s disease, prostatitis, chronic inflammation associated with
cranial radiation injury, pelvic inflammatory disease, reperfusion injury, regional enteritis,
rheumatic fever, systemic lupus erythematosus, schleroderma, scierodoma, sarcoidosis,
spondyloarthopathies, Sjogren’s syndrome, thyroiditis, transplantation rejection, tendonitis,
trauma or injury, frostbite, chemical irritants, toxins, scarring, burns, physical injury,
vasculitis, vitiligo and Wegener’s granulomatosis, acute inflammatory condition, chronic

inflammatory condition, trauma, non-inflammatory myalgia or cancer.
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In yet another embodiment, the present disclosure describes methods for the synthesis and
isolation of a compound of Formula (I), such as, for example, substituted 3,6-
diphenylimidazo[1,2-a]pyridine; 3,6-diphenylimidazo[1,2-alpyrazine; 3,6-
diphenylimidazo[1,2-b]pyridazine; 3,5-diphenylpyrazolo[1,5-a]pyrimidine; 1,6-diphenyl-1H-
imidazo(4,5-c]pyridine; 1,6-diphenyl-1H-benzo[d]imidazole.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 demonstrates that Example 6 (ETC-10445-3), Example 1 (ETC-5336) and Example
2 (ETC-6740) prevent elF4E phosphorylation in BC-CML cell lines and primary cells. (A)
Western blot analysis of K562 cell lines treated with various concentrations of compounds
for 24 h. (B-D) BC-CML cells were treated with various compounds for 48 h. 48 hours post
drug treatment, cells were harvested for immunofluorescence analysis for nuclear active p-

catenin and phosphor-eIF4E level.

Figure 2 shows the effects of Example 6 (ETC-0445-3), Example 1 (ETC-5336), and
Example 2 (ETC-6740) on serial replating efficiency of BC-CML primary cells. Colony
forming and serial replating assays were performed on normal and BC-CML primary
samples. CD34+ cells from (A) cord blood and (B-D) BC CML cells were treated with
compounds for 48 hr. Forty-eight hours post drug treatmnent, 1 x 10* cells were plated for
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. colony-forming cell (CFC) assay; colonies were enumerated and individually picked for
serial replating. The serial replating efficiency was assessed by the ability of individual

clones to replate to the third plating over 8 weeks and d_isplay.éd as percentage relative to the

first colony forming assay readout.

- Figure 3 demonstrates that Example 176 (ETC-7114) and Example 62 (ETC-7168) prevent

eIF4E phosphorylation in BC-CML cell line. (A) Western blot analysis of K562 cell line
treated with various concentration df compbunds for 24 h. Samples from BC-CML patients
were treated with various compounds for 24 h. 24 hours post drug treatment, cells were
harvested for immunofluorescence analysis for npclear active beta-catenin and phosphor-

elF4E level.

Figure 4 shows the pathway connection between MNK and mTOR (PNAS 2010, 107 (32),
13975-13976). ‘ ‘

‘ DEFINITIONS .
Chemical definitions

Definitions of specific functlonal groups and chemical terms are descmbed in more detaxl

‘ below. The chemlcal elements are 1dent1ﬁed in accordance w1th the Periodic Table of the

Elements, CAS version, Handbook of Chemzst;jy and Physics, 75 Ed 1n31de cover and
speeific functional groups are generally defined as described therein. Additionally, general

- principles of organic chemistry, as well as specific functional moieties and reactivity, are

" deseribed in Thomas Sorrell, Organic Chemistry, University Science Books, Sausalito, 1999;

Smith and March, March’s Advanced Organic Chemistry, 5® Edmon John Wiley & Sons,
Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers, ,
Inc., New York, 198 9: and Carruthers, Some Modern Methods of Organic Syn_thesis, 3
Edition, Cambridge University Press, Cambridge, 1987 | o

Compounds described herein can compnse one or more asymmetric centers, and thus can _
exist in various isomeric forms, ¢.g., enantiomers and/or diastereomers. For example, the
compounds described herein can be in the form of an individual enantiomer, diastereomer or
geometric isomer, or can be in the form of a mixture of stereoisomers, including racemic

mixtures and mixtures enriched in one or more sterecisomer. Isomers can be isolated from

mixtures by méthods known to those skilled in the art, including chiral high pressure liguid
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chromatography (HPLC) and the formation and crystallization of chiral salts; or preferred
isomers can be prepared by asymmetnc syntheses See, for example, Jacques et al.,
Enantiomers, Racemates and Resolutions (Wiley Interscwnce New York, 1981); Wilen et
al., Tetrahedron 33:2725 (1977); Eliel, Stereochemistry of Carbon Compounds (McGraw—
Hill, NY, 1962); and Wilen, Tables of Resolving Agents and Optzcal Resolutions p. 268 (E. L
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972) The invention addmonally

‘encompasses compounds described herein as individual isomers substantially free of other

isomers, and alternatively, as mixtures of various isomers.

The term “aliphatic,” as used herein, includes both saturated and unsaturated, nonéromatic, :

straight chain (i.e., unbranched), branched, acyclic, and cyclic (i.e., carbocyclic)

hydrocarbons and combinations thereof In some embodiments; an aliphatic group 1s

~optionally substltuted with one or more functlonal groups. As w111 be appreciated by one of

ordinary skill in the art, “aliphatic” is intended herein to include, but is not limited to, alkyl,

alkenyl, alkynyl, cycloalkyl, and cycloalkenyl moieties, and cqmbigat_ipns _thereof.

When a range of values is listed, it is intended to encompass each value and sub-range within
the range. For example “C;_¢ alkyl” is intended to ehcompéiss, Cy, Ca, Cs, Cy, Cs, Cq, Cyg,
Ci=s, Ci4, Ci3, Cig, Cas, Cos, Cog, Caos, Cag, Cas, Cogy Css, Cas, and Cs ¢ alkyl.

“Alkyl” refers to a radical of a straight—chain or branched saturated hydrocarbon group
having from 1 to 20 carbon atoms (“Cj_p9 alkyl™). In some embodiments, an alkyl group has

1 to 10 carbon atoms (“C; 10 alkyl”) In some embodlments, an alkyl group has 1 to 9 carbon

- atoms (“Ci-9 alkyl”). In some embodiments, an alkyl group has 1 to 8 carbon atoms (“Cy.3-

-alkyl”). In some embodiments, an alkyl group has 1 to 7 carbon atoms (“Ci7 alkyl”). In

some embodiments, an alkyl group has 1 to 6 carbon atoms (“C;¢ alkyl™). In some

embodiments, an alkyl group has 1 to 5 carbon atoms (“Ci-s alkyl”) In some embodiments,

~an alkyl group has 1 to 4 carbon atoms (“CH alkyl”) In some embodiments, an alkyl group

'has 1 to 3 carbon atoms (“C1_3 alkyl”). In some embodlments an alkyl group has 1. to 2

carbon atoms (“Cy- alkyl”). In some embodunents an alkyl group has 1 carbon atom (“Cl
alkyl”). In some embodiments, an alkyl group has 2 to 6 carbon atoms (“Cy¢ alkyl™).
Examples of Cy¢ alkyl groups include methyl (C)), ethyl (C3), n—propyl (Cs), isopropyl (C;),
n-butyl (C4), tert-butyl (Cy), sec-butyl (C,), iso-butyl (Cs), n—pentyl (Cs), 3—pentanyl (Cs),
amyl (Cs), neopentyl (Cs), 3—methyl-2-butanyl (Cs), tertiary amyl (Cs), and n—hexyl (Cg).
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Additional examples of alkyl groupé include n—heptyl (Cs), n—octyl (Cs) and the like. Unless.
otherwise specified, each instance of an alkyl group is independently optionally substituted,
i.e., unsubstitited (an “unsubstituted alkyl™) or substituted (a “substituted alkyl™) withA one or
more substituents. In certain elnbodiments, the alkyl group is unsubstituted C;_;o alkyl (e.g.,
—CHs). In certain embodiinents, the alkyl group is-substituted C;_; alkyl. .

“Alkenyl” refers to a radical of a straight—chain or branched hydrocarbon group having from

2 to 20 carbon atoms, one or more carbon—carbon double bonds, and no triple bonds (“Cj_2

- alkenyl”). In some embodiments, an alkenyl group has 2 to 10 carbon atoms (“Cy_y9

alkenyl”). In some embodiments, an alkenyl group has 2 to 9 carbon atoms (“Cs_o alkenyl”).
In some embodiments, an alkenyl group has 2 to 8 carbon atoms (“C,_g alkenyl”). In some
embodiments, an alkenyl group has 2 to 7 carbon atoms (“Cz-7 alkenyl”). In some
embodiments, an aikenyl group has 2 to 6 carbon atoms (;‘C24 alkenyl”) In-some .
embodxments an alkenyl group has 2 to 5 carbon atoms (“Ca-s alkenyl”) In some
embodlments an alkenyl group has 2 to 4 carbon atoms (“Cz-4 alkenyl”) In some

embodiments, an alkenyl group has 2 to 3 carbon atoms (“Cyp.3 alkenyl”). In some

" embodiments, an alkenyl group has 2 carbon atoms (“C2 alkenyl”) ~ The one or more

carbon—carbon double bonds can be internal (such as in 2-butenyl) or terminal (such as in 1—
butenyl). Examples of Cz4 alkenyl groups inctude ethenyl (Cs), 1-propenyl (C;), 2-propenyl
(Cs), 1-butenyl (Cy), 2-butenyl (Cy), butadienyl (Cy), and the hke Examples of C; élkenyl
groups include the aforementioned Cy4 alkenyl groups as well as pentenyl (Cs), pentadienyl
(Cs), hexenyl (C¢), and the like. Additional exémples of alkenyl include heptenyl (C-),

octenyl (Cg), octatrienyl (Cg), and the like. Unless otherwise specified, each instance of an

. alkeny! group is independently optionally substituted, i.e., unsubstituted (an “unsubstituted

alkenyl”) or substituted (a “substituted alkenyl”) with one or more substituents. In certain

embodiments, the alkenyl group is unsubstituted C.yo alkenyl. In certain émbodiments, the

-alkenyl group is substituted C,_yo alkenyl.

“Alkynyl” refersto a radical of a straight—chain or branched hydrocarbon group havmg from

2 to 20 carbon atorns, one or more carbon—carbon triple bonds, and optionally one or more
double bonds (“Cyp alkynyl”). In some embodiments, an alkynyl group has 2 to 10 carbon
atoms (“Coyp alkynyl”). In some embodiments, an alkynyl group has 2 to 9 carbon atoms
(“Cz-9 alkynyl™). In some embodiments, an alkynyl group has 2 to 8§ carbon atoms (“C,_g

alkynyl”). In some embodiments, an alkynyl group has 2 to 7 carbon atoms (“Cp-; alkynyl”).
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In some embodiments, an alkyny] group has 2 to 6 carbon atoms (“C,- alkynyl”). In some

- embodiments, an alkynyl group has 2 to 5 carbon atoms (“Cz-s alkynyl”). In some

embodiments, an alkynyl groixp has 2 to 4 carbon atoms (“Cz4 alkynyl”). In some

embodiments, an alkynyl group has 2 to 3 carbon atoms (“Cy—3 alkynyl”). In some

embodiments, an alkynyl group has 2 carbon atoms (“C; alkynyl”). The one or more carbon—

carbon triple bonds can be internal (such as in 2-butynyl) or terminal (such as in 1-butynyl).
Examples of C;4 alkynyl groups include, without limitation, ethynyl (C,), 1-propynyl (Cs),
2~propynyl (Cs), 1-butynyl (Cs), 2-butynyl (C4), and the like. Examples of C,.¢ alkenyl
groups include the aforementioned C 4 alkynyl groups as well as pentynyl (Cs), hexynyl
(Csj, and the like. Additional examples of alkynyl include heptynyl (C), octynyl (Cy), and
the like. Unless otherwise specified, each instance of an alkynyl group is independently

~ optionally substituted, i.e., unsubstituted (an ‘}‘un“substituted alkynyl™) or substituted (a

- “substituted alkynyl”) with 6ne or more substituents In certain embodiments the alkynyl

group is unsubstltuted C2 10 alkynyl. In certain embodlments the alkynyl group is substztuted
Cz_ 10 alkynyl

“Carﬁocyclyl” or carbocychc refers toa radical of a non—aromatic cychc hydrocarbon
group havmg from 3 to 10 tmg carbon atoms (“Cs_jp carbocyclyl”) and zero heteroatoms in
the non-aromatic ring system. In some embodiments, a carbocyclyl group has 3 to 8 ring B
carbon atoms (“Cs-g carbocyclyl™). In-seme embodiments, a carbocyclyl group has 3 to. 6.
ring carbon atoms (“Cj_g carbocyclyl”). In some embodiments, a carbocyclyl group has 3 to 6
ring carbon atoms (“Cs¢ carbocyclyl”). In some embodiments, a carbocyclyl groﬁp has 5 to

10 ring carbon atoms (“Cs-10 carbocyclyl™). Exemplary Cs_¢ carbocyclyl groups include,

- without limitation, cyclopropyl (C3), cyclopropenyl (Cs), cyclobutyl (Cs), cyclobutenyl (Cy),
25 -

cyclopentyl (C5) cyclopentenyl (C5) cyclohexyl (Cs), cyclohexenyl (CG), cyclohexadienyl
(Cs), and the like. Exemplary Cs-g carbocyclyl groups include, without hmlta’aon the
aforementioned C;_¢ carbocyclyl groups as well as cycloheptyl (C7), cycloheptenyl (C7),
éycloheptadienyl (C7), cycloheptatrienyl (C;), cyclooctyl (Cg), cyclooctenyl (Cs),

_bicyclo[2.2.1Theptanyl (C5), bicyclo[2.2.2]octanyl (Cs), and the like. Exémplary C;m '

carbocyclyl gfoups include, without limitation, the aforementioned Cs_g carbocyelyl groups
as well as cyclononyl (Cyg), cyclononenyl (Cg), cyclodecyl (Cio), cyclodecényl (Cio),
octahydro—1H-indenyl (Cs), decahydronaphthalenyl (Cg), spiro{4.5]decanyl (Cq), and the
like. As the foregoing examples illustrate, in certain embodiments, the carbocyclyl group is

either monocyclic (“monocyclic carbocyclyl”) or contain a fused, bridged or spiro ring
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system such as a bicyclic system (“bicyclic carbocyclyl”) and can be saturated or can be
partially unsaturated. “Carbocyclyl” also includes ring systems wherein the carbocyclyl ring,
as defined above, is fused with one or more aryl or heteroaryl groups wherein the point of o
attachment is on the carbocyclyl ring, and in such instances, the number of carbons continue
to designate the number of carbons in the carbocyclic.n'ng system. Unless otherwise
specified, each instance of a carbocyclyl group is independently optionally substituted, i.e.,
unsubstituted (an “unsubstituted carbocyclyl”) or substituted (a “substituted carbocyclyl”)
with one or more substituents. In certain embodiments, the carbocyclyl group is
unsubstituted Cy_1g carbocyclyl; In certain embodiments, the carbocyclyl group is a

subétituted Cs_y0 carbocyclyl.

In some embodiments, “carbocyelyl” is a monocyclic, saturated carbocyclyl group having

- from 3 to 10 ring carbon atoms (“Cs_3 cycloalkyl”). In some embodiments, a cycloalkﬁ

group has 3 t0 8 ring carbon atoms (“Ca_g cycloalkyl”). In some embodiments, a cycloalkyl
group has 3t0 6 ﬁng carbon atoms (“Cs— cycloalkyl”). In some embodiments, a cycloalkyl
group has 5 to 6 ring carbon atoms (“Cs.s cycloalkyl™). In some embodiments, a cycloalkyl
group has 5 to 10 ring carbon atoms (“Cs-_1¢ cycloalkyi”). Examples of Cs_g cycloalkyl
groups include cyclopentyl (Cs) and cyclohexyl (Cs). Examples of Cs4 cycloalkyl groups
include the aforementioned Cs_g cycloalkyl groups as well as cyclopropyl (Cs) and cyclobutyl ‘
(C4). Examples of Cs_g cycloalkyl groups include the aforementioned Cs¢ cycloalkyl groups
as well as cycloheptyl (C7) and cyclooctyl (Cg). Unless otherwise specified, each instance of

‘a cycloalkyl group is independently unsubstituted (an “unsubstituted cycloalkyl”) or

substituted (a “substituted cycloalkyl”) with one or more substituents. In certain
embodiments, the cycloalkyl group is unsubstituted Cs_jo cycloalkyl. In certain
embodiments, the cycloalkyl group is substituted C;_1¢ cycloalkyl.

* “Heterocyclyl” or “heterocyclic” refers to a radical of a 3— to 10~membered non—aromatic

ring system having ring carbon atoms and 1 to 4 ring heteroatoms, wherein each heteroatom
is independently selected from nitrogen, oxygen, and sulfur (“3-10 membered heterocyclyl”).
In héterocyclyl groups that contain one or more nitrogen atoms, the point of attachment can
be a carbon or nitrogen atom, as valency permits. A heterocyclyl group can either be
monocyclic (“monoeyclic heterocyclyl”) or a fused, bridged or spiro ring system such as a
bicyclic system (“bicyclic heterocyclyl”), and can be saturated or can be partially unsaturated.

Heterocyclyl bicyclic ring systems can include one or more heteroatoms in one or both rings.
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“Heterocyclyl” also includes ring systems wherein the heterocyclyl ring, as defined above, is

~ fused with one or more carbocyclyl groups wherein the point of attachment is either on the

carbocyclyl or heterocyclyl ring, or ring systems wherein the heterocyclyl ring, as defined
above, is fused with one or more aryl or heteroaryl groups, wherein the point of attachment is
on the heterocyclyl ring, and in such instances, the number of ring members continue to
designate the number of ring members in the heterocyclyl ring system. Unless otherwise
specified, each instance of héterocyclyl is independently optionally substituted, i.e.,

with one or more substituents. In certain embodlments the heterocyclyl group is

unsubstxtuted 3—-10 membered heterocyclyl. In certain embodlments the heterocyclyl group

- is substituted 3—10 membered heterocyclyl.

In some embodiments, a heterocyclyl grou}pb is a 5~10 membered non—aromatic ring sys’éem

having ring carbon atoms and 14 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, .and sulfur (“5-10 membered heterocyclyl™).
In some embodiments, a heterocyclyl group is a 5-8 membered non-aromatic ring system
havmg rmg carbon atoms and 1-4 ring heteroatoms, wherem each heteroatom is

1ndependently selected from nitrogen, oxygen, and sulfur (“5~8 membered heterocyclyl”) In

‘some embodiments, a heterocy.clyl groupis a 5-6 membered non-—aromatic ring system

having ring carbon atoms and 14 ring heteroatoms, wherein each heteroatom is

independently selected from nitrogen, oxygen, and sulfur (“5-6 membered heterocyclyl™). In

‘some embodiments, the 5-6 membered heterocyclyl has 1-3 ring heteroatoms selected from

mtrogen, oxygen, and sulfur. In some embodxmcnts the 5-6 membered heterocyclyl has 1-2

. ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6

‘membered heterocyclyl has one ring heteroatom selected from nitrogen, oxygen, and sulfur.

Exemplary 3-membered heterocyclyl groups containing one heteroatom include, without
limitation, azirdinyl, oxiranyl, thiorenyl. Exemplary'4—membefed heterocyclyl groups |
containing one heteroatom include, without limitation, azetldlnyl oxetanyl and thletanyl
Exemplary- 5-membered heterocyclyl groups contammg one heteroatom 1nc1ude without
limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothlophenyl, dihydrothiophenyl,
pyrrolidinyl, dihydropyrr’olyl’ and pyrrolyl-2,5—dione. Exemplary S%mcmbered heterocyctlyl

groups containing two heteroatoms include, without limitation, dioxolanyl, oxasulfuranyl,

disulfuranyl, and oxazolidin-2-one. Exemplary 5S-membered heterocyclyl groups containing
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three heteroatoms include, without limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl.
Exemplary 6-~membered heterocyclyl groups containing one heteroatom include, without
limitation, piperidinyl,.tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6—
mern_beredhheterocyclyl groups containing two heteroatoms include, without limitation,
piperazinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6-membered hetérocyclyl
groups containing two heteroatoms include, without limitation, triazinanyl. Exemplary 7-

membered heterocyclyl groups containing one heteroatom include, without limitation,

azepanyl, oxepanyl and thiepanyl. Exemplary 8—membered heterocyclyl groups containing

one heteroatom include, without limitation, azocanyl, oxecanyl and th1ocany1 Exemplary 5- -

membered heterocyclyl groups fused to a Cg aryl ring (also referred to herein as a 5,6-bicyclic

~heterocyclic ring) include, without limitation, mdohnyl,‘lsomdolmyl, dihydrobenzofuranyl,

dihydrobenzothienyl, benzoxazolinonyl, and the like. Exemplary 6-membered heterocyclyl
groups fused to an aryl ring (also referred to herein as a 6,6-bicyclic heterocyclic ring)

include, without limitation, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and the like.

“Aryl” refers to a radical of a monocyclic or polycyclic (e.g., bicyclic or tricyclic) 4n+2
aromatic nng system (e.g., havmg 6, 10 or 14 n electrons shared in 2 cyclic array) havmg 6~

14 ring carbon atoms and zero heteroatoms provided in the aromatic ring system (“Ce-14

" aryl”). In some embodiments, an aryl group has six ring carbon atoms (“Cg aryl”; e.g.,
-phenyl). -In some embodiments, an aryl group has ten ring carbon atoms (“Cyg aryl”; e.g.;

" naphthyl such as 1-naphthyl and 2-naphthyl). In some embodiments, an aryl group has

fourteen ring carbon atoms (“Cj4aryl”; e.g., anthracyl). “Aryl” also includes ring systems

wherein the ai*yl ring, as defined above, is fused with one or more carbocycly! or heterocyclyl

- groups wherein the radical or point of attachment is on the aryl ring, and in such instances,

the number of carbon atoms continue to designate the number of carbon atoms in the aryl ring
system. Unless otherwise specified, each instance of an aryl group is independently
optionally substituted, i.e., unsubstituted (an “unsubstituted aryl”) or substituted (a
“substituted aryl”) with one or more substituents. In certain embodiments, the aryl group is

unsubstituted Ce14 aryl. In certain embodiments, the aryl group is$substituted Ce-14 aryl.

' “Heteroaryl” refers to a radlcal of a 5-10 membered monocyclic or bicyclic 4n+2 aromatic

ring system (e.g., having 6 or 10 = electrons shared in a cyclic array) having ring carbon

atoms and 14 ring heteroatoms provided in the aromatic ring system, wherein each
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heteroatom is independently selected from nitrogen, oxygen and sulfur (*5-10 membered
heteroaryl”). In hetéroaryl groups that contain one or more nitrogen atoms, the point of
attachment canbea carbon or nitrogen atom, as valency permxts Heteroaryl bicyclic nng
systems can 1nclude one or more heteroatoms in one or both rmgs “Heteroaryl” includes
ring systems wherein the heteroaryl ring, as defined above, is fused with one or more
carbocyclyl or heterocyclyl groups wherein the point of attachment is on the Betéroafyl ring,
and in such instances, the number of ring members continue to designate the number of ring

members in the heteroaryl ring system. “Heteroaryl” also includes ring systems wherein the

‘heteroaryl ring, as defined above, is fused with one or more aryl groups wherein the point of

attachment is either on the aryl or heteroaryl ring, and in such instances, the fumber of ring
members designates the number of ring members in the fused (aryl/heteroaryl) ring system.
Bicyclic heteroaryl groups wherein one ring does not contam a heteroatom (e. g mdolyl
qumolmyl carbazolyl, and the like) the point of attachment can be on either ring, i.e., elther
the ring beanng a heteroatom (e.g., 2—indolyl) or the ring that does not contain a heteroatom
(e.g., 5-indolyl).

In some embodiments, a heteroaryl group is a 5-10 membered aromatic ring system having

ring carbon atoms and 1~4 ring heteroatoms provided in the aromatic ring system, wherein

. each heteroatom1smdependenﬂy selected from mtrogen, oxygen, and sulfur (“5,—10
-membered heteroaryl”). In some embodiments, a heteroaryl group is a 5-8 membered

* aromatic ring system having ring carbon atoms and 14 ring heteroatoms provided in the

aromatic ring system, wherein each heteroatom is independently selected from nitrogen,
oxﬁrgeﬁ, and sulfur (“5-8 membered hetéro‘aryl”)'. In some embodiments, a heteroaryl group ‘

is a 5-6 membered aromatic ring system having ring carbon atoms and 14 ring heteroatoms

_provided in the aromatic ring system, wherein each heteroatom is independently selected

from nitrogen, oxygen, and sulfur (“5-6 membered heteroaryl™). In some embbdiments, the
5-6 membered heteroaryl has 1-3 ring heteroatoms selectéd from nitrogen, oxygen, and
sulfur. In some embodiments, the 5-6 membered heteroaryl has 1-2 ring heteroatoms
selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6 membered
heteroéryl has 1 ring heteroatom selected from nitrogen, oxygen, and sulfur. Unless

otherwise specified, each instance of a heteroaryl group is independently optionally

substituted, i.e., unsubstituted (“unsubstituted heteroaryl”) or substituted (“substituted

heteroaryl”) with one or more substituents. In certain embodiments, the heteroaryl group is
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unsubstituted 5-14 membered heteroaryl. In certain embodiments, the heteroaryl group is
substituted 5—14 membered heteroaryl. ‘ '

Exemplary S-membered heteroaryl groups containing one heteroatom include, without

limitation, pyrrolyl, furanyl and thiophenyl; Eieﬁnplary S-membered heteroaryl groups

.containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl, oxazolyl, -

isoxazolyl, thiazolyl, and isothiazolyl. Exemplary 5-membered heteroaryl groups containing

three heteroatoms include, without limitation, triazolyl, oxadiazblyl, and thiadiaiolyl.

‘Exemplary 5-membered heteroaryl groups centaining four heteroatoms include, without

limitation, tetrazolyl. Exemplary 6-membered heteroaryl groups containing one heteroatom -

include, without limitation, pyridinyl. Exemplary 6-membered heteroaryl groups containing
two heteroatoms ihclude, without limitation, pyridazinyl, pyrimidinyl, ard pyrazinyl.
Exemplary 6~mefnbered heteroaryl groups containing three or four heteroatoms include,
without limitaﬁoﬁ, triazinyl and tetrazinyl, respectively. Exemplary T-membered heteroaryl
gfoups containing one hetéroatom include, without limitation, azepinyl, oxepinyl, and
thiepinyl. Exemplary 5,6-bicyclic heteroaryl groups include, without limitation, indolyl,
isoindolyl, indazolyl, benzotriazolyl, benzothiophenyl, isobenzothiophenyl, benzofufanyl, |

benzoisofuranyl, benzimidazolyl, benzoxazolyl, bcniisoxazolyl, benzoxadiazolyl,

benzthiazolyl, benzisothiazolyl, benzthiadiazolyl, indolizinyl, and purinyl; Exemplary 6,6-

bicyclic heteroaryl gl;oups include, without limitation, naphthyridinyl, pteridinyl, quinolinyl,

1soquinolinyl, cinnblinyl, quinoxalinyl, phthalazinyl, and quinazolinyl.

“Partially unsaturated” refers to a group that includes at least oneAdo;_lblc or triple bond. The

- term “partially unsaturated” is intended to encompass rings having multiple sites of

unsaturation, but is not intended to include aromatic groups (e.g., aryl or heteroaryl groups)
as herein defined. Likewise, “saturated” refers to a group that does not contain a-double or

triple bond, i.e., contains all single bonds.

Alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl groups, as defined
herein, are optionally substituted (e.g., “substituted” or “unsubstituted” alkyl, “substituted” or
“unsubstituted” alkenyl, “subsﬁtuted’? or “unsubstituted” alkynyl, “substituted” or
“unsubstituted” carbocyclyl, “substituted” or “unsubstituted” heterocyclyl, “substituted” or
“unsubstituted” aryl or “substituted” or “unsubstituted” heteroaryl group). In general, the

term “substituted”, whether preceded by the term “optionally” or not, means that at least one
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hydrogen present on a group (e. g., a carbon or nitrogen atom) is replaced with a permissible
substituent, e.g., a substituent which upon substitution results in a stable compound, e.g., a
compound which does not spontaneouély undergo transformation such as by reafrangement, v.
cyclization elimination, or other reaction. Unless otherwise indicated, a “substituted” grbup
has a substltuent at one or more substitutable posmons of the group, and when more than one.
position in any given structure is substituted, the substituent is either the same or dszerent at -
each position.. The term “s_ubsntuted’f is contemplated to include substitution with all
permissible substituents of organic compounds, any of the substituents describéd herein that
results in the formation of a stable compound. The present invention contemplétes any and
all such combinations in order to arrive at a stable compound. For purposes of this invention,
heteroatoms such as nitrogen may have hydrogen substituents and/or any suitable substituent

as described herein which satisfy the valencies of the heteroatoms and results in the formation

“of a stable moiety.

Exemplary céu_’b@n atom substituents include, but are not limited to; hélbgen, ~CN, —NOz,v -
N3, ~SO,H, ~SO3H, ~OH, ~OR™, ~ON(R™),, —N(R"™),, -N(R"™),"X", -N(OR*)R®, ~SH, ~
SR™, ~8SR™, -C(=0)R™, ~CO:H, -CHO, ~C(OR*), ~CO;R™, ~OC(=0)R™, ~OCO,R™, ~
C(*O)N(Rbb)g, -OC(—O)N(R"")z, NRbbC( O)R™ ~NR™CO,R®, NRbbC("O)N(Rbb)z,

" C(=NR™)R*, ~C(=NR*)OR™, ~OC(=NR™)R™, ~OC(=NR™)OR™, ~C(=NR")NR™),, -

OC(E=ENRPINR),, ~NRPC(ENRP)N(R ™), ~C(=0)NRPPSO,R®, ~NR™®SO,R*, -
SON(RY),, ~SO,R®, ~S0,0R¥, ~OSO,R™, ~S(=0)R™, ~OS(=0)R™, —Si(R**);, ~OSi(R™)3

" —C(=S)N(R"),, -C(=0)SR™, ~C(=S)SR*™, ~SC(=S)SR®, ~SC(=0)SR*, ~OC(=0)SR™, —

SC(=0)OR™, ~SC(=0)R™, ~P(=0),R™, ~OP(=0),R™, ~P(=0)(R™),, “OP(=O)R*), —

- OP(=0)(OR*)y, ~P(=0):N(R™)2, ~OP(=0);N(R™),, ~P(=0)(NR™®),, ~OP(=0)(NR™),, —

NR"™P(=0)(OR%)z, -NR"*P(=0)(NR™)2, ~P(R*)5, ~P(R™)3, ~OP(R*)z, ~OP(R*)s, ~B(R™),
~B(OR®);, ~-BR¥(OR™), Cy_10 alkyl, C-1o perhaloalkyl, C; 1o alkenyl, Cy_ 10 alkynyl, C1o
carbocyclyl, 3—14 membered heterocyclyl, Ce-14 aryl, and 5~14 membered heteroaryl,
wherein each alkyl, alkenyl alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R® groups; o
or two geminal hydrogens on a carbon atom are replaced with the .group =0, =8,
=NN(R®),, =NNR®C(=0)R*™, =NNR®C(=0)OR*, =NNR™S(=0),R*, =NR™, or =NOR™;
each instance of R* is, independently, selécted from Cy.19 alkyl, C;_jo perhaloalkyl,

Cy-y0 alkenyl, Cy_yg alkynyl, Cs10 carbocyclyl, 3—14 membered heterocyclyl, Cs.14 aryl, and

5-14 membered heteroaryl, or two R*™ groups are joined to form a 3—14 membered
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heterocyclyl or 5-14 membered heteroaryl ring, Wheréin each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl aryl, and heteroaryl is mdependently substituted with 0, 1 2,3,4,
or 5 R™ groups; ' '

each instance of R is, independently, sé_lected from hydrogen, ~OH, ~OR™, —
N(R®)s, ~CN, <C(=0)R™, “C(=O)N(R*)2, ~COR™, ~SO,R*, —C(=NR®)OR®, —
C(=ENREIN(R™),, ~SON(R™),, —=SO.R*, -SO,0R%, ~SOR™, —C(=S)N(R*),, F—C(=O)SR°°, -
C(=S)SR*, ~P(=0)2R*, -P(=O)(R™)z, ~P(=O0):N(R*),, —P(=0)(NR°°)2, Ci-10 alkyl, Cig0
perhaloalkyl, Cz-19 alkenyl, Cy-19 alkynyl, Cs-1q carbocyclyl, 3—14 membered heterocyclyl,
Cé-14 aryl, and 5-14 membered-heteroaryl, or two R™ groups are joined to form a 3-14
merhbered heterocyclyl or 5—~14 membered heteroaryl ring, wherein each alkyl, alkenyl, .
alkynyl, carbocyclyl,. heterocyclyl aryl, and heteroaryl is mdependently substituted with 0, 1,
2,3,4,or5R% groups; , .

each instance of R is, _indepepdently, s‘ele‘(;-ted ffom hy_drog'en,mC!._m alkyl, Cl_;b -
perhaloalkyl, Cz.m alkenyl, Co-10 alkynyl; Cs_y carbocyclyl, 3—-14 fnembered heterocyclyl,
Ce14 aryl; and 5-14 membered heteroéryl, or two R® groups are joinéd to form a 3-14

membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, SR

alkynyl, carbocyclyl heterocyclyl aryl and hcteroaryl is mdependently substituted with 0, 1,
2,3,4,or 5 Rdd groups, '

. each .mstancepf RY is, independently, selected from halogén‘,‘ ~CN, ~NO,, ~Nj, —
SOH, ~SOsH, ~OH, ~OR™, ~ON(R™), -N(R™)s, -NR?;"X", -N(OR®)R", ~SH, -SR*, -
SSR*, ~C(=0)R%, ~COsH, ~CO,R%, ~OC(=0)R, ~OCO,R*, ~C(=O)N(R),, —
OC(=ONRD,, -NREFC(=0)R®, ~NRTCO,R*, -NRIC(=0)N(RS),, ~C(=NRF)OR®, —
OC(=NRHR®, ~OC(=NRMOR*, ~-CENRINR™),, ~OCENRANR),, -
NRICENRHNERD,,-NRESO,R®, ~SO,N(RT),, ~SO0,R%, ~SO,0R®, ~OSO;R%, ~S(=0)R*,
~Si(R*)3, —0Si(R*)s, ~C(=8)N(RT),, ~C(=0)SR*, -C(=S)SR*; ~SC(=S)SR*, ~P(=0),R*, -

© P(=0)(R®),, ~OP(=0)(R*),, ~OP(=0)(OR);, C1_¢ alkyl, Cy_g perhaloalkyl, C;¢ alkenyl, Cy_

¢ alkynyl, C3_j9 carbocyclyl, 3—10 membered heterocyclyl, Cs_1¢ aryl, 5-10 membered
heteroaryl, wherein each alkyl, alkenyl, alkyhyl, carbocyclyl, heterocyclyl, aryl, and ‘
heteroaryl is independently substituted with 0,1,2,3,4, or 5 R® groups, or two geminal R4
substituents can be joined to form =0 or =S;

each instance of R* is, independently, selected from C;-¢ alkyl, C;_¢ perhaloalkyl, C,.-
¢ alkenyl, Cp4 alkynyl, C3_19 carbocyclyl, Ce-10 aryl, 3—'10‘ membered heterocyclyl, and 3-10
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups;
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each instance of R i, independently, selected from hydrogen, Ci alkyl, Ci¢
perhaloalkyl, Co_¢ alkenyl, C§_6 alkynyl, C3_10 carbocyclyl, 3—10 membered heterocyclyl, Cq
10 aryl and 5-10 membered heteroaryl, or two R groupé‘ are joinéd to form a 3-14 membered
heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryi is ihdependeﬁtly Substituted with O‘, 1,2,3,4,

or 5 REE groups; and

each instance of R®® is, independently, halogen, —CN, ~NO,, -N3, —SO,H, -SO;H, —
OH, -0OC_¢ alkyl, -ON(C-¢ alkyl);, —-N(Ci-¢ alkyl)s, ~N(Ci-¢ alkyl);X— , —NH(C,.¢

-~ alkyl); X7, -NHy(Cy-6 alkyl) "X, -NH3"X", -N(OC alkyl)(C ¢ alkyl), ~N(OH)(Cy_s alkyl),

_NH(OH), ~SH, ~SC}_g alkyl, ~SS(Cy¢ alkyl), ~C(=0)(C-s alkyl), ~CO,H, ~CO»(Cy_¢
alkyl), ~OC(=0)(C,s alkyl), ~OCO(Cy¢ alkyl), ~C(=O)NHs, —~C(=0)N(C_¢ alkyl)s, -
OC(=O)NH(C15 alkyl), ~NHC(=0)( C.¢ alkyl), -N(C¢ alky)C(=0)( C.¢ alkyl), -
NHCO,(Cy.¢ alkyl), ~NHC(=0)N(Cy.¢ alkyl), ~NHC(=O)NH(C,¢ alkyl), ~NHC(=O)NH,
—C(=NH)O(C1_s alkyl),~OC(=NH)(C ¢ alkyl), ~OC(=NH)OC'_s alkyl, <C(=NH)N(Cy¢
alkyl), ~C(=NH)NH(C1s alkyl), ~<C(=NH)NH,, ~OC(=NH)N(Cy_ alkyl)y, ~
OC(NH)NH(C s alkyl), ~OC(NH)NH,, ~NHC(NH)N(C ¢ alky}), “NHC(=NH)NHz; ~
NHSO5(Cis alkyl), ~SON(Cs alkyl)s, ~SO;NH(Ci-g alkyl), ~SO,NH,,~S0,C; ¢ alkyl, -
S0,0C ¢ alkyl, ~0S0,C; ¢ alkyl, ~SOC,_¢ alkyl, ~8i(C1s alkyl)s, <OSi(Cy¢ alkyl)s —

"c(as)N(cl,s‘an;yl)Z, C(=S)NH(C- alkyl), C(=S)NH,, -C(=0)S(C}s alkyl), <C(=S)SC1¢

alkyl, ~SC(=S)SC_¢ alkyl, -P(=0),(C1-¢ alkyl), ~P(=0)(C\¢ alkyl);, ~OP(=0)(C;_¢ alkyl),, —
OP (=O)(OC1_5 alkyl)z, Cis alkyl, Cis perhaloalkyl, Cog alkenyl, Cos alkynyl, C3u10
carbocyclyl, Cs19 aryl, 3—10 membered heterocyclyl, 5-10 membered heteroaryl; or two

geminal R® substituents can be joined to form =0 or =S; wherein X" isa counterion.

A “counterion” or “anionic counterion” is a negatively charged group associated with a
cationic quaternary amino group in ovrdef to maintain electronic neutrality. Exemplary
counterions include halide ions (e.g., F~, CI", Br'; 1), NGOy, C1047, OH, H,PO,7, HSOy',
sulfonate ions (e.g., methansulfonate, trifluoromethanesulfonate, p-toluenesulfonate,
benzenesulfonate, 10—camphor sulfonate, naphthalene—2—sulfonate, naphthalene—1-sulfonic
acid—5-sulfonate, ethan—l—sulfonié acid¥2~sulf0nate, and the like), and carboxylate"i.é)ns
(e.g., acetate, ethanoate, propanoate, benzoate, glycerate, lactate, tartrate, glycolate, and the
like).
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“Halo™ or “halogen” refer.s.to fluorine (fluoro, —F), chlorine (chloro, —Cl), bromine (bromo, —

Br), or iodine (iodo, ~I).

Nitrogen atoms can be substituted or unsubstituted as valency permits, and include primary,

secondary, tertiary, and quarternary nitrogen atoms. Exemplary nitrogen atom substitutents
include, but are not limited to, hydrogen, —OH, -OR™, ~N(R"),, ~CN, —C(=O)Raa, —
C(=0)N(R**), -CO,R™, -SO,R™, -C(=NR™)R®, —~C(=NR*)OR*, —~C(=NR*)N(R*),, —
SON(R™), —SO,R%, —80,0R*, -SOR™®, —~C(=S)N(R"),, -C(=0)SR*, -C(=S)SR*, —
P(=0):R™, -P(=0)(R*™)2, ~P(=0):N(R*)z, =P(=0)}(NR*%),, C_10 alkyl, Ci-o perhaloalkyl, C;

10 alkenyl, Ca_y alkynyl, Cs_1o carbocyclyl, 3—14 membered heterocyclyl, Cs_14 aryl, and 5-

14 membered heteroaryl, or two R* groups attached to a nitrogen atom are joined to form a

3~14 membered _hc,texfocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,

alkynyl; carbocyclyl, heterdcyclyl, aryl, and heteroaryl is independently substituted with 0,1,

2,3,4 or 5RY groups, and wherein R R® R and R® are as defined above.

In certain embodiments;-the'siistituént present on a nitrogen atom is a nitrogen protecting

" group (aléo referred to as an amino protécting group). Nitrogen protecting groups include,
but are not limited to, ~OH, —OR®, —-N(R*),, ~C(=O)R®, ~C(=0)N(R®), <CO,R™, —

SO.R™, ~C(=NR®)R™, ~C(=NR*)OR™, ~C(=NR*)N(R ")z, ~SO;N(R®)z, ~SO,R", ~
SO,0R*, -SOR™®, —C(=S)N(R°°)§, —~C(=0)SR*, —~C(=8)SR*, Cj.y9 alkyl (e.g., aralkyl,
heteroaralkyl), Cy_1p alkehyl, Co-10 alkynyl, Cs_1p carbocyclyl, 3—14 membered heterocyclyl,

- Cg-14 aryl, and 5-14 membered heteroaryl groups, wherein each alkyl, alkenyl, alkynyl,

‘carbocyclyl, het’érocyclyl, aralkyl, aryl, and heteroaryIAis independently substituted with 0, 1,
2,3,4,0r5 Rf’.dn.groups, and wherein R®, Rbb, R°°, and R are as defined herein. Nitrogen
protecting groups are well known in the art and include those described in detail in Protecting |
Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3™ edition, John Wiley &

Sons, 1999, incorporated herein by reference.

Amide nitrogen protecting groups (e.g., —C(=0)R™) include, but are not limited to,
formamide, acetamide, chloroacetamide, trichloroacetamide, trifluoroacetamide,
phenylacetamide, 3—phenylpropanamide, picolinamide, 3—pyridylcarboxamide, N~
benzoylphenylalanyl derivative, benzamide, p—phenylbenzamide, o—nitophenylacetamide, o~
nitrophenoxyacetamide, acetoacetamide, (N ’—dithiobenzyloxyacylamino)acetamide, 3~(p-

hydroxyphenyl)propanamide, 3—(o-nitrophenyl)propanamide, 2-methyl—-2—(o—
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nitrophenoxy)propanamide, 2~-methyl-2—(o~phenylazophenoxy)propanamide, 4

chlorobﬁfahamide, 3-methyl-3-nitrobutanamide, o—nitrocinnamide, N-acetylmethionine, o—

“ hiffobeniaﬁiide, and o~(benzoyloxymethyl)benzamide.

Carbamate nitrogen pfotecting groups (e.g., ~C(=0)OR™) include, but are not limited to,
methyl carbamate, ethyl carbamante, 9—fluorenylmethyl carbamate (Fmoc), 92—
sulfo)fluorenylmethyl carbamate, 9—+(2,7-dibromo)fluoroenylmethy! carbamate, 2,7-di—t—
butyl-[9—(10,10-diox0~10,10,10,10-tetrahydrothioxanthyl)Jmethyl carbamate (DBD~Tmoc),
4-methoxyphenacyl carbamate (Phénoc), 2,2 2-trichloroethyl carbémate (Troé), 2~
trimethylsilylethyl carbamate (T eoé), 2-phenylethyl carbamate (hZ), 1-(1-adamantyl)—1-
methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2—-
dibromoethyl carbamate (DB-+~BOC), 1,1—dimethyl——Z,Z,Z—-trichlémethyl carbamate
(TCBOC), l—methylj_-_l——-(%biﬁhenylyl)’ethyl carbamate (Bpoc), 1—(3,5~di—t——butylphcnﬂ)—~1-
methylethyl carbamate (+-Bumeoc), 22~ and 4’—pyridyl)ethyl carbamate (Pyoc), 2—(N,N-
dicyclohexylcarboxamido)ethyl carbamate, f—«_bu£y1 carbamate (BOC), 1-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), 1 '—isopropylaﬂyl‘. S

" carbamate (Ipaoc), cinnamyl carbamate (Coc), 4~n1trocmnamy1 carbamate (Noc) 8~quinolyl

carbamate, N— —hydroxypiperidinyl carbamate alkyldxthlo carbamate, benzyl carbamate (Cbz),

p-methoxybenzyl carbamate (Moz), p-nitobenzy! carbamate, p-bromobenzyl carbamate, p— ~

chlorobenzyl carbamate, 2,4—dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate
(Msz), 9-anthrylmethyl carbamate, diphenylmethy! carbamate, 2-methylthioethyl carbamate,
2-methylsulfonylethyl carbamate, 2—(p—toluenesulfonyl)ethyl carbamate, [2—(1,3—
dithianyl)]methyl carbamate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4~

- dimethylthiophenyl carbamate (Bmpc), 2——phos‘_phoni'oethy1 carbamate (Peoc), 2—

triphenylphosphonioisopropyl carbamate (Ppocj, 1,1-dimethyl-2—cyanoethyl carbamate, m—
chloro-p-acyloxybenzyl carbamate, p—(dihydroxyboryl)benzyl carbamate, 5— .
benzisoxazolylmethyl carbamate, 2—(trifluoromethyl)-6—chromonylmethyl carbamate
(Tcroc), m—nitrophenyl carbamate, 3,5~dimethoxybenzyl carbamate, o—nitrobenzyl
carbamate, 3,4-dimethoxy—6-nitrobenzyl carbamate, phenyl(o—nitrophenyl)methyl
carbamate, t~amyl carbamate, Sibenzyl thioéari)amate, p—cyénobenzyl carbamate, cyclobutyl
carbamate, cyclohexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl éérbémate, -
decyloxybenzyl carbamate, 2,2—dimethoxyacylvinyl carbamate, o—(N, N—-
dimethylcarboxamido)benzyl carbamate, 1 1—dxmethyl-3—~(N N—dzmethylcarboxam1do)propyl
carbamate, 1,1-dimethylpropynyl carbamate, di(2—pyridyl)methyl carbamate, 2—
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furanylmethyl carbamate, 2-iodoethyl carbamate, isoboryn! carbamate, isobutyl carbamate
isonicotinyl carbamate, p—(p ~—methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl
carbamate, l—methylcyclohexy] carbamate, 1—methyl~1—-—cyclopropylmethyl carbamate, 1—
methyl—l—(3,5wdlmethoxypheny1)ethyl carbamate, 1-methyl— I—(p-phenylazophenyl)ethyl
cafbamate, 1¥methyl—1fphenylethy1 carbamate, 1-methyl-1—(4-pyridyl)ethyl carbématé, ,
phenyl carbamate, p—(phenylazo)benzyl carBamate, 2,4,6—tri~t—butylphenyl carbamate, 4
(trimethylammonium)benzyl carbamate, and 2,4,6—trimethylbenzyl carbamate.

Sulfonamide nitrogen protecting groups (e.g., ~S(=0),R™) include, but are not limited to, p—

-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,~trimethyl—4—

methoxybenzenesulfonamide (Mtr); 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6—

. dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl—4—

methoxybenzenesulfonamide (Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6—
trimethylbenzénesulfonamide (Mts), 2,6—dimefhoxy—4—methylbenZenesquonamide (iMds);
2,2,5,7,8-pentamethylchroman—6-sulfonamide (Pmc), methanesulfonamide (Ms), -
trimethylsilylethanesulfonamide (SES), 9-anthracenesulfonamide, 44,8~
d1methoxynaphthylmethyl)benzenesulfonam1de (DNMBS), benzylsulfonamlde

. tnﬂuoromethylsulfonamlde and phenacylsulfonamlde

Other nitrogen protecting groups include, but are not limited to, phenothiazinyl-(10)-acyl
derivative, N —p—toluenesulfonylaminoacyl derivative, N —phenylaminothioacyl den'vativé,
N-benzoylphenylalanyl derivative, N-acetylmethionine derivative, 4,5-diphenyl-3—
oxazolin—2-one, N-phthalimide, N—dithiasuccinimide (Dts), N-2,3—diphenylmaleimide, N—
2,5~dimethylpyrrole, N-1,1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), 5—

substituted 1,3-dimethyl-1,3,5-triazacyclohexan—2-one, 5—substituted 1,3~dibenzyl-1,3,5~

triazacyclohexan—2—one, 1—substituted 3,5-dinitro—4-pyridone, N~methylamine, N~
allylamine, N-[2~(trimethylsilyl)ethoxy]methylamine (SEM); N-3-acetoxypropylamine, N- -

(1-isopropyl—4-nitro—-2—oxo-3~pyroolin—3—yl)amine, Cantei'nary ammonium salts, N—

benzylamine, N-di(4-methoxyphenyl)methylamine, N-5-dibenzosuberylamine, N—

triphenylmethylaniine (Tr), N~[(4~methoxyphenyl)diphénylmethyl] amine ('MMTr),-"N—9-— :
phenylfluorenylamine (PhF), N-2,7-dichloro-9—fluorenylmethyleneamine, N—
ferrocenylmethylamino (Fem), N-2-picolylamino N —ox1de N-1,1-
dimethylthiomethyleneamine, N—benzyhdencamme, N-p-methoxybenzylideneamine, N—

diphenylmethyleneamine, N-[(2—pyridyl)mesityl methyleneamine, N~(N N~
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dimethylaminomethylene)amine, N,N -isopropylidenediamine, N-p—nitrobenzylideneamine,
N-salicylidencamine, N-5—chlorosalicylideneamine, N—(5~chloro-2—
hydroxyphenyl)phenylm ethylenééiﬂine, N—cyclohexyndenéamine, N—(5,5~dimethy1~3—oxo—
1~cyclohexeny1}amine, N-borane den'vative; N—diphenylborinic acid derivative, N—
[phenyl(pentéécylchromium— or tungsten)acylJamine, N-copper che];ate, N-zinc chelate, N- |
nitroamine, N-nitrosoamine, amine N—oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,

benzenesulfeﬁamide,- o—nitrobenzenesulfenamide (Nps), 2,4——dinitrobenzeriesulfenamide,

_pentachlorobenzenésulfenamide, 2-nitro—4-methoxybenzenesulfenamide,

triphenylmethylsulfenamide, and 3-nitropyridinesulfenamide (Npys).

In certain embodlments the substltuent present on an oxygen atom is an oxygen protcctmg
group (also referred to as a hydroxyl protectmg group) Oxygen protecting groups include,

but are not limited to, —R™, -N(R™), ~C(=0)SR™, —C(=0)R™, —CO,R™, —C(—O)N(Rbb)z,

C(ENRP)R™, ~C(=NR™)OR™, ~C(=NR"™)N(R®),, ~-S(=O0)R™, ~-SO,R™, -Si(R™);, P(R“)g,
P(R)s, ~P(=0)2R™ ~P(=O)(R™), -P(=0)(OR™)s, ~P(=0)2N(R")3, and -P(=O)NR"),

wherein R™, R™, and R are as defined herein. Oxygen protectmg groups are well known in

- the art and include those described in detail in Protecting Groups in Organic Syntheszs, T. W.

Greene and P. G. M. Wats, 3“i edition, John Wiley & Sons, 1999, incorporated herein by

reference.

Exemplary oxygen protecting groups include, but are not limited to, methyl, 'methoxylmé'thyl
(MOM), methylthiomethyl (MTM), t»bu’tylthiémethyl, (phényldimethylsilyl)methoxyhethyl
(SMOM), benzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM), (4- |
methoxyphenoxy)methyi (p—AOM), guaiacolmethyl (GUM) t~butoxymethyl 4-
pentenyloxymethyl (POM) sﬂoxymethyl 2~methoxyeth0xymethy1 (MEM), 2,2,2—
mchloroethoxymethyl b1s(2—chloroethoxy)methyl 2—-(tr1methylsﬂy1)ethoxymethyl
(SEMOR), tetrahydropyranyl (THP), 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 1—
methoxycyclohexyl, 4—methoxytetrahydropyranyl (MTHP), 4— N
methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S—dioxide, 1— [(Z—Chloro—
4-methyl)phenyl]-4-methoxypiperidin—4—yl (CTMP), 1,4-dioxan—2-yl, tetrahydrofuranyl,
tetrahydrothiofuranYl, 2,3,3‘3,4,5 ,6,7,7a~octahydro—-7,8,8—trimethyl-4,7-methanobenzofuran—
2-yl, 1-ethoxyethyl, 1—(2—chlorocthoxy)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1~
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benzyloxyethyl, 1-methyl-1-benzyloxy-2—fluoroethyl, 2,2,2—11ichlofoéthyl, 2-
trimethylsilylethyl, 2—(phenylselenyl)ethyl, #-butyl, allyl, p~chlorophenyl, p—methoxyphenyl,
2,4—dinitrophenyl, behzyl (Bn), p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p—
nitrobenzyl, p~halobenzyl, 2,6~dichlorobenzyl, p—cyanobenzyl, p-phenylbenzyl, 2~picolyl,
4-picolyl, 3-methyl-2-picolyl N~oxido, diphenylmethyl, p,p '~dinitrobenzhydryl, 5—
dibenzosuberyl, triphenylmethyl, a—naﬁ)hthyldiphenylmethyl, - |
methoxyphenyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl, tri(p—
methoxyphenyl)methyl, 4-(4' bromophenacyloxyphenyl)d1pheny1methyl 4,4'4" —tris(4, 5~

. dichlorophthalimidophenyl)methyl, 4,4',4"—tris(levulinoyloxyphenyl)methyl, 4,4',4"—

tris(benzoyloxyphenyl)methyl, 3—(imidazol-1-yl)bis(4',4"—dimethoxyphenyl)methyl, 1,1-

bis(4-methoxyphenyl)-1'-pyrénylmethyl, 9-anthryl, 9~(9-phenyl)xanthenyl, 9—(9—phenyl- . .

10—oxo)anthryl, 1,3—benzodisulfuran-2—-yl, benzxsothxazclyl S S—dlomdo tnmethylsﬂyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dlmethyhsopropylsﬂyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, ~butyldimethylsilyl (TBDMS), ¢
butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p—xylylsilyl, triphenylsilyl, '
diphenylﬁlethylsilyl (DPMS), t——butylmethoxypheﬁylsﬂyl (TBMPS), formate,

benzoylformate, acetate, chloroacetate, dichloroacetate, tﬂchloroacetatc mﬂuoroacetate,

v~methoxyacetate tnphenylmethoxyacetate phenoxyacetate, p-chlorophenoxyacetate 3=

phenylpropionate, 4foxopentanoate (levulinate), 4,4—(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate, benzoate, p—

phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate), alkyl methyl carbonate, 9—

Afluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 2,2,2—trichloroethyl carbonate

(Troc), 2—(triinethylsi1y1)ethyl carbonate (TMSEC), 2—(phenylsulfonyl) ethyl carbonate
(Psec), 2—(triphenylphosphonio) ethyl carbonate (Péoc), alkyl isobutyl carbonate, alkyl vinyl
carbonate alky] allyl carbonate, alkyl p—nitrophenyl carbonate, alkyl Benzyl carbonate, alkyl
p-methoxybenzyl carbonate, alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-nitrobenzyl
carbonate, alkyl p-nitrobenzyl carbonate, alkyl S—,benzyl"thiocarbonate, 4—ethoxy—1~ -
napththyl carbonate, methyl dithiocarbonate, Z—idddbenzoate, 4-azidobutyrate, 4-nitro—4—
methylpentanoate, o—~(dibromomethyl)benzoate, 2—formylbenzenesulfonate, 2— |
(methylthiomethoxy)ethyl, 4~(methylthiomethoxy)butyrate, 2~ .
(methylthiomethoxymethyl)benzoate, 2,6-dichloro—4-methylphenoxyacetate, 2,6~diéhloro—
4-(1,1,3 ,3»—tetra1ﬁ ethylbutyl)phenoxyacetate, 2,4-bis(1,1-dimethylpropyl)phenoxyacetate,
chlorodiphenylacetate, isobutyrate, fnonosuccinoate, (E)-2-methyl-2-butenoate, o—

(methoxyacylbenzoate, a—naphthoate, nitrate, alkyl N,N,N’,N '~
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tetramethylphosphorodiamidate, alkyl N-phenylcarbamate,b borate, dimethylphosphinothioyl, |
alkyl 2,4-dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzylsulfonate, 'andk
tosylate (T's). ' |

In certain embodiments, the substituent present on a sulfur atom is a sulfur protecting group

(also referred to as a thiol protecting group). Sulfur protecting groups include, but are not
limited to, ~-R™, -N(R™)p, ~C(=0)SR¥, ~C(=0)R™, -COR™, ~C(=O)NR™),, = |
C(=NR™)R*, -C(=NR""OR®, —-C(=NR")N(R"™),, -S(=0)R*, ~SO,R™, ~Si(R*); ~P(R®),, ~
P(R™)3, ~P(=0),R", -P(=0)(R™)2, ~P(=0)(OR ")z, ~P(=0):N(R™),, and —P(=0)(NR""),,

wherein R*, R, and R® are as defined herein. Sulfur protecting groups are well known in .

Greene and P. G. M. Wuts, 3™ edition, John Wiley & Sons, 1999, incorporated herein by

reference.

These and other exemplary substituents are described in more detail in the Detailed

Description, Examples, and claims. The present invention is not intended to be limited in any

manner by the above exemplary listing of substituents.

Other definitions |
The term “pharmaceutically acceptable form thereof” as used herein refers to
pharmaceutically acceptable salts, solvates, hydrates, prodrugs, tautomers, isomers,

enantiomers, diastereomers, and/or polymorphs of.a compound of the present invention.

In certain embodiments, the pharmaceutically acceptable form is a pharmaceutically

‘acceptable salt. The term “pharmaceutically acceptable salt” as used herein refers to those

salts which are, within the scope of sound médical judgment, suitable for use in contact with
the tissues of humans and lower animals without undue toxicity, irritation, allergic response
and the like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, Bergé et al., describe
pharmaceutically acceptable salts in detail in J. Phafmaceutical Sciences, 1977, 66, 1-1 9,
incorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this
invention include those derived from suitable inorganic and organic acids and bases.
Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino

group formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric
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_acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic acid,

. R /
maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods

used in the art such as ion exchange. Other pharmaceutically acceptable salts include adipéﬁ;,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate
ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,
hemisulfaite, heptanoate, hexanoate, hydroiodide, 2—hydroky¥ethanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleéte, malonaté, methanesulfonate, 2-

naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,

persulfate, 3~—pheny1prop10na’ce, phosphate, pxcrate, pivalate, propionate, stearate, succinate,

sulfate, tartrate, thiocyanate, p—toluenesulfonate, undecanoate, valerate salts, and the like.

- Salts denved from appropnate bases 1nclude alkali metal, alkahne earth metal; ammonium

and N+(C1~4alkyl)4 salts. Representative alkah or alkahne earth metal salts include sodlum
lithium, potassmm, calcium, magnesium, and the like. Further pharmaceutlcally acceptable
salts include, 'wh_en appropﬁate, nontoxic ammonium, quaternary amfnonium, and amine
cations formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,

nitrate, loweralkyl sulfonate and aryl sulfonate.

_ In certain embodiments, the pharmaceutically acceptable form is a hydrate or solvate. The

term “hydrate” as used herein refers to a compound non—covalently associated with one or
more molécules of water. Likewise, the term “solvate” refers to a compound non—covalently

associated with one or more molecules of an organic solvent.

In certain embodiments, the pharmaceutically acceptable form is a prodrug. The term
“prodrug” as used herein refers to a derivative of a parent compound that requires

transformation within the body in order to release the parent compound. In certain cases, a

prodrug has improved physi;ai and/or delivery properties over the parent compound.

Prodrugs are typically designed to enhance pharmaceutically and/or pharmacokinetically

based properties associated with the parent compound. The advantage of a prodrug can lie in
its physical properties, such as enhanced water solubility for parenteral administration at
physiological pH compared to the parent compound, or it enhances absorption from the
digestive tract, or it may enhance drug stability for long-term storage. In recent years several
types of bioreversible derivatives have been exploited for utilization in designing prodrugs.

Using esters as a prodrug type for compounds containing a carboxyl or hydroxyl functionality
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is known in the art as described, for example, in The Organic Chemistry of Drug Deszgn and
Drug Interaction by Richard Sllverman published by Academic Press (1992)

In certain embodiments, the pharmaceutically acceptable form is‘a tautomer. The term
“tautomer” as used herein includes two or more interconvertable compounds resulting from at
least -one formal migration of a hydrogen atom and at least one change in valehcy (eg.,a
single bond to a double bond, a triple bond to a single bond, or vice vérsa). The exact ratio of

the tautomers depends on several factors, including temperature; solvent, and pH.‘

-Tautomerizations (i.e., the reaction providing a tautomeric pair) may catalyzed by acid or

base. Exemplary tautomerizations.include keto~to—enol; amide—to-imide; lactam—to—lactim;

enamine-to—imine; and enamine-to—(a different) enamine tautomerizations.

In certain embodlments the pharmaceutically acceptable form is an isomer. The term |
“jsomer” as used herein includes any and all geometnc isomers and stereoisomers (e.g.,
enantiomers, dlasteromers, etc.). For example,’ “1somer” include cis— and trans—isomers, E-
and Z— isomers, R—- and S—enantiomers, diastereomers, (D)}-isomers, (L)~isomers, racemic
mixtures thereof, and other mixtures thereof as falling within the scope of the invention. For )
mstance, an 1somer/enant10mer may, in some embodiments, be prov1ded substantially free of |
“Optically—enriched,” as used herein, means that the compound is made up of a significantly
greater proportion of one enantiomer. In certain embodiments the compound of the present
invention is made up of at least about 90% by weight of a preferred enantiomér. In other

embodiments the compound is made up of at least about 95%, 98%, or 99% by weight of a

- preferred enantiomer. Preferred enantiomers may be isolated from racemic mixtures by any

method known to those skilled in the art, including chiral high pressure liquid
chromatography‘(.HPLC) and the formation and crystallization of chiral salts or prepared by
asymmetric syntheses. Sce, for example, Jacques, ef al. Enanrzomers, Racemates and. |
Resolutions (Wiley Interscwnce New York, 1981); Wilen, S.H., et al Tetrahedron 33:2725
(1977); Eliel, E.L. Stereochemzstry of Carbon Compounds (McGraw-Hill, NY, 1962); Wilen,
S.H. Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of
Notre Dame Press, Notre Dame, IN 1972).

In certain embodiments, the pharmaceutically acceptable form is a polymorph. The term

“polymorph” as used herein refers to a crystalline compound existing in more than one
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crystalline form/structure. When polymorphism exists as a result of difference in crystal
packing it is called packing polymorphism. Polymorphism can also result from the existence
of different conformers of the same molecule[in conformational polyniorphism. In

pseudopolymorphism the different crystal types are the result of hydration or solvation.

A “subject” to which administration is contemplated inclhdes, but is not limited to, humans
(i.e., a male or female of any age group, e.g., a pediatric subject (e.g, infant, child,
adolescent) or adult subject (e.g., young adult, middle-aged adult or senior adult)) and/or
other primates (e.g., cynomolgus monkeys, rhesus monkeys); mammals, including
commercially relevant mammals such as cattle, pigs, horses, sheep,. goats, cats, and/or dogs;
and/or birds, including commercially relevant birds such as chickens, ducks, geese, and/or

turkeys.

“Treat,” “treaﬁng” and “treatment” encompasses an action that occurs while a subject is
suffering from a condition (e.g., a “MNK1- or MNK2-related” disease, disorder, or condition,

e.g., a disease, disorder, or condition in which MNK1 and/or MNK2 is known to play role)

* which reduces the severity of the condition or retards or slows the progression of the

condition (“therapeutic treatment™). “Treat,” “treating” and “treatment” also encompasses an

_ action that occurs before a subject begins to suffer from the condition and which inhibitsor =~ = "

reduces the severity -of the condition (“prophylactic treatment™).

As'used herein “inhibition,” “inhibiting,” and “inhibit”, refer to the ability of a compound to
reduce, slow, halt or prevent activity of a particular biological process relative to vehicle. In
certain embodiments, the biological process is in vitro (e.g., a biochemical or cellular assay).

In certain embodiments, the biological process is in vivo.:

An “effective amount” of a compound refers to an amount sufficient to elicit the desired
biological response, e.g., treat the condition. As will be appreciated by those of ordinary skill
in this art, the effective amount of a compound described herein may vary depending on such
factors as the désired biological endpoint, the pharmacokinetics of the compound, the
condition being treated, the mode of administration, and the age and health of the subject. An -

effective amount encompasses therapeutic and prophylactic treatment.
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A “therapeutically effective amount™ of a compound is an amount sufficient to provide a .

therapeutic benefit in the treatment of a condition or to delay or minimize one or more

| symptoms assomated with the condltlon A therapeutlcally effective amount of a compound

means an amount of therapeutic- agent alone or in combination with other therapies, Wthh

prov1des a therapeutlc benefit in the treatment of the condition. The term therapeutlcally

effective amount” can encompass an amount that improves overall therapy, reduces or avoids

symptoms or causes of the condition, or enhances the therapeutic efficacy of another

therapeutic agent. In some embodiments, a therapeutically effective amount is an amount

. effective to inhibit cell growth or induce cell death.
10
~ A “prophylactically effective amount” of 2 compound is an amount sufficient to prevent a
* condition, or one or more symptoms associated with the condition or preveﬁt its recurrence.

A prophylactically effective amount of a compoﬁnd means an amount of a therapeutic ageht,

anne or in combination with other agents, which provides a prophylactic benefit in the -
preventlon of the condition. The term “prophylactically effectwe amount” can encompass an
amount that i improves overall prophylaxis or enhances the prophylactic efficacy of another

prophylactic agent.

“ As used herein, the term “kinase” represent transferase class enzymes that are able to transfer

a phosphate group from a donor molecule to an acceptor molecule, e.g., an amino acid
residue of a protein or a lipid molecule. Representative, non-limiting examples of kinases
include Abl, ACK, Aktl/PKBa, Akt2/PKBB, Akt3/PKBy, ALK1, ALK2, Alk4,
AMPKal1/p1/y1, AMPKal/B1/v2, AMPKal/B1/y3, AMPKal/B2/y1, AMPKa2/g1/v1,

. AMPKaZ/BZ/y?., Abl2, ARKS, As_kl, Aurora A, Aurora B, Aurora C, Axl, BARKI, BIK,

Bmx, B-Raf, Brk, BrSK1, BrSK2, Btk, CaMK1a, CaMK1p, CaMK1y, CaMK13, CAMK 2a,
CaMK2p, CAMK26, CAMK2y, CAMK4, CAMKX1, CAMKKZ, CDKIF, CDK2, CDK3,
CDK4; CDKS5, CDK6, CDK7, CDK9, CDK1/eyclin B, CDK2/cyclin A, CDK2/cyclin E,
CDK3/cyclin E, CDK5/p25, CDK5/p35, CDK6/cyclinD3, CDK7/cyclin H/MATI,
CDK9/cyclin T1, CHK1, CHK2, CK1{y), CK18, CK20l1, CK2a2, cKit, c-RAF, CLK1,
CLK2, CLK3, COT, Csk, DAPK1, DAPK2, DAPK3, DCAMLK2, DDR2, DMPK, DRAKI,
DYRKI1A, DYRK2, DYRK3, ¢EF2K, EGFR, EPHA1, EPHA2, EPHA3, EPHA4, EPHAS,
EPHAG, EPHA7, EPHAS, EphB1, EphB2, EphB3, EphB4, ErbB4, Erk1, Erk2, FAK, Fer,
Fea, FGFRI1, Flt2, Flt4, FLT3 D835Y, FGFR2, FGFR3, FGFR4, Fgr, Flt1, Flt3, Fms, FRK,
FynA, GCK, GPRKS, GRK2, GRK4, GRK6, GRK7, GSK3a, GSK38, Hck, HER2, HER4,
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HIPK.1, HIPK2, HIPKB, HIPK4, IGFIR, IKKf, IKKa, IKKe, IR, InsR, IRR, IRAK1, IRAKZ, '
IRAK4, Itk, JAK2, JAK3, INK1, JNK2, JNK3, KDR, KHS1, Kit, Lck, LIMK1, LKB1, LOK,

ALRRKZ Lyn A, Lyn B, MAPKI MAPK2, MAPK12, MAPKAP K2 MAPKAP- K3,

MAPKAPK2, MAPKAPK3 MAPKAPKS, MARK1, MARK?2, MARK3 MARKA4, MELK
MEK 1, MEK2, MEKK2, MEKK3, Mer, Met MET M1250T, MINK MKK4, MKKS,

| MKX78, MLCK, MLK1, MLK3, MNK 1, MNK2, MRCKa, MRCK, MSK1, MSK2,

MSSK1, STK23, STK4, STK3, STK24, MST1, MST2, MST3, MST4, MUSK, mTOR,

MYO3p, MYT1, NDR1, NEK11, NEK2, NEK3, NEK6, NEK7, NEK9, NLK, NUAK2,
p380, p38P, p385, p38y, p70S6K, S6K, SRK, PAK1/CDC42, PAK2, PAK3; PAK4, PAKS,
PAKS6, PAR-1Ba, PASK, PBK, PDGFRa, PDGFRB, PDK1, PEK, PHKG2, PI3Ka, PI3KB,

~PI?:Ky, PI3KS$, Pim1, Pim2, PKAca, PKAcp, PKAcy, PKA(b), PKA, PKBa, PKBp, PKBy,

PKCa, PKCB1, PKCB2, PKCB11, PKC5, PKCs , PKCy, PKC}L, PKCT}, PKCt, PKCH, PKC?;

PKDl PKD?2, PKD3, PKGle, PKGIB, PKNI PKN2 PKR, PLK1, PLK2, PLK3, PLK4,

Polo PRAK, PRK2, PrKX, PTKS, PYK2 QIK, Raﬂ Ret, RIPK2 RIPKS, ROCKI

ROCKZ, RON, ROS, Rse, RSKI, RSK2, RSK3, RSK4, SAPKZa, SAPKZb, SAPK3, SAPK4,

SGK1, SGK2, SGK3, SIK, MLCK, SLK, Snk, Src, SRPK1, SRPK2, STK33, SYK, TAK1-
TAB1, TAK1, TBK1, TAO1, TAO2, TAO3, TBK1, TEC, TESK1, TGFBR1, TGFBR2, Tie2,

| TLKZ TrkA, TrkB, TrkC, TSSK1, TSSKZ TTK TXK, TYK2, TYRO3, ULK1, ULK2,

WEE1, WNK2, WNK3, Yesl, YSK1, ZAK, ZAP70, ZC3, and ZIPK.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

In one aspect, the present invention provides a compound of Formula (I):

Xs
R N N

Xr’ N
- \)
. . ’//
X

R2

or a pharmaceutically acceptable form thereof, wherein

X1, X5, and X3 are independently N or C;
X4, X5, X are independently N or CR*
wherein at least one of X;, X, X3, X4, X5, and Xg is N;
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X7is N or CR!;

Xs isNorCR”'

R', R% R, R, RS R R® R’ Rm and R'' are mdependently hydrogen, halogen _
optmnally substituted aliphatic, optxonally substituted aryl, optionally substituted carbocyclyl
optionally substituted heteroaryl, optlonally substltuted heterocyelyl, -CN, -OR, -SR, -N(R)3,
-NO,, -C(O)R, —COZR -C(O)N(R),, -C(O)NROR, -S(O)R, -SO;R, «SOZN(R)z, -OC(O)R, -
NRC(O)R, -NRSOR, or -NRC(O)N(R),; ,

cach R is independently hydrogen, optionally substituted C,.¢ aliphatic, optionally

: subétituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or .

optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken
together to form an optionally substituted heterocycle;
each R is mdependently hydrogen, halogen or optlonally substituted C,.¢ ahphatlc, ,
and
©R'andR% R?and R, R®and R%, R' and R", R® and R", R’ and RS, R® and ", R’
and R?, or R® and R® may be optionally taken together to form an opt1ona11y substltuted 5-6

membered carbocychc, aryl, heterocyclic, or heteroaryl ring.

~ As described generally above, R is hydrogen, halogen, optionally substituted é‘liphatic, T

optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
heteroaryl, optionally sﬁbstituted heterocyclyl, -CN, -OR, -SR -N(R)3, -NO,, -C(O)R, -
COR, -C(O)N(R)2, -C(O)NROR, -S(O)R, -SO;R, -SO;N(R),, -OC(O)R, -NRC(O)R -
NRSOR, or —NRC(O)N(R)z In some embodiments, R’ is hydrogen. In some embod1ments
Rlis halogen. In some embodiments, R! is -CN, -CH,0H, -CH,NH,, -C(O)R,, -CHzRy, -
CH(OH)R,, or -SO,R,, wherein R,, Ry, and R. are as described herein. In some
embodiments, R is —C(O)R, where R is optionally substituted heterocyclyl.

As described generally above, R? is hydrogen, halogen, optionally substituted aliphatic,
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -CN;, -OR, -SR, -N(R),, -NO,, -C(O)R, -
CO2R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO3R, -SO;N(R)2, -OC(O)R, -NRC(O)R, -
NRSO:R, or -NRC(O)N(R),. In some embodiments, R* is hydrogen. In some embodiments,
R? is halogen. In some embodiments, R? is -H, -F, -Cl, -CHj, -CFs, -CHF,, -OH, -OCj.¢
alkyl, -SR, -NH,, -NHCHj3, -N(CH3),, -NHEt, -N(Et),, -NHi-Pr, -NC(O)R,, SR, -S(O)R,, -
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S(O)R,, .CN, -CH,OH, -CH,NHa, -N(R),, -NO,, 7CONH2, -CONHR, -CONRR, C(O)R
C(O)Re, -C(O)OR., -C(O)NR(Ry, -C(OH)RR, C,-Cs alkenyl, C2-Cs’ alkynyl C3-C6 cycloalkyl
C4-C; cycloalkyl, mono or polycychc aryl, or mono or polycyclic heteroaryl. In some

embodiments, R* is optlonally substituted from 1 to 3 times w1th substitutents selected from "

‘the group con51st1ng of halogen, -H, -OR., -C(O)Rb, -C(O)OR,, -C(O)NRng, -NHy, -NHRg, -

NRde, SRC S(O)R S(O)zR -CN —NOz, C1 C@ alkyl Cz~C6 alkenyl Cz-c6 alkynyl C3 C5

“cycloalkyl, C4-Cy cycloalkylalkyl, and mono or polycyclic aryl. In some embodiments, R is—

H, -F, -Cl, -CN, -CH3, -CF3, -CHF,, -C(O)NH,, -OH,~OC; 4alkyl, or —~OCF;.

In some embodiments, R' and R” are taken together to form an optionally substituted 5-

membered ring heterocyclic or heteroaryl moiety.

As descﬂbed generally above, R?is hydrogéﬁ halogen, optionally éubstituted aliphatic,v
opt1ona11y substituted aryl, optlonally substituted carbocyclyl optionally substituted

heteroaryl, optionally substituted heterocyclyl -CN -OR, -SR, -N(R),, -NOz, -C(O)R, -
CO,R; -C(O)N(R)s, —C(O)NROR -S(O)R, -SOZR -SO;N(R),, -OC(O)R, -NRC(O)R, -

- NRSOR, or -NRC(O)N(R)2 In some embodiments, R is hydrogen. In some embodlments

R?is halogen. In some embodiments, R%is -H, —F Cl -CHj, -CF3, -CHF», -OH, or wOMe

- In some embodlments R*is -H, -F, Cl -CN, -CHs, -CF, -CHF;, -C(O)NHZ, -OH,~-0OC,.

salkyl, or —~OCFs..

As described generally above, each R‘% is independently hydrogen, halogen, or optionally

substituted C;.¢ éliphatic. In some embodiments, R%is hydrogen. In some cmbodiments, R* ‘

- is halogen. In some embodiments, R* is fluoro or chloro. In some embodiments, R* is

optionally substituted C_¢ aliphatic. In some embodiments, R* is optionally substituted C;.¢
alkyl. In some embodiments, R* is unsubstituted Cy.¢alkyl. In some embodiments, R*is H or
Me. ‘

As described generally above, R5 is hydrogen, halogen, optionally substituted aliphatic,
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),, -NO,, -C(O)R, -
CO,R, -C(O)N(R),; -C(O)NROR, -S(O)R, -SO;R, -SO;:N(R),, -OC(O)R, -NRC(O)R, -
NRSO:R, or -NRC(O)N(R),. In some embodiments, Ris hydrogen. Insome embodiments,
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R’is halogen. In some embodiments; R’is -F, -Cl, Mg, -CF3, -OCF;,.OH, -OMe, -CN, or_Q
‘CONH. ‘ | B

o

~ As described generally above, R® is hydrogen, halogen, optionally substituted aliphatie, |

optionally substituted aryl, optionally substltuted carbocyclyl, optionally substltuted
heteroaryl optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),, -NO,, ~C(O)R -
CO,R, -C(OIN(R),, -C{O)NROR, -S(O)R, -SO,R, -SO;N(R),, -OC(O)R, -NRC(O)R, -
NRSO,R, or -NRC(O)N(R);. In some embodiments, R®is hydrogen. In some embodiments,
R®is halogen. In some embodiments, R is -F, -Cl, Me, -CFs;-OCF3; _OH; -OMe, -CN, or -
CONHZ. In some embodiments, R®is ~H, -F, -Cl, -CN, -CHs, -CF3, -CHF,, -C(O)NHa, -
OH,—OC.4alkyl, or —OCF;. ' '

_ YAS descnbed generally above R7 15 hydrogen halogen optlonally substltuted allphatlc

optionally substituted aryl optionally substituted carbocyclyl optlonally substituted
heteroaryl, optlonally substituted heterocyclyl -CN, -OR, -SR, —N(R)z, -NO;, -C(O)R, -
CO4R, -C(O)N(R)z, -C(O)NROR, -S(O)R, -SO2R, ~SOzN(R)2, -OC(O)R, -NRC(O)R, -
NRSO;R, or -NRC(O)N(R),. In some embodiments, R’ is hydrogen In some embodiments,
R’ is halogen. In some embodiments, R is H —F -Cl, Me, -CFZH -CF3, -OH, -NHz,
NHMe, -N(Me),, -CO-H, -CONH,, -CN, -OMe, alkyne, -CH,OH, -CH,NH,, -NHCOCH3, -
CONHOH, -SO;NH,, -SO,Me, morpholine, l-methylpiperazine,‘carbocyclyl, heterocyclyl,
aryl, heteroaryl, or substituted heteroaryl. In some embodiments, R is CN. In some
embod1ments R’is -H, -F, -Cl, -CN, -CH,, CF3, -CHFz, —C(O)NHZ, -OH,-OC; 4alkyl, or —
OCFs. ‘

In some embodiments, R® and R” are taken together to form an optionally substituted 5- or 6-
membered ring heterocyclic or heteroaryl moiety. In certain embodiments, a heterocyclic or
heteroaryl moiety formed by R® and R’ together with the benzene ring fused thereto is one of

the following formulae:

P . \ \ s

vy ,,\.ﬂ" -~ e Y
( l: tij ( >\ C\) ~NH Q\N : ]
N I '
NH Q] | = N HN-N
HN Y AY l e N"\OH HN N

O
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As déscribed generally above, R® is hydrogen, halogen, 'optionally substituted aliphatic, -
optionally substituted aryl, optionally substituted carbocyclyl, optlonally substituted
heteroaryl, opt1onally substltuted heterocyclyl -CN, -OR, -SR, -N(R)z, -NOz, -C(O)R, -
CO2R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO,R, -SO;N(R),, -OC(O)R, -NRC(O)R, -
NRSO;R, or -NRC(O)N(R)s. In some embodi'mr-:n‘cs,.R8 is hydrogen. In somé embodime;lts, '
R? is halogen. | ‘

As described generally above, R’ is hydrogen, halogen, optionally substituted aliphatic,
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
hetéroaryl, optionally substituted hleterocyc‘lyl, -CN,.-OR, -SR, -N(R),, -NOg, -C(O)R, - |
COqR, -C(O)N(R)2, -C(O)NROR, -S(O)R, -SO;R, -SO;N(R),, -OC(O)R, —NRC(O)R, -

9

R’ is halogen.

In some embodiments, each R, is independeﬁtly -—ORf, N.HRC;VNR{;RQ op'éiéflélly substituted
alkyi optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
carbocyclyl optmnally substituted aryl, optionally substituted heteroaryl, or optlonally
substituted heterocyclyl In some embodiments, each R, is independently —ORf, NHRc
NR(Rg, alkyl, cycloalkyl, aryl, or optionally substituted 3- to 7-membered heterocyclyl having

1-2 heteroatoms independently selected from nitrogen, oxygen, and sulfur,

In some embodiments, each Ry, is independently ~ORg, -NHR., -NR Ry, optionally substituted
alkyl, optlonaﬂy substituted alkenyl optlonally substituted alkynyl, optlonally substituted ‘
- carbocyclyl, optionally substituted aryl, optionally substituted heteroaryl, optionally

substituted heterocyclyl, -SR, -S(O)R., -S(O)2Rc, C(O)Rs, -C(O)OR,, or -C(O)NRR;. In
some embodiments, R;, is optionally Substitﬁted 3- to 7-membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, and sulfur. In some |
embodiments, Ry is Cz-Cg alkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, C4-Cy cycloalkylalkyl,‘
mono or polycyclic aryl, or mono or polycyclic heteroaryl. In certain embodiments, 'Rb.is
optionally substituted from 1 to 3 times with substituents independently selected from the
group consisting of halogen, -H, -OR,, -C(O)Ry, -C(O)OR,, -C(O)NR Ry, -NHRy, -NR4Ry, -
SRe, -S(O)R, -S(O)2R, -NH3, -CN, -NO,, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cg

. cycloalkyl, C4-Cs cycloalkylalkyl, monocyclic aryl, and polycyclic aryl.
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In some embodiments, each R, is independently optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl

Voptlonally substituted heterocyclyl, optlonally substituted aryl, or opt1onally subsntuted

heteroaryl. In some embodiments, R, is C1_6 alkyl (e.g., methyl, ethyl, isopropyl, cyclopropyl,
t-butyl), cycloalkyl, 3- to 7-membered heterocyclyl aryl, or heteroaryl. In some K
embodiments, R; is optionally substituted phenyl. In some embodlments Reisan optmnally '
substituted 5- to 10-membered heteroaryl having 1-4 heteroatoms independently selected

" from nitrogen, oxygen, and sulfur.

In séme embodiments; each Ry is independently optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, ~-COR,, S(O)R., S(O);R., optionally
substxtuted alkylaryl or optmnaliy substituted aryl. In some embodiments, Ry is alkyl -

- COR,, S(O)Rc, S(O)2R., phenyl, benzyl, substituted benzyl, or aryl.

15 «

20

25
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In some embodimexits, each Re 18 independently. hyc;'irovgen,‘.‘halo, -OH, -OR., -;NHz, -NHR,, -
NHSO;R. -NR{SO:R. NRR¢, -CN, optionally substituted alkyl, optionally substituted
alkenyl, optlonally substltuted alkynyl optlonally substltuted aryl, optionally substltuted
heteroaryl optxonally substltuted heterocyclyl -CORC, or -NHCORC In some embod1rnents

_Reis -H, -F, -OH, -OR,, -NHz, -NHR;, -NHSO,R., NR(Ry, -CN, aryl, heterocyclyl,

trifluoroacetyl, acetyl, or NH-acetyl.

In some embodiments, each R¢is independently -H or Cgalkyl. ~

. In some embodiments, each R, is independently hydrogen, halo, -OH, -OR,, -NH,, -NHR,, -

NHSO,R -NRiSO;R,, NR.Ry, -CN, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -COR,, or -NHCOR,. In some embodiments,
Rgis -H, -F, -OH, -OR., -NHy, -NHR., -NHSO:R, NR(Ry, -CN, aryl, heterocyclyl,
trifluoroacetyl, écetyl, or NH-acetyl.

In some embodiments, Rq and R, are each fluoro. In some embodiments, Rq and R, are each

methyl. In some embodiments R4 and R, are taken together to form =O. In some

embodlmcnts Rg4 and R, are takcn together to form a 4-, 5-, or 6-membered spiro-fused

heterocycle or carbocycle.
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~

In some embodiments, R4 and R, are each fluoro. In some embodiments, Rq and R, are each '
methyl In some embod1ments Rqand Rg are taken together to form =O. In some
embodiments, Ry and R, are taken together to form a 4-, 5-, or 6—membered sp1ro quCd

5  heterocycle or carbocycle.

* In some embodiments, R' is ~CN or ~SONH,. In some embodiments, R’ is one of the

following: | - | Y
O ok M
L ae) w Q

A1(>) | wheréin Ra, Ry, Re, and Ry aré described herein, andnis 0, 1, or 2.

In some embodimenté, R' is ~C(O)R, wherein R is optionally substituted heterocyclyl.ul.n

T
N

.some embodiments, R isv~C(O)R., wherein Ris Ré Re. In some embodiments, R is —

_ C(O)R, wherein R is one of the followirféf

D OBLPRRRRRRR ZR 3 Q&
OO0220 REPLR G B8
Q) B e e -
LS00 PR0 R
Y 8 3 %\zgz elelelolol %%

15 ! NS0
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In some embodiments, R, is one of the following:

Hete QO%MD@&KB
idv;, . f\Rdf\“df\ "\ e d’{'k"f\w MOW [W’rj

& O vw_@ JE RS

In some embodlments R, is one of the followmg

ggpw QLR R Q

5'e

Fast
st
)
e

T T

T T T T
N N N N Ny _N N N N N N
Gl SIS I IES 6 CJL
N.__CF,
JNH HO N ) N N :
Qw-yﬁ?%WMAAQQO%
| _ o | N
~oT “?” AT T T T e T
N N N N N N N N N N N N
QORPY POOY QLY
J 8NH 8 [“ [N [N] ' ' % O\TN M,
: 0 N 1{1 0 R '
HNT o

In some embodiments, Ry, is one of the following:
oAk Y YT

OH, NH, [ J) E ] [Nj EN]

BT |

¢ Ry , Whereinnis 1 or 2.

10 In some embodiments, R, is one of the following:

,whereinnis 1 or 2.
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L “%rHN

In some emBGdime;nts, R! and R? are taken together to form:

In some embodiments, R is ~H, -CN, -NHj, -SO;NH,, ¢ » o
In some er}lbodiments, RZ, R?, R4, vRS, R6, Rg, and R® are each hydrogeh.

In some embod‘izﬁé.‘rifs;f‘a» provided compoﬁnd"is’of Formula (Ia):

R4

or a“pharmaceutically acceptable form thereof, wherein

X1, Xy, and X3 are independently N or C;

X4 and X5 are independently N or CR*;
wherein at least one of X;, Xa, X3, X4, and X5 is N;

X7is Nor CRY;

Xg is N or CR”-

‘

R}, R R® ,R> R& R, R8, R’ Rlo, and R are mdependently hydrogen, halogen,
optionally substituted aliphatic, optionally substituted aryl, optionally substituted carbocyclyl,

optionally substituted heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),, . ...

-NO;, -C(O)R, -COzR, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO,R, -SO,N(R),, -OC(O)R, -
NRC(O)R, -NRSO;R, or -NRC(O)N(R)s;

 eachRis independently hydrogen, optionally substituted C,.¢ aliphatic, optionally
substituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or
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optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken
together to form an optionally substituted heterocycle '

each R is 1ndependent1y hydrogen halogen, or optionally substltuted Cr 6 ahphatlc

and

R and R’ R” and R3 R’and R, R and R", R and R, R® and R, R® and R, R’
and R8 or R® and R® may. be optionally taken together to form an optlonally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ring.

In some embodiments, a provided compound is of Formula (La-i):

7z

N,
XN
CLp
X

R? X3

ora pharmadeutically acceptable form thereof, wherein

. X}, X, and X are independently N or C;

X4 and X5 are mdcpendenﬂy N or CR%;
wherein at least one of X, X5, Xj, X4 and X5 is N;

X5 is N or CR'%;

Xsis N or CR';

R, RERYL RO, RS, R7, RS, R, Rw, and R!' are mdependently hydrogen, hélogen,
optionally substituted aiiphatic, optionally substituted aryl, optionally substituted carbocyelyl,
optionally substituted heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),
-NO;, -C(O)R, -CO2R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO:R, -SO;N(R), V—OC(O)R, -
NRC(O)R, -NRSO;R, or -NRC(O)N(R)s: |

each R is independently hydrogen, optionally substituted C;.¢ aliphatic, optionally
substituted Aaryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or
optionally substituted heterocyclyl; or tvh R groups on the same nitrogen may be taken
together to form an optionally substituted heteroéycle;
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each R? is independently hydrogen, halogen, or optionally substituted C,.¢ aliphatic;

and

R!and R R? and R’, R® and R%, R? and R", R" and R'%, R and R®, R® and R, 7

and R®, or R® and R® may be optionally taken together to form an optiqnally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ri'ng.'

In some embodiments, a providéd compound is of Formula (Ib):

, Xe
_N
R? X xi

!'.4” s
N \
l [ ’
Xy 20 7
P ’
I~TG
X

ora pharmaceuticdlly 5cceptab1'e form thereof; wherein
X, X2, and X; are independently N or C;
" X4, X5, X¢ are independently N or CR?;
wherein at least one of X;, Xs, X3, X4, X, and Xg is N;-
X718 N or CH;
Xgis N or CH;

is a single or double bond, as valency allows;

R' is <C(O)R, wherein R is optionally substituted heterocyclyl;

R%, R’, R, and R’ are independently ~H, -F, ~Cl, -CN, -CHj, -CFs, ~CHF,, -C(O)NH,
-OH,-0OC salkyl, or ~OCF3; or R® and R’ are taken together to form a 5-6 membcri:d fused

heterocyclyl or heteroaryl moiety; and

each R is independently hydrogen or C.¢ alkyl.

In some embodiments, a provided compound is of Formula (Ib-i):

40



WO 2013/147711 - _ : PCT/SG2013/000126

R4

o (Ib-i) -
ora phanﬁaceutically acceptaﬁle form thereof, whérein -
X1, Xa, and X; are independently N or C;
X, and X; are independently N or CR%;.
5  wherein at least one of Xl, Xa, X3, X4, and X is N
- Xyis N or CH
Xz is N or CH;

is'a single or double bond as valency allows

!is -C(O)R, wherein R is optionally substituted hetefocyclyl" .
10 R2 R’, RS, and R’ areindependently H, -F, -Cl, -CN, -CHj, -CFs, -CHF2, -C{O)NH;,
-OH,~0C; 4alkyl, or ——OCF 3; 0T R6 and R7 are taken together to form a 5 6 membered fused
' Mheterocyclyl or heteroaryl moiety; and
each R* is independently hydrogen or C,.¢ alkyl.

15 In some embodiments, R* is hydrogen.

In some embodiments, a provided compound is of Formula (Xb-ii):

AN N
R3 ) X%\Xr{”\
] \
. L
3T
x| %
Z
R! Xg » :
o . o6

R (Ib-if)

or a pharmaceutically acceptable form thereof, wherein
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X1, Xs, and X; are independently N or C;
X, and X;s are ihdgpend'ent_ly Nor CR4;
wherein at least one of X;, X, X3,‘X4, and Xs_ is N;
X, is N or CH; |
Xgis N or CH;
R'is -C(O)R, wherein R is optionally substituted heterocyclyl;
R% R?, R®, and R’ are independently —H, -F, -Cl, -CN, ~CHs, ~CF, -CHF,, -C(O)NH,,

- -OH,-OC.4alkyl, or —OCF3; or RS and R” are taken together to form a 5-6 membered fused

heterocyclyl or heteroaryl moiety; and

each R*is independently hydfogen or Cj.¢ alkyl.

In some embodiments, a provided compound is of Formulé (Ic):

x>

X
)
\/N\X2 :
: R

X4

R3

.R2

5

o
or a pharmaceutically acceptable form thereof, wherein ‘

X1, and X; are independently N or C;

X4 and X are independently N or CR%:

X7isNorCR";

Xgis N or CR”;» - .'

RLRL R RORS, R?,Rg, R and R'! are independently hydrogen, halogen,
optionally substituted aliphétic,, optionally substituted aryl, optionally substituted cérbocyclyi,
optionally substituted heteroaryl, optionally subStituted heterocyclyl, -CN, -OR, -SR, ;N(R)z,
-NO,, -C(O)R, -CO3R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO,R, -SO,N(R),, -OC(O)R, - .'
NRC(O)R, -NRSOzR, or -NRC(O)NR)z; |

each R is independently hydrogen, optionally substituted C;_¢ aliphatic, optiohally
substituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl; or
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optmnally substituted heterocyclyl; or two R groups on the same nitrogen may be taken

together to form an optionally substituted heterocycle '

“each R4 is mdependently hydrogen, halo gen, or optlonally substltuted C 1-6 ahphatlc

and | |

5 R' and R, R2 and R, R3 and R%, R' and R", R" and R, R® and R®, R6 andR’, R7
and R8 or R% and R9 may be optionally taken together to form an optionally substituted 5-6

" membered carbocyclic, aryl, heterocyclic, or heteroaryl ring.

In some embodiments, a provided compound is of Formula (Ie-i):

10
" or a pharmaceutically acceptable form thereof, wherein -
Xl,. and X, are independently N or C;
| .9 and X5 are mdependenﬂy N or CR4
"X7 isN or CH;
15 ’ XglsNorQH, ,
R! is -C(O)R, wherein R is optionally substituted heterocyclyl;
R% R RS and R7 are independently -H, -F, -Cl, -CN, -CH;, -CF;, -CHF,, -C(O)NH,,
-OH «OCMaIkyl or —OCFg, or R and R’ are taken together to form a 5-6 membered fused
- heterocyclyl or heteroaryl moiety; and
20 each R* is independently hydrogen or C;¢ alkyl.

In some embodiments, a provided compound is of Formula (Id): -
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(D

ora pharmaceutlcally acceptable form thereof wherem '

X1, and Xs are mdependently NorC;
X4 and X;s are mdependenﬂy N orCR :
X7isNor CR'Y;

Xsis Nor CR“-

is a double bond,

R, R, R3 R, RS, R", RS, Fi10 and R"! are independently hydrogen, halogen,

‘ optxonally substituted aliphatic, optionally substituted aryl, optionally substltuted carbocyclyl,

optionally substituted heteroaryl, optlonaﬂy subst1tuted heterocyclyl -CN, -OR, -SR, ~N(R)2,
-NO,, -C(O)R, -COzR; -C(O)N(R)z,.nC(O)NRQR, -S(O)R, -SO4R, -SON(R)o, —OC(O)R_, -
NRC(O)R, -NRSO,R, or -NRC(O)N(R)z; | | ' o

each R is independently hydrogen optionally substituted C,. aliphatic, optlonally
substltuted aryl, optlonally substltuted carbocyclyl, optionally substituted hetcroaryl, or

optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken

together to form an opnonally substituted heterocycle;

each R*is mdepcndently hydrogen, halogen, or op‘uonally substltuted C1 6 ahphatlc
R and R?, 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? may be optionally taken together to form an optionally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ring.

In some embodiments, a provided compound is of Formula (kd-i):
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| (1d-i)
or a pharmaceutically acceptable form thereof, whercln |
X1, and X, are mdependenﬂy N or C;
X4 and X5 are independently N or_CR",
5 X7is Nor CH;. - )
X3 islN or CH; -

R' is -C(O)R, wherein R is an optionally substituted heterocyclyl‘
R%, R? R®, and R’ are independently —H, -F, -Cl, -CN, -CHj, -CFs, -CHF,, ~C(O)NH,,
10 -OH,~OC;4alkyl, or ~OCF3; or R® and R’ are taken together to, form a 5-6 membered fused
heterocyelyl or heteroaryl; and
each R* is independently hydrogen or Cy¢ alkyl.

~ In some embodirﬁents, for any of the formulae described herein, X7 and Xg »arye each CH
15 |
In some embodlments a provided compound is of Formula (IT), (IIL), AV), (V), (VI), or
(VIL):
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R3 N M )

: R?
R!

RE

Formula I1

Formula V

R3 = /N
RZ N
\N N RS
R} ;
R6
RY k7
Formula IlI
R NN
.. R N l >

N R
R! - Q
B R6 .
: RS .

~ Formula VI

PCT/SG2013/000126

Formula VII

In some embodiments, for Formula (II), (IID), (IV), (V), (VD) or (VID, R is -C(O)R as

described herein.
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In some embodiments, a provided compound is of Formula (Ila-i), (I[la-i), (IVa-i), (Va-i),
(VIa-i), or (VIIa-i): ' |

N7 NN

Formula Ha-i . Formula I1Ia-i

Formula Va-i | . Formula VIa-i - Formula VHa-i

In some embodiments, a provided compound is 6f Formula (IIb), (IIb), (IVb), (Vb), (VIb),
or (VIIb): - B ' - | - |
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In some embodiments, a prov1ded compound is of Formula (IIb-n), (IIIb—x) (IVb—l), (Vb-i),
(VIb-l) or (VIIb-i):

N7 =N, N
2 R? s N
R N7 N
- e R :
: R7‘ . R7 . R7

Formula IIb-i  FormulaIlb-i Formula IVb-i

VFormula Vb-i - Formula VIb-i Formula VIIb-i

In some embodlments a provided compound 1s of Formula (IIc) (IIIc) (IVc) (Vc) (Vlc),
5 or (VIIc) ‘

R
Formula Ilc Formula Iil¢
= N"N‘\
R2 > S
R
o
CN
Formula Ve » Formula VIc Formula VIIc

In somé embodiments, R is optionally substituted heterocyclyl.

10 In some embodiments, a provided compound is one of the following:
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The present invention also prov1des pharmaceuncal compos1t10ns compnsmg an effective

amount of a compound described herem ora pharmaceutlcally acceptable form eg.,

- pharmaceutxcally acceptable salt or prodrug) thereof, and, optionally, a phannaceutlcaﬂy

\
acceptable excipient.

- Pharmaceutically acceptable excipients include any and all solvents, diluents or other liquid

véhicles, dispersioh or suspension aids, sgffaqe active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants and the like, as suited to the
particular dosage form desired. General considerations in formulation and/or manufacture of -
pharmaceutlcal compositions agents can be found, for example, in Remmgton s

Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa.,

© 1980), and Remington: The Sczence and Practice of Pharmac:y, 21st Edition (Llppmcott
Williams & Wilkins, 2005).

Pharmaceutical compositions described herein can be prepared by any method known in the
art of pharmacology. In general, such preparatory methods include the steps of bringing the

compound of the present invention (the “active ingredient™) into association with a carrier
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and/or one or more other accessory ingredients, and then, if necessary and/or desirable,

shaping and/or packaging the product into a desired single- or multi-dose unit.

~ Pharmaceutical oomposmons can be prepared packaged and/or sold in bulk as a smgle unit

dose, and/or as a p]urahty of single unit doses. As used herem a “umt dose” is discrete
amount of the pharmaceutical composition comprising a predetenmned amount of the active

ingredient. The amount of the active ingredient is geﬁerally equal to the dosage of the active

-ingredient which would be administered to a subject and/or a convenient fraction of such a

dosage such as, for example, one~half or one-third of such a dosage.

Relative amounts of the active ingredient, the pharmaceutically acceptable excipient, and/or

~ any additional ingredients in a pharmaceutical composition of the invention will vary,

depending upon the identity, size, and/or condition of the subject treated and further
depending upon the route by which the composition is to be administered. By way of

example, the composition may comprise between 0.1% and 100% (w/w) active ingredient.

Pharmaceutlcally acceptable cxmpwnts used in the. manufacture of provxded pharmaceutwal

compositions. include inert dlluents d1spersmg and/or granulatmg agents surface active

‘agents and/or cmu1s1ﬁers, dismtegratmg agents, bmdm-g agen-ts, preservatives, buffenng

‘agents, lubricating agents, and/or oils. Excipients such as cocoa butter and suppository -

waxes, coloring agents, coating agents, sweetening, flavoring, and perfuming agents may also

be present in the composition.

Exemplary diluents include calcium carbonate, sodium carbonate, calcium phosphate,
dicalcium phosphate, calcium sulfate, calcium hydrogen phosphate, sodium phosphate
lactose, sucrose, cellulose, microcrystalline cellulose, kaolin, mannitol, sorbitol, inositol,

sodium chloride, dry starch, cornstarch, powdered sugar, etc., and combinations thereof.

Exemplary granulating and/or dispersing agents include potato sta:rch, corn starch, tapioca

- starch, sodium starch glycolate, clays, alginic acid, guar gum, citrus pulp, agar, b.éntonite,

cellulose and wood products, natural sponge, cation—exchange resins,‘ calcium carbonate,
silicates, sodium carbonate, cross-linked poly(vinyl-pyrrolidone) (crospovidone), sodium
carboxymethyl starch (sodium starch glycolate), carboxymethyl cellulose, cross—linked

sodium carboxymethyl cellulose (croscarmellose), methylcellulose, pregelatinized starch-
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(starch 1500), microcrystalline starch, water insoluble starch, calcium carboxymethyl
cellulose, magnesmm aluminum silicate (Veegum), sodlum Iauryl sulfate, quaternary

ammomum compounds, etc., and combinations thereof

Exemplary surface active agents and/or emulsifiers include natural emulsifiers (e.g. acacia,
agar, alginic acid, sodium alginate, tragacanth, chondrux, cholesterol, xanthan, pectin,
gelatin, ebgg yolk, casein, wool fat, cholesterol, Wéx, and lecithin), colloidal clays (eg

bentonite (aluminum silicate) and Veegum (magnesium aluminum silicate)), long chain

'~ amino acid derivatives, high molecular weight alcobols (e.g. stearyl alcohol, cetyl alcohol,

oleyl alcohol, triacetin monostearate, ethylene glycol distearate, glyceryl monostearate, and -
propylene glycol monostearate, polyvinyl alcohol), carbomers (e.g. carboxy polymethylene,

polyacrylic acid, acrylic acid polymer, and carboxyvinyl polymer), carrageenan, cellulosic

derivatives (e.g. carboxymethylcellulose sodium, powdered cellulose, hydroxymethyl

cellulose, hydfoxypropyl cellulose, hydroxypropyl methylcellulose, methylcellulose),

.- sorbitan fatty acid esters (e.g. polyoxyethylene sorbitan monolaurate (Tween 20),

polyoxyethylene sorbitan (Tween 60), polyoxyethylene sorbitan monooleate (Tween 80),

| sorbitan monéﬁialmitate (Span 40), sorbitan monostearate (Span 60), sorbitan tristearate (Span

65), glyceryl monooleate, sorbitan monooleate (Span 80)), polyoxyethylene esters (e.g.
polybxyethylépe monostearate (Myrj 45), polyoxyethylene hydrogenated castor oil,

polyethoxylated castor oil, polyoxymethylene stearate, and Solutol), sucrose fatty acid esters,

- polyethylene glycol fatty acid esters (e.g. CREMOPHOR), polyoxyethylene ethers, (e.g.

polyoxyethylene lauryl ether (an 30)), poly(vmyl~—pyrrohd0ne), diethylene glycol

monolaurate, tnethanolamme oleate, sodium oleate, potassmm oleate ethyl oleate, oleic acid,

. ethyl laurate, sodium lauryl sulfate, Pluronic F-68, Poloxamer P188, cetrimonium bromide,

cetylpyridinium chloride, benzalkonium chloride, docusate sodium, etc. and/or combinations

thereof.

Exemplary binding agents include starch (e.g. cornstarch and starch paste), gelatin, sugars

(e.g. sucrose, glucose, dextrose, dextrin, molasses, lactose, lactitol, mannitol, etc.), natural

~and synthetic gums (e.g. acacia, sodium alginate, extract of Irish moss, panwar gum, ghatti

gum, mucilage of isapol husks, carboxymethylcellulose, methylcellulose, ethylcellulose,
hydroxyethylcellulose, hydroxypropyl cellulose, hydroxypropyl methylceliulose,
microcrystalline cellulose, cellulose acetate, poly(vinyl-pyrrolidone), magnesium aluminum

silicate (Veegum), and larch arabogalactan), alginates, polyethylene oxide, poiyethylene
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glycol, inorganic calcium salts, s1hc:1c acid, polymethacrylates waxes, water, aleohol, etc.,

and/or combmatlons thereof

'Exemplary preservatives include antioxidants, chelating agents, antimicrobial preservatives,

antifungal preservatives, alcohol preservatives, acidic preservatives, and other preservatives.

Exemplary antioxidants include alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated
hydroxyanisole, butylated hydroxytoluene, monothioglycerol, potassium metabisulfite,
propionic-acid, propyl gallate, sodium ascorbate, sodium bisulfite, sodium metabisulﬁt_'é, and

sodium sulfite.

Exemplary chelating agents include ethylenediaminetetraacetic acid (EDTA) and salts and

hydrates thereof (e.g., sodium edetate, disodium edetate, trisodium edetate, calcium disodium

- edetate, dipotaésium edetate, and the like), citric acid and salts and hydrates thereof (e. g,

. citric acid monohydrate), fumaric acid and salts and hydrates thereof, malic acid and salts and

hydrates thereof, phosphoric acid and salts and h‘ydrates thereof, and tartaric acid and salts

‘and hydrates thereof. ‘Exemplary antmncroblal preservatlves include bcnzalkomum chloride,
' benzethonium chlonde benzyl alcohol bronopol cetmmde, cetylpyndmmm chloride,
‘_ chlorhex1d1ne chlorobutanol chlorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin, -

'.hexetldme 1m1durea phenol, phenoxyethanol, phenylethyl alcohol, phenylmercuric nitrate,

propylene glycol, and thimerosal.

Exemplary antifungal pfeservatives include bﬁtyl paraben, methyl paraben, ethyl paraben, |

. propyl paraben, benzoic acid, hydroxybenzoic acid, potassium benzoate, potassium sorbate,

sodium benzoate, sodium propionate, and sorbic acid.

Exemplary alcohol preservatives include ethanol, polyethylene glycol, pheneol, phenolic
compounds, bisphenol, chlorobutanol, hydroxybenzoate, and phenylethyl alcohol.

Exemplary acidic preservatives include vitamin A, vitamin C, vitamin E, beta—carotene, citric

acid, acetic acid, dehydroacetic acid, ascorbic acid, sorbic acid, and phytic acid.

Other preservatives include tocopherol, tocopherol acetate, deteroxime mesylate, cetrimide,

butylated hydroxyanisol (BHA), butylated hydroxytoluened (BHT), ethylenediamine, sodium
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lauryl sulfate (SLS), sodium lauryl ether sulfate (SLES), sodium bisulfite, sodium

metabisulfite, potassium sulfite, potassium metabisulfite, Glydant Plus, Phenonip,

' methylparaben, Germall 115, GerrnaBen 11, Neolone, Kathon, ahd Euxyl. In certain

embodiments, the preservative is an anti-oxidant. In other embodiments, the'pfeserVative isa

chelating agent. .

Exemplary buffering agents include citrate buffer solutions, acetate buffer solutions,

" phosphate buffer solutions, ammonium chloride, calcium carbonate, calcium chloride, -

Calqiu‘m citrate, calcium glubiohate, calcium gluceptate, calcium gluconate, D—gluconic acid,
calcium glycerophosphate, calcium lactate, propanoic acid, calcium levulinate, pentanoic
acid, dibasic calcium phosphate, phosphoric acid, tribasic calcium phosphate, calcium
hydroxide phosphate, potassium acetate, potassium chloride, potassium gluconate, potassium -
mixtures, dibasic potassium phosphate, monobasic potassium phosphate, potassium | |
phosphate mix.turesva sodium acetate, sodium bicarbonate, sodium chloride, sodium citrate,
sodium lactate, dibasic sodium phosphate; monobasic sodium phosphate, sodium phosphéte ‘
mixfures, tromethamine, magnesium hy[iroxide, aluminum hydroxide, alginic acid, pyrogen—

free water, isotonic saline, Rir‘lger’svsolution, ethyl alcohol, etc., and combinations thereof.
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Exemplary iﬁ}_iriﬁiating agents include magnesium stearate, calcium stearate, stearic acid,
silica, talc, malt, glyceryl behanate, hydrogenated vegetable oils, polyethylene glycol, sodium
benzoate, sodium acetate, sodium chloride, leucine, magnesium lauryl sulfate, sodium lauryl

sulfate, etc., and combinations thereof.

Exemplary natural oils include almond, apricot kernel, avocado, babassu, berganiot; black
current seed, borage, cade, camomiile, canola, caraway, carnauba, castor, cinnamon, cocoa
butter, coconut, pod.liver, coffee, corn, cofton seed, emu, eucalyptus, evening primrose, fish,
flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isdpl_'opyl myristate, jojoba, kukui
nut, lavandin, lavender, lemon, litsea cubeba, macademia nut, mallow, mango seed,
meadowfoam seed, mink, nutmeg, olive, orange, orange roughy, palm, palm kernel, peach
kernel, peanut, poppy seed, pumpkin seed, rapeseed, rice bran, rosemary; safflower,
sandalwood, sasquana, savoury, sea buckthorn, sesame, shea butter, silicone, soybean,
sunflower, tea tree, thistle, tsubaki, vetiver, walnut, and wheat germ oils. Exemplary

synthetic oils include, but are not limited to, butyl stearate, caprylic triglyc_eride, capric
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triglyceride, cyclomethi'cone, diethyl sebacate, dimethicone 360, isopropyl myristate, mineral .

oil, octyldodecanol, oleyl alcohol, silicone oil, and cdmbinations thereof.

- Liquid dbsage forms for oral and parenteral administration include pharmaceutically |

acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition
to the active ingredients, the liquid dosage forms may comprise inert diluents commonly used
in the art such as, for example, water or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol,’isopropyl alcohol, ethyl carbonate, ethyl acetate; benzyl alcohol, benzyl ™
benzéate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (e.g., cottonseed,
groﬁndnut, corn, germ, olive, castor, and Sésame oils), glycerol, tetrahydrofurfury! alédhol,
polyethylene glycols and fatty acid esters of sorbitan, and rhixtﬁres thereof. Besides inert

diluents, the oral compositions can include adjuvants such as wetting agents, emulsifying and

- suspending agents, sweetening, flavoring, and perfuming agents. In certain embodiments for

parenteral adiriinistration, the conjugates of the invention are mixed with solubilizing agents

such as CREMOPHOR, alcohols, oils, modified oils, glycols, polysbrbates, cyclodextrins,

polymers, and combinations thereof.

Injectable pfeparations, for example, sterile injectable aqueous or oleaginous suspensions can

be formulated according to the known art using suitable dispersing or wetting agents and

suspending agents. The sterile injectable preparation can be a sterile injectable solution,
suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for example,

as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that-can be

- employed are water, Ringer’s solution, U.S.P. and isotonic sodium chloride solution. In

addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium,
For this purpose any bland fixed oil can be employed including synthetic mono— or
diglycerides. In addition, fatty acids such as oleic acid are used in the preparation of

injectables.

The injectable formulations can be sterilized, for example, by filtration through. a bacterial-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other sterile injectable medium prior to

use.
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In order to prolong the effect ofa drug, it is often desirable to slow the absorptlon of the drug )

from subcutaneous or intramuscular’ 1nJect10n This can be accomphshed by the use of a -

_hquld suspension of crystalline or amorphous material with poor water solubility. The rate of -

absorption of the drug then depends upon its rate of dissolution which, in turn, may depend - 3
upon crystal size and crystalline form. Alternatively, delayed absorption of a parenterally
administered drug form is accomplished by dissolving or suspending the drug in an oil

vehicle.

Compositions for rectal or vaginal adminisﬁation are typically suppositories which can be
prepared by miiing the coﬁjugates of this invention with suitable non-irritating excipients or L
carriers such as cocoa butter, polyethylene glycol or a suppository wax which are solid at
ambient temperaturé but liquid at body temperature and t}}erefore melt in ‘qthe rectum or

vaginal cavity and release the active ingredient.

Solid dosage forms for oral administration include capsules, tablets, pills, powders, and

granules. In such solid dosage forms, the active ingredient is mixed with at least one mert,
pharmaceutically acceptable exmplent or carrier such as sochum citrate or dmalcxulp _
phosphate and/or a) fillers or extenders such as starches lactose, sucrose, glucose, manmtol
and silicic acid, b) binders such as, for example carboxymethylcellulose, algmates gelatm,
polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d) dlsmtegratmg ‘
agents such as agar, calcium carbonate, potato or tapioca starch, alginic acid' certain silicates,
and sodium carbonate, €) solution retarding agents such as paraffin, f) absorption accelerators

such as quaternary ammonium compounds, g) wettmg agents such as, for example, cetyl

- alcohol and glycerol moneostearate, h) absorbents such as kaolin and bentonite clay, and 1)
257

lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the

dosage form may comprise buffering agents.

Solid éompositions of a similar type can be employed as fillers in soft and hard-filled gelatin
capsules using such excipients as lactose or milk sugar as well-as high molecular weight

polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules, pills,

and granules can be prepared with-coatings and shells such as enteric coatings and other

coatings well known in the pharmaceutical formulating art. They may optionally comprise

opacifying agents and can be of a composition that they release the ‘act‘ive mgredient(s) only,
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or preferentially, in a certain part of the intestinal tract, opti“onall_'y, in a delayed manner.
Examples of embedding compositions which can be used include polymeric substances and -
waxes. Solid compositions of a similar type can bevemployed as fillers in soft and hard-filled

gelatin capsules using such excipients as lactose or milk sugar as well as high molecular '

" weight polethylene glycols and the like.

The active ingredients can be in micro—encapsulated form with one or more excipients as
noted above. The solid dosage forms of tablets, dragees, capsules, pills, and granules canbe
prepared with coatings and shells such as enteric coatings, release controlling coatings and
other coatings weéll known in the pharmaceutical formulating art. In such solid dosage forms

the active ingredient can be admixed with at least one inert diluent such as sucrose, lactose or

- starch. Such dosage forms may comprise, as is normal practlce additional substances other

than inert diluents, e.g., tabletmg lubricants and other tabletmg aids such a magnesxum
stearate and mlcrocrystalhne cellulose. In the case of capsules, tablets and pills, the dosage
forms may compnse buffering agents They may optlonally comprise opacifying agents and

can be of a composition that they release the active ingredient(s) only, or preferentially, ina -

certain part of the intestinal tract, op‘aonally, ina delayed manner. Examples of embedding

compos1t10ns which can be used include polymenc substances and waxes.

Dosage forms for topical and/or transdermal administration of a compound of this invention
may include ointments, pastes, creams, lotions, gels, pewders, solutions, sprays, inhalants
and/or patches. Generally, the active ingredient is-admixed under sterile conditions with a
phannaceutieally acceptable carrier and/or any needed preservatives and/or buffers as can be
required. Additionally, the present invention centemplates the use of transdermal patches,
which often have the added advantage of providing controlled dehvery of an active mgredlent
to the body. Such dosage forms can be prepared, for example, by dissolving and/or
dispensing the active ingredient in the proper medium. Alternatively or additionally, the rate

can be controlled by either providing a rate controlling membrane and/or by dispersing the

active ingredient in a polymer matrix and/or gel.

Suitable devices for use in delivering intradermal pharmaceutical compositions described
herein include short needle devices such as those described in U.S. Patents 4,886,499;
5,190,521; 5,328,483; 5,527,288; 4,270,537; 5,015,235; 5,141,496; and 5,417,662.

Intradermal compositions.can be administered by devices which limit the effective
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penetration length of a needle into the skin, such as those described in PCT publication WO

99/34850 and functlonal equivalents thereof. Jet injection devices which deliver hqulds to

the dermis via a 11qu1d jet injector and/or via a needle which pierces the stratum corneum and

produces a jet which reaches the dermis are su1table Jet injection dev1ces are descnbed for

‘ example in U.S. Patents 5 480 381 5,599,302; 5,334,144; 5,993 412 5,649,912; 5,569,189;

5,704,91 1, 5,383,851, 5,893,397, 5,466,220; 5,339,163; 5,312,335, 5,503,627; 5,064,413;
5,520,639; 4,596,556; 4,790,824; 4,941,880; 4,940,460; and PCT publications WO 97/37705
and WO 97/13537. Ballistic powder/particle vdelivery déviceszhich use compressed gasto
accelerate vaccine in-powder form through the outer layers of the skin to the dermis are
suitable. Alternatively or additionally, conventional syringes can be used in the classical

mantdux method of intradermal administration.

Formulations suitabic for topical administration include, but are not limited to, liquid and/or

semi liquid preparatlons such as liniments, lotions, oil in water and/or water in oil emulsions

such as creams, ointments and/or pastes, and/or solutions and/or suspensions. Toplcally—

administrable formulations may, for example, comprise from about 1% to about 10% (w/w)
active ingredient, élthough the concentration of the active ingfedient can be as high as the

solubility limit of the active mgredlent in the solvent.” Formulations for toplcal administration

' may further comprise one or more of the additional mgredlents described herem

A pharmaceutical composition of the invention can be prepared, packaged, and/or sold in a
formulation suitable for pulmonary administration via the buccal cavity. Such a formulation

may comprise dry particles {yﬁich compﬁée the active ingredient and which have a diameter

- in the range from about 0.5 to about 7 nanometers or from about 1 to about 6 nanometers.
25

Such compositions are conveniently in the form of dry powders for administration using a

device comprising a dry powder reservoir to which a stream of »propellant can be directed to

- disperse the powder and/or using a self propelling solvent/powder dispensing container such

as a device comprising the active ingredient dissolved and/or suspended in a Jow—boiling
propellant in a sealed container; Such powders comprise particles wherein at least 98% of the
particles by weight have a diameter greater than 0.5 nanometers and at least 95% of the
particles by number have a diameter less than 7 nanometers. Altemétivcly, at least 95% of
the particles by weight have a diameter greater than 1 nanometer and at least 90% of the

particles by number have a diameter less than 6 nanometers. Dry powder compositions may

H
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include a solid fine powder diluent such as sugar and are conveniently provided in a unit dose

form.

Low boxhng propellants generally mclude hqmd propellants havmg a bmhng pomt of below

65 °F at atmosphenc pressure. Generally the propellant may constitute 50 to 99.9% (w/w) of

. the composition, and the active ingredient may constitute 0.1 to 20% (w/w) of the .

composition. The propellant may further comprise additional ingredients such as a liquid

" non—ionic and/or solid anionic surfactant and/or a solid diluent (which may have a particle

size of the same order as particles comprising the active ingredient). .

Pharmaceutical compositions of the invention formulated for pulmonary delivery may
provide the active ingredient in the form of droplets of a solution and/or suspension. Such
formulations can be prepared, packaged, and/or sold as aquéous and/br dilute alcoholic
solutions and/or suspensmns optionally sterile, compmsmg the active 1ngred1ent and may
convemently be admmlstered using any nebuhzatlon and/or atom1zat10n devwe Such
formulations may further compmse one or more additional ingredients including, but not
limited to, a ﬂavormg agent such as saccharin sodium, a volatile oil, a buffering agent, a

surface active agent, and/or a preservatlve such as methylhydroxybenzoate The droplets

“provided by this route of administration may have an avérage diameter in the range from

about 0.1 to about 200 nanometers.

Formulations described herein as being useful for pulmonary delivery are useful for

intranasal delivery of a pharmaceutical composition of the invention. Another formulation

- suitable for intranasal administration is a coarse powder comprising the active ingredient and

having an average particle from about 0.2 to 500 micrometers. Such a formulation is

administered. by rapid inhalation through the nasal passage from a container of the powder

held close to the nares.

Formulations for nasal administration may, for example, comprise from about as little as
0.1% (w/w) and as much as 100% (w/w) of the active ingredient, and may comprise one or
more of the additional ingredients described herein. A pharmaceutical composition of the
invention can be prepared, packaged, and/or sold in a formulation for buccal administration.
Such formulations may, for example, be in the form of tablets and/or lozenges made‘using

conventional methods, and may contain, for example, 0.1 to 20% (w/w) active ingredient, the

58



10

WO 2013/147711 _ PCT/SG2013/000126

balance comprising an orally dissolvable and/or degradable composition and, optionally, one

‘or more of the additional mgredlents described herein. Alternately, formulatlons for buccal

admmlstratlon may compnse a powder and/or an aerosohzed and/or atomxzed solution and/or

' suspensmn compnsmg the active ingredient. ‘Such powdered, ‘aerosolized, and/or aerosohzed .

formulatxons, when dispersed, may have an average partlcle and/or droplet size in the range

from about 0.1 to about 200 nanometers, and may further comprise one or more of the

"additional ingredients described herein.

A pharmaceutlcal compaosition of the invention can bc prepared, packaged, and/or sold in a

formulation for ophthalmic administration. Such formulations may, for example, be in the

form of eye drops including, for example, a 0.1/1.0% (w/w) solution and/or suspension of the

active ingredient in an aqueous or oily liquid carrier. Such drops may further comprise

‘ ' buffering agents, salts, and/or one or more other of the add1t10na1 ingredients descnbed
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herein. Other opthalmlcaﬂy«admmlstrable formulations which are useful mclude those
which comprise the actlve in gredlent in mlcrocrystalhne form and/or in a liposomal '
preparation. Ear drops and/or eye drops are contemplated-as being within the scope of this

invention.

~ Although the dqsqripti_op§ of pharmaceutical compositions provided herein are principally |
20

directed to pharmaceutical compositions which are suitable for administration to humans, it

will be understood by the skilled artisan that such composiﬁdhé are generally suitable for -

administration to animals of all sorts. Modification of pharmaceutical compositions suitable

for administration to humans in order to render the compositions suitable for administration

to various animals is well understood, and the ordinarily skilled veterinary pharmacologist

can design and/or perform such modification with ordinary experimentation.

Still further encompassed by the invention are kits (e.g., pharmaceutical packs). The kits
provided may comprise an inventive pharmaceutical compesition or compound and a
container (e.g., a vial, ampule, bottle, syringe, and/or dispenser package, or other suitable
container). In some embodiments, provided kits may opt{dnally further include a second
container comprising a pharmaceutical excipient for dilution or suspension of an inventive
pharmaceutical composition or compound. In some embodiments, the inventive
pharmaceutical composition or compound provided in the container and the second container

are combined to form one unit dosage form.
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Optionally, a single container may compnse one or more compartments for containing an
inventive pharmaceutlcal composﬁmn or compound and/or a pharmaceutlcally acceptable

exmplent for suspension or d1lut10n In some embodlments a smgle container can be'

' appropnate for mod1ﬁca‘uon such that the contamer may receive a physwal modification so as |

to allow combination of compartments and/or components of 1nd1v1dua1 compartments For

| example, a foil or plastic bag may comprise two or more compartments separated by a

perforated seal which can be broken so as to allow combination of contents of two individual
compartments once the signal to break the seal is generated. A kit may thus comprise such

multi-compartment containers providing an inventive pharmaceutical composition or

compound and one or more pharmaceutically acceptable excipients.

'Optlonally, mstructlons for use are addmonally provided in such kxts of the invention. Such

instructions may provide, generally, for example instructions for dosage and admmlstratmn
In other embodlments instructions may further provide additional detail relating to
specialized instructions for particular containers and/or systems for administration. Still
further, mstructlons may ‘provide specialized mstructlons for usein conjunctxon and/or in

combmatlon with an additional therapeutic agent.

Compounds provided herein are typically formulated in dosage unit form for ease of
administration and uniformity of dosage. It will be understood, however, that the total daily
usage of the compositions of the present invention will be decided by the attending physician
within the scope of sound medical judgment. The specific therapeutically effective dose level
for any particular subject or organism will depend upon a variety of factors including the
disease, disorder, or condition bemg treated and the severity of the disorder; the activity of
the spec1ﬁc active mgredlent employed; the specific composition employed; the age, body
weight, general health, sex and diet of the subject; the time of administration, route of
administration, and rate of excretion of the specific active ingredient employed; the duration
of the treatment; drugs used in combination or coincidental with the specific active ingredient

employed; and like factors well known in the medical arts.

The compounds and compositions provided herein can be administered by any route,
including enteral (e.g., oral), parenteral, intra\}enous, intramuscular, intra—arterial,

intramedullary, intrathecal, subcutaneous, intraventricular, transdermal, interdermal, rectal,
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intravaginal, intraperitoneal, topical (as by powders, ointments,‘ creams, and/or drops),
mucosal, nasal, bucal, sublingual; by intratracheal instillation, bronchial instillation, and/or
inhalation; and/or as an oral spray, nasal spray, and/or aerosol Specifically contemplated
routes are oral admmlstratlon, intravenous administration (e.g., systemic intravenous
injection), regional administration via blood and/or lymph supply, and/or direct .
administration to an affected site. In general the most appropriate route of administration will
depend upon a variety of factors including the nature of the agent (e.g., its stability in the
environment of the gastrointestinel tract), and/or the condition of the subject (e.g., whether

the subject is able to tolerate oral administration).
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The exact amount of a compound required to achieve an effective amount will vary from

subject to subject, depending, for example, on species, age, and general condition of a

~ subject, severity of the side effects or disorder, identity of the particular compound(s), mode

of administration, and the like. The desired dosage can be delivered three times a day, two
t1mes a day, once a day, every other day, every third day, every week, every two weeks,

every three weeks, or every four weeks. In certain embodiments, the desired dosage can be

" delivered using multiple administrations (e.g., two, three, four, five, 51x, seven, elght mne,

ten, eleven, twelve thmeen fourteen or more administrations).

y -

In certain embodiments, an effective amount of a compound for administration one or more
times a day to a 70 kg adult human may comprise about 0.0001 mg to about 3000 mg, about
0.0001 mg to about 2000 mg, about 0.0001 mg to about 1000 mg, about 0.001 mg to about |
1000 mg, about 0.01 mg to about 1000 mg, about 0.1 mg to about 1000 mg, about 1 mgto
about 1000 ﬁg, about 1 mg to about 100 mg, about 10 mg to about 1000 mg, or about 100

mg to about 1000 mg, of a compound per unit dosage form.

In certain embodiments, the compounds of the invention may be at dosage levels sufficient to
deliver from about 0.001 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 50

mg/kg, preferably from about 0.1 mg/kg to about 40 mg/kg, preferably from about 0.5 mg/kg
to about 30 mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about -
10 mg/kg, and more preferably from about 1 mg/kg to about 25 m g/kg, of subject body

weight per day, one or more times a day, to obtain the: desxred the"‘ Apeutxc effect
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It will be appreciated that dose ranges as described herein provide guidance for the
administration of provided pharmaceutical compositions to an adult. The amount to be
administered to, for example, a child or an adolescent can be determined by a medical
practitioner or person skilled in the art and can be lower or the same as that administered to

an adult.

It will be also appreciated that a compound or composition, as described herein, can be
administered in combination with one or more additional therapeutically active agents. The
compounds or compositions can be administered in combination with additional
therapeutically active agents that improve their bioavailability, reduce and/or modify their
metabolism, inhibit their excretion, and/or modify their distribution within the body. It will
also be appreciated that the therapy employed may achieve a desired effect for the same

disorder, and/or it may achieve different effects.

The compound or composition can be administered concurrently with, prior to, or subsequent
to, one or more additional therapeutically active agents. In general, each agent will be
administered at a dose and/or on a time schedule determined for that agent. It will further be
appreciated that the additional therapeutically active agent utilized in this combination can be
administered together in a single composition or administered separately in different
compositions. The particular combination to employ in a regimen will take into account
compatibility of the inventive compound with the additional therapeutically active agent
and/or the desired therapeutic effect to be achieved. In general, it is expected that additional
therapeutically active agents utilized in combination be utilized at levels that do not exceed
the levels at which they are utilized individually. In some embodiments, the levels utilized in

combination will be lower than those utilized individually.

Exemplary additional therapeutically éctive agents include, but are not limited to, small
organic molecules such as drug compounds (e.g., compounds approved by the U.S. Food and
Drug Administration as provided in the Code of Federal Regulations (CFR)), peptides,
proteins, carbohydrates, monosaccharides, oligosaccharides, polysaccharides, nucleoproteins,
mucoproteins, lipoproteins, synthetic polypeptides or proteins, small molecules linked to
proteins, glycoproteins, steroids, nucleic acids, DNAs, RNAs, nucleotides, nucleosides,
oligonucleotides, antisense oligonucleotides, lipids, hormones, vitamins, and cells. In some

embodiments, an additional therapeutically active agent is a kinase inhibitor.
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Also encompassed by the present discosure are kits (e 2., pharmaceutlcal packs). The kits
provided may compnse a prov1ded pharmaceutlcal composition or compound and 2 contamer
(e.g., avial, ampule bottlc syringe, and/or dlspenser package or other smtable contamer)

In some embodzments provided kits may opuonal]y further mclude a second contamer
comprising a pharmaceutlcal excipient for dilution or suspensmn of a provided
pharmaceutical composx’aon or compound. In some embodiments, a provided pharmaceutical
composition or compound provided in the container and the second container aré combined
to form one unit dosage form. In some embodiments, a provided kits further includes-

instructions for use.

Compounds and compositions described herein are generally useful for the inhibition of one
or more kinases. In certam embodlments compounds and compositions described herem are
generally useful for the 1nh1b1t10n of MNK1 and/or MNKZ In some embodiments, methods
of treating kinase-related dxsorder in a subject are proy1ded which comprise ad;mmst{anng an
effective amount of a compound described herein (e.g., a cofnpound of Formula (I)), or a
pharmaceutically acceptable form thereof), to a squect in need of treatment. In some _
embodiments, methods of treatin g MNK 1- and/ or MNK2-related disorder in a subject are
provided which comprise administering an effective amount of a compound described herein
(eg,a compéund of Formula-(I)), or a pharmaceutically acceptable.form th¢redf),to a
subject in need of treatment. In certain embodiments, the effective amount is a
therapeutically effective amount. In certain embodiments, the effective amountls a
prophylacticélly’ effective amount. In certain embodiments, the subject is suffering from”a
MNK 1-related disorder.. In certain embodiments, the subject is susceptible to a MNK1-
mediated disorder. In certain embodiments, the subject is suffering from a MNK2-related

disorder. In certain embodiments, the subject is susceptiblc to a MNK2-mediated disorder.

As used herein, the term “kinase-related disorder” (e.g., “MNK 1- and/or MNK2-related
disorder”) means any disease, disorder, or other pathological condition in which a kinase
(e.g., MNK1 and/or MNK?2) is known to play a role. In some embodiments, the present
disclosure relates to treating or lessening the severity of one or more diseases in which

MNK.1 and/or MNK2 is known to pléy arole.
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In certain embodiments, the kinase-related condition (e.g., MNK1- and/or MNK2-related
condition) is selected from the group consisting of proliferative diseases, neurodegenerative

diseases, autoimmune diseases, and inflammatory diseases.

In certain embodlmcnts, a provided compound is useful for treatmg a prohferatlve dlsease
e.g., cancer. Exemplary cancers include, but are not limited to, acoustic neuroma;

adenooarcmoma; adrenal gland cancer; anal cancer; angiosarcoma (e.g., lymphangiosarcoma,

- lymphangioendotheliosarcoma, hemangiosarcoma); appendix cancer; benign monoclonal

- gammopathy; biliary cancer (e.g., cholangiocarcinoma), bladder cancer; breast cancer (e.g.,.

adenocarcinoma of the breast, papillary carcinoma of the breast, mammary cancer, medullary -

~ carcinoma of the breast); brain cancer. (e.g; meningioma, glioblastomas, glioma (e.g.,

astrocytoma, oligodendroglioma), medulloblastoma), bronchus cancer; carcinoid tumor,
cervical cancer (e.g., cervical adenocarcmoma), chorlocarcmoma chordoma,
cramopharyngxoma colorectal cancer (e g colon cancer, rectal cancer, colorectal
adenocarcmoma), connectlve txssue cancer; eplthehal carcinoma; ependymoma;
endotheliosarcoma (e.g., Kaposi's sarcoma, mu1t1ple idiopathic hemorrhagic sarcoma);
endometrial cancer (e.g., uterine cancer uterine sarcoma); esophageal cancer (e.g.,

adenocarcmoma of the esophagus Barrett’s adenocarinoma); Ewing sarcoma eye cancer

(e.g., intraocular melanoma, retinoblastora); familiar hypereos1noph1ha; gall bladder cancer; -

gastric cancer (e.g., stomach adenocarcinoma); gastrointestinal stromal tumor (GIST); germ

‘cell cancer; head and neck cancer (e.g., head and neck squamous cell carcinoma, oral cancer

(e.g., oral squamous cell carcinoma), throat cancer (e.g., laryngeal cancer, phafyngeal cancer,

nasophé.rngéal cancer, oropharyngeél cancer)); homatopoietic cancers (e.g., leukemia such

- as acute lymphocytic leukemia (ALL) (e.g., B-cell ALL, T-cell ALL), acute myelocytic

leukemia (AML) (e.g., B-cell AML, T-cell AML), chronic myelocytic leukemia (CML) (e.g.,
B-cell CML, T-cell CML), and chronic Iymphocytic leukemia (CLL) (e.g., B-cell CLL, T-
cell CLL)); lymphoma such as Hodgkin lymphoma (HL) (e.g., B-cell HL, T-cell HL) and
non~Hodgkin lymphoma (N HL) (e.g., B-cell NHL such as diffuse large cell lymphoma
(DLCL) (e.g., diffuse laige Bcell lymphoma), follicular lymphoma, chronic lymphocytic
leukemia/small Vlymphocytic lymphoma (CLL/SLL), mantle cell Iymphoma (MCL), marginal
zone B-cell lymphomas (e.g., mucosa-associated lymphoid tissue (MALT) lymphomas, nodal
marginal zone B-cell lymphoma, splenic marginal zone B-cell lymphoma), primary |
mediastinal B-cell lymphoma, Burkitt lymphoma, lymphoplasmacytic lymphoroa (ie.,

Waldenstrom’s macroglobulinemia), hairy cell leukemia (HCL), immunoblastic large cell
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lymphoma, precursor B-iymphoblastic lymphoma and primary central nervous system (CNS)

| lymphoma; and T-cell NHL such as precursor T-lymphoblastic lymphoma/leukemia,
peripheral T-cell lymphoma '(PTCL) (eg. cutaneous T-cell lymphoma (CTCL) (e.g., mycosis

funglodcs Sezary syndrome), ang101mmunoblast1c T-cell lymphoma, extranodal natural

 killer T-cell 1ymphoma em%eropathy type T-cell lymphoma ‘subcutaneous panmcuhtxs like T-

_cell lymphoma, and anaplastic large cell lymphoma); a mixture of one or. more

1eukemia/1yrﬁphoma as described above; and multiple myeloma (MM)), heavy chain disease

(e.g., alpha chain disease, gamma chain disease, mu chain disease); hemangioblastoma;

“hypopharynx cancer; inflammatory myofibroblastic tumors; immunocytic amyloidosis;

- kidney cancer (e.g., nephroblastoma a.k.a. Wilms’ tumor, renal cell carcinoma); liver cancer

(e. g, hepatocellular-cancer (HCC), malignant hepatoma); lung cancer (e.g., bronchogenic
carcinoma, small cell lung cancer (SCLE), non-small cell lung cancer (NSCLC),
adenocércinomé of the lung); léiomyosarcoma (LMS); mastocytosi‘s (é g, | s&stemic
mastocytos1s) muscle cancer; myelodysplastic syndrome (MDS), mesothelioma; A
myeloproliferative dlsorder (MPD) e.g., polycythemla Vera (PV), essent1a1 thrombocytos1s
(ET); agnogenic myeloid metaplasia (AMM) a.k.a. myelofibrosis (MF), chronic idiopathic

_myelofibrosis, chronic myelocytlc leukemia (CML), chronic neutrophilic leukemia (CNL),

hypereosmophﬂw syndrome (HES)), neuroblastoma, neurofibroma (e.g., neurofibromatosis

(NF) type 1 or type 2, schwannomatos1s); neuroéndocrine cancer (e.g., gastroenteropancreatic

neuroendoctrine tumor (GEP-NET), ca§cinoid tumor); osteosarcoma (e.g.,bone cancer);
ovarian cancer (e.g., cystadenocarcinoma, ovarian embryonal carcinoma, ovarian
adenocarcinoma); papillary adenocarcinoma; pancreatic cancer (e.g., pancreatic

andenocarcinonia, intraductal papillary mucinous neoplasm (IPMN), Islet cell tumors); penile

- cancer (e.g, Paget’s disease of the penis and scrotum); pinealoma; primitive neuroectodermal

tumor (PNT), plasma cell neoplasia; paraneoplastic syndromes intraepithelial neoplasms;
prostate cancer (e.g., prostate adenocarcinoma); rectal cancer; rhabdomyosarcoma; sahvary
gland cancer; skin cancer [e.g., squamous cell carcinoma (SCC), keratoacanthoma (KA),
melanoma, basal cell carcinoma (BCC)]; small bowel cancer (e.g., appendix cancer); soft
tissue sarcoma (e.g., malignant fibrous histiocytoma (MFH), liposarcoma, malignant
peripheral nerve sheath tumor (MPNST), chondrosarcoma, fibrosarcoma, myxosarééma);
sebaceous gland carcinoma; small intestine cancer; sweat gland carcinoma; synovioma;
testicular cancer (e.g., seminoma, testicular embryonal carcinoma); thyroid cancer (e.g.,

papillary carcinoma of the thyroid, papillary thyroid carcinoma (PTC), medullary thyroid
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cancer); urethral cancer; vaginal cancer; and vulvar cancer (e.g., Paget’s disease of the

" vulva).

In cel’tam embodlments a provided compound is useful for treating a neurodegeneratlve

dlsease Exemplary neurodegenerative diseases include, but are not limited to, Alzhelmer s

disease, Huntington’s dlsease, progressive supranuclearpalsy, corticobasal degeneratlon,

frontotemporal lobar degeneration, Pick’s disease, Parkinson’s disease, Lewy body disease,

and amyotropic lateral sclerosis (ALS).

In certain embodiments, a provided compound is useful for treating an autoimmune disease.
Exemplary autoimmune diseases include, but are not limited to, rheumatoid arthritis,

spondyloarthopathles, gouty arthritis, degeneratlve Jomt diseases such as osteoarthntls

| systemlc 1upus erythematosus Sjogren ] syndrorne ankylosmg spondylitis, und1fferent1ated

spondylitis, Behcet's disease, haemolytic autoimmune anaemias, multiple sclerosis,
amyctrophlc lateral scl_erosw, amylosm, acute painful shoulder, psoriatic arthritis, juvenile -
arthritis, asthma, atherosclerosis, osteoporosis, bronchitis, tendonitis, bursitis, skin condition

(e.g., psonasxs eczema, burns, dermatitis, pruritus (xtch)), enuresis, eosinophilic disease,

) gastromtestmal disorder (e.g., selected from peptic ulcers reg1onal enteritis, diverticulitis,

gastrointestinal bleeding, eosinophilic gastrointestinal disorders. (e.g., eosinophilic -

esophagitis, eosinophilic gastritis, eosinophilic gastroenteritis, eosinophilic colitis), gastritis,

~ diarrhea, gastroesophageal reflux disease (GERD), inflammatory bowel disease (IBD) (e.g.,

- Crohn’s disease, ulcerative colitis, collagenous colitis, lymphocytic colitis, ischaemic colitis,

diversion colitis, Behcet's syndrome, indeterminate colitis) and inflammatory bowel
syndrome (IBS)), Still’s disease, myasthenia gravis, Hashimoto’s thyroiditis, Ord’s
thyroiditis, Grave’s disease, acute disseminated encephalomyelitis, Addison’s disease,
opsoclonus-myoclonus syndrome, antiphospholipid antibody syndrome, autoimmune
hepatitis, celiac disease, Gobdpasture’s syndrome, optic neuritié, scleroderma, primary biliary
cirrhosis, Reiter's syndrome, warm autoimmune hemolytic anemia, alopecia universalis,
chronic fatigue, dysautonomia, neuromyotonia, vulvodynia and disorders ameliorated by a
gastroprokinetic agent (e.g., ileus, postoperative ileus and ileus during sepsis;
gastroesophageal reflux disease (GERD); eosinophilic esophagitis, gastroparesis such as
diabetic gastroparesis; food intolerances and food allergies and other functional bowel
disorders, such as non-ulcerative dyspepsia (NUD) and non-cardiac chest pain (NCCP,

including costo-chondritis)).
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In certain embodiments, a provided compound is useful for treating an inflammatory disease.
The term “inﬂammatory disease” refers to those conditions that are characterized by signs of
‘paln (dolor from the generation of noxious substances and the stimulation of nerves), heat

| (calor from vasodllatatlon), redness (rubor, from vasodllatatlon and increased blood flow),

swelhng (tumor, from excessive inflow or restricted outflow of fluid), and/or loss of functmn
(functio laesa, which can be partial or complete, temporary or permanent. Inflammation takes

on many forms and includes, but is not limited to, acute, adhesive, atrophic, catarrhal,

-chronic, cirrhotic, diffuse, disseminated, exudative, fibrinous, fibrosing, focal,

granulomatous, hyperplastic, hypertrophic, intérstitial, metastatic, necrotic, obliterative,

parenchymatous, plastic, productive, proliferous, pseudomembranous, purulent, sclerosing,

- seroplastic, serous, simple, specific, subacute, suppurative, toxic, traumatic, and/or ulcerative

inflammation.

Exemplary inﬂamrhatory discases inciude, but are not limited to inflammation associated
with acne, asthma, arteritis (e.g., pol&arteritis temporal arteritis, periarteritis nodosa,
Takayasu’s arterms) arthritis (e.g., crystalline arthritis, osteoarthritis, psoriatic arthritis,
gouty arthrltxs reactive arthritis, rheumatoid arthritis, and Reiter’s arthritis), ankylosing

spondylitis, amylosis, amyotrophic lateral sclerosm,‘ autoimmune diseases, allergies or

allergic reactions, atheroscleroéis, bronchi'tfs; bursitis, chronic prostatitis, conjunctivitis,
Chagas disease, chronic obstructive pulmonary disease, cermatomyositis; dry-eye syndvome,
diverticulitis, diabetes (e.g., type I diabetes mellitus, type 2 diabetes mellitus), a skin

condition (e;'g., .psoriasis, eczema, burns, dermatitis, pruritus (itch)), endometriosis, Guillain-

- Barre syndrome, infection, ischaemic heart disease, Kawasaki disease, glomerulonephritis,

gingivitis, hypersénsitivity, headaches (e.g., migraine headaches, tension headaches), ileus

“(e. g, postoperéﬁvc ileus and ileus during'sepsis), idiopathic thrombocytopenic purpura,

interstitial cystitis (painful bladder syndrome), gastrointestinal disorder (e.g., selected from

~ peptic ulcers, regional enteritis, diverticulitis, gastrointestinal bleeding, eosinophilic

gastrointestinal disorders (e.g., eosinophilic ésophagitis, eosinophilic gastritis, eosinophilic
gastroenteritis, eosinophilic colitis), gastritis, diarrhea, gastroesophageal reflux disease
(GERD), inflammatory bowel disease (IBD) (e.g., Crohn’s disease, ulcerative colitis,
collagenous colitis, lymphbbytic colitis, ischaemic colitis, diversion colitis, Behcet’s
syndrome, indeterminate colitis), inflammatory bowel syndrome (IBS), lupus, multiple

sclerosis, morphea, myeasthenia gravis, myocardial ischemia, nephrotic syndrome,
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pemphigus vulgaris, pernicious aneaemia, peptic ulcers, polymyositis, primary biliary
cm‘hosxs neuroinflammation associated with brain disorders (e.g., Parkinson’s disease,
Huntlngton s disease, and Alzheimer’s disease), prostauus chronic mﬂammaﬁon assoc1ated

with cranial radiation injury, pelvic 1nﬂammatory disease, reperfuswn 1n1ury, regional

enterltls rheumatic fever, systemic lupus erythematosus schleroderma scwrodoma, '

sarc01d0s1s spondyloarthopathles Sjogren’s syndrome thyroiditis, transplantation rejectlon,
tendonitis, trauma or injury (e.g., frostbite, chemical irritants, toxins, scarring, burns, physical
injury), vasculitis, vitiligo and Wegener’s granulomatosis. In certain embodiments, the
inflammatory disorder is selected from arthritis (e.g., theumatoid arthritis), inflammatory
bo.Wel disease, inflammatory bowel syndrome, asthma, psoriasis, endometriosis, interstitial
cystitis, prostatistis, appendicitis, Blan syndrome, blepharitis, bronchiolitis, cervicitis, .
cholangitis, cholecystitis, chronic recurrent multifocal osteomyelitis (CRMO), cryopyrin
asso‘c_iate_zgc_i rpeﬁodic syndrome (CAPS), dacryoadenitis, dermatomyositis, dry eye syndréme,
encephalitis, endocarditis, endometritis, enterocolitis, epicondylitis, epididymitis, fainilial

cold'-induced autbiﬁﬂamm_atory syndrome, familial Mediterranean fever (FMF), fasciitis,

fibrositis, hepatitis, hidradenitis suppurativa, laryngitis, mastitis, meningitis, mevalonate

kinase deficiency (MKD), Muckle-Weﬁ syndrome, myelitis myocardms myosms nephritis,
oophontls orchitis, osteitis, inflammatory osteolysis, otitis, pancreatltls parotms
pericarditis, peritonitis, pharyngitis, pléuritis, phlebitis, pneumonitis; pneumonia, proctitis, =~
pulmonary fibrosis, pyelonephritis, pyoderma gangrenosum and acne syndrome (PAPA),
pyogenic sterile arthritis, rhihitis, salpingitis, sinusitis, stomatitis, synovitis, TNF receptor
assc:;éiated periodic syndrome (TRAP S), tonsillitis, undifferentiated arthropathy, uveitis,
vaginitis and vulvitis. In certain embodiments, the inflammatory condition is an acute

inflammatory condition (e.g., inflammation resulting from infection). In certain

embodiments, the inflammatory condition is a chronic inflammatory condition (e.g.,

conditions resulting from asthma, arthritis and inflammatory bowel disease). The compounds
may also be useful in treating inflammation associated with trauma and non-inflammatory

myalgia. The compounds may also be useful in treating inflammation associated with cancer.
In éez’tain_ embodiments, 2 provided compound is useful for treating or lessening the severity

of arthropathies and osteopathological diseases including, but not limited to, rheumatoid

arthritis, osteoarthrtis, gout, polyarthritis, and psoriatic arthritis.
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In certain embodiments, a provided compound is useful for treating or lessening the severity
of acute and chronic inflammatory diseases including, but not limited to, ulcerative colitis,
inﬂammafory bowel disease, Crohn’s disease, dry eye syndrome, allergic rhinitis, allergic |

dermatitis, cystic fibrosis, chronic obstructive bronchitis, and asthma.

In certain embodiments, a provided compound is useful for treating or lessening the severity

of hyperproliferative diseases including, but not limited to, psoriasis or smooth muscle cell

proliferation including vascular proliferative disorders, atherosclerosis, and restenosis.

In certain embodiments, a provided compound is useful for treating or lessening the severity

of endometriosis, uterine fibroids, endometrial hyperplasia, and benign prostate hyperplasia.

In some embodiménfs a provided compound is useful for treaﬁng or lesééning the sevefity‘of |
one or more diseases a:nd conditlons, wherein the disease or condition is selectod from
1mmune-related condltlons or dlseases which include, but are not hmlted to graft versus host
disease, transplantation, transfusion, anaphylams allergies (e.g., allergies to plant pollens,
latex, drugs foods insect poisons, animal hair, animal dander, dust mites, or cockroach

calyx), type I hypersensitivity, allergic conjunctans, allergzc rhinitis, and atopic dermatms. '
In some embodiments, a provided compound is useful for treating tumorogenesis.

In some embodiments, a provided compound is useful for treating a metabolic disorder (e. g s

obesity, diabetes).

In some embodiments, the present disclosure provides a method of inhibiting MNK 1
comprising con{acting MNK1 with an effective amount of a compound described herein (e.g., |
a compound of Formula (I)), or a phannacéuticaﬂy acceptable form thereof. In some
embodiments, the present disclosure provides a method of inhibiting MNK2 comprising -
contacting MNK2 with an effective amount of a compound described herein (e.g., a

oompound of Formula (I)), or a pharmaceutically acceptable form thereof. The MNK1 or
MNK2 may be purified or crude, and may be present in a cell, tissue, or subject. Thus, such
methods encompass both inhibition of in vitro and in vivo MNK1 or MNK2 activity. In
certain embodiments, the method is an in vitro method, e.g., such as an assay method. It will -

be understood by one of ordinary skill in the art that inhibition of MNK1 or MNK?2 does not

69



10..

. 15..

.20,

25

30 -

WO 2013/147711 : i PCT/5G2013/000126

necessarily require thaf all of the MNK1 or MNK2 be occupied by an inhibitor at once.
Exemplary levels of inhibition of MNK1 or MNK2 include at least 10% inhibition, about
10% to about 25% inhibition, about 25% to about 50% inhibition, about 50% to about 75%

‘ mhlbltlon at least 50% inhibition, at least 75% mh1b1t10n about 80% 1nh1b1t10n about 90%

inhibition, and greater than 90% inhibition. |

In some embodiments, provided is a method of inhibiting kinase activity in a subject in need

thereof (e.g., a subject diagnosed as having a kinase-related disorder) comprising

- administering to the subject an effective amount of a compound. described herein (e.g., a

compound of Formula (X)), or a pharmaceutically acceptable form thereof, ora

pharmaceutical composition thereof. In-some embodiments, provided is a method of

inhibiting MNK1 and/or MNK2 aetlwty m a subJect in need thereof (eg, a subject dlagnosed e

as having a MNK1- and/or MN K2-related dlsorder) comprising administering to the subject

an effective amount of a compound described herein (e.g., a compound of Formula (I)), ora

pharmaceutlcally acceptable form thereof or a pharmaceutical composmon thereof

_ EXAMPLES
Compounds of formula (I) were syntheéiied and theifu;.‘t:)vility to inhibit MNK1/2 kinase was
evaluated both in ‘_enzymatic and in‘cell-based‘assays. In parallel, their ability to inhibit other -

- kinases was also assessed. Enzymatic assays have shown that compounds of formula (I) are

inhibitors of MNK1 and MNK2 with ICsq values in the range of 1000 nM to lower than 10
nM. elF4e phosphorylation inhibition in Hela cell line was found to have ICs0s in average 10
time higher thar the enzymatic ICsos.jThese cell-based Ings vary from as low as 40 nM to 3 ‘
UM, .

To further evaluate the therapeutic potential of these bicyclic molecules, their ability to
inhibit growth of several tumotype cell lines was assessed. Below are the technical

descnptlons of these assays.

Enzymatlc and cell—based eIF4E phosphorylatlon assays and Thermal Shlft assay

.Bmloglcal Methods
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The compounds described in this invention bind to and inhibit the kinases MNK1 and

MNK2. They were analyzed using both in vitro and in vivo assays that are known in the art.

Thermal Shift Assays = ‘ .
Thermal sh1ft assays can be used to monitor the bmdmg of small molecules to proteins by
measurmg the change in meltmg temperature that results from an increase in thermal stablhty

of the protein on binding a compound. The thermally induced unfolding of the protein is

monitored in the presence of a fluorescent dye, Sypro Orange using a real time PCR system.

* The innate fluorescence of Sypro Orange is quenched in an aqueous environment; however in ... -

a hydrophbbie non~pelar environment such as the exposed hydrophobic residues of an ‘
unfolding protein, the compound fluoresces profusely. This enables the unfolding of proteins
to be monitored by measuring an increase in ﬂuorescence Meltmg temperature is deﬁned as

thie temperature at whxch half the protein is in an unfolded state

The increase in melting temperature of MNK1 and MNK2 on l)indlng sfnall molecular wei ght

.compounds was determmed using recombinant full length human enzymes with N- termmal

GST tags (glutathione-S-transferase). The protems were-expressed in E.coli and purified on

glutathione sepharose using the Profinia Protein Purification System (BioRad, Hercules, CA)

~ and the GST tag was removed using PréScission protease. Both recombinant enzymes were

20

30

diluted in buffer A (10mM Tris/HC1 pH7.5, 50mM NaCl, ImM DTVT) to a concentration of
62.5uM. The compounds to be analyzed were dissolved in 100% DMSO t0 a final
concentration of 100uM. The reaction mixture consisted of 5uM enzyme (MNK1 or MNK2),
4uM eompound, 17p] buffer A and 5pl of 5X Sypro Orange in a final volume of 25 ul. The -

- thermal analysis was performed on a BioRad CFX96 RTPCR instrument from 20°C to 90°C:
25

in 0.5°C increments with a dwell time of 20s.

The data is analyzed by plotting the fluorescent intensity as a function of temperature.
Readings that occur before or after the sigmoidal region of the melt curve are discarded. The

fluorescent values are normalized for each compound, 100 for the maximum reading (UL)

‘and 0 for the minimum reading (LL). The curve is fitted to the Boltzmann equation using |

non-linear regression (GraphPad Prism, GraphPad Software Inc.). The inflection point of the
transition curve, Tr (V50) is calculated using the Boltzmann equation:
Y =[LL + (UL -LL)]/ [T+ exp(Ty, — t/a)]
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Where t = temperature, LL and UL are the minimum and maximum intensities respectively
and o is the slope of the curve within Tp,. The thermal shift is defined as the dlfference V

between the meltmg tempera’cures in the presence and absence of compound.

In Vltro MNK Kmase Assay

, MNKl and MNKZ mh1b1tor act1v1ty was determined using recombinant kinase domains

expressed in E.coli. MNK1 and MNK2 were expressed as GST fusion proteins and the GST
tag was removed using PreScission protease. After concentration to 10-15 mg/ml the proteins

were flash frozen in liquid nitrogen and stored at -80°C. MNK 1 and MINK2 were activated

'using recombinant ERK2 which was activated using a constitutively active mutant of MEK1,

both ERK2 and MEK 1 were expressed in E.coli as N-terminally his tagged proteins.
Recombinant ERK2 was activated by incubating 11.3 pM of the kinase with 1 pM MEK 1

- and 100 uM ATP. This reaction mixture was then used 1mmed1ate1y for the activation of the ‘

MNKs. The act1vat1on of the MNK1 was performed by incubating 5.0 uM of MNK1 with 0.3
uM of activated ERK2 and 500 pM ATP at 30°C fo; 6 hours. The activation of MNK2 was
performed by incubating 50 uM of MNK2 with 3.0 pM of activated ERK2 and 500 pM ATP

at 30°C for 2 hours. The activated MNKs were étored at -20°C until required for assay.

Kinase as_sa};S were performed on the Caliper Life Sciences (Mountain View, CA) -

Microfluidics LabChip® Platform. Enzyme activity is analyzed by ‘sipping’ reactions from a
microtitre plate into LabChip. The data signature is generated by the shift in mobility of non-
phosphorylated peptide substrates and phosphorylated products by electrophoresis-in the chip

and detected by LED induced ﬂuoresceﬁee; The magfiiﬁi&e of the fluorescent signal reveals

. the extent of the reaction. The data is analyzed by calculating the relative heights of the

substrate and product peaks and the product / (product+substrate) peak ratio is reported.

The folloWing buffers were used to assay k:ihase aetivity:

Reconstitution buffer: 10mM HEPES/NaOH pH7.5,0.003% Brij® 123, 0.004% TWEEN®
20. | '

Substrate buffer 245mM HEPES/NaOH pH7 5,0. 003% Brij® 123, 0.004% TWEEN® 20,
26mM MgCl,.

Termination buffer: 100mM HEPES/NaOH pH?7.3, 0.022% Brij® 123, 5.6% DMSO 0.16%
CR3, 11.2mM EDTA pHS8.0.
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Separation buffer; 100mM HEPES/NaOH pH7.3, 0.02% Brij® 123, 5% DMSO, 0.1% CR3,
1mM EDTA pH8.0. | B
Peptide substrate (JH3) 5-FAM- TATKSGSTTKNRFVV- CONHz

| "fhe MNKI1 assay was performed by adding 65 oM of activated MNKl and 1 pl of test

compound to a microtitre plate in a volume of 15 pl of reconstitution buffer. The plate was
incubated at 22 °C for 15 minutes before the addition of 3.9 uM of JH3 and 3.12 mM ATP in
10p! of substrate buffer and a further incubation period of 60 minutes at 28 °C. The reaction
was stopped by the addition of 45 ul of termination buffer The final concentration of MNK1,
JH3 peptlde 'ATP and compound in a 26yl assay volume was 40 nM, 1.5 uM, 1.2 mM, and
1X respectively. .

The MNK2 assay was performed by adding 32.5 nM of activated MNK 1 and 1 plof test
compound to a microtitre plate in a volume of 15 pl of reconstitution buffer. The plate was
incubated at 22 °C for 15 minutes before the addltlon of 3. 9 uM of JH3 and 650 pM ATP in
10 pl of substrate buffer and a further incubation period of 60 minutes at 28 °C. The reaction
was stopped by the addition of 45 pl of termination buffer. The final concentration of MNK2,
JH3 peptide, ATP and compound ina26ul assay volume was 20 nM 1.5 uM, 250 uM, and
1X respectlvely , '

Inhibition constants (ICss) were determined by plofting kinase activity versus log compound
concentration and fitting with a non-linear regression algorhithm using GraphPad Prism
(GraphPad Software Inc.).

MNK Cell-Based Assay -

It has been reported that Ser209 of eIF4E is solely phosphorylated by the MNK enzymes. The

ab1hty of compounds to mh1b1t thlS process in Hela cells was investigated using the

| AlphaSoreen SureFire® : assay platform from Perkin Elmer (Waltham MA) elF4E

phosphorylated on Ser209 is recognized by two antibodles, the first which is fused to a
streptavidin coated donor bead binds to an epitope away from Ser209, the second which is
fused to a protein A conjugated acceptor bead binds to phosphorylated Ser209. The
phosphorylation of eIF4E on Ser209 brings the two antibodies into close proximity and when
excited by a laser a singlet oxygen is released by the donor bead which excites the acceptor
bead resulting in the emission of light. This enables the monitoring of e[F4E Ser209

phosphorylation and its inhibition in a cellular context.
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Hela cells were seeded into microtitre plates (30, 000 cells per well) in 100 pl of cilture
medlum and mcubatcd at 37 °C for 24 hours. The media was then removed by aspiration and
the cells resuspended in 50 pl of serum free medium contammg the test compound and
incubated at 37 °C for 2 hours. The culture medium was again removed by aspiration and the |

cells resuspcnded in lysxs buffer (provided in Perkin Elmer SureF1re® Assay Kit). After

' agitation at 350 rpm for 20 minutes at 22 °C, 4 ul was transferred to a 384 well OpthlateTM

(Perkin Elmer, Waltham, MA). To each well was added 5 pl of acceptor mix; the plate was
sealed and agitated gently at 22 °C-for 2 hours. Then, in subdued light, 2 pl of donor mix was
addcd to each well, the plate was sealed, wrapped in aluminum foil and agitated gently at 22
°C for 2 hours. Emission was measured using the EnVision® plate reader (Perkin Elmer,
Waltham, MA).

Inhibition constants (ICsp) were determined by plotting AlphaScreen signal versus log \’ N

compound concentration and fitting with a non-linear regression algorhithm using GraphPad

Prism (GraphPad Software Inc.).

Cell Cytolxicity Assays

| Methodology:

Cancer cell lines, MV-4-11 (leukemia), P116.c139 (acute T cell leukemia) and D1.1 (acute T
cell leukemia), were purchased from ATCC and cultured according to supplier’s
recommendations. K562 cells (myelogenous leukemié) over-exprcssing ¢IF4E, were also
used for the cytotoxicity assay. For cells treated for 48 hours, 5000 cells ‘were seeded in 70 ul
of growth medium in lilack, flat-bottom 96-well plate. For cells treated for six days, 1000

. cells were seeded in 70 ul-of growth medium in black, flat-bottom 96-well plate. The
' compounds Cercosporamide, Example 176 (ETC 7114) Example 175 (ETC 7117), Examplc

133 (ETC-7165) and Example 62 (ETC—7168), were treated with doses ranging from 0.003

‘uM to 50 uM. 50 pl of the d1luted compounds was added to the cells and incubated at 37 °C

in 5% CO,. After 48 hours or six days treatment, cell viability was determined by CellTiter-
Glo Lu'mines‘cen:t Cell Viability Assay (Promega, Madison, WI). 120 pl of the reagent was
added to the cells and luminescence was measured using Tecan Safire Reader. Data was
analysed with Graphpad Prism software and the figures represented indicate the half maximal

inhibitory concentration (ICs). Error bars denote standard deviation (SD).
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Results:
o Tél;lé 1: ICsb -(pM) aiftéf 48 hours of treatment
| | K562 MV-4-11 | D11 | P116.c139 |
Cercosporamide | > 50 - 1>50 1 202 >50
"ETC-7114 E .
‘ . 14.2 1.0 1 1.0 0.4
Example 176
ETC-7117 ‘ I .
, 18.2 . 1 0.9 12.3 { 12.5
Example 175 ‘
ETC-7165 N - ‘
. - ~ 123.0 2.8 . 15.8 10.9
Example 133
ETC-7168 . ‘
7.5 0.8 1.6~ 1 0.8
Example 62 :
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Table 2: ICs5o (uM) after 6 days of treatment

K562 | MV-4-11 | DL1 | P116.c139
Cercosporamide 43 40 | 173+ 49
ETC-7114 . ' _ .
34 .| 04 0.8 0.1
. Example 176 ‘
ETC-7117 '
S - 21.2 03 ) 101} 57
Example 175 , |
ETC-7165 .- ‘
16.0 1.5 11.2 4.0
Example 133 , DR | _ 4
ETC-7168 - o
3.1 0.2 1.7 0.3
Example 62
Discussion: |

‘Generally, the ICs is lower in cells treated for 6 days than in the cells treated for 48 hours.
. Amongst the three test cell lines, the MV-4-11 cell line is the most sensitive to all test
compounds. .
Amongst the four compounds, 'Exampleul 76 (ETC-7114 ‘andj‘Exampie 62 (ETC-7168) are the
most cytotoxic. The ICso of example 176 (ETC-71 14) and Example 62 (ETC-7168) is <1 pM
. and <2 pM, respectiveiy, in the three test cell lines, regardless of the treatment durétion. The

ICsq of example 176 (ETC-7114) and Example 62 (ETC-7168) in K562 cells over-expressing

| eIF4E were reduced by m;>re than half when treatment duratiop was.extended to 6 days.
Theée data Suggest that the cytotoxic effects of Example 176 (ETC-7114) and Example 62
(ETC-17168) are probably non-cell line specific. '

The treatment duration affects the cytotoxic effects of compounds Example 175 (ETC-7117)
and Example 133 (ETC-7165) in the test cell lines. vThe extended treatment duration from 48
hours to 6 days could decrease the 1Cso by more than half—fold in P116.c139 cells. Hdwever,

* the ICsp of example 175 (ETC-7117) and example 133 (ETC-7165) in K562 cells over-
expressing eIF4E and in D1.1 cells was not influenced by the treatment duration. These data -
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suggests that the cytotoxic effects of Example 175 (ETC-7117) and Example 133 (ETC-
7165) are probably more cell line specific.

Immunoﬂuorescence and Senal Replatmg Assays

Methods

- Cord Blood (CB) samples were purchased from the Smgapore Cord Blood bank. CML

samples were the Smgapore General Hospital after 51gned informed consent under local IRB- . ..

approved procedures. MNCs were obtained using Ficoll separation, and CD34" cells selected |

by immunomagnetic beads (Miltenyi Biotech, Germany).

Cell Culture and Generation of Cell Lines

K562 cell line was obtained from the ATCC, and grown in RPMI supplemented with 10%

" FCS, L-glutamine, and penicillin/streptomycin. ' o

Serial Replatihg Assay

CQSLemﬁched CB and BC cells were thawed and allowed to recover ovemight in serum-free
StemPro media (Invitrogen, Carlsbad, CA), supplemented with human growth factors and 1x
nutrient supplement (Invitrogen). Cells were then subJ ected to drug treatment for 48 hr,
harvested, washed, and seeded in methycellulose (H4434 STEMCELL Technologles

- Canada). Colonies were enumerated after 2 weeks, individually pleke_d, ‘and replated in fresh

-methylcellulose in a 96-well format, and counted at 2 weeks: Three rounds of serial replating -

(representing > 8 weeks in culture) were performed.

Immunoﬂuorescence Analysis

- Cells (1 x 10%) were cytospun onto glass slides, fixed w1th 4% paraformaldehye, and stained

with mouse monoclonal antibodies against activated f3-catenin (clone 8E7, Millipore, UK), or
rabbit menoclonal antibodies against phospho-eIF4E $S209 (EP2151Y, Abcam, UK). Slides .

were then stained with either PE-conjugated anti-mouse or FITC-conjugated anti-rabbit

antlbodles Images were obtamed w1th the use of a ﬂuorescence microscope (Olympus :

X718 IFS) at 40x magmﬁcatlon

Western Blotting

- Exponentially growing cells were plated at 2 x 10° cells/ml, and whole cell lysate processed

for western blot analysis using antibodies recognizing eIF4E, phospho-eIF4E (Cell signaling
Technology),
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Discussion ‘

As shown in figure 1A, treatment of K562 cells with i 1ncreasmg concentration of drugs causes
adose dependent decrease in elF4E phosphorylatlon Slmllar to what was observed in BC-
CML cell hnes we showed that treatment of BC-CML primary cells with increasing dose of
drugs also resulted in a dose dependent decrease in eIF4E phosphorylation as well as active
beta-catenin (Figure 1B-D). The functional consequence of decrease beta-catenin as well as

eIF4E phosphorylation on the self renewal capacity of BC leukemia stem cells (LSCs) was

.assessed next. We performed a serial replating assay as previously described (Jamieson et al.,

2004). Importantly, the serial replating assay has been found to correlate well with beta-
catenin-driven self-renewal i in- -BC- GMPs and also the in vivo senal—transplantmg ablhty ofa
variety of fusion-gene dnven LSCs (Huntly etal., 2004) Usmg normal CB CD34 cells, we
found that control treated cells were capable of serial replatmg up to three tnnes (equivalent
to>8 weeks in wtro) We also found that treatment with Example 6 (ETC-0445) did not
significantly alter thelsenal replating efficiency compared to DMSO (Figure 2A) In ¢ontrast,
for CD34" BC cells, treatment with i mcrcasmg dose of Example 6 (ETC-0445) and Example
1 (ETC-5336) retards the serial replatmg cfﬁmency as compared to DMSO (F1 gure 2B and
20). Treatment of CD34" BC cells with increasing dose of Example 2 (ETC~6740) not only
retards serial replating efficiency, at 10.0 uM and 20.0 uM, it potently 1mpa1red the ability of
BC cells to serial replate (Flgure 2D). '
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Treatment of K562 cells with of Example 176 (ETC-7114) or Example 62 (ETC-7168) cause
a decrease in elF4E phosphorylation (Figure 1A); in addition to inhibition of eIF4E
phosphorylation, a decrease in BCR-ABL activity is observed, as demonstrated by the
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decrease in phosphorylation of CrKl, an in vivo substrate of BCR-ABL. The decrease in
elF4E phosphorylatlon is also accompanied by the decrease in nuclear beta-catemn

accumulatlon as demonstrated using 1mmunoﬂuorescence analys1s (ﬁgure 1B and C)

Syhfhétic Exaxﬁples

The following examples serve to ilmstr_ate the invention without limiting the scope thereof.

_ Abbreviations |

CAN: acetonitrile

AcOEt: ethyl acetate

AcOH: acetic acid

AUC: area under the curve

Brine: saturated solution of NaClI in water
cat.: cétalyst - » - |
d: day(s)

-DCM: dichloromethane

DIEA: diisopropyl-ethyl—amine
DMF: N, N—dlmethylforrnam1de
DMSO: dlmethylsulfomde

- DMSO-d¢: per-denterated dimethylsulfoxide.
-dppf: 1,1'- Bis( diphenylphosphino) ferrocene

EDCI: 1-ethyl-3 —(3 -dimethylafninopropyl) carbodiimide)

Ether: diethylether

EtOH: ethanol

h: hour(s) . A

HATU: 2+ 1H~7-Azabenzotriazel-1-y1)-l,1,3,3-tetramethy1‘ uronium hexafluorophosphate
Methanaminium _ | |
HBTU: O-Benzotriazole-N,N,N',N'-tetramethyl-uronium-hexafluoro-phosphate
hOBt: N—Hydroxybenzotriazole .

HPLC: high pressure liquid chromatography

L: litre(s)

LC-MS: Liquid .chromatography~—mass spectrometry
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Me: methyl ..

" MeOH: methanol

min: minute(s)

m.p.: melting point |

MS: mass S}Sectréhietry
NBS: N—Bromosuccinimide

NEts: triethylamine

* NIS: N-iodosuccinimide

.NMM: N-methylmorpholine

NMR: Nuclear Magnetic Resonance L L
Pd(dppf)Cly: [1 ,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(II)

rt: room temperature

THE: tetrahyd;'othran
TFA: triffuoroacetic acid

TLC: thin layer chromato‘graphy

Compounds according to the iﬂvention, for exar‘ripie, starting materials, intermediates or
products, are 'prepaféa as described herein or by the application or adaptation of known
methods, by which 1s meant methods uséd heretofore or described in the literature.
Compounds useful according to the invention may be prepared by the applicétion or
adaptation of known methods, by which is meant methods used heretofore or described in the

literature, for example those described by Larock, R.C., Comprehensive Organic

" Transformations, VCH publishéi’s, (1989), Wl;ich is hereby incorporated by reference in its

entirety.

Rs NM
N

1
Rg R,

Formula 2

General procedure A
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RR’\IH

N/\/\e

o o

NZ N
Q9
-

.. OH , : R’N\R' |
To a solution of 4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoic acid; N-methylmorphoiine and
HATU in DME, was added the desired amine (RR’NH) and the resulting mixture was stirred
for 10 h under ﬁitrogen atmosphere. The reaction miiture was poured onto ice water and the
5 precipitate was isolated‘ by filtration and dried to _afford-the desired amide used as such or

purified as indicated.

General procedure B

NN
/K\/N Y ~ R'-boronate ester/
r ' R'-boronic acid

. AGNa,CO;, Pd(PPhs),

90°C- -
R .

R = CONH,
R=CN

10 . To a»éolution of the halogenetated bicyclic derivative in 1,4-dioxane was added the boronic . '
‘acid or the boronate ester derivative, KsPOy and water and PA(PPhs)s. The reaction mixture

was heated at 90 °C for 12 h under argon atmosphere then, was filtered through celite and
vconcentrated under reduced pressure. The residue was punﬁed by flash column

chromatqgraphy to afford the desired product.

R R Pt i

15

Intermediate 1 . [ ] intermediate 2 _ [ j Intermediate 3 intermediate 4 [ ] Intermediate §
. NN NAF)I NP~ N N/
‘:\If\l/\/e i X N\/g :T Y AN /
Br
[oX 1 o: : © Br: . .

N ) N
[ j Intermediate 6 [ ] Intermediate 7 Intermediate 8 Lonp, Intermedlatee CN-

Intermediate 1: 4-(3-bromoimidazo[1,2-a]pyrazin-6-yl)benzoic acid
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o HO, N7 / NZ NN
A~ =N ,s—@—coom : .
X
Br ;
EOOC . EtOOC

intermediate 1

Step 1: To a solution of 6 bromonmdazo [1 2- al pyrazme (30 g, 151 mmol) in toluene (400

" mL) were sequentially added Cs,CO3 (123 g, 378 mmol), 4-(ethoxycarbonyl)phenylboronic

acid (35.2 g, 181 mmol) and Pd(dppf),Cl, (3.70 g, 4.50 mmol). The reaction mixture was
stirred at 90 °C for 12 h under argon atmosphere then, was filtered through celite. The filtrate

.. was concentrated and the residue was purified the by flash column chromatography (silica .
. gel, eluent n_—h_exane/EtOAc 70:30) to afford ethyl 4-(imidazo [1, 2-a]pyrazin-6-yl)benzoate
(16 g, 39%) as yellow solid. 'H NMR (400 MHz, DMSO-dg) 5: 9.35 (s, 1H), 9.17 (s, 1H),

8.15 (d, J = 8.4 Hz, 2H), 8.03 (d, J = 8.4 Hz, 2H), 7.88 (s, 1H), 7.79 (s, 1H), 4.32 (q, /= 6.8
Hz, 2H), 1.44 (t,J = 7.2 Hz 3H); MS (ESI) m/z 268 [CsH13N30; +HJ".

' Step 2: To a solution of ethyl 4-(imidazo [1, 2-a]pyrazin-6-yl)benzoate (16.0 g, 59.8 mmol) in

CCI4/CH3OH (200/ 50 mL) was added N- bromosuccmamlde (12.7 g, 71.8 mmol). The
reaction rmxture was stirred at room temperature for 30 min then, was filtered through celite.
The filtrate was concentrated, resuspended in water and extracted with CH,Cl,. The organic

phase was concentrated to afford ethyl 4-(3-bromoimidazo [1 ,. 2-a)pyrazin-6-yl)benzoate

(18.0 g, 87%) as a yellow solid. "H NMR (400 MHz, DMSO-d) : 9.17 (s, 1H), 8.78 (s, 1H),
8.28 (d,J = 8.4 Hz, 2H), 8.09 (d, J= 8.0 Hz, 2H), 7.94 (s, 1H), 434 (q,J = 7.2 Hz, 2H), 1.35

(t,J = 7.2 Hz, 3H), MS (ESI) m/z 345 [C1sH,BrN; 0,

Step 3: To a solution of ethyl 4-(3-bromoimidazo [1, 2-a]pyrazin-6-yl)benzoate (27.0 g, 77.9

~ mmol) in THF/ CHgOﬂ (300/100 mL) were added LiOH (26.0 g, 623 mmol) and water (100

mL). The reaction mixtyre was stirred for S h at room temperature then, was concentrated,
diluted with water (200 mL) and acidified with aqueous HCI solution till pH 3. The
precipitate was isolated by filtration and dried to afford 4~(3-bromoirhidazo [1, 2-alpyrazin-6-
yl)benzoic acid (14.0 g, 56%) as white solid. "H NMR (400 MHZ CDCls) 8: 9.17 (s, 1H),
8.68 (s, 1H), 8.25 (d, J = 8.4 Hz 2H), 8.09 (4, /= 8.0 Hz, 2H), 7.99 (s, 1H); MS (ESI) m/z
316 [C13HsBIN3O,] ™.

Intermediates 2 and 3: (4-(3-bromoimidazo[1,2- a]pyrazm-6-yl)phenyl)(4-methy1p1peraz1n-1-

yl)methanone
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‘ s N 2 N
NN O oﬁ/@(‘y NBS A NW/)
N 7 . i e Br.

Intermediate 2 = [N] intermediate 3

V Step 1: To a solution of 6—br0moiinidazo[l,2-e]pyﬁrﬁidine (2.4 g, 12.1 mmol) in DMF; were

sequentially added (4-methylpiperazin-1-y1)(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

" ‘yl)phenyl)methanone (80% of 4.1 g, 12.1 mmol), a solution of NaHCOs (3.1g, 36.3 mmol) in

water (30 mL), water (3 mL) and (A-Phos),PdCl, (400 mg, 0.60 mmol). The reaction mixture

- was heated at 90 °C for 4 h, then was diluted with water (100 mL) and extracted with EtOAc

(3%100 mL). The combiried organic layer was dried over Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by flash column chromatography (silica gel,
eluent CHCl3/MeOH 95:5 to 85:15) to afford of (4-(irnidazo[l,2-a]pyrazin—6—y1)phenyl)(4—

-methylpiperazin-1-yl)methanone (1.5 g, 65%). 'H NMR (400 MHz, CDCl3) & 8.60 (d, J= 2.0
' Hz,lH),SlO(d J=4.0, 1H),7.80(d,J= 80Hz 1 H), 7.58 (m, 4H) 7.39(d,J=8.0,1

H), 3.84 (br s, 2 H), 3. 50 (br s, 2 H) 2.40 (br 5, 4 H), 235 (s, 3 H); MS (ESD) m/z 322 [M+1]

: Step 2: To a solution of ((4-(inﬁdazo[l ,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-

yl)methanone (1.4 g, 4.36 mmoi) in ACN (15 mL) and DCM (5 mL) was added N-

* Bromosuccinimide (0.93 g, 5.23 mmol) at 0 °C. The reaction mixture was stirred for 90 min
© while warming to ToOm temperature The reaction mxxture was diluted with DCM and
. washed with water. The organic layer was dried over Na;;SOA,, ﬁltered and concentrated under

- reduced pressure. The crude compound was purified by flash column chromatography (silica

gel, eluent CHCl3/MeOH 95:5 to 90:10) to afford ((4-(3-bromoimidazo[1,2-a]pyrazin-6-
yDphenyl)(4-methylpiperazin-1-yl)methanone (1.0 g, 83%) as a brown solid. "H NMR (400
MHz, CDCl3) 6 8.82 (d, /= 4.0 Hz, 1 H), 8.53 (d, J= 4.0 Hz, 1 H), 7.87 (s, 1 H), 7.50 (m, 4
H), 3.84 (bs, 2 H), 3.50 (br s, 2 H), 2.39 (bs, 4 H), 2.34 (s; 3 H); MS (ESI) m/z 400.

Intermediates 4 and 5: 4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoic acid and (4-(3-

iodoimidaz_o[ 1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone
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* Step 1: To a solution of ethyl 4-(imidazo [1, 2-alpyrazin-6-yl)benzoate (8.00 g, 29.9 mmol) in

DMF (200 rpL), was added N»Iodosuécinimide (8.10 g, 36.0 mmol) and the mixture was
heated at 60 °C for 2 h and poured onto ice water. The precipitate was isolated by filtration
and dried to afford ethyl 4-(3-iodoimidazo[1,2-a}pyrazin-6-yl)benzoate (11 g, 94%) as yellow
solid. IV'H‘\NMR (400 MHz, DMSO-dg) 8 9.13 (s, 1H), 8.80 (s, 1H), 8.29 (d, /= 8.4 Hz; 2H),
8.0"'7 (d, /= 8.4 Hz, 2H), 8.00 (s, 1H), 4.37-4.31 (m, 2H), 1.34 (t, /= 7.2 Hz, 3H); MS (ES])
s 393 [CisHN:Oy I - |

Step 2: A solution of ethyl 4-(3 -1od01m1dazo[1 2-a]pyrazm- -yl)benzoate (11 g, 30.5 mmol)
and LiOH- H,0 (5.00 g, 121 mmol) in THF/CHgOH/Hzo (200/ 50/50 mL) was stirred for 12 h.
The reaction mixture was conqentrated, diluted with water (20 mL) and acidified with an

aquéous solution of HCl till pH 2. The precipitate was isolated by filtration and dried to

“afford 4-(3-iodoimidazo[1,2-aJpyrazin-6-yl)benzoic acid (8.00 g, 72%) as off white solid. 'H

NMR (400 MHz, DMSO-dq) 6: 9.12 (s, 1H), 8.78 (s, 1H), 8.26 (d, J = 8.4 Hz, ZH) 8.06 (d,J
= 8.4 Hz, 2H), 8.05 (s, 1H); MS (ESI) m/z 366 [CysHsIN30; +H]".

Step 3: N—niethylmorpholine (6.90- mL, 54.64 mmol); HATU (15.58 g, 40.98 mmol) and N-
methylpiperazine (4.15 mL,40.98 mmol) were added sequentially to a solution of 4-(3-
iodoimidazo[l 2-ajpyrazin-6-yl)benzoic acid (10.0 g, 27.32 mmol) in DMF (50 mL). The

. resultlng mlxture was stirred at room temperature for 3 h under nitrogen atmosphere and, was

diluted with water (100 mL). The precipitate was isolated by filtration and dried to afford (4-. .- . .

(3-10d01m1dazo[1,2—a]pyraz1n—6~yl)phenyl)(morphohno)methanone (10.5 g, 86%) as off-
white solid. 'H NMR (400 MHz, CDCly) §: 9.15 (d, J = 1.2 Hz, 1H), 8.44 (d, J= 1.2 Hz, 1H),
8.05 (d, J= 8.0 Hz, 2H), 7.83 (s, 1H), 7.57 (d, /= 8.0 Hz, 2H), 3.85 (bs, 2H), 3.51 (bs, 2H), .
2.53 (bs, 2H), 2.41 (bs, 2H), 2.35 (s, 3H); MS (ESI) m/z 447 [C1gHsINsO 1.

Intermediate 6: Synthesis of (4-(3-iodoimidazo[1,2-alpyrazin-6-yl)phenyl) (morpholino)

methanone
N-methyl-morpholine (3.0 mL, 7.5 mmol), HATU (7.5 g, 27 mmol) and morpholiné (1.26 g,
14.85 mmol) were added séquentially to a solution of 4-(3-iodoimidazo[1,2-a]pyrazin-6-
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- yD)benzoic acid (5.0 g, 3.25 mmol) in DMF (10 mL) and the resulting mixture was stirred at

room temperature for 3 h under nitrogen atmosphere. The reaction mixture was diluted with
water (50 mL) and the precipitate that has formed was filtered off and dried to afford (4-(3- |
iodoimidazo[1,2- a]pyrazm—6 yl)phenyl)(morpholmo)methanone (2.0 g, 65%) as off-white -
solid. 'H NMR (400 MHz, CDC13) 6 9.10 (s, 1H), 8. 50 (s, 1H), 8.10 (d, 2H), 7.90 (s, IH),

7,60 (d, 2H), 3.4-3.9 (m $H); MS (ESI) m/z 434 [C17H1sINO, +H]

Intermediate 7: (4-(3-bromoimidazo[1,2-a]pyrazin-6-yl)phenyl)(morpholino)methanone
To a solution of 4-(3-bromoimidazo (1, 2-a}pyrazin-6-yl)benzoic acid (8.00 g, 25.14 mmol)
in DMF (70 mL), were added sequentially N-methyl-morpholine (5.5 mL, 50.28 mmol),
HATU (14.4 g, 37.71 mmol) and Morpholine (3.32 mL, 37.71 mmol). The reaction mixture

T was stxrred at room temperature for 3 h under nitrogen atmosphere then, was diluted Wlth
water (50 mL). The prempltate was isolated by filtration and dried to afford compound (4 (3-
'bbrom01m1dazo[1 2-a]pyrazin-6- yl)phenyl)(morphohno) methanone (6.40 g, 66%) as off-
white sohd 'H NMR (400 MHz, CDCl3) 69.15(d,J= 1.2 Hz, 1H), 8. 44 (d J= 1 2 Hz 1H),

8.05 (d, /= 8.0 Hz, 2H), 7.83 (s, 1H), 7.57 (d, J= 8.0 Hz, 2H), 3.85 (bs,ZH) 3.51 (bs, 2H)

2 53 (bs 2H), 2. 41 (bs 2H), MS (ESI) m/z 387 [C17H15BrN4OZ +H]

Interihediate 8: (6-bromoimi'dazo[1 24a}pyraziﬁ-34y1)bcnzamidé 5a and 4-(6- )

bromoimidazo[1,2-a}pyrazin-3-yl)benzonitrile -

To a solution of 3-bromo-6-iodoimidazo [1, 2-alpyrazine (500 mg, 1.50 mmol) in DMF (20.0 -
mL) was added 4-carbamoylphenylboronic acid (305 mg, 1.84 mmol), Na;CO; (408 mg, 3.84
mmol), water (2.00 mL) and Pd(PPhs)s (36 mg, 0.03 mmol). The mixture was heated at 90 °C

. for2hand diluted with water. The precipitate was isolated by filtration and dried under

vacuum to afford 4-(6-bromoimidazo[1 2~a]pyrazm» ~y1)benzam1de (300 mg, 61%) as an off |
white solid. '"H NMR (400 MHz, CDCL;) &: 9.04 (s, 1H), 8.82 (s 1H), 8.20 (s, 1H), 8.12 (s,
1H), 8.05 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 2H), 7.50 (s, 1H); MS (ESI) m/z 317 |
[C13HoBIN,O]". |

Intéermediate 9: 4-(6-bromoimidazo[1 ,2-a]pyrazin-3 -yl)benzonitrile

To a solution of 6-bromo-3-iodoimidazo[1,2-a]pyrazitie (3 g, 9.26 mmol) in DMF (50 mL),
were added 4-cyanophenylboronic acid 3 (1.632 g, 11.1 mmol), K3PO,4 (4.91 g, 23.15 mmol),
Pd(PPh3)4 (0.534 mg, 0.46 mmol) and water (5 mL). The reaction mixture was heated at 90

°C for 1 h and water was added to the mixture to induce precipitation. The precipitate was
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isolated by filtration and was purified by column chromatography (silica gel, eluent

) petroleum ether/EtOAc 1:1) to afford of 4- (6-brom01m1dazo[1 ,2-aJpyrazin-3- yl)benzomtnle

25eg, 90%) as an off-white solid. 'H NMR (400 MHz, DMSO dg) 0 9.88 (s 1H), 8.90 (s

" 1H), 8.27 (s, 1H), 8.05-7.99 (m, 4H); MS (ESI) m/z 301.1 [C13H7BrN~2 |,

. Example 1: (4-(3- (4-hvdroxvphenyl)1m1dazo[l 2- a]pyrazm 6- yl)phenvl)(4—

methvipiperazin-1-yl)methanone

NN

o N-Z
Os-

. N ' o N
() b
Il\}' B
CH,

The title was prepared followmg General procedure B using (4-(3 -br0m01m1dazo [1, 2.

ajpyrazin-6- yl)phenyl)(4—methylcyclohexyl)methanone (mtermedlate 7) and 4-
hydroxyphenylboromc acid as starting materials. The reaction crude product Wwas purified by
flash column chromatography (silica gel, eluent CH;Cl/CH;OH 95:5) to afford (4-(3-(4-
hydroxyphenyl)imidazo[1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone (930
mg, 40%, AUC HPLC 98.2%) as an off-white solid. "H NMR (400 MHz, CDCl;) § 9.21 (s,
1H), 8.54 (s, 1H); 7.96 (d, J = 8.4 Hz, 2H), 7.83.(s, 1H), 7.54 (d, /= 8.4 Hz, 2H), 7.43 (d, / =
8.4 Hz, 2H), 7.06 (d, /= 8.8 Hz, 2H), 3.86 (bs, 2H), 3.51 (bs, 2H), 2.53 (bs, 2H), 2.41 (bs,
2H), 2.35 (s, 3H); MM (ESI) m/z 414 [CosHaNsO2AHT". . . .

Example 2: (4-(3-(4-hvdroxyphenvlimidazo[1.2-alpyrazin-6-

yhiphenyl)(morpholino)methanone

The title compo'und was prepared following General procedure B using ((4-(3-

bromoimidazo[ 1,2-a]pyrazin-6-yl)phenyl)(morpholino) methanone (intermediate 7) and 4-
hydroxyphenylboronic acid as starting materials. The reaction crude product was purified by

flash column chromatography (silica gel, 100-200 eluent CH,ClL,/CH;0H 95:5) to afford 4-

(3-(4-hydroxyphenyl)imidazo[ 1 ,2-a]pyrazin-6-yl)phenyl)(morpholino)methanone (150 mg,

32%, AUC HPLC 97.6%) as an off-white solid. "H NMR (400 MHz, CD;0D) § 9.88 (s, 1H),
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9.21 (s, 1H), 8.83 (s, 1H), 8.11 (d, /= 8.0 Hz, 2H), 7.94 (s, 1H), 7.61 (d, J=84HZ 2H),
7.51 (d J=8.4Hz, 2H) 6.97 (d, J 8.4 Hz, 2H), 3.60 (bs, 8H) MS (ESI) m/z401
[C23H20N403+H]

4.4-dimethylpi .ellidine—l-carbvon 1 lxen 1 imidazo 1.2-a
ylbenzamide -
N AF/N

N
0.

N

o}
BN

Step 1: The title compound was prepared ‘following General procedure A and the reaction

crude product was used without further purification in the.next step.:

'H NMR (400 MHz, CDCI3) 8: 9.08 (s, 1H), 8.41 (s, 1H), 8.04 (d, /= 8.4 Hz, 2H), 7.90 (s
1H), 7.56 (d, J = 8.4 Hz, 2H), 3.75 (bs, 2H), 3.40 (bs, 2H), 1.51 (bs, 2H), 1.34 (s, 2H), 1.02
(s, 6H); MS (ESI) m/z 460 [CaoH2,IN,O7".

Step 2: The title was prepared following General procedure B with (4 4-dimethylpiperidin—l-

yh(4- (3-iodoimidazo(1,2-a]pyrazin-6- yl)phenyl)methanone and 4-carbamoylphenylboromc
acid as starting materials. The reaction crude product was punﬁed by column '
chromatography (silica gel, 100-200 eluent CH,ClL,/CH3;0H 90: 10) to afford 6-(4-(4,4- -
diﬁ)éthylpiperidine—l—carbonyl)phenyl)imidazo[l,2~a]pyrazin-3§$rl)l>enzamide (130 mg, 34%, |
AUC HPLC 95.4%) as an off-white solid. "H NMR (400 MHz, CDCl;) §: 9.26 (s, 1H), 8.62

(s, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.96 (s, 1H), 7.95(d,J =48 Hz, 2H), 7.73 (d, J/ = 8.4 Hz,
| 2H),7.52 (d, J = 8.0 Hz, 2H), 6.25 (bs, 1H), 5.74 (bs, 1H), 3.75 (bs, 2H), 3.39 (bs, 2H), 1.49

(bs, 2H), 1.32 (bs, 2H), 1.02 (s, 6H); MS (ESI) m/z 453 [CaH27N50,+H]™.

Intermediate 10: 4-(3-(4- carbamoylphcnyl)lmldazo[l 2~ a]pyrazm 6—yl)ben201c acid

N/\]//N

O§/©/\/
OH '

0
H,N

Intermediate 10
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- Step 1: To a solution of 4-(6-bromoimidazo[1,2-a]pyrazin-3-yl)benzamide (2.00 g, 6.30

mmol) in a mixture of 1,4-dioxane (25 mL) and water (5 mL), were sequentially added 4-

(ethoxycarbonyl)phenylboronic acid (1.30 g, 6.90 mmol), Na,COs (3.30 g, 6.90 mmol) and

Pd(PPhs); (363 mg, 0.31 mmol). The reaction mixture was heated at 90 °C for 16 h under
argo‘nAatmosphere then, was filtered fhrough a short pad of celite. The filtrate was .
concentrated under reduced pressure and the residue was purified by ﬂash column
chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to afford ethyl 4-(3-(4-
carbamoylphenyl)imidazo[1,2-a]pyrazin-6-yl)benzoate (1.50 g, 2%)as yellow solid. MS

< (ESI) m/z 387 [C22H18N403 +H]

Step 2: To a solution of ethy‘ll 4-(3-(4-carbamoylphenyl)imidazo[1, 2-a]pyfazin-6-y1)benzoate
(1.50 g, 12.7 minol) in THF/CH;OH (20/ IOmL) was added LiOH-H,0 (870 mg, 20 7 mmol)

The mixture was stirred at rt for 5 h then Was concentrated under reduced pressure to a

smaller volume. The residue was diluted w1th water (20 mL) and acidified till pH 3 with an

aqueous 2M HCl solution. The prec1p1tate was isolated by filtration and dried to afford 4-(3-
(4-carbamoylphenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid (750 mg, 93%) as an off-white
solid. "H NMR (400 MHz, CDCl5) § 9.30 (s, 1H), 9.06 (s, 1H), 8.17 (d, J = 8.4 Hz, 2H), 8.14

‘(s,lH),Slo(dJ 84H22H),803(d.] 84Hz,2H),793(dJ 84Hz 3H),749(bs

1H); MS (ESI) m/z 359 [CioH1NOs + H]",

Example 4: 4-(6-(4-(4-aminopiperidine-1-carbonyl)phenyl)Yimidazol 1,2-alpyrazin-3-yl)

benzamide hydrochloride

NH, °HCl

- Step 1: tert-butyl 1-(4-(3-(4-carbamoylphenyl)imidazo{1 2-a]pyrazin-6¥yl) benzoyl)piperidin-

. 4-ylcarbamate was prepared following General procedure A using fert-butyl piperidin-4-

ylcarbamate and fert-butyl piperidin-4-ylcarbamate as starting materials. The reaction crude

'product was purified by column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to
-afford the boc protected intermediate. 'H NMR (400 MHz, DMSO-dg) § 9.28 (s, 1H), 9.00 (s,

1H), 8.16-8.13 (m, 3H), 8.08 (d, J = 8 Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H), 7.49-7.45 (m, 3H),
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6.89 (s, 1H ), 4.30-4.20 (m, 1H), 3.55-3.46 (m, 2H), 3.15-3.10 (m, 4H) 1.79-1.71 (m, 2H),
1.23 (s, 9H); MS (BSD) m/2 541 [C30H32N504+H]

Step2: Toa solutioﬁ 6f tert-butyl 1-(4-(3 ~(4-‘ceirbamoylphenyl)imidazb[1 2;a]pyraziﬁ-6-yl)

benzoyl)plpendm 4 ylcarbamate (500 mg, 0.98 mmol) in CH2C12 (5 mL) was added a 20%

HCI solution in 1 4~ dioxane (0.15mL, 0.82 mmol) The reaction mixture was stirred at room
temperature for 2 h then, was concentrated under reduced pressure to afford 4-(6-(4-(4-

aminopipeﬁdine-1-—carbonyl)phenyl)imidaio[l,2-a]pyrazin-3—yl) benzamide hydrochloride

salt (90 mg, 15%, AUC HPLC 96%) as yellow solid. 'H NMR (400 MHz, DMSO-ds) § 9.54
(s, 1H), 9.09 (s, 1H), 8.48 (s, 1H), 8.23-8.18 (m, 4H), 7.96 (d, J = 8.0 Hz, 2H), 7.60 (d, J =

8.0 Hz, 2H), 4.80 (bs, 1H), 3.89-3.85 (m, 2H), 3.10~3.00 (m, 2H), 2.10-2.00 (m, 2H), 1.59—
1.50 (m, 2H); MS (ESI) m/z 477 {CasHaqNeOyHH]".

Example 5: 4—( 6-( 4-( 4-tert-butvipiperazine-1-carbonylphenvl)imidazo| 1,2-alpyrazin-3-

- yDbenzamide

N cn,
H,C” CH;

The title compound was prepared following General procedure A using N-t-butyl piperazine.

" The reac’uon ‘crude product Was purified by column chromatography (silica gel, 100-200

eluent CH2012/CH30H 97:3) to afford 4-(6-(4-(4-tert-butylpiperazine-1-
carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-yl)benzamide (158 mg, 70%, AUC HPLC 96%) as
an off-white solid. 'H NMR (400 MHz, CDCL;) § 9.28 (s, 1H), 9.00 (s, 1H), 8.16 (d, /= 8.0
Hz, 2H), 8.13 (s,'IH), 8.08 (d, /= 8.0 Hz, 2H), 7.94 (d, J~—-.8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz,
3H), 7.45 (bs, 1H), 3.65 (bs, 1H), 2.82 (bs, 1H), 2.70-2.65 (m, 3H), 1.80 (bs, 3H), 1.54 (s,
9H); MS (ESI) m/z 483 [CasH3oNeO,+H]".

Example 6: 4-(6-(4-(4-methvlpiperazine-1-carbonvlphenyhimidazo[1.2-g]pyrazin-3-

yl)benzonitrile
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To a solution of (4 (3-brom01m1dazo[1 2- a]pyrazm 6- yl)phenyl)(4-methy1p1perazm-1—
yl)methanone (200 mg, 0. 50 mmol) in toluene (4 mL) and Ethanol (2 ml) under inert
atmosphere, was added K,COs (138 mg, 1.00 mmol), 4-cyanophenylboronic acid (110 mg,

- 0.75 mmol) and Pd(PPhs)4 (58 mg, 0.05 mmol). The resulting mixture was heated ina -
“microwave oven at 140 °C for 15 min, and then was concentrated under reduced pressure.

“‘The‘residuf;__was purified by column chromatography (siliéa gel, eluent CH;Cl,/MeOH 9535

t0 90:1 0) to afford 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1, 2-a]pyrazin-3-

- yl)benzonitrile (154.7 mg, 73%, AUC HPLC 99%) as a yellow sohd 1H NMR (300 MHz, -
DMSO~d5) é 9 31 (s, lH), 9.04 (s, 1H), 8.25 (s, IH) 816 (d,J= 8 1 Hz, 2H), 8 11 8. 04 (m, '
»“'4H) 7.51(d, 7 =8.1 Hz, 2H), 3.63 (bs, 2H), 3.46-3.20 (m, 2H), 2.32 (bs, 4H), 2.20 (s, 3H);
’ MS (ESI) m/z 423 [C25H21FN60+ H]

Example 7: 4-(6-(4-(morpholine-4-carbonylphenylimidazo[1.2-alpyrazin-3-vl)benzonitrile

o S

Rk

CN

To a solution of (4-(3»—iodoimidazo[l;2—a]pyrazin-6-yl)phenyl)(morpholino)methanone 200

mg, 0.52 mmol) in a mixture toluene (3 mL) and water (1. 5 ml)funderi inert atmosphere was -

successively added KZCO3 (127 g, 0.92 mmol), 4- cyanophenylboromc acid (111 mg, 0.52

mmol) and Pd(PPhs), (53 mg, 0.05 mimol). The resulting mlxture was microwaved at 140 °C |
for 15 min then was concentrated under reduced pressure. The residue was purified by’
column chromatography (silica gel, eluent DCM/MeOH 95:5) to afford 4-(6-(4-(morpholine-
4—carbonyl)pheny1)imidazo{1,2—a}pyrazin~3-yl)beﬁzonitri_le (100 mg, 53%, AUC HPLC
95%), yellow solid. "H NMR (400 MHz, CD;0D) 3 9.17 (&, J = 0.7 Hz, 1H), 8.55 (d. /= 1.0
Hz, 1H), 7.95-7.86 (m, 3H), 7.80 (d, J=8.3 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.43 (d, J =
8.2 Hz, 2H), 3.88~3.22 (m, 8H); MS (ESI) m/z 410 [Cp4H;oN50, + H]".

Example 8: 2-(6-(4-(4-methylpiperazine-1-carbonyl)phenylimidazol 1.2-alpvyrazin-3-

yDbenzonitrile
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To a solution of (4- (3-1od01m1dazo[l ,2-a]pyrazin- 6—y1)phenyl)(4-methy1p1perazm-1-
yl)methanone. (400 mg, 0.89 mmol) in a mixture of toluene (8 mL) and ethanol (4 ml) under

inert atmosphere, was added KyCO3 (247 mg, 1.79 mmol), 2-cyanophenylboronic acid (197

| mg, 1.34 mmol) and Pd(PPh3)4 (103 mg, 0.089 mmol). The resulting mixtuf_e was heated in a

microwave oven at 140 °C for 15 min, and then was concentrated under reduced pressure.

The residue was.purified by column chromatography (silica gel, eluent CH,Cly/MeOH 95:5
to 90:10) to afford 2-(6- (4 (4-methy1p1perazme—1-carbonyl)phenyl)lmldazo[ 1,2-a]pyrazin-3-

- yDbenzonitrile (134 mg, 35%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz,
1o

CD3OD) §9.13 (d, J = 0.8 Hz,1H), 8.65 (d, /= 0.8 Hz,1H), 8.06 (s, 1H), 8.03-7.98 (m, 3H),

7.91-7.84 (m, 2H), 7.73-7.68 (m, 1H), 7.46 (d, J = 8.2 Hz, 2H), 3.7 (bs, 2H), 3.48 (bs, 2H), .

2.52-2.42 (m, 4H), 2.3 (s, 3H); *C NMR (100 MHz, CD;0D) § 171.99, 143.89, 141.99,

1140.85, 139.26, 137.46, 136.94, 135.46, 135.09, 132.04, 131.99, 131.26, 128.72, 127. 97

125.66, 55.96, 55 53, 46.01, 43 OO MS (ESI) m/z 423 [CosHpNgO + H}

Step 1: To-a solution of 4»'(3-(4-oyanophenyl)imidazo[l,2~a]py1fazin76-y1)benzoic acid (100
mg, 0.294 mmol) in DMF (10.0 mL), were gdde,d ,HA_TUA (168.mg, 0.4_41 mmol), N-methyl .

morpholine (59 g, 0.588 mmol) and fert-butyl methyl(piperidin-4-yl)carbamate (126 mg,
0.588 mmol). The reaction mixture was stirred at room temperature under inert atmosphere
for 16 h, and then was diluted with water (20 mL) and extracted with DCM (3x20 mL). The
combined organic layer was dried over Na;SOy; filtered and concentrated under reduced
pressure. The crude residue was pﬁriﬁed by columh chromato graphy (silica gel, eluent |
CH,Cly/MeOH 95:5 to 90:10) to afford the boc-protected derivative as a yellow solid. MS
(ESD) m/z 537 [C3H3NgO; + HY™.

91



10

WO 2013/147711 ‘ - PCT/SG2013/000126

Step 2: To a solution of fert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-

yl)benzdyl)pipcridin~4-yl(methyl)carbamate (0.294 mmol) in methanol (3 mL) and dioxane

3 mL), was added a solution of 4M HCl in dioxane (3 mL). The resulting mixture was stirred

‘at room temperature for 18 h and then was concentrated under reduced pressure. The residue

was purified by preparatlve HPLC (C18, eluent ACN/Hzo/HCOOH 0.01%) to afford 4- (6 (4—

) 4- (methylammo)plpendme-l -carbonyl)phenyl)imidazo[1, 2- -alpyrazin-3-yl)benzonitrile (63.3

mg, 50%, AUC HPLC 96%) as a yellow solid. "H NMR (400 MHz, CD;0D) & 9.22

(s, 1H),8.97 (s, 1H), 8.17 (d, /= 8.2 Hz, 2H), 8.13 (s, 1H), 8.03-7.98 (m, 4H), 7.57 (d, J =
8.2 Hz, 2H), 4.75-4.72 (m, 1H), 3.91 (bs, 1H), 3.17-3.11 (m, 2H), 3.01-2.98 (m, 1H), 2.64(s,
3H), 2.19-2.05 (m, 2H), 1.51 (bs, 2H); °C NMR (100 MHz, CD:0D) 5 172.10, 144.07, -
142.39, 141.09, 139.45, 137.02, 136.83, 134.47, 133.68, 129.78, 128.56, 128.03, 119.37,

©7115.42,113.53, 57.32, 31.51; MS (ESI) m/z 437 [C26H24N6O + HI"

Example 10: 4- j 6-{4 (4—(2 ammoethvl)mpendme~ -carbonvl)phenvl)umdazoﬂ 2-a]pvrazm-
15

—vl)benzommle

HoN_ N7 .
M\O\l

.- Step 1: To a solution-of 4-(3-(4-cyanophenyl)imidazo{1,2-a]pyrazin-6-yl)benzoic acid (50 .

" " mg, 0.147 mmol) in DMF (5.0 mL) were added HATU (84 mg, 0.221 mmol), N-methyl

20

25

30

morpholine (30 mg, 0.294 mmol) and fert-butyl 2-(piperidin-4-yl)ethylcarbamate (67 mg,

0.294 mmol);~ The reaction m:ixture was stirred at room terﬁperature under inert atmosphere

- for 16 h and then diluted with water (10 mL) and extracted with DCM (3x10 mL). The '

combined organic layer was dried over Na,SQOy, filtered and concentrated under reduced
pressure. The crude residue was purified by coluzhﬁ chromatography (silica gel, eluent
CH,Cly/MeOH 95:5 to 90:10) to afford the carbamate derivative as a yellow solid. MS (ESI)
m/z 551 [032H34N503+H] ‘

Step 2: To a solution of fert- butyl 2-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-
ylbenzoyl)piperidin-4-yl)ethylcarbamate (0.147 mmol) in DCM (1 mL) was added TFA (1

-mL). The reaction mixture was stirred at room temperature for 18 h and then concentrated

under reduced pressure. The residue was purified by preparative HPLC (C18, éluent
ACN/H,O/HCOOH 0.01%) to afford 4-(6-(4-(4-(2-aminoethyl)piperidine-1-
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. carbonyl)phenyl)imidazo[1 2-a]b yrazin-3-yl)benzonitrile (15.9 mg, 22%, AUC HPLC 99%)

as a yellow solid. 11—1 NMR (400 MHz, CD;0D) 69.19 (d, /= 1.3 Hz, 1H), 8.93 (d, /= 1.3
Hz, 1H), 8.13-8.11 (m, 3H), 8.01-7.96 (m, 4H), 7.53 (d, J = 8.4 Hz, 2H), 4.69-4.66 (m, 1H),
3.82-3.80 (m, 1H), 3.18-3.15 (m, 1H), 3.04-3.00 (m, 2H), 2.91 (bs, 1H), 1:89 (bs, 1H), 1.75-
1.64 (m, 4H), 1.30-1.27 (m, 2H); °C NMR (100 MHz, CD;OD) 8 171.92, 167. 39, 144.03,
14235, 141.11, 139.14, 137.48, 136.83, 134.46, 133.65, 129.74, 128.50, 127.94, 119.39, .

111532, 113.48, 43.46, 38.38, 34.93, 34.58, 33.46, 32.58; MS (ESI) m/z 451 [Cy7H26NsO +

HT. .

Exainnle 11: 4-(6-(4-(4-methyl-1 ,2,3.6-tetrahvdropyridine—l-carbonyl)phenvl)imidazo{ 1,2-

alpyrazin-3-yl)benzonitrile

NEN=N

N

Q on

" To a solution of 4-(3 -(4-c:a“rb'amoylphenyl)imidaio[1,2-a]pyrazin—6-y1)benzoic acid (100mg,

0.279 mmol) in DMF (0.56 mL) was added phosphorus oxychloride (51 pl, 0.558 mmol)' -

dropwise. The reaction mixture was stirred at room temperature under inert atmosphere for 4

_h, followed by the addition-vof 4-rf1ethy1pip_eﬁdin-4-ol (43 mg, 0.279 mmol) and anhydrous

pyridine (1 mL). The reaction mixture was cooled to 0°C, and phosphorus oxychloride (28 pl,
0.307 mmol) was added dropwise. The reaction mixture was stirred at 0°C for at least 30min,
and allowed to warm to room temperature overnight. The reaction mixturé was then diluted
with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was

dried over Na,SO4 and was concentrated under reduced pressure. The crude residue was

" purified by column chromatography (silica gel, eluent CH,Cly/MeOH 95:5) to afford 4-(6-(4-

(4-methyl-1,2,3,6-tetrahydropyridine- 1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-
yl)benzonitrile (36 mg, 31%, AUC HPLC 93%) as a yellow solid. 'H NMR (400 MHz,
CDCl3) 8 9.29 (s, 1H), 8.59 (s, 1H), 7.98-7.95 (m, 3H), 7.91-7.88 (m, 2H), 7.77-7.75 (m, 2H),
7.56-7.54 (m, 2H), 5.48-5.23 (br s, 1H), 4.17 (bs., 1H), 3.88 (bs., 2H), 3.50 (bs., 1H), 2.16-
2.07 (m, 2H), 1.74 (s., 3H); ’C NMR (400 MHz, CDCls) & 144.12, 141.20, 140.31, 137.37,
136.99, 136.25, 133.45, 132.49, 128.18, 126.49, 125.66, 118.13, 112.69, 112.38, 23.10; MS

(ESY) m/z 420 [CoHaNsO + HJ'.
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Example 12: 4-( 6-{4-(4-ethylhiperazine- 1 -carbonyl)bhenvl)imidazo[1 ,Z—alnv;azin-B-
yl)benzonitrile ‘ ‘

NZNEN

N7
0

[j .CN

Step 1: (4- ethylplperazm 1~yI)(4 (3-1od01m1dazo[1 2- a]pyrazm 6—y1)phenyl)methanone was
prepared following General procedure A and the reaction crude product was used without
further purification in the next step. 'H NMR (400 MHz, CDCls) § 9.11 (s, 1H), 8:72 (s, 1H);"

- 8.10 (s, 1H), 8.19 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 3.61 (bs, 2H), 3.51 (bs, 4H),

2.39 (bs, 2H), 2.34 (m, 2H), 1.00 (s, 3H); MS (ESI) m/z 461 [C1gHyINsO1"

Step 2:The title compound was prepared following General procedure B with (4-

ethylpiperazin-1-y1)(4-(3-iodoimidazo[ 1, 2-a]pyrazin—6-yl)phenyl)methanone and 4~
cyanophenylboromc aczd as stamng materials. The reaction crude product was purified by
column chromatography (silica gel 100- 200 eluent CHzClz/CH3OH 95:5) to afford 4-(6-(4-
(4- ethylplperazme- -carbonyl)phenyl)lmldazo[1 2-a]pyrazin-3 yl)benzomtnle (95 mg, 20%,
AUC HPLC 95. 7%) as a light green solid. "H NMR (400 MHz, DMSO-ds) 8 9.30 (s, 1H),
8.60 (s, 1H), 7.99 (s, 1H), 7.97 (d,J=8 Hz, 2H),791 (d, /= 8.4 Hz, 2H), 7.77(dJ =8 Hz,
2H), 7.55 (d, J = 8 Hz, 2H), 3.86-3.80 (m, 2H), 3. 50-3.43 (m 2H), 2.60-2.40 (m 6H), 1.10
t,J=54 Hza 3H); MS (ESI) m/z 437 [CasH24NsO+HT".

Example 13: 4-(6-(4-( 4-1 sopropylpiperazine-1 -carbonyl)phenyDimidazo[ 1 ,2—a]pvrazin-3 -

yhbenzonitrile

N= =N
Yﬂij /
® ¢
N

Step 1: (4-(3-iodoimidazo(1,2-a]pyrazin-6-yl)phenyl)(4-isopropylpiperazin-1-yl)methanone

was prepared following General procedure A and the reaction crude product was used

without further purification in the next step.
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'H NMR (400 MHz, CDCl3) § 9.15 (d, /= 1.2 Hz, 1H), 8.44 (d, J= 1.2 HZ, 1H), 8.05 (d, /=
8.0 Hz, 2H), 783 (5, 1H), 7.57 (6, J = 8.0 Hz, 2H), 3.85 (bs, 2H), 3.51 (bs, 2H), 2.53 (bs,
2H), 2.41 (bs, 2H), 2.05-2.00 (m, IH), 135(, /=80 Hz, 6H); MS (ESD) m/z 475
[Conzszso]

. Step 2: 4-(6-(4-(4-isopfopylpiperazine-1»ca;fbonyl)pheny1)imidazo[l,2-5]pyféiin~3- .

yl)benzonitrile was prepared following General procedure B with (4-(3-iodoimidazo[1,2-

ajpyrazin-6-yl)phenyl)(4-isopropylpiperazin-1-ylymethanone and 4-cyanophenylboronic acid

as starting materials. The reaction crude product was purified by column chromatography

(silica gel, 100-200 eluent CH,Cl,/CH3OH 98:2) to afford 4—(6-(4:(4—.isoprOpylpipe'razine-I- o

carbonyl)phenyl)imidazo(1 2-a]pyrazin—3¥yl)benzonitrile (60 mg, 23%, AUC HPLC >99%)
as an off—whxte solid: "H NMR (400 MHz DMSO de) 6 9. 30 (s 1H), 9.03 (s IH), 8.23 (s
lH), 8. 14 (d, J=8.0 Hz, 2H) 8.03-8. 09 (m 4H), 7.50 (d, J= 8.4 Hz, 2H), 3. 60 (bs, 4H),
2.66~2.72 (m, 1H), 2.49 (bs, 4H), 0.96 (d, J= 6.4 Hz, 6H); MS (ESI) m/z 451
[C27H26N60+H]+, . D BRSRR :

_Example 14: 4-( 6 (4-(4 cvclopropvlpmerazme—l carbonvl)phenvl)lmldazofl 2- a?nvrazm—?)—

-yl )benzomtnl

Nﬁ//N

EZJ B

Step 1: (4-cyclopropy1piperazin- 1-y1)(4-(3-iodoimidazo(1 ,2-a]pyrazin—6-y1)phény1)

methanone was.prepared following General procedure A and the reaction crude product was

used without further purification in the next step.“ |

'H NMR (400 MHz, DMSO-ds) § 9.21 (s, 1H), 5 8.89 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 7.83
(s, 1H), 7.55 (d, J= 8.0 Hz, 2H), 3.75 (bs, 4H), 3.53 (bs, 4H), 2.84-2.90 (m, 1H), 1.10 (s,
2H), 0.77 (4, J = 8.0 Hz, 2H); MS (ESI) m/z 473 [CaoHagINsO+H]".

Step 2: The title compound was prepared following General procedure B with (4-

cyclopropylpiperazin-1-yl)(4-(3-iodoimidazo{1,2-a]pyrazin-6-yl)phenyl) methanone and 4-
cyanophenylboronic acid as starting materials. The reaction crude product was purified by
column chromatography (silica gel, eluent CH,Cly/CH3OH 97:3) to afford 4—(6-(4—(4—
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cyclcpropylpiperazine—1_~carbonyl)1§henyl)imidazo[ 1,2-ajpyrazin-3-yl)benzonitrile (65 mg,

28%, AUC HPLC 96.9%) as an off-white solid. 'H NMR (400 MHz, DMSO-dg) 8 9.30 (s,

1H), 9.03 (s, 1H), 823(s,lH),815(d J= 80Hz 2H), 8.03— ~8.09 (m, 4H), 7.50 (d, /= 80
Hz, 2H), 3.58 (bs 4H), 2.62 (bs, 4H), 1.64-1.67 (m, 1H),O32 (d J 8. OHZ 2H) 042 d,J

. =8.0Hz 28); MS (ESI) m/z 449 [CZ7H24N60+H]

Example 15: 4-(6-(4-(4-hydroxvypiperidine-1-carbonyl)phenvl)imidazof 1,2~_a1nvra'zin—3'~’ '

yhbenzonitrile

OH

Step 1: 1-(4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoyl)piperidin-4-one was prepared

: followmg General nrocedure A and the reactlon crude product was used Wlthout further

punﬁcatlon in the next step.
'H NMR (400 MHz, CDCl3) 8 9.15 (d, J= 1.2 Hz, 1H), 8.44 (d, J= 1.2 Hz, 1H), 8.05 (d,J =
8.0 Hz, 2H), 7.83 (s, 1H), 7.57 (d, J = 8.0 Hz, 2H), 3.85 (bs, 2H), 3.51 (bs, 2H), 2.53 (bs,

“2H), 2.41 (bs, 2H); MS (ESI) i’z 446 [C1sHisIN;O2+H].

- Step 2: 4-(6-(4-(4-oxopiperidine-1-carbonyl)phenyl)imidazo[ 1,2-alpyrazin-3-yl)benzonitrile

was prepared following General procedure B with 1-(4-(3-iodoimidazo[1,2-aJpyrazin-6-

yl)benzoyl)piperidin-4-one and and 4-cyanophenylboronic acid as starting’ materials. The

reaction crude product was punﬁed by column chromatography. (silica gel, 100- 200 eluent

. CH,Cl1,/CH;0H 97:3) to afford 4-(6-(4- (4-oxop1pendme-1-carbonyl)phenyl)lmldazo[l,2~

a]pyrazin—?;—yl)bénzoxiitﬁle (20 mg, 24%, AUC HPLC 96.9%) as an off-white solid; 'H NMR
(400 MHz, DMSO-dg) 6 9.31(s, 1H), 9.05 (s, 1H), 8.24 (s, 1H), 8.18 (d, /= 8.4 Hz, 2H),

- 8.04-8.09 (m, 4H), 7.61 (d, J = 8.4 Hz, 2H), 3.75 (bs, 8H) MS (ESI) m/z 422

[CosH oNsO,+HT".

Step 3: To a solution of 4-(6-(4-(4-oxopiperidine- 1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-
3-yl)benzonitrile (140 mg, 0.34 mmol) in methanol (5 mL) was added sodium borohydride
(19 mg, 0.5 mmol). The reaction mixture was stirred at room temperature for 1 h and was

concentrated under reduced pressure. The residue was purified by flash column
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chromatbgraphy (silica gel, eluent CH,Cl,/CH30H 90:10) to afford 4—(6-(4-(4-
hydroxypxpemdme—1—carbonyl)pheny1)1m1dazo[l 2~a]pyrazm 3-yl)benzonitrile (65 mg, 50 A),
AUC HPLC >99%) as gray solid. '"H NMR (400 MHz, DMSO-ds) 8 9.30 (s, 1H), 9.03 (s,
lH) 8.23 (s, 2H), 8.03-8.09 (m, 5H),748(d J= 8.4 Hz, 2H), 4 10(d J=8.0Hz, 1H) 122
(bs, 8H); MS (ESI) m/z 424 [C25H21N502+H]

Intermediate 11: ethyl 4-(3- (4 cyanophenyl)lmldazo[l 2- a]pyrazm 6- yl)benzoate

N NN
o N-f

OCzHS

CN
intermediate 11

Step 1: To a solution of 4- (6-brom01m1dazo[1 2- a]pyrazm 3-yDbenzonitrile (5.00 g, 16.7

‘mmol) in DMF (100 mL), were added 4-(ethoxycarbonyl)phenylboronic acid (4.90 g, 25.2

mmol), Na;COj (4.40 g, 41.5 mmol), water (5.0 mL) and Pd(PPhs)4 (386 mg, 0.33 mmol).
The reaction mixture was heated at 90°C for 2 h under argon atmosphere then, was diluted

with water. The precipitate was isolated by filtration and dried under vacuum to afford ethyl

- 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoate (2.80 g, 46%) as off white solid.. - s
15

'H NMR (400 MHz, DMSO-dg) & 9.28 (s, 1H), 9.07 (s, 1H), 8.25 (s, 1H), 8.22 (d, J = 6.0 Hz,

2H), 8.08-8.02 (m, 6H), 4.38-4.33 (m, 2H), 1.36 (1, /= 7.2 Hz, 3H); MS (ESD) m/z 369

[C22H16N402+H]

- Step 2: To a solution of ethyl 4-(3-(4-cyanophenyl)imidazo[1 ,2-a]pyrazin-6-yl)benzoate (2.80

g, 7.61 mmol) in THF/CH3OH/H,0 (50/20/20 mL) was added LiOH-H,0 (1.25 g, 30.5

mmol). The reaction mixture was stirred at rt for 12 h and was concentrated to a smaller

volume. The residue was diluted with water (20 mL) and acidiﬁcd till pH 2. The precipitate
was filtered off and dried to afford 4-(3-(4-cyanophenyl)imidazo[1,2-ajpyrazin-6-yl)benzoic
acid (2.00 g, 80%) as off white solid. "H NMR (400 MHz, DMSO-dg) &: 9.30 (s, 1H), 9.08 (s,
1H), 8.22 (d, J = 9.6 Hz, 3H), 8.06-8.02 (m, 6H); MS (ESI) m/z 341. [Co0H2N4O,+H]".

-4-methylpiperidine-1-carbonylphenyl)imidazo[1.2- -

eﬂnvrazin-3 -y)benzonitrile
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To a solution of 4—(3-(4-cyanophenyl)imidazo{I,2-a}pyrazin-6—yl)benzoi'c acid (100-mg,

0294 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl

morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 1 h, followed by the addition of 4-methylpiperidin-4-ol
hydrochloride (89 mg, 0.587 mmol). The reaction mixture was left to stir for 18 h, then was

" diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined ofgéhic '

layer was dried over Na,SO, and was cénce%iﬂ‘at;d under reduced pressure. The crude residue
was puﬁﬁe& by column chromatography (siliéa éel, eluent CH,Cl/MeOH 95:5) to afford 4-
(6-(4<(4-hydroxy-4-methylpiperidine-1 —'carbonyl)pheﬁyl)imidazo[1 ,2-a]pyrazin-3-
yl)benzonitrile (73 mg, 57%, AUC HPLC 97%) as a white solid. "H NMR (400 MHz, CDCls)
89.28 (s, 1H), 8.59 (s, 1H), 7.98-7.94 (m, 3H), 7.90-7.88 (m, 2H), 7.77-7.75 (m, 2H), 7.53

(4, J=8.4 Hz, 2H), 4.35 (bs, 1H), 3.51-3.38 (m., 3H), 1.70-1.55 (m, 4H), 1.32 (s, 3H); °C
NMR (400 MHz, CDCl3)-6 169.70, 144.12, 141.20, 140.29, 137.33, 136.86, 136:24, 133.45,
132.47, 128.19, 127.70, 126.54, 125 68,118.13, 112.70, 112.39, 68.13, 30.41; MS (ESI) m/z

- 438 [CyeHa3NsO; + H]

Example 17; 4-(6-(4~( 4—methv1-1,4-diazepane-1-carbonvl)phen?ﬁimidazof1.2-a]pvrazin—3—

yl)benzonitrile

The title compound was prepared according to genral procedure A using 4-(3-(4-
cyanophenyl)iinidazo[1,2—a]pyrazin~6-y1)benzoic acid and 1~I'néthylfhomopiperazine'as
starting materials. The reaction mixture was stirred at room temperature under inert
atmosphere for 18 h, then it was diluted with water (10 mL) and extracted with EtOAc (3x30
mkL). The combined organic layer was dried over Na,SO,4 and Waé concentrated under
reduced pressure. The residue was purified by preparative HPLC (C18, eluent ACN, water,
formic acid 0.1%) to afford 4—(6-(4-(4—methyl-1,4-diachane-1—carbonyl)phenyl)imidazo[1,2— -
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a]pyrazin-3-yl)benzonitrile (11 mg, 17%, AUC HPLC 99%) as a white solid. 'H NMR (400
MHz, DMSO-dy) 6 9.30 (d, J = 1.2 Hz, 1H), 9.03 (4, /=12 Hz, 1H), 8.24 (5, 1H), 8.15 (d,J
—84Hz,2H),8 11-8.01 (m, 4H), 7.50 (d, J = 7.2 Hz, 2H), 3.70-3.60 (m, 4H), 2.70-2.64 (m,
H), 2.61-2.55 (mn, 1H), 2.60-2.50 (m, 2H), 2.29 (&, J =26.0 Hz, 3H), 1.91-1.82 (m, 1H),

1.80-1.70 (m, 1H); MS (ESI) m/z 437 [CocHuN¢O +HJ".

=HCl

NH2 . N .

Step 1: tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo(1 ,2-a]pyrazin—6¥y1) benzoyl)piperidin-4-
ylcarbamate was prepared following General procedure A and the reaction crude product was
purified by column chromatography (silica gel, 100-200 eluent CH,Cl,/CH30H 97:3). H
NMR (400 MHz, CDCl3) 6 9.30 (s, 1H), 8.61 (s, 1H), 8.02 (bs, 1H), 8.00 (s, 1H), 7.98 (d, /=
8.4 Hz, 2H), 7.96 (4, J 8.0 Hz, 2H), 7.79 (d, /= 8.4 Hz, 2H),753 (d,/=8.0Hz,2H),
4,30-4.25 (m, 1H), 3. 74—3 70 (m, 4H), 2.10-2.06 (m 4H), 1.45 (bs 9H) MS (ESI) m/z 523
[C30H30N603+H]

Step 2: A solution of tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl) -
benzoyl)piperidin-4-ylcarbamate (100 mg, 0.90 mmol) in a mixture of CH,Cl, (5 mL), and

'20%'HCI solution in 1,4-dioxan (0.15 mL, 0.82 mmol) was stirred af room temperature for 2
" h. The reaction mixture was concentrated to afford 4-(6-(4-(4-aminopiperidine-1-

~ carbonyl)phenyl)imidazo[1,2-a}pyrazin-3-yl)benzonitrile Hydrochloride (52 mg, 59%, AUC

HPLC 98.0%) as a yellow solid. 'H NMR (400 MHz, CDCls) 8 9.32 (s, 1H), 9.04 (s, 1H), 8.3
(bs, 1H), 8.26 (s, 1H), 8.18-8.16 (m, 3H), 8.07-8.04 (m, 4H), 7.48 (d, J = 8.0 Hz, 2H), 3.30-
3.20 (m, 2H), 2.01-1.96 (m, 4H), 1.49-1.39 (m, 2H); MS (ESI) m/z 458 [C25H,,NeO+H]".

Example 19: 4-(6-(4-(4.4-dimethylpiperidine-1-carbonvDphenvl)imidazo[1.2-alpyrazin-3-
vl)benzonitrile
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Hy,C” “CHj

The titlé compound was prepared following General procedure A with 4,4-

dimethylpiperidine as starting material. The reaction crude prbduct was pﬁriﬁed by flash
column chromatography (silica gel, 100-200 eluent CH,CL/CH;0H 95:5) to afford 4-(6-(4-

- (4,41—diﬁiét’hy1piperidine-1~carbony1)phenyl)ir‘riidazo[1,2-a]pyrazini3~y1)benzonitrile (35 mg,

14%, AUC HPLC 95%) as a light brown solid. 'H NMR (400 MHz, CDCL) 8 9.29 (s, 1H),
8.59 (s, 1H), 7.99-7.89 (m, 5H), 7.77 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 3.75 (bs,
2H), 3.39 (bs, 2H), 1.49 (bs, 2H), 1.32 (bs, 2H), 1.01 (s, 6H); MS (ESI) m/z 436

[CorHasNsO+H]".

Example 20: 4-(6-(4-(4-(aminomethvl)-4-hvdroxypiperidine-1-carbonyl)phenyl) imidazof1.2-

' alpyrazin-3-vl)benzonitrile

jo)

N

HOQQNI‘E

” Step 1: To a solution of t—Buf&f—-fi-(aminbmethyl)—4-hydroxypiperidiné-1 ;darboxylate (2.0 g,

8.69 mmol) in THF, were added DMAP (110 mg, 0.86 mmol) and ethyl 2,2,2-trifluoroacetate

C(15g 10.43 mmol). The feaction mixture was heated at 70 °C and stirred for 6 h then was

diluted with ethyl acetate. The organic layer was washed in turn with 1N HCI (2x10 mL) and
brine then, dried over Na>SOy, filtered and concentrated. The residue was purified by flash
column chromatography (silica gel, eluent n-Hexane/EtOAc 70:30) to afford rert-butyl 4-
hydroxy-4-((2,2,2—triﬂu0roacetamido)methyl)pipéridine—lucarboxylate (2.00 g, 84%) as an
oil. '"H NMR’ (400 MHz, CDCl3) 4 6.90 (bs, 1H), 3.79 (bs, 2H), 3.41 (bs, 2H), 3.25-3.18 (m,
4H), 1.57 (bs, 4H), 1.48 (s, 9H); MS (ESI) m/z 327 [Ci3H2iF3NO4+ HT. - o

Step 2: A solution of fert-butyl 4-hydroxy-4-((2,2,2-trifluoroacetamido)methyl)piperidine-1-

carboxylate (500 mg, 8.69 mmol) in a mixture of 1,4-dioxane and 30% HC] solution in 1,4-
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dioxane (10 mL). The reaction mixture was stirred forv3 h at room temperature annd was
concentrated to afford 2 2 2-trifluoro-N-((4- hydroxypxpendm-4—yl)methyl)acetalmde (400
mg, 90%) as an oil. 'H NMR (400 MHZ DMSO'dﬁ) §5.08 (bs 1H), 3.37 (bs, 2H), 3. 20 (d J |
= 6.4 Hz, 2H), 3.10-3.07 (m, 2H), 3. 01——2 94 (m, 2H), 1.72-1. 64 (m, 2H) 1.57-1.54 (m, 2H) '
MS (ESI) m/z 227 [CsH14CIFsN,0, +H] .

éteﬁ 3: To a solution of 4~(3—(4;hydm‘Xyphenyl)-l -(te’t:rahydroQH—byranQ-yl)-1H‘-indazoI-S-
ybhbenzoic acid (300 mg, 0.88 mmol) in DMF (5 mL) were added N-methylmorpholine (270
mg, 3.57 mmol), HATU (503 mg, 1.32 mmol) and 2,2,2-trifluoro-N-((4-hydroxypiperidin-4-

- yl)methyl)acetamide (350 mg, 3.57 mmol). The reaction mixture was stirred for 10 h at room

temperature and was quenched by adding water. The aqueous phase was extracted with.
CHCl; and the organic layer was washed with brine solution, dried over _NaZSO4, ﬁltered and -
cdﬁgentrated. The crﬁdc comﬁbund was purified by flash columﬁ chromatography (sﬂicﬁ gel,"
eluentuCHZClz/CH3OH 95:5) to afford N-((1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-

‘ yl)benzoyl)-4-hydroxypiperidin~4—yl)methyl)Q,Z,Z-triﬂuoroacetamide (70 mg, 20%) as an
 off white solid. "H NMR (400 MHz, DMSO-ds) § 9.29 (s, 2H), 9.03 (s, 1H), 8.23 (s, 1H),

8.14 (d,J = 8.4 Hz, 2H), 8.09-8.03 (m, 4H), 7.49 (4, /= 8.0 Hz, 2H), 478 (s, 1H), 4.20 (bs,
1H), 3.40 (bs, 1H), 3.28 (bs, 1H), 3.22 (d, J= 6.0 Hz, ZH), 3.15 (bs 1H), 1.52-1.40 (m, 4H)
MS (ESI) m/z 549 [CasHa3F3NgOs +HJ". '

‘Step 4: To a solution of N-((1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoyl)-4-

hydroxypiperidin-4-yl)methyl)-2,2,2-trifluoroacetamide (100 mg, 0.17 mmol) in methanol (5
fnL) was added K,CO; (97 mg, 0.44 mmol) was added. The reaction mixture was stirred for 5

- h then was concentrated under reduced pressure. The residue was purified by flash column |

chromatography (silica gel, eluent CH,Cly/CH3OH 90:10) to afford 4—(6—(4—(4-
(aminomethyl)-4-hydroxypiperidine-1-carbonyl)phenyl) imidazo[1,2-alpyrazin-3-
yDbenzonitrile (50 mg, 40%, AUC HPLC 96.7%) as a light yeilow solid. 'H NMR (400 -

- MHz, DMSO-dg) 6 9.20 (s, 1H), 8.95 (s, 1H), 8.15-8.11 (m, 3H), 8.02-7.96 (m, 4H), 7.55 (d,

J= 8.4 Hz, 2H), 4.41 (bs, 1H), 3.65-3.49 (bs, 2H), 3.35 (s 2H), 2. 94 (s 2H), 1.77-1.63 (m,
4H); MS (ESI) m/z 453 [C1H4NeO+H]".

Example 21: 4-(6-(4-(4-(dimethvlamino)piperidine-1-carbonvyl)phenyl)imidazo[1,2- |

alpyrazin-3-yl)benzonitrile
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N/

\N/
Nens
N
Q ~ CN
- | :

H,C" "CH,

The title compound was prepared following General procedure A using 4-(3-(4-

cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoic acid and NN-dimethyl-4-aminopiperidine
as starting materials. The reaction crude product was purified by column chromatography
(silica gel, eluent CH,Cly/CH30H 96:4) to afford 4-(6-(4-(4-(dimethylamino)piperidine-1-

' carBonyl)phenyl)imidazo[1‘,2-a]pyrazin;3-yl)benzOni'triIe (65 mg, 22%, AUC HPLC 96%) as

an off-white solid. "H NMR (400 MHz, DMSO-ds) § 9.31 (s, 1H), 9.03 (s, 1H), 8.24 (s, 1H),
816 (d, J = 8.0 Hz, 2H), 8.04-8.09 (m, 4H), 7.52 (d, /= 8.0 Hz, 2H), 3.5 (bs, 4H), 3.08

3 16 (m IH) 2.85 (t 6H), 2.25 (bs, 4H) MS (ESI) m/z 451 [CZ7H26N60+H]

’ Example 22 N-( 1~(4—( 3 —(4-cvanophenv1)imidazo[1 .2;aipvrazin-6-Vl)benzovl)0iperidin—4-

! )acetamidé
| NN
, N 4
0
i . .
-
HN 0] .
Nl
CH, -

The title compound was prepared following General procedure A usmg 4-(3- (4-

cyanophenyl)imidazo[1,2-ajpyrazin-6-yl)benzoic acid and 4-N~acetam1do-p1per1d1ne as
starting materials. The reaction crude production was putified by column chromatography
(silica gel, eluent CH,Cl,/CH3;0H 93:7) to afford N-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-
apyrazin-6-yl)benzoyl)piperidin-4-yl)acetamide (80 mg, 29%, AUC HPLC 96%) as an off-
white solid. "H NMR (400 MHz, CD;0D) § 9.21 (s, 1H), 8.96 (s, 1H), 8.14 (d, /= 8.4 Hz,
2H), 8.11 (s, 1H), 8.02-7.96 (m, 4H), 7.54 (d, J = 8.0 Hz, 2H), 396 (bs, lﬂ), 3.72 (s, 3H),
3.09 (bs, 1H), 2.51 (bs, 2H), 4.59 (bs, 1H), 2.02 (bs, 1H), 1.94 (s 3H), 1.88 (bs, 1H) MS

) (ESD m/z 465 [C27H24N602+H]
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. Example 23: 4-(6-(4- (4-ammo‘4—methvlmpendme-1 carbonvl)phenvl)xmldazof1 2- aﬂpyrazm-

3-yl)benzonitrile hydrochlonde salt

N’j//N

e

N

HC NHpHCL .
Step 1: tert- butyl 1-(4-(3-(4- cyanophenyl)nmdazo[l 2 a]pyrazm—é yI)benzoyl)-4-

methylp1pend1n—4 ylcarbamate was prepared followmg General procedure A using 4-(3- (4— |

cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoic acid and tert-butyl 4-methylpiperidin-4-

ylcarbamate as startmg materials. The reacnon crude productlon was punﬁed by column

 chromatography (silica gdl; eluent CH;Cly/CH;0H 95:5). ' NMR (400 MHz, CDCL) 3930

(s, 1H), 9.03 (s, 1H), 8.23 (s, 1H); 8.12 (d, J = 8.0 Hz, 2H), 8.09-8.03 (m, 4H),7.49 (d, /=
8.0 Hz, 2H), 6.62 (bs, 1H), 3.39-3.35 (m, 1H), 3.21 (bs, 3H), 2.10-1.96 (m, 3H), 1.37-1.30
(m, 13H); MS (ESI) #i/z 537 [C3;H3NgO3 + HT". : v

Step 2: A solution-of fert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoyl)-

~4-methylpiperidin-4-ylcarbamate (150 mg, 0.27 mmol) in a mixture of CH,Cl, (5 mb)and ... .

20% HCI solution in 1,4-dioxane (0.15 mL, 0.82 mmol) was stirred at room temperature for 2
h. The reaction mixture was concentrated to afford 4-(6- (4 (‘~.4:amino-4v-meihylpiperidine-l- |
carbonyl)phenyl)1m1dazo[l 2- a]pyraz1n—3 yl)benzomtnle hydrochlonde salt (76 mg, 60%,
AUCHPLC 97%) as an off-white solid. '"H NMR (400 MHz CDCl;) 6 9.32 (s, 1H), 9.04 (s,
1H), 8. 26 (s, 1H), 8.24 (bs, 1H), 8.17 (d, J = 12.0 Hz, 2H), 8.09-8.04 (m, 4H), 7.49 (d,J=

8.0 Hz, 2H) 3. 39—3 29 (m, 3H), 1. 76—-1 .58 (m, 4H), 1.39 (bs 3H), MS (ESI) m/z 473

- [Ca6HasNgO+H] ™

Example 24: 4 (6-(4-(2-0xa-7-azaspiro[3. 51nonane~7 carbonvl)phenvljlmldazoﬂ 2~

a}pvrazm 3-vD)benzonitrile

N/\F/N
N
o
N
%; | CN
0
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The title compound was prepared following General procedure A using 4-(3:(4-.. -

cyanophenyl)lmldazo[l 2- a]pyrazm 6-yh)benzoic acid and 2-oxa-7-azaspiro[3.5]nonane as

stamng materials. The reaction crude product was punﬁed by column chromatography (silica

‘ gel eluent CH,Cl,/CH;0H 95: 5) to afford 4- (6-(4- 2- oxa-7- azasp1ro[3 5]nonane-7-

carbonyl)phenyl)lmldazo[l 2- a]pyrazm—3 yl)benzonitrile (58 mg, 25%, AUC HPLC 96%) as
an off-white solid. "H NMR (400 MHz, CDCls) § 9.30 (s, 1H), 9.04 (s, 1H), 8.24 (s, 1H),
8.14 (d, J = 8.0 Hz, 2H), 8.09-8.03 (m, 4H), 7.27 (d, J = 8.0 Hz, 2H), 4.33 (bs, 4H), 3.53 (bs,
2H), 3.28 (bs, 2H), 1.78-1.72 (m, 4H); MS (ESI) m/z 450 [Co7H2sN50, +H]". '

Example 25: 4-(6-(4-(2-oxa-6-azaspiro[3.3Theptane-6-carbonyl)phenvl)imidazo[1.2-

alpyrazin-3-vl)benzonitrile

O

' The title coﬁ-apound was pfepared following '(.}‘éoerél' procedui'e-A: usiog 4-(3- “4-

cyanophenyl)1m1dazo[l 2 -a]pyrazin-6- yl)benzoxc acid and 2-oxa-6- azasp1ro[3 3]heptane as

starting ‘material. The reaction crude product was punﬁed be column chromatography (silica -

gel, eluent CH,Cly/CH30H 93:7) to afford 4-(6-(4-(2-oxa-6-azaspiro[3.3 Jheptane-6-
carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-yl)benzonitrile (40 mg, 33%, AUC HPLC 96%) as
an off-white solid. 'H NMR (400 MHz, CDCls) 5 9.30 (s, 1H), 9.09 (s, 1H), 8.25 (s, 1H),
8.12 (d, J= 8.4 Hz, 2H), 8.01-8.10 (m, 4H), 7.27 (d, J= 8.0 Hz, 2H), 4.70 (bs, 4H), 4.50 (bs,
2H), 4.20 (bs, 2H); MS (ESI) m/z 422 [CosH,sNsOp+H]".

Example 26: 4-(6-(4-(4-tert-butylpiperazine-1-carbonyl)phenyl)imidazof1.2-alpyrazin-3-

ylibenzonitrile -

NN
N
0
N
SIS
H3C)<CH3
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The title compound was prepared following General procedure A using 4-(3-(4-

cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid and N-t-butyl piperazine as starting

matérials The reaction crude prbduct was puriﬁed by column chromatography (silica gel,

- eluent CHZClz/CH3OH 95 5) to afford 4-(6-(4- (4 tert-butylpiperazine-1-

carbonyl)phenyl)lmldazo[l 2- a]pyrazm 3-yl)benzonitrile (137 mg, 27%, AUC HPLC 98%)”
as an off-white solid. 'H NMR (400 MHz, CDCl3) §.9.29 (s, IH), 9.02.(s, IH), 8. 21 (s 1H),
8.14 (d, J = 8.0 Hz, 2H), 8.13-8.03 (m, 4H), 7.49 (d, J = 8.0 Hz, 2H), 3.59 (bs, 2H), 2.49-
2.43 (m, 6H), 1.02 (s, 9H), MS (ESI) m/z 465 [CysHagNsO +H] ™.

Exainple 27: 4-(6-(4-(4-aminopiperidine-1 -carbonv15-3~methv1phenvl)imidazo[I 2-alpyrazin-

3-yl)benzonitrile

-z . /
N choa PAC),dppf : = HATU NMM. N _TRADCM
bt U©)”
Br :
- : HOOC

CN

NHBoc NH;

Step 1: Toa solutmn of 6—bromo—3-1od01m1dazo[1 2-a]pyrazine (5. 00 g, 15.4 mmol) in DMF
- (60 mL) under inert atmosphere, was added NayCO; (4.08 g, 38.6 mmol), 4-

cyanophenylboronic acid (2.66 g; 16.9 mmol) and Pd(PPhs)s (356 mg, 0.31 mmol). The-

_resulting mixture was stirred at 80 °C for 48 h, then was concentrated under reduced pressure.

The residue was 'p};riﬁed by column chromatography (silica gel, eluent hexane/EtOAc 3:2) to

.afford the crude 4-(6-bromoimidazo[1,2-a}pyrazin-3 -yl)benzoiﬁtrile (1.51 g, 33%) as a pink

solid. 'H NMR (400 MHz, CD;0OD) 8 9.07 (d, /= 1.2 Hz, 1H), 8.88 (d, J= 1.2 Hz, 1H), 8.27
(s, 1H), 8.02 (q, J =7.8 Hz, 4H); MS (ESI) m/z 301 [CysH/BrN, + H ',

Step 2: 4-borono-2-methylbenzoic acid (100 mg, 0.55 mr_n_ol), K2C03 (138 mg, 1.00 mrﬁql)

and Pd(dppf)Cl; (73.1 mg, 0.01 mmol) were added sequentially to a solution of 4-(6-

‘bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (150 mg, 0.50 mmol) in DMF at room

temperature under inert atmosphere. The reaction mixture was refluxed for 18 h, then was

- diluted with water (10 mL) and extracted with DCM (3%10 mL). The combined organic -

layers were dried over Na,SQ,, filtered and concentrated under reduced pressure to afford 4-
(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-methylbenzoic acid (105 mg, 83 %) as a
brown solid. 'H NMR (400 MHz, DMSO-dg) 12.87 (bs, 1H), 9.31 (s, 1H), 9.07 (s, 1H), 8.24
(s, 1H), 8.10 — 8.04 (m, 5H), 8.02 (d, J = 8.2 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 2.62 (s, 3H);
MS (ESI) m/z 355 [CoiH1N4O2 + HT'.
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Step 3: To a solutlon of 4-(3- (4—cyanopheny1)1m1dazo[1 2- a]pyrazm 6-yl)-2-methylbenzoic
acid (50 mg, 0.14 mmol) in DMF (3 mL), were added HATU (80 mg, 0.21 mmol), N-methyl
morpholme (57 mg, 0.56 mmol) and tert—butyl piperidin-4-ylcarbamate hydroch]onde (56

m g, 0.30 mmol). The reaction mixture was stirred at room temperature under inert

atmosphere for 18 h, then was diluted with water (10 mL) and extracted with DCM (3><10
mL). The combined organic layers were dried over Na,SO,, ﬁltered and concentrated under .

reduced pressure. The crude residue was purified by column chfomatography (silica gel,

‘ ‘eluent EtOAc) to afford fert-butyl 1-(4-(3-(4-cyanophenyl)imidazo{1,2-a]pyrazin-6-yl)-2-

methylbenzoyl)p1per1dm 4-ylcarbamate- (63 mg, 83%) as off-white powder. MS (ESI) m/z
437 [CosHpyNsO + H]".

~ Step 4: A solution of Zert-butyl 1 (4 (3 (4—cyanopheny1)1m1dazo[1 2- a]pyrazm—6 yl)-2-

methylbenzoyl)p1per1d1n 4- ylcarbamate in DCM (3 mL) and TFA (3 mL) was stn‘red 18 h at
room temperature. The reaction mixture was concentrated under reduced pressure and the
residue was purified By preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to afford
4-(6-(4-(4-aminopiperidine-1-carbonyl)-3-methylphenyl)imidazo[ 1 ,2-alpyrazin-3- '
yDbenzonitrile (38 mg, 94%, AUC HPLC 98%) as a white solid. 'H NMR (400 MHz,

 CDsOD) 8 9.16 (d, /= 1.4 Hz, 1H), 8.89 (d, /= 1.4 Hz, 1H), 8.08 (s, 1H), 8.00 ~ 7.88 (m,

6H), 7.33 (t, J = 8.6 Hz, 1H), 4.78 (s, 1H), 3.60 (bs, 1H), 3.43 (t,J=11.3 Hz, 1H), 3.21 (t, J
=11.9 Hz, 1H), 2.97 (bs, 3H), 2.38 (d, J = 3.8 Hz, 3H), 2.17 (d, J = 12.3 Hz, 1H), 1.97 (bs,
1H), 1.71 — 1.42 (m, 2H); "*C NMR (400 MHz, CD;0D) § 171.84, 163.22, 163.88, 162.53, -
143.96, 142.33,141.26, 138.66, 137.22, 136.79, 134.45, 133.65, 129.74, 127.91, 127.57,

127.21,123.59, 119.72, 119.38, 115.20, 113.47, 46.00, 40.81, 31.85, 31.36, 30.84, 19.05; MS

(EST) m/z 437 [CosHasN6O + H]".

Example 28: 4-(6-(4-(4-amino-4-methvlpiperidine-1-carbonyl)-3-methviphenvl)imidazol 1.2~

alpyrazin-3-vi)benzonitrile

NZN=EN
5
HzN
0
[e]

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-y1)-2-methylbenzoic
acid (55 mg, 0.15 mmol) in DMF (3 mL}, were added HATU (86 mg, 0.30 mmol), N-methyl
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morpholine (31 mg, 0.30 mmol) and tert-butyl pipex‘idin-4-ylcarbamate hydrochloride (65‘
mg, 0.30 mmol). The reaction mixture was stirred at room temperature under inert
éﬁnosphere for 18 h, théh_ was diluted with water (10 mL) and the aqﬁeous phase was

extracted with DCM (3%10 mL). The combined organic 'layers were dn'ed over NaZSO4,

filtered and concentrated under reduced pressure. The crude residue was punﬁed by column
-chromatography (silica gel eluent EtOAc) to afford tert—butyl 1- (4-(3-(4- .
A cyanophenyl)1m1dazo[1 2-alpyrazin-6-yl)- 2-mcthylbenzoy1) 4-methylpiperidin-4-

"ylcarbamate 7 (36 mg, 83%) as an off-white powder. MS (ESI) miz 437 {C25H24N60 + H]

.10

15

20

25

30

Step 2: A solution of tert—bufyl 1-(4-(3-(4-cyanophenyl)imidazof 1 ,Z-a}pyrazin-6-yl)-2~ :

- methylbenzoyl)-4-methylpiperidin-4-ylcarbamate in DCM (3 mL) and TFA (3 mL) was -.

’stxrred 18 h at room temperature. The reaction mlxture was concentrated under reduccd -

| pressure and the residue was purlﬁed by preparative HPLC (C18, eluent ACN/HzO/HCOOH

0.01%) to afford 4-(6-(4- (4—am1no-4-methy1p1per1d1ne-l—carbonyl) 3-
methylphenyl)umdazo[l 2-ajpyrazin-3- yl)benzomtrlle (37 mg, 54%, AUC HPLC 99%) as a
white solid. 'H NMR (400 MHz, CD;0D) 9.18 (d, J = 1.4 Hz, 1H), 8.91 (d, J= 1.4 Hz, TH),
8.10 (s, 1H), 8.05-7.86 (m, 6H), 7.32 (d J=8. O Hz, lH), 4.37-3.90 (m, 2H), 3.78-3. 51(m
1H), 3.61-3. 32 (m, 1H), 2. 98 (t,J= 8.6 Hz, 3H), 1.93-1.64 (m, 2H), 1. 61 (bs, 2H), 1.36 (s,

~ 3H); BC NMR (400 MHz; CD30D) §170.32, 142.54, 140.94, 139.92, 137.19, 136. 04,

135.36, 134 88, 132.27,128.43, 126.51, 124.11, 117.95, 113.77, 112.07, 37.45, 36.95, 36 30,
17.72; MS (ES)) m/z 451 [Cy7HoeNgO + H}

. Example 29: 416—(4-(4-aminopineridine-1-éarbonvl)-3-ﬂuoroghenyl)imidazo[ LZa}b?ﬁLﬁnQ '

"3-Vl)benzbnitrile '

COOH =N

X’ ( ( N: N// — BMHN\O \”;Q)\/N\ /§ TFA, DCM H;N E /\ré/
HOOC
o Lo

N

Stcp 1 4—borono—2 Fluorobenzmc ac1d (102 mg, 0.55 mmol), K2C03 (138 mg, 1.00 mmol)

and Pd(dppf)Clz (73.1 mg, 0.01 mmol) were added sequentially to a solution of 4-(6-
brom01m1dazo[l,2 a)pyrazin-3-yl)benzonitrile (150 mg, 0.50 mmol) in DMF under inert
atmosphere. The reaction mixture was refluxed for 18 h, then was diluted with water (10 mL)
and extracted with DCM (3x10 mL). .The combined organic layers were dried over Na; SOy,

filtered and concentrated under reduced pressure to afford the crude ~(3-(4-
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. ‘cyanophenyl)imidazo[1,2-a]pyrazin-6-y1)-2- fluorobenzoic acid (161 mg, 67 %) as brown o

sohd MS (ESI) m/z 359 [C20H11FN4O, + H]

| - Step 2: To a solution of 4- (3 (4 cyanophenyl)imidazo[l 2va]pyfazin 6- yI)AZ-ﬂuOrobenzoic

acid (60 mg, 0.17 mmol) in DMF (3 mL), were successively added HATU (95 mg, 0. 25
mmol), N—methylmorphohne (67 mg, 0.67 mmol) and tert-butyl piperidin-4-ylcarbamate
hydrochloride (67 mg, 0.34 mmol). The reaction mixture was stirred at room temperature
under inert atinosphere for 18 h and then was diluted w1th water (10 mL) and the aqueous

phase was extractéd with DCM (3>< 10 mL). The comblned organic layers were dried over B

- NapSOy, filtered and,concentrated under reduced pressure. The res1due was punﬁ;:d by

column chromatography (silica gel, eluent EtOAc) to afford 1-(4-(3-(4-

chanophenyl)mldazo[l 2- a]pyrazm 6-yl)-2- ﬂuorobenzoyl)plpend1n—4-ylcarbamate (70 mg,

6%) as an off-wh1te powder. MS (ESI) m/z 441 [CysHz FNgO + H]

Step 3: A solution of tert-butyl 1—(4-(3-(4—cyanophenyi)imid,ézo[1,Z-a}pyxa?zin-é-yl);Z-

~ fluorobenzoyl)piperidin-4-ylcarbamate (70 mg, 0.13 mmol) in DCM (3 mL) and TFA (3 mL)

was stirred 18 h at room temperature The reaction mixture was concentrated under reduced
pressure and the resmlue was purified by preparative HPLC (Cl 8, eluent ACN/HzO/HCOOH
0.01%) to afford 4-(6-(4-(4-aminopiperidine-1 -carbonyl)-3-ﬂuorophenyl)lmxdazo[l,2-
a]pyfazin-S-yl)benzonitriIe (39 mg, 53%, AUC HPLC 98%) as a white solid."H NMR (400
MHz, CD30D) § 9.20 (d, J=1.4 Hz, 1H), 9.00 (d, J =1.4 Hz, 1H), 8.11 (s, 1H), 8.07-7.91'(m,

"6H), 7.50 (t, J=7.5 Hz, 1H), 4.75 (d, J = 13.7 Hz, 1H), 3.69 (d, J= 12.6 Hz, 1H), 3.39-3.18

(m, 2H), 2.98 (t, /= 11.7 Hz, 1H), 2.11 (4, / = 12.1Hz, 1H), 1.97 (d, /=11.7 Hz, 1H), 1.97-

- 1.45 (m, 2H); 13C NMR (400 MHz, CD;0D) 3 170.23, 166.98, 161.24, 158.80, 144.16,

142.48, 141.84, 139 82, 136.98, 13449 133.61, 130.45, 129.86, 128.20, 125.04, 124.85,
124.06, 124.03, 11940 115. 980 115.24, 115 01, 113.61, 46.78, 41.45, 32.61, 31, 88  MS
(ESI) m/z 441 [C25H21FN6O +HT".

Example 30; 4-(6-(4-( 4-amino-4-methvlpiperidine-1-carbonyl)-3-fluorophenvyl)imidazo[1.2-

alpyrazin-3-ylbenzonitrile

e
Vi
BN F. NN
N
[¢]
CN
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Step 1: To a solution of 4-(3-(4- cyenophenyl)imidazo[l ,2-alpyrazin-6-yl)-2-fluorobenzoic
acid (90 mg, 0.25 mmol) in DMF (3 mL), was successively added HATU (95 mg, 0.25
mmol), N-methylmorphohne (55 mg, 0.50 mmol) and tert-butyl piperidin-4- ylcarbamate

hydrochlonde (106 mg, 0.50 mmol) The reaction mixture was st1rred under 1nert atmosphere

for 18 h at room temperature, then was diluted with water (10 mL) and the aqueous phase
was extracted with DCM (3x10 mL). The combined organic layers were dried over Na,SOs,
filtered and concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, eluent EtOAc) to afford sert-butyl 1 '(4 -(3-(4-
cyanophenyl)lmldazo[l 2-ajpyrazin-6-yl)-2-fluorobenzoyl)- 4-methylp1per1d1n 4- ylcarbamate'
as off-white powder MS (ESI) m/z 455 {C26H23FN60 +HJ". B

Step 2: A'solution of tert-butyl 1~(4-(3-(4-'cyanopheny1)imidazo[1 2-a]pyrazin-6-yl) 2-
ﬂuorobenzoyl) -4-methylpiperidin-4-ylcarbamate in DCM (3 mL) and TFA (3 mL) was
stirred 18 h at room temperature The reaction m1xture was concentrated under reduced
pressure and the residue was purified by preparative HPLC (C18, eluent ACN/H2O/HCOOH
0.01%) to afford 4-(6-(4- (4 -amino-4-methylpiperidine-1-carbonyl)-3-
fluorophenyl)imidazo[1,2- a]pyraz1n-3 yI)benzomtnle (42 mg, 37% over 2 steps, AUC HPLC
99%) as a white solid. 'H NMR (400 MHz, CD3OD) $9.20(d, /=14 Hz 1H), 8.99 d,J=
1.4 Hz, 1H), 8.11 (s, 1H), 8.02-7.94 (m, 6H), 7.50 (t,J=5.0 Hz, 1H), 4.41 (d, J = 14.1 Hz,
1H), 3.60 (d, /= 14.5 Hz, 1H), 3.49-3.34 (m, 2H), 2.05-1.76 (m, 4H), 1.50 (s, 3H); B
NMR (400 MHz, CD;0D) 6 165.53, 159.80, 157.35, 142.70,°140.99, 140.55, 140.47, 138.36,
138.33, 135.50, 133.03, 132.13,.129.03, 128.40, 126.75, 123.36, 123.18, 122.60, 117.94,

114. 54, 113 81 113.57, 11.16, 52. 22, 42. 86,37.46,35.17,34.42, 20.74; MS (ESI) m/z 455

: [C26H23FN60 +HJ".
s

Example 31: 4-(6-(4- 4-aminopi eridine—l—carbon 1

3-vDbenzonitrile

NN
H,N cl N
1@
I |

Step 1: 4-borono-2-Chlorobenzoic acid (110 mg, 0.55 mmol), K,CO; (138 mg, 1.00 mmol)
and Pd(dppf)Cl; (73.1 mg, 0.01 mmol) were added sequentially to a solution of 4-(6- '
bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (150 mg, 0.50 mmol) in DMF under inert
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atmosphere. The reaction mixture was stirred at 80 °C for 18 h then was diluted with water
(10 mL) and extracted with DCM (3><10 mL). The combined organic layers were dried over
Na2804, ﬁltered and concentrated under reduced pressure to afford the 4- -(3- (4-
cyanophenyl)lmldazo[l 2- a]pyrazm-6 yI) 2- chlorobenzmc acid (127 m g, 68 %) as brown
solid. MS (ESI) m/z 375 [Con11C1N402+ HI" '

Step 2: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-aJpyrazin-6-yl)-2-chlorobenzoic
acid (53 mg, 0.14 mmol) in DMF (3 mL) under inert atmosphere, was added HATU (80 mg,
0.21 mmol), N-methyl morpholine (57 mg, 0.56 mmoI) and fert-butyl plpendm 4-

mylcarbamate hydrochloride (56 mg, 0.28 mmol) The reaction mixture was stirred at room

temperature for 18 h, then was diluted with water (10 mL) and extracted with DCM (3x10
mL). The combmed orgamc layer was dried over Na;SOy, ﬁltered and concentrated under
reduced pressure The crude residue was purified by column chromatography (silica gel
eluent EtOAc) to afford tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2- a]pyrazm-6 yl) 2-
chlorobenzoy_l)piperidin-4—ylcarbamate (70 mg, 89%) as off-white powder. "H NMR (400
MHz, CDCl3) § 9.26 (s, 1H), 8.61 (s, 1H), 8.23 (d, /= 2.7 Hz, 1H), 8.07-7.96 (m, 2H), 7.93—
7.81 (m, 4H), 735(m J=9.8 Hz, 1H),464(s 2H), 3.72 (s, 1H),344(t J=12.5Hz, 1H),
3.18(1, J=11. SHZ 1H), 3.00 — 294(m,3H),208 (d J—106Hz 1H), 1. 93 t J= 103Hz
1H), 1. 45 (s, 9H); MS (ESY) m/z 457 [C23H21C1N50+ HY.

Step 3: To a'solution of tert-butyl 1-(4-(3~(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-
fluorobenzoyl)piperidin-4-ylcarbamate (70 mg, 0.13 mmol) in DCM (5 mL) were added TFA

(5 mL) and the resulting mixture stirred 18 h at room temperature. The reaction mixture was

- concentrated under reduced pressure and purified by preparative HPLC (C18, eluent
25

ACN/H,O/HCOOH 0. Ol%) to afford 4—(6 (4- (4-am1nop1pend1ne— -carbonyl)-3-
chlorophenyl)lmldazo[l 2-a]pyrazin-3 -yl)benzonltnle (15 mg, 6%, AUC HPLC 97%) as
white solid. "H NMR (400 MHz, CDs0D) 6 9.20 (d, J= 1.4 Hz, 1H), 8.93 (d, /= 1.2 Hz,
1H), 8.23 (d, J = 2.7 Hz, 1H), 8.04-8.15 (m, 2H), 7.98 (m, J = 7.6 Hz, 4H), 7.45 (m, J=9.7
Hz, 1H), 4.73 (t, J= 14.9 Hz, 1H), 3.53 (t, J= 12.5 Hz, 1H), 3.11-3.27 (m, 2H), 2.98 (m, J =
6.5 Hz, 1H), 2.09 (d, J= 14.2 Hz, 1H), 1.93 (t, J = 13.0 Hz, 1H), 1.70~1.45 (m, 2H); *C
NMR (100 MHz, CD;0D) 6 167.27, 167.15, 142.72, 140.99, 139.16, 139.04, 138.33, 135.51
135.34, 135.21, 133.03, 132.15, 130.59, 130.50, 128.42, 127.91, 127.49; 127.44, 126.75, /
125.32,125.27, 114.50, 112.14, 45.44, 44.87, 39.84, 39.03, 31.72, 31.13, 30.85; MS (ESD)
m/z 457 [Ca3Ha CINGO + HI'.

b
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Example 32: 4-(6-(4-(4-amino- 4—methylmpendme~l carbonvl) 3- chloropheny1)1m1dazo[1 2=

alpyrazin- 3—y1)benzon1tnle

N/
a AN ON /"
HN
ﬁﬂ
-l ,
o .

Step1: To a solution of 4~(3-(4—cyahophenyl)imidazo[1,2~a]pyrazin~6-y1)-2-chlorobeﬁzoic

acid (75 mg, 0.20 mmol) in DMF (2 mL), were successively added HATU (114 mg, 0.30

- mmol), N-methyl morpholine (61 mg, 0.40 mmol) and fert-butyl 4*methylpiperidiﬁ447 o

10

15

20

25

\ylcarb'amate hydrochloride (86 mg, 0.40 mmol). The reaction mixture was stirréd at room

temperature under inert atmosphere for 18 h, then was diluted with water (10 mL) and the
aqueous layer was extracted with DCM(3%10 mL). The combmed organic layers were dried

over Na,SOy, filtered and concentrated under reduced pressure The crude residue was

~ purified by column chromatography (silica gel, eluent EtOAc) to afford tert-butyl 1-(2-

chloro-4-(3-(4- cyanophenyl)lmldazo[l 2- a]pyrazm~6—y1)benzoyl)—4-methylp1pendm-4-

-ylcarbamate as an off-white powder‘ MS (ESI) m/z 471 [C26H23C1N60 +H]".

Step 2: A solution of tert-butyl 1—(2-ch10ro-4-(3-(4‘eyanophenyl.)imidazo[l,2-a]pyrazin-6- .
yl)benzoyl)-4-methylpip‘g;idinf{};ylcarbamate in DCM (3 mL) and TFA (3 mL)was stirred at
room temperature for 18h. The reaction mixture was concentrated under reduced ‘pressure and
the residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to
afford 4-(6-(4-(4-amino-4-methylpiperidine- 1-carbonyl)-3-chlorophenyl)imidazo[1,2-

~ aJpyrazin-3-yl)benzonitrile (11 mg, 13% over 2 steps, AUC HPLC 99%), white solid. 'H

NMR (400 MHz, CD;0D) 6 9.20 (4, J=13Hz, 1H), 8.99 (d, J=1.3 Hz, 1H), 8.24 (s, 1H),

© 8.21-7.88'(m, 2H), 7.98 (m, J= 5.7 Hz, 4H), 7.46 (d, J = 8.0 Hz, 1H), 4.32-4.00 (m, 1H),

3.71-3.51 (m, 1H), 3.50-3.30 (m, 2H), 1.93-1.51(m, 4H), 1.37 (d, J = 4.0 Hz, 3H): 3C NMR
(100 MHz, CD;0D) & 170.32, 142.54, 140.94, 139.92, 137.19, 136.04, 135.36, 134.88,
132.27, 128.43, 126.51, 124.11, 117.95, 113.77, 112.07, 43.01, 37.45, 36.95, 36.3, 17.72; MS
(EST) m/z 471 [CoHasCINGO + HT'. |
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Example 33: 4-(6-(3-methoxy-4-(piperazine-1-carbonyl)phenyl)imidazo[1.2-a]pyrazin-3-

vl)benzonitrile

)VN @OCH3 . \ \ N / NBoc H,CO SN /
LlOH
o0 ocH OH OCH;
i
H,CO N
HCl

Step 1: To a solution of 4-(6-bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (2.00 g, 6.91
mmol) in 1,4-dioxane, were added 3-methoxy-4-(methoxycarbonyl)phenylboronic acid (1.76
g, 8.7 mmol), an aqueous solution of Na,COs (1.46 g, 13.8 mmol) in water and Pd(PPh;),
(498 mg, 0.43 mmol. The reaction mixture heated for 3 h at 90 °C under argon atmosphere
and was filtered through celite. The filtrate was concentrated and the residue was purified by
flash column chromatography (silica gel, eluent CH,Cl,/CH;OH 98:2) to afford methyl 4-(3-
(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-methoxybenzoate (1.20 g, 44%) as yellow
solid. 'H NMR (400 MHz, DMSO-d) 6: 9.87 (s, 1H), 9.22 (s, 1H), 8.89 (s, 1H), 7.95 (s, 1H),
7.80 (s, 1H), 7.73 (s, 1H), 7.61 (d, J=8.0 Hz, 2H), 6.98 (d, J=8.0 Hz, 2H), 3.91 (s, 3H), 3.79
(s, 3H); MS (ESI), m/z 385 [CyH6N40; +H]™.

Step 2: To a solution of methyl 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)-2-
methoxybenzoate (1.20 g, 3.20 mmol) in THF/CH30H (40/10 mL) was added a solution of
LiOH (440 mg, 9.7 mmol) in water (10 mL). The reaction mixture was stirred at room
temperature for 5 h and was concentrated in vacuo. The residue was first diluted with water
(10 mL) and then was acidified till pH 3 using an aqueous solution of 2N HCI. The yellow
precipitated was isolated by filtration and washed with water then was dried under vacuum to
afford 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-methoxybenzoic acid (800 mg,
80%) as light yellow solid. "H NMR (400 MHz, DMSO-dg) &: 9.91 (s, 1H), 9.23 (s, 1H), 8.89
(s, 1H), 7.97 (s, 1H), 7.73 (d, J= 8.0 Hz, 2H), 7.61 (d, J= 8.0 Hz, 2H), 6.98 (d, J= 8.0 Hz,
2H), 3.91 (s, 3H); MS (ESI), m/z 371 [C51H14N40; +H]".

Step 3: To a stirred solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)-2-
methoxybenzoic acid (300 mg, 0.81 mmol) in DMF (5 mL) were added N-methylmorpholine
(250 mg, 2.43 mmol), HATU (465 mg, 1.22 mmol) and tert-butyl piperazine-1-carboxylate
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.. (230 mg, 1.22 mmol). The reaction mixture was stirred for 10 h at room temperature, and was

diluted with water followed by an extraction with CH>Cl,. The organic layer was washed
with brine, dried over NaﬁSO4, filtered and concentrated. The residue was purified by flash
column chromatography (silica gel, eluent CH;CIQ/CH3OH 97: 3) to afford tert—butyl 4-(4-3-

V (4 cyanophenyl)lmxdazo[l 2- a]pyrazm 6-yl)- 2-methoxybenzoyl)plperazme—1 carboxylate

(100 mg, 30%) as off-whlte solid. "H NMR (400 MHz, DMSO-d;) 6 9.29 (s, 1H), 9.02 (s,
1H), 8.17 (s, 1H), 8.08 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.75 (s, 1H), 7.69 (d, J =

8.0 Hz, 1H), 7.30(d, J = 7.6 Hz, 1H), 3.89 (s, 3H), 3.62-3.56 (m, 2H), 3.46-3.41 (m, 2H),

3.37-3.29 m, 4H), 1.39 (s, 9H); MS (ESI) m/z 539 [C3HioNsOs+ HI'.

Step 4: A solution of zert-butyl 4-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-y1)-2-
methoxybenzoyl)piperazine-1-carboxylate (50 mg, 0.09 mmol) in a mixture of 1,4-dioxane
and 30% HCl solution in 1,4-dioxane Q mL) was stirre@ at room t;:nﬁperature. for 3 hl and was
concentrafed under reduced pressure. The residue waé purified by flash column
chromatography (silica gel, eluent 10% CH,Cl,/CH;OH 90:10) to afford 4-(6-(3-methoxy-4-
(piperazine-l-carbonyl)phériyi)imidazo[l ,2-a]pyrazin-3-yl)benzonitrile (25 mg, 30%, AUC

HPLC 88%) as a light yellow solid. "H NMR (400 MHz, DMSO-dg) 8 9.21 (bs, 1H), 8.97 (s,

1H), 8.12 (bs, 1H), 8.02-7.96 (m, 4H), 7.81 (s, 1H), 7.69 (d, J= 7.6 Hz, 1H), 7:39 (d, J= 8.0
Hz, 1H), 3.99 (s, 3H), 3.89-3.84 (m, 2H), 3.52-3.43 (m, 2H), 3.14 (bs, 2H),3.03 (bs, 2H);
MS (ESI) m/z 439 [C,sHzoNsOy+ H]™.

Example 34: 4-(6-(2-fluoro-4-(4-methvlpiperazine-1-carbonvl)phenvl)imidazo[ 1.2-alpvrazin-

3-yl)benzonitrile

R} F Nj\rN);.

Step 1: To a solution of 4»(65bromoimidazo [1,2-a]pyrazin-3-yl)benzonitrile (50 mg, 0.167

* mmol) in a mixture of DMF (2 mL) and water (1,3 mL), was added Na,COj3 (35 mg, 0.334

mmol), 4-borono-3-fluorobenzoic acid (33 mg, 0.183 mmol) and Pd(PPhs), (19 mg, 0.016
mmol). The resulting mixture was heated in a microwave reactor at 140 °C for 0.5 h and was
filtered through celite. The filtrate was concentrated under reduced pressure and the residue
was purified by column chromatography to afford 4-(3-(4-cyanophenyl)imidazof1,2-
a}pyraziﬁ-G-yl)-.%-ﬂuorobenzoic acid (25.0 mg, 42.3%, AUC HPLC 99%) as a off white solid.
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'H NMR (600 MHz, DMSO-dy) 6 9.33 (s, 1H), 8.97 (s, 1H), 8.26 (s, 1H), 8.10-8.01 (m, SH),
7.84 (d, J= 8.4 Hz, 2H), 7.72 (d, J= 12.6 Hz, 2H); MS (ESI) m/z 359 [CooH1 FN4O, + H‘]*.

Step 2: To a solution of 4~ (3 (4- cyanophenyl)1m1dazo[l 2- a]pyrazm—6 yl) 3- ﬂuorobenzow

acid 30 mg, 0. 083 mmol) in a mixture of CH,Cl, (2 mL) and DMF (1, 3 mL) was added

sequenually DIPEA (60 uL, 0.351 mmol), HOBt (23 mg, 0.175 mmol), EDCI*HCI (33 mg,
0.175 mmol) and N-methyl piperazihe (14 VpL, 0.125 mmol). The reaction mixture was stirred
at room temperature under inert atmosphere for 16 h, and then solvents were removed under
vacuum. The crude residue was pﬁriﬁed by column chromatography to afford 4-(6-(2-ﬂuoro-
4-(4-methylpipcrazine— 1 -carbonYl)phenyl)imidazo[ 1,2-alpyrazin-3-yl)benzonitrile (1 6 mg,’
45%, AUC HPLC 99%) as an white solid. "H NMR (600 MHz, DMSO-dj) 6 9.36 (s, 1

H), 9.01 (s 1H), 8.30 (s, 1H), 8.14 (t, /= 7.8 Hz, IH) 8.15-8.03 (m, 4H), 7.44 (d, J = 1. 4
Hz, 1H), 7.39 (d J=9.6 Hz, 1H), 3.64-3.62 (m, 2H), 2.40-2.26 (m, 4H), 2.20 (s, 3H); MS
(EST) m/z 441 [C)sHp FNgO + H}.

Example 35: 3-fluoro-4-( 6~( 4-(4-methylpiperazine-1-carbonvl)phenyl)imidazo[1.2-alpyrazin-

3-yvl)benzonitrile

0oy

To a solution of (4-(3~1od01m1dazo[1,2—a]pyrazin¥6-y1)pheny1)(4-methylpiperazin—1- »

‘ymethanone (200 mg, 0.45 mmol) in a mixture of toluene (4 mL) and ethanol (2 ml) under
. inert atmosphere, was added K,CO; (124 mg, 0.89 mmol), 4-cyano-2-fluorophenylboronic

acid (88 mg, 0.54 mmol) and Pd(PPhs)4 (52 mg, 0.045 mmol). The resulting mixture was
heated in a microwave reactor at 140 °C for 15 min, and then was concentrated under reduced
pressure. The residue was punﬁed by column chromatography (silica gel, eluent l
CH>Cly/MeOH 95:5 to 90:10) to afford 3-fluoro-4-(6-(4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo{l,2-a}pyrazin—3-yl)benzonitrile (18.1 mg, 9%, AUC HPLC 96%) as
a yellow solid. 'H NMR (400 MHz, CD3;0D) 6 9.21 (s, 1H), 8.74 (d,J=1.5Hz, 1H), 8.12 (d,
J=8.2 Hz, 2H), 8.10 (s, 1H), 8.00-7.96 (m, 1H), 7.89-7.87 (m, 1H), 7.82 (d, J = 8.0 Hz, 1H),
7.54 (d, J = 8.2 Hz, 2H), 3.81 (bs, 2H), 3.53 (bs, 2H), 2.55-2.52 (m, 4H), 2.36 (s, 3H); PC
NMR (100 MHz, CD;0D) 6 171.97, 160.63, 143.81, 142.39, 140.94, 139.19, 138.00, 136.99,
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133.17, 130.43, 128.75, 127.91, 122.44, 122.00, 121.61, 118.25, 116.42, 115.57, 55.98, .
55.58, 46.01; MS (ESI) m/z 441 [CosHy FNGO + HJ".

Example 36: 4-(6-(6-(4-methylpiperazine-1-carbonyDpyridin-3-vimidazo[1.2-alpyrazin-3-
yhl)benzonitrile | | B
NN
N
N
O ‘ o

N oo

Step: 1 To a'solution of 4-(6-bromoimidaio[l ,2-a]pyrazin-3-yl)benzonitrile (140 mg, 0.468 -

. mmol) and methyl 5-(4,4,5,5-tetramethyl—.l,3,2-d_iQxaborclan-?.-yl)picolinate (246mg, 0936

mmol).in a mixture of DMF/H,0 (6:1, 3.5 mL) was added Na;CO; (148 mg, 1.40 mmol).
The suspension was stirred vigorously whilst de-gassing with Nz for 5 min before adding
Pd(PPh;),; (54 mg, 0.046 mmol). The mixture was heated to 1OOA°C for 3 h and then,
concentrated under reduced pressure. The crude residue was puriﬁ'ed by column |
chromatography to afford methyl 5-(3-(4-cyanophenyl) imidézo[1,Z-a]pyrazin;6-yl)picolinate
(120 mg, 72%) as an off white solid. 1H NMR (600 MHz, DMSO-dg) §9.42 (s lH), 9.35(s,
1H), 9.25 (s, 1H), 8.66 (d, J= 10.8 Hz, 1H), 8.28 (s, 1H), 8.18 (d, J=8.4 Hz, lH) 8.12-8.05

" {(m, 4H), 3.92 (s, 3H); MS (ESI) m/z 356 [Cy0H;3N50, + HI.

Step: 2 A solution of methyl 5-(3 -(4-cyanophenyl) ixnidaio{l ,2~a]pyrazin-6-yl)picolinate (60

"mg, 0.169 mmoi) and a 5N sodium hydroxide solution (135 pL, 0.676 mmol) in methanol (3 -
. ml) was stirred at room teinperature for 1 hr. 5N hydrochloric acid (319 pL) was added to the

reaction solution at room temperature, followed by extraction with ethyl acetate. The extract
was dried over Na,SOs, concentrated under reduced pre“ssure. To a solution of the crude acid
(50 mg, 0.146 mmol) in DMF (1.5 mL) was added sequentially N-methyl piperizine (41 pL,
0.366 mmol), HBTU (139 mg, 0.366 mmol), HOBt (38 mg, 0.2,78.mmol) and -DIPEA (127 :
uL, 0.733 mmol). The reaction mixture was stirred at room temperature under inert
atmosphere for 12 h, then it was diluted with water (3 mL) and extracted with CH,Cl, (3%10

mL). The combined organic layer was dried over Nay;SO4 and was concentrated under

‘reduced pressure: The crude residue was purified by column chromatography to afford 4-(6-

~ (6-(4-methylpiperazine-1-carbonyl)pyridin-3-yl)imidazo[1,2-ajpyrazin-3-yl)benzonitrile (35
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mg, 56%, AUC HPLC 96%), light brown solid. 'H NMR (600 MHz, DMSO-dy) § 9.3 s,
1H), 9.28 (s, 1H), 927 (s, 1H), 8.57 (d, /= 10.2 Hz, 1 H), 8.26 (s, 1H), 8.13-8.02 (m, 4H),
7.70 (d, J = 8.4 Hz, 1H), 3.71-3.64 (m, 2H), 3.50- 342(m,2H) 2.45-2.37 (m, 2H), 2.34-2.26
(m, 2H), 2.20 (5, 3H); MS (ESI) m/z 424 [Co4Hy N0+ HJ"

Examole 37: 4-(6-(5( 4-methy1piperaiine-1 ~carbonyl)pyridin~2evlfimidazor 1.2-a]pyrazin-3- - ‘
vl)benzonitrile ‘ o
NN

N \N/
l\ :
O ¥z

ISR

Step 1: A mixture of 4-(6-bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (50 mg, 0.167

mmol), ethyl 6.-bromonico_tinate (39 mg, 0.167 mmol), PACL(PPh;), (12 mg, 0.016 mmol),

. and hexamethylditin (35 pL, 0.167 mmol) in anhydrous DMF (0.5 mL) was heated at 100°C

for 3 b, and then cooled to room temperature and solvents were removed under vacuum. The

crude re31due was punﬂed by column chromatography to afford methyl 6-(3- (4—cyanophenyl)

imidazo(1,2- a]pyrazm—G yl)mconnate (29 6 mg, 48%) as an off white solid. "H NMR (600 .
MHZ DMSO- ds) 0 942 (s, 1H), 9.36 (s, 1H), 9. 16 (s, 1H), 8.53-8.46 (m, 2H) 8 29 (s, 1H),

~ 8.14(d, J = 8.4 Hz, 2H), 8.05 (d, J = 8.4 Hz, 2H), 4.38 (q,J = 7.2 Hz, 2H), 1.36 (t, /= 7.2

Hz, 2H); MS (ESI) m/z 370 [Ca;H;sNsO, + HJ.

| - Step2: A solﬁtion of methyl 6-(3-(4-eyanopheny1) imidazo[1,2-a}pyrazin-6-yl)nicotinate (20

20 mg, 0.054 mmol) and a 5N sodium hydroxide solution (43 pL, 0.216 mmol) in ethanol (1 ml) -

Was_stirred at room temperature for I‘hr. 5N hydrochloric acid ( 101 uL) was added to the
reaction solution at room temperature, followed by extraction with ethyl acetate. The extract
was dned over Na,SOy, filtered and concentrated under reduced pressure and directly used in
the next step without further purification.

To a solution of above acid (15 mg, 0.043 mmol) in DMF (0.5 mL) was added sequentrally

- N-methylpiperazine (12 pL, 0.109 mmol), HBTU (42 mg, 0.109 mmol), HOBt (12 mg, 0.083

mmol) and DIPEA (13 pL, 0.073 mmol). The reaction mixture was stirred at room
temperature under inert atmosphere for 12 h, then was diluted with water (1 mL) and

extracted with EtOAc (3x5 mL). The combined organic 1ayer was dried over Na;SO4 and was
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concentrated under reduced pressure. The crude residue was purified by column

chromatography to afford 4-(6-(5- (4—methylp1peraz1ne—l-carbonyl)pyndm-Z yl)1m1dazo[1 2-

| ajpyrazin-3- yl)benzomtmle (12 mg, 66%, AUC HPLC 93.6%) as a hght brown sohd 1H

NMR (600 MHz, DMSO-dg) 5 9.34 (4,7=120H, 2H), 8.68 (s, 1H), 8.40 (d,J=7.8 Hz,
1H), 8.26 (5, 1H), 8.12 (d, J = 8.4 Hz, 2H), 8.05-7.98 (m, 3H), 3.68-3.63 (m, 2H), 2.40-2.35
(m, 4H), 2.20 (s, 3H); MS (ESI) m/z 424 [CpeH,1N,0 + HJ'.

Example 38: 4-(6-(2-hydroxy-4-(4-methvipiperazine-1-carbonvlphenvlimidazol 1.2-

~ a]pyrazin-3-yl)benzonitrile

OHN%N
N7

(] e
! . '

Step 1: To a solution of 3-methoxy-4-bromobenzoic acid (500 mg, 2.16 mmol) in DMF (5
mL) was added NMM (0.44 g, 4.32 mmol) followed by addition of HATU (1.23 g, 3.24

mmol) at rt and stirred for 30 min. '1 —rﬁetﬁylpiperazine (0.24 g, 2.38 mmol) was added and
stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous Na,SOj and concentrated |
under reduced pressure to obtain 350 mg (83%) of (4-bromo 3—meth0xyphenyl)(4— |

methylplperazm- -yl)methanone (AUC LC-MS 83%) as a brown solid.

Step 2: To a solution of (4-bromo-3-methoxyphenyl)(4-methylpiperazin-1—yl)metha.none (350
mg,) 1,4-dioxane (10 rnL), were added bis(pinacolato)diboron (O 30 g, 1.19 mmol), KOAc

' (330 mg, 3.36 mmol), PdClzdppf (24 me, 0.03 mmol) and dppf (18 mg, 0.033 mmol) The

reaction mixture was heated at 90 °C for 16 h, was diluted with EtOAc and washed w1th
water, the organic layer was dned over anhydrous Na,SO; and concentrated under reduced
pressure to afford 350 mg of (3-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yI)phenyl)(4-methylpiperazin¥1~y1)methafxone as a brown liquid which was used in next step

without forther purification.
Step 3: To a mixture of 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (232 mg), (3-
methoxy-4-(4,4,5,5-tetramethyl-1,3 ,2-diexaborolan—Z-yl)phenyl)(4-methy1piperazin~ 1-

yl)methanone (350 mg), K3POy4 (412 mg, 1.94 mmol) in 1,4-dioxane (5 mL) and water (5
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mL) was added Pd(PPhs)4 (56 mg, 0.048 mmol). The reaction mixture was heated at 90 °C
for 16 h under argon atmosphere, was diluted with water and extracted with EtOAc. The
organic phase was washed in turn with water, brine solution, dried over anhydrous Na,SO,
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography to afford 4-(6-(3-methoxy-4-(4-methylpiperazine-1-carbonyl) phenyl)
imidazo [1,2-a]pyridin-3-yl)benzonitrile (80 mg, 30%, AUC HPLC 99.3%) as an off-white
solid; m.p. 311-318°C. '"H NMR (400 MHz, DMSO-dj) 6 (ppm): 9.27 (s, 1 H), 9.14 (s, 1 H),
8.19(d,J=8.0Hz, 1 H), 7.99 (s, 1 H), 7.88 (d, J= 8.0 Hz, 2 H), 7.79 (d, /= 8.0 Hz, 2 H),
7.14-7.12 (m, 2 H), 3.95 (s, 3 H), 3.84 (bs, 2 H), 3.54 (bs, 2 H), 2.54 (s, 2 H), 2.36 (bs, 2 H),
2.34 (s, 3 H); MS (ESI) m/z 453.32 [CasH24NO, + H] ™.

Step 4: A solution of 4-(6-(3-methoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (150 mg) in anhydrous DCM (5
mL) was treated with BBrs at rt for 3 h. After the completion of reaction as indicated by TLC,
the reaction mixture was washed with NaHCO;. The organic layer was dried over Na;SOy4
filtered and concentrated. The residue was purified by preparative HPLC to afford 4-(6-(2-
hydroxy-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyrazin-3-yl)benzonitrile
(50 mg, 34%, AUC HPLC 97%) as an off white solid; m.p. 237-241°C. '"H NMR (400 MHz,
DMSO-dp) 6 (ppm): 11.15 (s, 1 H), 9.43 (s, 1 H), 9.31 (s, 1 H), 8.26 (s, 1 H), 8.16 (d, J = 12.0
Hz, 1 H), 8.09-8.01 (m, 4 H), 6.95 (s, 2 H), 3.59 (bs, 2 H), 3.34 (bs, 2 H), 2.49 (bs, 2 H), 2.27
(bs, 2 H), 2.19 (s, 3 H); MS (ESI) m/z 439.2 [C2sH2oNgO, + HT'.

Example 39: 4-(6-(3-methoxy-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1.2-

alpyrazin-3-yl)benzonitrile

Step: 1 To a solution of 4-bromo-2-methoxy benzoic acid (1 g, 4.34 mmol) in DMF (15 mL)
was added NMM (0.876 mL, 8.68 mmol) followed by HATU (2.08 g, 6.51 mmol) at rt and

stirred for 30 min. 1-Methylpiperazine (0.478 mg, 4.78 mmol) was added and stirred at rt for
16 h. The reaction mixture was diluted with EtOAc, washed with water and brine solution.

The organic layer was dried over anhydrous Na,SO,4 and concentrated under reduced
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pressure. The residue was purified by column chromatography (silica gel, Petrolenm
ether/EtOAc 100:0 to 50:50) to afford (4-bromo- 2-methoxyphenyl)(4~methylp1perazm 1-
yl)methanone (1. 1 g, 81%) of as an off white solid. 'H NMR (400 MHz, CDC13) 5733 (s, |
1H), 7.25-7.19 (m, ZH) 3.84 (s 3H) 3.6-2.9 (m, 8H), 2 83 (s 3 H), MS (ESI) m/z315.10
[ClsH17BrN202+2 I"

- Step 2: A'mixture of (4—bromo-2-methoxyphenyl)(4-methylpiperazin-1-yl)methénone (1.1g,
' 3.52 mmol), Bis(pinacolato)diboron (1.07 g, 4.23 mmol), KOAc (1.03 g, 10.56 mmol) in 1,4-

dioxane (20 mL) was degassed with argon for 30 min. PdCLdppf (75 mg, 0.1 mmol), dppf -
(56 ﬁxg, 0.1 mmol) was added and again degassed with argon for 30 min and the reaction
mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc and
washed with water The orgamc Iayer was dned over-anhydrous Na,SO, and concentrated

under reduced pressure to afford 800 mg of (2-methoxy~4 (4 4,5,5- tetramethyl 1,3,2-

' dloxaborolan 2- yl)phenyl)(4—methylp1perazm 1-yl)methanone as a dark brown liquid whlch

was used in next step without punﬁcanon

(

| Step 3: To a mixture of 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 2—y1)pheny1)(4- o

methy1p1perazm~ -yl)methanone (678 mg, 1.88 mmol), 4-(6-bromoimidazo[1, 2- a]pyrazm 3-

" yl)benzonitrile (400 mg, 1.34 mmol), K3PO4 (568.1 mg, 2.68 mmol) in'1,4-dioxane (20 mL)

and water (5 mL) was adde Pd(PPhs)4 (77 mg, 0.05 mmol). The.reaction mixture was heated
at 90 °C for 1 h and was diluted with water and extracted with EtOAc. The organic phase was

washed with water and brine, dried over anhydrous Na,SOq, filtered and concentrated under

reduced preséu:e, The residue was purified by Preparative HPLC to afford 4~(6-(3-methoxy-

: 4—(4-methy1pipefazine-1—carbonyl)phenyl)imidazo[1 ,2-aJpyrazin-3-yl)benzonitrile (180 mg,
25 -

30%, AUC HPLC 96. 7%) as a- pale brown solid; m.p. 188-192°C. 'H NMR (400 MHz,

' CD40D) & (ppm): 9.19 (s, 1 H), 8.94 (s, 1 H), 8.89 (s, 1 H), 8.00-7.94 (m, 4 H), 7.78 (s, 1 H),

7.64 (d, J=8.0 Hz, 1 H), 7.32 (d, J= 8.0 Hz, 1 H), 3.95 (s, 3 H), 3.80 (bs, 2 H), 3.34 (bs, 2
H), 2.54 (s, 2 H), 2.45 (bs 1.H), 2. 38 (bs, 1 H), 2.33 (S, 3 H); MS (ESI) m/z 453.30
[C26H24N602+ H]".
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4-methylpiperazin-1- 1sulfonyl)phenyl)imidazo[1.2-a

1-methyl-4-(4-(4,4,5,5-tetramethyl-1,3 ,2-dioxaborolan—Z-yl)phenylsulfonyl)piperazine (240 o
mg, 0.656 mmol), KsPO, (212 mg, 1 minol) and Pd(PPh3)4 (28 mg, 0.025 mmol) were added

- sequentially to a solution of 4-(6-bromoimidazof1 ,Q;aijﬁj}razin—3—yl)bénzonitﬁle (150 mg, 0.5

10

15

20

25

- mmol) in a mixture of 1,4-dioxane/H,O (10' 1 mL) at room temperature under argon

atmosphere. The reaction m1xture was reflied for 6 h and was diluted Wlth water (10 mL)
and extracted with EtOAc (350 mL). The combined. .organic layer was dried over Na,SOy,

filtered and concentrated under reduced pressure. The residue was purified by column

. chromatography (silica gel, eluent CHC13/MeOH 95:5) to afford 4-(6-(4-(4-methylpiperazin-

1-ylsulfonyl)ﬁhenyl)imidazo[1 2- a]pyrazin 3-yl)berizonitrile (80 mg, 36%, AUC HPLC -
99.1%) as an off-white solid; m.p. 220-228°C. 'H NMR (400 MHz, CDCl) & (ppm) 9.30 (s,

1 H), 861 (s 1 H), 8.08 (d, J = 8.8 Hz, 2 H), 8.00 (s, 1 H), 7.92-7.85 (m, 4 H), 7.77 (d, J—

8.4 Hz, 2 H), 3.08 (bs, 4 H), 2.50-2.48 (m, 4 H),2.57 (s, 3 H), MS (ESI) m/z 459.27
[C24H2NgO,S + H]

" Example 41: (4-(3-(4-chlorophenyl)imidazo[ 1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-

~ yDmethanone

,N/\rN

o

Cl

To a solution of (4—(3—iodoimidazo[1,2-a_]pyrazin—6-yl)phenyl)(4.-methy1piperazin-1- A
yDmethanone ( 150 mg, 0.34 mmol) in a mixture of toluene (4 mL) and ethanol (2 ml) under
inert atmosphere, was added K,COj3 (93 mg, 0.67 mmol), 4-chlorophenylboronic acid (79

‘mg, 0.50 mmol) and Pd(PPhs)s (39 mg, 0.034 mmol). The resulting mixture was heated in a

microwave reactor at 140 °C for 15 min, and then was concentrated under reduced pressure.

The residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5
to 90:10) to afford (4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-yl)phenyl)(4-
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methylpiperazin-l-yl)methanone (128.4 mg, 66%, AUC HPLC 99%) as a yellow solid.‘lH

"NMR(4OOMHZ CDC13)5924(d J-14Hz 1H), 8.54 (d, /= 1.4 Hz, 1H), 795(dJ 84

Hz, 2H), 7.89 (s, 1H), 7.60- 7.5 (m, 4H), 7.52 (d, J = - 8.4 Hz, 2H), 3.82 (bs, 2H), 3.49 (s,

© 2H), 2.50-2.33 (m, 7H); "C'NMR (100 MHz, CDCls) & 169. 78 143.84, 140.70, 139.63,

137.76, 136 14, 135.34, 135.33, 129.98, 129. 36,127.84,126.45, 126 41 126.24, 112. 54

.55, 27 54.79, 46.03; MS (ESI) m/z 432 [CogHpCINsO + H]

Example 42: 4-(3-(4-chlorophenvlimidazo[1 ,2~a]pvrazin-64vl)benzémide

To a solution.of 6-bromo-3—(4~chloropheqy1)imidazo[1,2-a]pyrazine (200 mg, 0.65 ,mmol) in

a mixture of toiuene (3 mL) and EtOH (1.5 mL) under inert atm.osphere, was consecutively

added K,CO; (180 mg, 1.30 mmol), 4-carbamoylphenylboronic acid (117 mg, 0.71 mmol)

- and Pd(PPhs)4 (75 mg, 0.06 mmol). The resulting mixture was heated in a microwave reactor

at 140 °C for 30 min and was concentrated under reduced pressure. The remdue was purified
by column chromatography (sﬂlca gel, eluent hexane/EtOAc 3: 2) to afford 4 (3 (4-
chlorophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzamide (31 mg, 83%, AUC HPLC 97%) as
white solid. 'H NMR (400 MHz, DMSO-dy) 6 9.26 (s, 1H), 8.97 (s, 1H), 8.16 (d, J= 8.2 Hz,
2H), 8.13 — 8.02 (m, 2H), 7.99 (d, /= 8.2 Hz, 2H), 7.87 (d, J = 8.2 Hz, 2H), 7.66 (d, /= 8.3
Hz, 2H), 7.42 (m, 1H); °C NMR (100 MHz, DMSO-ds) & 167.43, 142.93, 140.29, 138.83,
187.92, 135. 55,1133.99, 133.30, 129.74, 129.38, 127 87,126.43,126.21, 126.01, 114.30; MS

- (BSI) m/z 390 [C1oH1:CINGO + HT".

Example 43: 1-(4-(3-(4-chlorophenyDimidazol 1 ,2—a}pyraziﬁ-6-vl)benzovaiperidin—4_—one

ENT NG
S N
o
! ‘
[[g b
o .

Step 1: To a solution of 6-bromo-3-iodoimidazo[1,2-a]pyrazine (3.00 g, 9.26 mmol) in DMF
(20 mL), was added Na,COj3 (2.46 g, 23.2 mmol), 4—chlorophenylboronic acid (1.60 g, 10.2
mmol) and Pd(PPh3)4 (214 mg, 0.18 mmol). The resulting mixture was stirred at 80 °C for 18
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h under inert atmosphere and was concentrated under reduced pressure. The residue was . .

purified by column chromatography (silica gel, eluent Hex/EtOAc 3:2) to afford 6-bromo-3-

' (4-chlorophenyl)imidazo[l 2-a]pyrazine (930 mg, 32%)-'as'a yellow solid. 'H NMR (400

Mz, CDCLy) § 9.03 (4, J = 1.2 Hz, 1H), 8.36 (d, J = 1.2 Hz, 1H), 7.91 (s, 1H), 7.54 (q,
=12.3 Hz, 4H); MS (ESI) m/z 308 [CisH/BrN, + H].

Step 2: To a solution of 6-bromo-3-(4-chlorophenyl)imidazo[1,2-a]pyrazine (2.78 g, 9.03
mmiol) in a mixture of DMF (24 mL) and water (4.8 mL) under inert atmosphere, was added
K,COs (2.50 g, 18.1 mmol), 4-boronobenzoic acid (1.65 mg, 9.94 mmol) and PdCl,dppf(1.32

‘g, 1.81 mmol). The resulting mixture was heated in a microwave reactor at 140 °C for 30 min

then, was concentrated under reduced pressure. The residue was purified by column

- chromatography (silica gel; eluent CH,Cl,/MeOH 9:1) to afford 4-(3- (4-
- _chlorophenyl)1m1dazo[1 2-a]pyrazin-6-yl)benzoic acid 5 (326 mg, 11%) as a brown sohd 'H

NMR (400 MHZ, DMSO- dg) 5 13.02 (bs, 1H), 9.28 (d, /= 1.3 Hz, 1H), 9.00 (d, /= 1.4 Hz,

1H), 8.22 (d, /=8.5 Hz, 2H), 8.1 (s, 1H), 8.04 (d, /= 8.5 Hz, 2H), 7.88 (4, J=8.5 Hz, 2H),

7.67 (d, J = 8.5 Hz, 2H); B NMR (100 MHz, DMSO-dg) 8 167.05, 142.99, 140.33, 140.30,
137.64, 135.62, 133.35, 130.56, 129.81, 129 66, 129 40 126. 42, 126 31, 114.72; MS (ESI)
m/z 350[C19H12C1N302+ H]

Step 3: To a solution of 4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid (45 - ... . ...

mg, 0.13 mmol) in DMF (5 mL), were sequentially added HATU (73 mg, 0.19 mmol), N-
methyl morpholine (52 mg, 0.51 mmol) and piperidin-4-one (45 mg, 0.40 mmol). The

reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then was

- diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined organic

25  layers were dried over Na,S04, filtered and concentrated under reduced pressure. The crude

residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to afford
1-(4-(3-(4-chlorophenyl)imidazo[ 1 ,2-a]pyrazinf6—yl)benzoyl)piperidin-4-one (41 mg, 75%,
AUC HPLC 99%) as brown solid. "H NMR (400 MHz, CD;0D) 6 9.11 (s, 1H), 8.74 — 8.79
(m, 1H), 8.00 — 8.08 (m, 2H), 7.96 (s, 1H), 7.71 (d,J = 8.5 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H),
7.48 (d, J=8.4 Hz, 2H), 4.12-3.61 (m, 3H), 3.45 (bs, 1H), 2.70-2.36 (m, 1H), 1.91-1.62 (m,
3H); >C NMR (100 MHz, CD3;OD) 6 208.88, 1.72.48, 171.94, 164.41, 143.52, 143.47,
141.05, 140.96, 139.31, 138.96, 137.41, 137.35, 136.89, 136.40, 135.00, 134.92, 130.90,
128.70, 128.53, 127.89, 127.84, 127.22, 115.16, 115.09, 99.62, 96.49, 46.52, 40.93, 36.99,
36.14; MS (EST) m/z 431 [C4HoCIN,O, + HJ".
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Example 44: (4-(3-(4- chloronhenyl)lmldazo[ 1,2- a]pvrazm 6- Vl)phenyl)(4-hvdroxvp1per1d1n—

—vl)methanone

P

O

Cl
To a solution of 1-(4-(3 -(4’chlorophenyl)imidazo[1,2-a}pyrazin-6-'y1)benzoyl)piperidin—4-one _
(22 mg, 0.05 mmol) in MeOH (3 mL) was added NaBH, (5 mg, 0.13 tﬁmol) and the reaction”

* mixture was stirred at room temperature for 18 h. The reaction was quenched by adding water.

(10 mL) dropwise, and the aqueous solution was extracted with DCM (3%x10 mL). The
combined organic layers were dried over N2;SO, and were concentrated under reduced
pressure. The crude residue was purified by preparative HPLC (C18, eluent ACN/H,0/0.01%
HCOOH) to afford (4-(3-(4-chlorophenyl)imidazo(1 ,2-alpyrazin-6-yl)phenyl)(4-

} hydroxypiperidin—1~y1)methanone~(1',O mg, 45%,; AUC HPLC >99%) as a white solid. 'H.
NMR (400 MHz, CD3;0D) § 9.15 (d, /=1.3 Hz, 1H), 8.82(d,J= 1.3 Hz, 1H), 8.08 (d, J =

8.4 Hz, 2H), 7.98 (s, 1H), 7.75 (d, /= 8.6 Hz, 2H),7.63 (d,J=8.6 Hz, 2H), 7.51 (d J=84
Hz, 2H), 4.19 (bs, IH), 391 (m,J= 4 0 Hz, lH), 3.68 (bs, 1H), 3.46-3. 19 (m 2H), 2. 04—1 74

© (m, 2H), 1.67-1.39 (m, 2H); *C NMR (400 MHz, CD;0D) 6 172. 00, 143 69, 141.66, 140. 95,

139.15,137.42, 136.35, 135.43, 13089, 128.56, 128.46, 127.44, 115.12, 67.64, 46.48, 40.87,
35.45, 34.75; MS (ESI) m/z 433 [CaqH2,CIN,O, + HI".

Example 45: (4-(3-(4-chlorophenyl)imidazol 1 ,2—a]pvrazin-6-§'1)nhcnyl) {4-ethvlpiverazin-1-

yDmethanone

N Yg)vé

Toa solutxon of 4- (3 (4- chlorophenyl)1m1dazo[1 2 a]pyrazin-6-yl)benzoic acid (50 mg, 0.14
mmol) in DCM (5 mL) at 0 °C, was added oxalyl chloride (36 mg, 0.29 mmol) and the
mixture thus obtained was stirred to room temperature for 3h. The reaction mixture was
concentrated under reduced vacuum and to the residue, was added DMF (5 mL), 1-

ethylpiperazine (92 mg, 0.23 mmol) and a solution of KOH (0.10 ml, 13 M in THF). The
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resulting mixture was stirred at room temperature for 18 h, then was diluted with water (10
mL) and extracted with DCM (3 x10 mL). The.combined organic layers were dried over
Na;SO4 and concentrated under reduced 'pressure The crude residue was pﬁn’ﬁed by
preparative HPLC (C18, eluent ACN/HzO/HCOOH 0. 01%) to afford (4 (3 (4-
chloropheny1)1m1dazo[l 2- a]pyrazm 6 yl)phenyl)(4 ethylplperazm 1- yl)methanone (28 mg,
44%, AUC HPLC 99%) as brown solid. 'H NMR (400 MHz, DMSO-ds) 5 9.08 (d, /= 1.0 .
Hz, 1H), 8.76 (d, J=1.1Hz, 1H), 8,05 (d, J = 8.3 Hz, 2H), 7.93 (s, 1H), 7.71 (d, J = 8.5 Hz,

'2H), 7.60 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.3 Hz; 2H), 3.80 (bs, 4H), 3.10 =2.79 (m, 6H),
125 (t,J=7.2 Hz; 3H); BCNMR (100 MHz, DMSO-dy) $ 171.92, 143.84, 141.82, 140.56, .- .-
210 -

139.58, 136.24, 136.22, 135.84, 130.88, 130.81, 128.89, 128.46, 127.86, 127.49, 115.11,
53.17, 52.79, 10.67; MS (ESI) m/z 446 [C2sH4CIN5O + H]".

| Exa_fnplé 46: (4-( 3—( 4—ch10r0pheln(1ﬁﬁiidazo[ 1 ,2-a]pyrazin-6-V1)phenvl)(pipérazin¢1-

vlimethanone 2L2,2-triﬂuoroacetate salt

N

HO. F
F a

Step 1: To a solution of 4- (3 -(4- chlorophenyl)lmldazo[l 2-a]pyrazin-6-yl)benzoic acid (50
mg, 0.14 mmol) in DMF (5 mL) were added HATU (82 mg, 0.22 mmol), N-methyl
morpholine (29 mg, 0.29 mmol) and zert-butyl piperazine-1-carboxylate (54 mg, 0.29 mmol).
The reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then
was diluted with water (10 mL) and extracted with DCM (3x10 mL) The coﬁbined organic

layer was dried over NaZSO4, filtered and concentrated undcr reduced pressure. The crude

residue was purified by preparative HPLC (C18, eluent ACN/H,0O/HCOOH 0.01%) to afford -

tert-butyl 4-(4-(3-(4-chlorophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoyl)piperazine-1-
carboxylate (23 mg, 31%, AUC HPLC 100%) as a brown solid. '"H NMR (400 MHz, CDCls3)
§9.33 (s, 1H), 8.54 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 7.91 (s, 1H), 7.57 (d, J = 7.5 Hz, 4H), -
7.51 (d, J = 8.0 Hz, 2H), 3.84-3.60 (bs, éH), 3.60-3.28 (bs, 6H), 1.46 (s, 9H);'*C NMR (100
MHz, CDCls) § 169.97, 162.65, 154.55, 143.07, 140.40, 139.28, 137.46, 136.05, 135.90, |
133.08, 129.61, 127.89, 126.69, 125.36, 112.64, 80.47, 28.36; MS (ESI) m/z 518
[CasHasCIN5O; + H]™.
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Step 2: A solution of tert—butyl 4—(4-(3—(4~chloropheny1)imidazo[1 ,2-a]pyrazin-6-

yl)benzoyl)pxperazme-l carboxylate (66 mg, 0.65 mmol) i ina mixture of DCM (5 mL) and

TFA (5 mL) was stirred at room temperamre for 18 h, then was concentrated under reduced

pressure to afford (4- (3 (4- chlorophenyl)lmldazo[l 2-a]pyrazin-6- yl)phenyl)(plperazm-l-

yl)metha.none asa TFA salt (24 mg, 69 %, AUC HPLC 98%) as a brown solid. '"H NMR (400

" MHz, CDCly)§ 9.29 (d, J= 1.3 Hz, 1H), 8.96 (d, J= 1.3 Hz, 1H), 8.18 (d, J = 8.4 Hz, 2H), .
- 8.12 (s, 1H), 7.88 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 3.68

(s, SH), 3.20 (s, 4H); '*C'NMR (100 MHz, CDCL) § 170.01, 142.99, 140.34, 138.97, 138.12,

1136.21, 134.45, 132.67, 130.23, 129.65, 127. 99, 126.99. 126.88, 125.02, 112.75,/43.42,

29.69; MS (ESI) m/z 418 [C23H20C1N5O + H]

_ Example 47 {4-aminopiperidin-1-vI)}(4-(3- (4-chlorophenvl)1m1dazo{l 2 a]pvrazm—6—

vl)phenvl)methanone 2.2 2-trifluoroacetate salt )

o

F
r OH
. F 4\/1‘1
N ol
“HN o Ned
@
. 0. . :
cl

Step 1: To a solution of 4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6:y1)benzoic acid (70
mg, 0.20. mmol) in DMF (5 mL),:_Was successively added HATU (1A14 me, 10.30 mmol), N-
methyl morpholine (41 mg, 0.40 mmol) and terz-butyl piperidin-4-ylcarbamate (80 mg, 0.40°
mmol). Thereaction mixture was stirred at room teniperature under inert atmosphere for 18
h, then was dlluted with water (10 mL) and extracted with DCM (3x10 mL). The comblned
organic layers were dried over Na SO, ﬁltered and concentrated under reduced pressure. The ..
crude residue was purified by preparative (C18, eluent ACN/H,0/0.01%HCOOH acid) to .
afford tert-butyl 1-(4—(3~(4-chloropheny1)i1hidazo[1;2—é]pyraiin-6—yl)benzoyl)piperidin—4-
ylcarbamate (47 mg, 44 %, AUC HPLC 98%) as a brown solid. '"H NMR (400 MHz, CDCls)
89.30 (s, 1H), 8.53 (s, 1H), 7.92 (t, J= 7.3 Hz, 3H), 7.56 (d, J= 1.2 Hz, 4H), 7.47 (d, J = 8.1
Hz, 2H), 4.58 (d, J= 7.1 Hz, 2H), 3.69 (bs, 2H), 3.21— 2.83 (m, 2H), 1.97 (bs, 2H), 1.43 (s,

_ 9H); *C NMR (100 MHz; CDCl;) 6 169.72, 162.92, 155.09, 143.03, 140.39, 139.36, 137.27,

136.51, 135.80, 133.20, 130.09, 129.59, 127.64, 126.66, 126.60, 125.44, 112.64, 79.67,
47.92, 46.55, 41.22, 33.10, 32.15, 28.39; MS (ESI) m/z 532 [CaeH30CINsO; + H]".
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Step 2: A solution of ters-butyl 1-(4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-

~ yl)benzoyl)piperidin-4-ylcarbamate (40 mg, 0.08 mmol) in a mixture of DCM (5 mL) and

TFA (5 mL) was stirred at room temperature for 18 h, then was concentrated under reduced

pressure to afford (4- am1nop1per1dm—1 -yH(4-(3-(4- chlorophenyl)1m1dazo[1 2-a]pyrazm 6-

yl)phenyl)methanone as a TFA salt (54 mg, >99%, AUC HPLC 96%) asa brown solid. lH
NMR (400 MHz, CD;0D) 6 9.22 (s, IH), 8.83 (s, 1H), 8.07 (d J=78Hz,3H),7.73 d, /=
8.2 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 4.71 (bs, 1H), 3.85 (bs, 1H),
3.45 (m, J = 3.4 Hz, 1H), 3.30-2.85 (m, 2H), 2.28-1.91 (m, 2H), 1.62 (bs, 2H); BC NMR
(100 MHz, CD;0D) 6 172.04, 143.03, 141.45, 140.50, 139.00, 137.041, 136.68,.133.66,

13 l,;S.O_, 131.04, 130.94,.130.58, 128.76, 128.60, 128.02,126.78, 117.47, 115.32, 114.65,
47.09, 41.61, 32.74, 31.48, 30.76; MS (ESI) m/z 432 [C3HoCINsO + H]".

Example 48: N~( 1 -(4-(3-(4-chlorophenvl)imidazo[ 1 .2-a]pwazin—6-vl)benzoyl)bineridin-4-yl)-
2.2 .2-trifluoroacetamide o

N4\f

H

OYN o - s SN
0

To a solution of (4—aminopiperidin-1-y1)(4-(3 -(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-
yl)phenyl)methanone (16 mg, 0.04 mmol) in DMF (3 mL) were added pyridine (0.05 mL)

- and 2,2,2-triflueroacetic anhydride (0.3 mL). The reaction mixture was stirred at-room

temperature for 18 h and was concentrated under reduced pressure. The crude residue was

* purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford N-(lﬂ-(4—(3~

(4-chlorophenyl)imidazof 1 ,2—a}pyrazin‘6—yl)bénzoyl)piperidin—4-y1)—2,2,2—triﬂuoroacetamide '

(13 mg, 63 %, AUC HPLC 99%) as yellow solid. 'H NMR (400 MHz, CD;0D) § 9.12 (d, J =

1.3 Hz, 1H), 8.80 (d, J= 1.3 Hz, 1H), 8.08 (d, J = 8.4 Hz, 2H), 7.96 (s, 1H), 7.74 (d, /= 8.6
Hz, 2H), 7.61 (d, J= 8.6 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 4.65 (bs, 1H), 4.05 (m, J = 5.7
Hz, 1H), 3.80 (bs; 1H), 3.25 (bs, 1H), 3.00 (bs, 1H), 2.00 (bs, 1H), 1.88 (bs, 1H), 1.58 (bs,
2H); *C NMR (100 MHz, CD;0D) 8 170.63, 157.09, 156.35, 142.41, 140.45, 139.30,
137.92, 135.67, 134.86, 134.86, 134.38, 129.44, 127.09, 126.46, 126.11, 120.32, 117.47,
114.62, 113.69, 111.77, 46.44, 40.91, 31.11, 30.32; MS (ESI) m/z 528 [CagHa CIFsN50 +
HT'.
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Example 49: N-(1-(4-(3-( 4—chlcropﬁenvl)imidazo{ 1 r2—a]pvrazin-6-v1)benzovl)mperidin-tt—vl)-

2 2.2 acetamrde

r@@

“To a solution of (4-aminopiperidin-1,-y1)(4-(3-(4-chlompheﬁy1j'imidazo[ 1,2-a]pyraziti-6-
_yDphenyl)methanone (16 mg, 0.04 rnmol) in DMF (3 mL), were successively added pyridine .
(0.0 05 mL) and acetic anhydnde ©. 3 mL 3 18 mmol ). The react1on mixture was stirred at

- j Toom femperature for 18 h and . was concentrated under reduced pressure. The crude resrdue

was punﬁed by preparative HPLC (Cl 8, cluent ACN/H;O/O 01% HCOOH) to afford N-(l—
(4-(3-(4-chlorophenyl)imidazo[1,2- a]pyrazm—6-yl)benzoyl)p1pend1n-4 y1)-2,2, 2 acetamide
(11 mg, 61 %, AUC HPLC >99%) as white solid. 'H NMR (400 MHz, CD;0D) 5 9.13(d,J=
1.3 Hz, 1H), 8.81 (d, J = 1.3 Hz, 1H), 8.07 (d, J~*~"8;4'Hz, 2H), 7.96 (s, 1H), 7.74 (d, J = 8.6

" Hz, 2H), 7.62 (d,J = 8.6 Hz, 2H), 7.51 (d, /= 8.4 Hz, 2H), 4.55 (bs, 1H), 3.95 (d, /= 5.3 Hz,

1H), 3.74 (bs, 1H), 3.24 (bs, 1H), 3.07 (bs, 1H), 2.03-1.81 (m, 5H), 1.32-1.60 (m, 2H); °C
NMR (400 MHz, CD;0D) & 172.61, 172.03, 143.83, 141.86, 140.75, 139.39, 137.21, 136.27, .

135.79, 130.87,.128.49, 127.87, 127.54, 115.10, 42.30, 42.30,-33.22, 32.31, 22.66; MS (ESI)

m/z 474 [CpsH24CINSO, + HY.

Exarrlple 50: (4-(3-( 4-(2H—tetrezol—S-Vl)phenvl)im'idazo[ 1.2-alpvrazin-6-vl)phenvl)(4-

methvlpiperazin-1-vlimethanone

To a solution of 4-(6-(4-(4-methylpiperazine-1 —carbonyl)phcnyl)imidazo[l ,2-a|pyrazin-3-
yl)benzonitrilemethanone (100 mg, 0.16 mmol) in DMF (3 mL), was added NH4Cl (30 mg,
0.56 mmol) and NaN3 (30 mg, 0 46 mmol). The resulting mixture was heated at 100 °C for 18
h and was concentrated under rcduced pressure. The residue was purified by preparative
HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford (4-(3-(4-(2H-tetrazol-5-
yl)phenyl)imidazo[1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone (25 mg,
33%, AUC HPLC 99%) as a white solid. 'H NMR (400 MHz, CD;0D) § 9.15 (d, J=12 Hz,
1H),9.91 (d,/=1.2 Hz, IH), 8.29 (d, J=8.4 Hz, 2H), 8.13 (t, /= 8.7 Hz, 3H), 8.06 (s, 1H),

127



10

15

20

25

. N
o Nt
o

WO 2013/147711 o . ‘ PCT/SG2013/000126

7.91 (d, J = 8.4 Hz, 2H), 7.60 (d, J= 8.3 Hz, 2H), 3.86 (m, 4H), 3.19 (m, 4H), 2.84 (s, 3H);
13CNMR(1OOMHZ CD;0D) 8 172.09, 165.22, 160.86, 143.88, 141.92, 140.60, 139.91,

135.96, 135.77, 130.35, 129. 80, 129.15, 127. 98, 115.40, 54.60, 44.2; MS (ESI)m/z366
' {C25H23N90+H} S ’

Examnle 51: (4—methvlpiperazin-l -y)(4-(3-(4-(trifluoromethyDphenv]))imidazol1,2-

a1nvrazin-6~v1)bheﬁvl)methanone A

CF3.. . . . e .
Toa solutlon of (4- (3-1od01m1dazo[1 2-a}pyrazm-6—y1)pheny1)(4~methylp1perazm—1—
yl)methanone (200 mg, 0. 45 mmol) in a mixture of toluene (4 mL) and ethanol (2 ml) under

inert atmosphere was added K2C03 (124 mg, 0.89 mmol), 4-(trifluoromethyl)phenylboronic

ac1d (101 mg, 0.54 mmol) and Pd(PPh3)4 (52 mg, 0.045 mmol). The resulting mixture was

" heated in a microwave reactor at 140 °C for 15 min then, was concentrated under reduced

pressure. The residue was punﬁed by-column chromatography (silica gel, cluent
CH2C12/MeOH 95:5 to 90: 10) to afford (4-methylpiperazin-1 ~y1)(4 -(3-(4-

v (tnﬂuoromethyl)phenyl)zmldazo[1,2—a]pyra21n~6-y1)pheny1)methanone (150 mg, 72%, AUC

HPLC 97%) as a yellow solid. 'H. NMR (400 MHz, CD;0D) 59.18 (s, 1H), 8.91 (s, 1H),
8.1 (d, J = 8.2 Hz, 2H), 8.08 (s, 1H), 8.00.(d, J = 8.2 Hz, 2H), 7.94 (d, J = 8.2 Hz, 2H), 7.54
(d, J=8.3 Hz, 2H), 3.81 (bs; 2H), 3.54 (bs, 2H), 2.55-2.47 (m, 4H), 2.36 (s, 3H); *CNMR -
(100 MHz, CDs0D) & 1”7;.00, 143.96, 142.16, 140.93, 139.31, 136.00, 136.43, 132.89,

- 131.85,129.77, 128.75, 128.19, 127.90, 127.57, 125.52, 115.24, 45.99; MS (ESI) m/z 466

[CasHy,F3NsO + HI'.

Example 52: N-hydroxy-4-(6-(4-( 4—methylpiperazine— 1‘—caiboml)bhenyl)imidazof 1.2-

alpyrazin-3-vDbenzamide

N/

N

[ ] NH
N o

| OH
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Step 1: To a solution of (4-(3-bromoimidazo(1,2- a]pyrazin -6-yl)phenyl)(4- -

methylcyclohexyl)methanone (1 00 g 2.5 mmol) in 1,4- dloxane (25 mL), were added 4- -

(ethoxycarbonyl)phenylboromo a01d 70 mg, 5.0 mmol) K3PO4 (1.06¢,5.0 mmol), water (5
mL) and Pd(PPhs)s (580 mg, 0.5 mmol). The reaction mixture was heated at 90 °C for 12 h
under argon atmosphere then, was cooled and filtered through a pad of celite. The filtrate was

- concentrated under reduce pressure and the residue was purified by flash column

chromatography (eluent CHClg/MeOH 94:6) to afford ethyl 3-(6- (4 (4—methylp1perazme—1-

',carbonyl)phenyl)lmldazo[1,2-a]pyrazm—3-yl)benzoate (600 mg, 55%) as a off-white solid. 'H
'NMR (400 MHz, CD30D) $ 9.28-9.27 (d, J= 1.2 Hz, 1H), § 8.64-8.64 (d, /= 1.2 Hz, 1H),

8.09-8.27 (d, J = 8.0 Hiz, 2H), 7.99~7.98 (d, J = 2.0 Hz, 2H), 7.96(s, 1H), 7.74-7.72 (d, J= .
8.4 Hz, 2H), 7.55-7.53 (d, J = 8.4 Hz, 2H), 4.48—4.43 (q, J= 7.2 Hz, 2H), 3.84 (bs, 2H), 3.50 -
(bs, 2H), 2.53 (bs, 2H), 239 (bs, 2H), 2:35 (5, 3H), 147-144 (¢, J = 7.2 Hz, 3H); MS (ESD)
m/z 470 [CoHpyNsO3 + HT" o |

Step 2: A solution of ethyl 3-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyrazm—B yl)benzoate (600 mg, 1.28 mmol) and LiOH (107 mg, 2.56 mmol) in THF/
MCOH/HQO (6/2 5/2 20 mL) was stirred at room temperature for 5 h. The reactlon m1xture
was evaporated and diluted with H,O (200 mL) and acidified w1th aqueous HCI till pH 3. The

“white precipitate was ‘isolated by filtration and dried to afford the 3- (6- (4 (4-

methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-yl)benzoic acid as a white
solid (450 mg, 80%). 'H NMR (400 MHz, DMSO-dg) 6 9.28 (s, 1H), 9.01 (s, 1H), 8.17-8.11 '

(m, 5H), 7.94-7.92 (d, J = 8.0 Hz, 2H), 7.50-7.48 (d, /= 8.0 Hz, 2H), 3.61 (bs, 4H), 2.32 (bs, - °

4H), 2.19 (s, 3H); MS (ESI) m/z 440 [C3sHpsN503 —H ",

‘Step 3: To a solution of acid (50 mg, 0.113 mmol) in CH,Cly: DMF (3:1, 4 mL) was added

sequentially DIPEA (83 uL, 0.476 mmol), HOBt (32 mg, 0.238 mmol), EDCI-HCI (45 mg,
0.238 mmol) and NH,-OTHP (26 mg, 0.226 mmol). The reaction mixture was stirred at room

‘temperature under inert atmosphere for 12 h, then it was diluted with water (3 mL) and

extracted with CH,Cl; (310 mL). The combined organic layer was dried over Na,SO,4 and
was concentrated under reduced pressure. The crude residue was purified by column
chromatography to afford 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyrazin-3-yl)—N-(tetrahydro-ZH~pyran—2—y10xy)benzamide (44.6 mg, 73%, AUC HPLC
94.5%) as a white solid. "H NMR (600 MHz, DMSO-ds) § 11.81 (bs, 1H), 9.30 (s, 1H), 9.00
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(s, 1H), 8.19 (s, 1H), 8.16 (d, /= 12 Hz, 2H), 7.99 (dd, /= 10.6, 8.3 Hz, 4H), 7.51 (d, /=12
Hz, 2 H), 5.08-5.04 (m, 1H), 4.13-4.06 (m, 1H), 3.70-3.53 (m, 3H), 2.43-2.27 (m, 4H), 2.22
(s, 3H), 1.79-1.73 (m, 3H), 1.63-1.53 (m, 3H); MS (ESD) m/z 541 [C30H32N604+ HJ*,

Step 4: To a solution 6f protected hydrpxamate (1 0 mg, 0.0i 8 mmol) in an CH3CN: MeOH
(1:1, 0.6 mL) was ’add'ed IM aqueous HC1(0.111 mL) at roém temperature. After stirring for
4 h, the solution was concentrated in vacuo. The solid was triturated in hexane dried to yield
N-hydroxy-4-(6-(4-(4-methylpiperazine- 1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-
yl)benzamide (5V.3'mg, 63%, AUC HPLC 99%), light yellow solid. "H NMR (600 MHz,
DMSO-dg) 8 11.39 (bs, 1H), 9.35 (s, 1H), 9.04 (s, 1H), 8.26 (s, 1H), 8.20 (d, /= 8.4 Hz, 2H),
8.00 (d, J = 7.8 Hz, 2H), 7.95 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 4.39-3.60 (m,--

~ 6H), 3.05-3.15 (m, 2H), 2.77 (s, 3H); MS (ESI) m/z 457 [Co5H24N6O3 + HT.

Example 53: ( 47 (3-(4-(difluoromethyl)phenylimidazo[ 1 ,2-@1 pvrazin-é-vl)phenvl) (4-
methvipiperazin-1-yl)methanone

S

F

. To a mixture of 2-(4-(difluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (200

mg ,0.5 mmol), (4-(3-bromoimidazo[1,2-alpyrazin-6-yl)phenyl)(4-methylpiperazin-1-
yl)methanone (317 mg,'l .25 mmol), K3P04 (212 mg, 1 mmol) in 1,4-Dioxane (10 mL) and
water (1 mL) was added Pd(PPh3)4 (30 mg) and the reaction mlxture was heated at 90 °C for
1 h. Water was added to the reaction mixture and extracted with EtOAc The organic layer
was dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, eluent CHCl:;/MeO 96.5:3.5%)
and by preparative HPLC to give (4-(3-(4-(difluoromethyl)phenyl)imidazo[1,2-a}pyrazin-6- |
yl)phenyl)(4-methylpiperazin-1-yl)methanone (50 mg, 23%, AUC.HPLC 99.59%) as an off-
white solid; m.p. 73-86 °C. "H NMR (400 MHz, CDCls) & (ppm): 9.26 (s, 1 H), 8.60 (s, 1 H),
7.96-7.94 (m, 3 H), 7.77-7.71 (m, 4 H), 7.52 (d J= 8.0 ﬁz, 2 H), 6.76 (t,J=5.6 Hz, 1 H),
3.82 (bs, 2 H), 3.47 (bs, 2 H), 2.51 (bs, 2 H), 2.34 (bs, 2H), 2.33 (s, 3 H); MS (ESI) m/z

448.46 [CasHasFoNsO + H'.
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Formula 3

Intermedlate 12: 4-(3-(4- cyanophenyl)lmldazo[l 2- b]pyrldazm 6—yl)ben201c acid-

' L ‘ /(\,N O/B(OH)Z , A
, /
,' o —@—B(OH)z oSN N HOOC Q/E\Nr ¢
=N e ’ - '
\8 ‘ HOOC

CN A sn:ermemate 12 N
Step 1: To a solution of 6- chloro 3—10do1m1dazo[1 2- b]pyndazme (1.00 g, 3.58 mmol) in a
mixture of DMF (20 mL) and water (1 mL) under inert atmosphere, were added NazCO3 (75 9
mg, 7.16 mmol), 4-cyanophenylboronic acid (885 mg, 5.37 mmol) and Pd(PPhs), (414 mg,
0.358 mmol). The resulting mixture was stirred at 90 °C for 18 h and quenched with ice

water. The precipitate was isolated by filtration and dried in yacub'fo affqrd 4-(6- .

chloroimidazo[ 1,2-b]pyridazin-3-yl)benzonitrile (897 mg; 98%) as a yellow solid. 'H NMR: -+ -
. (400 MHz, CDCl3) 3 8.24-8.21 (m, 2H), .18 (s, 1H), 8.02 (4, J = 9.4 Hz, 1H), 7.81-7.79 (m,

2H), 7.45 (4, J = 9.4 Hz, 1H); MS (ESI) m/z 255 [C3H,CIN, + HJ".

" Step 2: To a solution of 4-(6-chloroimidazo[1,2-b]pyridazin-3-yl)benzonitrile (484 mg, 1.9

mmoi) in DMF (20 mL) and water (4 mL) under inert atmosphere were added Cs>CO; (1.24

8 3.8 mmdl), 4-boronobenzoic acid (473 mg, 2.85 mmol) and Pd(dppf),Cl, (278 mg, 0.38 .

.mmol). The resulting mixture was heated at 90 °C for 18 -h, and then was diluted with water o

(20 mL) and extracted with DCM (3x40 mL).The combined organic layer was dried over

Na, S0y, filtered and concentrated under reduced pressure. The residue was purified by
cqumn chromatography (silica gel, eluent CH»Cl,/MeOH 95:5 to 90:10) to afford 4-(3-(4-
cyanophenyl)lmldazo{l 2-b]pyridazin-6- yl)benzow acid (310 mg, 48%) as a brown solid. 'H- -
NMR (400 MHz, DMSO-ds) 6 8.54 (s, 1H), 8.51 (d, /= 8.6 Hz, 2H), 8.40 (d, /= 9.6 Hz,
1H),8.26 (d,J= 84Hz,2H),8 13 (d, J= 8.4 Hz, 2H), 8.03 (d, J= 8.6 Hz, 2H), 8.02 (d, /=
9.6 Hz, 1H); MS (ESD) m/z 341 [CyoH;pN4O, + HY .
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Intermediate 13: 4-(3-bromoimidazo[1,2-b]pyridazin-6-y)benzoic acid

HO
ﬁf@‘COzH o
HO

\Bs e

“Intermediate 13

Step 1: 4-boronobenzoic acid (11.88 g, 71.61 mmol), KsPO4 (27.60 g, 13.02 mmél) and

" Pd(PPh;)4(3.75 g, 3.25 mmol) were added sequentially to a solution of 6-chloroimidazo[1,2-

blpyridazine (10 g, 65.10 mmol) in a mixture of 1,4-dioxane/H,(O(250:50 mL) at room
temperature under argon atmosphere. The reaction mixture was refluxed for 6 h and was
'dil.uf:ed with water (100 mL) and extracted with EtOAc (3x100 mL). The combined aqueous
layer was acidified to pH 2 using citric acid. The precipitate was isolated by filtration and
dried under reduced pressure o afford 4- (1m1dazo[1 2 b}pyndazm 6- yl)benzow acid (4.5 g,
57%) as an off-white solid. 1H NMR (400 MHz, DMSO-dg) 6 13. 01 (bs 1H), 8.04 (s, 1H),
8.3-8.01 (m, 5H), 7.85 (d, J = 7.2 Hz, 2H); MS (ESI) m/z 240 [M + HI".

* Step 2: To a solution of 4-(imidazo(1 ,2-b]pyridazin-6-yl)benzoic acid (4.5 g, 18.82 mmol) in
DCM (25 mL) and ACN (55 mL) was added NBS (3.68 g, 20.71 mmiol) and stitred at 0 °C

for 3 h. The reaction mixture was filtered, washed with water and dried to afford 4-(3- :
bromoimidazo(1,2-b]pyridazin-6-yl)benzoic acid (5.5 g,”93%) as a yéll()w solid. "H NMR
(400 MHz, DMSO-ds) 6 13.01 (bs, 1H), 8.3-8.01 (m; SH) 7.85.(d, J=17.2 Hz, 2H); MS (ESI)
m/z 317 M]".

Example 54: (4-(3-(4-chlorophenyl)imidazo[1 ,Z—Zblvyridazin-ﬁ-yl)phenvl) { 4-methvlpinefazin—

1-yl)methanone

Step 1: To a solution of 6-chloro-3-iodoimidazo[1,2-b]pyridazine (1.00 g, 3.58 mmol) in a
mixture of DMF (20 IﬁL) and water (1 mL) under inert atmosphere, were added Na,CO; (759
mg, 7.16 mmol), 4-cyanophenylboronic acid (885 mg, 5.37 mmol) and Pd(PPhs)4 (4i4 mg,
0.358 mmol). The resulting mixture was stirred at 90 'C for 18 h and quenched with ice
water. The precipitate was isolated by filtration and dried in vacuo to afford 4-(6-
chloroimidazo{1,2-b]pyridazin-3-yl)benzonitrile (897 mg, 98%) as a yellow solid. '"H NMR
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(400 MHz, CDCl3) & 8.24-8.21 (m, 2H), 8.18 (s, 1H), 8.02 (d, J = 9.4 Hz, 1H), 7.81-7.79 (m, -

2H), 7.45 (d,J = 9.4 Hz, 1H); MS (ES]) m/z 255 [C13H/CINy + HJ".

Step2: Toa sQIution' of 4-(6-chloroimidazo[1,2-b]pyridazin-3-yl)benzonitrile (200 mg, 0.785 -
mmol) in toluehe (3 mL) and ethanol (1.5 mL) und‘g:r‘ inert-atmosphere were addéd KyCOs
(347 mg, 2.51 mmol), 4-(4—;rlethy1piperazine-1-carbonyl)phenylboroﬁic acid hydroohloride
(268 mg, 0.942 mmol) and PA(PPhs)s (91 mg, 0.079 mmol). The resulting mixture was heated

" in a microwave reactor at 140 °C for 15 min and then was concentrated under reduced =

pressure. The residue was purified by column chromatography (silica gel, eluent
CH#Clg/MeOH 95:5 to 90:10) to afford 4-(6-(4-(4-methylpiperazine-1— |
carbonyl)phenyl)imidazo(1,2-b]pyridazin-3-yl)benzonitrile (91.2 mg, 43%, AUC HPLC
99%) as a yellow solid."lH_ NMR (400 MHz, CDCL;) 6 8.30 (d, J = 8.6 Hz, 2H), 8.23-8.21 (m,
2H), 8.06 (4, J = 8.4 Hz, 2H), 7.81 (d, J = 8.6 Hz, 2H), 7.66-7.61 (m, 3H), 7.31 |

(bs, 1H), 3.97-3.74 (m, 4H), 2.84 (bs, 4H), 2.56 (s, 3H); 13CNMR (100 MHz, CDCl;) &
169.57, 165.35,151.41, 140.15, 137.01, 136.67, 134.25, 132.82, 132.60; 128.12, 127.49,
127.05, 126.70, 126.54, 118.75, 116.71, 111.15, 53.78, 44.43; MS (ESI) m/z 423 [C25H2oNsO

Example 55: 4-(6-(4-(4-hydroxypiperidine-1 -carbonyl)phenylimidazo[ 1.3 b]pyridazin-3-

yhbenzonitrile

To a solution (4-hydroxypiperidin -1-y1) (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)methanone (94 mg, ~0.28 mmol) in a mixture of DMF (8 mL) and water (2 mL)
blanketed with nitrogen, was successively added KoCOj (217 mg, 1.58 mmol), Pd(dppf)Cl
(114 mg, 0.08 mmol) and 4—(6—chloroimidazo[1,2~b]py1idazin~3-yl)benzoni’crile (2(})0 mg,
0.78 mmol). The reaction mixture was stirred at 80 °C for 18 h, then was diluted with watef
(10 mL) and extracted with DCM (3x10 mL). The combined organic layers were dried over

NaSOy, filtered and concentrated under reduced pressure. The crude residue was purified by

‘ preparative HPLC (C18, eluent ACN/}{20/0;01% HCOOH) to afford 4-(6-(4-(4-
30
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61%, AUC HPLC 99%) as yellow solid. 'H NMR (400 MHz, DMSO-dg)  8.51-8.47 (m,
3H), 8.37 (d,J = 8.0 Hz, 1H) 8.19 (d?:J= 8.0 Hz, 2H), 8.02-7.96 (m, 3H), 7.59 (d, J = 8.0 Hz,
2H), 4.82 (s, 1H), 4.03 (s, 1H), 3.77 ‘('s, 1H); 3.54 (s, 1H), 3.37-3.20 (m, 2H), 1.82-1.74 (m,
2H), 1.40 (s, 2H); 1°C NMR (100 MHz, DMSO-d;) ppm 168.14, 150.88, 140.10, 138.02,
135.60, 135.37, 132.84, 132.64, 127.37, 127.17, 126.58, 126.22, 125.87, 11_8.79, 116.89,

109.47, 65.32, 44.49, 34.391, 33.63; MS (ESI) m/z 424 [CysHn NsO,+H]",

Example 56; 4-

idazin-3-

6-(4-(4-aminopiperidine-1-carbonyl)phenylimidazo[1.2-b

- ylbenzonitrile -

HoN
1@

Step 1 To a soluiion of 4—(3—(4;cyé‘ﬂbphényl)im1;dazo[1 ,2-5]pyridazin-.6-yl)benzoic acid (100
meg, 0.294 mmol) in DMF (10 mL) were added HATU (168 mg, 0.441 mmql), N-methyl
morpholine (59 mg, 6.588 mmol) and tert—Butyl-pipeﬁdin—4—ylcarbamate (126 mg, 0.588
mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

h, and then was diluted with water (10 mL) and extracted with DCM (3x10 mL). The

‘combined organic layer was dried over Na,SQOy, filtered and concentrated under reduced
'prcs.slure. The crude résiduqygg_tg_puriﬁed'by column chromatography (silica gel, eluent

: CHZClz/MeOH 95:5 to 90:10) to afford title compound as a yellow solid. MS (ESI) m/z 523

[C30H30NsO5 + HT'.

~ Step2: Toa solution of tert-butyl 1-(4-(3-(4—cyanopheny1)imidézo[I ;2—b]pyridazin-6-

yl)benzoyl)piperidin-4-ylcarbamate (0.294 mmol).in.DCM (1 mL) was added TFA (1 mL). .
The resulting mixture was stirred at room temperature for 18 h and was concentrated under
reduced pressure. The residue was purified by'i)reparative HPLC (C18, eluent
ACN/H,0/0.01% HCOOH) to afford 4-(6-(4-(4-aminopiperidine-1-
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (20.5 mg, 15%, AUC HPLC
98%) as a yellow solid. "H NMR (400 MHz, CD;0D) 6 8.30 (d, J= 8.4 Hz, 2H), 8.21 (bs,
1H), 8.14-8.10 (m, 3H), 7.83 (d, /=9.4 Hz; 1H), 7.76 (d, /= 8.4 Hz, 2H), 7.62 (d, /= 8.2
Hz, 2H), 4.78 (bs, 1H), 3.89 (bs, 1H), 3.51-3.45 (m, 1H), 3.32-3.22(m, 1H), 3.07-2.99 (m,
1H), 2.18-2.05 (m, 2H), 1.67 (bs, 2H); >C NMR (100 MHz, CDsOD) & 171.72, 167.66,
152.79, 141.68, 138.46, 138.03, 135.25, 134.11, 133.59, 128.88, 128.64, 128.17, 127.68,
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127.07,119.71, 118.50, 111.88, 47.10, 41.61, 31.59, 30.85; MS (ESI) m/z 423 [C2sHyN¢O +
H]*. | |

o .‘Example 57: N<( 1-(4—(3-(4-cyanonhenvl)1m1dazo{1 2 b]pvrldazm—6 yl)benzoyl)mpendm—4—

yl )acetaml de

To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-b]pyridazin-6-yl)benzoic acid (100 mg,
0.294 mmol).in DMF.(10. mL) were added HATU (224 mg, 0.588 mmol), N-methyl

_ morphohne (89 mg, 0.882 mmol) and N- (p:pendm—4 yhacetamide (125 mg, 0.882 mmol).”

The reactlon mixture was stlrred at room temperature under inert atmosphere for 18 h, and

then diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined orgame
layer was dned over NaZSO4, filtered and concentrated under reduced pressure The crude
residue was punﬁed by column chromatography (silica gel, eluent CH,Cl’MeOH 95:5 to
90:10) to afford N-(l—(4—(3-(4-cyanophenyl)1m1dazo[1 2-blpyridazin-6-yl)benzoyl)piperidin-
4—y1)acetam1de, (33 mg, 24%, AUC HPLC 98%) as a yellow solid. '"H NMR (400 MHz,
DMSO-dy) 6 8.53-8.49 (m, 3H), 8.39 (d, /= 9.6 Hz, 1H), 8.22 (d, /= 8.3 Hz, 2H), 8.03-7.98 -

(m, 3H), 7.86 (d, J%‘ 7.6 Hz, 1H), 7.59 (d, J = 8.3 Hz, 2H), 4.34 (bs, 1H), 3.85-3.83 (m, 1H),

" 3.59 (bs, 1H), 3.19-3.03 (m, 2H), 1.89-1.70 (m, 5H), 1.35-1.34 (m, 2H); *C NMR (100 MHz,
'DMSO-d6)'5 168.31, 168.23, 150.88, 140.12, 137.83, 135.71, 135.38, 132.85, 132.67,127.39,
127.23, 126. 61 126 27 125.91, 118.79, 116.93, 109 49, 45.48, 22.63; MS (ESI) m/z 465

. [CatH2NgOy+ HI".

Example 58: 4-(6-(4-( 4-emino-4-rnethvlpiperidine- 1 -carbonvl)phenﬂ)imidaio[ 1:2-
blpyridazin-3-vl)benzonitrile |

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-b]pyridazin-6-yl)benzoic acid (100
mg, 0.294 mmol) in DMF (10 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (59 mg, 0.588 mmol) and fert-butyl 4-methylpiperidin-4-ylcarbamate (126 mg,
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0.588 mmol) The reaction mixture was stirred at room temperature under inert atmosphere

for 18 h, and then was diluted with water (10 mL) and extracted with DCM (3><10 mL) The

" combmed orgamc layer was dned over Na,SOy, filtered and concentrated under reduced

pressure. The crude res1due was purified by column chromato graphy (5111ca gel eluent
CHZCIZ/MCOH 95:5 to 90:10) to afford tert—butyl 1-(4-(3- (4~cyanopheny1)1m1dazo[1 2-

A b]pyndazm—6 yl)benzoyl) 4—methylp1pendm-4~ylcarbamate as a yellow solid. MS (ESI) m/z
. 537 [C31H32N603 + H]

Step2: Toa solution of fert-butyl 1-(4-(3-(4-cyanophenyl)imidazof1,2-b]pyridazin-6-

* yl)benzoyl)-4-methylpiperidin-4-ylcarbamate (0.294 mmol) in DCM (1 mL) was added TFA

(1 mL). The resulting mixture was stirred at robm temperature for 18 h and concentrated

under r_é_@iuc«ed pressure. The residue was purified by preparative HPLC (C18, eluent

b_,‘,A‘C;N/HzO/0.0I_% HCOOH) to afford_,_._4;(,6—(4.-,('4-amino»4~_me_thylpiperi‘dine—1- e

carbonyl)phenyl)imidazo{1,2-b]pyridazin—3—yl)benzonitrile (23.5mg, 17%, AUC HPLC

99%) as a yellow solid. "H NMR (400 MHz, CDs0D) 6 8.28 (d,J= 8.4 Hz, 2H), 8.18 (bs,

1H), 8.12-8.08 (m, 3H), 7.82 (d, J = 9.4 Hz, 1H), 7.74 (d, J= 8.4 Hz, 2H), 7.61 (d, /= 8.0
Hz, 2H),436 (bs, 1H), 3.73 (bs, 1H), 3.50-3 47 (m, 2H), 1.94-1.85 (m, 4H), 1.53 (s, 3H); 3C
NMR(IOO MHz, CD30D)5171 70, 152 75, 138 42,137.99, 135.25, 134.08, 133.58, 128.89,
128.62, 128.10, 127.63,127.06, 119.72, 118.48, 111.84, 53.50, 44.88, 39.31, 36.73, 36.01,
22:66; MS (ESI) m/z 437 [Ca6H24NO + HJ".

Example 59: 4- ( 6-(4- (4—1sonrovvlnmerazme-l carbonyDphenvlimidazo[1.2-blpyridazin-3-

vl zbenzomtnl

Toa solution of 4- (3 (4-cyanophenyl)imidazo[l 2- b]pyridazin- -yl)benzoic acid (55 mg,
0.162 mmol) in DMF (10 mL) were added HATU (123 mg, 0. 324 mmol) N-methyl
morpholine (49 mg, 0.486 mmol) and 1—1sopropy1p1peraz1ne (62 mg, 0. 486 mmol). The
reaction mixture was stirred at room temperature under inert atmosphere for 18 h, and then
was diluted with water (10 mL) and extracted with DCM (3%20 mL). The combined organic

layer was dried over NapSQy, filtered and concentrated under reduced pressure. The crude
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residue was purified by column chromatography (silica gel, eluent CH2Cl,/MeOH 95:5 to

90: IO) to afford 4-(6-(4- (4-1sopropy1p1peraz1ne—1 carbonyl)phenyl)1m1dazo[l 2-blpyridazin-
-yl)benzomtnle (32 mg, 44%, AUC HPLC 98%) as a yellow solid. 'H NMR (400 MHz,

DMSO-de) §8.53-8.49 (m, 3H), 8.39(d,J = 9.5 Hz, 1H), 8.22 (4, J= 8.3 Hz, 2H), 8.03-8.01

(m, 3H), 7.64 (d, J = 8.2 Hz, 2H), 3.90-3.59 (m, 3H), 2.99-2.92 (m, 2H), 2.75 (bs, 4H), 1.08

. . (d,J=6.3 Hz, 6H); *C NMR (100 MHz, DMSO-dy) 6 168.14, 150.84, 137.18, 135.92,
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135.42, 132.85, 132.66, 127.79, 127.18, 126.64, 126.28, 125. 93, 118.79, 116.92, 109.50,
47.54,17.43; MS (ESI) m/z 451 [CyrHa6NgO + HI'. '

Example 60; 4-(6-(4-(4-( methy]amino)piperidiné- 1-carbonyl)phenyl)imidazo[1.2-

blpvridazin-3-vyl)benzonitrile-

Step 1: To a solution of 4-(3'-(4—cyanopheny1)imidazd[I,2-b]pyridazin—6-yl)benzoic acid (55

mg, 0.162 mmol) in DMF (10 mL) were added HATU (123 mg, 0.324 mmol), N-methyl - ..

- morpholine (49 mg, 0.486 mmol) and rert-butyl piperidin-4-ylcarbamate (104 mg, 0.486

mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

h, and then was diluted with water (10 mL) and extracted with DCM (3x10 mL). The

‘,édmbinéd organic layer was dried over Na,SQy, filtered and concentrated under reduced

pressure. The crude residue was purified by column chromatography (silica gel, eluent
CH,Cl,/MeOH 95:5 to 90:10) to afford fert-butyl 1-(4~(3-(4-cyanophenyl)imidazo[1,2--
b]pyndazm-6-yI)benzoyl)pxpendm—4—y1(methyl)carbamate as a yellow solid. MS (EST) m/z

| 537 [C31H32N6O;5 + H]

" Step 2: To a solution of fert-butyl 1 —(4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin—6-’

yhbenzoyl)piperidin-4-yl(methyl)carbamate (0.162 mmol) in DCM (1 mL) was added TFA

(1 mL). The resulting mixture was stirred at room temperature for 18 h and concentrated

- "under reduced pressure. The residue wés‘puriﬁed by preparative HPLC (C18, eluent

ACN/H,0/0.01% HCOGOH) to afford 4-(6-(4-(4-(methylamino)piperidine-1-

. carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (29.8 mg, 42%, AUC HPLC

99%) as a yellow solid. "H NMR (400 MHz, CD;0D) 6 8.29 (d, J = 8.4 Hz, 2H), 8.19 (bs,
1H), 8.13-8.09 (m, 3H), 7.82 (d, /= 9.4 Hz, 1H), 7.75(d, J = 8.4 Hz, 2H), 7.62 (d, /= 8.0 Hz,
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2H), 3.94 (bs, 1H), 3.40 (bs, 1H), 3.34-3.20 (m, 2H), 3.01(bs, 1H), 2.77 (s, 3H), 2.37-2.16 (m,
2H), 1.66 (bs, 2H); '*C NMR (100 MHz, CDsOD) & 171.69, 152.76, 138.39, 138.02, 135.24,
134.09, 133.59, 128.91, 128.62, 128.12, 127.65, 127.06, 119.72, 118.49, 111.84, 57.16,
47.09, 41.58, 30.66, 29.87, 29.16; MS (ESI) m/z 437 [CaHasNO + HI'.

Example 61: 4-(6-(4-(4-ethypiperazine-1-carbonyl)phenvlimidazo[1.2-b1pyridazin-3-

yl)benzonitrile

CN
To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (120 mg,
0.353 mmol) in DMF (10 mL) were added HATU (402 mg, 1.06 mmol), N-methyl
morpholine (143 mg, 1.41 mmol) and 1-ethylpiperazine (181 mg, 1.41 mmol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 h before diluted with
water (10 mL) and extracted with DCM (3x10 mL). The combined organic layer was dried
over Na,SQy, filtered and concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 ~ 90:10) to afford
4-(6-(4-(4-(methylamino)piperidine-1-carbonyl)phenylyimidazo[ 1,2-b]pyridazin-3-
yl)benzonitrile (64.6 mg, 42%, AUC HPLC 99%) as yellow solid. "H NMR (400 MHz,
DMSO-ds) 6 8.54 (s, 1H), 8.51 (d, /= 8.7 Hz, 2H), 8.42 (d, /= 9.6 Hz, 1H), 8.25 (d, /= 8.4
Hz, 2H), 8.03-8.00 (m, 3H), 7.69 (d, J = 8.2 Hz, 2H), 3.44-3.22 (m, 4H), 3.17-3.04 (m, 6H),
1.24-1.20 (m, 3H); >C NMR (100 MHz, DMSO-dy) 3 168.45, 162.96, 150.86, 140.21,
136.40, 135.54, 132.93, 132.73, 128.01, 127.34, 126.77, 126.39, 126.02, 118.86, 117.00,
109.62, 51.01, 50.26, 9.12; MS (ESI) m/z 437 [Ca6H24NsO + H]".

Example 62: 4-(6-(4-(morpholine-4-carbonyl)phenvDimidazof1.2-blpyridazin-3-

yl)benzonitrile
O/\ W/@/(\ré
To a solution of 4—(6—ch]0roimidazo[],2-b]pyridazin—3—yl)benzonitrﬂe (150 mg, 0.59 mmol)
in DMF (2.5 mL) and water (0.5 mL) under inert atmosphere were added Cs,CO; (384 mg,
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1.18 mmol), morpholino(4-(4,4,5,5- tetramethyl 1,3,2-dioxaborolan-2-yl)phenyl)methanone
(279 mg, 0 88 mmol) and Pd(dppf)zClz (86 mg, 0 118 mmol). The resultmg mlxture was

heated in a microwave reactor at 140 °C for 30 min, and then was diluted w1th watcr (10 mL) .

- - and extracted with DCM (3><15 mL). The combmed organic layer was dried over NaZSO4,
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filtered and concentrated under reduced pressure. The crude residue was punﬁed by column

-chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford 4-(6-(4-

(morpholine-4-carbonyl)phenyl)imidazo[ 1,2 b}pyndazm—S yl)benzomtnle (72 1 mg, 35%,
AUC HPLC 96%) as a yellow solid. "H NMR (400 MHz, CDCl;) 6 8.31-8.25 (m, 4H), 8.06-
8.05 (m, 2H), 7.82-7.81 (m, 2H), 7.70-7.61 (m, 3H), 3.78-3.53 (m, 8H); *C NMR (100 MHz,

'CDCly) § 169.39, 151.86, 137.43, 136.45, 133.24, 132.63, 132.52, 128.14, 128.08; 127:47; - -

127.26, 126.86, 126.30, 118.66,117.32, 111.39, 66.87, 48.21, 42.67; MS (ESI) m/z 410 -

; [C24H19N502 +H]".

Example 63: 4¥( 6-(4-(4-(dimethylamino)piperidine-1-carbonyl)phenvyl)imidazo[1.2-

blpyridazin-3-vl)benzonitrile

Step 1: To a solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (500 mg, 1.57

mmol) in DMF (5 mL) was added NMM (317 mg, 3.14 mmol) followed by HATU (754.7
mg, 2.35 mmol) and the solution was stirred for 30 min at rt. N,N—dimethylpipéﬁdin—lt—amirie'
(221 mg, 1.72 mmol) was added to the reaction mixture and stirred for an additiqpal 16 h. |
The reaction mixture was diluted with EtOAc and washed with water and brine. The organic
layer was dried over anhydrous Na,SO, and concentrated under reduced pressure to obtain
crude product. The crude residue was purified by column chromatography (silica gel, eluent
CH,Cl/MeOH 95:5) to afford (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-
(dimethylamino)piperidin-1-yl)methanone (350 mg, 52%) as an off-white solid. 'H NMR
(400 MHz, DMSO-de) 6 13.01 (bs, 1H), 8.3-8.01 (m, 5H), 7.85 (d, /= 7.2 Hz, 2H); MS (ES)
m/z 317 M]".

Step 2: To a mixture of (4-(3-bromoimidazo[1 ,2-b]pyridazin-6-yl)phenyl)(4-
(dimethylamino)piperidin-1-yl)methanone (350 mg, 0.817 mmol), 4-cyanophenylboronic
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- acid (144 mg, 0.981 mmol), K3PO4 (346 mg, 1.63 mmol) in 1,4-dioxne (25 mL) and water (5

mL) was added Pd(PPhs)s (47 mg, 0.04 mmol). The reactlon mixture was heated at 90 °C for
6 h under argon athmosphere then, was diluted with water (200 mL) The prec1p1tate was

* isolated by ﬁltratlon and Was punﬁed by column chromatography (silica gel eluent ~

CHClg/MeOH 95 5) to afford 4-(6-(4- (4-(dlmethylammo)plpendme-1—
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (150 mg, 41%, AUC HPLC

98.9%) as a yellow solid; 'H NMR (400 MHz, CDCl3) & (ppm): 8.78 (d, J = 8.77 Hz, 1H),

8.52 (s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, J = 8.2 Hz, 2H), 7.76 (d, J = 7.7 Hz, 2H), 7.62
(d,J=7.6 Hz, 2H), 7.41 (d, 7= 7.4 Hz, 1H), 4.9 (bs, 1H), 3.9 (bs, 1H), 3:17 (bs; 1H), 2.91 "
(bs, 1H), 2.45 (bs, 1H), 2.38 (bs, 6H), 2.08 (bs, 1H), 1.95 (bs, 1H), 1.52 (b. s, 2H); MS (ES])
m/z 451.2 [CosHaeNgO + HJ'.

Examnle 64: 4 ( 6 (4-(1 4 oxazenane-4 carbonyl)phenvl)lmldazof 1 Z—b]pvndazm 3-

yl )benzomtnl

Za

Vi
\N,N

[

To a solution of 4-(3-(4-cyanophenyl)imidazo[1 2-b]pyr1dazm~6 yl)benzmc acid (200 mg,

. 0.588 mmol) in DMF (5 mL) was added NMM (118.8 mg, 1.176 mmol) followed by HATU

(376.3 mg, 1.17 mmol) and the solution was stirred at rt for 30 min. 1,4-oxazepane (65 mg,
0.646 mmol) was added to the reaction mixture which was stirred for an additional for 16 h.

The reaction mixture was diluted with EtOAc and washed with water and brine. The organic

' layer was dried over anhydrous Na,SO; and concentrated under reduced pressure to obtain

crude product. The crude product was purified by column chromatography (s1hca gel, eluent
CH,Clp/MeOH 95:5) to afford 4-(6-(4-(1,4- oxazepane—4-carbonyl)phenyl)1m1dazo{1 2-

b]pyridazin-3 -yl)benzomtnle (120 mg, 50%, AUC HPLC 99. 42%) asa pale—yellow solid; 'H
NMR (400 MHz, CDCl3) 6 8.33 (d, /= 7.9 Hz, 2H), 8.21 (s, lH), 8.16 (d, J=9.7 Hz, 1H),

8.05 (d, /= 7.5 Hz, 2H), 7.82 (d, /= 8.3 Hz, 2H), 7.63-7.59 (m, 3H), 3.9 (m, 5H), 3.7 (bs,

1H), 3.59 (bs, 2H), 2.17 (bs, 1H), 1.87 (bs, 1H); MS (ESI) m/z 424.31 [CasHs1N5O, + HT".
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Example 65: 4-(6-(4-(piperazine-1. carbonvl)phenvl)lmldazo[l 2-blpyridazin- 3-

‘ yl )benzonitrile

~ Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (120 '

mg, 0.353 mmol) in DMF (10 mL) were added HATU (402 mg, 1.06 mmol), N-methyl
morpholine (143 mg, 1.41 mmol) and fert-butyl piperazine-1-carboxylate (263 mg, 1.41

_.mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

h, and then was diluted with water (10 mL) and extracted with DCM (3x20 mL). The
combined organic layer was dried over Na;SOy, filtered and concentrated under reduced
pressure The crude re51due was punﬁed by column chromato graphy (s1hca gel, eluent
CHZCIZ/MGOH 95:5to 90 10) to afford tert- butyl 4- (4 (3-(4- cyanophenyl)lmldazo[l 2-
b]pyndazm 6- yl)benzoyl)plperazme-l carboxylate as a ycllow solid. MS (ESI) m/z 509
[C29H28N60 +HJ".

Step 2: To a solution of 'iéz;'t'—butyl'4—(4—('3’4(4—¢yanophenyl)imidazo[1,2—b]pyridazin~6-f'

" ylbenzoyl)piperazine-1-carboxylate (0.353 mmol) in DCM (1 mL) was added TFA (1 mL).

. The resulting mixture was stirred at room temperature for 18 h and concentrated under

reduced pressure. The residue was purified by preparative HPLC (C18, eluent
ACN/H0/0.01% HCOOH) to afford 4-(6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-
b]pyridazin-’a’-yl’)bénzonitﬁle (15.4 mg, 11%,:AUC HPLC'.92%) as a yellow solid. "H NMR

(400 MHz, CD;OD) 6 8.45 (d, J = 8.6 Hz, 2H), 8.34 (s, 1H), 8.26-8.22 (m, 3H), 7.95 (d, J =
. 9.6 Hz, 1H), 7.89.(d, J = 8.6 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 3.87 (bs, 4H), 3.27 (bs, 4H);

3C NMR (100 MHz, CD;0D) & 171.80, 152.88, 138.46, 137.54, 135.28, 134.19, 133.64, '

©129.23,129.11, 128.72, 128.27, 127.85, 127.14, 119.70, 118.58, 112.00, 44.56; MS (ESI) m/z

409 [C24H20N60 + H]+.
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Exam‘ple 66: N-(l-(4-( 3-(4-cvanophenvl)imidazo[1.2- b]pvndazm 6- vl)benzovl) 4-

ethvlmpendm~4~vl)acetamlde

Step 1: To a solution of 4-(3-(4- cyanophenyl)lmldazo[l 2~ b]pyndazm—é yl)bcnzow acid (120
mg, 0.353 mmol) in DMF (10 mL) were added HATU (402 m g, 1.06 mmol), N-methyl

'morphohne (143 mg, 1.41 mmol) and tert—butyl 4 ethy1p1per1dm~4 ylcarbamatc (322 mg,

1.41 mmol). The reactxon mlxture was st1rred at room temperature under inert atmosphere for

18 h, and then was dﬂuted w1th water (10 mL) and extracted with DCM (3x20 mL). The

" combined organic layer was dried over Na,SOy, filtered and concentrated under reduced

10 ‘pressure. The crude résidue was purified by column chromatography (silica gel, eluent

CH,Cl,/MeOH 95:5 to 90:10) to afford tert-butyl 1-(4-(3- (4—cyanopheny1)imidazo{1 2-

wb]pyndazm-G yl)benzoyl)-4-ethylpiperidin-4- ylcarbamate asa yellow solid. MS (ESI) mlz
. 509 [CogH2sNsO + H}

Step 2: To a solution of tert-butyl 1-(4-(3- (4~cyanophenyl)1m1dazo[1 2- b]pyndazm—6~
yl)benzoyl)- 4-cthy1p1pend1n 4 ylcarbamate (0. 353 mmol) in DCM (1 mL) was added TFA (1

mL). The reaction mixture was stirred at room temperature for 18 h and was concentrated

~ under reduced pressure. The crude compound was carried forth to the next step without

further purification. MS (ESI) m/z 409 [Cy7H,6NeO + H]".

' Step 3: To a solution of 4-(6-(4-(4-amino-4-ethylpiperidine-1-carbonyl)phenyl)imidazo[ 1,2-

b]pyridazin-3-yl)benzonitrile (0.353 mmol) in DCM (1 mL) were added acetic anhydride (0.1
mL, 1.06 mmol) and triethylamine (0.15 mL, 1.06 mmol). The resulting mixture was stirred
at room temperature for 1 h and concentrated under reduced pressure. The crude residue was
purified by column chromatogtap}ty' (silica gel, eluent CH,Cl/MeOH 95:5 to 90:10) and.
preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford N-(1-(4-(3-(4-
cyahophényt)imidazo[ 1,2-b]pyridazin-6-yl)benzoyl)-4-ethylpiperidin-4-yl)acetamide (44.2
mg, 25%, AUC HPLC 96%) as a yellow solid. 'H NMR (400 MHz, CD;0D) ¢ 8.20 (d, J=
8.3 Hz, 2H), 8.02-7.98 (m, 3H), 7.72 (d, J=9.5 Hz, 1H), 7.67 (d, J= 8.3 Hz, 2H), 7.55-7.53

' (m, 3H), 4.39-4.36 (m, 1H), 3.58-3.55 (m, 1H), 3.37-3.34 (m, 1H), 3.24-3.18 (m, 1H), 2.31-
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2.29 (m, 2H), 2.01(s, 3H), 1.86-1.77 (m, 2H), 1.55-1.50 (m, 2H), 0.86-(t, J= 7.4 Hz, 3H); ’C

- NMR (100 MHz, CD;0D) 8 171.50, 171.37, 152.67, 138.98, 137.55, 135.19, 133.98, 133.59,
 133.54,128.83, 128.45, 127.49, 126.93, 119.70, 118.35, 111.80, 56.18, 45.30, 39.55, 35.26,
| 34.54, 31.58,23.64, 7.70; MS (ES]) m/z 493 [CaoHasNsOz + HI.

Example 67 N-((1-(4-(3- (4~cvan0phenvl)1m1dazo[1 2-blpyridazin- 6~yl)bcnzoyl)pmer1dm 4-

: vl)methvl)acetam1de

Step 1: To a solution of 4 (3 (4 cyanophenyl)lmldazo{l 2-blpyridazin-6- ybbenzoic acid (120
mg, 0. 353 mmol) in DMF (10 mL) were added HATU (402 mg, 1.06 mmol), N-

" V.methylmorpholme (143 mg, 1.41 mmol) and fert-butyl piperidin-4- ylmethylcarbamate (302

mg, 1 41 mmol), The reaction mixture was stirred at room temperature under inert

atmosphere for 18 h, and then was diluted with water (10 mL) and extracted with DCM
(3%20 mL). The combined orgamc layer was dried over Na2S04, ﬁltered and concentrated

under reduced pressure The crude residue was punﬁed by column chrornatography (silica
gel, eluent CH,Cly/MeOH 95:5 to 90:10) to afford tert-butyl (1-(4-(3-(4-

_cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoyl)piperidin-4-yl)methylcarbamate as a

yellow solid. MS (ESI) m/z 537 [Ca H3NeOs + H]™.

Step 2: A solution of ferf-butyl (1-(4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6- |

was stirred at room temperature for 18 h and concentrated under reduced pressure. The crude
compound was used for next step without further punﬁcatzon MS (ESI) m/z 437 {C26H24N60

+H]

Step 3: Toa solution of 4~(6-(4—(4;(axhiﬂométhyl)piperidine—I-carboﬁyl)phenyl)imidazo{l ,2-
b]pyridazin-3-yl)benzonitrile (0.353 mmol) in DCM (1 mL) were added acetic anhydride (0.1

- mL, 1.06 mmol) and triethylamine (0.15 mL, 1.06 mmol). The resulting mixture was stirred

at room temperature for 1 h and concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) and
preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford N-((1-(4-(3-(4-
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cyanophenyl)imidazo_[ 1 ,2—b]pyridazin-6‘-yl)benzoyl)piperidin-4-yl)methyl)acetamide (40.3
mg, 24%, AUC HPLC 96%) as a yellow solid. 'H NMR (400 MHz, CD30D) 0842, J=
8.6 Hz, 2H), 8.29 (bs, 1H), 8.18 (d, /= 8.6 Hz, 3H),790(d J=19.6 Hz, 1H), 7.86 (d, J = 86
Hz 2H), 7.60 (d, /= 8.4 Hz, 2H), 4.68-4.65 (m, IH) 3.79-3.76 (m, 1H), 3.13 (bs, 3H), 2.93-

2.87 (m, 1H), 1.95 (s, 3H), 1.88-1.79 (m, 2H), 1.73-1.70 (m, 1H), 1.28-1.24 (m, 2H); 13C |
~* NMR (100 MHz, CD50D) & 173:51; 171.60; 153.21, 139.20, 137.96, 135.24, 134.37, 133.75,

128. 78 128.69, 128.60, 128.07, 127. 62, 127 17, 119.75, 118.77, 45 65 43. 39 37. 59 31 55

" 30 70, 29.07, 22.56; MS (ESI) m/z 479 [C23H26N502+ H]

To a solution of 4-(3-(4-cyan0pheny})imidazo{1,2-b]pyridazin~6-yl}benzoic acid (50 mg, '
6.147 mniol) in DMF (0.74 mL) were added HATU (84 mg, 0.221 mmol), N-methyl

. morpholine (65 pL, 0.588 mmol) and 2-oxopiperazine (18 mg, 0.177 mmol). The reaction

mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted
with water (15 mL) and extracted with EtOAc (3x30 mL). The combined organic Iayer was
dned over NapSOy, filtered and concentrated under reduced pressure. The residue was
purified by column ch:romatography (s1hca gel, eluent CHCl3/MeOH 92:8) to afford 4-(6-(4-
(3-oxopiperazine- 1 -carbonyl)phenyl)imidazo[ 1 ,2-blpyridazin-3-yl)benzonitrile (28 mg, ’45%,

- AUC HPLC 99%) as a yellow solid. "H NMR (400 MHz, DMSO-dq) & 8.53-8.46 (m, 3H),
838 (d,J=9.6 Hz, 1H), 8.22 (d,J = 8.4 Hz, 2H), 8.15 (s, 1H), 8.03-7.96 (m, 3H), 7.67 (d, J

= 8.4 Hz, 2H), 4.20-4.05 (m, 1H), 4.05-3.90 (m, 1H), 3.90-3.70 (m, 1H), 3.60-3.50 (m, 1H),
3.30-3.20 (m, 2H); *C NMR (100 MHz, DMSO-dy) 5 168.44, 150.95, 140.24, 137.06,
136.24, 135.51,132.94, 132.79, 127.93, 127.36, 126.74, 126.39, 126.04, 118.92, 117.07,
109.62, 30.70; MS (ESI) m/z 423 [Co4H;sNsO, + H] ™.
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Example 69: 4-(6-(4-(4-methyl- 3-oxomperazme- -carbonvl)phenyl)lmxdazof 1 2-b]vvr1dazm~

3 vl)benzomtnle

=N
\N/

To a solution of 4-(3-(4- cyanopheny1)1m1dazo[l ,2-b]pyridazin-6-yl)benzoic acid (50 mg,
0.147 mmol) in DMF (0.74 mL) were added HATU (84 mg, 0.221 mmol), N-methyl
morpholine (65 uL, 0.588 mmol) and 1~methy1—2—oxopiperaziﬂé hydrochloride (27 mg, 0.177

. mmol). The reaction mixture was stirred at room temiperature under inert atmosphere for 18

h, then was dlluted with water (15 mL) and extracted with EtOAc(3%30 mL). The combmed .
orgamc layer was dried over N32804, filtered and concentrated under reduced pressure. The

res1due was purified by column chromatography (s1hca gel eluent CHC13/McOH 92:8),

'followed by preparative HPLC (C18 eluent ACN, water formzc acid 0.1%) to afford 4-(6-(4- |

(4-methy1—3—oxoplperazme-l-carbonyl)phenyl)xmldazo[1,2~b]pyr1dazm— 'yl)benzomtnle (16
mg, 24%, AUC HPLC 99%) as a yellow solid. "H NMR (400 MHz, DMSO-dy) & 8.52-8.47
(m, 3H), 8.39 (d, J = 9.6 Hz, 1H), 8.23 (d J= 8.4 Hz, 2H), 8.04-7.97 (m, 3H), 7.67 (d, J =
8.4 Hz, 2H), 4.25-3.95 (m, 2H), 3.95-3.75 (m, 1H), 3.75-3.55 (m, 1H), 3.50-3.20 (m 2H),

2.8 (s, 3H); MS (ESI) m/z 437 [CosHaNeO, + H] .

Example 70: 4-(6-(4-(4-(4-methvlpiperazin-1-vl)piperidine-1-carbonyl)phenyl)imidazo[1,2--

* blpyridazin-3-vlYbenzonitrile

CN

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (50 mg,
0.147 mmot) in DMF (0.74 mL) were added HATU (84 mg, 0.221 mmol), N-methyl
morpholine (65 pL, 0.588 mmol) and 1-methyi<4'_*(piperidin—4—yl)piperazine (32 mg, 0.177
mmol). The reaction mixture was stirred at room temperature under inért atmosphere for 18
h, then was diiuted with water (15 mL) and extracted with EtOAc (3%30 mL). The combined
organic layer was driéd over NaySOy, filtered and concentrated under reduced pressure. The

residue was purified by column chromatography (silica gel, eluent CHCl3/MeOH 90:10) to
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afford 4-(6-(4-(4-(4-methylpiperazin-1 -yl)piperidiné—l ¥carbony1)phenyl)imidazo (1,2-~
b]pyridazin-3-yl)benzonitrile (17 .mg, 23%, AUC HPLC 99%) as avyellow solid. I‘H NMR |
(400 MHz, DMSO-dg) 5 8.53-8.47 (m, 3H), 8.38 (d,/=9.6 Hz, 1H), 8.20(d,/=84Hz,
2H), 8.04- 7.96 (m, 3H), 7.60 (d, J= 8.4 Hz, 2H), 4.55-4.40 (m,- lH), 3.70-3.60 (m, 1H), 3.50-

3.20'(m, 4H), 3.15-3.00 (m, 1H), 2.90-2.75 (m, 1H), 2.55-2.40 (m, 2H), 2.40-2.20 (m, 3H), . . .. .

2.13 (s, 3H), 1.95-1.65 (m, 2H), 1.50-1.35 (m, 2H); BC NMR (100 MHZ DMSO -dg) O
168.18, 151.03, 140.24, 138 08, 135.75, 135.47, 132 97, 132.80, 127.56, 127.29, 126.73,
126.41, 126.04, 118.92, 117 07, 109. 61 60. 71 55.16, 48.50, 45.75, 30.70; MS (ESI) m/z 506

o _[C30H31N70+H]
1o

Example 71: 4-(6-(4-(1 9-d1azasp1ro[5 5]undecane-9 carbonvl)phenvl)lmldazo[l 2~
blpyridazin-3-vl)benzonitrile ’

'Step 1: To a solution of 4- (3- (4-cyanopheny1)1m1dazo[1 2-b]pyr1dazm 6-yl)benzoic amd ( IOO |

mg, 0. 294 mmol) in DMF (1.47 mL) were added HATU (168 mg, O 441 mmol), tert—butyl
1,9-diazaspiro[5.5]Jundecane-1-carboxylate hydrochlonde (103 mg, 0.353 mmol) and N-
methylmorpholine (162 pl, 1.47 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 18 h, then it was diluted with H,O (15 mL) and extracted with
EtOAc (3%30 mL). The combined orgamc layer was dried over N2;SO, and was concentrated

under reduced pressure. The residue was purified by column chromatography (s1hca gel,

. eluent CHCl3/MeOH 96:4) to afford tert-butyl 9—({4-[3-(4-cyanophenyl)1m1dazo[1,2-

b]pyﬁdazin—é-yl}phenyl}carbonyl)-1,9-di_azaspiro[5.S]undecane—l—cg"rboxylate (70 mg, 41%) -
as a yellow solid. MS (ESI) m/z 577 [Cs4H3¢NsO3+ H] .

Step 2: To fert-butyl 9-(47(3-(4—cyanopheny1)imidazo[1,Z-b]pyn'dazin—é—yl)benzoyl}1,9-
diazaspiro{5.5]Jundecane-1-carboxylate (50 mg, 0.131 mmol) was added 20% TFA in CH,Cl,
(5§ mL). The reaction mixture was stirred at room temperature for 20 min then concentrated
under reduced pressure. To the residue was added saturated sodium bicarbonate (10 mL) and
extracted with EtOAc (3 x 30 mL). The combined organic was dried over Na;SOy, filtered
and concentrated under reduéed pressure. The residue was purified by preparative HPLC

(C18, eluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-(1,9-diazaspiro[5.5Jundecane-
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9-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)benzonitrile (37 mg; 89%, AUC HPLC

999%) as a yellow solid. 'H NMR (400 MHz, DMSO-dg) 5 8.54-8.48 (m, 3H), 8.38 (d, /= 9.6
Hz, 1H), 8.28 (5, 1H), 8.21 (d, J = 8.0 Hz, 2 H), 8.04-7.97 (m, 3 H), 7.59 (d, J = 8.0 Hz, 2H),
3.75-3.60 (m, 3H), 2.85-2.70 (m, 2H), 1.80-1.40 (m, 11H); °C NMR (100 MHz, DMSO-d)

,6168 36, 164.63, 151.10, 140. 29 138.00, 135.87, 135,50, 133.01, 132.86, 127.61, 127.40,

126.79, 126.49, 126.11, 118.99, 117.14, 109.68, 30.76, 24.82, 18.89; MS (ESI) m/z477
[C29H28N60 +HJ".

" Example 72: 4-(6-(3-chloro-4-( 4em'ethvlbibera2ine?1—'c:arb(‘)nvl)nhenikl)imidaiof1,2-

bipyridazin-3-ylbenzonitrilée

~Step 1: To a solution of 4-(6-chloroimidazo[1 ,2-b]pyridazih-3-yl)beniohitrile (100 mg, 0.39

mmol) in a mixture of DMF (4 mL) and water (1mL) under inert atmosphere, was
successively added K,COs (108 mg, 0.78 mmol), Pd(dppf)Cl, (57 mg, 0.08 mmol) and 4-

borono-2-chlorobenzoic acid (78 mg, 0.39 mmol) were added at room temperature. The

reaction mlxture was stlrred at 80 °C for 18 h, then was diluted with water (10 mL) and

extracted w1th DCM (3>< 10 mL). The combined organic layers were dried over Na,SO,,

filtered and concentrated under reduced pressure to afford the crude 2-chloro-4-(3-(4-

" cyanophenyl)imidazof 1,2-b]pyridazin-6-yl)benzoic acid as a black sohd MS (ESI) m/z 375

[C2oH 11 CIN4O, + HT".

~"Step 2: To a solution of 2-chloro-4-(3-(4-cyanophenyl)imidazof1,2-b}pyridazin-6-yl)benzoic

acid in DMF (5 mL) was successively added HATU (223 mg, 0.59 mmol), N-methyl
morpholine (80 mg,‘Q.’ZS mmol) and 1-methylpiperazine (78 mg, 0.78 mmol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 b, then was diluted -
with water (10 mL) and the aqueous phase extracted with DCM (3x10 mL). The corhbined
organic layer was dﬁed over NaySOy, filtered and concentrated under reduced pressure. The
crude residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to
afford 4-(6-(3-chloro-4-(4-methylpiperazine-1 —carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)benzonitrile (50 mg, 28%, AUC HPLC 95%) as yellow solid. "H NMR (400 MHz,
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CD;0D) 8 8.06-7.97 (1, 3H), 7.96-7.85 (m, 3H), 7.64 (d, 7= 9.5 Hz, 1H),7.58 (d, /= 8.4
Hz, 2H), 7.49 (d, J = 8.0 Hz, 1H), 3.97 (s, 2H), 3.48 (s, 2H), 2.93 (s, 2H), 2.85 (s, 2H), 2.60
(s, 3H); "C NMR (100 MHz, CD;0D) & 168.03, 15117, 141.47, 138.71, 137.81, 135.52,
133.65, 132.25, 130.16, 130.01, 120.61, 128.93, 128.01, 127.73, 127.23, 127.17, 127.11,
119.65, 117.95, 111.78, 55.23, 54.75, 48.42, 46.57, 45.08, 41.43, 30.75; MS (ESI) m/z 457
[CasHa CINGO + HI. o

Example 73: 4-(6-(3-fluoro-4-(4- methvlnmerazme l~carbonvl)bhenvl)1m1dazo{1 2-
b]nvndazm— -yl)benzonitrile o

CN
Step1: Toa solutlon of 4- (6 chlor01m1dazo[ 1 2—b]pyndazm 3- yl)benzomtnle (100 mg, 0.39
mmol) in a mixture of DMF (4 mL) and water (ImL) at room temperature, was successwely
added K>COs (108 mg, 0.78 mmol), Pd(dppf)Cl, (57 mg, 0.08 mmol) and 4-borono-2-

fluorobenzoic acid (72 mg, 0.39 mmol) under inert atrhosphere.{The reaction mixture was

-~ stirred at 80 °C for 18 'h and was diluted with water (10 mL). The aqueous phase was

extracted with DCM (3%10 mL) and the combined organic layers were dried over Na,SOsa,
filtered and concentrated under reduced pressure to afford the crude 4-(3-(4- -
cyanophenyl)imidazo[ 1 2—b]pyr1dazm 6-yl1)-2-fluorobenzoic acid as black solid. MS (ESI)
m/z 359 {CgoHuFN402 + H] '

Step 2: To a solution of 4—.(3-(4-cyanopheny1)imidazo[1 ,2-b]pyridazin-6-yl)-2-fluorobenzoic
acid (~ 0.39 mmol) in DMF (5 mL) was added HATU (223 mg, 0.59 mmol), N-methyl
morpholine (80 mg, 0.78 mmol) and 1-methylpiperazine (78 mg, 0.78 mmol). The reactlon
mixture was stirred at room temperature under inert atmosphere for 18 h, was diluted with
water (10 mL) and extracted with DCM (3x10 mL). The combined organic layer was dried
over NaySOy, filtered and Was concentrated under reduced pressure. The crude residue was
purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(3-
ﬂuoro~4~(4-methy1piperazine-1 -carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile

(35 mg, 20%, AUC HPLC 97%) as a yellow solid. "H NMR (400 MHz, CDs0D) 6 8.07-8.33

(m, 3H), 8.02 (d, /= 9.0 Hz, 1H), 7.87 (d, /= 7.6 Hz, 1H), 7.63-7.82 (m, 4H), 7.58 (t, J=7.2
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Hz, 1H), 3.9 (bs, 2H), 3.61 (bs, 2H), 3.03 (bs, 2H), 2.93 (bs, 2H), 2.67 (s, 3H); *C NMR
(100 MHz, CD:0D) § 167.15, 166.38, 161.13, 158.67, 15144, 141.60, 140.24, 140.16,
135.51, 133.56, 135.51, 133.80, 133.56, 131.29, 131.19, 130.15, 127.97, 127.44, 127.15, -
126.08, 125.90, 124.73, 12470, 119,67, 118.14, 115.68, 115.45, 111.89, 55.11, 54.66, 46.59,
44.77, 41.44; MS (EST) m/z 441 [CosHnFNO + H]'.

. Example 74: 4-(6-( 3—mefh?l-4-( 4-inethvlpiperazine—l-carbonvl)phémdﬁmidazb( 1.2-

b]pﬁdazin-&vl)benzonitﬁle

CN
Step 1: To a solution of 4—(6-ch10roizﬁidazo{l,2—b]pyridazin—34y1)Ben26hitrile (200 mg, 0.67
mmol) in a mixtire of DMF (4 mL) and water (1mL) blanketed with nitro gen, was
successively added K»COj3 (185.mg, 1.34 mmol), Pd(dppf)Cl, (98 mg, 0.13 mmol) and 4-
borono-2-methylbenzoic acid (131 mg, 0.73 mmol). The reaction mixture was stirred at 80 °C
for 18 h, then was diluted with water (10 mL) and extracted with DCM (3x10 mL). The
combined organic layers were dried over Na,SQy, filtered and concentrated under reduced
pressure to afford the crude 4—(3-(4vcyanophenyl)imidaz_o[1,2—b]pyridazin-6~y1)~2-
rr:lethylbenzoi-c aéid 271 ﬁlg) as black solid which waé used carried forth to the next ste§

. without further purification. MS (ESI) m/z 355 [Co1H1FN4O, + HT'.

Step 2: To a solution of 4-(3—(4~Cyanopheny1)imidazo[1,2-b]pyridazin-6-yI)-Z;methylbénzoic

' acid (90 mg, crude) in DMF (5 mL), was added HATU (142 mg, 0.38 mmol), N-methyl

morphdline (52 mg, 0.50 mmol) and 1-methylpiperazine (51 mg, 0.50 mmol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted
with water (10 mL) and extracted with DCM (3x10 mL). The combined organic layers were
dried ovér Na,SQq, filtered and concentrated under reduced pressure. The crude residue was
purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(3-
méthy1-4-(4-methy1piperazine— 1 —carbonyl)phenyl)imidazb[ 1 ,2—b]pyridazin-3-yl)benionitrile
(30 mg, 28%, AUC HPLC 99%) as a brown solid. "H NMR (400 MHz, CD;0D) 6 8.12 (s,
1H), 8.02 (d,/=9.5 Hz, 1H), 7.91-7.82 (m, 2H), 7.75 (d, J= 9.5 Hz, 3H), 7.70 (d, /= 8.4
Hz, 2H), 7.39 (d, J= 7.9 Hz, 1H), 4.09-3.85 (m, 2H), 3.48 (s, 2H), 2.95 (s, 2H), 2.79 (s, 2H),
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2.60 (s, 3H), 2.41 (s, 3H); *C NMR (100 MHz, CD;0D) § 169.86, 165.89, 151.43, 140.16,

136.98, 135.48, 133.71, 132,62, 132.10, 128.96, 126.58, 126.51, 126.08, 125.48, 124.59,
118.29, 117.07, 110.36, 53.90, 53.46, 45.20, 43.59, 39.84, 17.97;, MS (ESI) m/z 437
[C26H2aN6O + H]". V

Example 75: 4-(6-(3-isopropoxy-4-(4-methylpiperazine-1-carbonylphenvl) imidazo[1.2-

blpvridazin-3-vl)benzonitrile

CN

Toa solutlon of 4-(6 chlormmldazo[l 2- a]pyrazm-3 yl)benzomtnle (100 mg, 0 39 mmol) in
a m1xture of DME (4 mL) and water (1 mL) blanketed with n1trogen was sequenually added
K2C03 (108 mg, 0.78 mmol), Pd(dppf)Clz (57 mg, 0.08 mmol) and (2-isopropoxy-4- (4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)(4-methylpiperazin-1-yl)methanone (200 mg,
0.39 mmol). The reaction mixture was stirred at 80 °C for 18 h, then was diluted with water

(10 inL) and extracted with DCM (3x10 mL). The combined 6rganic layers were dried over

' NaySOy, filtered and concentrated under reduced pressure. The crude residue was punﬁed by

preparative. HPLC (C18, eluent ACN/H,0O/0. 01% HCOORHR) to. afford 4-(6-(3-isopropoxy-4-.
(4—methy1p1perazme—l—carbonyl)phenyl) imidazo[1,2-b]pyridazin-3-yl)benzonitrile (74 mg,

' 40%, AUC HPLC 99%) as yellow solid. "H NMR (400 MHz, CD;0D) & ppm 8.00-8.14 (mn,
' 3H),7.95 (d,J = 8.16 Hz, 1H) 7.66 ~7.74 (m, 1H), 7.517.60 (m, 4H), 7.40 (d, J = 6.90 Hz,
 1H), 4.69-4.82 (m, 1H) 3.82-4.20 (m, 2H), 3.57 (s, 2H), 2.90-3.18 (m, 4H), 2.74 (s, 3H),

1.31-1.49 (m, 6H); *C'NMR (100 MHz, CD;0D) § ppm 169.42, 155.57, 152.50, 138.95,
135.28, 133.94, 130.30, 129.05, 128.73, 127.23, 126.91, 120.88, 119, 67,118.36, 112.90,
111.70, 72,498, 55.09, 55.092, 54.63, 48.42, 46.06, 44.56, 40.80, 22.52, 22.36; MS (ESI) m/z
481 [CogHpgNO+H]".
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Example 76: 4-(6-(3-hydroxy-4-(4-methvlpiperazine-1-carbonvyl)phenvl) imidazo[1.2-

blpyvridazin-3-yl)benzonitrile

=N
HO SN /

Boron tribromide (195 mg, 0.78 mmol) was added slowly to a solution of 4-(6-(3-
isopropoxy-4-(4-methylpiperazine-1-carbonyl) phenyl) imidazo[1,2-b]pyridazin-3-
yl)benzonitrile (237 mg, 0.49 mmol) in DCM (10 ml) at -78 °C then the reaction mixture was
stirred at room temperature for 6 h. The reaction mixture was quenched by adding MeOH and
concentrated under vacuum. The crude residue was purified by preparative HPLC (C18,
eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(3-isopropoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl) imidazo[1,2-b]pyridazin-3-yl)benzonitrile (18 mg, 11%, AUC HPLC 95%)
as yellow solid. "H NMR (400 MHz, CD30D) & ppm 8.29 (d, J = 8.0 Hz, 3H), 8.19 (s, 1 H),
8.00-8.12 (m, 1H), 7.70-7.82 (m, 3H), 7.49-7.63 (m, 2H), 7.40 (d, /= 8.0 Hz, 1H), 3.48—
4.11 (m, 4H), 3.01 (s, 4H), 2.64-2.74 (m, 3 H); *C NMR (100 MHz, CD;0D) & ppm 169.82,
167.16, 155.65, 152.74, 141.68, 139.22, 135.16, 134.13, 133.71, 133.58, 130.52, 128.06,
127.66, 126.91, 126.42, 125.79, 119.83, 119.72, 118.45, 115.15, 111.86, 54.97, 44.70, 40.47;
MS (ESI) m/z 439 [CysHpaNgO,+H]"

Example 77: 4-(6-(3-hydroxy-4-(morpholine-4-carbonyl)phenyl)imidazo[1.2-blpvyridazin-3-

yhbenzonitrile
OJ§< N
/ r
HCO B HsCO \N,N\/)

HsCO Br
HaCO Br o OB.B_-OE
X e

S N — N —
OH [:I
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Step 1: To a solution of 4-bromo-27methoxybenzqic acid (2 g, 8.66 mmol) in DMF (20 mL)
were added HATU (4.94 g, 12.99 mmol), N—ineth’yl morpholine (1 75 g, 17.32 mmol) and

rmorpholme (0.83.g, 0.95 mmol). The reaction mixture was stirred at 0 °C to rt for 16 h, then. .
-was diluted with H,O (15 mL) and extracted with EtOAc (3 x 25 mL) The combined organic - .
. layer was dried over Na,SO4 and was concentrated under reduced pressure to afford (4-

- bromo-2-methoxyphenyl)(morpholino)methanone (1.4 g, 54% ). TH NMR: (400 MHz,

CDCLy) 6 (ppm) 7.07-7.04 (m, 2H), 6.99 (s, 1H), 3.78 (s, 3H), 3.74-3.71 (bs, 4H), 3.69-3.52

(bs, 2H), 3.19-3.66 (bs, 2H); MS (ESI) m/z 301. [C12H14BrNO3+ H}

Ste;ﬁ 2: To a mixture of (4-bromo—2~methoxyphenyl)(mdrpholino)methanone (1.19 g,3.96
mmol), bis(pinacolato)diboron (1.07 g, 402 mmol), KOAc (1.16 g, 11.89 mmol) in 1,4~

" _dioxane (18 mL) was added PdCLdppf (87.08 mg, 0.12 mmol), dppf (65.97 mg, 0.12 mmol)

‘15

20

25

30

and the reaction mixture was heated at 90 °C for 16 h under argon. The reactxon mixture was

diluted with EtOAc and washed with water, the organic layer was dried over anhydrous

- NaySO; and coneentrated under reduced pressure to afford (2-methoxy-4-(4,4,5,5-

tetramethyl-l,3,2-dioxaborplan-2—yl)phenyl)(morpholix_lo)methanone (1.23 2,90%) as a

brown liquid which was used in next step without purification. Direct mass indicated desired

, ‘m/z 345

Step 3: To a mixture of (2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyI)(morpholmo)methanone 2 (1 23 g 3. 54 mmol), 6 chloroimidazof 1 2-b]pyndazme
(0.43 g, 2.84 mmol), KsPO4 (1.5 g, 7. 08 mmol) in 1,4-dioxane (18 mL) and water (3 mL) was
added Pd(PPh3)4 (204 mg, 0.17 mmol) and the reaction mn;ture was heated at 90 °C for 16 h

*- under argon. The reaction mixture was diluted with water and extracted with EtOAc and

washed with water and brine'sol'ufic-)n‘ The organic layer was dried over anhydrous Na,SO;,
and concentrated under reduced pressure to obtain the crude product. The crude product was
purified by column chromatography (silica gel, eluent CH,Cl/MeOH 97:3) to afford (4-
(imidazo[1,2-b]pyridazin~6-yl)—2—methp;gyphenyl)(morpholino)methanone (Q.7 g, 58.8 %,

' LC-MS 85%) as a light yellow solid. "H NMR: (400 MHz, CDCly) § (ppm) 8.04 (d, J = 6.8
Hz, 2H),7.82 (s, 1H), 7.59 (s, 1H),7.49-7.40 (m, 3H), 3.98 (s, 3H), 3.87-3.65 (m, 4H), 3.61~

3.33 (m, 2H), 3.29 (bs, 2H); MS (ESI) m/z 339.14 [C13H,sN;O5+ H]".

Step 4: To a solution of (4-(imidazo[1,2-b]pyridazin-6-yl)-2- ,
methoxyphenyl)(morpholino)methanone (0.66 g, 1.95 mmol) in ACN (10 mL) was added
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- NIS (0.52 g, 2.34 mmol) and stirred at 70 °C for 3 h. The reactlon mixture was dﬂuted with’

EtOAc and washed with water, the organic layer was dried over anhydrous Na2804 and
concentrated under reduced pressure to afford (4-(3-iodoimidazol[1 ,2-b]pyr1dazm-6-y1)-2—
rhethoxyphenyl)(morpholino)methanone (0.88 g, 97%, LC-MS 65%) as a green solid. 'H

'NMR: (400 MHz, CDCls) § (ppm) 7.99 (d, J= 9.2 Hz, 1H), 7.88 (s, 1H), 7.71 (s, 1H), 7.60
(d,J = 7.6 Hz, 1H), 7.54 (d, J = 9.2 Hz, 1H), 7.42 (d, /= 8.0 Hz, 1H), 3.99 (5, 3H), 3.83-3. 80
(m, 4H), 3.61-3.59 (m, 2H), 3.39-3.33 (m, 2H); MS (ESI) m/z 465 [C18H17N4O3+ H]

~ Step 5: To a mixture of (4-(3 -iodoimidaz()[1’,2;b]p}i1fidazin-6—yl)-2-

methoxyphenyl)(motpholino)methanone (0:86 g, 1.85 mmol); 4-cyanéphenylboronic acid”

1 (0.33 g, 2.22 mmol), K3PO, (0.78 g, 3.7 mmol) in 1,4-dioxane (14 mL) and water (2 mL) was
" 'added Pd(PPhs)4 (106.8 mg, 0.09 mmol) and the reaction mixture was heated at 90 °C for 16

.-h under argon. The reaction mixture was diluted with water and extracted with EtOAc and

washed with water and brine solution. The organic layer was dried over anhydrous Na,SO4
and concentrated under reduced pressure to obtain the crude product. The crude product was

purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to afford 4-(6-(3-

methoxy-4-(morpholine-4-carbonyl)phenyl)imidazo( 1 ,IZV-b]pyridazm-3-yl)benzonitxﬂe_:_ (0.35 .

, 43.2 %, LC-MS 99%) as a light yellow solid.
g 19 770 as a light yellow so

Step 6: To a solution of 45-(6-'(3'-'méthéxy-4a(morpholine-4-carbonyl)phenyi)imidazo[1‘,2— o

b]pyridazin-3-yl)benzonitrile (0.25 g, 0.57 mmol) in CHCl, (10 mL) cooled to 0 °C was

" added BBr; (2 mL). The reaction mixture was stirred at room temperature for 2 h. The

reaction mixture was cooled to 0 °C and quenched by drop wise addition of a saturated

-~ aqueous NaHCO; (10 mL) and extracted W1th CH:Cl; (3 x 30 mL). The organic layer was

washed with water and bnne, dried over anhydrous Na,SOy, filtered and concentrated under

reduced pressure. The crude compound was purified by column chromatography (silica gel,
eluent MeOH/CHCl; 3:97) followed by preparative TLC to afford 4-(6-(3-hydroxy-4-
(morpholine-4-carbonyl)phenyl)imidazo[1 ,2-b]pyridazin-3-yl)benzonitrile (80 mg, 33%,
AUC HPLC 98.2%) as an pale yellow solid, m.p: 149-153 °C. "H NMR (400 MHz, CDCl;) &
(rpm) 9.86 (s, 1H), 8.39 (d, /=8.4 Hz, 2 H), 8.14 (d, /= 9.2 Hz, 1H), 7.81 (d,J = 8.4 Hz,
2H), 7.61 (t,J=10 sz, 2H), 7.52 (d, J=8.0, 1H), 7.42 (d, J = 8.2 Hz, 1H), 3.81 (bs, 8 H);
MS (ESI) m/z 426 [C24HisNsO5+ HJ.
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Example 78: 4- ( 6- (2~methoxv—4 (4-methvlpiperazine:1: carbonvl)phenvl)lmldazo[1 2-

bbvndazm 3- Vl)benzomtnle _

OMe &

\N/

To a solution of (4—bromo~3-methoxyphenyl)(4-methylpiperazin~I—yl)methénoﬁe (312 mg, -
1.00 mmol) in DMF (10 mL) under inert atmosphere, were added 4,4,4'4'5,5,5,5-

" octamethyl-2,2"bi1,3,2-dioxaborolane) (280 mg, 1.10 mmol), KOAc (295 mg, 3.00 mmiol)

and'PdCIdepf (22 mg, 0.03-mmol). The resulting mixture was stirred at 100 °C for 2 h after
which time the reaction mixture was diluted with DMF (8 mL) and water (2 mL) prior to the

_addmon of 4- (6-chlor01m1dazo[l 2-a]pyrazin-3 -yl)benzomtnie (100 mg, 0.39 mmol), K2C03

(108 me, 0.78 mmol) and additional PdCl,dppf (57 mg, 0.08 mmol). The reaction mixture.

thus obtained was heated to reflux for 3 h and was concentrated under reduced pressure. The

- residue was purified by preparative HPLC (C18, eluent, ACN/HZO/O 01% HCOOR) to afford

4-(6-(2-methoxy-4-(4-methylpiperazine-1- carbonyl)phenyl)1m1dazo[1 ,2-b]pyridazin-3-
yl)benzomtnle (30 mg, AUC HPLC 97%) as yellow sohd 1H NMR (400 MHz, CD;0D) &

ppm 8.3 (s, 1H), 8.27 (d, /= 8.2 Hz, 2H), 818(s lH),SOl(d J=9.5Hz, 1H), 7.66-7.78

(m, 4H), 7.16 (d, J = 7.7 Hz, 1H), 3.65-4.00 (m, TH), 2.83-3.01 (m, 4H), 2.57-2.67 (m, 3H):
C'NMR (100 MHz, CD;OD) 3 ppm 171.45, 167.58, 159.10, 152.89, 141.44, 139.44,

| 134.71, 134.21, 133.41, 132.29, 130.47, 129.04, 127.95, 127.76, 127.58, 125.35, 122.63,

120.58, 119.73,111.91, 111.69, 56.66, 54.99, 444.92; MS (ESI) m/z 453 [CosHouNOp+H]".

. Example 79: 4-(6-(4-(4-methvlpiperazine-1 -carbonxl) 3»n1trogheny1)1m1dazo[ 1.2~

blpyridazin-3-yl)benzonitrile

=
OzN \ N /

Step 1: To a solution of 2-nitro-4-bromobenzoic acid (9.3 mmol) in DMF (6 mL) was-added
NMM (1.87 g, 18.6 mmol) followed by addition of HATU (5.3 g, 13.95 fnmol) and the
mixture was stirred at rt for 30 min. 1-Methylpiperazine (1.39 g, 13.95 mmol) was added and
stirréd at rt for an additional 16 h. The reaction mixture was diluted with EtOAc and washed

with water and brine. The organic layer was dried over anhydrous Na,SO,, filtered and
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concentrated under reduced pressure to give ((4-bromo-2-methylyphenyl) (4-methylpiperazin- -

1-ylymethanone (1.9 g, 70%, AUC HPLC 98%) as a brown éolid 1H NMR (400 MHz,

CDCI3)584(SIH)801(dJ 62Hle)74(dJ 83Hle)38(szH)2325 ,
- (s, 7H).

Step 2: To a solution of (4-bromo-2- mtrophenyl)(4~methylp1perazm l-yl)methanone 6 (328
mg, 1.00 mmol) n DMF (10 mL) under inert atmosphere was added 4 4,4', 4' 5 5, 5' 5.
octamethyl 2,2 bil 3 2 dmxaborolane) (280 mg, 1. 10 mmol), KOAc (295 mg, 3 OO mmol)

and PdCldppf (22 mg, 0. 03 mmol). The resulting m1xture was stirred at 100 °C for2h after o

which time, it was diluted with DMF (8 mL) and water (2 mL) pnor t6'the addition of 4-(6-

| chloroimidazo[1,2-a]pyrazin-3-yl)benzonitrile 3 (200 mg, 0.78 mmol), K2CO; (217 mg, 1.58
‘mmol) and additional PdCldppf (114 mg, 0.08 mmol). The reaction mixture thus obtained

was heat to reflux for.3 h and was concentrated under reduced pressure. The residue was -
purified by préparative HPLC (C18, eluent ACN/HZO/O.OI % HCOOH) to afford 4-(6-(4-(4-
methylpiperazine-1-carbonyl)-3-nitrophenyl)imidazo[1 2~bjpyridazin 3-yl)benzonitrile (129
mg, 36% over 2 steps, AUC HPLC 97%) as yellow solid. 1H NMR (400 MHz, CD;OD) 8.94
d,J= 16Hz 1H), 8.56 (dd, J = 8.0, 163Hz 1H), 843(d J=8.5 Hz, 2H), 8.36 (s, 1H), .
8.28 (d,/=9.5 Hz, 1H), 8.02 (d, /= 9.5 Hz, 1H),789(d J=8.5Hz,2H), 7 72(d,J=7.9
Hz, 1H), 3.71-4.05 (m, 2H), 3. 41 (s, 2H), 2.70 (t, J= 5. 0 Hz, 2H), 2.53 (s, 2H), 2. 42 (s 3H)

Bc NMR (100 MHz, CD;0D) & ppm 168.22, 151.26, 147.63, 141.86, 139.15, 135.75,

134.46, 134.18, 133.78, 130.40, 128.68, 128.24, 127.63, 124.68, 119.67, 118.41, 112.39,

55.35, 54.99, 47.61, 45.88, 42.47; MS (EST) m/z 468 [CasHayN-O5+HJ".
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Step 1: To a solution of 4-bromo-2-nitrobenzoic acid (2.5 g, 10.16 nimol‘) in DMF (15 mL)
were added HATU (5.79 g, 15.24 mmol), N-methyl morpholine (2.05 g, 20.32 mmol) and

“morpholine (0.97 g, 11.18 mmol). The reaction mixture was stirred at 0 °C to room

temperature for 16 h, then it was diluted with H,O (30 mL) and extfrécted with EtOAc (B x
100 mL). The combined organic layer was dried over Na,SO,4 and was concentratéd under
reduced pressure to afford (4-bromo-2-nitrophenyl)(morpholino)methanone (4. 2 g, 91.8%,
LC-MS 69.8%). 'H NMR (400 MHz, DMSO-dg) 6 @pm) 8.40 (s, 1H), 8.08 (d, /= 8.4 Hz,
1H), 7.54 (d, /= 8.0 Hz 1H), 3.67-3. 51 (m 4H), 3.51 (bs, ZH), 3.21 (bs, 2H) MS (ESI) m/z |

1316 [CuHuBrN204+ H]

/
O~

Step 2: To a mixture of 6-chloroimidazo[1,2-b]pyridazine (1.5 g, 9.76 mmol),
B1s(p1nacolato)d1boron (2.65 g, 10.45 mmol), KOAc (2.87 g, 29.29 mmol) in 1,4-dioxane (15
mL) was added PdCldppf (214 mg, 0.29 mmol) and dppf (162.4 mg, 0.29 mmol) and the

reaction mixture was heated at 90 °C for 16 h under argon. The reaction mixture was diluted

- with EtOAc and washed with water, the organic layer was dried over anhydrous Na,SO4 and

concentrated under reduced pressure to afford 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-,
yDimidazo[1,2-b]pyridazine (2.15 g, 90%) as a brown liquid which was used in next step
without purification. MS (ESI) m/z 246 [Ci,HiBN;Os+ HI'., - _
Step 3: To a mixture of (4-bromo-2-nitrophenyl)(morpholino)methanone (2 g, 7.32 mmol), 6-
44,5 S-tctramethyl-l 3 2-dioxaborolén—2-yl)imidazo[1' Z:B]ﬁyridazine 2.15 g 8.78 mmol);
K;PO4 (3.1 g, 14.64 mmol) in 1,4-dioxane (30 mL) and water (4 mL) was added Pd(PPh;)4

(423 mg, 0. 36 mmol) and the reaction mixture was heated at 90 °C for 16 h under argon. The »

reaction mixture was diluted with water and extracted with EtOAc and Washed with water

~ and brine solution. The organic layer was dried over anhydrous Na;SOy4 and concentrated

under reduced pressure to obtain the crude product. The crude product was purified by
column chromatography (silica gel, eluent CHZCIZ/MeOH 97:3) to -affo‘rdk (4-(imidazo[1,2-
blpyridazin-6-yl)-2-nitrophenyl)(morpholino)methanone (1.25 g, 55.8 %, LC-MS 96;5%) as
a light yellow éolid. 'H NMR: (400 MHz, DMSO-ds) 6 (ppm) 8.84 (s, 1H), 8.54 (d, /= 6.0
Hz, 1H), 8.46 (s, 1H), 8.32 (d, /= 9.6 Hz, 1H), 7.98 (d, J= 9.6 Hz, 1H), 7.89 (s, 1H), 7.77 (d,
J=8.0 Hi, 1H), 3.7 (bs, 4H), 3.55 (bs, 2H), 3.17 (bs, 2H); MS (ESI) m/z 354 [C7H,sNsO4+
HT". |
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Step 4: To a solution of (4-(imidazo[1, 2—b]pyr1dazm 6-yl)-2-

mtrophenyl)(morphohno)methanone (1 24 g 3. 51 mmol) in ACN (1 8 mL) was added N—
iodosuccinimide (0.95 g, 4.2 mmol). The reaction mlxture was stirred at-80 °C for 2 h and

. was diluted with EtOAc and washed with water. The organic layer was dried over anhydroué o

Na,SO4and concentrated under reduced pressure to afford (4-(3-iodoimidazo(1,2-
blpyridazin-6-yl)-2-nitrophenyl)(morpholino)methanone (1.7 g, 94%, LC-MS 93;3%) asa
green solid. 1H NMR: (400 MHz CDCI;) b (ppm) 8.84 (S 1H), 8.45 (d, J = 8.0 Hz, 1H), 8.08
(d, J=9.6 Hz, ZH), 7.94 (s, 1H), 7.59 (d J=28.0 Hz, IH), 3.85-3. 66 (m 6H), 3.29 (bs 2H),
MS (ESD) m/z 480 {C17H14N504+ H] ‘

Step 5: To a mixture of (4- (3-10d01m1dazo[1 2~b]pyndazm~6*y1) 2-
nitrophenyl)(morpholino)methanone (1.7 g, 3.54 mmol), 4-cyanophenylboronic acid (0.62 g,
4.25 mmol), K;POy (1.5 g, 7.08 mmol) in 1,4-dioxane (18 mL) and water (2.5 mL) was added

- Pd(PPhs)4 (204 mg, 0.17 mmol) and the reaction mixture was heated at 90 °C for 16.h under
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argon. The reaction mixture was diluted with water and extracted with EtOAc and washed

with water and brine solution. The organic layer was dried over anhydrous Na;SO; and

concentrated under reduced_pressu‘r’gv to obtain the crude product. The crude product was

iauriﬁed by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to afford 4-(6-

| - (4-(morpholine-4-carbonyl)-3-nitrophenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (1.1 g,

68.7 %, LC-MS 91%) as a light yellow solid. "H NMR (400 MHz, CDCL3) & (ppm) 8.80 (s,
1H), 8.67 (d, J = 8.0 Hz, 1H), 8.55-8.23 (i, 4H), 7.83 (d, /= 84 Hz, 2H), 7.67 (d, J = 9.6
Hz, 1H), 7.61 (d, J= 8.0, 1H), 3.86-3.67 (m, 4H), 3.66 (bs, 2H), 3.31 (t, J = 4.4 Hz, 2H); MS
(ESD miz 455 [CaslNeOs+ HT'.

- "Step 6: To a solution of 4-(6-(4-(morpholine-4-carbonyl)-3-nitrophenyl)imidazo[1,2-
" blpyridazin-3-yl)benzonitrile (0.6 g, 1.32 mmol) in ethanol (10 mL) was added SnCl,.2H,0

(0.89 g, 3.96 mmol) and concentrated HCI (1 mL). The reaction mixture was stirred at 90 °C
for 3 h. The solvent was evaporated under reduced pressure and basified with a saturated aq.
NaHCOs and extracted with EtOAc (3 x 30 mL). The organic layer was washed with water

and brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure to

afford 4-(6-(3-amino-4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-

yl)benzonitrile (250 mg, 45%, LC-MS 77%) as a yellow solid.

Step 7: To a solution of 4-(6-(3-amino-4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-
b]pyridazin-3-yl)benzonitrile (0.24 g, 0.56 mmol) in dichloromethane (10 mL) were added
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"TEA (0.15mL,1.13mmol) and acetyl chloride (0.06 mL, 0.85 mmol). The reaction mixture

was stirred for 2 h at room temperature. The reaction mixture was dilutcd with H>O (20 mL),

basified with saturated aqueous NaHCOj and extracted with CHCI; (3 x 50 mL). The

= comblncd orgamc layer was concentrated under reduced pressure to afford crude compound.
"The crude product was punﬁcd by.column chromatography (51hca gel, eluent CHCly/MeOH
¢ 97:3) to afford N-(S—(3-(4-cyanophenyl)1mldazo[1,2—b]pyndazm—6-yl)-2—(morpholme~4-

carbonyl)phenyl)acetamide (100 mg, 3 8%, AUC HPLC 98.09%) as an pale yellow solid,

‘m.p: 226-229 °C. NMR: (400 MHz, CDCly)  (ppm) 9.12 (d, J = 11.6 Hz, 2H), 8.39 (d, J =
8.4 Hz, 2H), 8.22 (s, 1H), 8.14 (4, J = 9.1 Hz, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0

Hz, 1H), 7.66 (4, J = 9.2 Hz, 1H), 7.39 (4,7=7.6 Hz, 1H), 3.76 (bs, 8H); 2.26 (s, 3H); MS
(ESI) m/z 467 [C26H22N503+ H]

- Example 81: N—_( 5-( 3-(4-cyanophenyl)imidazo[1,2-blpyridazin-6-y1)-2-(4-

{dimeth lamino iperidine-1-carbonyl)phenvl)acetamide

HzN Br H HjD/B' :N( Br
o T AT

N

Step 1: To a solution of 2-amino-4-bromobenzoic acid (4 g,18.51 mmol) in 1,4-dioxane (40 .
mL) was added bls(‘mchloromethyl)carbonate in 1,4-dioxane (1.81 g, 6.11 mmol) drop wise -
at 0 °C. The reaction mixture was stirred at 110 °C for 16 h. The solvent was evaporated
under reduced pressure and washed with n-hexane to afford 7-bromo-1H-
benzo{d][1,3]oxazine-2,4-dione (4.3 g, 95.8% LC-MS 97%)."H NMR: (400 MHz, DMSO-
ds) 0 (ppm) 11.8 (s, 1H), 7.80 (d, /= 8.4 Hz, 1H), 7.40 (d, J = 8. 4 Hz, 2H); MS (ESI) m/z
243.02 [CsH4BINOs+H]".
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Step 2: To a solutlon of 7-bromo-1H- benzo[d][l 3]oxazme-2 4-dione (1 g, 4. 13 mmol), N, N- ‘
dimethylpiperidin-4-amine (0. 5 8 g,4.54 mmol) in dry DMF (10 mL) was added DMAP (50.4
mg, 0.41 mmol) at rt. The reaction mixture was stirred for 16 h, then was diluted with H,0O

(30 mL) and extracted with E»tO‘Ac‘(3- x 100 mL). The combined organic layerb was dried ovér :

Na,SQ4 and concentrated under reduced pressure to afford (2—amino—4~bromophényl)(4- ’

" (dlmethylammo)plpendm-1 yDmethanone (0 97 g 72 4%, LC-MS 99.5%). lHNMR (400
- 'MHz, CDC13)<5(ppm)692(d J= 80Hz 1H),688 (s, 1), 6.83 d,J= 68Hz lH),44(s ‘ -
' 2H), 2.96 (bs, 2H), 2.39-2.37 (m; 1H), 2.36 (s 6H), 1.89 (d, J = 11.6 Hz, 2H), 1.49-1.41 (m B
. 2H;MS (BSI) m/s 327 [C14H20BrN3O+ HJ".
107 ; ‘
* Step 3: Tov a solution of (2-amino-4-bromophenyl)(4-(dimethylamino)piperidin-1-

yhmethanone (0.5 g, 1.53 mmol) in dichloromethane (10 mL) were added triethylamine (0.63

-~ mL,4.59 mmol) and acety! chloride (0.16 mL, 2.29 mmol). The reaction mixture was stirred -

. for 3 h at rt. The reaction mixture was diluted with H,O (20 mL), basified with saturated _

aqueous solution of NaHCO;; and extracted with CHCl; (3 x 50 mL). The combined orgamc
layer was concentrated under reduced pressure to afford N-(5-bromo-2-(4- N

(dunethylam1no)p1per1dme~1 carbonyl)phenyl)acetam1de (0.6 g, 88. 23%, LC-MS 83%) 'H

- NMR: (400 MHz, CDCl3) é (ppm) 9.01 (s, 1H), 8. 53 (s, 1H), 7.42 (, J=8.4 Hz, 1H), 7.06
(d J=1.6Hz, 1H), 4.6 (bs, 1H), 2.95 (bs, 3H), 2. 41 (m, 1H), 2.32 (s, 6H), 2.08 (s 3H), 1.95

(bs 2H), 1.52 (bs, 2H); MS (ESI) m/z 369.07 [C16H22BrN302+H]

Step 4:Toa mixtﬁre of N-(S-bromo-2-(4-(dimethylzi‘mi‘no)pipeﬁdine-1— _
carbonyl)phehyl’)acetamide (0.52 g, 1.42 mmol), 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

- yljimidazo[1,2-b]pyridazine (416.3 mg, 1.69 mmol), K;PO, (602 mg, 2.84 mmol) in 1,4~
“dioxane (10 mL) and water (2 mL) was added Pd(PPhs), (82 mg, 0.07 mmol) and the reaction

mixture was heated at 90 °C for 6 h. The reaction mixture was filtered through celite bed and
washed with 10% MeOH in CHCl; and dried over anhydrous Na,SO, and concentrated under
reduced pressure to obtain the crude product. The crude product was purified by column

chromatography (silica gel, eluent CHCl3/MeOH/NH; 90:10:1) to afford N~(2-((4-

* (dimethylamino)piperidin-1-yl]carbonyl)-5-(imidazo(1,2-a)pyridazin-6-yl)phenyl)acetamide

(0.5 g, 70 %, LC-MS 81%) as a light yellow solid. NMR: (400 MHz, CDCly) & (ppm) 9.07 (s,
1H), 8.91 (s, 1H), 8.02 (d, J = 8.8 Hz, 2H), 7.76 (s, 1H), 7.75 (d, J = 6.4 Hz, 1H), 7.42 (d, J =
1.6 Hz, 1H), 4.75 (bs, 1H), 3.95 (bs, 1H), 3.15-2.95 (m, 2H), 2.41 (m, 1H), 2.25 (s, 6H), 2.19
(s, 3H), 1.98 (bs, 1H), 1.75 (bs, 2H), 1.25 (s, 3H); MS (ESI) m/z 406.16 [C3HyyNsOy+ HJ'.
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, St_cp_S: To a solution of N-(2{(4_-(dimethylamino)piperidine-‘1-carbényl)-S-(imidazo[l ,2-

a]pyridin-6-yl)phenyl)acetamide (0.49 g, 1.21 mmol) in ACN (10 mL) was added N-
iodosuccinimidé (0.32 g, 1.45 mmol) and stirred at 80 °C for 3 h The reaction n;vlixtur,e' was
diluted with EtOAc and washed with water, the organic layer was dried over anhydrous
Na,804 and concentrated under reduced pressure to afford N~(2-((4-
(dimethylamino)pipeﬁdin-l -yDcarbonyl)-5- (3-iodoimidazo[1 2-a]‘pyridazin—6-
yl)phenyl)aceta;zmde (0.3 g,46.7%) as a green solid. The crude product was used in the next

step without purification.

Step 6: To a mixture of N-(2-(4- (d1methy1am1no)p1per1dmc— -carbonyl) 5-(3-

iodmmldazo[l 2- a]pyrldln 6- yl)phenyl)acetam1de 03 g, 0 56. mmol), 4-cyanophenylboronic

acid-(99.4 mg, 0.67 mmol), K3PO4 (237 mg, 101 mmol) in 1,4-dioxane (10 mL) and water (2 -~
mL) was added Pd(PPh3)4 (32. 3 mg, 0.03 mmol) and the reaction mixture was heated at 90 °C

- for 16 h. The reaction mlxture was filtered through cehte and washed with 10% MeOH in
' CHCl; and dried over. anhydrous Na,8O, and concentrated under reduced pressure. The

_.residue was puriﬁéd by preparative HPLC to afford N-(S—(3-(4—cyanopheny1)imidazo[1 2-

b}pyndazm— yl) 2- (4 (dlmethylammo)plpendmc- -carbonyl)phenyl)acetamlde (50 mg, 17.4 |
%, LC-MS 95%) as-a yellow solid. m.p: 141-146 °C. "H NMR: (400 MHz, CDCl3) ¢ (ppm)
9.13 (s, 1H), 9.08 (s, 1H), 8.39 (d, J=8.4 Hz; 2H), 8.22 (s, 1H), 8.13 (d, /= 9.2 Hz, 1H),
7.85 (d, J = 8.4 Hz, 2H),7.75 (d, J = 7.6, 1H), 6.67 (d, J= 9.6 Hz, 1H), 7.40 (d, /= 8.4 Hz,

* 1H), 4.75 (bs, 1H), 3.95 (bs, 1H), 3.15-2.95 (m, 2H), 2.41 (m, 1H), 2.3 (s, 6H), 2.21 (s, 3H),

1.95 (bs, 2H), 1.65 (bs, 2H); MS (ESI) m/z 508.16 [CasHzoN:Oz+ HY'.

idazin-6-vlphenv)(4-methvipiperazin-

Step 1: To a solution of 3-bromo-6-chloroimidazo[1,2-b]pyridazine (500 mg, 2.15 mmol) in
1,4-dioxane (4.5 mL) under inert atmosphere were added aqueous Na,COj solution (3.76 mL,
2 M), 4-chlorophenylboronic acid (336 mg, 2.15 mmol) and Pd(dppf),Cl, (124 mg, 0.108

~mmol). The resulting mixtirre was heated to reflux for 18 h, and then diluted with water (20 .
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mL) and extracted with DCM (3x30 mL).The combined organic layer was dried over
Na,SOy, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, eluent CH,Cly/MeOH 95:5 to 90:10) to afford 6-chloro-
3-(4-chlorophenyl)imidazo[1,2-b]pyridazine (243 mg, 43%) as a yellow solid. "H NMR (400
MHz, CDCls) 6 8.06 (s, 1H), 8.01-7.96 (m, 3H), 7.50-7.47 (m, 2H), 7.11 (d, J= 12 Hz, 1H);
MS (ESI) m/z 264 [C1,H;CI,N; + H'.

Step 2: To a solution of 6-chloro-3-(4-chlorophenyl)imidazo[ 1,2-b]pyridazine (200 mg, 0.757
mmol) in toluene (3 mL) and ethanol (1.5 mL) under inert atmosphere were added K,CO;
(335 mg, 2.4 mmol), 4-(4-methylpiperazine-1-carbonyl)phenylboronic acid hydrochloride
(259 mg, 0.909 mmol) and Pd(PPh;)4 (88 mg, 0.076 mmol). The resulting mixture was heated
in a microwave reactor at 140 °C for 15 min, and then was concentrated under reduced
pressure. The residue was purified by column chromatography (silica gel, eluent
CH,Clp/MeOH 95:5 to 90:10) to afford (4-(3-(4-chlorophenyl)imidazo[1,2-b]pyridazin-6-
yb)phenyl)(4-methylpiperazin-1-yl)methanone (41 mg, 17%, AUC HPLC 99%) as a yellow
solid. '"H NMR (400 MHz, CDCl3) 6 8.19 (d, J = 9.5 Hz, 1H), 8.11-8.06 (m, 5H), 7.62-7.58
(m, 3H), 7.54-7.51 (m, 2H), 3.94-3.67 (m, 4H), 2.72-2.66 (m, 4H), 2.49 (s, 3H); *C NMR
(100 MHz, CDCls) & 169.59, 165.33, 150.94, 139.36, 137.12, 136.71, 133.88, 132.95,
129.00, 128.02, 127.98, 127.90, 127.36, 126.89, 126.24, 115.76, 54.12, 44.83; MS (ESI) m/z
432 [Co4HyCINSO + HI'.

Example 83: (4-(3-(4-chlorophenvl)imidazo[1.2-blpyridazin-6-yl)-2-methylphenyl)(4-

methylpiperazin-1-vl)methanone

= /N
N \N’N %
o]
‘ 1 "

Step 1: To a solution of 6-chloro-3-(4-chlorophenyl)imidazo[ 1,2-b]pyridazine (308 mg, 1.00

mmol) in a mixture of DMF (4 mL) and water (ImL), were successively added K,CO; (138
mg, 1.00 mmol), Pd(dppf)Cl, (146 mg, 0.20 mmol) and 4-borono-2-methylbenzoic acid (198
mg, 1.10 mmol). The reaction mixture was stirred at 80 °C for 18 h under inert atmosphere,
then was diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined

organic layers were dried over Na,SO,, filtered and concentrated under vacuum to afford the
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crude 4-(3-(4-chlorophenyl)imidazo[ 1 ,2-b]pyridazin-6-yl)-2~methy1benioic acid .(724 m g)y as
black solid. MS (ESI) m/z 364 [CaoH14CIN;0, + H T. ‘

Step 2: To a solution of 4-(3-(4-chlorophenyl)imidazo[1,2-b]pyridazin-6-y1)-2-methylbenzoic -

acid (363 mg, ~1.00 mmol) in DMF (5 mL), was successively added HATU (1.14 g, 3.00
mmol), N-methyl morpholine (400 mg, 4.00 mmol) and l-methylpiperazine (200“mg, 2.00
mmol). The reaction mixture was stirred at room temperature under inert atmosphére for 18

h, then was d11uted thh water (10 mL) and extracted w1th DCM (3%10 mL). The combmed |

‘ /orgamc Iayer was dried ¢ over N2,SO,, filtered and concentrated under reduced pressure. The

* crude residue was punﬁed by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to

afford (4-(3-(4-chlorophenyl)imidazo[1,2-b]pyridazin-6-yl)-2-methylphenyl)(4-

" methylpiperazin-1-yl)methanone (24 mg, 5%, AUC HPLC 99%) as yellow solid. 'H NMR =

(400 MHz, CD3OD) 6 8.05-7.93 (m, 4H), 7.89-7.82 (m, 2H), 7.67 (d, J= 9.5 Hz, 1H), 7.39

(d,J = 8.6 Hz, 3H), 4.18-3.83 (m, 2H), 3.50 (s, 2H), 3.08 (s, 2H), 2.91 (s, 2H), 2,70 (s, 3H),
1239 (s, 3H); *CNMR (100 MHz, CD;OD) § 171.40, 166.86, 152.68, 140.84, 138.16,

1137.71, 136.82, 134.77, 133.56, 13039, 129.87, 129.14, 128.97, 128.33, 127.93, 126.71,
126,03, 117.84, 55.26, 54.85, 46.54, 44.94, 41.19, 19.34; MS (EST) m/z 446 [CosHCINGO +

H],

Example 84: (4-(3-(1H-indol-5-yDimidazo[ 1.2-blpyridazin-6-y)phenyl)(4-methylpiperazin-

1-yDmethanone

= /N
Y,

\N’N\g.
Br

O,
®
N
Step 1: To a solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (100 mg,
0.314 mmol) in DMF (1.5 mL) was added HATU (179 mg, 0.471 mmol) and N-methyl |
morpholine (138 pl, 1.257 mmol).The reaction mixture was stirred at room temperature under
inert atmosphere for 1 h, followed by the addition of 1-methylpiperazine (70 ul , 0.628

mmol). The reaction mixture was left to stir for 18 h, then it was diluted with H,O (25 mL)
and extracted with EtOAc (3x25 mL). The combined organic layer was dried over NapS04

~ and was concentrated under reduced pressure. The crude residue was purified by column

chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford the product as a yellow
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solid:(127 mg, 99%): "H NMR (400 MHz, CDCLs) § 8.09 (d, J = 8.0 Hz, 2H), 8.02 (4, /= 9.2
Hz, 1H), 7.81 (s, 1H), 7.59-7.54 (m, 3H), 3.84 (bs, 2H), 3.49 (bs, 3H), 2.50-2.34 (m, 6H); MS
(ESI) m/z 400 [Cy5H1sBrNsO + HJ'.

AN =N
Y
\N,N

0

SR

Step 2: (4- (3~brom01m1dazo[1 2-b]pyr1dazm 6- yl)phenyl)(4 -methylpiperazin-1- yl)methanone B

(100 mg, 0.250 mmol),; 1H-indol-5- ylboromc acid (48 mg, 0.300 mmol), Pd(PPhs)s (29 mg,
0.025 mmol) and Cs,CO; (163 mg, 0.50 mmol) was dissolved in dioxane (2.0 mL.) and water

(0.5 mL). The resulting mixture was heated in a microwave reactor for 30 min at 110°C, then

was diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic. - . .-

layer was filtered through celite, dried over Na>S0, and was concentrated under reduced

pressure.. The crude residue was purified by column chromatography (silica gel, eluent

CH;CIZ/MeOH 95:5) to afford (4-(3- (1H-1ndol 5- y1)1m1dazo[1 ,2-b]pyridazin-6- yl)phenyl)(4- .

methylpxperazm-l yl)methanone (51 mg, 7%, AUC HPLC 97%) as a yeIlow solid. 1H NMR
(400 MHz, CDCl3) 6 8. 45 (s, 1H), 8.32 (bs, 1H), 8.10- 8.07 (m, 4H), 7.91 (d J=8.4Hz, 1H),
7.57-7.50 (m, 4H), 7.29 (t J=2.8 Hz, 1H), 6.67 (s, 1H), 3.83 (bs, 2H), 3.49 (bs, 2H), 2.50- |
2.33 (m, 7H); *C NMR (100 MHz, CDCI3) 169.67, 150.44, 138.93,137.35, 137.10, 135.61, -
133.08, 130.37, 128. 11, 127.80, 127.27, 126.09, 125.00, 121. 77 120 35,119.87, 114.56,
111.32, 103.30, 46.06; MS (ESI) m/z 437 [Cy6H24N6O + H]

4-(4-methylpiperazine- 1-carbonyDpheénvlimidazo[1,2-b

yl)indolin-2-one

(4-(3-bromoimidazo(1 ,2—b]pyridazin—é-yl)pheny})(4—methy1piperazin—1 -yhmethanone (100
mg, 0.250 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)indolin-2-one (78 mg,
0.300 mmol), PAd(PPhs)4 (29 mg, 0.025 mmol) and Cs,CO; (163 mg, 0.500 mmol) was
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dissolved in dioxane (2.0 mL) and water (0.5 mL). The reaction mixturerwas heated in a
microwave reactor for 30 min at 110°C, then was diluted with water (25 mL) and extracted
with EtOAc (3x25 mL). The combmed organic layer was filtered through cehte dned over
NaQSO4 and was concentrated under reduced pressure. The crude resrdue was punﬁed by A
column chromatography (silica gel, eluent CH,Cly/MeOH 95:5) to afford 5-(6-(4-(4- . = .
methylpiperazine‘—1'—carbonyl)phenj/l)imidazo[1 2’~b]pyri‘ddz‘"i’n—3—yl)ind'olin—2—one (33 mg,
29%, AUC HPLC 98%) as a yellow solid. "H NMR (400 MHz, CDC13) 5 8.12 (d,J=9.2He,
1H),806 804(m 4H), 7.99 (s, 1H), 760(d J= 84Hz 3H),755 (d J= 9.6 Hz, 1H), 7.04
(d, J = 8.0 Hz, 1H), 3.85 (bs, 2H), 3.68 (s, 2H), 3.52 (bs; 2H), 2.53-2.36 (m, 7H); SCNMR -
(I'OO MHz, CDCly) § 176.79, 169.52, 150.82, 142.26, 139.19, 137.34, 137.08, 1.32 93, 128. 78, '
127.89, 127.25, 127.00, 126.29, 125.78, 123. 54 123 03, 115.13, 109. 71 46.04, 36. 22 MS
(ESI) m/z 453 [CosHosN4O, + HJ . ;

Example 86: (4-(3-( 1H-indazol-5-yDimidazo[1.2-blpyridazin-6-yl)phenvyl)(4- ..

methylpiperazin-1-yl)methanone

4-(3 -bromoi_rnivdazoA[i ,2~b]pyridazin-6-&l)phenyl)(4—methy1piperazin— 1-yl)methanone (100
mg, 0.250kmm‘01)-, 1H—indazol—5-ylboronic acid (49 mg, 0.300 mmoi), Pd(PPhs)4 (29 mg,
0.025 mmol) .and Cs2CO5 (163 mg, 0.500 mmol) was dissolved in dioxane (2.0 mL) and
water (0.5 mL). The reaction mixture was heated in a microwave reactor for 30 min at 110
°C, then it Waé“diluted with water (25 mL) and extracted with EtOAc (3x25 ml). The
combined organic layer was filtered through celite, dried over Na,SO4 and was concentrated ‘
under reduced pressure. The crude residue was purified by preparative HPLC (C18, eluent
ACN, water, formic acid 0.1%) to afford (4-(3-(1H-indazol-5-yl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(4-methylpiperazin-1-yl)methanone (21 mg, 19%, AUC HPLC 99%) as a yellow
solid. 'H NMR (400 MHz, CDCl;) & 8.62 (s, 1H), 6 8.20 (s, 1H), 8.13-8.05 (m, 5H), 7.66 (d,
J= 8.8 Hz, 1H), 7.59-7.53 (m, 3H), 3.84 (bs, 2H), 3.50 (bs, 2H), 2.51-2.34 (m, 7H); MS
(EST) m/z 438 [CsHpsN,O + HI'. |
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Example 87: (4-(3-( IH—benzo{ dlimidazol-5-yDimidagzo[ 1 2—b}pvr1dazm 6-yvIiphenvl}(4-

methvlmperazm— -vl)methanone

(4 (3-bromozm1dazo[1 Z-b}pyndazm—é yl)phenyl)(4-methy1p1perazm- -yl)methanone (50
mg, 0.125 mmol), 1H—benzo[d]1m1dazol 5- ylboromc acid (22 mg, 0.137 mmol) and
Pd(PPhs)4 (22 mg, 0.019 mmol) was dissolved in dioxane (0.6 mL) and saturated NaHCO;

solution (0.6 mL) was added The reaction mixture was heated at 150 °C in a microwave

_reactor for 10 min, then was diluted with water (25 mL) and extracted Wlth EtOAc (3x25

mL). The combined organic layer was filtered over celite, dried over Na;SO;4 and was -

concentrated under reduced pressure. The crude residue was purified by preparative HPLC

- (C18, eluent ACN, water, formic acid 0.1%) to afford (4-(3-(1H-benzo[d]limidazol-5-
_ yl)imidazo[i,u2—b]pyridazin-6eyl)phenyl)(4—methy1piperazin»1—yl)methanone (15 mg,‘ 27%,

AUC HPLC 95%) as  yellow solid. 'H NMR (400 MHz, CDCL;) § 8.55 (s, 1H), 8.18-8.15

 (m, 2H), 8.12 (1, /= 4.8 Hz, 2H), 8.03 (4, J = 8.0 Hz, 2H), 7.95-7.92 (m, 1H), 7.82-7.80 (m,

1H), 7.56-7.49 (m 3H), 3.89 (bs, 2H), 3.55 (bs, 2H), 2.60-2.50 (m, 4H), 2.39 (s, 3H), MS

. (ESD) m/z 438 {C25H23N7O + H]

A mixture of (4—(3—bromoimidazo[1,2—b]pyn'dazin—6-yl)phenyl)(4-methylpiperazin-l-
* yhmethanone (53 mg, 0.132 mmol), 1H-benzo[d][1,2,3]triazol-5-ylboronic acid (24 mg,
0.146 mmol) and Tetrakis (23 mg, 0.020 mmol) in 1,4-dioxane (0.65 mL) and saturated

NaHCO; solution (0.65 mL), was heated in a microwave reactor for 10 min at 150 °C, then it

was diluted with H20‘(25 mL) and washed with EtOAc (3x25 mL). The cfude product
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- remained in the aqueous layer, hence it was concentrated under reduced pressure, dissolved

in methanol and filtered over celite and the filtrate was concentrated under reduced pressure.

The residue was then purified by preparative HPLC (C18, eluent ACN, water, formic acid

" 0.1%) to afford (4-3- «(1H-benzo[d][1,2,3}triazol-5-yl)imidazo[ 1,2-b]pyridazin-6-

10
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30

y])phenyl)(4—m_ethy1p1perazm-1 yl)methanone (13 mg, 23%, AUC HPLC 98%) as a yellow
solid. 'H NMR (400 MHz, CDCl,) & 8.91 (s, 1H), 8.21-8.14 (m, 3H), 8.06-8. 03 (m‘ 4H), 7.61
(d, J=8.4 Hz, 2H), 7.55 (d, J= 8.8 Hz, 1H), 3 95 (bs, 2H) 3.63 (bs 2H), 2.68-2.60 (m, 4H),
2.43 (s 3H), MS (ESI) m/z 439 [C24H22N30 + H]

Example 89: 5-(6-(4-(4-( 4§methvlbiperazin- 1-vDpiperidine-1 -carbonyl)phenvl)iﬁlidazo{ 1.2-

blpyridazin-3-yl)indolin-2-one

SN

.- Step 1: To a solution of 4-(3-bromoimidazo[ 1,2-b]pyridazin-6-yl)benzoic acid (200 mg,

0.589 mmol) in DMF (3.0 mL) was added HATU (336 mg, 0.884 mmol) and N-methyl . -
morphotine (259 pl, 2.357 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 1 h, followed by the addxtlon of 1-methy1 4- (plpend1n~4—
yl)plperazmc (162 mg, 0.884 mmol) The reaction mlxture ‘was stirred for 18 h then, was

. dllu_ted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined orgamc , |

layer was dried over Na,SOy and was concentrated under reduced pressure. The crude residue

‘was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH/NH,OH 94:5:1) to
A afford a light yellow solid '(128 mg, 45%). "H NMR (400 MHz, CD;0D) & 8.25 (d, /= 8.4

Hz, 2H), 8.14 (d, J= 9.6 Hz, 1H), 7.92 (d, J = 9.6 Hz, 1H), 7.86 (s, 1H), 7.63 (d, J= 8.4 Hz,
2H), 4.73 (bs, 1H), 4.58 (bs, 1H), 3.85 (bs, 1H), 3.15 (bs, 1H), 2.93 (bs, 1H), 2.68-2.57 (m,
8H), 2.32 (s, 3H), 2.09-1.92 (m, 2H), 1.51 (bs, 2H); MS (ESI) m/z 483 [Cy3HyBrNeO + HJ".

Step'2: (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-(4-methylpiperazin-1-
yl)piperidin-1-yl)methanone (125 mg, 0.258 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)indolin-2-one (81 mg, 0.310 mmol), Pd(PPhs), (30 mg, 0.026 mmol) and
Cs,CO;5 (169' mg, 0.517 mmol) was dissolved in dioxane (2.0 mL) and water (05 mL). The

reaction mixture was heated in a microwave reactor for 30min at 110°C, diluted with water
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(25 mL) and washed with EtOAc (3x25 mL). The aqueous layer was concentrated under
reduced pressure The crude residue was dissolved in dichloromethane and filtered-through a |

pad of celite. The filtrate was punﬁed by preparative HPLC (C18, eluent ACN water, formic

acid 0. 1%) to afford 5- (6 (4-(4-(4- methylpxperazm—l ylhpiperidine-1-
“carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)indolin-2-one (15 mg, 11%, AUC HPLC-

98%) as a yellow solid. 'H NMR (400 MHz, CD;0D) 6 8.21 (d, J = 8.4 Hz, 2H), 8. 16 d,J=
9.6 Hz, 1H), 8.10-8.07 (m, 3H), 7.86 (d,J = 9.6 Hz, 1H), 7.63 (d, J= 8.4 Hz, 2H), 7.08 (d, J

= 8.0 Hz, 1H), 4.69-4.58 (m, 2H), 3.86 (bs, 1H), 3.32-3.20 (m, 3H), 2.94-2.62 (m, 9H), 245
(5, 3H), 2.05-1.89 (m, 2H), 1.5 (bs, 2H); MS (EST) m/z 536 [Cy HisN70, + HJ'.

Example 90: 5—(64(4~( 1.9-diazaspiro[5.5]undecane-9-carbonyl)phenvl)imidazo[1.2- = -

blpyridazin-3-yl)indolin-2-one

Step 1: tert-butyl 9-(4-(3-(2-oxoindolin-5-yl)imidazo[ 1,2-b]pyridazin-6-ylYbenzoyl)-1,9-

- diazaspiro[5.5Jundecane-1-carboxylate was prepared following General procedure A using 4- .
15

(3-brom01m1dazo[l 2-b]pyndazm—6 yl)benzom acid and fert-butyl 1,9-

. diazaspiro[5. S]undecane-l-carboxylate as starting materials. Purification by column

chromatography (silica gel eluent EtOAc/chane 60:40) to afford a light yellow solid (330
mg). MS (ES]) m/z 554 [C27H32B1‘N503 + H]

Step 2: fert-butyl 9-(4-(3—5romoimidazo{ l‘,2-b]pyridazin—6-yl)bonzoyl)-l ,9-
diazaspiro[5.5]Jundecane-1-carboxylate (340 mg, 0.521 mmol), 5-(4,4,5;5-tetrametlly1-l,3,2—
dioxaborolan-2-yl)indolin-2-one (162 mg, 0.625 mmol), Pd(PPh;)4 (60 mg, 0.052 mmol) and
Cs,COs (340 mg, 1.042 mmol) was dissolved in dioxane (4.0 mL) and water (1.0 mL). The
reaction mixture was heated in a microwave reactor for 30 min at 110 °C, then it was diluted
with H,O (25 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was
filtered over celite, dried over Nay;SQy, filtered and concentrated under reduced pressure. The

crude residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH ..

| 95:5) to afford a yellow solid (144 mg). MS (ESI) m/z 607 [C3sH3gNO,4 + H]".
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Step 3: To a solution of ?erf—butyl 9-(4-(3~(2-oxoindol-in—5—yl)ifnidazo[1,2-b]pyridazin—6- S
‘ ‘yl)b_enzoyl)~1,9-diazaspiro[5;S]undécane-l-carboxylate.(_142 mg, 0;234 mmol) in DCM (3.0

- mL) was added trifluoroacetic acid (1.0 mL). The reaction mixture was stirred at room
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30

temperatﬁrc under inert atmosphere for 30 min, then it was neutralized with NaHCOg,‘anjd' 4 o

diluted with water (25 mL) and washed with EtOAc (3x25 mL). The crude product remained o

in the aqueous layer; hence it was concentrated under reduced pressure. The crude residue

‘was dissolved in dichloromethane, filtered, and was concentrated under reduced pressure.

" The residue was purified by preparative HPLC (C18, eluent ACN, water, formic acid 0.1%)

to afford 5-(6-(4-(1,9-diazaspiro[5.5Jundecane-9-carbonyl)phenyl)imidazo[ 1,2-bpyridazin-3- -

- yl)indolin-2-one (85 mg, 79%, AUC HPLC 99%) as a yellow solid. "H NMR (400 MHz,

CD,0D) 6 8.23 (4, J = 8.4 Hz, 2H), 8.17 (d, /= 9.6 Hz, 1H), 8.09-8.06 (mn, 3H), 7.86 (d, J =
9.6 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.0 Hz, 1H), 4.57-4.38 (m, 2H), 3.73-3.44
(m., 4H), 3.23 (bs, 2H), 2.15-1.79 (m, 10H); *C NMR (400 MHz, CD;0D) & 179.83, 171.80,

.152.36, 144.81, 140.39, 138.61, 138.07, 132.82, 130.46, 128.81, 128.58, 128.01, 127.56,

126.70, 124.44, 123.70,-117.22, 110.84, 56.81, 40.76, 30.79, 23.56, 18.69; MS (ESI) m/z 507
[CaoH3oNgO + HI". |

Example 91: 5-(6-(4-(4-(dimethylamino)piperidine-1-carbonyl)phenyl)imidazo[1.2-

blpyridazin-3-yl)isoindolin-1-one

NH

Step 1: To 2 solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yljbenzoic acid (200 mg, 0.63
mmol) in DMF (5 mL) were added HATU (479 mg, 1.26 mmol), N-methyl morpholine (191
mg, 1.89 mmol) and N,N-dimethylpiperidin-4-amine (242 mg, 1.89 mmdl). The reaction -

mixture was stirred at room temperature under inert atmosphere for 18 h, and then was

diluted with water (10 mL) and extracted with DCM (3%x20 mL). The combined organic layer - -+ - -~
- was dried over Na,SOy, filtered and concentrated under reduced pressure. The crude residue

was puﬁﬁed by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to

afford (4-(3-bromoimidazo(1,2-b]pyridazin-6-yl)phenyl)(4-(dimethylamino)piperidin-1-
yl)methanone as a yellow solid. MS (EST) m/z 428 [C30H,;BrNsO + HJ".
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Step 2: To a solution of rerz-butyl 4-(4-(3-bromoimidazo[1,2-b]pyridazin-6-
yI)benzoyI)piperazine—l«carbokylate (0.63 mmol) in DMF (4 mL) end water (0.8 mL) under
inert atmosphere were added Csz(303 (411 mg, 1.26 mmoI) 5-(4,4,5,5- tetramethyl 1,3 2-
dioxaborolan-2- yl)1nd011n—2 -one (245 mg, 0.945 mmol) and Pd(dppf)ﬁlz (92 mg, 0.126

mmol). The resulting mixture was stirred and heated to 90 °C for 18 h, and then was diluted

 with water (20 mL) and extracted with DCM (3x40 mL). The combined organic layer was

dried over Na,SQO,, filtered and concentrated under reduced pressure. The crude residue was
purified by column chromatography (sﬂlca gel, eluent CHZCIZ/MeOH 95 5 to 90:10) to afford
5- (6 (4-(4-(dimethylamino)piperidine-1- -carbonyl)phenyl)imidazo[1,2- bjpyndazm—3- '

'yl)xsomdohn— -one (66 mg, 22%, AUC HPLC 96%) as yellow solid. '"H NMR (400 MHz;
- DMSO-ds)  10.56(s, 1H), 8.30-8.02 (m, 6H), 7,88-7.86 (m, 1H), 7.60-7.58 (m, 2H), 7.02-

7.00 (m, 1H), 4.47 (bs, 1H), 3.62 (bs, 3H), 3.06 (bs, 1H), 2.83 (bs, 1H), 2.35 (bs, 1H), 2.18(s,
6H), 1.84-1.71 (m, 2H), 1.37.(bs, 2H); '3C NMR (100 MHz, DMSO-dy) 8 176.28, 168.12,
150.21, 143.46, 138.61, 137.72, 135.92, 132.61, 128.02, 127.43, 126.97, 126.28, 12624,
125.99, 122.76, 121.43, 115.21, 109.19, 61.09, 54.80, 41.32, 35.81; MS (ESI) m/z 481

 [CasHasNeO, + HT'.

Example 92: 5-( 6-( 4—(Diperazine—1—carbonyl)phenvl)imidazo[ 1,2~b]pyridazin—3~vl)indolin-2—

one
N
HN sy N~
g
- HN=,

Step 1: To a solution of 4-(3-,br0m’oimidazo[l,2-b]pyﬁdazin—6~yl)benzoic acid (200 mg, 0.63 - A-

mmol) in DMF (5 mL), were added HATU (479 mg, 1.26 mmol), N—inethyl morpholine (191 . | S

mg, 1.89 mmol) and ters-butyl piperazine-1-carboxylate (352 mg, 1.89 mmol). The reaction

mixture was stirred at room temperature under inert atmosphere for 18 h, and then was

. diluted with water (10 mL) and extracted with DCM (3x20 niL). The combined orgauic layer

- was dried over NaySQy, filtered and concentrated under reduced pressure. The residue was

purified by column chromatography (silica gel, eluent CHZCIZ/MeOH 95:5 t0 90:10) to afford ..
tert-butyl 4-(4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoyl)piperazine-1-carboxylate as a
yellow solid. MS (ESI) m/z 486 [CyoH4BrNsOs + H]'.
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Step 2: To a solution of fert-butyl 4-(4-(3-bromoimidazo[1,2- b]pyrldazm~6-
yl)benzoyl)piperazine-1- carboxylate (0.63 mmol) in DMF (4 mL) and water (0.8 mlL) under » '_
inert atmosphere were added Cs,CO; (411 mg, 1.26 mmol), -(4,4,5,5- tetramethyl 1,3 2—

 dioxaborolan-2-yl)indolin-2-onc (245 mg, 0.945 mmol) and Pd(dppf),Cla (92 mg, 0126
_ mmol). The resulting mixture was stirred and heated at 90 °C for 18 h, and then was diluted

with water (20 mL) and extracted with DCM (3x40 mL). The combiﬁed organic layer was
dried over NaZSO4, ﬁltered and concenirated under reduced pressure. The crude residue was
purified by column chromatography (sﬂlca gel eluent CHZCIzMeOH 95:5 to 90: 10) to afford
tert- butyl 4-(4-(3-(2- oxomdohn— ~y1)1m1dazo[1 2- b]pyndazm -6- yl)benzoyl)plperazme-l- P

-carboxylate . MS (ESI) m/z 539 [CaoH3oNsO4 + H]

Step 3: To a solution of tert-butyl 4-(4-(3-(2-oxoindolin-5-yl)imidazo[1 2—b]pyridazin-6—" -
yl)benzoyl)p1perazme~1 -carboxylate (0.63 mmol) in DCM (1 mL) was added TFA (1 mL).

. The resulting mixture was stirred at room temperature for 18 h and was concentrated under

reduced pressure. The crude residue was purified by column chromatography (silica gel, -
eluent CHZCIZ/MeQH 95:5 10 90:10) and preparative HPLC (C18, eh_xent ACN/H;0/0.01% x
HCOOH) to afford 5-(6-(4- (piperazine—1—carbonyl)phenyl)imidazo[i 2-blpyridazin-3-
yl)indolin-2-one (71 mg, 26%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz,

* DMSO-dg) 6 10.56 (s, 1H), 8.29 (d, J = 9.6 Hz, 1H), 8.19-8.17 (m, 3H), 8.09.(d, J = 8.0 Hz,

1H), 8.02 (s, IH), 7. 87 (d,J=9.5Hz, 1H), 7.58 (d J=17 Hz, 2H), 7.01 (d, /= 8.0 Hz, 1H),
3.62-3.51 (m, 7H), 2. 75 2.69 (m, 4H), BC NMR (100 MHz, DMSO-de) §176.29, 168.24,
150.21, 143.46, 138.61, 137.56, 135.92, 132.60, 128.02, 127.60, 126.97, 126.28, 126.24,
126.00, 122.76, 121.43, 115.20, 109.20, 54.79, 45.71, 35.81; MS (ESI) m/z 439 [Cy5H22N¢O2

- +HT.

Example 93: 5-(6-(4-(1.4-diazepane-1-carbonyl)phenvl)imidazo[1.2-b]pyridazin-3- -

’ 1lsomdohn— -one

_N
HN \N/'

Step 1: To a solution of 4—(3-brom01m1dazo[1,2—bjpyridazin-6—yl)benzoic acid (200 mg, 0.63 -
mmol) in DMF (5 mL) were added HATU (479 mg, 1.26 mmol), N-methyl morpholine (191
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mg, 1.89 mmol) and fert-butyl 1,4-diazepane-1-carboxylate (379 mg, 1.89 mmol). The
reaction mixture was stirred at room temperature under inert atmosphere for 18 h, and then
was diluted with water (10 mL) and extracted with DCM (3x20 mL) The combined organic

layer was dried over NaZSO4, filtered and concentrated under reduced _pressure.. The crude

. residue was purified by column chromatography (sﬂlca gel, eluent CH2C12/MeOH 95:5 to

90:10) to afford tert-butyl 4-(4-(3-bromoimidazo[1,2-blpyridazin-6-yl)benzoyl)-1,4-

diazepane—l-carboxylate as a yellow solid. MS (ESI) m/z 500 [Cy3HysBrNsO; + H]".

" Step 2: To a solution of fert-butyl 4-(4:(3-bromoimidazo[ 1,2-b]pyridazin-6-y))benzoyl)-1,4-
10 -

diazepane-1-carboxylate (0.63 mmol) in DMF (4 mL) and water (0.8 mL) under inert -~ -
atmosphere were added Cs;CO; (411 mg, 1.26 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)indolin-2-one (245' rhg, 0.945 mmol) and P_d(dppﬂzClz (92 mg, 0.126

mmol). The resulting mixture was stirred and heated to 90 °C for 18 h, and then was diluted
with water (20 mL) and extracted with DCM (3x40 mL). The combined organic layer was
dried over Na;SO,, filtered and concentrated under reduced pressure: The crude residue was
purified by column chromatography (silica gel, eluent CHClo/MeOH 95:5 to 90:10) to afford
fert-butyl 4-(4-(3-(2-oxoindolin-5-yl)imidazo[ 1,2-b]pyridazin-6-yl)benzoyl)-1,4-diazepane-1-

: carboxylate 5 (310 mg, 48%) as a bro'wn solid. MS (ESI) .m/z 553 [C31H32N60;4 + H-]+

Step 3: A solution of fert-butyl 4-(4-(3-(2-oxoindolin-5-yl)imidazo[1,2-b]pyridazin-6-

- yl)benzoyl)-1,4-diazepane-1 -cérbbxylate (0.63 mmol) ina mixture of DCM (1 mL) and TFA

(1 mL), was stirred at room temperature for 18 h and was concentrated under reduced

pressure. The crude residue was purified by column chromatography (silica gel, eluent .

- CH,Cl/MeOH 95:5 to 90:10) and preparative HPLC (C18, eluent ACN/H,0/0.01%

HCOOH) to afford 5-(6-(4-(1,4-diazepane-1-carbonyl)phenyl)imidazo|1 ,2-b]pyridazin-3-
yl)isoindolin-1-one (46 mg, 16%, AUC HPLC 98%) as a yellow solid. '"H NMR (400 MHz,
DMSO-dy) 6 10.55 (s, 1H), 8.29 (d, J = 9.5 Hz, 1H), 8.19-8.17 (m, 3H), 8.09 (d, /= 8.2 Hz,
1H), 8.03 (s, 1H), 7.87(d, J=9.4 Hz, 1H), 7.58 (d, /= 8.0 Hz, 2H), 7.01 (d, J=8.2Hz, 1H),

' 3.68-3.62 (m, 4H), 3.41-3.38 (m, 2H), 3.17 (4, J = 5.2 Hz, 1H), 2.91-2.85 (m, 1H), 2.81-2.74

(m, 3H), 1.78-1.72 (m, 1H), 1.63-1.56(m, 1H); '3C NMR (100 MHz, DMSO-d;) 176.28,
169.60, 150.24, 143.46, 138.61, 135.56, 128.02, 127.27, 127.01, 126.92, 126.28, 126.24,
126.00, 122.76, 121.45, 115.20, 109.20, 48.49, 44.53, 35.80; MS (ESI) m/z 453 [Ca6H24NsO:
+HJ".
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Example 94: 5-(6-(4-(4-morpholinopiperidine-1-carbonvphenylliimidazo[1.2-blpvridazin-3-

ylindolin-2-one

O

Step 1: To a solution of 4- (3-brom01m1dazo[1 2- b]pymdazm 6- yl)benzow acid (200 mg, 0. 63 _

mmoI) in DMF (5 mL) were added HATU (479 mg, 1 26 mmol), N—methyl morphohne (191
mg, 1.89 mmol) and 4- (plpendm-4 yl)morpholme (321 mg, 1. 89 mmol) The reactlon

mixture was stirred at Toom temperature under inert atmosphére for 18 h, and then was

diluted with water (10 mL) and extracted with DCM (3x20 mL). The combined organic layer -

was dried over NaZSOA,', ﬁlteréd and cohcentrated under reduced pressure. The crude residue
was purified by column chromatography (silica gel, eluent CH»Cl,/MeOH 95:5 to 90:10) to
afford (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-morpholinopiperidin-1-
yDmethanone as a yellow solid. MS (ESI) m/z 470 [CpyH4BrNsO, + HJ".

Step 2: To a solution of (4-(3-bromoimidazo(1,2-b]pyridazin-6-yl)phenyl)(4- '
morpholinopiperidin-1-yl)methanone (0.63 mmol) in DMF (4 mL) and water (0.8 mL) under
inert atmosphere were added Cs,COs (411 mg, 1.26 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-

’ dibxaborolan-z-yl)ihdolin- 2-one (245 mg, 0.945 mmol) and Pd'(dppf)';,;m2 (92 mg, 0. 126

mmol). The resulting mixture was heated to 90 °C for 18 h, and then was diluted W1th water
(20 mL) and extracted with DCM (3 x40 mL).The combined organic layer was dried over

Na;SO4, filtered and concentrated under reduced pressure. The crude residue was purified by

* column chromatography (silica gel, eluent CH,Cly/MeOH 95:5 to 90:10) to afford 5-(6-(4-(4-

morphoIindpiperidine—l ~carbony1)pﬁehyl)imidazo[1,2¥b]pyridazin-3-yl)indolin-Z—one ¢! 6.2
mg, 5%, AUC HPLC 98%) as a yellow solid. "H NMR (400 MHz, DMSO-dq) & 10.56 (s,
1H), 8.29 (d, J = 9.5 Hz, 1H), 8.19-8.17 (m, 3H), 8.09 (d, /= 8.0 Hz, 1H), 8.02 (s, IH), 7.88

(d,J=9.6Hz, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.01 (d, J = 8.1 Hz, 1H), 4.48-4.46 (m, 1H),
3.62-3.56 (m, 7H), 3.08 (bs, 1H), 2.84 (bs, 1H), 2.44-2.41 (m, 5H), 1.91-1.76 (m, 2H), 1.05-

1.03 (m, 2H); *C NMR (100 MHz, DMSO-ds) 5176.85, 168.69, 150.78, 144.04, 139.19,
138.27, 136.50, 133.18, 128.59, 128.00, 127.54, 126.85, 126.82, 126.57, 123.33, 122.01,
115.78, 109.76, 67.03, 61.41, 49.87, 36.38; MS (ESI) m/z 523 [CHzNgOs + HY.
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Formula 4 -

Intermediate 14: Synthesis of 6Qbrom0-3-(4—chloroph¢nyl)imidazo[_1 ,2-ajpyridine

‘ ) OH ' o 0
PA(PPhg)s, KaPO4

Intermediate 14 A ; ‘
Step 1: To a solution of 6-bromo-3-iodoimidazo[1,2-a]pyridine (21 g, 65.4 mmol), 4- ‘
Chlorophenylboronic acid (11.22 g, 71.9 mmol) K3PO4 (27 7g, 130.8 mmoljin a m1xture
of DMF (100 mL) and water (15 mL), was added Pd(PPh3)4 (3 77 g, 3. 27 mmol). The
reaction mixture was heated at 90 °C for 6 h under argon atmosphere prior to the addltlon
of water (200 mL). The precipitate was isolated by filtration and was purlﬁed by column
chromatography (silica gel, eluent CHCI;/MeOH 95:5) to afford of 6-bromo-3-(4-

* chlorophenyl)imidazof 1,2:a]pyridine (10.6 g, 52%) as a yellowish green solid. '"H NMR

(400 MHz, CDCl;) 6 8.38 (s, 1H), 7.69 (s, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.82 (t; J = 9.2
Hz, 1H), 7.58 (q, J = 5.2 Hz, 4H), MS (ESI) m/z 309 [C;sHsBrN,Cl+ 2H]",

Step 2: 4-(ethoxycarbony!) phenylboronic acid (3.81 g, 19.67 mmol), K3PO, (6.95 g, 32.78
mmol) and Pd(PPhs)4 (0.56 g, 0.49 mmol) were added sequentially to a solution of ethyl 4-(6-
bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (5 g, 16.39 mmol) in a mixture of 1,4-
dioxane(50 mL) and water (5 mL) at room temperature. The reaction mixture was refluxed
for 6 h under argon atmosphere, and was diluted with water (100 mL) and extracted with
EtOAc (3x100 mL). The combined organic layer was dried over Na,SO,, filtered and
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conccntratéd under reduced pressure. The residue was purified by column chromatography

 (silica gel cluent petroleum ether/EtOAc 1:1) to afford ethyl 4-(3-(4-

cyanophenyl)lmldazo[l ,2-a]pyridin-6 -yl)benzoate (2.7 mg, 45%) as an off-white sohd 1H
NMR (400 MHz, CD3;0D) 8 9,21 (s, 1 H), 8.54 (s, 1 H), 8.16 (d, J = 8.4 Hz, 2 H), 7.85-7.44
(m, 9 H), 4.44 (g, /=72 Hz, 2 H), 1.42 (t, J=7.2 Hz, 3 H); MS (ESI) m/z 369 M+ HJ".

Step 3 To a sohmon of ethyl 4-(3- (4—cyanopheny1)1m1dazo[1 2- a}pyndm- -yl)benzoate (2.7
g, 7.18 mmol) in THF (40 mL) was added a solution of LiOH . 9 g, 21. 54 mmol) in water

* (10 mL) and MeOH (10 mL). The reaction mixture was stirred for 5 h at rt and was

yl)benizoic acid (900 mg, 37%) of as an off white solid which was used in the next step

"concentrated under reduced pressure to afford 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-

... without purification. "H NMR (400 MHz, DMSO-dg) & (ppm): 8.88 (s, 1 H), 8.13-8.03 (m, 6

15

20

25

H), 7.92-7.90 (m, 4 H); MS (ESI) m/z 340 [C,;H3N30, + H]".

-Example 95: 4-(6-(4-(4-Methylpiperazine-1-carbonyl)phenyl}imidazo[1.2-alpyridin-3-

| ylhbenzonitrile

A N=N
s N7

Oao

- To a solution of 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (210 mg, 0.9 mmol), (4-

methylpiperazin-1-yl)(4-(4,4,5,5 -tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)methanone
(388 mg, 1.17 mmol), NaHCO; (228 rﬁg‘, 2.71 mmol) in a mixture of DMF (11 mL) and
water (2 mL) was added (A-Phos),PdCl, (31 mg, 0.04 mmol). The reaction mixture was

' heated at 90 °C for 1 h under argon atmosphere then, was diluted with water and extracted

with EtOAc. The organic phase was washed with water and brine solution, dried over
anhydrous Na;SQy, filterd and concentrated under reduced pressure. The residue was purified
by Preparative TLC to afford of 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyridin-3-yl)benzonitrile (130 mg, 45%, AUC HPLC purity 98.4%) as a pale yellow solid;
m.p. 106-116°C.-'"H NMR (400 MHz, CDCLs) & (ppm): 8.50 (s, 1 H), 7.85-7.79 (m, 4 H),
7.74 (4, J = 8.0 Hz, 2 H), 7.60-7.52 (m, 5 H), 3.83.(bs, 2 H), 3.50 (bs, 2 H), 2.51 (bs, 2 H),
2.37 (bs, 2 H), 2.34 (5, 3 H). *C NMR (75 MHz, CDCl5) § (ppm): 169.5, 146.3, 138.5, 135.6,
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134.8,133.8,133.2, 128.1, 127.8, 127.2, 127.1, 125.6, 124.5, 120.6, 118.7,118.4, 111.5,

55. 3 47.7, 46.0; MS (ESI) m/z 422.30 {C26H23N50 +HY".

Examble 96: 4-(6-( 4-( moroholine—4-carbonvl)phenvl)imidézof 1 ,2—a1pvridin¥3 -yl)benzonitrile

~ To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (0.2 g, 0.58

mmvol) in DMF (5§ mL) were added HATU (0:33 g;-0.88 mmol), N-methyl morpholine (0.18 '.
g, 1.76 mmol) and morpholine (60 mg, 0.70 mmol). The reaction mixture was stirred at room
temperature under inert ahnosphére for 16 h then, was diluted with water (15 mL) and
extracted with EtOAc.(3%x25 mL). The combined organic layer was dried over NaySO,, |
filtered concehtrated under reduced pressure. The crude residue was first purified by column
hromatography (silica gel, eluent CH,ClyMeOH 95:5) and by Prep-HPLC to afford 4-(6-(4-
(morphohne 4- carbonyl)pheﬁyl)lmldazo[l 2-a]pyr1dm-3 yl)benzonitrile (39 mg; 16.2%,
AUC HPLC >99) as an off white solid; m.p. 117 130 °C. 'H NMR (400 MHz, CDClg) i
(ppm): 8.49 (s, 1 H), 7.84-7.71 (m 5 H), 7.60-7. 50 (m, 5H), 3. 72 (m, 8 H); MS (ESI) m/z o

409 19 [C25H2()N402 + H]

Example 97: 4-(6-(4-(1 4-oxazepane-4-carbonylphenyl)imidazol 1.2-alovridin-3-

" yl)benzonitrile

AN
U N-F

’C“) G

To a solution of 4-(3- (4-cyanopheny1)1m1dazo[l 2-a]pyridin-6-yl)benzoic acid (0.2 g, O 58
mmol) in DMF ( 5 mL) at 0 °C, were added HATU (0.33 g, 0.88 mmol), N-methy!
morpholine (0.18 g, 1.76 mmol) and 1,4-oxazepane (64 mg, 0.638 mmol). The reaction
mixture was allowed to warm to rt and stirred under inert atmosphere for 16 h, then was
diluted with water (15 mL) and extracted with EtOAc (3x25 mL). The combined organic
layer was dried over Na, SOy, filtered and concentrated under reduced pressure. The crude

residue was purified by column chromatography (silica gel, eluent CH,Cl/MeOH 95:5) and
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followed by preparatwe HPLC (C18, ACN/H,0/ 10 mM NH4HCO3) to afford 4-(6-(4-
(morphohne 4-carbonyl)phenyl)imidazo[1,2-a]pyridin-3- yl)benzomtrlle (130 mg, 54%, AUC

. HPLC 99. 85%) as an off-white solid; m.p. 107-112 °C. 'H NMR (400 MHz, CDCl3) 6 (ppm):

8.49 (s, 1H), 7.84-7.71 (m, SH), 7.60-7.50 (m, 5H), 4.09-3.8 (m, 5H), 3.7 (bs, 1H), 3.67 (b.s,
2H), 2.1 (bs, 1H); 1.9 (bs, 1H); MS (ESI) m/z 42332 [CaHpnN40, + HI".

Example 98: 4-(6- (4 (4 ethvlpmerazme~1 carbonvl)pheny)1m1dazof 1 2-a]pyr1dm—3-
vl !benzomtnl

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid 1 (100 mg,
0.295 mmol) in DMF' (1.5 mL) was added HATU (168 nig, 0.442 mmol) and N-methyl
morpholine (130 pl,.1.178 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 1 h, followed by the addition of 1-ethylpiperazine (75 ul, 0.589
mmol). The reaction mixture was left to stir for 18 h, then was diluted with water (25 mL)

and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over Na,SO,,

v ﬁltered and concentrated under reduced pressure. The crude residue was purified by column

chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford 4-(6-(4-(4-ethylpiperazine-
1—carbonyl)phenyl)imidazo[1 '2-a]pyﬁdin-3;yl)benzoninile (93 mg, 73%, AUC HPLC 99%) :
as a white solid. "H NMR (400 MHz, DMSO-dj) & 8.80 (s 1H), 8.03-7.98 (m, 5H), 7.84-7.81
(m, 3H), 7.74-7.72 (m, 1H), 7.50 (d, J = 8.0 Hz, 2H), 3.62-3.38 (m 4H), 2. 37 (s, 6H), 1.01 (t,
J= 6.8 Hz, 3H); *C NMR (100 MHz, DMSO-ds) & 168.49, 145.73, 137.74,135.24, 135.08,
133.49, 133.15, 127.73, 127.66, 127.02,125.73, 125.51, 124.40, 121.82, 118.78, 117.76,
109.77, 51.40, 11.69; MS (ESI) m/z 436 [Co7HasNsO + HJ'.
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Example 99: N-(1-(4(3-(4-cyanophenyl)imidazol 1 2-g]pyridin-6-ylbenzoyl)-4-

methvlpiperidin-4—v1)acetamide

- Step 1: To a solution of 4-(3 -(4—cyanopheny1)ifﬁi’dazo[Il,2-}1]pyridin—6~yl)benidic acidw(hvl"mg',‘ :

2.9 mmol) in DMF (15.0 mL) were added HATU (1.65 g, 4.38 mmol), N-methyl morpholihe

(0.641'mL, 5.8 mmol) and tert~buty1 4—methylp1per1dm 4-ylcarbarnate (691 mg, 3.24 mmol)

The reaction mixture was stirred at room temperature under inert atmosphere for 16 h, then
was diluted w1th water (15 mL) and extracted with EtOAc (3 x 25 mL). The combined
organic layer was dried over Na;SO,4 and was concentrated under reduced pressure. The crude
residue was purified by column chromatography (silica gel, eluent CHzclz/MeOH 95:5) to
afford fert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-alpyridin-6-ylbenzoyl)4-

... methylpiperidin-4-ylcarbamate (800 mg, 53%) as an off-white solid. 'H NMR (400 MHz,

CD30D) & (ppm): 8.47 (s, 1H), 7.8 (d, J = 7.6 Hz, 2H), 7.83 (s, 1H), 7.78 (4, /= 8.0 Hz,

2H), 7.72 (d, J = 9.2 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 4.42 (bs,
(1H), 4.19 (bs, 1H), 3.55-3.32 (in, 3H), 2.07-1.95 (m, 4H), 1.4 (s, 9H), 1.40 s, 3H;MS

(ESI) ﬂ’I/Z 536.2 [C32H33N503 + H]

| Step 2:Toa solutlon of tert—butyl 1-(4-(3-(4- cyanopheny1)1m1dazo[1 2- a]pyndm-G-
- ylbenzoyl)- 4—methy1p1per1dm—4 ylcarbamate (800 mg, 1.49 mmol) in DCM (10 mL) were

added TFA (3 mL) in DCM (5 mL). The reaction mixture was stirred for 4 h at rt. The
reaction mixture was diluted Wit_h water (100 mL), NaHCO; (2 x 100 mL) and extracted with
CH2Cl, (2 x 50 mL). The combined organic layer was concentrated to dryness under reduced
pressure to afford 4—(6-(4-(4-amino—4-methylpiperidine—1-carbonyl)phenyl)imﬂ,idazo.[1,2-A
a]pyridin-3-yl)benzonitrile (600 mg, 61%, AUC HPLC >99%) as an off white solid; m.p.
233—235°C. 'H NMR (400 MHz, CD;0D) 8 (ppm): 8.75 (s, 1 H), 7.92 (m, 3 H), 7.87 (s, 1 H),
7.79-7.76 (m, 4 H), 7.52 (d, /= 11.2 Hz, 2 H), 3.8 (bs, 2 H), 3.62 (m, 2 H), 1.72-1.41 (m 4
H), 1.20 (s, 3 H); MS (ESI) m/z 436.2 [C27H,sNsO + HJ™.
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Step 3: To a solution of 4-(6-(4-(4- ammo 4-methylpiperidine-1-

| carbonyl)phenyl)lmldazo[l 2-a]pyridin-3-yl)benzonitrile (200 mg, 046 mmol) in DCM (10 '

mL) were added TEA (0.13 mL, 0.92 mmol) and acetyl chloride (0.05 mL, 0.596 mmol). The
reaction mixture was stirred at room temperature under inert athsphere for 4 h, then was. _ |

diluted with cold water (10 mL) and extracted with EtOAc (3 x 25 mL). The combined

organic layer was washed with NaHCO; (2 x10 mL), dried over Na,SO,, filteredand = -

concentrated under reduced pressure. The crude residue was purified by column
chfomatography (silica gel, eluent CH,Cl, MeOH 95:5) and by préparative HPLC to afford
N-(1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)-4-methylpiperidin-4-

- yl)acetamide (100 mg, 47%, AUC HPLC 98.1%) as an off white solid; m.p. 188-210 °C. |-

NMR (100 MHz, DMSO-ds) & (ppm): 8.79 (s, 1 H), 8.02-7.96 (m, 5 H), 7.81 (d, J=8.0 Hz,2 *

H), 7.72 (d, J = 12.0 Hz, 2 H), 7.50-7.45 (m, 3 H), 4.12 (bs, 1 H),3.23 (bs, 2 H), 2.09 (bs, 2

H), 1.82 (s, 3 H), 1.4 (bs, 2 H), 1.29 (s, 3 H); MS (ESI) m/z 478.39 [CyoHxNsO, + H".

Example 100: 4-(6-(4-(4-(diethvlamino)-4-methvlpiperidine-1-carbonvlphenyDimidazo[1.2-

alpyridin-3-vl)benzonitrile

=N
N

(o)
N

To a solution of 4-(6-(4-(4-amino-4-methylpiperidine-1-carbonyl)phenyl)imidazo[1,2-
a]pyridin-3- yl)benzomtnle (200 mg, 0.46 mmol) in methanol (15.0 mL) were added
acetaldehyde (40 mg, 0.92 mmol), catalytic amount of acetic acid (0.5 mL). The reaction
mlxmre was stirred at 0 °C under inert atmosphere for 2 h, then was slowly added NaBH;CN
(97 mg, 1.38 mmol) then the reaction was slowly wérrhed to rt and stirred for 24‘ h. Reaction
mixture was diluted with water and extracted with EtOAc (3 x 25 mL). The combined organic
layer was dried over Na,SO4 and was concentrated under reduced pressure. The crude residue
was purified by column chromatography (silica gel, eluent CH>Cl,MeOH 95:5 to afford
followed by ﬁreparative HPLC to afford 4-(6-(4-(4-(diethylamino)-4-methylpiperidine-1-
carbonyl) phenyl) imidazo [1,2-a]pyridin-3-yl)benzonitrile (100 mg, 46%, AUC HPLC
97.2%) as an off white solid; m.p. 204-208 °C. "H NMR (400 MHz, DMSO-ds) 6 (ppm): 8.49
(s, 1 H), 7.84-7.71 (m, 6 H), 7.60-7.50 (m, 5 H), 3.85-3.59 (m, 3 H), 3.33 (bs, 1 H), 2.57-2.49
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(m, 4 H), 1.90 (bs, 1 H), 1.74 (bs, 1 H), 1.42-1.30 (m, 2 H), 1.06-1.01 (m, 9 H); MS (ESI) m/z
492.34 [C3H;3N50 + HI". |

' Example 101: 4-(3 (4—cvanophenv1)1m1dazcﬂ 1.2- a]pyrldm 6*V1)-N-mcthv1 N (2-momh0hno— |

2-oxoethyvlibenzamide

To a solution of 4-(5-(4;cyanoﬁhenyl)imidazo[1{,2-a]pyridin—6-y1)ben_zoic acid (100 mg?

-0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl. -

“'morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 1 h, followed by the addition of 2-(methylamino)-1-
morpholinoethanone hydrochloride (115 mg, 0.589 mmol). The reaction mixture was stirred
for 18} h, then was diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The
combined organic layer was dried over Na,SO4 and was concentrated under reduced pressure.
The crude residue was purified by column chromatography (silica gel, eluent CH>Cloy/MeOH .
97:3) to afford 4-(3-(4- cyanophenyl)lmldazo(l 2- a]pynd1n~6 y)-N-methyl-N-(2-morpholino-

. 2-0xoethyl)benzam1de (87 mg, 61%, AUC HPLC 97%) asa wh1te solid. 'H NMR (400 MHz, ‘
CDCl) 6 8.50 (s, 1H), 7.84-7.79 (m, 4H), 7.75-1.73 (m, 2H), 7.63-7.52 (m, 5H), 4.36 (s, 2H),

3.73-3.54 (m, 8H), 3.11 (s, 3H); "*C NMR (100 MHz, DMSO-dg) § 170.16, 166.08, 145.71,
137.68, 135.54, 135.04, 133.49, 133.16, 127.75, 127.60, 126.95, 125.75, 124. 42,121.83,

v118 78, 117. 76 109.80, 66.06, 52. 21 48 37, 44.53, 41, 68 34. 39 MS (ESI) m/z480
‘[C28H25N503 + H]

Example 102: 4-(6-(4-(3-oxopiperazine-1-carbonyDphenvllimidazol 1.2-alpyridin-3-
vh)benzonitrile

s pﬁé
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To a solution of 4-(3-(4-cyanopheny1)imidazo[l ,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206 " -

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 m_mol), N-methyl morpholine

(90 uL, 0.824 mmol) and 2-oxopiperazine (25 mg, 0.247 mmol). The reaction mixture was
. stirred at room temperature under inlert atmbspheré for 18 h, then was diluted with water (1 5.
- mlL) and extracted With EtOAc ‘(3 x30 IhL). The combihed organic layer was dried over

N2,SO4 and was concentrated under reduced pressure. The residue was purified by column

- chromatography (silica gel, eluent CHCb/MéOH 95:5) to afford 4-(6-(4-(3-oxopiperazine-1-

carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (80 mg, 92%, AUC HPLC 98%) as
a white solid. 'H NMR (400 MHz, DMSO-dy) 5 8.81 (s, 1H), 8.13 (bs, 1H), 7.95-8.05 (m,
5H), 7.78-7.89 (m, 3H); 7.70-7.78 (m, 1H), 7.57 (d, J = 8.53 Hz, 2H), 4.09 (bs, 2H), 3.72

 (bs., 1H), 3.55 (bs, 1H), 3.26 (bs, 2H); *C NMR (100 MHz, DMSO-dq) § 168.65, 145.74,
138.12, 135.06, 133.48, 133.17, 127.75, 128.00, 125.69, 125.55, 124.44, 121.93, 118.79,
117.76, 109.79; MS (ESI) m/z 422 [CosHsNsO, + H] ™.

Example 103: 4-(6-(4-(4-methyl-1.4-diazepane-1-carbonyl)phenvl)imidazo]1.2-a]pyridin-3-

vi )benzdnitrile

To a solution of 4-(3~(4~cyanophenyl)imidazo[l,Z-a]pyridin-G-yl)benzoic acid (70 mg, 0.206
mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine
(90 pL, 0.824 mmol) and N-methylhomopiperazine (31 ul, 0.247 mmol). The reaction

. mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted

with water (15 mL) and extracted with EtOAc (3%30 mL)‘, The combined organic layer was

dried over Na,SO4 and was concentrated under reduced pressure. The residue was purified by

~ column chromatography (silica gel, eluent CHCl3/MeOH 90:10) to afford 4-(6-(4-(4-methyl-

1,4-diazepane-1-carbonyl)phenyl)imidazo[1 ,2-a]pyridin—3;YI)benzonitrilc (47 mg, 52%, AUC
HPLC 98%) as a white solid. 'H NMR (400 MHz, CD;0D) § 8.76 (s, 1H), 7.90-7.97 (m,
4H), 7.88 (s, 1H), 7.74-7.82 (m, 4H), 7.56 (d, J = 8.2 Hz, 2H), 3.80-3.83 (m, 1H), 3.74-3.80
(m, 1H), 3.56-3.62 (m, 1H), 3.52-3.56 (m, 1H), 2.95 (s, 1H), 2.86 (bs, 1H), 2.70-2.76 (m,
1H), 2.64-2.70 (m, 2H), 2.42 (d, J= 0.8 Hz, 3H), 1.86-1.94 (m, 1H); BCNMR (100 MHz,
DMSO-dg) 6 169.94, 145.78, 135.10, 133.55, 133.22, 127.81, 127.47, 127.03, 125.80, 125.59, |
124.47, 121.81, 118.84, 117.83, 109.84, 47.98; MS (ESI) m/z 436 [Co7H2sNsO + H] ™.
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Example 104 4- (6 (4 (4-(piperazin-1 -Vl)plpendme- -carbonvl)phenvl)lmldazo[1 2-

alpvridin- 3~vl)benzomtnle

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic-acid (100

- mg, 0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl

morpholine (129 pL, 1.18 mmol) and 1-Boc-4-(piperidin-4-yl)piperazine (95 mg, 0.353

mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

", then was diluted with water (15 mL) and extra’;:’_c?d with EtOAc (330 mL). The combined

organic layer was dried over NaﬁSO‘; and was concentrated under reduced pressure. The
residue was purified by column chromatography (silica gél, eluent CHCly/MeOH 96‘:.4) to
afford fert-butyl 4-(1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yljbenzoyl)piperidin-4-
yl)piperazine-1-carboxylate (57 mg, 33%, AUC HPLC 98%) as a white solid. '"H NMR (400
MHz, CD;0D) 5 8.76 (bs., 1H), 7.96-7.88 (m, 5H), 7.83-7.77 (m 4H), 7.56 (d,J=8.0 Hz,

2H), 4.00-3.85 (m, 1H), 3.65- 3.55 (m, 4H), 3.25-3. 10(m 2H) 3.10-3.00 (m 4H),300270

(m, 2H), 2.25-1.95 (m, 2H), 1.75-1.55 (m, 2H), 1.47 (s, 9H); *C NMR (100 MHz, DMSO-dj)

8 171.93, 155.72, 140.095136.30, 134.67, 134.40, 134.25, 129.50, 129.96, 128.76, 128.55,
©128.10,122.92, 119.49, 118, 30 112.80, 82 11, 64.13, 28.53; MS (ESDm/z 591 [C3sH3gNO3

+H}

. Step 2: A solution of tert-butyl 4-(1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a}pyridin-6-

ybhbenzoyl)piperidin-4-yl)piperazine-1-carboxylate (56 mg, 0.095 mmol) was added 20%
TFA in CH,Cl, (5 ij. The reaction.‘mixture Waé stirred at room temperatufe for 20 min
then, was concentrated under reduced pressure. To the residue was added saturated sodium
bicarbonate (10.mL) and extracted with EtOAc (3x30 mL). The combined organic was dried
over Na;SO4 and concentrated under reduced pre-ssure‘ The residue was puriﬁed iby |
préparative HPLC (C18, eluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-(4-
(piperazin-1-yl)piperidine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (47
mg, 99%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz, CD30D) & 8.88 (s, 1H),
8.36-8.30 (m, 2H), 8.11 (d, J = 9.6 Hz, 1H), 8.05-7.98 (m, 4H), 7.84 (d, J = 8.4 Hz, 2H), 7.59
(d, J= 8.0 Hz, 2H), 4.75-4.65 (m, 1H), 3.90-3.75 (m, 1H), 3.35-3.25 (m, 1H), 3.25-3.15 (m,
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1H), 3.10-3.00 (m, 4H), 3.00-2.85 (m, 2H), 2.15-1.85 (m, 2H), 1.70-1.50 (m, 2H),"1 40-1.20
(m, 2H), 1.00-0.85 (m, 1H) "*C NMR (100 MHz, DMSO-dq) & 168.47, 158.52, 158.19,

1136.84,135.75, 133.25, 131.81, 128.85, 127.55, 127.38, 125.16, 122.92, 118.59, 117.87,

115.44,114.92, 111.09, 61.85, 45.27 ; MS (ESI) m/z 491 [C3oHzoNsO + HJ".

Example 105: 4-(6-(4-(1'-methyl-4.4'-bipiperidine-1-carbonvl)phenvl)imidazo{1.2-alpyridin-

3~Vl)benz6hit1‘ile

Toa solutlon of 4-(3—(4—cyanophenyi)imidazo{l ,Z-a]pyﬁdin-é-yl)behzoic acid (A1>00 mg,
0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (129 pL, 1.18 mmol) and, 1-methyl-4,4"-bipiperidine (64 mg, 0.353 mmol). The
reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then it'was
diluted with water (15 mL) and extracted with EtOAc (3x30 mL). The combined organic

layer was dried over Na,SO4 and was concentrated under reduced pressure. The residue was

purified by column chromatography (silica gel, eluent CHCly/MeOH 96:4), followed by cold

CH30OH/CH3CN wash to afford 4-(6-(4-(1'-methyl-4,4'-bipiperidine-1-

" carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrilé (131 mg, 89%, AUC HPLC 97%) as

a white solid. 'H NMR (400 MHz, DMSO-de) & 8.80 (s, 1H), 8.04-7.98 (m, 5H), 7.87-7.79
(m, 3H), 7.77-7.70 (m, 1H), 7.50 (d, J = 8.0 Hz, 2H), 4.60-4.40 (m, 1H), 3.75-3.60 (m, 1H),
3.45-3.35 (m, 1H), 3.15-2.70 (m, 9H), 2.65-2.55 (m, 1H), 2.50-2.35 (m, 2H), 1.90-1.65 (m,

© 2H), 1.50-1.30 (m, 2H), 1.30-1.10 (m, 1H); *C NMR (100 MHz, DMSO-dy) § 168.39,
- 145.66, 137.60, 135.02, 133.44, 133.09, 127.69, 127.41, 126.94, 125.67, 125.46, 124.34,

121.74,118.71, 117.71, 109.72, 53.11, 45.67; MS (ESI) m/z 505 [C3,H33NsO + H]".
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Example 106: 4-(6-(4-(4- hvdroxv— ~methvlpiperidine-1- carbonyl)phenvl)xmmazo[l 2~

apr_ndm-B ~V1)benzomtnle

Toa solutmn of 4-(3-(4-cyanophenyl)imidazo[1,2- a]pyndm 6- yl)benzow acid (200 mg, 0.58
minol) i m DMF (15 0 mL) were added HATU (335 mg, 0.88 mmol) N—methyl morpholme
(0.21 mL, 1.17 mmol) and 4-methylpiperidin-4-ol hydrochloride (115 mg, 0.76 mmol). The -

reaction mixture was stirred at room temperature under inert atmosphere for 16 h, then it was

diluted with water (25 inL) and extracted with EtOAc (3 x 25 mL). The combined ofganic

-layer was dried over Na;SO4 and was concentrated. under reduced pressure. The crude residue

was purified by column chromatography (silica gel, eluent CH,ClMeOH 95:5) followed by
preparative HPLC to afford 4-(6-(4- (4-hydroxy—4—methylplpendm&1 -carbonyl) phenyl)
imidazo [1, 2—a]pynd1n— —yl)benzomtnle (100 mg, 40%, AUC HPLC >99%) as an off white
solid; m.p. 149:154 °C.'H NMR (400 MHz, DMSO-de) 6 (ppm): 8.80 (bs, 1 H), 8.03-7.97
‘(.m, 5H), 7.82-7.71 (m, 4 H), 7.48 (4, J = 8.0 Hz, 2 H), 445 (s, 1 H), 4.11 (bs, 1 H), 3.41 (bs,

1 H), 3.27 (bs, 2 H), 1.53-1.44 (m, 4 H), 1.16 (s, 3 H); MS (ESI) m/z 437.26 [CorH2aN4O, +

HT.

Example 107: 4- (6 (4-(1.4- dlazenanc-l carbonvl)phenvlhmldazo[1 2 alpyridin- 3-

yl zbenzomtnl ‘

Step 1: To a solution of 4-(3-(4-cyanophenyl) imidazo[1,2-a]pyridin-6-yl) benzoic acid (100
mg, 0.29 mmol) in DMF (3 mL) were édded HATU (165 ing, 0.44 mmol), N-methyl
morpholine (117 mg, 1.16 mmol) and tert-butyl 1,4-diazepane-1-carboxylate (118 mg, 0.59
mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18 h
before being diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined
organic layer was dried over N2;SO4 and was concentrated under reduced pressure. The

residue was purified by columﬁ chromatography (silica gel, eluent DCM/MeOH 7:3) to
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afford tert-butyl 4—(4-(3-(4-cyanophenyl)imidazo[1 2-a]pyridin- -yDbenzoyl)-1 4—diazepéne-

} 1-carboxylate (120 mg, 79%, AUC HPLC 98%) as white solid. MS (ESI) m/z 522

10+

15

20

: [C31H31N503 +HJ"

Step 2: To a solution of fert-butyl 4-(4-(3 ~(4~cyanopheny1)imidazo[1_,2_—a_]pyr_i'din—'6— :

~ ylbenzoyl)-1,4- diazepane-1-carboxylate in DCM (3 mL) was added TFA (3 mL): The

reaction mixture was stirred at room temperature for 18 h then, was concentrated under

reduced pressure and the residue was punﬁed by preparatlve HPLC (C18, cluent

”ACN/HZO/O 01% HCOOH) to afford 4- (6 4- (I 4-diazepane-1 carbonyl)phenyl)1m1dazo[l 2.

a]pyridin-3-yl)benzonitrile (78 mg, 64%, AUC HPLC 98%) as white solid. "H NMR (400
MHz, CD;0D) & 8.75 (s, 1H), 7.93 (s, 4H), 7.89 (s, 1H), 7.81 (d, J= 8.2 Hz, 2H), 7.77 (s,
2H), 7.61 (d, J = 8.2 Hz, 2H), 4.05-3.60 (m, 4H), 3.50-3.32 (m, 4H), 2.27-2.00 (m, 2H); °C
NMR (400 MHz, CD;OD) § 173.64, 166.40, 147.45, 140.31, 136.31, 134.85, 134.72, 134, 43,
129.51, 129.00, 128.59, 127.84, 126.63, 122.92, 119.53, 118.53, 112.79, 46.73, 45.87, 43.46, _
27.48; MS (ESI) m/z 422 [CasH3N50 + H]™.

| Examnle 108: 4- (6 (4 (4 (pmendm 4-v1)pmerazme-l ~carbonylphenyDimidazo[1.2-

alpyndm 3- vl)benzomtnle o

Step 1: To a solution ‘of 4-(3-(4-cyanophenyl) imidazo(1,2-a]pyridin-6-yl) benzoic acid (200

 mg, 0.58 mmol) in DMF (3 mL), were sequentially added HATU (330 mg, 0.87 mmol), N-

25

30

methyl morpholine (235 mg, 2.32 mmol) and tert-butyl 4-(piperazin-1-yl)piperidine-1-

~ carboxylate (312 mg, 1.16 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 18 h then, was diluted with water (10 mL) and extracted with

DCM (3x15 niL). The combined organic layer was dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was pun'ﬁéd by column chromatégraphy
(silica gel, eluent DCM/MeOH 9:1) to afford tert-butyl 4~(4-(4-(3-(4-

cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazin-1-yl)piperidine-1-carboxylate
(239 mg, 69%, AUC HPLC 95%) as an off-white solid. "H NMR (400 .MHz, CD3;0D) & 8.64
(s, 1H), 7.84 (s, 4H), 7.80 (s, 1H), 7.20-7.65 (m, 4H), 7.49 (d, J = 8.0 Hz, 2H), 4.72 (s, 1H),
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© 4.00-3.69 (s, 1H), 3.55-3.36 (m, 4H), 3.29-2. 75 (m, 2H), 2.65-2.49 (m SH) 2.19-1. 59 (m

2H), 1 59—~I .38 (m, 11H); MS (ESI) m/z 591 [C35H38N603 + H}

: Step 2: To 2 solution of tert-butyl 45(4-(4~(3~(4-cyanophenyl)imida20[1,2—a]pyri_din¥6:

yl)benzoyl)piperazin-1-yl)piperidine-1-carboxylate in DCM (3 mL), was added'TI’?A GBmL).
The reaction mlxture was stirred at room temperature for 18 h then, was concentrated under -

reduced pressure ‘and the residue was punﬁed by column chromatography (sﬂzca gel eluent
DCM/MeOH 4:1) to afford 4-(6-(4-(4-(piperidin-4- yl)p1perazme—1-

' carbonyl)phenyl)lmldazo[l 2-a]pyridin-3-yl)benzonitrile (141 mg, 48%, AUC HPLC 99%) as

pink solid. "H NMR (400 MHz, CD;0D) § 8.79 (s, 1H), 8.09-8.03 (s, 1H), 8.02—-7.98 (m,
1H), 7.96 (s, 4H), 7.94-7.88 (m, 1H), 7.80 (d, /= 8.0 Hz, ZH), 7.55 (d, J= 8.0 Hz, 2H), 4.66
(s, 1H), 3.82 (s, 1H), 3.28-3.06 (m, SH), 3.0@—2'.83_(111, 5H), 2.76 (m, J _,5‘5 Hz, 1H), 2.08 ~
1.74 (m, 2H), 1.67-1.40 (m, 2H); B3C NMR (100 MHz, CD;0D) & 171.78, 163.59, 163.A24,
162.90, 162.56, 145.15, 139.22, 137.14, 135.65, 134.53, 133.45, 130.87, 130.28, 130.20,
129.37, 128.96, 128.86, 128.73, 127.23, 123.65, 119.75, 119.36, 116.94, 113.75, 62.66,
47.18, 45.13,44.43, 42.58, 29.70, 28.94; MS (ESI) m/z 491 [C35H30N6O + 'H]+

Examnle 109 4-(6- (4 (4 ammompendme- -carbonvl)phenvl)lmldazofl 2~a]pvr1dm 3~
yl )b enzomtnl

NH;

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-alpyridin-6-yl)benzoic acid (300
mg, 0.88 mmol) in DMF (2 mL) was added NMM (134 mg, 1.33 mmol) followed by addition
of HATU (504 mg, 1.33 mmol) at rt and stirred for 30 min. fert-butyl piperidin-4-
ylcarbamate(195 mg, 0.97 mmol) was added and sfirred atrt for 1 h. The reaction mixture
was dilufed with water and filtered to obtain of tért-butyl 1-(4-(3-(4- :
cyanophenyl)imidazo[l,2—a]pyridin-67yl)benzoyI)piiieridin—4-ylcarbamate (325 mg, 55%, ,
LC-MS 78.5%) as a pale yellow solid. MS (ESI) m/z: 522.2(M+H).
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Step 2: Trifluoroacetic acid (3.5 mL) i in CH,Cl, (15 mL) was added to a solution of tert-butyl
1 (4 (3~(4 cyanophenyl)imidazo(1 2-a]pyr1dm-6 yl)benzoyl)p1per1d1n-4—ylcarbamate (325
mg, 0.624 mmol) in CH,Cl, at 0 °C and stirred at rt for 1 h React;on mixture was diluted
with water andvbgsiﬁcd with sat.Na;COj solution. The aqueous layer was extracted with
EtOAé, dried and concentrated under reduced pressure to give crude product which, was
purified by preparative HPLC to afford 4-(6-(4-(4-aminopiperidine-1- -
carbonyl)phenyl)imidazo[1,2—a]pyridin—S-yI)benzofiihﬂe (30 mg, 21%, AUCHPLC 97.3%)

as an off-white solid; m.p. 129-138 °C. 'H NMR (400 MHz, DMSO-dy) & (ppm): 8.80 (s, 1 -
H), 8.03-7.97 (m, 5H),7.82(d,J=11.0Hz,2 H), 7,.72""(d';"’;7 ="14.0 Hz, 2 H), 7.46 (4, J =

- 11.0 Hz, 2 H), 4.29 (bs, 1 H), 3.57 (bs, 1 H), 3.07-2.84 (i, 3 H); 2.27-2.18 (m, 2°H), 1.76 (bs,
2H), 1.23 (bs, 2 H); MS (ESI) m/z 422.24 [CasHpsNsO + H]".

Example 110: N-(1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]nV-ridin-6-v1)benzoy1)piﬁeﬁdiﬁ-4~ ,

yl)—LZ,2-triﬂubroacetamide

HN._ O
\(

CF3

To a solution of 4- (6-(4- (4—am1nop1pend1ne-1 carbonyl)phenyl)1m1dazo[1 2- a]pynd1n~3-
yl)benzomtnle (300 mg, 0.71 mmol) in dichloromethane (10 mL) were added tnﬂuoroacetlc

_ anhydride (0.12 mL, 0.85 mmol) and triethyl amine (0.2 mL, 1.42 mmol) in dichloromethane.

- The reac‘aon mixture was stlrred for 2 h at rt. The reactlon mixture was diluted with H20 (1 OO o

mL), NaHC03 (100 mL) and extracted with CH,Cl, (2x50 mL) The combined organic layer
was concentrated to dryness under reduced pressure to afford crude compound. The crude
product was punﬁed by Prep-HPLC (C18, ACN/H,O/ 10 mM NH4HC03) to afford N-(1 (4—
(3-(4- cyanophenyl)1m1dazo[1 2- a]pyndm~6-yl)benzoyl)plpendm 4-yl) 2 ,2,2-

| tnﬂuoroacetamlde (120 mg, 33%, AUC HPLC 97.7%) as a white solid; "H NMR (400 MHz,

DMSO-dy) & (ppm): 9.40 (d, J = 9.3 Hz, 1H), 8.80 (s, 1H), 8.03-7.97 (m, 5H), 7.86-7.82 (m,
4H), 7.50 (d, J = 7.48 Hz, 2H), 4.47 (s, 1H), 3.97 (g, J = 3.2 Hz, 1H), 3.69-3.36 (m, 1H),
3.31-3.28 (m, 1H), 2.97-2.93 (m, 1H), 2.07-1.77 (m, 2H), 1.51~1.49 (m, 2H); MS (ESI) m/z
518.31 [CosHFsN5O, + HI.
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Example 111 N-(1-(4-( 3 (4 cvanophenvl)lmldazof 1.2-alpyridin-6- vl)benzovl)pmendm 4- -

yl )methanesulfonamld

Toa soluﬁon‘of'4—i6§(;i-(4-aminopipeﬁdine; 1'1cafbonyl)i)henyl)imidézo[1;2-a]§yﬁdin~3 A
yl)benzonitrile (130 mg, 0.30 mmol) in dichloromethane (10 mL) were added TEA (0.12 mL,
0.91 mmol) and MsCl (0.42 mL, O.37»mni'ol).“The i'eaction mixtljli’e‘was stirred for 2 b at |
ambienf temperature and diluted with H,O (100 mL); NaHCO; (100 mL) and extracted with
CH,ClL (2 x 50 mL). The combined organic fayer was concentrated to dryness under reduced
pressure to afford crude compound. The crude product was purified by preparative HPLC to
afford N-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperidin-4- -
yl)methanesulfonamide (60 mg, 42%,:AUC HPLC 99.02%) as an off-white solid; mp 211-
215 .°C, "H NMR (400 MHz, CDCl3) 6 (ppm): 8.50 (s, 1H), 7.84-7.80 (m, 4H), 7.73 (d, J =
8.4 Hz, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.53-7.50 (m, 3H), 4.60- (bs, 1H), 4.29 (d, /= 7.6 Hz,
1H), 3.85 (bs, 1H), 3.63-3.60'(m, 1H), 3.15 (bs 2H) 3 09 (s 3H), 2.03 (bs, 2H) 1. 45 (bs,
2H); MS (ESI) m/z 500 [Cy7H2sN5058 + H]

N

SN

To a solution of 4-(3-(4-cyanophenyl)imidazo{1,2-a]pyridin-6-yl)benzoic acid (0.2 g, 0.58
mmol) in DMF (5 mL) were added HATU (0.33 g, 0.88 mmol); N-methyl morpholine (0.18
g, 1.76 mmol) and N,N-dimethylpiperidin-4-amine (81 mg, 0.70 inmol). The reaction mixture
was stirred at 0 °C to room temperature undér inert atmosphere for 16 h, then it was diluted

with water (15 mL) and extracted with EtOAc (3%25 mL). The combined organic layer was
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dried over Na,50;, and was concentrated under reduced pressure. The crude residﬁe was
| .puriﬁed by column chromatography (silica gel, eluentk CHzClz/MeQH 95:5) to afford 4-(6-(4-
. (4—(dimethylamino)piperidin_e-1 7c_arbony1)phenyl)imidazo[1 ,2-a}pyridin—3eyl)benzoniﬁile
" (140 mg, 57%, AUC HPLC >99%) as an off-white ‘solid; m.p. 128-132 °C. TH NMR (400
- MHz, CDéh) d (ppm): 8.49 (s, 1H), 7.84-7.71 (m, 5H), 7.60-7.50 (m, 5H), 7.80 (m, 3H),

7.71 (m, 1H), 7.45 (q, 2H), 4.45 (bs, 1H), 3.65 (bs, 1H), 3.15-2.8 (m, 2H), 2.39 (m, 1H), 2.22

(bs, 6H), 1.9-1.6 (m, 2H),1.35 (m, 2H); MS (ESI) m/z 450.3 [CagHyyNsO+ HI'.

Example 113: 4-(6-(4-(4-amino-4-ethylpiperidine-1-carbonvl)phenyimidazo[1.2-ajpyridin-

| 3-yD)benzonitrile

Step 1: Toa solutioﬁ of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100
mg, 0.294 mmo}) in DMF-(1.5 mL) was added HATU (168 mg; 0.442 mmol) and N-methyl
morpholine (130 pul, 1.178 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 1 h, followed by the addition of fert-butyl 4-ethylpiperidin-4-

4 ylcarb_émate (134 mg, 0.589 nimoﬁ. The reaction mixture was stirred for 18 h,_t_heh'was

diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic

layer was dried over Na,SO4 and was concentrated under reduced pressure. The crude residue

was purified by column chromatography (silica gel, eluent CH,Cl’MeOH 95:5) to afford a

* white solid (45 mg, 28%, AUC HPLC 96%); MS (ESI) m/z 550 [C33H3sN505 + HJ.

Step 2: Tb a solution of fert-butyl 1-(4-(3 -(4-cyanophenyl)imidazol[ 1,2-a]pyridin-6-
yl)benzoyl)-4-ethylpiperidin-4-ylcarbamate (45 mg, 0.082 mmol) in DCM (1.0 mL) was
added trifluoroacetic acid (1 mL). The reaction mixture was stirred at room temperature
under inert atmosphere for 30min, 'then was neutralized with NaHCO;, diluted with water (25
ml) and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over
NaéSO:; and was conc_entrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, eluent CH,Clo/MeOH/NH,OH 90:9:1) to afford 4-(6-(4-
(4-amino-4-ethylpiperidine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (6
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mg, 16%, AUC HPLC 98%) as a white solid. "H NMR (400 MHz, CD;0D) § 8.77 (s, 1H),
7.97-7.90 (m, SH), 7.82-7.79 (m, 4H), 7.55 (d, J =8.4 Hz, 2H), 3.90- 3.54 (m, 4H), 1.75-1.51
(m, 6H), 0.98 (t, J = 7.6 Hz, 3H); MS (ESI) m/z 451 [CosH,7NsO + H".

Example 114: 4-(6-(4-(2,7-diazaspiro[ 3.5 nonane-7-carbonvl)phenvlimidazo[ 1.2-alpyridin-

3-yl)benzonitrile

=N
N/
0
N
%g N
N
H

Step 1:To a solution of 4-(3-iodoimidazo [1,2-a]pyridin-6-yl)benzoic acid (500 mg, 1.37
mmol) in DMF (15.0 mL) were added HATU (782.9 mg, 2.05 mmol), N-methyl morpholine
(0.03 mL, 2.74 mmol) and 1-methylpiperazine (340 mg, 1.5 mmol). The reaction mixture was
stirred at room temperature under inert atmosphere for 16 h, then it was diluted with water
(25 mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over
Na,SO4 and was concentrated under reduced pressure. The crude product was purified by
column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford tert-butyl 7-(4-(3-
(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)-2,7-diazaspiro[ 3.5 nonane-2-
carboxylate (440 mg, 56%) as an off-white solid. "H NMR (400 MHz, DMSO-dg) o (ppm):
8.45 (s, 1H), 7.94-7.67 (m, SH), 4.08 (s, 1H), 3.98 (s, 1H), 3.79 (s, 1H), 3.29 (m, 4H), 2.89 (s,
3H), 1.77-1.70 ( m, 4H), 1.38 (s, 9H); MS (ESI) m/z 573.1 [CpeHa IN;O3 + H]".

Step 2: 4-cyanophenylboronic acid (135 mg, 0.92 mmol), K3PO4 (326 mg, 1.53 mmol), and
Pd(PPhs)4 (66 mg, 0.04 mmol) were added sequentially to a solution of fert-butyl 7-(4-(3-(4-
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate
(440 mg, 0.769 mmol) in a mixture of 1,4-Dioxane/H,0 (30:10 mL) at room temperature
under argon atmosphere. The reaction mixture was refluxed for 6 h and was diluted with
water (50 mL) and extracted with EtOAc (3 x 50 mL). The combined organic layer was dried
over Na,SOy, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel eluent CHCl;/MeOH 95:5) to afford 4-(6-(4-(2,7-
diazaspiro[3.5]nonane-7-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (250 mg,
59%). "H NMR (400 MHz, DMSO-dj) 6 (ppm): 8.80 (s, 1H), 8.01 (s, 4H), 7.85-7.73 (m, 6H),
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4.06 (5, 1H), 3.78 (s, 1H), 3.34 (m, 4H), 1.6 (bs, 4H), 1.38 (s, 9H), MS (ESD m/z 548
[C33H33N503 + H]

. Step 3:To a solution of 45(6—(4-(2,7-diazaspiro[.3.5_]nonane—7—carbony1)phenyl)i_fnidazo[1,2- o

a]pyridin-3-yl)benzonitrile (150 mg, 0.274 mmol) in dichloromethane (10 mL) were added
TFA (3 mL)in dichloromethane (5 mL). The reaction mixture was stirred for 4 h at rt The
reaction mixture was diluted with water (100 mL), NaHCO3 (100 mL) and extracted with
CH,Cl, (2 x 50 mL). The combined ofganic layer was concentrated to dryness under reduced
pressure to afford crude compound. The crude product was purified by preparative HPLC
(C1 8, ACN/H,0/ 10 mM NH4HCO;) to afford (4-amino-4-methy1pipeﬂdin~1-y1)(4-(~3-(4-
chlo‘rophenyl)imidazo[l,2—a]pyridiri-6—yl_)phenyl)methanone.(80 mg, 16%, AUC HPLC
97.23%) as a brown solid; "H NMR (400 MHz, CDCL;) 6 (ppm): 8.81 (s, 1H), 8.01 (m, 5H),
7.85-7.82 (d, J=17.83 Hz, 3H), 7.76-7.73 (d, J = 7.74 Hz, 3H), 4.01 (bs, 2H) 3.73 (bs, 2H),

2,50 (m, 4H), 1.60 (m, 4H); MS (ESI) m/z 448.26 [CosH,sNsO + HY'".

i vExamplo 115: 4-(3- (4—cyanophenv1)1m1dazo{1 2- alpvndm-é—yl)-N (2-morpholino-2-

oxocthyl)benzamlde N

To a solution of 4-(3-(4-cyanophenyl)imidazo{1,2-a]pyridin-6-yl)benzoic acid> (100 mg, -

0.205 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl

“under inert atmosphere for 1 h, followed by the addition of 2-amino-1-morpholinoethanone

(106 mg, 0.589 mmol). The reaction mixture was left to stir for 18 h, then it was diluted with

- water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was dried

over Na,SOy4 and was concentrated under reduced pressure. The crudc residue was purified -
by column chromatography (s1110a gel, eluent CH>Cl,/MeOH 97:3) to afford 4-(3-(4- .
cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)-N-(2-morpholino-2-oxoethyljbenzamide (84 mg,
61%, AUC HPLC 98%) as a white solid. "H NMR (400 MHz, DMSO-dq) & 8.84 (s, 1H), 8.65
(t, J= 5.6 Hz, 1H), 8.04-7.98 (m, 7H), 7.89-7.87 (m, 2H), 7.84-7.75 (m, 2H), 4.16 (d,J=5.6
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Hz, 2H), 3.61-3.57 (m, 4H), 3.51-3.46 (m, 4H); *C NMR (100 MHz, DMSO-d) & 167.20,

165.82, 145,76, 139.39, 135.11, 133.49, 133.28, 133.17,127.92, 1}2'7.75, 126,88, 125.57,
- 125.52,124.46, 121.97, 118.79, 117.76, 109.79, 66.04, 44.61, 41.78, 40.81; MS (ESI) m/z

466 [C27H23N503 + H]+.

Example .1 16: 4-(3-(4-cyanophenvlimidazo[1.2-alpyridin-6-v1)-N-=(2- -

morpholinoethyl)benzamide

“To a solution of 4-(3 -(4-cyan0pheny1)imidézo[l,2-a]pyridin—6-yl)benzoic acid (100 mg, -

0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl -

_ morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 1 h, followed by the addition of 2-morpholinoethanamine (77 pl,

:0.589 mmol). The reaction mixture was left to stir for 18 h, then it was diluted with water (25

mL) and extracted with EtOAc (3x25 mL). The combined organic layer was dried over
N2,SO;4 and was concentrated under reduced pressure. The crude residue was purified by

column chromatography (silica gel, eluent CH,ClMeOH 95:5) to afford 4-(3-(4-

_cyanophenyl)imidazo[1,2-aJpyridin-6-y1)-N-(2-morpholinoethyl)benzamide (90 mg, 67%,

AUC HPLC 98%) as a white solid. "H NMR (400 MHz, CDCl) 3 8.52 (s, 1H), 7.90-7.88 (m,
2H), 7.84-7.80 (m, 4H), 7.75-7.73 (m, 2H), 7.64-7.61 (m, 2H), 7.56-7.53 (m, 1H), 3.74 (t, J =

| 4.4 Hz, 4H), 3.61-3.57 (m, 2H), 2.64 (1, J = 6.0 Hz, 2H), 2.53 (s, 4H); °C NMR (100 MHz, »
DMSO-dg) 8 165.59, 145.69, 139.17, 135.05, 133.54, 133.42, 133.09, 127.75, 127.65, 126.77;

125.51, 125.44, 124.37, 121.85, 118.71, 117.69, 109.72, 65.92, 57.09, 53.04; MS (ESI) m/z
452 [Co7HpsNs50, + H].
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- Example 117; 4-(6-(4-(1.9- dlazasmroLS Slundecane-9- carbonvl)nhcnvl)lmldazoﬂ 2-

alpyridin-3-yl)benzonitrile

oN

NH

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a}pyridin-6- yl)benzmc acid (120

- mg, 0.353 mmol) in DMF (1.7 mL) was added HATU (201 mg, 0. 530 mmol) and N-methyl ~

morpholine (155 pl, 1.41 mmol). The reaction mixture was stirred at room temperature under-

" inert atmosphere for 1 h, followed by the addition of rer¢-butyl 1,9-diazaspiro[5.5]undecane-
.1-carboxylate hydrochloride (203 mg, 0.707 mmol). The reaction mixture was left to stir for

18 b, then it was diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The
combinéd organic layer was dried over Na,SO,4 and was concentrated under _reduéed -pressure,
The crude residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH
95:5) to afford tert-butyl 9-(4-(3-(4-cyanophenyl)imidazo[ 1,2~ ajpyridiﬁs yl)benzoyl) 1,9-
diazaspiro[5.5]undecane-1-carboxylate (192 mg, 94%, AUC HPLC 96%) as a white solid. 'H

NMR (400 MHz, DMSO-dg) § 8.81 (s, 1H), 8.03-7.98 (m, 5H), 7.84-7.81 (m, 3H), 7.75-7.72 "~

(m, 1H), 7.49-7.47 (m, 2H), 3.42-3.31 (m, SH), 1.70-1.51 (m, 9H), 1.40 (bs, L11D); MS (ESD
m/z 576 [C35H37N503 + H]

; Stép 2: To a solution of tert;butyl 9-(4-(3—(4-cyanophenyl)iniidazo{l ,2-a]pyﬁdin—6-
- ylbenzoyl)-1,9-diazaspiro[5.5]undecane-1-carboxylate (183 mg, 0.318 mmol) in DCM (1.0

mL) was added trifluoroacetic acid (1.0 mL). The reaction mixture was stirred at room |
temperature under inert atmosphere for 30 min, then was neutralized with soiid"NaHCO;,
then diluted with water (25 mL) and ex&acted with EtOAc (3x25 mL). The combined organic
layer was dried over Na,SO4 and was concentrated under reduced pressure. The crude residue -
was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 92.;8) to afford 4-
(6-(4-(1,9-diazaspiro[5.5 ]undecaxie-9-carbényl)phenyl)imidazo[ 1,2-ajpyridin-3-
yl)bénzonitrile (96 mg, 64%, AUC HPLC 99%) as a white solid. "H NMR (400 MHz, -
DMSO-ds) 8 8.80 (s, 1H), 8.03-7.98 (m, 5H), 7.86-7.82 (m, 3H), 7.75-7.72 (m, 1H), 7.49-°
747 (m, 2H), 3.50-3.31 (m, 4H), 2.98 (bs, 2H), 1.69-1.58 (m, 10H); *C NMR (100 MHz,
DMSO-dy) & 168.64, 145.73, 137.80, 135.26, 135.08, 133.49, 133.16, 127.75, 127.44, 127.09,
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125.71, 125.51, 124.42, 121.81, 118.78, 117.78, 115.76, 10979 5366 2292 1780 MS -

_ (ESI) m/iz 476 [C30H29N5O + H]

- Example 1181»4-(6~’(4-(.}-acetv1-'1,9—diazaspiro[5.5]undecane-9—qarbonvl)phenvi)hnidazo[1,2_ o

ajpyridin-3-yl)benzonitrile

To a solution of 4-(6-(4-(1,9-diazaspiro[5.5Jundecane-9-carbonyl)phenyl)imidazo[ 1,2-
a]pyridin-3-yl)benzonitrile (30 mg, 0.063 mmol) in DCM (0.5 mL) at 0°C was added = -

 triethylamine (26 pl, 0.189 mmol), followed by acetyl chloride (10 pl, 0.126 mmol). The

reaction mixture was stirred at 0°C under inert atmosphere and allowed to warm to room
temperature over 30 mjnutes. The reaction mixture was then diluted with Awater (25 mL) and
’extra.cted with EtOAc (3 x25 mL). The combined organic layer was dﬁed oyéf Na;SC_4 and )
was ‘c;)ncentratec.l under reduced pressure. The crude.r‘ésidue waé purified by column
chromatography (silica gel, eluent CH;ClyMeOH/NH,OH 90:9:1) to.afford 4-(6-(4-(1-
acetyl-1,9-diazaspiro[5.5Jundecane-9- carbonyl)phenyl)lmldazo[l 2- a]pyndm~3—
yl)benzonitrile (14 mg, 43%, AUC HPLC 99%)as a white solid. 'H NMR (400 MHz, CDCls)
0 8.49 (s, 1H), 7.85-7.82 (m, 4H), 7.81-7.78 (m, 2H), 7.75-7.73 (m, 5H), 3.96-3. 40 (m, 6H),
3.09-2.96 (m, 2H), 2.13 (s, 3H), 1.76-1.69 (m, 6H), 1.42 (bs, 2H) MS (ESI) m/z 518

© [CsoH3 N0, + H]

1-methyl-1,9-diazaspiro[5.5lundecane-9-

carbonvl)ph envDimidazo[ 1,2-a]pyridin-3-vl)benzonitrile

s N

CN
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- A mixture of 4-(6- (4 (1,9-diazaspiro(5. S]undecanc 9-carbonyl)phenyl)1m1dazo[1 ,2-a]pyridin-

3-yl)benzonitrile (104 mg, 0. 219 mmol) and paraformaldehyde (70 mg) in acetomtnlc (3 mL)

and acetic acid (1.7 mL) was treated with sodium borohydnde (35 mg). The reaction mixture

. was left to stir for 24 h, then it was diluted with saturated NaHC03 (25 mL) and extracted

with EtOAc (3x25 mL). The combined organic layer was dned over Na,504 and was
concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, eluent CHZCIZ/MeOH/NH4OH 90:9:1) to afford 4-(6-(4-(1-
methyl- 1‘9 diazaspiro[S5. S]undecane-'9-carbonyl)phényl)imidaio[1 2-alpyridin-3-

: 'yl)benzomtmle (49 mg, 45%, AUC HPLC 93%) as a white'solid. "H NMR (400 MHz, CDC13)
10 -

5 8.52.(s, 1H), 7.86-7.82 (m, 4H), 7.77-7.74 (m, 2H), 7:61-7.59 (m, 2H), 7.55-7.53 (m, 3H),
445 (bs, 1H), 3.77 (bs, 1H), 3.24 (bs, 2H), 2.94 (bs, 2H), 2.56 (bs, 3H), 2.01-1.52 (m, 10H);
13 NMR (100 MHz, CDCl3) 5 169.72, 146.34,138.62, 134,78, 133.79, 133.25,127.95,
127.84, 127.23, 127.19, 125.68,124.52, 120.61,118.73, 118.43, 111.60, 50.03, 35.99, 22.12,
21.78, 18.94; MS (ESI) m/z 490 [C3;H3;NsO + HI".

Example 120: 4-(6-(4-( 4»hvdroxv-4-phenv1biperidine- 1 —carbonyl)phen\il)imidazof 1.2-
a Ipmv idin-3 ~y' 1)benzonitri1é

 To a'sbvl'ution of 4-(3-(4-c3’fanopheny1)im§dazo{'1 ,Z-a]pyridin~6;y1)beﬁzoic acid (100 mg,
10.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl

morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

- under inert atmosphere for 1 h, followed by the addition of 4-phenylpiperidin-4-ol (105 mg,

0.589 mmol). The reaction mixture was left to stir for 18 h, then was diluted with water (25
mL) and extracted with EtOAc (3x25 mL). The combined organic layer was dried over
Na,S0, and was concentrated under reduced pressure. The crude residue was purified by
preparative HPLC (C18, eluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-(4-hydroxy-
4-phenylpiperidine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (52 mg, 35%,
AUC HPLC 99%) as a white solid. ‘H NMR (400 MHz, DMSO-ds) & 8.80 (s, 1H), 8.03-7.98

194



10

15

20

WO 2013/147711 . : L h . S PCT/SG2013/000126

(m, SH), 7.84-7.81 (m, 3H), 7.75-1.72 (m, 1H), 7.58-7.53 (m, 4H), 7.35-7.31.(m, 2H), 7.24-
721 (m, 1H), 5.18 s, 1H),446 (bs, 1H), 3.53 (br s, 2H), 3.31 (bs, 1H), 1.96 (bs, 2H), 1.72-
1.58 (m, 2H); "*C NMR (100 MHz, DMSO-dq)  168.44, 149.11, 145.66, 137.42, 135.80,
134.99, 133.44, 133.08, 127.79, 127.66, 127.47, 126.91, 12632, 125.74, 125.49, 124.69,
12433, 121.71, 118.71, 117.67, 109.69, 70.07; MS (ESI) m/z 499 [C32Hz6N4O; + HY'.

Examnle 121: 4-(3- (4-cyanophenvl)1m1dazoL 2-a1pvr1dm-6 VI)-N (2-( l-methv_lmpendm-él-‘

vl)ethll)benzamlde

Toa solutlon of 4-(3-(4- cyanophenyl)xmldazo[l 2- a]pynd1n-6 yl)benzmc acid (100 mg,
0. 295 mmol) in DMF (1 5 mL) was added HATU (168 mg, 0.442 mmoI) and N-methyl
morphohne (130 ul, 1 178 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 1 h, followed by the addition of 2- (1-methy1p1per1d1n 4- |
yl)ethanamine (84 mg, 0.589 mmol). The reaction mixture was left to stir for 18 h, then it was
diluted with water (2A5“ mL) and extracted with EtOAc (3x25 mL). The combined organic .
layer Was dried over Na,SO, and was concentrated under reduced pressure. The crude residue

was washed with MeOH (3x25 mL) and dried under vacuum to afford 4-(3-(4-

- cyanophenyl)imidazo(1,2-a]pyridin-6-y1)-N-(2-(1-methylpiperidin-4-yl)ethyl)benzamide (36

mg, 26%, AUC HPLC 97%) as a white solid. "H NMR (400 MHz, DMSO-d;) 5 8.82 (s, 1H),
8.49 (br s, 1H), 8.03-7.99 (m, 5H), 7.96-7.94 (m, 2H), 7.88-7.82 (m, 3H), 7.76-7.74 (m, 1H),
3.41 (b. s, 3H), 3.02-2.56 (m., 11H), 2.32 (m, 2H); *C NMR (100 MHz, DMSO-dy) 5 145.68,
139.25, 135.05, 133.42, 133.09, 127.76, 127.67, 126.78, 125.49, 125.44, 124.37, 121.84,
118.71, 117.71, 109.75, 55.77, 52.67, 49.48, 20.65; MS (EST) m/z 465 [CasHaoNsO + HI'.
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, Examnle 122: 4 (3- (4 cvanophenvl)lmxdazofl 2-aJpyridin-6- VD-N-methvl-N (pyridin-4-

1 benzam 1d

Toa solutlon of 4-(3 (4- cyanophenyl)lmldazo[l 2-a]pymdm-6 yl)benzow acid (100 mg, .
©0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N- methyl |

morpholine (130 pl, 1.178 mmol).The reaction mixture was stirred at room temperature under
mert atmosphere for 1 h, followed by the addition of N-methylpyndm 4-amine (64 mg,

0.589mmol). The reaction mixture was stirred for 18 h, then it was diluted with water (25

- mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over

Na;SO, and was concentrated under reduced pressure. The crude residue was purified by

prepara‘uve HPLC (C18, eluent ACN/water/formic acid 0.1%} to afford 4-(3-(4-

. cyanopheny1)1m1dazo[1 2-alpyridin-6-y1)- N-methyl—N (pynd1n—4~y1)benzam1de (20 mg, 16/0, _
. AUC HPLC 97%) as a white sohd.y HNMR (400 MHz, DMSO-dy) 5 8.77 (s, 1H), 8.45-8.43

(m, 2H), 7.99-7.98 (m, 5H), 7.79-7.68 (m, 4H), 7.45-7.43 (m, 2H), 7.24-7.23 (m, 2H), 3.43

| (s, 3H); >C NMR (100 MHz, DMSO-ds) § 169.33, 151.39, 150.40, 145.72,-138.18, 135.09,

134.83,133.45, 133.15, 129.10, 127.76, 126.53, 125.32, 125.22, 124.69, 121.88, 120.50,

118.78,117.72, 109.79, 37.04; MS (ESI) m/z 430 [C27HisNsO + HI".

Example 123: 4—( 6-(4-(4-(aminomethyl)piperidine-1 -carbonvl)phenvljlmldazofl 2-a]pyridin-
3- Vl)benzomtnle C : ,

NHé . 2N =N

EN
Step. 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100
mg, 0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (129 pL., 1.18 mmol) and 4-(boc-aminomethyl)piperidine (95 mg, 0.441 mmol).

The reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then it

* was diluted with water (10 mL) and extracted with EtOAc (3x20 mL). The combined organic
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layer was dried over Na,SO4 and was concentrated under reduced pressure. The residue was

‘puriﬁéd by column chrorriatography (silica gel eluent CHClg,/McOH 96:4) to afford tert-but}}l‘_

(1- (4 (3 (4—cyanophenyl)1m1dazo[1 2 a]pyndm-6~y1)benzoy1)p1pend1n 4-yl)methylcarbamate

(157 meg, 99%, AUC HPLC 99%) asa whlte solid. 'H NMR (400 MHz, DMSO-dy) J 8. 80 (s ,
'IH), 8.03-7.98 (m, 5H), 7.84-7.80 (m, 3H), 7.75-7.70 (m, 1H), 7.48 (d, /= 8.4 Hz, 2H), 6.90-

- 6.85 (m, 1H), 4.55-4.35 (m, 1H), 3.70-3.55 (m, TH),; 3.10-2.95 (m, 1H), 2.90-2.70 (m, 4H),

1.75-1.55 (m ZH) 1.37 (s 9H), l 15 1.00 (m, 2H), MS (ESI) m/z 536 [C32H33N503+H]

’Step 2: To tert—butyl (1-(4-(3-(4-cyanophenyl)imidazo[1,2- a]pyr1dm~6 yl)benzoyl)piperidin- -
4- yl)methylcarbamate (70 mg, 0.131 mmol) was added 20% TFA in CHCl; (3 mL). The

reaction mixture was stirred at room temperature for 20 min then concentrated under reduced

" pressure. To the residue was added saturated sodiutm bicarbonate (10 mL) and extracted with

15

20

EtOAc (3 x 30 mL). 'l:he combined qrganic was dried over Na; SO, and concentrated under
reduced pressufe._The residue was purified by preparative HPLC (C18, eluent ACN/H,O/
formic acid 0.1%) to afford 4-(6-(4-(4-(aminomethyl)piperidine-1-
carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (26 mg, 46%, AUC HPLC 99%) ‘as

‘awhite solid. 'H NMR (400 MHz, CD;0D) 6 8.76 (s, 1H), 8.55 (s, 1H),7. 95-7.90 (m, 4H),
7.89 (s, 1H), 7.81-7.76 (m, 3H), 7.54 (d, /= 8.4 Hz, 2H), 4.80-4.65 (m, 1H), 3.90- 3.75 (m,
‘1H),3303 15 (m, 1H), 3.00-2.85 (m, 1H), 2.86 (d, J = 6.8 Hz, 2H), 2.00-1.85 (m, 2H), 1.85-

170 (m, 1H), 1.40-1.20 (m, 2H); "*C NMR (100 MHz, CD;OD): § 171.96, 147.44, 140.03,
136.66, 134.84, 134.72, 134.39, 129.44, 128.84, 128.61, 128.50, 127.80, 126.56, 122.83,

" 119.50,118.48, 112.72, 45.70, 36.32; MS (ESI) m/z 436 [C27HasNsO + HI™.

. Example 124: 4-(6-(4-(4-(2-aminoethyl)piperidine-1-carbonyl)phenyl)imidazo[1.2-alpyridin-- -

25 A3-'v1)ben.z'c’>nitrile

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (100
mg, 0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (129 pL, 1.18 mmol) and tert-butyl 2-(piperidin-4-yl)ethylcarbamate (101 mg,
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0.441 mmol). The reaction mixture was stirred at room température under inert atmosphere
for 18 h, then it was diluted with water (10 mL) ahd extracted Wi;ﬂh EtOAc (3 XQO mL). _The
combined orgén_i_c layer was dried over Na,SO,4 and was concentrated under reduced pressﬁre. 5
The residue was purified by column chromafoéréphy (silica gel, eluent CHCig/MeOH 97:3)to -
afford fert-butyl 24(1-(4-(3-(4-cyanophenyl)imidazo[1 2-a]pyridin—6-y1)benzbyl)piperidin~4—
yl)ethylcarbamate (79 mg, 49%, AUC HPLC 98%) as a white solid. 'H NMR (400 MHz,
DMSO*dg) 5 8. 70(5 1 H), 8.05- 7.97 (m, 4 H), 7.85-7.78 (m, 3 H), 7.75- 770(m 1 H), 7.48
d,J= SOHz 2'H), 6.80-6.73 (m, 1H),455435(bs 1 H), 370350(bs 1 H), 3.10-2.90
(m, 3 H), 2.85-2.70(bs; 1 H), 1.85-1.50 (m, 3 H), 137(s 9H),135 1.30 (m, 2H),120 100
(m, 3 H); MS (ESH m/z 550 [C;;H35N503+ H}

~ Step 2: To tert-butyl 2-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-

- yDbenzoyl)piperidin-4-yl)ethylcarbamate (70 mg, 0.127 mmol) was added 20% TFAin. . -

15
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CHCl; (3 mL); The reaction mixture was stirred at room temperature for 20 min then it was

concentrated under reduced pressure. To the residue was added saturated sodium bicarbonate

(10 mL) and extracted w1th EtOAc (3 x 30 mL). The com'bmed organic was dried over

“ NazSO4 and concentrated under reduced pressure. The residue was purified by preparative |

HPLC (C18 eluent ACN/water/fonmc acid 0.1%) to afford 4-(6-(4-(4-(2-

_ ammoethyl)plpendme-l carbonyl)phenyl)lmldazo[1 2-a]pyridin-3- yl)bcnzomtrlle (16 mg,

29%, AUC HPLC 99%) as a white solid. "H NMR (400 MHz, CD;OD) ¢ 8_.75 (s, 1H), 8.55:
(s, 1H), 7.95-7.90 (m, 4H), 7.89 (s, 1H), 7.81-7.76 (m, 3H), 7.53 (d, J = 8.4 Hz, Zﬁ), 4.75-

4.60 (m, 1H), 3.90-3.75 (m, 1H), 3.25-3.10 (m, 1H), 3.00-2.80 (m, 3H), 1.95-1.80 (m, 1H),

1.80-1.65 (m, 2H), 1.65-1.60 (m, 2H), 1.40-1.15 (m, 2H); *C NMR (400 MHz, CD;0D) §

- 171.89, 147.44, 139.93, 136.82, 134.84, 134.71, 134.39, 129.43, 128.81, 128.64, 128.48,
' 127.81, 126.55, 122.81, 119.50, 118.47, 112.71, 38.53, 35.50, 34.61; MS (ESI) m/z 450

[028H2§N50 +HJ".
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Example 125: 4- (6 (4-(4-(pyridin-4-yl)piperazine- 1-carbo J)Dhenvl)lmldazo[l 2- a]nmdm—

3-y)benzonitrile

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100 mg, ..
0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl

..morpholine (129 pL, 1.18 mmol)-and 1-(4-pyridinyl)-piperazine (58 mg, 0.441 mmol). The .

reaction mixture was stirred at room temperature under inert atmosphere for 18 h then, was
diluted with water (15 mL) and extracted with EtOAc(3 ><30 mL). The combmed orgamc .
layer was dried over Na,SO, and was concentrated under reduced pressure. The resuiue was

punﬁed by column chromatography (s1hca gel eluent CHClsfMeOH 92:8) to afford 4-(6- (4~

- (4-(pyridin-4-yl)piperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (34

mg, 24%, AUC HPLC 96%) s a white solid. 'H NMR (400 MHz, DMSO-dq) 6 8.77 (s, 1H),
8.17(d, /= 7.2 Hz, 2H), 7.96-7.90 (m, 4H), 7.90 (s, 1H), 7.83 (d, J = 8.0 Hz, 2H), 7.79 (s,
2H), 7.63 (d, J = 8.0 Hz, 2H), 7.08 (d, J= 7.2 Hz, 2H) 3.95-3.68 (m, 8H); 1*C NMR (400

MHz, DMSO-d): § 168.98, 156.53, 145.76, 140.38, 138.13, 135.11, 134.76, 133.51, 133.19, - -
127.91, 127.79, 127.10, 125.70, 125.55, 124.46, 121.92, 118.81, 117.81, 109.83, 107.56; MS -

(ESI) m/z 485 [C30HaNsO + H].

. Example 126: 4-(6-(4-(4-benzoylpiperazine-1-carbonyl)phenyl)imidazo[1.2-a]pyridin-3-

-yDbenzonitrile

. CN :
To a solution of 4~(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100 mg,
0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
niorpholine (129 pL, 1.18 mmol) and 1-benzoylpiperazine (67 mg, 0.441 mmol). The

reaction mixture was stirred at room temperature under inert atmosphere for 18 h then, was
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diluted with water (15 mL) and extracted with EtOAc (3x30 mL) The combined organic-

41ayer was dried over Na;SOq4 and was concentrated under reduced pressure. The residue was

purified by column chromatography (8111ca gel eluent CHCl3/MeOH 92:8) to afford 4- (6- (4-
(4~benzoy1p1perazme—l -carbonyl)phenyl)imidazo[1,2- a]pyndm 3-yhbenzonitrile (75 mg,
50%, AUC HPLC 99%) as a white solid. "H NMR (400 MHz, DMSO-dg) 6 8.75 (s, 1H),
7.95-7.89 (m, 4H), 7.88 (s, 1H), 7.82-7.55 (m, 4H), 7.59 (d, J = 8.0 Hz, 2H), 7.63-7.43 (m,
5H), 4.00-3.40 (m, 8H); °C NMR (100 MHz, CD;0D): 51 72.90, 172.34, 147.49, 140.29,
136.50, 136.11, 134.87, 134.76, 134.43, 131.43, 129.87, 129.48, 129.22, 128.63, 128.59,

1128.21, 127.85, 126.61, 122.92; 119.55, 118.51,112.76; MS (ESI) m/z 512 [CsoHasNsO+

HI ..

Example 127: 4-(3-(4-cyanophenyl)imidazo[1.2-a]pyridin-6-y1)-N-(4-(4-methvlpiperidin-1-

vl)phenvl)benzamide

' N
O

To a solution of 4-(3-(4-cyanophenyl)imidazo[1 ,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

(90 plL, 0.824 mmol) and 4-(4-methylpiperidin-1-yl)aniline (47 mg, 0.309 mmol). The
reaction mixture was stirred at room temperature under inert atmosphere for 18 h then, was
diluted with water (15 mL) and extracted with EtOAc (3 x30 mL). The combined organic

layer was dried over Na,SO4 and was concentrated under reduced pressure. The residue was

* washed with cold CHCI3/MCOH mixture and the precipitates ob’painéd were further washcd

with cold CH3CN to afford 4—(3-(4—cyanoph‘enyl)imidazo_[1,2—a]pyridin—6-y1)—N-(45(4-
methylpiperidin-1-yphenyl)benzamide (17 mg, 17%, AUC HPLC 96%) as a white solid. 'H
NMR (400 MHz, CD;OD) 6 8.80 (s, 1H), 8.07 (d, J = 8.4 Hz, 2H), 7.98-7.91 (m, 4H), 7.90
(s, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.80 (s, 2H), 7.69 (d, J= 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz,
2H), 3.60-3.45 (m, 2H), 3.13 (bs, 1H), 3.10-2.95 (m, 2H), 2.85 (s, 3H), 2.20-2.05 (m, 2H),
2.03-1.85 (m, 2H); 13C NMR (400 Mz, DMSO-dg): & 164.93, 145.82, 139.73, 139.29,
137.63, 135.20, 134.03, 133.53, 133.21, 128.37, 127.78, 126.95, 126.70, 125.55, 124.51,
122.08, 120.67, 118.82, 117.85, 109.86. 37.72; MS (ESI) m/z 512 [C33HasNsO + H] ™.
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To a solution of 4—(3-(4-cyanophenyl)imidazo{1,La}pyridin—&yl)b?pzoic acid (70 mg, (_).206 _
mmol) in DMF (1.0 mL) were added HATU (117 nig,_ 0.309 mmol), N-mefhyl morpholine
(90 pL, 0.824 mmol) and 4—((4-methy1piperazin-_1-yl)mgthyl)aniline (51 mg, 0.309 mmol).

. The reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then it

was diluted with water (15 mL) and extracted with EtOAc (3%30 mL). .Th'e ‘combine’:d—’ organic
layer was dried over Na,;SO4 and was concentrated under reduced pressure. The residue was

purified by preparative HPLC (C18, eluent ACN, water, formic acid 0.1%) to afford 4-(3-(4-

- cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-N-(4-((4-methylpiperazin-1- -
- yl)methyl)pheﬁyl)b'enzamide (40 mg, 37%, AUC HPLC 99%) as a white solid. "H NMR (400

MHz, CD;OD) 6 8.78 (s, 1H), 8.05 (d, J = 8.4 Hz, 2H), 7.96-7.90 (m; 4H), 7.84 (s, 1H), 7.83'
(d, J = 8.4 Hz, 2H), 7.80-7.76 (m, 2H), 7.68 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), -
3.56 (s, 2H), 2.70-2.40 (m, 8H), 2.36 (s, 3H); “C NMR (100 MHz, CD;0D): 5 168.12,
147.47, 141,62, 139.17, 135.76, 134.82, 134.74, 134.53, 134.40, 131.08, 129.56, 129.44,
128.49, 128.30, 127.79, 126.61, 122.95, 122.18, 119.51, 118.48, 112.72, 63.14, 55.55, 53.15,
45.65: MS (ESI) m/z 527 [C33HzoNgO + H] . ' '

Example 129: 4-((4-(4-(3-(4-cvanophenylimidazo[ 1.2-alpyridin-6-vl)benzoyl)piperazin-1-

vlmethvl)benzamide

AN
N N
' O O . .
CN .

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206
mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine -
(113 puL, 0.824 mmol) and 4-(1-piperazinylmethyl)benzamide dihydrochloride (72 mg, 0.247

mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18
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h, then it was diluted with water (15 mL) and extracted with EtOAc (3x30 mL). The

combined organic layer was dried over Na,SO, and was concentrated under reduced pressure.

The residue was purified by preparative HPLC (C18, eluent ACN, water, formic acid 0. 1%) .
to afford 4- ((4-(4- (3 (4-cyanophenyl)imidazo[1,2-a]pyridin-6- yl)benzoyl)plperazm 1- ‘ |

yDmethyl)benzamide (7 mg, 7%, AUC HPLC 99%) as a white solid. 'H NMR (400 MHz, '
DMSO-ds) 6 8.80 (s, 1H), 8:03-7.97 (m, 5H), 7.95 (bs, 1H), 7.90-7.80 (m SH), 7.96-7.71 (m,

1H), 7.51 (d, J=7.6 Hz, 2H), 7. 43 (bs, ZH), 7. 34 (bs lH), 3 80-3.40 (m, 8H), 2.69 (s, 2H);

MS (ESI) m/z 541 [C33H28N502 + H]

Example 130 4 (6- (4 { 4—methvl-3-oxopmerazme-l carbonvl)phcnvl)xmldazo[ 1,2-a]pyridin-

-3 y_)benzomtnle

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206

. ‘mimol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

(90 uL, 0.824 mmol) and 1-methylpiperazin-2-one (37 mg, 0.247 mmol). The reaction

mixture was stirred at room temperature under inert atmosphere for 18 h, then it was diluted

vﬁth water (15 mL) and extracted with EtOAc (3x30 mL). The combined organic 1ayer was
dried over Na;SO4 and concentrated under reduced pressure. The résidu@ was purified by
column chromatography (silica gel, eluent CHCly/MeOH 96:4) to afford 4-(6-(4-(4-methyl-3-
oxopiperazine-1 -carbonyl)phenyl)imidazo["1 ,2-aJpyridin-3-yl)benzonitrile (64 mg, 57%,

" AUC HPLC 98%) as a white solid. 'H NMR (400 MHz, CD;0D) 6 8.76 (bs, 1H), 7.97-7.89

(m, 4H), 7.88 (s, 1H), 7.84-7.78 (m, 2H), 7.77 (d, J= 1.2 Hz, 2H), 7.64-7.57 (m, 2H), 4.40-
4.10 (m, 2H), 4.10-3.60 (m, 2H), 3.57-3.42 (m, 2H), 3.01 (s, 3H); *C NMR (100 MHz,
CD;OD): § 171.72, 147.44, 140.53, 135.51, 134.81, 134.72, 134.38, 129.42, 129.27, 128.56,

- 128.52,127.79,126.58, 122.93, 119.50, 118.47, 112.70, 34.68; MS (ESI) m/z 436

[C26H3N50,+ H] ™.
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Example 131:4-( 6-(4—(4-phenvlp1perazme-l carbonvl)phenvl)lmldazo[l 2- a]Dvrldln 3=

1 benzomtnl

To a solution of 4-(3-(4- cyanophenyl)1m1dazo[l 2 a]pyndm-G -yhbenzoic a01d (70 mg, 0.206
mmol) in DMF (1. 0 mL) were added HA U

g .7"mg, 0. 309 mmol), N-methyl morphohne :

| (90 uL 0 824 mmol) and 4~phenylp1perazme (38 pL 0. 247 mmol) The reactlon mixture'was - .
' stirred at room temperature under inert a‘cmOSphere for 18 h then, was diluted with water (15
| mL) and extracted with EtOAc (3%30 mL). The combmed orga.mc layer was dried over

- NaySO,4 and was concentrated under reduced pressure. The residue was purified by column

chromatography (silica gel ‘eluent EtOAc) to afford 4-(6-(4-(4-phenylpiperazine-1-
carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (83 mg, 84%, AUC HPLC 98%) as
a white solid. "H NMR (400 MHz, DMSO-dys) 6 8.81 (s, 1H), 8.04-7.98 (m, 5H), 7.88-7.80
(m, 3H), 7.66-7.62 (m, 1H), 7.56 (d, /= 8.0 Hz, 2H), 7.37-7.20 (m, 2H), 6.96 (d, J = 8.0 Hz,
2H), 6.83-6.79 (m, 1H), 3.90-3.45 (m, 4H), 3.30-3.10 (m, 4H); *C NMR (100 MHz, DMSO-
ds): 0 168.66, 150.74, 145.77, 137.86, 135.18, 135.10, 133.52, 133.19, 128.99, 127.79,
127.77,127.09, 125.77, 125.57, 124. 45 121 88, 119 40,118.81, 117 79 115 94, 109.81; MS
(ESI) m/z 484 [C3iHasNsO + H] ’

Example 132: 4-(6-(4-(4-benzylpiperazine-1 -carbonvl)nhenyl)imidaéo[ 1.2-alpvridin-3- .

_yl)benzonitrile

To.a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-alpyridin-6-yljbenzoic acid (70 mg, 0.206

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine
(90 pL, 0.824 mmol) and 4-benzylpiperazine 43 uL 0. 247 mmol). The reaction mixture was
stirred at room temperature under inert atmosphere for 18 h, then it was dﬂuted with water
(15 mL) and extracted with EtOAc (3x30 mL). The combined organic layer was dried over

Na,SO, and was concentrated under reduced pressure. The residue was purified by column
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'chrmﬂatography (silica gel, eluent CHCl3/MeOH 96:4) to afford 4-(6-(4-(4-benzylpiperazine-

1—carbonyl)phenyl)im@dazo[1;Z-a]pyﬁdig-S-yl)benzonitril; (48 mg, 47%, AUC HPLC 97%)
as a white solid. 'H NMR (400 MHz, DMSO-dg) 6 8.79 (bs, 1H), 8.03-7.96 (m, 5H), 7.84-

778 (m, 3H), 7.74-7.69 (m, 1H), 7.49 (d,J=84 Hz, 2H), 7.36-7.28 (m, 4H), 7.28-7.22 (m,

1H), 3.75-3.55 (m, 2H), 3.51 (s, 2H), 3.50-3.33 (m, 2H), 2.49-2.30 (m, 4H); >C NMR (100
MHz, DMSO-dy): 0 168.54, 145.75, 137.77,137.74, 135.28, 135.09, 133.51, 133.18, 128.89,
128.21, 127.76, 127.70, 127.04, 125.75, 125.54, 12443 121.83, 118.81, 117 79, 109.80,

 61.83; MS (ESI) m/z 498 {C32H27N50+ H}

Examxe 133: 4-(6-(4-(4-(4-methv1piperazin-1'-y1)pipeﬁdine-z'-cafbonynphenzmmidazén.2-~ -
alpyridin-3-yDbenzonitrile |

To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (70 m}g‘, 0.206 .. . .

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

. (90 uL, 0.824 mmol) and 1-methyl-4-(piperidin—4~y1)piperazine (45 mg, 0.247 mmol). The
, reactlon mixture was stlrred at room temperature under inert atmosphere for 18 h then, was
- dlluted with water (15 mL) and extracted with EtOAc (3><30 mL). Thc combined organic
layer was dried over Na,SO4 and was concentrated under reduced pressure. The residue was
 purified by preparative HPLC (C18, eluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-
- 20
o “yl)benzomtmle (23 mg, 2%, AUC HPLC 99%) as a white solid. 'H NMR (400 MHz

(4-(4-methylpiperazin-1- yl)p1per1dme—1 carbonyl)phenyl)lmldazo[l 2- a]pyndm 3-

CD;0D) 6 8.76 (br s, 1H), 7.97-7.90 (m, 4H), 7.89 (5, 1H), 7.81-7.76 (m, 4H), 7.54 (d, T =
8.4 Hz, 2H), 4.75-4.60 (m, 1H), 3.90-3.75 (m, 1H), 3.25-3.10 (m, 1H), 3.00-2.85 (m, 1H),
2.80-2.55 (m, 9H), 2.40 (s, 3H), 2.10-1.95 (m, 1H), 1.95-1.80 (m, 1H), 1.65-1.40 (m, 2H);

13C NMR(100.MHz, CD;0D): 6 171.87, 140.01, 136.75. 134.89, 134.75, 134.44, 129.48, -

128.89, 128.71, 128.53, 127.89, 122.89, 119. 56 118.51, 112.75, 62.65, 55.83, 45.55; MS -
(ESI) m/z 505 [C31H32N60+ H]
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idin-3-

4-morpholinopiperidine-1-carbonyl)phenyl)imidazo(1.2-a

" To a solution of 4- (3 (4 eyanophenyl)lmldazo[l 2 -a)y yndm 6- yl)benzmc acid (0.2 g, O 58 e
mmol) in DMF ( 5 mL) were added HATU (0. 33 g, 0. 88 mmol), N—methyl morpholine (O 18 o

g, 1.76 mmol) and 4- (p1per1dm—4 yl)morphohne (108.4 mg, 0.70 mmol). The reaction

mixture was- stlrred at 0 °C to room temperature under inert atmosphere for 16 h, then it was "

diluted with water (15 mL) and extracted with EtOAc (3%25 mL). The combined organic

layer was dried over Na;SO4 and was concentrated under reduced pressure. The crude residue

- was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) and followed

by preparatwe HPLC (Cl 8, ACN/H,0/ 10 mM NH4HCO;) to afford 4-(6-(4-(4-

morphohnoplpendme—l-earbonyl)phenyl)lmxdazo{l 2-alpyridin-3-yl)benzonitrile (140 mg,

50%, AUC HPLC 98.7%) as a white solid; m.p. 131-141°C. '"H NMR (400 MHz, CDCls) §

- (ppm): 8.6 (s, 1H), 8.05-7.91 (m, 5H), 7.80 (m, 2H), 7.48 (m, 1H), 4.45 (bs, 1H), 3.65-3.56
(m, 5H), 3.01-2.82 (m, 2H), 2.46-2.39 (m, 5H) ,1.85-1.75 (m, 2H), 1.38 (bs, 2H); MS (ESI)
m/z 492.‘23 [C30HoN50, + HJ".

Example 135: 4-(6-(4- _(4—methvl 4-(5-methyl-1. 3 A4-oxadiazol- 2 vl‘)mpendlne—l- ,

- carbonyl)phenyl)imidazo[1.2-alpyridin-3-vl)benzonitrile

Z =N
N7

% )
N7 O ,

N={

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (150 mg, 0.44

‘mmol) and 2-methy1—5-(4-methy1piperidin-4—yl)—1 ,3,4-oxadiazole B (105 mg, 0.48 mmol) in
DMF( 5 mL) was added HATU (250 mg, 0.66 mmol) followed by NMM (0.09 mL, 0.88
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mmol) and the reaction mixture was stirred at rt for 16 h. The reaction mixture was diluted - -

with EtOAc and washed with water and brine solution. The organié layer was dried over

~ anhydrous Na;SO, and concentrated under reduced pressure to obtain 4-(6-(4-(4-methyl-4-(5- -

methyl-1,3,4-oxadiazol-2-yl)piperidine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-
yl)benzonitrile (60 mg, 27%, AUC HPLC 95.3%) as a white solid, m.p : 150-160 °C.'H |
NMR (400 MHz, CDCL) & (ppm): 8.80 (s, 1H), 8.03-7.98 (m, 5H),7.82 (d, J = 7.9 Hz, 4H),
7.51 (d, J=8.3 Hz, 2H), 4.08 (bs, 1H), 3.54 (bs, 1H), 3.31 (bs, 2H ), 2.48 (s, 3H), 2.07 (bs,

2H), 1.70 (bs, 2H), 1.35 (s, 3H); MS (ESI) m/z 503.34 [C30H26Ns0; + HI™:

Example 136 4-(6-(4-(4-methyl-4-(1H-pyrazol-3-yl)piperidine-1:

catbonyl)phenvl)imidazo[1.2-a]pyridin-3-ybenzonitrile = -

CN
N

HN,_

To a solution of 4-(3-(4-cyanophenyl)imidazo[1 ,2-a]pyridin—6-y1)benzoic acid (150 mg,
0.442 mmol) in DMF (5.0 mL) were added HATU (251 mg, 0.663 mmol), N-methyl
morpholine (0.17 mL, 1.547 mmol) and tert-butyl 4-methyl-4-(1H-pyrazol-3-yl)piperidine
hydrochloride (126 mg, 0.53 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 16 h, then was diluted witthZQ (15 mL) and extracted with

" BtOAc (3x25 mL). The combined organic layer was dried over Na,SO, and was concentrated

under reduced pressure. The 'crude product was puriﬁed. by column chromatography (silica

gel, eluent CH,Cl,MeOH 95:5) to afford 4-(6-(4-(4—methy1-4—(1H—pyrazol»3-yl)pipeﬁdine-1- .
carbonyl)phenyl)imidazo[l,Z—a]pyridin-S-yl)benzonitrile (80 mg, 38%, AUC HPLC 97.2%)

as an white solid; mp. 223-226 °C. 'H NMR (400 MHz, CDCly) 6 (ppm): 8.50 (s, 1H), 7.83-
7.73 (m, 6H), 7.57-7 50 (m, 6H), 6.18 (s, 1H), 4.21 (s, 1H), 3.58 (s, 1H), 3.38 (s, 2H), 2.22-
2.16 (m, 2H), 1.85-1.77 (m, 2H), 1.32 (s, 3H); MS (ESI) m/z 487.5 [C3oHeNsO+H]". -
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Example 137: 4-(6-(4 (4 amino- 4—methvlmpend1ne-1-carbonvl)phenvl) 7-

, methylimidazo[1,2- a}pmdm% yl)benzonitrile

N NH,

\ 9 —< >~a AN 0 OH
Aarh. ot I,\Q NeOAc lp ﬁ”\g on I /? - ,519@?°H v

N

| D@ NH F v ’
SN LiOH, AN BocHN = TFA, DCM
: LN THEMeOH o 1 : ,
o OH

NHBo:: h NH2

' _Step 1 A solut10n of S-bromo 4- methylpyrldm—Z amine (8 g, 42 78 mmol) and

chloroacetaldehyde (approx 50 %wt) solution in water (27.52 ml, 214 mmol) in ethanol (50

_ ml) was heated at 100 °C under N, for 16 h. The solvent was removed and the res1due was

dlssolved in EtOAc (100 ml). The organic layer was washed with sat. NaHCO3 (2x50 ml),

~ water (2x50 ml), bnn§ (2x100 ml), dried over Nay_SQ4 and the solvent was removed

completely under vacuum to afford 6—bromo-7—methylimidazo [1,2-a]pyridine (8.5 g, 94 %)
as a brown solid. 'H NMR (400 MHz, DMSO-de) 6 8.93 (s, 1H), 7.85 (s, lH), 7.57 (d J- ‘
7.56 Hz, 2H), 2.38 (s 3H); LC-MS (95%) m/z 211 [CgH';BI‘Nz + H]

Step 2: To a solution of 6-bromo-7-methylimidazo(1,2-a)pyridine (9 g, 43.0 mmol) and

anhydrous sodium acetate (9.52 g, 116.1 mmol) in MeOH (100 mL) at 0 °C was added iodine e

(12.0 g, 47.3 mmol). The reaction mixture was stirred at rt for 20 h. The precipitate was
collected by filtration and washed with MeOH to afford 6-bromo-3-iodo-7-
methylimidazo[ 1,2-a]pyridine (6 g, 41%) as a light grey solid. '"H NMR (400 MHz, CDCly) 5

© 8.30 (s, 1H), 7.64 (s, 1H) 7.49 (s; 1H) 2.50 (s, 3H); MS (ESI) m/z 336.7 [M+H]".

Step 3: To mixture of 6-bromo-3-iodo-7-methylimidazo[1,2-a]pyridine (5 g,14.9 mrﬁol), 4-
cyanophenylboronic acid (2.41g, 16.4 mmol) aﬁd K3POy4 (6.32 g, 29.8 mmol) in 1,4-dioxane
(200 mL) and water (50 mL) was added Pd(PPhs)4 (860 mg, 0.74 mmol). The reaction
mixture was heated a;t 90 °C for 1 h. The reaction mixture was diluted with water and |
extracted with EtOAé (2:{1 00 ml) and washed with water (2x50 ml) and brine solution (2x50
ml). The organic layer was dried over anhydrous Na;SOy4 and concentrated under reduced-
pressure to obtain the crude product. The crude product was purified by column
chromatography 4(silicav gel, eluent CHCl3;/MeOH 95:5) to give 4~(6-bromo-7-
methylimidazo[1,2-a]pyridin-3-yl)benzonitrile (2.72 g, 59%). "H NMR (400 MHz, CDCly) é
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8.52 (s, 1H), 7.83 (d, J = 7.82 Hz, 2H),7.74 (s, 1H), 7.68 (4, J 7.6 He, 2H), 249 (s 3H);

MS (ESI)m/zSIZ M+H]"

' Step 4 To a mixture of 4-(6-bromo 7- methyhmldazo[l 2- a]pyndm 3-y1)benzomtnle 27¢g 'v :

8.68 mmol), 4-(ethoxycarbonyl) phenylboronic acid (1.85 g, 9.54 mmol), KsPO4 (3.68 g, e
17.36 mmol) in 1,4-dioxane (200 mL) and water (50 mL), was added Pd(PPhs)s (501 mg, - -
0.43 mmol). The reaction mixture was heated at 90 °C for 1 h and was diluted with water,

extracted with EtOAc (2x100 ml) and washed with water (2x50 ml) and brine solution (2 x

. ‘50 ml) The organic layer was dried over anhydrous Na;SO4 and concentrated under reduced
10 e
- CHCl3/MeOH 95:5) to 1.6 g (50 %) of ethyl 4-(3-(4-cyanophenyl)-7-methylimidazo[1,2- -

pressure The residue was purified by column chromatography (sxhca gel eluent

a]pyridin-6_—y1)benzoate.1.H NMR (400 MHz, CD;0D) 6 9.21 (s, 1H), 8.95 (s, 1H), 8.21 (s,
1H), 8.17-8.12 (m, 5H), 8.08 (s, 1H), 7.91 (d, /= 8.0 Hz, 1H), 7.82 (t, /= 8.4 Hz, 1H), 4.03 o
q,J=72 Hz,‘ZH), 2.39 (s, 3H) 2.1-2.23 (t, J = 7.2 Hz, 3H); MS (EST) m/z 353 [M + H]_+.

Step 5: To a solution of 4-(3-(4-cyanophenyl)-7 -methylimidazo[l,2-a]pyri_din—6—yl)benzoate
(1.6 g, 3.26 mmol) in THF (20 mL) was added LiOH (0.411 g, 9.79 mmol) in water (15 mL)

and MeOH ( 15 ml) at rt and stirred for 16 h. TLC mdmated absence of SM and formation of a |

polar spot The reactlon mixture was concentrated under reduced pressurc to afford 4- (3 (4-
cyanophenyl)-7-methylimidazo[1,2-ajpyridin-6-yl)benzoic acid (900 mg, 64%) as an off
white solid which was used in the next step with out puﬁﬁcaﬁoh "H NMR (400 MHZ
CD;0D) 6 9.21 (s, 1H), 8.95 (s, 1H), 8.21 (s, 1H), 8.17-8.12 (m 5H), 8.08 (s, IH) 791(d,J
= 8.0 Hz, 1H), 7.82 (t, /= 8.4 Hz, 1H), 4.03 (g, /= 72Hz,2H),239(s 3H)2 1-2.23 (t J—»_

- 7.2 Hz, 3H); MS (ESI) m/z 353 [M+H]T".

Step 6: To a solution of 4-(3 -(4-cyaﬁopheny1)-7~methylimidazo[1,2-a]pyridin-6—yl)benzoic
acid (250 mg, 0.7 mmol) in DMF (15.0 mL) were added HATU (400 mg, 1.05 mmol), N-
methyl morpholine (0.155 mL, 1.4 mmol) and fert-butyl 4-methylpiperidin-4-ylcarbamate

. (165 mg, 0.77 mmol). The reaction mixture was stirred at room temperature under inert

atmosphere for 16 h then, was diluted with water (25 mL) and extracted with EtOAc (3x25
mL). The combined organic layer was dried over Na2804 and was concentrated under
reduced pressure. The crude product was purified by column chromatography (silipa gel,
eluent CH,ClyMeOH 95:5) to afford ters-butyl 1-(4-(3-_(4-cyan0phex.1'yll)-7~ B
methylimidazo[l,2-a]pyridin-6-y1)benzbyl)-4-methylpiperidin-4-ylcarbamate (300 mg, 77%,
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LC-MS 92%) as an off-white solid. 'H NMR (400 MHz, DMSO- d(,) 6 (ppm): 8.41 (s, 1 H)
7.95-7.94 (m, 5H),767(s,1H),’754(d J= 120Hz 2H),744(d J= 120Hz 2H) 379
(bs, 2 H), 3.45 (bs 3H) 229(s,3H) 1.58-1.24 (m, 6H) 109(s 9 H); MS(ESI)m/leO
[M+ H]

Step 7: To a solution of fert-butyl 1:(4-(3-(4-cyanophenyl)-7-methylimidazo[1,2-a]pyridin-6-

' yl)benzoyI)—4-rﬁethylpiperidin-4-ylcarbamate (300 mg, 0.546 mmol) in dichloromethane (10
. mL) was added TFA (3 mL) in dichloromethane (5 mL). ‘The reaction mixture was stirred for '
4h atrt. The reaction mixture was diluted with water (100 mL)-and NaHCO; (100 mL) and-

extracted with CH2C12 (2x50'mL). The combined orgamc layer was concentrated to dryness
under reduced pressure to afford 4-(6-(4~(4-am1no—4-methylp1per1dme~1»carbonyl)phenyl)-7~ -

 methylimidazo[1,2-a]pyridin-3-yl)benzonitrile (IQVQVmg,, 46%, AUC HPLC 95.5%) as an off-

white solid; m.p. 124-132 °C. "H NMR (400 MHz, DMSO-dg) J (ppm): 8.41 (s, 1 H), 7.95- _
7.94 (m, 5 H), 7.67 (s, 1 H), 7.54 (d, /= 12.0 Hz, 2 H), 7.44 (d, J = 12.0 Hz, 2 H), 3.79 (bs, 2
H), 3.45 (bs, 3 H), 2.29 (s, 3 H), 1.58-1.24 (m, 6 H), 1.09 (s, 3 H); MS (ESI)m/z450 31
[CasHNsO + HI.

Examnle 138 4-( 7-methvl 6- (4-(4-methvlmperazme—1-carbonvl)phenyl)lmldazo{ 1.2-

'a]pyndnb —yl)benzonltnle

To a solution of 4-(3-(4-cyanophenyl)-7-methylimidazo[1,2-a]pyridin-6-yl)benzoic acid (200 . |
mg, 0.566 mmol) in DMF (10.0 mL) were added HATU (322 mg, 0.849 mmol), N-methyl -
morpholine (0.158 mL, 1.132 mmol) and I-methylpipgsrazin (0.068-mL, 0.623 mmol). The
reaction mixture was stirred at room temperature under inert atmospheré for 16 h, then it was
diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic '
layer was dried over Na,SO, and was concentrated under reduced pressure. The crude residhé .
was puriﬁéd by column chromatography v(silica gel, eluent CH,Cl, MeOH 95:5) and followed
b‘y preparative HPLC to afford 4n(7-methyl-6-(4;(4-methylpiperazine-1 - .
carbonyl)pheﬁyl)imidazo[1,2—a]p_yridin-3-yl)benzonitrile (100 mg, 50%, AUC HPLC 97,6%)
as an off-white solid; m.p. 162-164 °C. 'H NMR (400 MHz, CD;OD) 6 (ppm): 8.47 (s, 1 H),
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- 7.85-7.81 (m, 5 H), 7.57-7.53 (m, 5 H), 383(bs ZH) 3.53 (bs, 2H) 2.54-2.34.(bm, 4H), )
234 (s,3 H), 233 (5, 3 H); MS (ESD m/z 436.27 [C7_7H25N50+H} ‘

Example 139: 4-(6-( 2—fnethv1'-4-( 4-methylpiperazine-1 —parbonvl)bhenvl)imi(}gzpf 12- .

- a Ipyridin-3-yl )benzonitﬁle

Step 1: Toa solution of 2-methyl-4-bromobenzoic abid (2 g, 9.30 mmol) in DMF (6 mL) was
added NMM (1.87g, 18.604 mmol) followed by addition of HATU (5.3 g,.13.95 mmol) atrt .-

and stirred for 30 mm 1~methy1p1perazme (13%9g, 13 95 mmol) was added and stirred at rt
for 16 h. The reactlon mixture was diluted with EtOAc and Washed with water and bnne “
solution. The organic layer was dried over anhydrous Na,SO, and concentrated under

reduced pressure to obtain (4-bromo-2-métﬁylypilényl) (4-methj}1piperazin— 1 —yl)me_thano'ne‘

(1:9 g, 70%, AUC-LC-MS 98%) as 2 brown solid.

‘Step 2: A mixture of (4-bromo-2-methylphenyl)(4-methylpiperazin-1-yl)methanone (1.9 g,
6.39 mmol), Bis(pinacolato)diboron (1.74 g, 6.84 mmol), KOAc (41.88 g, 19.19 mmol) in

1,4-dioxane (30 mL) was degassed with argon for 30 min. PdCldppf (140.5 mg, 0.19 mmol)
and dppf (106.4 mg, 0.19.mmol) were added and again degassed with argon for 30 min and

the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with

EtOAc;' and washed with water, the organic layer was dried over anhydrous Na,S0, and

. concentrated under reduced pressure to afford the crude (2-methyl-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)phenyl)(4-methylpiperazin-1-yl)methanone (~1.3 g) as a brown
liquid which was used in next step without further purification. MS (ESI) m/z 345.

Step 3: To a mixture of 4-(6-bromoimidazo[ 1,2-a]pyridin-3-yl)benzonitrile (3.95 g,13.33
mmol), (2-methyl-4-(4,4,5,5—tetramethyl‘1,3,2-dioxaborolan-fl—yl)phenyl)(4—methylpiperazin- '
1-yDmethanone (1.3 g, 3.78 mmol), K5PO4 (1.6 g, 7.56 mmol) in bl,4-dioxane (30 mL) and
water (6mL) was added Pd(PPhs)4 (218 mg, 0.188 mmol). The reaction mixture was heated at
90 °C for 1 h and was diluted with water and extracted with EtOAc and washed with water

and brine solution. The organic layer was dried over anhydrous Na;SO,4 and concentrated
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under reduced pressure to obtain the crude product. The crude product was purified by -

. »column chromatography followed by preparatlve HPLC to afford 4-(6- (2-methyl-4- (4— -
methylplperazme-l—carbonyl)phenyl)lmldazo[l 2-a}pyr1dm—3 yl)benzomtnle (45 mg, AUC

HPLC >99%); White solid; m.p. 169-173 °C. 'H NMR (400 MHz, CDCl;) & (ppm): 8.46 (s, 1
H), 7.85-7.80 (m, 3 H), 7.77-7.72 (m, 2 H), 7.52-7.48 (m, 1 H), 7.39-7.37 (m, 2 H), 7.28 (s, |

 H),3.86 (bs, 2 H), 3.31 (bs, 2 H), 2.51 (b, 2H),239 (s, 3 H), 2.33 (s, 5-H); MS (ESI) mlz

436 [Co7HasNsO + H}

Exémple 140: 4—( 6-(2-fluoro-4-( 4-meth?lpiperazine-i -carbonyl)nhenvl)imidazo{ 1.2-~

aJpyridin-3-yl)benzonitrile - -

' St'ep" 1: To a solution of 2-fluoro-4-bromobenzoic acid (1 g, 4.56 mmol) in DMF (3 mL) was

added NMM (922 mg, 9.13 mmol) followed by addition of HATU (2.6 g, 6.85 mmol) at rt

- and stirred for 30 min. 1-Methylpiperazine (684 mg, 6.85 mmol) was added and stirred at rt’
vfm; 16 h. The reaction mixture was diluted with EtOAc and washed with water and brine

- solution. The organic layer was dried over anhydrous Na;SO4 and concentrated under

reduced pressure to obtain (4-bromo-2-fluoroyphenyl)(4-methylpiperazin-1-yl)methanone
(1.6 g, 100%, LC-MS 87%) as a brown solid. MS (ESI) m/z 302.

5.31 mmol), Bis(pinacolato)diboron (1.45 g, 5.68 mmol), KOAc (1.56 g, 15.95 mmol) in 1,4-
dioxane (30 mL) was degassed with argon for 30 min, PdCl,dppf (116 mg, 0.159 mmol) and
dppf (88.4mg, 0.159 mmol) were added and again degassed with argon for 30 min and the
reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc
and ‘Washed with water, the organic layer was dn'_ed over anh‘ydrous N2,80,4 and concentrated
under reduced pressure to afford 2—ﬂuoro—4—(4—methylpipérazine~1-carbon.yl)phenylboronic

acid (900 mg, LC-MS 55%) as a brown liquid which was used in next step without

: puriﬁcat_ion.
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Step 3: To a solution of 4-(6-bromoimidazo[1,2-aJpyridin-3-yl)benzonitrile (400 mg,1.342 .

mmol), 2-ﬁuoro—4-(4-methy1piperazinej1-carbony_l)phenylboronic acid (900 mg, 3.30 mmol),

K3PO4 (711 mg, 3.35 mmol) in a mixture of 1,4—diqxane (12 mL) and water (3 mL) was
addgd Pd(PPhs)s (77.5 mg, 0.067 mmol). The reacﬁoh mixture was heated at 90 °C for 1 h,
wés diluted with water, extracted wit_h EtOAc and the organic phase Was washed with water .
and brine solution, dried over anhydrous NaySQOy, filtered and concentrated under reduced.

The residue was purified by prepafative HPLC to gi{/e 4—(6-(2~methy1-4-(4—mcthy1piperazine—

) 1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (35 mg, AUC HPLC 99.56%);

m:p. 170-174 °C. 'H NMR (400 MHz, CD;OD) 6 (ppm): 8.77 (s, 1 H); 7.91 (m, 5 H); 7.79-
7.66 (m, 3 H), 7.38-7.36 (m, 2 H), 3.80 (bs, 2 H), 3.54 (bs, 2 H), 2.61 (bs, 4 H), 2.40 (s, 3 H);

- MS (ESI)m/z 440.40 [CosHooFNsO + H]™. - -

" Example 141: 4-(6-(3-chloro-4-(4-meihylpiperazine-1-carbonyl)phenyliimidazo[1.2- -

ajpuidin—?:;yl)henzonitrile

Step 1: To a mixture of 4f(6-brom-oimidazo[1,2—a]pyridin—3,-.,yl)bcnzoni{n'le (436 mg,1.46

‘mmol), 3-chloro-4-(ethoxycarbonyl)phenylboronic acid (500 mg,1.61 mmol), KsPOq (775

mg, 3.65 mmol) in 1,4-dioxane (14 mL) and water (3.5 mL), was added Pd(PPh;)4 (85 mg,
0.0736 mmol). The reaction mixture was heated at 90 °C for 1 h, then was diluted with water
énd ektracted'with EtOAc; The organic layerand washed in turn with watér and brine then
was dried over anhydrous Na,SO4 and cqncentfated under reduced pressure to obtain ethyl 2-
chloro—4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin~6-}yl)benzoate (1 “g, 90%). The product

was used in the next step without further purification.

Step 2: To a solution of ethyl 2-chloro-4-(3-(4-cyanophenyl)imidazo[1,2-ajpyridin-6-
yl)benzoate (1 g, 2.49 mmol) in THF (10 mL) and MeOH (10 mL) was added LiOH (261 mg,
6.23 mmol) in water (4 mL). The reaction mixture was stirred for 16 h at rt and was

concentrated under reduced pressure then diluted with water and acidified with potassium

_bisulphate. The aqueous layer was extracted witﬁ EtOAc, which was dried and concentrated
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. under reduced pressure to give 30() mg (38%) of 2-chloro-4-(3-(4- cyanophenyl)lmldazo[l 2-
_ a]pyndm-6 yl)benzmc acid (LC -MS 68%) asa yellow sohd '

' Step 3: To a solution ofzfchlo_rO*4-(3-(459yan6phe;ny1)imidazo{1,27a]pyridin-6-yl)benzbi<§

acid (300 mg, 0.80 mmol) in DMF (2 mL) was added NMM (162 mg, 1.60 mmol) followed
by addition of HATU (458 mg, 1.20 mmol) at rt and stirred for 30 min. 1 Methylp1peraz1ne
(120 mg, 1.21 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted
with water and filtered to obtain a solid which was further purified by preparative HPLC to

) afford 4- (6 (3-chloro-4- (4~methy1p1perazme-1 carbonyl)phenyl)lmldazo[l 2-alpyridin-3-
: yl)bcnzommle (60 mg, 24%) as an off white sohd, m.p. 143-157.°C. '"H NMR (400 MHz,- .- -
CDCl3) 6 (ppm): 8.46 (s, 1 H), 7.85-7.79 (m 4 H), 7.73-7.71 (m, 2 H), 7.56 (s 1 H), 7.49-
- 7.38 (m, 3 H), 3.88-3.83 (m, 2°'H), 3 34 (bs 2 H),2.51-2.41 (m 4H), 2.33 (s, 3 H); MS (ESI) ‘
m/z 456.32 [C25H22C1N50+ H] N T N

. . ;I:" oM AN
0 /g
, NG < > BIOH N LsOH
J@/N - OEt ] ;;Crg/ gblﬂsp ﬁD/C/\e {OH), }D/O/
——prte s siifhme.
R N\} 0
Br

OEt

ot

—Z ZI

CJ Y\@G;

~ Step 1: To a solution of 4-(eﬁhoxycarbonyl)-3~ﬂuorophenylboronic acid ( 1.29 g, 6.091

mmol), KsPOy4 (3.22 g, 15.22 mmol) in 1,4-dioxane (20 mL), and water (3 mL) was added 6-
bromoimidazo[1,2-a]pyridine (1 g, 5.07 mmol) and degassed with argon for 30 min. (A-
Phos),PdCl, (293 mg, 0.25 mmol) was added and again degassed with argon for 30 min and
the reaction mixfurc was heated at 90 °C for overnight. The reaction mixture was Washed
with water. The organic layer was concentrated and the crude product was purified by |
column chromatography (silica gel, eluent CHCl3/MeOH 96.5: 3.5) to afford 2-fluoro-4-
(imidazo[1,2-a]pyridin-6-yl)benzoate (1.16 g, 81%, AUC LC-MS 84%). 'H NMR (300 MHz,
DMSO-ds) ppm 6 9.1 (s, 1 H), 7.9 (m, 2 H), 7.6 (m, 5 H), 4.3 (4, /=69 Hz,2 H); 1.3 (t, /=
6.9 Hz, 3 H); MS (ESI) m/z 285 (M+1).
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Step 2: To a solution of 2-fluoro-4-(imidazo[1,2-a]pyridin-6-yl)benzoate (1.16 g, 4.10 mmol)
in DMF (20 mL) and added to NIS (1.10 g, 4.92 mmol). The reaction mixture stirred for 3 h
at 100 °C. Water was added to the reaction mixture to induce precipitation of the product
which was filtered and dried under reduced pressure to give ethyl 2-fluoro-4-(3-
iodoimidazo[1,2-a]pyridin-6-yl)benzoate (1.2 g, 75%, AUC LC-MS 92.5%). "H NMR (300
MHz, DMSO-dq) 5 8.5 (s, 1 H), 7.8 (m, 6 H), 4.3 (q, /= 6.9 Hz, 2 H), 1.3 (t, /= 6.9 Hz, 3 H);
MS (ESI) m/z 410 (M+1).

Step 3: A solution of ethyl 2-fluoro-4-(3-iodoimidazo[1,2-a]pyridin-6-yl)benzoate ( 900 mg,
2.23 mmol) and 4-cyanophenylboronic acid (394 mg, 2.68 mmol), KsPO4 (949 mg, 4.47
mmol) in 1,4-dioxane (10 mL), and water (1 mL) was degassed with argon for 30 min. (A-
Phos),PdCl, (129 mg, 0.111 mmol) was added and again degassed with argon for 30 min and
the reaction mixture was heated at 90 °C for overnight. TLC indicated absence of SM. The
reaction mixture was washed with water. The organic layer was concentrated and purified by
column chromatography (silica gel, eluent CHCl3/MeOH 96.5:3.5) to afford ethyl4-(3-(4-
cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)-2-fluorobenzoate (600 mg, 71%). 'H NMR (300
MHz, DMSO-ds) ppm 6 8.9 (s, 1 H), 7.8 (m, 6 H), 4.3 (q,J= 6.9 Hz, 2 H), 1.3 (t, /= 6.9 Hz,
3 H); MS (ESI) m/z 386 (M+1).

Step 4: To a solution of ethyl 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)-2-
fluorobenzoate (600 mg , 1.55 mmol) dissolved in THF (5 mL), water (5 mL), EtOH (5 mL)
was added LiOH (130 mg, 3.11 mmol). The reaction mixture was stirred for 1 h. After
completion of the reaction as indicated by TLC, the reaction mixture was added to citric acid
and washed with water and extracted with EtOAc. The organic layer was washed with water
and brine, dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure.
The crude compound was purified by recrystallization to afford 4-(3-(4-
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-2-fluorobenzoic acid (450 mg, 81%, AUC LC-MS
83.2%). "H NMR (300 MHz, DMSO-ds) ppm 6 8.07 (s, 1 H), 7.6 (d, J = 8.0 Hz, 2 H), 7.5 (m,
2H), 7.4 (m, 4H),7.3 (d,J=11.2 Hz, 2 H); MS (ESI) m/z 358 (M-+1).

Step 5: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-aJpyridin-6-yl)-2-fluorobenzoic
acid (450 mg, 1.26 mmol) in DMF (5 mL) was added NMM (0.28 mL, 2.52 mmol) followed
by addition of HATU (957 mg, 2.52 mmol) at rt and stirred for 20 min. 1-Methylpiperazine
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(0.138 mL, 1.38 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted

with EtOAc and washed with water and brine solution. The organic layer was dried over

~ anhydrous Na,SO; and concentrated under reduced pressure to obtain 4-(6-(3 -fluoro-4-(4-
~ methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-a}pyridin-3-yl)benzonitrile (150 mg, |
- 27.1%, AUC HPLC 97.4%) as an off white solid; m.p. 176-185 °C.'H NMR (400 MHz,

DMSO-ds) 6 (ppm): 8.86 (s, 1 H), 8.01 (m; 5 H), 7.84-7.67 (m, 4 H), 7.49.(t, /= 8.0 Hz, 1 H),
3.65 (bs, 2 H), 3.26 (bs, 4 H), 2.37 (bs 2H),227 (bs,4H),220(s 3 H), MS (ESI)m/z440 |
[C26H22FN50 -+ H]

Exafnp'le 143: 4-(6-( 2—hydrox§z—4-( 4~méthvlninerazinerl—carbonvl)phcnvlﬁmidazo[ 1.2- - .

-alpyridin-3-v)benzonitrile -

- Step 1: To a mixture of 4«(6-bromoimidaio[1 ,2-aJpyridin-3-yl)benzonitrile (3.95 g,13.33
mmol), (2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)(4-

methylpiperazin-1-yl)methanone (4.9 g, 13.61 mmol), KsPO4 (5.8 g, 27.22 mmol) in 1 4-
dloxane (80 mL) and water (20 mL) was added Pd(PPhs)4 (785 9 mg, 0.68 mmol). The

. reactlon mixture was heated at 90 °C for 1 h. The reaction mixture was diluted with water and

extracted with EtOAc and washed with water and brine solution. The organic layer was dried
over anhydrous Na,SO; and concentrated under reduced pressure to obtain crude product

The crude product was purified by column chromatography and by preparative HPLC of 4-

A 6-3 methoxy—4 (4—methylp1perazme—l-carbonyl)phenyl)lmldazo[l 2- -a]pyridin-3-

yl)benzonitrile (54 mg, AUC HPLC 98.1%) as an off-white solid; m.p. 121-134 °C. 1HNMR |
(400 MHz, CDCly) & (ppm): 8.46 (s, 1 H), 7.84-7.71 (m, 4 H), 7.49 (d,J = 15.0 Hz, 1 H),
734 (d,J=10.4Hz, 1 H), 7.13 (d, /= 10.4 Hz, 1 H), 7.01 (s, 1 H), 3.90 (s, 3 H), 3.85 (bs, 2
H), 3.32.(bs, 2 H), 2.61-2.40 (m, 4 H), 2.32 (s, 3 H); MS (ESI) m/z 452 [Ca7HasN5O, + HJ'.

Step 2: A solution of 4-(6-(3-methoxy-4-(4-methylpiperazine-1- o
carbonyl)phenyl)imidazo[1,2- a]pynd1n-3 yl)benzonitrile (600 mg, 1.33 mmol) in CH,Cl, (10.
mL) was cooled to 0 °C followed by the addition of BBr; (738 mg, 2.2 mmol). The reaction

mixture was stirred at rt for 2 h. The reaction mixture was cooled to 0 °C and quenched by
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.- dropwise addition of a saturated aqueous solution of NaHCO; (100 mL) followed by

' extraction with EtOAc (3 x 100 mL). The organic layer was Washed in turn with water and

bri_n¢ then, was dried over anhydrous Na,SQy, filtered and concentrated under reduced

) p_ressﬁre,The crude compound was purified by column chromatography (silica gel, eluent

CHCl;/MeOH 99/1 to 97/3) and by purification by preparative HPLC to afford 4-(6-3-

- hydroxy-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile

(80 mg, 20%, AUC HPLC 98.7%) as an off-white solid; 'H NMR (400 MHz, DMSO-dg) 6

(ppm): 8.69 (s, 1 H), 8.28 (s, 1 H), 8.00 (m, 4 H), 7.82-7.79 (m, 1 H), 7.64-7.61 (m, 1 H),

7.21-7.15 (m, 3 H), 3.39 (bs, 4 H), 2.29 (bs 2 H), 2. 18 (s 3 H), MS (ESI) m/z 438.2
[CogHNsOa+ HIY.

Example 144: 4-(6-( 3-hyd_roxv-4-‘ ( 4-methvlpipcrazine~ 1 -carbonyl)phenvl)imidazg[ 1.2-

aJpyridin-3-yl)benzonitrile ..

CN

Step 1: A mixture of 4-(6—bromoimidazo.[‘1;2-a]pyr.idih:-j-yl)bér{zb‘il‘itﬁle‘(‘2.38 g, 8 mmol), (3-

- methoxy-4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan—z-yl)phenyl)(4-methylpipera.zin»1 -
yl)methanone (2.88 g, 8 mmol), K5PO4 (3.4 g, 2 mmol) in 1,4-dioxane (30 mL) and water (6
'mL) was degassed with argon for 30 min. Pd(PPhs), (462 mg, 0.4 mmol) was added and

again degassed with argon for 30 min and the reaction mixture was heated at 90 °C for 1 h.

.~ The reaction mixture was diluted with water and extracted with EtOAc, washed with water

and brine solution. The organic layer was dried over anhydrous Na;SO4 and concentrated

. under reduced pressure to obtain the crude product. The crude prbduct was purified by

column chromatography to obtain 4-(6-(2-methoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl)lmldazo[l 2-ajpyridin-3 nyl)benzomtnle (1g, 8%, AUC 99. 3%) as an off-
white solid; m.p. 123-178 °C. '"H NMR (400 MHz, CDg,OD) o (ppm) 8.72 (s, 1 H), 7. 92 7 86
(m, 5 H), 7.70-7.52 (m, 3 H), 7.17 (s, 1 H), 7.10 (d, /= 8.0 Hz, 1 H), 3.90 (s, 3 H), 3.81-3.56
(br. m, 4 H), 2.60 (bs, 4 H), 2.41 (s, 3 H); MS (ESI) m/z 452.36 [CZ7H25N502 +H]"

Step 2: A solution of 4-(6-(2-methoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[1,2- a}pyndm 3-yl)benzonitrile (500 mg, 1.1086 mmol) in CH;zClz
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(10 mL) was cooled to 0 °C followed by addition of BBr; (1.72 g, 6.87 mmol). The reaction
mixture was stirred at rt for Zh and heated to 40 °C for 30 min. After completion, the reaction

mixture was cooled to 0 °C and quenched by drop wise addition of a saturated aqueous

" solution of NaHCO3 (100 mL) followed by extractlon with EtOAc (3 x 100 mL). The orgamc :

layer was washed with water and bpnq, dned over anhydrous Na,SOy, filtered and
concentrated under reduced pressure. The crude compound was purified. by column
chromatography (silica gel, eluent CHCly/MeOH 99:1 to 97:3) to afford 4-(6-(2-hydroxy-4-
(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (100 mg,

20%, AUC HPLC 96.8) as an off white solid; m.p. 263-272°C. 'H'NMR (400 MHz; CD,0D) -~

6(ppm) 1020(8 1H), 8.81 (s, 1 H), 8.00-7.93 (m, 5H),776 7.73 (m, 1H),763-760(m 1.
H), 7.53-7.50 (m, 1 H), 6.96-6.89 (m, 2H) 3.70-3.35 (m, 4H),234(bs 4H),221 (s, 3 H);
MS (ESI) m/z 438 [C26H23N502+H] '

Example 145: 4-(6-(4-(4-methylpi erazine-1-carbonyl)-3-

{triflucromethylphenvDimidazo[ 1.2-alpvridin-3-yl)benzonitrile -

Step 1: To a solution of 2-tn'ﬂuoromethyl-4—brom6i§én26ic acid (1 g, 3.74 mmol) in DMF (15

~ mL) was added NMM (755 mg, 7.41 minoi) followed by addition ofiHATU (2.14 g,5.61
~mmol) at rt and stirred for 30 min. 1-Methylpiperazine (411 mg, 7.41 mmol) was added and

stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydréus Na2804 and concentrated
under reduced pressure to obtain crude product. Thé crude product was purified by column
chromatography(silica gel , eluent petrolenm ether/EtOAc 100:0 to 60:40) to afford (4~
bromo—2-(triﬂuoromethyl)phenyl)(4—methylpiperazih-1-yl)methanone (1.2 g,91%) asared
liquid. "H NMR (400 MHz, CDCl) § 7.56 (d, J= 8.1 Hz, 2 H), 7.39 (s,1 H), 3.79 (bs, 2 H),
3.58 (bs, 2 H), 2.45 (bs, 4 H), 2.32 (s, 3 H); MS (ES) m/z 352 [M+H]"

Step 2: To a solution of 4-bromQ—2-(triﬂuoromethyl)phenyl)(4-methylpiperaiin—1 -
yDmethanone (1.2 g, 3.42 mmol), bis(pinacolato)diboron (1.04 g, 4.11 mmol), KOAc (1 g,
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:10.26 mmol) in 1,4-dioxane (20 mL), was added PdCLdppf (75 mg, 0.1 mmol), dppf (56 mg;

0.1 inmpl) and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was
dilutéd with EtOAc and washed with watef, the organic layer was dried over anhydrous
Na,S04 and concentrated under reduced pressure t(_)' affo_rd (4-methylpiperazin-1 -yl)(4- “
(4,4,5,5;tetramethyl-1 ,3}2~;1ioxaboroian-2-yi)52-(triﬂuor_omethyl)phenyl)methandne (600 mg)

as a brown liquid which was used in next step without purification.

Step 3: To a solution of 4-(6-bromoimidazo[1,2-alpyridin-3-yl)benzonitrile (390 mg, 1.3

~“mmol), (4-methylpiperazin-1-y1)(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2- =

(trifluoromethyl)phenyl)methanone (400 mg, 1 mmol), KsPO4 (636 mg, 3 mmol) in 1,4-
dioxane (10 mL) and water (2 mL) was dégassed-with argon for 30 min. PA(PPhs); (34 mg,

10.03 mmo}), was added and again degassed with argon for 30 min and the reaction mlxture

- was, heated at 90 °C for1h. TLC 1ndlcated absence of SM. The reaction mixture was diluted

with water and extracted with EtOAc and washed with water and brine solution. The organic
layer was dried over anhydrous Na,SOy4 and concentrated under reduced pressure. The crude
product was pﬁriﬁed by preparative HPLC to afford 4-(6-(4-(4-methylpiperazine-1-
carbonyl) 3- (tnﬂuoromethyl)phenyl)lmdazo[1 2-a] ynd1n~3 yl)benmmtnle (40 mg, 8%,

'AUC HPLC >99%) as a pale yellow solid; m.p. 126- 131 °C. 'H NMR (400 MHz, CDCl5) 8

(ppm): 8.49 (s, 1 H), 7.86-7.83 (m, 5 H), 7.76-7.72 (m, 3 H), 7.51-7.44 (m, 2 H), 3.89 (bs, 1
H), 3.81 (bs, 1H),3 26 (bs, 2 H), 2.50 (bs 2H),233 (s SH), MS (ESI) m/z 490

[C27H22F 3N5O + H]

- Example 146: 4-(6-(3-amino-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1.2--

a}pwidin-?s-yl)benz_onitrile

Step v1: A solution of (4-broino-2~nitropheny1)(4-methy1_piperazin-1—yi)methanone (750 rﬁg,
2.29 mmol), bis(pinacolato)diboron (623 mg, 2.45 mmol), KOAc (675 mg, 6.87 mmol) in
1,4-dioxane (15 mL) was degassed with argon for 30 min. PdCl,dppf (50 mg, 0.068 mmol),
dppf (38 mg, 0.0687 mmol) was added and again degassed with argon for 30 min and the
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reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc -
and washed with watef, the organic layer was.dried over anhydrous Na,SO, and concentrated

under reduced pressure to afford (4—methy1piperaziﬁ»—1—yl)(2-nitro—4~(4,4,5,5-tetramethyl—

. 1,3,2—dioxaborolan—_2—y1)ph¢qy}‘)1'nethanone‘ (400 mg) of as a brown Hquid which direét—mass_

indicated the desired m/z. The crude product was used in the next step without purification.

Step 2: To a solution of (4#methylpiperazin—l-yl)(Z-nitro-4-(4,4,S,S—tetramethyl-1;3,2-
dioxaborolan-2-yl)phenyl)methanone (400 mg, 1.06 mmol), KsPO; (451 mg, 2.13 mmol) in

- 1,4-dioxane (5 mL) and water ('mL) was degassed with argon for 30 min. (A-Phos),PdCl, -
10 ‘

~mixture was heated at-90 °C-for 1 h. Water was added to the reaction mixture to induce

(61 mg,0.053 fnmol) was added and again degassed with éi'gon for 30 min and the reaction

~~ precipitation which was filtered to give crude ptoduct. The crude product was purified by

column chromatography (silica gel, eluent CHCl3/MeOH 96.5:3.5) to afford 4-(6-(4-(4-
methylpipera;inqr1_—car_bqny1)—3 -nitrophenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (340

mg, 68.5%, LC-MS 89%). '"H NMR (400 MHz, CDCl;): 5 8.5 (s, 1 H), 8.3 (s, 1 H,), 7.8 (s, 4
"H), 7.7 (d,J=8.3 Hz, 2 H), 7.5(&,7=7.9 Hz, 2 H), 3.9 (bs,1 H), 3.7 (bs, 1 H), 3.3 (5, 2 ),
25 (s 2H), 2.3 (s, SH).

‘Step 3: A solution of 4—(6-(4-(4—métﬁy1piperazine— 1_~carbony1)—3-nitrophéﬁyl)imidazo[i »2-

a]pyridin-3-yl)benzonitrile (340 mg, 0.73 mmol) in EtOH (10 mL) was added HCI (1 mL)
and SnCl, (492 mg, 2.18 mmol). The reaction mixture was heated at 90 °C for 2 h. Work-up

- and-purification by column chromat_ography gave 4-(6-(3-amino-4-(4-methylpiperazine-1-

carbdnyl)phehyl)imidazo[l,2~a}pyridin¥3*yi)benzonittile (120 mg, 99.2%, AUC HPLC
>99%) as an off-white solid; m.p. 218-222 °C. 'H NMR (400 MHz, DMSO-ds) & (ppm): 8.67
(s, 1 H), 8.02-7.99 (m, 5 H); 7.80(d, /=8.0Hz, 1 H), 7.61 (d, /= 8.0 Hz, 1 H),7.10(d,J=

- 8.0Hz, 1 H), 7.02 (s, 1 H), 6.93 (4, /= 8.0 Hz, 1 H), 5.32 (s, 2H),347(bs 4H), 231 (bs, 4

H), 2.19 (s, 3 H); MS (ESD m/z 437 [CagHaaNeO + HI'.

Example 147: 4-(6-(3( diethvlamino)—4-( 4-m ethvlpiperazine-1-carbonvlphenvyl)imidazo[1,2- |

aJpyridin-3-vDibenzonitrile
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To a solution of 4-(6-(3-amino-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2- .

alpyridin-3-yl)benzonitrile (200 mg) in methanol (20 mL) were added formaldehyde (6 mL),

and acetic acid ,(2 ij and the reaction mixture was stirred for 2 h at rt. NaCNBH; (4 eq) was
édd,ed at 0 °C and the .rpe;ag:ﬁon \mivxture was stirred at 1t for 6 h. The reaction mixture was

basified with NaHCO; solution and extracted with EtOAc. The organic layer was dn'ed over

" anhydrous Na,SO; and concentrated under reduced pressure. The crude product was punﬁed

by column chromatography to obtain (150 mg, 75%) which further purified by preparatlve

- HPLC to afford 4- (6-(3-(dimethylamino)-4-(4-methylpiperazine-1-
: carbonyl}phenyl)1m1dazo[1 2-alpyridin-3-yl)benzonitrile (90 mg, 45%, AUC HPLC 97.52%)

as an off-white sohd; m.p. 161-166 °C. 'H NMR (400 MHz, CDCls) 6 8.47 (s, 1H ), 7.84-

" 7.74 (m, 6H), 7.51 (d, J= 9.2 Hz, 1H), 7.31 (4, J = 8.0 Hz, 1H), 7.05 (d, /= 7.6 Hz, 1H), 3.85
.. (s, 2H), 3.40-3.27 (m, 2H), 2.87 (s, 6H), 2.51 (bs, 2H), 2.34 (bs, 6H); MS (ESI) m/z 465
 [CogHogNsO+H]"..
15
i Example 148: 4-(6-(3- (dlethvlammo)~4-(4-methvlplperazme- -carbonyl)phenvl)lmldazof 1.2-

a]pyndm—S Vl)benzomtnle

To a solution of 4-(6-(3-amino-4- (4-methy1p1perazme—l—carbonyl)phenyl)lmldazo[1 2~
a]pyridin-3- yl)benzomtnle (200 mg) in methanol (20 ml) were added acetaldehyde (4 mL)
and acetic acid (2 mL) and the reaction mixture was stirred for 2 h at rt. NaCNBH; (4 eq) was

‘added at 0 °C and the reaction mixture was stirred at rt for 6 h. The reaction mixture was

basified with NaHSO, solution and extracted with EtOAc. The organic layer was dried over
anhydrous Na;SO4 and concentrated under reduced pressure to afford the crude product

which was purified by column chromatography to obtain the desired product (90 mg, 90%)
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which was purified further by preparative HPLC to give 4-(6-(3-(diethylamino)-4-(4- - -
methylpiperazineél-carbonyl)phenyl)imidazo[l,2-a]pyridin—3—y1)bénzonitrﬂe (70 mg, 31%, '

~ AUC HPLC 99.15%) as an off-white solid; m.p. 118-122 °C. 'H NMR (400 MHz, CDCl})§
8.48 (s, 1H), 7.83-7.73 (x'ri‘ 6H) 7.50 (d,J=9.2 Hz, 1H), 733 (d, /= 8.0 Hz, 1H), 711 (d,J
- =7.6Hz, 1H), 7.05 (s, 1H), 4.00 (bs, 1H), 3.71 (bs, 1H), 3.39 (bs, 1H), 3. 26-3.15 (m, 5H),

3.58 (bs, 1H), 2.42 (bs, 2H), 2.32 (s, 2H), 2.22 (bs, 2H), 111 (t, /= 6.0 He, 6H) MS (BSD)

m/z 493 [C30H32N60+H]

'Example 149: N-(5+(3= (4-cvanophenvl)1m1dazo[l 2-alpyridin-6-v1)-2-(4-methvlpiperazine-1-+ =

carbonyl)phcnyl)acetamldc

. Toa solution of 4-(6-(3 ~amino-4-(4—methy1piperazin¢71-carbonyi)phenyl)imidazo[l,27
~ a]pyridin-3-yl)benzonitrile (200 mg, 0.45 mmol) in DCM (20, mL) were added acetic

anhydride (70 mg, 0.68 mmol) and pyridine (72 mg, 0.91 mmol) at 0 °C and the reaction

- mixture was stirred at 0 °C to rt for 16 h. The reaction mixture was acidified with aq

NaHSO4 and extracted with EtOAc. The orgamc layer was dned over anhydrous NaySO4 and

concentrated under reduced pressure and punﬁed by preparatlve HPLC to afford N-(5-(3- (4—

cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-2-(4-methylpiperazine-1-

“carbonyl)phenyl)acetamide (50 mg, 22%, AUC HPLC 96.7%) as an off’-white.solid; m.p.
- 156-172 °C. ’IH*NMR (400 MHz, DMSO de) 6 9.68 (s, 1H), 8.73 (s, 1H), 7.99 (s, SH), 7.81-

7.80 (m, 2H), 7.65 (d, /= 11.2 Hz, 1H), 7.58 (d, /= 12.0 Hz, 1H), 7.34 (d, /= 10.8 Hz, 1H),
3.6 (bs, 2H), 3.25 (bs, 2H), 2.39 (bs , 2H), 2.25 (bs , 2H), 2.20 (s, 3H), 2.00 (s, 3H); MS (ESI)
m/z 479 [CasHaNgO+HT |

Example 150: 4-(6-(3-(methylamino)-4-(4-methylpiperazine- 1 -carbonyl)phenyl)imidazo[1.2-

alpyridin-3-vl)benzonitrile
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Step 1: To a solutron of methylamme (2 M in THF;128 mL, 255 mmol) in THF (23 mL) at 0
°C was added n-butyl lithium (2.5 M in hexanes, 80 mL, 201 mmol) slowly. The mixture was

stirred for one hour at 0 °C and then it was transferred via cannula to a solution of 4-bromo-2-

- ﬂuorobenzmc acid (5 g, 22.8 mmol) in THF (5 mL) at -78 °C. The reaction was stirred for 30
minutes before it was quenched at -78 °C with 270 mL of IN HCI The aqueous layer was

extracted ethyl acetate (4x200 mL) and the combined organic extracts were dried over
Na,SOy, filtered, and concenh*atcd. The crude product was purified by flash chromatography
(silica, eluent 100% CH,Cl, to CH,Cl’MeOH 93:7) to give 4-bromo-2-
(methylamino)benzoic acid (1.83 g, 35%, LC-MS 94%) as a light orange solid. 'H NMR (400
MHz, CDCl3) 6 7.82 (d, J= 8.8 Hz, 1H), 6.86 (d, /= 1.2 Hz, 1H), 6.76 (dd, J= 1.6, 8.4 Hz,

| ‘1H), 2.94 (s, 3H); LC-MS m/z 230 [M]+.

Step 2: Toa solutlon of 4-bromo-2- (methylammo)benzmc acid (1 g 4. 38 mrnol) in DMF (15
ml) was added NMM (664 mg, 6.57 mmol) followed by addition of HATU (2.49 g, 6.57

* mmol) at 1t and stirred for 30 min. 1-methylpiperazine (486 mg, 4.81 mmol) was added and

stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous Na;SOy4 and concentrated
under reduccd pressure to obtain crude product. The crude product was purrﬁed by column

chromatography (silica gel, eluent petroleum ethcr to petro]eum ether/EtOAc 60/40) to afford

~ (4-bromo-2-(trifluoromethyl)phenyl)(4-methylpiperazin-1-yl)methanone (0;8 g, 60%, LC-MS

68%) as an off-white solid. "H NMR (400 MHz, CDCl3) 6 8.01 (s, 1H), 6.91 (d, J= 7.9 Hz,
2H), 6.79 (d, J = 4.8 Hz, 1H), 5.3 (bs, 1H), 3.61 (bs, 4H), 2.54 (bs, 4H). LC-MS m/z 312
[M]+.

Step 3: To a solution of (4-bromo-2-(methylamino)phenyl)(4-methylpiperazin-1-
yl)methanone (0.8 g, 2.564 mmol) 1,4-dioxane (20 mL), were sequentially added

_bis(pinacolato)diboron »(716 mg, 2.82 mmol), KOAc (544 mg, 5.56 mmol), PdCldppf (56

mg, 0.076 mmol) and dppf (42 mg, 0.076 mmol). The reaction mixture was heated at 90 °C
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- for 16 h, then was diluted with EtOAc and washed with water. The orgamc layer was dried
over anhydrous Na2S04 and concentrated under reduced pressure 'to afford (2 (methylammo)

4-(4,4,5,5-tetramethyl-1,3,2- dloxaborolan-Z yl)phenyl)(4—methy1p1perazm- -yl)methanone as

a brown liquid (700 mg) Wthh was used in the next step w1thout purlﬁcatmn

Step 4: A solution of (2-(methylamino)-4-(4,4,5 5-tetrametﬁyi 1,3,2- (;ﬁ;xvai)orolan—Z-
yl)phenyl)(4-methylpiperazin-1-yl)methanone (300 mg, 1.01 mmol), (2- (methylammo) 4-
4, 4.5 ,5-tetramethyl-1,3,2-dioxaborolan-2- yl)phenyl)(morphohno)methanone (400 mg, 1.1
mmol), KsPO, (428 mg, 2.02 rimotl) in 1,4-dioxane (20 mL) and water (4 mL) was degassed

-Witbéi;gon for 30 min prior to the addition of Pd(PPhs)s (34 mg, 0.03 mmol). The reaction -

mixture was heated at 90 °C for 1 h under argon atmosphere, then was diluted with water and
extracted with EtOAc. The organic phase was washed with water and brine, was dried over

anhydrous Na;SO, and concentrated under reduced pressure. The crude residue was purified -

by column chrbmatography' (silica gel, eluent _CH2C¥;/1\(I_eOH 95:5) followed by Preparative

HPLC (C18, ACN/H,O/ 10 mM NH4HCO3) to afford 4-(6-(3-(methylamino)-4-(4-
methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-aJpyridin-3-yl)benzonitrile (145 mg, 26%,

- AUC HPLC 99.2%) as a light brown solid; m.p. 128-133 °C. 'H NMR (400 MHz, CDCly) §

2

(ppm): 8.5 (s, 1H), 7.84- 754(m 6H),754752(d J=15Hz, 1H),715713(d J=71Hz
1H), 6.80-6.76 (m, 2H), 5.04 (s, 1H), 3.67 (bs, 4H), 2.88 (d, J= 0.08 Hz, 3H), 2.4 (bs, 4H),
2.33 (s, 3H); MS (ESI) m/z 451.1 [CyHa6NO + HI'.

Example 151; 4-(6-(3-(methylamino)-4- (morpho11n6-4-carbonvl)phenvl)lmldazo[1 2—

‘ a}pvndm 3 Y)benzomtnle

HN N

o)

N
& ¢

O _ ‘
Step 1: To a solution of methylamine (2M in THF, 128 mL, 255 mmol) in THF (23 ml) at 0
°C was slowly added n-butyl lithium (2.5M in hexanes, 80.3 mL, 201 mmol). The mixture
was stirred for one hour at 0 °C and then it was transferred via cannula to a solution of 4-
bromo-2- flunorobenzoic acid (5 g, 22.8 mmol) in THF (5 mL) at -78 °C. The reaction was
stirred for 30 minutes before it was quenched at -78 °C with 270 mL of 1N HCI. The-aqueous

layer was extracted with ethyl acetate (4x200 rnL). The combined brganic extracts were dried
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over Na,SOy, filtered and concentrated. The crude product was purified by flash column
chromatography (silica gel, eluent 100% CH,Cl to CH,ClyMeOH 93:7) to give 4-bromo—_27
(methylamino)benzoic acid (1.83 g, 35%, LC-MS 94%) as a light orange solid. "H NMR (400
MHz, CDCIL;) 6 7.82 (d, J = 8.8 Hz, 1H), 6.86 (d, /= 12Hz 1H),676(dd J=1.6, 8.4 Hz,
1H), 2.94 (s, 3H); LC-MS m/z 230.8 [M]+.

Step 2: To a solution of 4-bromo—2<(methylamino)bénzoic; acid (1 g, 4.38 mmol) in DMF (15
mL) was added NMM (664 mg, 6.57 mmol) followed HATU (2.49 g, 6.57 mmol) and the
resulting mixture stirred at rt for 30 min. Morpholine (419 mg, 4.81 mmol) was added and
stirréd at rt for 16 h. The reaction mixture was diluted with EtOAc and Washed with water
and brine. The organic layer was dried over anhydrous Na,SO4 and concentratéd under

reduced pressure to obtain crude product. The crude product was purified by column

_- chromatography (silica gel, eluent 100% Petroleum ether to petroleum ether/EtOAc 40: 60) to

affqrd (4-bromo~2 (mﬂuoromethyl)phenyl)(4 methylpiperazin-1 —yl)metl}anone (1.2 g, 92%,
AUé LC-MS 88%) as a solid. '"H NMR (400 MHz, CDCI3) 67.82(d,J= 8.8 Hz, 1H), 6.86

(d, J=1.2 Hz, 1H), 6.76 (dd, J = 8.4 Hz, 1H), 5.41 (bs 1H), 3.84-3.61 (m, 8H), 2.94 (d, J =
4.4 Hz, 3H). LC-MS m/z 299 [M]+

Step 3: To a solution of (4-6i~6mo—2—(inéthylénﬁno)phenyl)(mbrpholihojfnethanone (’.1..2"g,
4.02 mmol), Bis(pinacolato)diboron (1.12 g, 4.42 mmol), KOAc (1.18 g, 12.06 mmol) in 1,4--
dioxane (20 mL) was added PdCly(dppf) (87 mg, 0.12 mmol) and dppf (66 mg, 0.12 mmol)
were added and again degassed with argon for 30 min and the reaction mixture was heated at

90 °C for 16 h. The reaction mixture was diluted with EtOAc and washed with water, the

- organic layer was dried over anhydrous Na;SO,4 and concentrated under reduced pressure to
 afford (2-(methylamino)-4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-

yl)phenyl)(mdrpholino)m‘etha‘none (800 mg) as a brown liquid which was used in the next

step-without purification.

Step4: Toa solution of 4—(6~bromoimidazd[1 ,2—a]pyridit;-3-yl)benzonitrile (300 mg, 1.013

mmol), (2-(methy1amino)-4-(4,4,5,5~tetramethyl— 1,3 ,2-dioxaborolan—2-
yDphenyl)(morpholino)methanone (385 mg, 1.1 mmol), K5PO, (428 mg, 2.02 mmol) in 1,4-
dioxane (10 mL) and water (2 mL), was added Pd(PPh;)s (58 mg, 0.05 mmol). The reaction
mixture was heated at 90 °C for 1 h then, was diluted with water and extracted with EtOAc.

The organic layer was washed with water and brine, dried over anhydrous Na,SO, and
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concentrated under reduced pressure to obtain crude product. The crude residue was purified
by column chromatography (sﬂlca gel eluent CHgCIz/MeOH 95 5) followed by preparatlve
HPLC (C18, ACN/H,0/ 10 mM NH4HCO;3) to afford 4-(6- (3- (methylammo) 4~(morph011ne-

. 4-carbony1)phenyl)1m1dazo[1 2- a]pymd1n-3 yl)benzomtnle 4.5 mg, 10 2%, AUC HPLC

94.67%) as an off-White solid; m.p. 302- 307 °C 'H NMR (400 MHz CDC13) S (ppm): 8. 5 (s,
1H), 7.84-7.54 (m, 6H), 7.54-7.52 (d,J= 7.5 Hz, 1H), 7.15-7.13 (d, /= 7.1 Hz, 1H), 6.80- -
6.76 (m 2H), 5.04 (s 1H), 3.70-3.79 (m 8H) 2.88(d, J=28 Hz, 3H); MS (ESI) m/z 436.1

[CasHa3NsOs + H]

Ay
o

Example 152: 4-(6-(4-(2-(4-methylpiperazin-1-yDacetyDphenyl)imidazo[1.2-alpyridin-3- .

o
4
:

o~
N

Step 1: To a solution of 2-bromo-1-(4-bromophenyl)ethanone (2.5 g, 8.99 mmol) in ACN (30 '
mL) was added KoCO;3 (2.5 g, 173 mmol) followed by 1-methylpiperazine (1.17 g,.11.69..... ..

mmol) at rt and stirred for 16 h. The reaction mixture was filtered and the filtrate was

concentrated under reduced pressure to obtain crude product. The crude product was passed

~ through a plug of silica gel using 10% MeOH in CHClgéS eluent and concentrated to afford

of 1-(4-bromophenyl)-2- (4~methy1p1perazm~ —yl)ethanone 1 (500 mg, 40%, LC-MS- 84%) as’

a yellow solid.

Step 2: To a mixture of 1-(4-bromophenyl)-2-(4-methylpiperazin-1-yl)ethanone (250 mg,
0.84 mmol), bis(pinacolato)diboron (278 mg, 1.09 mmol), KOAc (323 mg, 3.29 mmol) in

"1,4-dioxane (10 mL) were added PdCl,(dppf) (18.5 mg, 0.02 mmol) and dppf (14 mg, 0.02

mmol) and the reaction mixture was heated at 90 °C for 16 h. The direct mass indicated

desired m/z. The reaction mixture was used in the next step without isolation.
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Step 3: To a mixture of (4-methylpiperazin-1-y1)-1-(4-(4,4,5,5-tetramethyl-1,3,2-

. dioxaborolan-2-yl)phenyl)ethanone (1.2 g, 3.48 mmol), 4-'(6-brom6imidazo['l,2_—a)pyridi_n—3-‘-

yDbenzonitrile (1.24 g, 4.18 mmol), K;POq4 (2.21 g, 10.44 mmol) in 1,4-dioxane (20 mL) and

. water (3'mL) was added Pd(PPhs) (120 mg, 0.1 mmol) and the reaction mixture was heated

at 90 °C for 4 h. The reaction mixture was diluted with EtOAc and washed with water and

brine solution. The organic layer was dried over-anhydrous Na;SO, and concentrated under

 reduced pressure to obtain the crude product. The crude product _Was purified by preparative

HPLC to afford 4-(6-(4-(2-(4-methylpiperazir-1-yl)acetyl)phenyl)imidazo[ 1,2-a]pyridin-3-

" yl)benzonitrile (150 mg, 15%, AUC HPLC 95.07%) as a yellow solid, m.p: 93-98 °C."HNMR
(400 MHz, CDCls) & (ppm): 8.53 (s, 1H), 8.12 (d, J = 10.8 Hz, 2H), 7.85-7.77 (m, 6H), 7.62
(d, J=10.8 Hz, 2H), 7.54 (d, = 12.8 Hz, lH), 3.82 (s, 2H) 2.67-2.62 (m, 8H) 2.32 (s, 3H);
* MS (ES) m/z 436 [CopHpsNsO+H]'. ~ -

1
{

that used in step 3 of example 152
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Ex.

# | Boronate ester

Compound

Characterization

153

"0

Y@&

o PN
o N-Z
o )

N -

Q&

|

(200 mg, 22.9%, AUC HPLC 99.03%) as an
off-white solid, m.p: 215-218 °C.'H NMR
(400 MHz, DMSO-dg) & (ppm): 8.67 (s, 1H),
7.96-8.03:4m, 5SH), 7.79 (d, J= 9.4 Hz, 1H),

-1.7.78-7.61 (m, 2H), 7.56-7.40 (m, 2H), 3.65

(bs, 2H), 3.31 (bs, 2H), 2.32 (bs,.4H), 2.20 (s, .
3H); MS (ESI) m/z 456 [CogHpCINsO+H]".

154

(150 mg, 16.9%, AUC HPLC 98.91%) as a

| off-white solid, m.p: 188-191 °C. 'H NMR

(400 MHz, DMSO-de) & (ppm): 8.51 (s, TH),
8.01 (s, 1H), 7.95 (s, 4H), 7.76 (4, J=9.2 Hz,

1H), 7.42 (d, J = 8.2 Hz, 2H), 7.34 (bs, 2H),

3.31 (bs, 4H), 2.31 (s, 7H), 2.20 (s, 3H); MS

|(BSI) m/z 436 [C27HsNsO + H]*

el

O

(100 mg, 23.5%, AUC HPLC 99.85%) as an

" |"off-white solid, m.p: 195-197 °C. 'H NMR

(400 MHz, CDCls) & (pprm): 8.31 (s, 1H),
7.86 (s; 3H), 7.80-7.75 (m, 2H), 7.69-7.63 (m,
3H), 7.4 (d, J= 7.9 Hz, 1H), 7.26 (s, 1H),
3.86 (bs, 2H), 3.54 (bs, 2H), 2.60-2.34 (m,
4H), 2.39 (s, 3H); MS (ESI) m/z 490
[C27H22F sNsO+ H]"

1156

S

(120 mg, 37.7%, AUC HPLC 98.77%) as an
off-white solid, m.p: 140 °C. 'H NMR (400
MHz, CDCls) ¢ (ppm) 8.46 (s, 1H), 7.84-7.72

- {«m, 6H), 7.51 (dd, J= 1.6 Hz, 1H), 7.38 (bs,

2H), 7.29 (s.1H), 3.84 (d, J=4.81 Hz, 4H),
3.60 (s, 2H), 3.30 (s, 2H), 2.40 (s, 3H); MS
(EST) m/z 423 [CosHpN4O, + HI"
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157 OJ§< oo X | (45mg, 50%, AUC HPLC 96.9%) as a white
- F:"DB‘O o, | solid; mp. 109-113 °C. 'H NMR (400 MHz,
NG [Nj "t | CDCls) 68.47 (s, 1H), 7.85-7.71 (m, 6H),

‘[Nj | S| 7.50-7.43 (m, 4H), 4.92-4.75 (m, 2H), 3.35

(bs, 2H), 2.50 (bs, 2H), 2.39 (bs, 2H), 2.30 (s,
3H); MS (ESI) m/z 506 [Co7HyF3NsO+H T

158 | 9J§< .iN/N/ (120 mg, 20%, AUC HPLC 95.96%) as an

”;w% 3 pﬁ off-white solid; m.p. 169-174°C. 'TH NMR
o [N] o O (f}oo-MHg, CDCl;) 8 (ppm): 8.46 (s, 1H),
N ‘ -+ | 7.84-7.71 (m, 6H), 7.49 (d, J = 15.0 Hz, 1H),
{7.34(d, /=104 Hz, 1H), 7.13 (d, J = 10.4

| Hz, 1H), 7.01 (s, 1H), 3.90 (s, 3H), 3.85 (br. s,

| 4H), 3.42 (br. 5, 2H), 3.35 (m, 2H); MS (ESI).

m/z 437 [CosH2oN4O5 - HT

¢ r———————

Intermedlat 15 CN

‘Intermedlate 15: 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 2~y1)1m1dazo[l 2—a}pynd1n—3—
yl)benzomtmle . . _

A solution of 4-‘(6-bromoi1_nidazo{1,2-a]pyridin-3-yl)benzonitrﬂc (450 g, 1.51 mmol),
| ..Bis(pinacolato)diboron (410 mg, 1.61 mmol), KOAc (444 mg, 4.53 ﬁxmol) in 1,4-dioxane (15
mL) was degassed with argon for 30 min. PdCldppf (33 mg, 0.045 mmol), dppf (25'mg,
0.045 mmol)'\}vas added and again degasse;i with argon for 30 min and the reaction mixture
was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc and washed with
water, the organic layer was dried over anhydrous Na,SO, and concentrated under reduced
pressure to afford 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)imidazo[1,2-a]pyridin-3- -
yl)benzonitrile as a brown liquid which was used in next step without purification. MS (ESI)
m/z 346 [M+H]. '

228



- WO 2013/147711 SR o PCT/8G2013/000126

Example 159: 4-(6-(3-hydroxy-4-( piperazine-l-carbonvl)bhenvl)imidazo[ 1.2-a]pyridin-3-

HQC;OD/ Br

vi )benzonitrﬂe

= /
HsCO x Ni\/ ﬁ)@/@? i
N7

' Step 1: To a solution of 2-methoxy-4-bromobenzoic acid (1g,4.32 mmol) in DMF (5 mL)

was added NMM (0. 97 mL, 8.65 mmol) followed by HATU (2 46 g, 6.49 mmol) at rt and
shrred for 30 min. N-Boc-piperazine (886 mg, 4.76 mmol) was added and.stirred at rt for 16

" h. The reaction mixture was diluted with EtOAc and washed with water and bfi,ne‘solution. ‘

The organic layer was dried over anhydrous Na,SO4 and concentrated under reduced pressure

~ toobtain tert-butyl 4-(4-bromo-2-methoxybenzoyl)piperazine-1 -carboxylate (1.7 g, 95%, LC-
- Hz, 2H), 3.82 (s, 3H), 3.5 (bs, 2H), 3.31-3.26 (m, 2H), 3.25-3.09 (m, 4H), 1.40 (s OH); MS

MS 92%) as a solid. "H NMR (400 MHz, DMSO-dg) 6 (ppm): 7.29 (s, 1H), 7.17 (g, J=11.6

. (ESI) m/z 398/401 [C17H23BI‘N204]

15

hg -

Step 2; A mixture of tert-butyl 4-(4-bromo-2-methoxybenzoyl)piperazine-1-carboxylate (649
mg, 1 .62 mmol) 4-(6~(4,4,5 ,S-tetramethyl-1,3,2-dioxaborolan-2- -yl)imidazo[1,2-a]pyridin-3- ‘
yl)benzomtrxle (468 mg, 1.35 mmol), K3PO, ( 862 mg, 4.06 mmol) in 1 ,4-dioxane (1 O mL)
and water (2 mL) was added Pd(PPhs), (78 mg, 0.06 mmol) and the reaction mlxture was

heated at 90 °C for 1 h.. The reaction mixture was diluted with water and extracted with. -

" EtOAc and washed with water and brine solution. The organic layer was dried over

anhydrous Na;SO4 and cohéentratéd under reduced pressure to obtain crude product. The

" crude product was purified by column chromato graphy to obtain tert-butyl 4-(4-(3-(4-

cyanophenyl)imidazo[1,2-a]pyridin-6-yl)- 2-methoxybenzoyl)pxperazme~1 carboxylate (500
mg, 50%, LC-MS 87%) as a sohd

Step 3: To a solution of tert-butyl 4~(4-(3-(4-byanophenyl)imidazo[1;2-a].pyridin-6~yl)-2~.
methoxybenzoyl)piperazine-l-carboxylate (100 mg, 0.18 mmol) in CH,Cl; (5 mL) cooled to
0 °C; was added BBr3 ( 2 mL). The reaction mixture was stirred at rt for 2 h. The reaction
mixture was cooled to 0 °C and quenched by drop wise addition of saturated aq. NaHCO; (50
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- mL) and extracted with EtOAc (3 x 50 mL). The organic layer was washed with water, brine,

dried over anhydrous Na2804, filtered and concentrated under reduced pressure. The crude '
compound was purified by column chromatography (silica gel eluent MeOH/CHCI3 5: 95)
followed by preparative HPLC to g1ve 4-(6- (3-hydroxy-4 (prperazme-l—

'carbonyl)phenyl)1m1dazo[l 2-a]pyridin- 3—yl)benzon1tnle (50 mg, 63%, AUC HPLC 96. 65%) _
- as a white solid, m.p: 170-175 °C. "H NMR (400 MHz, DMSO-d) & (ppm): 10.0 (bs, 1H),

8.69 (s, 1H), 7.99 (s, 5H), 7.80 (d, J = 9.3 Hz, 1H), 7.62 (d, = 7.9 Hz, 1H), 7.19 (s, 2H),
7.12 (s, 1H),3.51 (bs, 2H), 3.21 (bs, 2H), 2.63 (s, 4H); MS (EST) m/z 422.0 [CysH,;Ns0, - H].

Ex arnnle 160: 4-(6-[3~(morpholin-4-y1)-4-(morpholin-4-vyl carbonyl)pheﬁyl]imidazo{ 1.2-

- alpvridin-3-vl)benzonitrile

o) 0
T s o o)
OH

0

Step 1: To a solution of 2-fluororo-4-bromobenzoic acid (1 g, 4.56 mmol) in DMF (6 mL)

ﬁ & Coos EJ . >§r 5

~ was added K,CO; (1.26 g, 9.13 mmol) followed by morpholine (0.47 g, 5.47 mmol) at rt and -

“reaction was heated to reflux and stirred for 20 h at the same temperature. The reaction

mixture was cooled to rt, and water (20 mL) was added and acidified with IN HCI (5 mL).

The reactron mixture was extracted with EtOAc and washed Wlth water and brine sohmon

~ The organic layer was dried over anhydrous Na;SO4 and concentrated under reduced pressure

to obtain ‘4-bromo—2-’(morpholin-4-y1)benzoic acid (700 mg, 90%, LC-MS 95%). -
Step 2: To' a solunon of 4-bromo-2-morpholinobenzoic acid (700 mg, 2 46 mmol) in DMF (6

| mL) was added NMM (0 49 g 4, 91 mmol) followed by HATU (1. 39 & 3. 68 mmol) atrt and

stirred for 30 min. Morphohne (0.25 g, 2.94 mmol) was added to the réaction mixture and
stirring was continued at rt for 16 h. The reaction mixture was diluted with BtOAc and
washed with water and brine solution. The organrc layer was dried over anhydrous Na,SO,
and concentrated under reduced preséure to obtain (4-bromo-2-

morpholinophenyl)(morpholino)methanone (600 mg, LC-MS 86%).
Step 3: To a mixture of (4-bromo-2-morpholinophenyl)(morpholino)methanone (400 mg
,1.12 mmol), 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)imidazo[1,2-a}pyridin-3-

yDbenzonitrile (470 mg, 1.35 mmol), K3PO;4 (478 mg, 2.25 mmol) in 1,4-dioxane (5 mL),
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and water.(1 mL) was added Pd(PPh;)4 (50 mg) and the reaction mixture was heated at 90 °C -

for 16 h. The reaction mixture was concentrated to glvc the crude product. The crude product

was purified by preparative HPLC to obtain 4-(6-[3- (morphohn~4 y1)-4- (morphohn-4-
ylcarbonyl)phenyl)lmldazo[l 2-a]pyridin-3- yl)benzonltrﬂc (50 mg, 20%, AUC HPLC
99.20%) as an off-white solid; m.p. 237-240 °C. 'H NMR (400 MHZ CDCl3) 6 8.46 (s, lH)
7.84-7.79 (m, 4H), 7.73 (d, J = 8.4 Hz,; 2H), 7.51 (t, /= 5.6 Hz, 1H), 7.37 (4, J = 8.0 Hz,
1H), 7.24 (s, 1H), 7.11 (s, 1H), 3.99-3. 95 (m 1H), 3.85-3.66 (m, 8H), 3.55-3. 40 (m, 1H),
3.42-3.32 (m, 3H), 3.21-3.18 (m, 1H), 2.90-2.89 (m 2H); MS (ESI) m/z 494

‘ [C29H27N503+H]
10

Examples 161 a and b: 4-(6-(3-hvdroxy-4-(pipérazine-1 -carbonylphenvl)imidazo[1,2-

alpyridin-3-vl)benzonitrile

Step 1: To a solution of (4—bromopheny1)(piperidin—4-y1)methénone (600 mg, 2.23 mmol)in .
MeOH (5 mL) was added (Boc),0O (561 mg, 2.57 mmol). The reactiqn mixture was stirred for

' 2 h at rt and concentrated. The residues was recrystallized from methanol to give tert-butyl 4-

(4-brom0bcnzoyl)piperidipe-1—ca.rboxylate_(650 mg, 74.5%, LC-MS 98%) asa solid. 'H

NMR (400 MHz, DMSO-ds) J (ppm): 7.94 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.8 Hz, 2H),
3.82-3.59 (m, 3H), 3.02 (bs, 2H), 1.92 (bs, 2H), 1.75 (bm 2H), 1.46 (bs, 9H); MS (ESI) miz’
370 [C17szBrNO3+2]

Step 2: A mixture of tert-butyl 4-(4-bromobenzoyl)piperidine-1-carboxylate (599 mg, 1.62 -

" mmol), 4-(6-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)imidazo[1,2-a]pyridin-3-

ybhbenzonitrile (468 mg, 1.35 mmol), KsPO4 ( 862 mg, 4.06 mmol) in 1,4-dioxane ( 10 mL)
and water (2 mL) was added Pd(PPh3)4 (78 mg, 0.06 mmol) and the reaction mixture was
heated at 90 °C for 16 h. The reaction mixture was diluted with water and extracted with

EtOAc. The organic layer was washed with water and brine solution then dried over
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anhydrous Na;SO, and concentrated under reduced pressure to give the crude product, which
was purified by column chromatography to afford tert—butyl 4-(4 (3- (4—
cyanopheny1)1m1dazo[l 2~a]pyndm~6 yl)benzoyl)plpendme—l carboxylate (250 mg, 28%,

- LC-MS 39.6 %) as a solid.

Step 3: tert-butyl 4-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-ylYbenzoyl)piperidine-1-
carboxylate (250 mg) was treated with HCI in 1,4-dioxane (5 mL) at 0 °C for 2 h. The

reaction mixture was cooled to 0 °C and quenéhéd by drop wise addition of a saturated

- aqueous solution of NaHCOj; (50 mL) and the mixture was extracted with EtOAc (3 x 50

mL). The ofganic layer was washed with water and brine, dried over afthydrous Na,SOy,,
filtered and concentrated under reduced pressure. The crude compound was purified by
column chromatography (silica gel, eluent MeOH/CHCl, '5:95) follbv‘ve‘d'by preparative
HPLC to furnish 4-(6- (4—(plpendme-4—carbonyl)pheny1)1m1dazo{1 ,2-a]pyridin-3- 1
yl)benzom’mle (50 mg, 25%, AUC HPLC 98.84%) as a whlte solid, m.p: 129-133 °C. 'H
NMR (400 MHz, DMSO-dg) 6 (ppm): 8.87 (s, 1H), 8.59 (bs, 1H), 8.30 (bs. IH), 8.11(d,J=
8.4 Hz, 1H), 8.07 (s, 1H), 8.04-7.97 (m, 4H), 7. 95—~7 87 (m, 4H), 3.80 (bs, 1H), 3.34 (d, J =

127 Hg, 2H),3 10 (t, J= 11.2 Hz, 2H), 1. 97 (d, J= 132Hz 2H), 1.76 (a,/=10.8 Hz, 2H);
'MS (BST) mz 407 [C26H22N4O+H]

- Step 4: To a solution of 4-(6-(4-(piperidine-4-carbonyl)phenyl)imidazo[ 1,2-a)pyridin-3-yl)

(20 mg, 0.04 mmol) in MeOH (5 mL) cooled to 0 °C was added NaBH, (37 mg, 0.09 mmol)
and the reaction mixture was stirred at rt for 2 h. The reaction mix’ture‘ was extracted with

EtOAc and the organic layer was washed with water am_i bﬁno, dried ovér NaySQ,, filtered

. and concentrated under reduced pressure. The crude compound was purified by column

chromatography (silica gel, eluent MeOH/CHCI; 5:95) followed by preparative HPLC to give
4-(6-(4—(hydroxy(piperidin—4—yl)methyl)phenyl)imidazo[1‘,2~a]f>yridin—3—yl)benzonitﬁle (50
mg, 25%, AUC HPLC 97%) as a white solid. The racemic compound was resolved by chiral

HPLC to afford both enatiomers as white solids. Fi irst enantiomer (example 161a) (10 mg,

| 30%, AUC HPLC 98%, chiral HPLC 99.6%) and second enatlomer (example 161b) (15 mg,

AUC HPLC 98%, chiral HPLC 95.3%). "HNMR (400 MHz, CDCl;) & (ppm): 8.48 (s, 1H),
7.83-7.71 (m, 6H), 7.53-7.50 (m, 3H), 7.41 (d, J = 7.6 Hz, 2H), 4.48 (d, J = 6.8 Hz, 1H), 3.20
(dd, J = 12.48 Hz, 2H), 2.60 (q, J = 9.6 Hz, 3H), 2.10 (d, / = 13.2 Hz, 2H), 1.80 (bs, 2H),
1.40 (d, J = 12.8 Hz, 2H); MS (ESI) m/z 409 [C2sH24N;0 + H]".
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idin-3-

morpholine-4-carbonyDphenylYimidazof1.2-a

vl )benzomtn

5 F oG

. .Step 1: To a mixture of 4- (ethoxycarbonyl) 3- ﬂuorophenylboromc acid (400 mg, 1.34 mmol),

4-6-bromoimidazo[1,2a]pyridin3yl)benzonitrile (313 mg, 1.47 mmol), K3PO4 (853 mg, 4.02
mmol) in 1,4-dioxane (5 mL) and water was added (A-Phos)deC12 (77 mg, 0.06 mmol) and
the reaction mixture was heated at 100 °C-for overnight under argon.“ The reaction mixture
was washed with water and extracted with ethylacetate and concentrated. The crude product
was purified by column chromatography (silica geI eluent McOH/CHCh 10:90) to afford
ethyl 4- (3 (4-cyanopheny1)1m1dazo[1 2- a}pyndm-6-yl) 2- ﬂuorobenzoate (350 mg, 67 8%,
LC-MS 98.5%). 1H NMR (400 MHz | DMSO- ds) & (ppm) 8.91 (s, 1H), 7.99-8.02 (m, 6H)
7.83-7.79 (m, 4H), 4.3 (q, J= 7 Hz, 2H), 1.3 (t, J=7.4 Hz, 3H); MS (ESD) m/z 386
[C2sHigFN:0, +HT'. L |

Step 2: To a solution of ethyl 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-y1)-2-

fluorobenzoate (350 mg, 0.90 mmol) in 15 mL of THF/H,O/EtOH 1:1:1 was added LiOH (76
mg, 1.81 mmol) and the reaction mixture was stirred at rt for 3.h. The reaction mixture was
quenched with citric acid, washed with water and extracted with EtOAc (3 x 25 mL). The
organic layer was washed with water and brine, dried-over anhydrous Na,SQ,, filtered and

concentrated under reduced pressure. The crude product was purified by recrystalhzatlon to

~ afford 4-(3-(4- cyanophenyl)xmldazo[l 2- a]pyndm—6 yi)- 2- ﬂuorobenzmc acid (200

mg,61.7%, LC-MS 95.7%).

Step 3: Toa solutidn of 4-(3-(4—cyanopheny1)imida20[1,2-a]pyridin—6-yl)-2—ﬂuorobcnzoic
acid (200 mg, 0.56 mmol) in DMF (5 mL) was added NMM (0.12mL, 1.12 mmol) followed
by HATU (319 g, 0.84 mmol) and stirred for 20 min. To the reaction mixture, morpholine
(0.05 g, 0.61 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted
with EtOAc and washed with water and brine solution. The organic layer was dried over
anhydrous Na,80O, and concentrated under reduced pressure to obtain 4-(6-(3-fluoro-4- -

(morpholine—4-carbonyl)phenyl)imidazo[1,2—a]pyridin—3-yl)benzonitrile (100 mg, 42%, AUC

HPLC 99.33%) as a white solid, m.p: 115-135 °C. "H NMR (400 MHZ,,CDC13).5 (ppm): 8.48. - -
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(s, 1H), 7.85-7.80 (m, 4H), 7.72 (d, J = 8.3 Hz, 2H), 7.54-7.45 (m, 2H), 7.47 (dd, J= 3.0 Hz,

1 lH), 7.29 (d J=1. 2 Hz 1H), 3.83 (d J 4 3 Hz, 4H), 3.79 (s 2H), 3.39 (s, 2H); MS (ESI)
m/z 427 35 [CstlgFN402+ H]

Example 163: 4-(6-(4-(4-mefhyl-4-morpholinopiperidine-1-carbonylyphenyl)imidzzo[1.2-

- a)pyridin-3-yl)benzonitrile

CN

A mixture of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (250 mg, 0.73

mmol}), 4-(4-methylpiperidin-4-yl)morpholine (149 mg, 0.81 mmol) in DMF (10 mL) was -

- added HATU (41.mg, 1.10 mmol) and NMM (0.16 mL, 1.47 mmol) and the reaction mixture

Was stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with

L _watcr and brme solutlon ‘The organic }ayer was dned over anhydrous Na,SO4 and

15

20

concentrated under reduced pressure to, afford of 4 (6-(4- (4-methy1 4—morphol1n0p1pend1ne-

1 carbonyl)phenyl)lmldazo[1 2-ajpyridin-3- yl)benzomtnle (60 mg ,16%, AUC HPLC

97. 67%) as an off-white solid, m. p 238 242 °C. 1H NMR (400 MHz, DMSO-d) 6 8.79 (s,
1H), 8.00 (s, SH), 7.82-7.72 (m 4H), 7. 49 (d,/=7.4Hz, 2H), 3.92 (bs, IH), 3.58 (s, 4H),
3.41 (s, 2H), 3.31 (s, 1H), 2. 44 (s 4H), 1.82 (bs, 1H), 1.75 (bs, 1H), 1.39 (bs 2H), 0.90 (s,
3H); MS (ESD) m/z 506.46 [C31H31N502+ H].

To a mixture of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (250 mg; 0.73
mmol), 1-methyl-4-(4-methylpiperidin-4-yl)piperazine (159 mg, 0.81 mmol) in DMF (5 mL)

234



WO 2013/147711 ‘ o L PCT/S5G2013/000126°

was added HATU (419 mg, 1.10 mmo]l), followed by NMM (0.16 mL, 1.47 mmol) and the

reactlon mxxture was stnred at rt for 16 h. The reactxon mlxture was diluted with EtOAc and

-~ 10

15

25

30

washed with water and brme solutxon The organic layer was dried over anhydrous Na2804
and concentrated under reduced pressure to afford 4-(6-(4-(4-methyl-4- (5~methy1~1 3 4-
oxadlazol 2- yl)plpendme 1- carbonyl)phenyl)1m1dazo[1 2-alpyridin-3 yl)benzomtnle (100
mg, 26%, AUC HPLC 98.77%) as a white solid, m.p: 262-267 °C."H NMR (400 MHz,
CDCIL3): P (pbm): 8.49 (s, 1H), 7.84-7.72 (m, 6H), 7.57-7.50 (m, SH), 4.01 (bs, 1H), 3.55 (bs,
2H), 3.37 (bs, 1H), 2.55-2.45 (m, 8H), 2.28 (s, 3H), 1.93 (bs, 1H), 1.77 (bs, 1H), 1.51 (bs,

- 1H), 1.42 (bs, 1H);0.97 (s, 3H); MS (ESI) m/z 519 [C5,H3sNsO + H]. -

Example 165: 4-(6-(4-(piperazine-1 -carbOnvI)phcnvl)imidazo[ 1.2-alpvridin-3-yDbenzonitrile

Boc

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (0.25

"g, 0.74 mmol) in DMF (5 mL) were added HATU (0.419 g, 1.1 mmol), N-methyl morphohne

(0.15 g, 1.47 mmol) and tert-butyl piperidine-4-carboxylate A (0.15 g, 0.81 mmol). The
reaction mixture was stirred at 0 °C to rt under inert atmosphere for 16 h, then was djluted
with H,O (15 mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was

dried over Na,SO4 and was concentrated under reduced pressure. The crude product was

" purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to. afford tert-

| 20 .bufyl 4;(4-(3-(4~cyan0pheny1)imidazo[1 2—a]pyridin-6—yl)benzoyl)piperazine- -carboxylaté

(0.23 g, LC-MS 92%). lHNIVIR (400 MHz, CDCl); ¢ 8.48 (s, 1H), 7.87-7.83 (m, 4H), 7. 72
(d, J=8 Hz, 2H), 7.59-7. 51 (m, 5H), 3.7-3.46 (m, 8H), 1.43 (s, 9H); MS (ESI) m/z 508
[C30Ha9NsO3 +HT".

Step 2: A solution of hydrochloric acid in Ether was added drop wise to tert-butyl 4-(4-(3-(4-
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl) piperazine-1-carboxylate (0.23 g, 0.45
mmol) at 0 °C. Reaction mixture was stirred at rt for 2 h. Ether was evaporated under reduced -
pressure and“basiﬁed with saturated NaHCOj; solution. The solid thus formed was filtered to
afford 4-(6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3 —yl)bénzonitrile (80

mg, 43.3%, AUC HPLC 95.22%) as an off-white solid, m.p: 88-98 °C. 'H NMR: (400 MHz, - -
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CDCly) 5 (ppm) 8.50 (s, 1H), 7.84-7.73 (m, 6H), 7.59-7.51 (m, SH), 3.84 (bs, ZH), 3.25 (bs,

© 2H), 3. 05-2.8 (m, 4H), 1.62 (5, 1H); MS (ESI) m/z 408.2 [C25H21N50+ H}

Examnle 166: N-(5-(3<( 4-cvanonheriv1)imidazo[ 1,2-alpyridin-6-y1)-2-( momhdliﬂe;4-,

carbonvlh)henylmcetamme :

;DM'“:J‘B’ = %@r ‘ »Dﬁ é

O

//
N

[J

Step 1:Toa solutlon of methyl 2-acetamido- 4-bromobenzoate (1 g 4.37 mmol) in DCM (15

mL) was added TEA (0.873 g, 8.6 mmol) followed by acetyl chloride (0.406 g, 5.21 mmol) at. .
0 °C and stirred for 4 h. The reaction mixtutre was diluted with DCM and washed with water

and brine solution. The organic Iayer was dned over anhydrous Na,SO, and concentrated

~under reduced pressure to obtain methyl 2 acetam1do~4-bromobcnzoate (600 mg, 51%) asa

white solid.

Step2: Toa solutlon of methyl 2- acetamldo 4~bromobenzoate (0.6 g, 2.21 mmol),

o bls(pmacolato)dlboron ( 0.61 g, 2.435 mmol), KOAc (0.65g, 6.64 mmol) in 1,4-dioxane (15

15

20

25

mL) were added sz(dba)g (60 mg, 0.066 mmol), P(Cy)s (60 mg, 0. 066 mmol) and the

~ reaction mixture was heated at 90 °C for 16 h under argon. The reactlon mixture was diluted

.. with ethyl acetate and washed with water. The organic layer was dried over anhydrous

N3,2804 and concentrated under reduced pressure to afford methyl 2-acetamido-4-(4,4,5,5-
tetramethyl 1,3, 2 dloxaborolan 2 -yhbenzoate (600 mg, LC-MS 70%) as a green solid which

was used in the next step without purification.

Steﬁ 3: To a mixture of methyl 2—acetamido—4~(4,4,5,S-tetram'ethyl—1,3,2-diokaborolan-2- |
yl)benioate 0.6 g, 1.87 mmol), 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (0.4 g,
1.34 mmol), K3PO4 (0.57 & mmol) in 1,4-dioxane (5 mL), and water (1 mL) was added
Pd(PPh3)4 (40 mg) and the reaction mixture was heated at 90 °C for overnight and

concentrated to give crude produ;:t. The crude product was purified by column
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chromatography (silica gel, eluent MeOH/CHCI; 3.5: 96.5) to afford methyl 2-acetamido-4-

(3~(4-cyanophenyl)irhidazo[1,2—5]pyﬁdin-G-yl)benzoatc (350 mg, 63%, LC-MS 85%)

Step 4: To a solution of methyl 4-(3 ~(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-y1)-2-
fqrmamidobe_nzoate (350 mg, O.85}mmo'l) in 10 mL ofVTHF: HZO:.EtOH (1:1:1) was added

- LiOH (72 mg, 1.723 mmol) at 0 °C and stirred at 1t for 2 h. The reaction mixture was

concentrated under reduced pressure then water (10 mL) was added to the reaction mixture,

the resulting solid was filtered to give 2-acetamido-.4—(3-(4—cyah0pheny1)imidazo[1,2-- o

- a]pyridin-6~y1~)benzoic acid (200 mg, LC-MS 92%) as a white solid.

Step 5: To a solution of 2-acetamido—4-(3;(4—cyénopheny1)imidazo[1,2-a]pyridin-6-

- y)benzoic acid (200 mg) in DMF (6 mL) was added NMM (0.178 g, 1.76 mmol) followed by
" HATU (0.59 g, 1.56 mmol) at rt and stirred for 30"min,_ Mo_rpholihe (92 mg, 1.06 mmol) was

added and the stirring was continued-at rt for overnight. The reaction mixture was diluted

with EtOAc and washed with water and brine solution. The organic layer was dried over

anhydrous Na;SO;4 and concentrated under reduced pressure to obtain crude compound
which was purified by preparative HPLC to give N~(5-(3-(4-cyanophenyl)imidazo[1,2-

a]pyndm»6-yl) 2- (morphohne—4—carbonyl)phenyl)acetamlde (151 mg, AUC HPLC 96 2%) of
as a pale yellow solid: mp 150-153 °C. "H NMR (400 MHz, CDC13) §9.10 (s, lH), 8 57 (s, |
1H), 8. 53 (s, 1H), 7.84-7. 73 (m, 6H), 7.53 (d J=9. .6 Hz, 1H), 7. 31 (d J=8. OHz 2H), 3.73

- (bs, 8H), 2.21 (s, 3H); MS (ESI) m/z 466 [M+1]

Example 167: 4-(6-(3-hydroxy-4-( mornholine-4-carbohvl)nhénvl)imidazo[1 2-alpyridin-3-

yhbenzonitrile

HiCO

CN

Step 1: To a mixture of 4-(6—bromoimidazo[1,2—a]pyn'din-3 -yl)benzonitrile (400 mg, 1.35
mmol), (2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)(morpholino)methanone (562 mg, 1.62 mmol), K3POy (572 mg, 2.7 mmol) in 1,4- '

dioxane (80 mL) énd water (20 mL) was added Pd(PPhs)s (77 mg, 0.068 mmol) and the -

reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with water
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and extracted with EtOAc and washed with water and brine solution. The organic layer was

‘ drled over anhydrous Na;SO4 and concentrated under reduced pressure to obtam crude

product. The crude product was purified by preparat;ve HPLC to give 4-(6-(3-methoxy-4-

s (morpholine-4- éarbonyl)phenyl)iinidazo[l 2- a]pyridiri~3—yl)benzonitrile (120 mg, 20%, AUC -

10

15

) HPLC 95.96%) as an off-white sohd m.p. 169-174 °C. 1H NMR (400 MHz, CDCl) 6 (ppm):

8.46 (s, 1H), 7.84-7.71 (m, 6H), 7.49 (d, /= 15.0 Hz, 1H), 7.34 (d, J=10.4 Hz; 1H), 7.13 (d,- - -

J=10.4 Hz, 1H), 7.01 (s, 1H), 3.90 (s 31-1) 3.85 (bs, 4H) 3. 42 (bs 2H), 3.35 (m ZH), MS -

(ESI) m/z 437 [C25H22N403 - H ]

Step 2: To a solution of 4-(6~(3-iﬁéthoxy—4~(morphéline%warbonyl)phenyl)imidazb[‘1 2-
a]pyridin~3—y1)benzonit1ile (120 mg, 0.273 mmol) in CH,Cl, (10 mL) cooled to 0 °C was -

‘added BBr; (136 mg, 0.547 mmol). The reaction mixture was stirred at rt for 2h.The -

reaction mixture was cooled to 0 °C and quenched by drop wise addition of saturated agq.
NaHCO; (100 mL) and extracted with EtOAc (3x100 mL). The organic layer was washed

. with water, brine, dried over anhydrous Na,SOy, filtered and concentrated under reduced

pressure. The crude compound was purified by preparative HPLC to give 4-(6-(3 -hydroxy-4-

- (morphohne 4- carbonyl)phenyl)lmldazo[l 2-alpyridin-3- yl)benzomtnle (80 mg, 72%, AUC

- 20
" HI"

HPLC 98. 42%) as an off-white solid. mp 104-106 °C. '"H NMR (400 MHz, DMSO—d(,) 5
(ppm) 10.06 (s, 1H), 8.69 (s, 1H) 7.99 (m SH), 7.80 (d J=9.2Hz, 1H), 7.62 (d J=92 Hz,
1H),7.27-7.54 (m, 2H), 7.13 (s, 1H), 3.59-3.26 (m, 8H); MS (ESI) m/z 425 [CasHooN4 O3 +
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- Example 168: 4-(6-(3-((1,3- d10x01s01ndohn-2 vl)methvl)-4 (morphohne—4-

arbon Nphenvlimidazo[1.2-alpyridin-3-vI)benzonitrile

[Hj os O g

)

Step 1: A solution of S-bromoisobenzofuran-1(3H)-one (5 g, 23.47 mmol) and KOH (1.58 g,
28.17 mmol) in MeOH (100 mL) was refluxed for 4 h. MeOH was remdved and the residue

was dissolved in DMF (30 mL) and treated with 1m1dazole (4. 79 g 70.41 mmol) and tert-
butyl dlmethyl silyl chloride (7. 07 g, 46.94 mmol) at () °C and reaction was stirred for 16 h at |

rt. The reaction mixture was poured mto water and extracted with EtzO (3 x 100 mL). The

- combined organic layer was washed with brine solution, dried over anhydrous Na,SO,4 and

concentrated in vaccuo. The crude residue was dissolved in MeOH (15 mL) and THF (15
mL) and then treated with aqueous solution of K,CO;(6.47 g, 46 94 mmol) The mixture was
stirred for 16 h at rt and diluted with water (60 mL). The mlxture was cooled to 0 °C and pH

- was adjusted to'5-6 with saturated solution of citric acid. The two phases were separated and

the aqueous layer was extracted with Et;O (3 x 50 mL) The combmed organic layer was
washed with brine solution, dried over anhydrous Na,SO;4 and concentrated in vacuum to
afford 4—brom0-2-((tert—butyldlmethylsﬂyloxy)methyl)benzow acid (4 g, 49%, LC-MS
90.5%)."H NMR (400 MHz, DMSO-dg) 6 13.21 (s, 1H),7.88-7.81 (m, 2H), 7.62/(d, J= 8 Hz,
1H), 5.08 (s, 2H), 0.97 (s, 9H), 0.48 (s, 6H); MS (ESI) m/z 346 [CisH2BrSiOs + H ]J’;

Step 2: To a solution of 4-bromo-2-((tert-butyldimethylsilyloxy)methyl)benzoic acid (3 g,
8.69 mmol) in DMF ( 20 mL) were added HATU (4.95 g, 13.03 mmol), N-methyl

~ morpholine (1.75 g, 17.38 mmol) and morpholine (0.9 g, 10.43 mmol). The reaction mixture
~ was stirred at 0 °C to rt for 16 h, then was diluted with H,0.(50 mL) and extracted with -
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EtOAc (3x‘l 50 mL). The combined organic layer was dried over Na,SO4 and was.
concentrated under reduced pressure The crude residue was punﬁed by column

chromatography (silica gel, eluent hexane/EtOAc 70:30) to afford (4-bromo- 2 -((tert-

'butyldlmethylsﬁyloxy)methyl)phenyl)(morphohno) methanone (1 g, 28%, LC-MS{98.56%)..
. "H NMR (400 MHz, CDCl3) 6 7.70 (s, 1H), 7.43 (d, /= 1. 6 Hz, IH), 7.02(d,J=8 Hz' , 1H),

4.69 (bs 2H), 3.77 (bs, 4H), 3.58 (bs, 2H), 3 26 (bs, 2H), 0.94 (s 9H), 0.11 (s 6H), MS (ESI)
m/z 415 [C;gszBrN81O3+H ]

Step 3: To a solution of (4-bromo-2-((tert- ‘
butyldimethylsilyloxy)methyl)phenyl)(morpholino) methanone (1 g, 2.41 mmol) in THF (10
mL) was added tetrabutylammonium fluoride in THF (1M solution in THF, 4.83 mL, 4.83

‘mmol) drop wise at 0 C The reaction mixture was stirred at rt for lh and was diluted Wlth

HO (20 mL) and extracted with EtOAc (3 x 50 mL). The combmcd organic layer was dried
over Na,S04 and was concentrated under rcduced pressure. The crude product was punﬁed
by column chromato graphy (silica gel, eluent hexane/EtOAc 30:70) to afford (4-bromo-2-
(hydroxymethyl)phcnyl)(morphohno)methanone (570 mg, 79%, LC-MS 90%). '"H NMR
(400 MHZ CDCly) o 7.62 (s 1H), 7. 47 (d, J= 8 0 Hz, lH), 7.09 (d, /=8 Hz, IH), 4.55 (bs

2H), 3. 78 (bs 4H), 3. 60 (bs, 2H), 3. 35 (bs 2H) MS (ESI) m/z 301 15 [C12H14BrNO3+H]

Step 4: To a solution of (4-bromo-2—(hydroxymethyl)phcnyl)(moiphoiino)methanone (2.8 g,
9.33 Iﬁmol), phthalimide (1.5 g, 10.26 mmol) and triphenyl phosphine (3.66 g, 13.99 mmol)
in THF ( 30 mL) was added DEAD (2.43 g, 13.99 mmol) drop wise at 0 °C. The reaction
mixture was stirred at rt fof 2 h then was dilufed with H,O (50 tﬁL) and extfacted with EtdAc

- (3x150 mL). The combined organic layer was dried over Na,SO4 and was concentrated under

reduced pressire. The crude product was purified by column chromato graphy (silica gel,

eluent hexane/EtOAc 70:30) to afford 2-(5-bromo-2-(morpholine—4— _
carbonyl)benzyl)isoindoline-1,3-dione (2 g, LC-MS 39%) which was used in the next step

without punﬁcatlon

Step 5: To a mixture of 2-(5—bromo-2-(morpholine-4—carbony1)benzyl)isoindoline—1,3-dione 5

(540 mg, 1.26 mmol), 4-(6—(4,4,5,5-tetramethyl-1,3,2-dioxaborolan—2-yl)imidazo[1,2~

. a]pyridin-3-yl)benzonitrile (521 mg, 1.51 mmol), K3POy, (534 mg, 2.52 mmol) in 1,4-dioxane

(15 mL) and water (3 mL) was added Pd(PPh;)4 (72.7 mg, 0.06 mmol) and the reaction

_ mixture was heated at 90 °C for 16 h under argon. The reaction mixture-was diluted with
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water and extracted with EtOAc and washed with water and brine solution. The organic layer-

' 'was dried over anhydrous Na2804 and concentrated under reduced pressure to obtain the

ccrude product. The crude product was purified by column chromato graphy (silica gel, eluent )

CH2C12/MeOH 97.3) to afford 4-(6-(3-(( 1’?3—d1oxo;somdohn—Z—yl)methyl)-4—(mqrph011ne—4—
carbonyl)pheny!)imidazo{1,2-a]pyridin-3-yDbenzonitrile ( 250 meg, 35%, AUC HPLC 98%)
as an light yellow solid; "H NMR (400 MHz, CDCI3) ) (ppm) 8.44 (s, 1H), 7.86-7.64 (m,
10H), 7.46 (4, J= 84Hz,2H),731 (d,J=8.2 Hz, 2H), 5.03-4.97 (m 2H), 3. 85-3. 66 (m,
6H), 3.40 (s, 2H); MS (ESI) m/z 568 [C34H25N504 +HT; |

Exa;nple 169: N-(5-(3-(4-cyanophenylimidazol1,2-alpvridin-6-v1)-2-(4-

(methvlamino)piperidine-1-carbonyl)phenvl)acetamide

g’“)

_-NBoc

O NN 0 N
HN s N7 " W,
" CN N
. CN
_NBoc _NH

© Step: 1 To a solution of 2-amino-4-bromobenzoic acid (2.5 g, 11.57'mmol) in 1,4-dioxane

. (10 mL) was-added bis(trichloromethyl) carbonate at 0 °C and the reaction mixture was -

heated at 110 °C for 16 h. The reaction mixture was concentrated, filtered and washed with

hexane to afford 7-bromo—1H-bénzd{d][1,3]oxazine-2,4—di0ne (2.3 g, 82%, LC-MS 99%) as
an off white solid. 'H NMR (400 MHz, DMSO-dg) 6 11.8 (s', 1H), 7.83 (d, /= 8.4 Hz, 1H),

7.43 (d, J = 8.4 Hz, 2H); MS (ESI) m/z 242 [CgH BrNO;+H]".

Step 2: To a solution of 7-bromo-1H-benzo[d][1,3]oxazine-2,4-dione (400 mg, 1.65 mmol),

tert-butyl methyl(pipeﬁdin-4-yl)carbamate (389 mg, 1.81 mrhol) in DMF (5§ mL) was added
DMAP (20 mg, 0.16 mmol) at rt and stirred at same temperature for 16 h. The reaction
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mixture was added ice cooled water and extracted with EtOAc(3%30 mL). The combined

'orga;mc 1ayer was washed w1th water bnne solutlon and dried over Na2804 and was

concentrated under reduced pressure to obtam the crude product The crude product was

~ washed with n~pentane to afford tert- butyl 1-(2- ammo~4—bromobenzoyl)p1pendm-4—

10

15.

25

30

‘ yl(methyl)carbamate (670 mg, 98%, LC-MS 94%) 1H NMR (400 MHz, CDCls) d 6. 93 dJ

= 8.4 Hz, 1H), 6.88 (s, 1H), 6.83 (d, /= 6.8 Hz, 1H), 4.42 (s, 3H), 4.21 (brs, 2H), 2.95 (s,

| 2H), 2.88 (s, 3H), 1.72-1.62 (m, 4H), 1.46 (s, 9H); MS (ESI) mi/z 412/414 [CsHa¢BN;05 1"

Step 3: To a solution of tert-butyl 1-(2-amino-4-bromobenzoyl)piperidin-4-
yl(methyl)carbamate (0.73 g, 1.78 mmol) in DCM (10 mL) was added triethylamine (0.74

mL, 5.34 mmol). Acetyl chloride (0.19 mL, 2.67 mmol) was added to the reaction mixture at
© 0°C and stirred at t for 2 h. The reaction mixture was added water and extracted with

EtOAc (3 x 30 mL), The combined organic layer was washed with water, brine solution and

dried over Na,SO4 and was concentrated under reduced pressure to obtain the crude product.

The crude product was washed with n-pentane to afford tert-butyl 1-(2-acetamido-4-. .

'b‘romobenzoyl)piperidin-4—y1(methyl)carbamate (650 mg, 80.5%, LC-MS 92.5%). 'H NMR

(400 MHz, CDCly) 6 9.01 (s, 1H), 8.5 (s, 1H), 7.25 (4, J = 8.4 Hz, 1H), 7.01 (d, /= 6.8 He,
1H), 4.18 (s, 2H), 2.95 s, 3H), 2.74 (s, 4H),2 18 (5, 3H), 1.82-1.65 (rn, 3H), 146 (5 OH);

"MS (ESI) m/z 554/556 [ CaoHasBrN;O4]".
20

Step 4: To a mixture of tert-butyl 1'-(2-acetamido—4—bromobenzoyl)pipeﬁdin'—4—

' yl(methyl)carbamate (215 mg, 0.47 mmol), 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)1m1dazo{1 2- a}pynd1n-3 -yl)benzonitrile (196.8 mg, 0.57 mmol), K3PO4 (201 mg, 0. 95

- mmol) in 1,4-dioxane (10 mL) and water (2 mL) was added Pd(PPhs)s (27.4 mg, 0.02 mmol)

and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was filtered
through celite bed and washed with 10% MeOH in CHCI; and the filtrate was dried over

anhydrous Na,SO, and concentrated under reduced pressure to obtain the crude product. The

- crude product was purified by column chromatography (silica gel, eluent CHCl3/MeOH 97:3)

to afford tert-butyl 1-(2-acetamido-4-(3 —(4-cyanoph¢ny1)imidazo[1,2-a]pyridin-6-
yDbenzoyl)piperidin-4-yl(methyl)carbamate (210 mg, 75%, LC-MS 61%) as a light yellow
solid. ‘

Step 5: To a solution of tert-butyl 1-(2-acetamido-4-(3-(4-cyanopheny1)imidazo[i ,2-
a]pyridin-6-yl)benzoyl)piperidin-4-yl(methyl)carbamate (200 mg, 0.33 mmol) in DCM (10
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-mL) was added TFA (1.2 mL) at 0 °C. The reaction mixture was stirred at rt for 3 h,

concentrated under reduced pressure and basified with saturated NaHCO; solutlon The
preolp1tated was isolated by filtration and was dried. The crude product was punﬁed by
preparative HPLC to afford N-(5-(3-(4- ~cyanophenyl)imidazo[ 1,2-a]pyridin-6-y1)-2-(4-
(methylamino)piperidiﬁe-l—céfb;pyl)phenyl)acetamide (30 mg, 18%, AUC HPLC 95.9%) as

. apale yellow solid. m.p. 147-151 °C. 'H NMR (400 MHz, CDCl3) 6 9.07 (s, 1H), 8.53 (s,
© 2H), 7.84-7.73 (m, 6H), 7.76 (d, J = 7.6 Hz, 1H), 7.73 (s 1H), 7.31 (d, J = 8.0 Hz, 1H), 4.60

(s, 1H), 3.95 (s, 1H), 3.15 (s, ZH), 2.77 (s, 1H), 2.49 (s, 3H), 2.19°(s, 3H), 2.05(s, 3H) 1.44 (s, .

a "ZH), MS (ESI) m/z 493.05 [CasHagNsO,+HT',
10

Example 170: N-(5-(3-(4-cyanophenyl)imidazo[1,2-alpyridin-6-y1)-2-(piperazine-1-

CA?SSﬁ'\%i)pheﬁVDacetamide

e i .. . H ) - 0 Q
. N '
()  HN e .. T
O, ﬁ Br N ‘ HN Br
o) .
N N
.o, | (] ()
- N : ‘
Boc N

o
N

(J =
N .
H

~ Step: 1 To a solution of 2-amino-4-bromobenzoicacid (2.5 g, 11.57 mmol) in 1,4-dioxane (10

15 '.me) was added bis(trichloromethyl) carbonate at 0 °C and the reaction mixture was heated at

110 °C for 16 h. The reaction mixture was concentrated, filtered and washed with hexane to

afford 7-bromo- 1H-benzo[d][1 3]0xazme 2,4-dione (2. 3 g, 82%, LC MS 99%) as an off

white solid. 'H NMR (40() MHz, DMSO-dg) 6 11.8 (s, 1H), 7.83 (d, J 8.4 Hz 1H), 7.43 (d,
J= 8.4 Hz, 2H); MS (ESI) m/z 242 [ CsHBINOs+H]".

Step 2: To a solution of 7-bromo-1H-benzo[d][1,3Joxazine-2,4-dione (400 mg, 1.65 mmol),

'tert-ButyI methyl(piperidin-4-yl)carbamate (389 mg, 1.81 mmol) in DMF (5 mL) was added

DMAP (20 mg, 0.16 mmol) at rt and the mixture was stirred for 16 h. To the reaction mixture
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‘was added ice cooled water and the solid thus pre(npltated was filtered and washed in turn
w1th water n-pentane and dned to afford tert-butyl 4-(2- ammo -4 bromobenzoyl)p1peraz1ne-
-carboxylate (910 mg, 57%, LC-MS 64. 6%) MS (ESI) m/z 384/386 [C;GszBrN303+H]

Step 3: To a solution of tert—butyl 4- (2 ammo-4-bromobenzoyl)plperazme 1- carboxylate (0 9
g, 2.35 mmol) in dichloromethane (10 mL) was added TEA (0. 08 mL, 7.05 mmol). Acetyl

‘chloride (0.25 mL, 3.53 mmol) was added to the reaction mixture at 0 °C and stirred at rt for

2 h. To the reaction mixture was added water and the mixture was extracted with EtOAc (3 x

50 mL) The combined organic layer was washed in tirn with-water and brine. The organic

solution and dried over Na;SOy, filtered and was concentrated under reduced pressure to

obtain the crude product. The crude product was purified by column chromatography (silica

- gel, cluent CHClg/MeOH 97:3) to afford tert-butyl 4-(2-acetamido-4-

bromobenzoyl)piperazine-1-carboxylate (600 mg, 60%, LC-MS 96.3%) as a hght yellow
solid. "H NMR (400 MHz, CDCL) 6 8.96 (s, 1H), 8.54 (s, 1H), 7.24 (d, /= 10 Hz, 1H), 7.04

(d,J=8.0Hz, lH), 3.58-3.41 (m, 8H), 2.15 (s, 3H), 1.47 (s, 9H); MS (ESI) m/z 426/428

[C1eH24BIN;04]".

Step 4 To a mixture of tert butyl 4-(2- acetam1do—4 bromobenzoyl)plperazme—l carboxylate
(373 mg, 0.87 mmol), 4-(6-(4,4, 5 5- tetramethyl 1,3 2-d10xaborolan~2 yl)lmldazo[l 2-
alpyridin-3-yl)benzonitrile C (364 mg, 1.05 mmol), K3PO4 (372.7 mg, 1.76 mmol) in 1,4- -
dioxane (10 mL) and water (2 mL) was added Pd(PPh3)s (50.7 mg, 0.04 mmol) and the
reaction mixture was heated at 90 °C for 16 h under argon. The reaction mixture was ﬁltered
through celite bed and washed with 10% MeOH in CHCI3 and the filtrate was dried over

- anhydrous Na,SO4 and concentrated..under reduced pressure to obtain the crude product. The

crude product was purified by column chromatography (silica gel, eluent CHCl;/MeOH 97:3) |
to afford tert-butyl 4-(2-acetamido-4-(3 -(4-cyenophenyl)imidazo{ 1,2-a]pyridin-6- '
yl)benzoyl)piperazine-1-carboxylate (310 mg, 62%, LC-MS 76%) as a light yellow solid. MS
(ESI) m/z 565 [C3H3NsO4+H]".

Step 5: To a solution of tert-butyl 4-(2-acetamido-4-(3 -(4-cyanophenyl)imidazo[1,2-
a]pyn'din—6-y1)benzoy1)pipelfazine-1-'-carboxylate (250 mg, 0.44 mmol) in dichloromethane
(10 mL) was added TFA (1.2 mL) at 0 °C. The reaction mixture was stirred at rt for 3 h.

Reaction mixture was diluted with water and basified with saturated NaHCO; solution and

- extracted with 10% MeOH in CHCls. The combined organic layer was washed with water,
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brine solution and dried over Na,SO, and was concentrated under reduced pressure to obtain

the crude product. The cpmpéund was further purified by preparative HPLC to afford N-(5- )

(3—(4~cyanophenyl)imidazo[1,27a]pyridir1“;6-yl)—2—(piperazine—1-carbony'l)phenyl)acetamide o

_ (30'mg, 14.6%, AUC HPLC 98.3%) as an off-white solid. mp 160-1 65°C. 'H NMR (400

MHz, CDCls) 6 9.08 (s, 1H), 8.56-8.53 (m, 2H), 7.84-7.77 (in, 6H), 7.75-7.73 (m, 1H), 7.55-
7.30 (m, 3H), 3.62 (s, 4H), 2.93 (s,-4H), 2.20 (s, 3H); MS (ESI) m/z 465 [C27H24NcO2 + HY .

Example 171: 4-(6-(3-(piperazin-1 -y1)-4-(piperazine-1-carbonyl)phenylimidazo[1.2-

‘ ‘a}pvxjidin-3—vl-)benzonitrile

8

LUN Br

o N ON

Step 1: To a solution of 4-bromo-.2-(4—(’tert—butoXycarbonyl)piperazin;1-yl)benzoic acid (0.8
g, 2.08 mmol) in DMF (6 mL) was added NMM (0.41 g, 4.16 mmol) followed by HATU
(1.18 g,3.12 inmél) at rt and the reaction mixture was stirred for 30 min. tert-butyl -

piperazine-1-carboxylate (0.46 g, 2:49 mmol) was added and stirred was continued at rt for ~ "~

.. 16 h. The reaction mixture was' diluted with EtOAc¢ and washed with water, brine solution.

The organic layer was dried over anhydrous Na;SO4 and concentrated under reduced pressure
to obtain tert-butyl 4-(4-bromo-2-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoyl)piperazine- -
1-carboxylate (600 mg, 52%, LC-MS-80%) as an off white solid. ‘

Step 2: To a mixture of tert-butyl 4-(4-brom0_-2-(4»(tert-butoxycarbonyl)piperazin»1~
yl)benzoyl)piperazine-1-carboxylate (612 mg, 1.10 mmol), 4-(6-(4,4,5,5-tetramethyl-1,3,2-
dioxabofolan-z—yl)imidazo[1,2-a]pyridin—3-yl)benzoﬁitﬁle (470 mg, 1.00 mmol), K;PO,
(427 mg, 2.01 mmol) in 1,4-dioxane (15 mL) and water (1 mL) was added Pd(PPh;), (40 mg,

- 0.01 mmolj and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was

diluted with EtOAc and washed with water and brine solution. The organic layer was dried
over anhydrous Na,SO, and concentrated under reduced pressure to-obtain the crude product.
The crude product was purified by column chromatography (silica gel, eluent

methanol/dichloromethane 10:90) to afford tert-butyl 4-(2-(4-(tert-butoxycarbonyl)piperazin—
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1-yl)-4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate (200
mg, 29%, LC-MS 52%)) as a light brown solid.

Step 3: To a solution of tert-butyl-4-(2-(4-(tert-butoxycarbonyl)piperazin-1-yl)-4-(3-(4-
cyanophenyl)imidazo[l,2—é]pyridin—6—y1)benzoyl)piperazine—1—carboxylate (200 mg) in DCM
(5 mL) was added a HCI solution in ether (5 mL) at 0 °C and stirred at rt for 2 h. The reaction
mixture was concentrated basified with NaHCOs3, diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous Na,SO; and concentrated
under reduced pressure to obtain the crude product. The crude product was purified by
column chromatography (silica gel, eluent methanol/dichloromethane 10:90) to afford 4-(6-
(3-(piperazin-1-yl)-4-(piperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile
(100 mg ,70%, AUC HPLC 94.35%) as an off-white solid; mp 170-174 °C. 'H NMR (400
MHz, DMSO ds) 6 8.76 (s, 1H), 8.02 (s, 5H), 7.80 (d, J= 9.2 Hz, 1H), 7.71 (d, J =8.0 Hz,
1H), 7.39 (d, /= 8.0 Hz, 1H), 7.28 (s, 1H), 7.25 (d, /= 8.0 Hz, 2H), 3.67-3.64 (m, 1H), 3.51-
3.47 (m, 1H), 3.16-3.13 (m, 3H), 3.01 (s, 1H), 2.97-2.67 (m, 9H), 2.5 (s, 1H); MS (ESI) m/z
492.31 [CoHp9N,0 + HJ".

Example 172: Synthesis of 4-(6-(4-(4-methoxy-4-methvlpiperidine-1-

carbonyl)phenylimidazo[1.2-alpyridin-3-vI)benzonitrile

A\
O~B/©“// A Nz=N
Br Br A§<é SN
Oy©/ OYQ o
oN
N N
;g o
0

N —_—
/

Step 1: To a solution of 4-bromobenzoic acid (500 mg, 4.97 mmol) in DMF (10 mL) were
added HATU (1.41 g, 7.46 mmol), N-methyl morpholine (0.69 mL, 12.44 mmol) and 4-

/

methylpiperidin-4-ol hydrochloride (452 mg, 5.97 mmol). The reaction mixture was stirred at
0 °C to room temperature under inert atmosphere for 16 h, then was diluted with H,O (30
mL) and extracted with EtOAc (3%30 mL). The combined organic layer was washed with
water, brine and dried over Na,SO, and was concentrated under reduced pressure. The crude
residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to
afford (4-bromophenyl)(4-hydroxy-4-methylpiperidin-1-yl)methanone (435 mg, 58%, LC-
MS 92.2%) as a pale yellow solid. MS (ESI) m/z 298/300 [C3H¢BINO,+H]".
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~ Step 2: A solution of (4-bromopheny1)(4 -hydroxy- 4-methylp1per1d1n l-yl)methanone (375

mg, 1.26 mmol) in anhyrous DMF (8 mL) was added to sodium hydnde (120 8 mg, 50%,

5.03 mmol) that was prewashed with n-hexane, cooled fo 0 °C Methyl 1od1de (2.5 mL, 40 14 '

‘mmol) was added to the reaction mixture and stirred at rt for 16 h. The reaction mixture was

quenched w1th ice-cold water and extracted with EtOAc (3x30 mL). The combined organic
layer was washed with water, brine solution and dried over Na,SO,, filtered and was
concentrated under reduced pressure to afford (4-bromophenyl)(4-methoxy-4-
methylpzpendm- -yl)methanone (250 mg) as a green solid: \/IS (ESI) m/z 312/314

[C 1aHsBrNO,+H]".

“Step 3: To a mixture of (4—bromophfenyl)(4-methoxy—4'jmothylpiperi_di_n—1-yl)methanoné(240‘ '
. mg, 0.77 mmol), 4-(6-(4,4,5,5—tetramcthyl—1,,3,_2-dioxaborolan-z-yl)i;yidazo[1,2-ajpyridin-3-

yl)benzohitrile. (318.4mg, 0.92 mmol), K3PO, (326 mg, 1.54 mmol) in 1,4-dioxane (15 mL)
and water (2 mL) was added Pd(PPh;)4 (44 mg, 0.04 rhmol) and the reaction mixture was

heated at 100 °C for 16 h. The reaction mixture was diluted with EtOAc and washed in turn
w11:h water and bnne solution. The organic layer was dried over anhydrous Na2804, ﬁltercd

and concentrated under reduced. The residue was punﬁed by column chromatography (s1hca

.gel, eluent MeOH/DCM/MeOH 97:3) to afford 4-(6—(4-(4-methoxy-4—methylplpendme»l—

carbonyl)phenyl)imidézo[l,2-a]pyridin-3-yl)benzonitrile (70 mg;29%, AUC HPLC 96.73%)
as an off white solid. mp 159-163 °C. 'H NMR (400 MHz, CDCls) & (ppm): 8.50 (s, 1H),

7.84-7.72 (m, 6H), 7.58-7.50 (m, 5H), 4.40 (s, 1H), 3.55-3.40 (m, 2H), 3.33- 312 (m; .
4H),,1.92 (s, 1H), 1.75 (s, 1H), 1.45 (5, 28D, 1.20 (5, 38); MS (EST) m/z 451 -

. [CagHasN4Ox+H]".

25°
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Example 173: (4-amino-4-methylpiperidin-1-y1)(4-( 3—(4—ch10ronhenyl)irhidazo(l,2-a]nvridin- ,

-yl)nhenvl)methanone ,
OH L0 oH
. AN
: N’\"% @— OH Br/@‘*/ 7 Eto@ OH ﬁ . HoW
Br T
: , .

NH - / ”
BochPC Ygg N Y

LN o — .0

Q e g) :
' NHBoc o . NHz .

Step 1 To a solution of 6-bromoimidazo [1,2- a]pyndme (20 g, 101.5 mmol) in ACN (300
ml) was added N~1odosuccm1m1de (22.8 g, 101.5 mmol) at rt and stirred for 5 h. Thereaction

mlxture was ﬁltered and washed w1th hot acetomtnle to afford 6-bromo- 3-1od01m1dazo[1 2-
a)pyridine (22 g, 67%) as a pale yellow sohd 1H NMR (400 MHz, CDCl;) ¢ 8. 29 (s, 1H),
7.58 (d,J=9.2 Hz, 1H), 7.35 (d, J= 7.6 Hz, 1H), 7.27 (s, 1H).

Step 2: A mixture of 6-bromo- 3-10d01m1dazo[ 2 a]pyridine (21 g, 65.4 mmbol), 4~

. chlorophenylboromc acid (11.22 g, 71.9 mmol) K3PO4 (27 78, 130.8 mmol) in DMF (100

mL), and water (15 mL) was degassed with'z argon for 30 min. Pd(PPhs)s (3.77 g, 3.27
mmol) was addéd and again degassed with argon for 30 min and the reaction mixture was .
heated at 90 °C for 6 h. TLC indicated absence of SM and formation of two polar spots.”
Water (2x100 ml) was added to the reaction mixture to induce precipitation which was

filtered to give crude product. The crude product was purified by column chromatography

N (silica gel, eluent (CHCly/MeOH 95:5) to afford 6-bromo-3-(4-chlorophenyl)imidazo{1,2-

aJpyridine (10.6 g, 52%) as a*yéllowish green solid. "H NMR (400 MHz, CDCl3) & 8.38 (s,
1H), 7.69 (s, 1H), 7.60 (d, J= 8.0 Hz, 2H), 7.82 (t, /= 9.2 Hz, 1H), 7.58 (q, J = 5.2 Hz,
4H), MS (ESI) m/z 309 [C1sHsBrN,Cl+ 2H "

Step 3: 4-(ethoxycarbonyl) phenylboronié acid (3.81 g, 19.67 mmol), K3PO4 (6.95 g, 32.78

 mmol), and Pd(PPh3)4 (0.56 g, 0.49 rﬁmol) were added sequentially to a solution of ethyl 6-

bromo-3-(4-chlorophenyl)imidazo[1,2-a]pyridine (5 g, 16.39 mmol) in a mixture of 1,4
dioxane/H,0 (50:5 mL) at room temperature under argon atmosphere. The reaction mixture

was refluxed for 6 h and was diluted with water (100 mL) and extracted with EtOAc (3x100

 mL). The combined organic layer was dried over Na;SOy, filtered and concentrated under
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reduced pressure. The residue was purified by column chromatography (silica gel, eluent
petroleum ether/EtOAc 1: 1) to afford ethyl 4-(3-(4- chlorophenyl)1m1dazo[l 2-a]pyridin-6-
yl)benzoate (2.7 mg, 58%) as an off-white solid. "H NMR (400 MHz, CDCls) & 9,21 (s, 1H),

8.95(s, 1H), 8.21 (s, 1H)? 8.17-8.12 (m, SH), 8.08°(s, 1H), 7.91 (4, J=8.0 Hz, 2H), 7.82 (&, -
' =8.4 Hz, 1H), 4.03 (q, /= 7.2 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H); MS (ESI) m/z 378
[CaoH17CINO, + HT

Step 4: To a solution of ethyl,“4-(3-(f’r-ehlorophenyi)imidazo[l ,2-a]pyridin-6-yl)benzoate (2.7
g,7.18 mmbol) and LiOH (0:9 g,21.54 mmol) in a mixture of THF (40 mL), water (10 mL)
and MeOH (10 ml) was stirred for 5 h at rt. The reaction mixture was concentrated under
reduced pressure to afford 4-(3-(4-chlorophenyl)imidazo[1,2-alpyridin-6-yl)benzoic acid

(900 mg, 37%} 'as an off white solid which was used in the next step without pun'ﬁcation ‘IH ’
NMR (400 MHz DMSO0-de) 6 (ppm): 8.87 (s, 1 H), 8.14 (s, 1 H), 8. 12-8.02 (m, 5 H), 7.95- '
7.87 (m, 5 H); MS (EST) m/z 349 [CoHi3CIN2O, + HY".

‘Step 5: To a solution of 4-(3-(4- chlorophenyl)imidazo[l 2-ajpyridin-6- yl)benzdic acid (500

mg, 1.43 mmol) in DMF (15 0 mL) were added HATU (817 mg, 2.14 mmol), N-methyl

morphohne (0.317 mL, 2.86 mmol) and tert—butyl 4-methy1p1per1d1n 4-ylcarbamate (336 mg,

1.58 mmol). The reaction mixture was stirred at room temperature under inert atmosphere for T

16 h, then was diluted with water (15 mL) and’ extracted with EtOAc(3x25 mL). The

combined organic layer was dried over Na;SOy, filtered and was concentrated under reduced

~ pressure. The residue was purified by column chromatography (silica gel, eluent

CH2C12/MeOH 95:5) to afford tert—butyl_ 1-(4-(3-(4-chlorophenyl)imidazo{1,2-a]pyridin-6-

'- yl)benzoyl)-4-methylpiperidin-4—ylcarbamzite (410 mg, 52%, LC-MS 92%) as an off-white

solid."H NMR (400 MHz; DMSO-ds) 8 (ppm): 8.68 (s, 1 H), 7.85-7.77 (m, 6 H), 7.70-7.66
(m, 1 H), 7.61 (d,J = 12.0 Hz, 2 H), 7.46 (d, J = 12,0 Hz, 2 H), 3.79 (bs, 2 H), 3.45 (bs, 3 H),
1.45 (bs, 5 H), 1.38 (s, 9 H), 1.10 (s, 3 H); MS (ESI) m/z 545 [C3;HCIN,Os + H]"

Step 6: To a solution of te}*t-butyl i-(4—(3-(4-chlorephehy1)imidazo[1;2—a]pyridin-6-
yl)benzoyl)-4~methylpiperidin—4-ylcarbamate (400 mg, 0. 73 mmol) in dichloromethane (10
mL) was added TFA (3 mL) in diehloromethane (5 mL).The reaction mixture was stirred for
4 h at rt. The reaction mixture was diluted with water (100 mL), NaHCO; (100 mL) and
extracted with CHzCl, (2x50 mL). The combined organic layer was concentrated to dryness |

under reduced pressure to afford crude compound. Crude compound was purified by prep-
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HPLC to afford (4-amino-4-methyl-pipcridin-1-yl)(4~(3—(4-ch1orophenyl)imidazé[1 2=

: a]pyridin-6-y1)phehyl)methanor1_e (80 mg, 1 6%, AUC HPLC 97.59%) as a’ yeHdw solid; m.p.

109-124°C. 'H NMR (400 MHz, DMSO-dq) & (ppm): 8.68 (s, 1 H), 7.85-7.77 (m, 6 H), 7.70-
7.66 (m, 1 H), 7.61 (d, /= 12.0 Hz, 2 H), 7.46 (d, /= 12.0 Hz, 2 H), 3.79 (bs, 2 H), 3.45 (bs,
3 H), 145 (bs, 5 H), 1.10 (s, 3 H); MS (ESI) m/z 445 [CaosHasCIN,O + H]".

Example 174: ( 4-aminopiperidin— 1 fyl)(4—( 3_(4-chlorophenyl)imidazo[ 1 ,2~a]vvﬁdin-6-

vl)phenyl)methanone

Cl

NH,

Step 1: To a solution of 4-(3-(4-chlorophenyl)imidazo[1 ,2-a]pyridin-6-yl)benzoic acid (400
mg, 1.14 mmo]) in DMF (15.0 mL) were added HATU (651 mg, 1.71 mmol), N-methyl
morpholine (. 253 th 2. 28 mmol) and tért—butyl piperidin-4-ylcarbamate (251 mg, 1.26
mmol). The reactlon mixture was stirred at room temperature under inert atmosphere for 16
h, then it was dﬂuted with water (15 mL) and extracted with EtOAc (3x25 mL) The

combined organic layer was dried over Na,SO4 and was concentrated under reduced j pressure.

" " The crude residue was purified by column chromatography (sﬂlca gel, eluent CH,Cl,/MeOH 7

25

95:5 to afford tert—butyl 1-(4-(3-(4—¢hloropheny})1m1dazo[1,2-a]pyndm—6-y1)benzoy1)—4-
‘methylpiperidin#—ylcarbamate (310 mg, 50%, LC-MS 91%) as an off-white solid."H NMR

(400 MHz, DMSO-dg) 8 (ppm): 8.42 (s, 1H), 8.0 (5, 1H), 7.79 (d, J = 9.2 Hz, 2H), 7.73 (s,
-

1H),7.58-7.45 (m, TH), 4.60 (bs, 1H), 4.45 (bs, 1H); 3.78 (bs, 2H), 3.18 (bs, 2H), 3.00 (bs, 2
H), 2.18-1.89 (m, 2H), 1.44 (s, 9H); MS (ESI) m/z 531 [C3oH3,CIN;O5 + HI".

Step 2: To a solution of zert-butyl 1-(4-(3 -(4-chlorophenyl)imidazof 1,2-a]pyridin-6--
yl)benzoyl)-4-methylpiperidin-4-ylcarbamate (310 g, 0.73 mmol) in DCM (15 mL) was
added TFA (3 mL) and the reaction mixture was stirred at rt for 3 h. The reaction mixture

was concentrated and poured into ice cold water, extracted with EtOAc (3 x 50 mL). The

~ organic layer was washed with NaHCO; solution (2x20 mL), water (2x10 mL ) and brine,

dried over anhydrous Na;SOs, filtered and concentrated under reduced pressure. The crude
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compound was purified by preparative f HPLC to afford (4*am1nop1per1d1n-1 -yD(4-(3-(4-

. chlorophenyl)lmldazo{l 2- a]pyndm—é yl)phenyl)methanone (80 meg, 21%, AUC HPLC

| .97 7%) as a white sohd m.p. 85-89 °C. 1H NMR (400 MHz, DMSO-de) § (ppm): 8 69 (s

10 ..

15 -
“EtOAc (3 x 50 mL). The combined organic layer was dried over Na,SQy, filtered and

20 -

25

"1H), 7.85 (s, 1H), 7.82-7.78 (m,5H),770761 (m, 3H), 7.46 (d, J= 8.0 Hz, 2H), 4.28 (bs,

1H), 3.58 (s, 1H), 3.07 (bs, 1H), 2.94 (bs, 1H), 2.82 (m, 1H), 1.75-1. 67 (m, 4H), 1.23 (s, 1HD),

1.18 (bs; TH); MS (EST) m/z 431.44 [C25H23C1N4O + H]

Example 175: (4-(3-(4 hvdroxvphenvl)lmldazo[l 2- ahavrldm 6-vl)phenv))(4-

methvlpmerazm—l Vl)methanone

HO B

-hydroxyph'eﬁylboronic acid (136 mg, 0.98 mmol), KsPO, (380 mg, 1.79 mmol) and
Pd(PPhs)s (51 mg, O 04 mmol) were added sequent1ally to a solution of 4-(3- 1od01m1dazo[1 2-
a]pyndm-6 yl)phenyl)(4—methylp1perazm— -yl)methanone (400 mg, 0. 896 mmol) in a
mlxture of 1 4 d1oxane/HzO (15:1.5 mL) at room temperature under argon atmosphere. The

reaction mixture was refluxed for 6 h and was diluted with water (50 mL) and extracted with

concentrated under reduced pressure. The residue was purified by column chromatography

: (silica gel, eluent CHCl3/MeOH 95:5) and by prepafétive HPLC to afford of (4-(3 —(4-
. hydroﬁ;yphenyl)imidazo[l ,2-a]pyridin-6-yl)phenyl)(4-methylpiperazin-1 -yl) (100 mg,

23%,AUC HPLC 98.3%) as an off-white solid; m.p. 151-217 °C. "H NMR (400 MHz,

- DMSO-dg) 6 (ppm): 9.79 (s, 1H), 8.55 (s, 1H), 7.78-7.72 (m, 3H), 7.67-7.46 (m, 6H), 6. 94 (d

7= 12.0 Hz, 2H), 3.62 (bs, 2H), 3.35 (bs, 2H), 2.31 (m, 4H), 2.20 (s, 3H); MS (ESD m/z 413
[CasH2N4O + HY.
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. Forr‘ﬁﬂula 5

Example 176; 4- (5-(4-(4- methvlmnerazme 1 carbonvl)phenyl)pvrazolo[l @]pvnmxdm 3.

yl )benzonltnl
OH

-N NC 8
I\ b EtOOCOB /@/( /K) NBS, CHCN, CH,Cly )Q? on
Et00C

 EtOOC

: o o cofve e T ’ N N
A~n-N :
S NN : HATU, DIPEA, DMF Oﬁ/©/\
S LIOH, H0, THE
| Et00C HOOC

CN

. Step 1: To a solu‘uon of 5-br0mopyrazolo[ 1, 5 a]pynmldme (300 mg, 1.5 mmol) in 1,4-

dloxane 10 mL) and water (2 mL), were sequentlally added 4~ethoxycarbony1 phenyl

. boromc acid (380 mg, 1.95 mmol), KsPOy4 (955 mg, 45 mmol) and Pd(PPh;)s (52 mg, 0.04

" - mmol). The reaction mixture was heated at 90 °C for 4 h under argon atmosphere then, was

10

15

20

diluted with. EtOAc and washed with water and brine solution. The organic layer was dried

- over anhydrous Na2804, filtered and concentrated under reduced pressure. The crude product

was purlﬁed by column chromatography (silica gel, eluent petroleum ether/EtOAc 9:1 to 1:1) '

- to afford ethyl 4-(pyrazolo[1 5-a]pyrimidin-5-yl)benzoate (200 mg, 49%) of as a yellow

solid. "H NMR (400 MHz, CDCls) 6 (ppm): 8.77 (d, J = 8.0, 1H), 8.18-8.15 (m, 4H), 7.33 (d,

J=1.5Hz, 2H), 7.12 (4, J = 4.4 Hz, 1H), 6.77 (d, J = 2.2 Hz, 1H), 4.45 (g, J = 6.8 Hz, 2H),

1.44 (t,J= 7.2 Hz, 3H); MS (ESI) m/z 268 [C15H;3N30,+ H]" .

Step 2: To a solution of ethyl 4-(pyrazolo[i,S-a}pyrimidin-S-yl)beﬁzoate 23 g, 9.36‘ mmol)
in DCM (15 mL) and ACN (35 mL) was added NBS (2.02 g, 11.23 mmol) at 0 °C and stirred
at same temperature for 1 h. The reaction mixture was filtered and washed with water and
dried to afford ethyl 4-(3-bromopyrazolo[1,5-a}pyrimidin-5-yl)benzoate (2.0 g, 67%) as a
yellow solid. '"H NMR (400 MHz, CDCI3) d (ppm): 8.77 (d, J= 8.0 Hz, 1H), 8.18-8.15 (m,
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4H),8.14 (s, 1H), 7.38 (d, J = 4.4 Hz, 1H), 4.40 (q, /= 6.8 Hz, 2H), 1.44 (t, /= 7.2 Hz, 3H);
MS (ES) m/z 346 [CisHi, BIN;Os]". S

Step 3: A solutmn of ethyl 4- (3-br0mopyrazolo[1 S-a]pynmldm— -yl)benzoate (120 mg, O 4
mmol), 4- cyanophenylboromc acid (66 mg, 0.44 mmol), KsPO4 (220 mg, 1 03 mmol) in 1,4-

- dioxane (3 mL) and water (1 mL) was degassed with argon for 30 min prior to the addition of

Pd(PPh;3)s (12 mg, 0.01 mmol). The reaction mixture was heated at 90 °C for 3 h under argon
then, was diluted with EtOAc and washed with water and brine solution. The organic layer

was dried over anhydrous Na;SO4 and concentrated under reduced pressure. The crude

: product was punﬁed by column chromatography ( silica gel, eluent petroleum ether/EtOAc - - ;

90/10 to 50/50) to afford of ethyl 4-(3 ~(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-3-
yl)beﬁiqate (80 mg, 61%) as a yeﬁpw_ solid. '"H NMR (400 MHZ,‘CDCI}){? (ppm): 8.80 (d,J
=7.5Hz, IH), 8.58 (s, 1H), 8.30-8.20 (m, 6H), 7.79 (d, /= 12.0 Hz, 2H), 7.45(d,J=12.0 .

Hz, 1H), 4.40 (q, J = 6.8 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H); MS (ESI) m/z 369 [C2HigN:O, +

H'.

Step 4:Toa solution of 4-(3-(4- cyanophenyl)pyrazolo[l 5-alpyrimidin- S-yl)bcnzoate (500
mg, 1.35 mmol) in THF (20 mL) was ‘added LiOH (228 mg, 5.43 mmol) in water (4 mL) at rt
and stirred for 16 h. TLC mdlcated absence of SM and formatlon of a polar Spot The reaction

mixture was concentrated under reduced pressure to afford 700 mg of 4-(3-(4-

" cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acid as a yellow solid which was used in
“ the next step without punﬁcatlon '"H NMR (400 MHz, CDCl;) 6 (ppm): 'H NMR (400 MHz,
'DMSO-dg) 0 (ppm) 12.2 (bs, IH), 9.35(d,J=6.8 Hz 1H), 8.97 (s, 1H), 8.48- 8.44 (m, 2H),

. 8.34 (d, J=8.0 Hz, 1H), 8.14 (d, J = 8.4.Hz, 2H), 8.09 (d, /= 8.0 Hz, 2H), 7.93 (d,J=8.0 -

“Hz, 1H), 47.86 (d,J = 8.0 Hz, 1H); MS (ESI) m/z 340 [CaoH12N4O, + H] ™

Step 5: To a solution of 4-(3 —(4-¢yanophenyl)pyrazolo[1,5-a]py1imidin—5—yl)benzoic acid
(460 mg, 1.35 mmol) in DMF (5 mL) was added NMM (348 mg, 2.7 mmol) followed by

 addition of HATU (775 mg, 2.03 mmol) at rt and stirred for 30 min. 1-Methylpiperazine (270

mg, 2.7 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted with -
EtOAc and washed with water and brine. The organic layer was dried over anhydrous
N2,SO4 and concentrated under reduced pressure to obtain crude product. The crude product

was purified by column chromatography (silica gel, eluent CHCl;/MeOH 90:10) and

followed by preparative HPLC to.afford 4-(5-(4-(4-methylpiperazine-1-
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carbonyl)phenyl)pyrazolo[l 5-a]pyrimidin-3-yl)benzonitrile, (50 mg, 9%, AUC HPLC -
97. 6%) asa yellow solid; m.p. 111-124 °C. 'H NMR (400 MHz, CDC13) 0 (ppm) 8 78 (d J=

8.0 Hz, 1H), 8.52 (s, 1H), 8.29 (d, J = 16.0 Hz, 2H), 8.23 (d, J = 16.0 Hz, 2H), 7.7‘5,¢(d,_,J— §

16.0 Hz, 2H), 7.61 (d, J = 16.0 Hz, 1H), 7.41 (d, /= 12.0 Hz, 1H), 3.84 (bs, 2H), 3.49 (bs,
2H), 2.53 (bs, 2H), 2.39 (bs, 2H), 2.34 (s, 3H); MS (ESI) m/z 423 [CosHnNeO+ HJ'.

Example 177: 4-(5-(4-(4-isopropylpiperazine-1 -carbonﬂ)phenyl)pwaZolo [1 ,S—é]vvﬁmidin-?) -

. yDbenzonitrile
. _ N‘N\ ‘

T6 a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-S-yl)benzoic (400 mg, 1.17

" mmol) in DMF (5 mL) was added NMM (303 mg, 2.3 mmol) followed by HATU (670 mg,

~ 1.76 mmol) at rt and the reaction mixture was stirred for 30 min. 1-isopropylpiperazine (196

mg, 1.52 mmol) was added to the reaction mixture and stirred was continued at'rt for 16 h.-

The reaction mixture was diluted with FtOAc and washed with water and brine-solution.- The.

organic layer was dried over anhydrous Na,SO, and concentrated under reduced pressure to

obtain crude product. The crude product was purified by Prep-HPLC to afford 4-(5-(4-(4-
methylpiperazine-1-carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile (45 mg, 8%,
AUC HPLC >99%) as a yellow solid; m.p.‘ 106-116 °C. "H NMR (400 MHz, CDCl;) §
(ppm): 8.77 (d, /= 8.0 Hz, 1H), 8.51 (m, 1H), 8.30 (d, /=12 Hz, 2H), 8.22 (d, /=12 Hz,
2H),775 (d, J=8.0 He, 2H),761 (d, J= 8.0 Hz, 2 H), 7.40 (d J= 8 0 Hz, 1H),3 83 (s, ZH),
3.47 (bs, 2H), 2 75 (m, 1H), 2.63 (bs, ZH), 2.49 (bs, 2H), 1.06 (d J=80 Hz, 6H), MS (ESI)
m/z 451 [Co7HagNsO + H". ‘

254



10

15

20

WO 2013/147711 L : L PCT/SG2013/000126 .

~ To a solution of 4-(3-(4-cyanophenyl)pyrazolo{1 ,S—a]pyrimidin.-S-yl)benioic acid (400 mg,

1.17 mmol) in DMF (5 mL) was added NMM (303 n?g,‘2.35 mmol) followed by HATU (670 -
mg, 1.76 mmol) at rt and the solution was stirred for 30 min. 1-methylpiperazine (270 mg,

- 2.7 mmol) was added to the reaction miiture and stirring was continued for 16 h. The .

‘reaction mixture was diluted with EtOAc and washed with water and brine solution. The

organic layér. was dried over anhydrous Na,SO4 and éofxcentratéd under reduced ?reséﬁre to
obtain crude product. The crude pfoduct was purified by preparative HPLC to afford 4-(5-(4-
(4-ethylpiperazine-1 —carbonyl)phéhyl)pyrazolo{1,5~é]pyﬁmidin~3-yl)benzonitrﬂe (15 mg, |
AUC HPLC 97.4%) as a yellow solid; m.p. 200-202 °C. 'H NMR (400 MHz, CDCl;) &
(ppm): 8.77 (d, J=8.0 Hz, 1 H), 8.51 (s, 1 H), 8.30-8.20 (m, 4H), 7.75 (d, J = 12.0 Hz, 2H),

7.61 (d; 7 = 12.0 Hz, 2H), 7.40 (d, J = 8.0 Hz, 1H), 3.85 (bs, 2H), 3.50 (bs, 2H), 2:56 (bs;

4H), 2.47 (g, J = 8.0 Hz, 2H), 1.11 (¢, J = 8.0 Hz, 3H); MS (ESI) m/z 437 [Ca6HauNsO + HT".

4-methvlpiperazin-1-yDpiperidine-1-. .

carbonyl)phenvlpyrazolo| 1.5-alpyrimidin-3-ybenzonitrile

= N'N\

[N j
N
l
To a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acid (200 mg,

0.588 mmol) in DMF (5 mL), was added NMM (117 mg, 1.17 mmol) followed by HATU

(667 mg, 0.88 mmol) and the solution was stirred at room temperature for 30 min.. 1-methyl-
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4- (piperidin-4 yl)piperazine (11 8 mg, 0.646 mmol) was added to the reaction mixture and '

stlmng was mamtamed for 16 h. The reaction mlxture was dlluted with EtOAc and washed

~ with water and brine. The organic layer was dried over anhydrous Na2804, filtered and

_concentrated under reduced prcssure. The residue was purified by Preparative HPLC (C18, , ‘

ACN/H20/0.075% NH4HCO3)7to afford 4—(5—(4—(4~(4-mefhy1piperazin;vl__-yl)piperidine-1—
carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile (30 mg, 10%, AUC HPLC
98.6%) as a yellow solid; 'H NMR (400 MHz, CDCls) ¢ (ppm): 8.78 (d, /= 8.7 Hz, 1H), 8.52

(s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, J = 8.2 Hz, 2H), 7.768 (d, /= 7.7 Hz, 2H), 7.62 (d,

J =176 Hz, 2H), 741 (4, J = 7.4 Hz, 1H), 5.6 (bs, 1H), 3.8 (bs, 1H), 3.19 (bs; 1H), 2.6 (bs,

. 4H), 2.4 (bs, 4H), 2.3 (bs, 3H), 2.06-1. 82 (m, 2H), 1.45 (bs, 3H); MS (ESI) m/z 506

[C30H31N,O+ H]

Example 1 80: 4-(5-(4-(4-~( dimethylamino)piperidine—1 -carbonvyl)phenylpyrazolo{1.5- |

glpyrimidin-3-ylibenzonitrile

Z N’N\

AN

" To a solution of 4-(3-(4- cyanophenyl)pyrazolo[l 5- a]pynm1dm—5 -yl)benzoic acid (200 mg,

0.588 mmol) in DMF (5 mL) was added NMM (117 mg, 1.17 mmol) followed by HATU

(667 mg, 0. 88 mmol) and the solution was stirred at rt for 30 min. N, ' N-dimethylpiperidin-4-

amine (82 mg, 0.646 mmol) was added to the reaction mixture and stirring was continued for
16 h. The reaction mixture was d1luted with EtOAc and washed with water and brine
solution. The organic layer was dried over anhydrous NaQSO4 and concentrated under
reduced pressure to obtain crude product. The crude product was purified by column
chromatography (silica gel, eluent CH,Cloy/MeOH 95:5) followed by preparative HPLC (C18,
ACN/H,0/ 10 mM NHHCO3) {0 afford 4«(5-(4-(4-(d_imethy1arﬁino)piperidine_—1- _
caxbonyi)phenyi)pyrazolo[l ,5-a]pyrimidin-3-yl)benzonitrile (50 mg,- 19%, AUC HPLC
99.8%) as a yellow solid; 1H, NMR (400 MHz, CDC13);‘5 (ppm): 8.78 (d, J= 8.7 Hz, 1H),
8.52 (s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, J = 8.2 Hz, 2H), 7.76 (4, J = 7.7 Hz, 2H), 7.62
(d,J=7.6Hz,2H),741 (d,J=74 Hz, 1H), 4.9 (bs, 1H), 3.90 (bs, 1H), 3.17 (bs, 1H), 2.91
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(bs, 1H), 2.45 (bs, 1H), 2.38 (bS GH), 2.08 (bs, 1H) 1.95 (bS 1H) 1.52 (bs, 2H) MS (ESI)
m/z 45 1 [Ca7H6NcO + H]

Example 181: 4-(5-(4-(1 ,4-oxazepane-4-carbonvl)phenvl)pyi'azold1 ,S-albvrimidin—é-

ylbenzonitrile

Z N~N\

O

Toa solution of 4-(3- (4 cyanophenyl)pyrazolo[l S—a]pynmldm- -yl)benzoic acid (200 mg,

= 0.58 mmol) in DMF (5 mL) was added NMM (117 mg, 1.17 mmol) followed by HATU (667

mg, 0.88 mmol) at rt and the solution was stirred for 30 min. 1,4-oxazepané (65 mg, 0.646
mmol) was added to the reaction mixture and stirring was continued for 16 h. The reaction

mixture was diluted with EtOAc and washed with water and brine solution. The organic layer

. was dried over anhydrous Na;SO4 and concentrated under reduced pressure to obtain crude

. product. The crude product was punﬁed by column chromatography (sﬂwa gel, eluent

CH2C12/MGOH 95 5) followed by Preparatlve HPLC (C18, ACN/HzO/O 075% NH4HCO3) to
afford 4- (5 (4- (morphohne -4- carbonyl)phenyl)pyrazolo[1 5- a]pynm1d1n—3 yl)benzomtnle

(20 mg, 8%, AUC HPLC 99%) as a yellow solid; "H NMR (400 MHz, CDCL) & (ppm): 8.78

(d,J = 8.7 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J = 8.3 Hz, 2H), 8.23 (d, J = 8.2 Hz, 2H), 7.768 (4,
J=1.7 Hz, 2H), 7.62 (d, /= 7.6 Hz, 2H), 7.41 (d, J = 7.4 Hz, 1H) 4.09-3.80 (m, 5H), 3.7 (bs,
1H), 3.67 (bs, 2H), 2.1 (bs, 1H); 1.9 (bs, 1H); MS (ESD) m/z 424 [CysHy NsO, + HJ.

- Example 182: N-(1-(4-(3-(4-cyanophenylpyrazolo[1.5-alpyrimidin-5-yl)benzoyl)-4-

methvlpineri_din—4-’vl)acetamide" ‘

A/N'N\

NS S

gg CN
NH ..

0
Step 1: To a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5—a]pyrimiclin~5-yl)benzoic'acid
(600 mg, 1.76 mmol) in DMF (5 mL) was added NMM (266 mg, 2.64 mmol) followed by
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HATU (1.0 g, 2.64 mmol) at rt and the solution was stirred for 30 min. tert-butyl 4-
methylpiperidin§4-yléarbamate (414 3 mg, 1.93 mmol) was added to the reaction mixture and .
stxmng was continued for 16 h. The reaction mixture was dlluted w1th EtOAc and washed .

with water and brine. The orgamc layer was dried over anhydrous Na, SO, filtered and and

| concentrated under reduced pressure to obtain crude product to afford tert-butyl 1-(4-(3-(4-

- cyanophenyl)pyrazolo[1 ,5-a]pyrimidin-5-yl)benzoyl)-4-methylpiperidin-4-ylcarbamate as a-

yellow solid (400 mg, 42.5%). "H NMR (400 MHz, DMSO-d5) & (ppm): 8.77 (d,J=17.5 Hz,

1H), 8.52 (s, 1H), 8.30 (d, J= 8.3 Hz, 2H), 8.22 (d, /= 7.9 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H),

7.59 (4, J = 8.0 Hz, 2H), 7.41 (d, J = 8.8 Hz, 1H), 4. 39°(bs, 1H), 4.1 (s, 1H), 3.41-3.32 (m,

' 3H), 2.3 (m, 2H), 1.67-1.44 (m, 2H), 1.44 (s, 3H), 1.25 (s, 9H); MS (BSI) m/z 537

[C3H3NgO3 + HI™.

_ Step 2: To a solution of tert-butyl 1-(4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5- |

yl)benzoyl)-4-methy1p1pendm—4 ~ylcarbamate (400 mg, 0.73 mmol) in dichloromethane (10
mL) was added TFA (3 mL) in dichloromethane (5 mL). The reaction mixture was stirred for
4 h at 1t The reaction mixture was diluted with water (100 mL), NaHCO3 (100 mL) and
extracted w1th CH2C12 (2><50 mL) The combined organic 1ayer was concentrated to dryness

) "under reduced pressure to afford 4- (5-(4-(4-amino- 4—methy1p1per1dme—1-

carbonyl)phenyl)pyrazolo[l 5-a]pyrimidin-3 -yl)benzomtnle as a crude product (300 mg,
93%) as a yellow solid; 'H NMR (400 MHz, DMSO-ds) 6 (ppm): 9.33 (d, J=7.2 Hz, 1H),
8.96 (s, 1H), 8.46 (4, J = 8.4 Hz, 2H), 8.41 (4, J = 8.4 Hz, 2H), 7.93 (d, /= 8.0 Hz, 2H), 7.84
(d,J=17.2 Hz, 2H), 7.60 (d, J = 8.4 Hz, 1H), 5.20 (bs, 2H), 3.44-3.35 (m, 4H), 1.90-1.60 (m,
4HD), 138 (s, 3H); MS (ESI) m/z 437 [CagHpaNeO+ H]'; MS (ES) m/z 437 [CagHaiNeO +

' H]+. ,

Step 3: To a solution of 4-(5-(4-(4-amino-4-methylpiperidine-1-

carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile 7 (300 mg, 0.73 mmol) in
dichloromethane (10 mL) were added TEA (3 mL) and acetyl chloride in dichloromethane
(63 mg, 0.825 mmol). The reaction mixture was stirred for 2 h at rt. The reaction mixfure was
diluted with water (100 mL), NaHCO; (100 mL) and extracted with CHCl (2%50 mL). The
combined organic layer was concentrated to dryness under reduced pressure to afford crude
compound. The crude residue was purified by preparative HPLC (C18, ACN/H0/ 10 mM
NH HCO5) to afford N-(1-(4~(3-(4-cyanophenyl)pyrazolo[1 ,5—a]pyﬁmidin-s-yl)benzoyl)—4~
methylpiperidin-4-yl)acetamide (180 mg, 56%, AUC HPLC 99.48%) as-a yellow solid; 'H
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'NMR (400 MHz, CDCIg)&(ppm) 8.78 (d, J=7.6 Hz, 1H), 8.52 (s, 1H), 8.30 (d, /= 8.4 Hz,
© 2H), 8.23 (d,J = 8.4 Hz, 2H), 7.76 (4, J = 84Hz 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.41 (4, J=

7.6 Hz, 1H), 5.19 (5, 1H), 4.1 (bs, 1H), 3.54-3.25 (m, 3H), 2.3-2. 10 (m, 2H), 2.0 (5, 3H), 1.6-
1.70 (m, ZH) 1.42 (s, 3H), MS (ESI) m/z 479 35 [C28H26N602 + H] MS (ESI) m/z 479
[CasH26NsO2 + HJ".

Examnlé 183 :14-( 5-(4-( p_iperaziné-ll -carbOn?iSﬁﬁen?l)nvrazolo[ Ijé—a]pvrirﬁidin-3; 1

yl)benzonitrile

F N"N\ -

EJ

Step 1:Toa solutlon of 4- (3 (4 cyanophenyl)pyrazolo[l 5 a]pynm1d1n~ -yl)ben201c a01d

(400 mg, 1.17 mmol) in DMF (5 mL) was added NMM (234 mg, 2.35 mmol) followed by
- HATU (667 mg, 1.76 mmol) at rt and the solution was stirred for 30 min. zert-butyl

" piperazine-1-carboxylate (239 mg, 1.28 mmol) was added to the reaction mixture and stirring

was continued for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over arihydrqus Na,SO, and cbncentratéd
under reduced pressure to-obtain crude product to afford fert-butyl 4-(4-(3-(4-
cyanophenyl)pyrazolo[l‘ 5-a]pyrimidin-5-yl)benzoyl)piperazine-1 -carboxyl'ate'(ZSO meg,

.. 42%); "H NMR (400 MHz, CDCls) & (ppm): 8.78 (d, /= 7.6 Hz, 1H), 8.52 (s, 1H), 830 (d, ]
=8.0Hz, 2H), 8.23 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H),
20 ..

7.41 (d,J="17.6 Hz, 1H) 3.90-3.40 (m, 8H), 1.48 (s, 9H); MS (ESI) m/z 509 [CooHzsNsO3 +
H]"; MS (ESI) m/z 509 [CaoHasNeO3 + HJ".

Step 2: To a solution of tert-butyl 4-(4-(3-(4-cyanophenyl)pyrazolo[1,5-alpyrimidin-5-
yl)benzoyl)piperazine-1-carboxylate (250 mg, 0.492 mmol) in dichloromethane (10 mL)
were added TFA (3 mL) in dichloromethane (5 mL). 'fhe reactidn mixture was stirred for 4 h
at rt. The reaction mixture was diluted with water (100 mL), NaHCO; (100 mL) and extracted
with CH,Cl; (2x50 mL). The combined organic layer was concentrated to dryness under
reduced pressure to afford crude compound. The crude product was purified by preparative
HPLC (C18, ACN/H,0/ 10 mM NH4HCO;3) to afford 4-(5-(4-(piperazine-1-
carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile (120 mg, 38% , AUC HPLC
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97.14%) as a yellow solid; 8.78 (d, J=7.6 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J = 8.4 Hz, 2H),

8.23 (d,J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.6 (4, /= 8.0 Hz, 2H), 7.42 (, J=7.6 Hz,

1H), 3.8 (bs, 2H), 3.43 (bs, 2H), 3.00-2.80 (m, 4H); MS (EST) m1/z 409 [CaqHz0NsO + HT".

5-(4-(4-methvl 1 erazine- ] -carbonvl)phenvl

Toa solution.of _.4-(3 ,-(4-cyanophenyl)pytazolo[l ,'5-a]pyrimidin—S—yl)benzo‘iéacid 6 (400 mg,
- 1.17.mmol) in DMF (5 mL) was added NMM (234 mg, 2.35 mmol) followed by HATU (667

_mg, 1.76 mmol) at rt and the solution was stirred for 30 min. 1-(piperazin-1 -yl)ethanone

(164.7 mg, 1.28 mmol) was added to the reaction mixture and stirring was continued for 16 h.
The reactlon mixture was diluted with EtOAc and washed with water and brine solution. The
orgamc layer was dned over anhydrous Na,SO4 and concentrated under reduced pressure to
obtain crude product The crude residue was purified by column chromatography (silica gel,
cluent CH,Cl/MeOH 95:5) to afford 4-(5-(4- (4—acetylp1pcrazme-l~ ) o
carbonyl)phenyl)pyrazolo[1,5-a}pyrimidin-3- yl)benzomtnle (220 mg, 42%, AUC HPLC

'98.4%) as a yellow solid,; 'H NMR (400 MHz, CDCls) ¢ (ppm). 8.78 (d, J 8.7 Hz, 1H), 8.52

(s, 1H), 8.30 (d, J =8.2 Hz, 2H), 8.23 (d, /= 8.2 Hz, 2H), 7.76 (d, J = 7.7 Hz, 2H), 7.62 (d, J
= 7.6 Hz, 2H), 7.41 (d,J="7.4Hz, 1H)3 9-3.4 (m, 8H) 2. 16(bs 3H); MS (ESI) m/z 451.1
[C26H22N602+ H]'.

Example 185: 4-(5-(4-(morpholine-4-carbonyDphenyl)pyrazolo[ 1.5-alpvrimidin-3-

yl)benzonitrile

_N .
() EN
O .
To a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acid (200 mg,
0.58 mmol) in DMF (5 mL) was added NMM (117 mg, 1.17 mmol) followed by HATU (667
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mg, 0.88 mmol) at rt and the solution was stirred for 30 min. Morpholine (56 mg, 0.646
mmol) was added to the reaction mixture and stirring was continued for 16 h. The reaction
niixt'ure‘was diluted w1th EtOAc and washed with water and brine; The organic layer ﬁvas
dried 6vef anhydroué Na»S0O, and concentratéd under reduced pressure to obtain crude
product. The crude product Was purified by column chrgrflatq graphy (silica gel, eluent
CH,Cl;/MeOH 95:5) to afford 4-(5-(4-(morpholine-4—carbonyl)f>henyl)pyrazolo[1 3
a]pyrimidin-3-yl)benzonitrile (120 mg, 75%, AUC HPLC 97.6%) as a yellow solid; 'H NMR
(400 MHZ' CDCly) é (ppm): 8.78 (d, J= 8.7 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J=18.2 Hz, 2H),

823 (d,J=8.2 Hz, 2H), 7.76 (4, J = 7.7 Hz, 2H), 7.62 (d, /= 7.6 Hz, , 2H), 741 (4,7 =74
Hz, 1H) 3.9-3.4 (m, 8H); MS (ESD m/z 410 [CoHioNsOp+ HI.

Example 186: N-(1-(4-( 3—(4‘-Cvahophenv1)erazolof1,5—a1pvrimidin—5~v1)benzovl)pipeﬁdin— o

4-yl)acetamide 1d

= N—N\

PPN

N

-N
Zan N‘N Z NI

. ) oo o CHNL e
NHBoc NH; \f(

Step 1: To a éolution of tert-butyl 1-(4-(3-(4- cyanophenyl)pyrazolo[l S»a]pyrimidin 5-
yl)benzoyl)plpemdm 4-ylcarbamate (450 mg, 0. 865 mmol) in DCM (10 mL) was added HCI

inl, 1, 4 dioxane (7 mL) at 0 °C and stirred at 0 °C to 1t for 4 h. The reaction mixture was

bamﬁed with an aqueous solution of NaHCOj3 and then extracted with DCM (60 mL). The '
organic layer was dried over anhydrous Na;SO4 and concentrated under reduced pressure to
afford of 4—(5—(4-(4—amindpiperidine~1—carbonyl)phenyl)pyrazolo[l 5-a]pyrimidin—3-

step w1thout punﬁcatlon

Step 2: To a solution of 4-(5-(4—(4—_aminopipéridine-lfcarbonyl)phenyl)pyrazolo{ 1,5-
a]pyrimidin-3-yl)benzonitrile (300 mg, 0.71 mmol) in DCM (5 mL) were added TEA (0.25
mL, 2.13 mmol) and acetyl chloride (0.07 g, 0.855 mmol). The reaction mixture was stirred
at 0 °C to room temperature under inert atmosphere for 1 h, and was diluted with ice-cold
water (10 mL) and extracted with DCM (25 mL). The organic layer was dried over NaySO4

and was concentrated under reduced pressure. The crude product was purified by column .
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chromatography (silica gel, eluent MeOH/DCM 5:95) to afford N-(1-(4-(3-(4-
éyandphenyl)pyrézoio[l,S-a}pyrimidin-5-yl)benzoyl)piperidin-ét—yl)acetamidé (‘6.1 mg, "1.8%; ’
AUC HPLC 96.26%) as a yellow solid; mp. 295-297 °C; '"H NMR (400 MHz, CDlC13)' )
(ppm): 8.77 (d, J= 7.6 Hz, 1H), 8.52 (s, 1H), 8.29 (4, J=8.0 Hz, 2H), 8.22 (d, J= 84 Hz,
2H),~'/'75'(d J~.84Hz 2H), 7.60 (d, J = 8.4 Hz, 2H),_740 (d, J=7.2 Hz, 1H), 537(d J=

' 8.0 Hz, 1H), 4.71- (bs, lH), 4.09-4.06 (m, 1H), 3.78 (bs, 1H), 3.19 (bs, 1H), 2.98 (bs 1H),

2.10 (bs, ZH), 2.00 (s, 3H), 1.37 (bs, ZH), MS (ESI) m/z 463 [C27H24N602+ H]

Examnle 187: 4-(5- (3-hvdroxv-4 (morphohnc~4 carbonvl)nhenvl)pvrazolofl 5-alpyrimidin-

- 3 menzonltnle

. N N N’N .
HQ:)J@/ H300 H3CO H300

N“N N \
’ ’N
= N HsCO HiCO
HaCO ——— —_
CN, '

 Step 1: To a mixture of methyl-4-bromo-2-methoxybenzoate (3 g, 12.24 mrifol),

bis(pinacolato)diboron (3.42 g, 13.46 mmol), KOAc (3.59'g, 36.72 mmol) in 1,4-dioxane (15

_ mlL) was added PdCl(PPhs); (300 mg), and the reaction mixture was heated at 90 °C for 16h

under argon. The reaction mixture was used in next step without isolation.

Step 2: To a mixture methyl 2—m‘ethbxy—4-(4,4,5,5-tetramethyl-1,3,2-di0§;abor0‘lan—2—

4 yi)benzoate (3.2 g, 11.04 mmol), 5—chloropyrazolo[1,5-a]pyrilmidineb (1.3g,849 vmmol),

20

25

K;3PO4 (3.6 g, 16.99 mmol) in 1,4-dioxane (20 inL) and water (2 mL) was added Pd(PPhs)4

( 150 mg) and the reaction mixture was heated at 90 °C for 16 h under argoh. The reaction
mixtufe was diluted with EtOAc and washed with water and brine solution. The orgar‘xic. léyer
was dried over anhydrous Na;SO4 and concentrated under reduced pressure to obtain

Preparation of methyl 2-methoxy-4-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoate (850 mg, LC-

- MS 83%) as a crude product which was used in the next step without purification.

Step 3: To a solution of methyl 2-methoxy-4-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoate (850
mg, 3.00 mmol) in ACN (30 mL) was added N-iodosuccinimide (810 mg, 3.60 mmol) at rt

and stirred for 2 h. Water was added to the reaction mixture and the resulting solid was

262



10 -

15

20

B

30

WO 2013/147711 g . ‘ .. . PCT/SG2013/000126

~ filtered and washed with water to afford methyl 4-((4-iodo-1-methyl-1 H~pjlf£201—5-
. ylimin’o)methyl)—Z-methoxybenzoate (1.1 g, 90%, LC-MS 70%). '

Step 4: To a mixture of (E)*met;hyl 4—((4-iod051-inethyl—lH-pyrazol-S_-ylimino)mcthyl):-.’l-_

methoxybenzoate (1.1 g, 2. 68 mmol), 4-cynophenylboronic aéid (0.51 g, 3.49 mmol), K5PO4 o

(1.14 g, 5.37 mmol) in 1,4- dloxane (20 mL) and water (3 mL) was added Pd(PPh3)4 (150 mg)

“and the reaction mixture was heated at 90 °C for 16 h under’ argon. The reaction mixture was

diluted with EtOAc and washed with water and brine solution. The organic layer was dried

over anhydrous Na;SO4 and’concentrated under reduced pressure to obtain the crude product.

The crude product was purified by column chrométééréﬂlhy.(silicé gel, eluent CHCl;/MeOH -

95:5) to afford methyl 4-(3-(4-cyanophenyl)pyrazolo[1,5-alpyrimidin-5-yl)-2-

* methoxybenzoate (1 g, 90%, LC-MS'M%)_a_s a yellow solid.

Step 5: Toa solution of ethyl 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoate (2.7
g, 7.18 mmol) in THF (40 mL) was added LiOH (0.9 g, 21.54 mmol) in water (10 mL) and
MeOH (10 ml) at rt and the reaction mixture was stirred for 5 h. The reaction mixture was
concentrated under reduced pressure to nge crude compound Wluch was washed thh EtOAc |

and water was added to the reaction mlxture then diluted with EtOAc The aqueous layer was

~ acidified w1th sat. KHSO4 solutlon then sohd thus formed was filtered and dned to afford 4-

(3-(4-cyanophenyl)pyrazolo[1,5- a]pymmdm -5-yl)-2-methoxybenzoic acid (600 mg, 64%,
LC-MS 5 1%) which was used in the next step without punﬁcatmn 4

Step 6: To a solution of 4—(3-(4—cyanophenyl)pyraioio[1,5-a]pyrimidin-5¥y1)-2-

- methoxybenzoic acid (300 mg, 0.81 mmdl} in DMF (6 mL) was added NMM (0.163g,1.62 .

mmol) followed by HATU (0.42 g, 1.21mmol) at rt and stirred for 30 min. Morpholine (84
mg, 0.97 mmol) was added and stirring was continued at rt for 16 h. The reaction mixture

was diluted with EtOAc and washed with water and brine solution. The organic layer was

dried over anhydrous Na,SO4 and concentrated under reduced pressure to obtain crude

prodixot'which was purified by column ghromatography (silica gel, eluent MeOH/DCM
10:90) to afford 4-(5-(3-methoxy-4-(morpholine-4-carbonyl)phenyl)pyrazolof1,5-
ajpyrimidin-3-yl)benzonitrile (300 mg, 84%, LC-MS 27%) as a yellow solid.

Step 7: To a solution of 4—(5-(3 -methoxy-4-(morpholine-4-carbonyl)phenyl)pyrazolo[1,5-
a]pyrimidin-3-yljbenzonitrile (300 mg) in DCM was added BBr; (3 mL) at 0 °C and stirred
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- for 2 h at rt. The reaction mixture was basified with aq NaHSO4 and extracted with DCM.

The organic Iéyer was dried over anhydrous Naé‘SO4 and concentrated undér reduced preséure

~ to obtain crude product which purified by column chromatography (silica gel, eluent MeOH-

DCM 10: 90) followed by preparatlve HPLC to afford 4-(5-(3-hydroxy-4- (morpholme 4-

»carbonyl)phcnyl)pyrazolo[_l,5-a]pynmldln~3-yl)benzon1ml_e (25 mg, 8%, AUC HPLC

98.06%)) as a yellow solid; mp. 290-295 °C; "H NMR (400 MHz, CDC1;) 6 (ppm): 9.81 (s,

" 1H), 8.77 (4,J = 7.2 Hz, 1H), 8.52 (s, 1H), 8.29 (d, J= 8.0 Hz, 2H), 7.78-7.72 (m, 4H), 7.44

(d,J=176Hz 1H),7.38 (d,J= 76 Hz, 1H), 3.81-3.79 (m 8H) MS (ESI) m/Z426
[C24H19N503+H] '

- carbonyl)phenyl)acetamide ‘

f N’“
H{COCHN. . ‘\% “ " HsCOCHN HaCOCHN
HaCOCHN
. Me ﬁ)@/ .

Ol
on

HO.,.OH

AN,
HgCOCHN )\é

N’N

4 A
N =
HyCOCH )? Hacoc:j@/[\

CN

‘Step 1: To'a sohition of methyl-2-acetamido-4-bromobenzoate (2 g, 7.38 mmol),

bis(pinacolato)diboron (2.06 g, 8.11 mmol), KOAc (2.16 g, 22.14 mmol) in 1,4-dioxane (15
mL) was added Pd»(dba); (200 mg) and P(Cy)gg(ZOO mg) and the reaction mixture was heated _

at 90 °C for 16 h. The reaction mixture was used in next step without isolation.

Step 2: To a mixture of methyl 2-acetamido-4-(4,4,5 5~tetraniethyl—l 3,2-dioxaborolan-2-
yDbenzoate (2.3 g 7. 18 mmol), 5- chloropyrazolo[l 5- a]pynm1dme (1g,6.53 mmol), K3P04 ’
2.77¢g,13.07 mmol) in 1,4~ dioxane (20 mL) and water (2 ml) was added Pd(PPh;)4 (150 H
mg) and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted
with EtOAc and washed with water and bfine solution. The organic layer was dried over
anhydrous N2,SO, and concentrated under reduced presshre to obtain the crude product. The
crude product was purified by column chromatography (silica gel, eluent EtOAc/ petroleum
ether 50:50) to afford methy! 2-acetamido-4-(pyrazolo[ 1,5-a]pyrimidin-5-yl)benzoate (600
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mg, 30%, LC-MS 98%) as a pale yellow solid. 'H NMR (400 MHz, CDCl) 6 11.14 (s, 1H), |

9.43 (5, 1H), 8.74 (d, J=7.6 Hz, 1H), 8.17 (4, J=8.1 Hz, 1H), 7.94 (4, J = 1.6 Hz, 1H), 7.93-
7.92 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 6.76 (s 1H), 3.97 G, 3H),229 (s, 3H) MS (ESD) m/z

311 [M+H]

v Step 3: To a solution of methyl 2-acetamido-4-(pyrazolo[1,5-alpyrimidin-5-yl)benzoate (600

mg, 1.93 mmol) in ACN (30 mL) was added N-iodosuccinimide (522 mg, 2.32 mmol) at rt

" and stirred for 2 h. Water was added to the reaction mixture and the resulting solid was

filtered and washed with water to afford methyl 2-acetamido-4-(3-iodopyrazolo[1,5- -
a]p)‘rrimidin‘-S-yDbenzoate.(().7 g, 83%, LC-MS 87%) as a light brown solid. "H NMR (400
MHz, CDCly) 611.15-(s, 1H), 9.46 (s, 1H), 8.70 (d;J= 7.6 Hz, 1H), 8.18 (d, J = 8.8 Hz, 2H),
8.09 (d, J= 8.4 Hz, lH) 7.43 (d, J = 7.6 Hz, 1H), 3.98 (s, 3H), 2.29 s, 3H); MS (ESD) m/z

437 [Cy6H13IN,Os+H]. | -

Step 4: Tobé‘rr;i}‘d;ure of me’;hyl 2-acetamido-4-(3-iodopyrazolo[1,5- a]pyrimidin 5-y1)benzoate-
(0.7g,1.60 mmol) 4-cyanophenylboromc acid (0.3 g, 2.08 mmol), KsPOy4 (0.68 g, 3.21
mmol) in l 4 dxoxane (20 mL) and water (3 mL) was added Pd(PPh3)4 (100 mg ) and the
reactlon mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc

and washed W‘th, water and brine solution. The orgamc layer was drled over anhydrous

-NaySO4-and concentrated under reduced pressure to obtain the crude product. The crude~

product was purified by column chromatography (silica gel eluent CHCl3/MeOH 95:5) to
affo'rd"ndefhyl"Z—acetamido-4-((E)-1-(4~cyanostyry1imino)ally1)benzoate (550 mg, 85%, LC-

MS 30%) as a yellow solid. The int'etjvmediéte was used in the next step without purification. -

.Step 5 To a solutlon of methyl 2-acetamido-4- ((E) 1-(4- cyanostyryhmmo)allyl)benzoate

(0.55 g, 1.33 mmol) in THF (6 mL) was added LiOH (0.11 g, 2.67 mmol) in water (2 mL)
and MeOH (4 mL) at rt and stirred for 5 h. The reaction mixture was concentrated under
reduced pressure to 2-acetamido-4- (3 (4 cyanophenyl)pyrazolof1,5- a]pynmldm 5-
yI)benzoxcacxd (350 mg, lithium salt LC-MS 30%) as a yellow solid which was used in the

next step without purification.

Step 6: To a solution of 2—ace'tamido-4-’(3-(4-cyanoph¢nyl)pyrazolo[1',5'-_a]pyrimidin-5-
yDbenzoic acid 5 (350 mg, 0.88 mmol) in DMF (6 mL) was added NMM (0.17 g, 1.76 mmol)
followed by HATU (0.44 g, 1.16 mmol) at rt and stirred for 30 min. Morpholine (92 mg, 1.05
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mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and
washed with water and brine soluﬁon The organic layef was dried over anhydrous Na;S04

and concentrated under reduced pressure to obtain crude compound which was purified by .

¥ column chromatography (silica gel eluent MeOH/DCM 10:90) followed by preparatlve
- HPLC to afford N-(5-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)-2- (morphohne—4— '

carbonyl)phenyl)acetamide (28 mg, 7%, AUC HPLC 95.24%) as a yellow solid. m.p 151- 155
°C. 'H NMR (400 MHz, CDCl3) 6 9.16 (s, 1H), 9.10 (s, 1H), 8.76 (d, /= 7.6 Hz, 1H), 8.52 (s,
1H), 8.31 (d, /= 8.0 Hz, 1H), 8.04 (d, /=1.2 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.46-7.41
(m, 2 H), 3.76 (bs, 8H), 2.25 (s, 2H); MS (ESI) m/z 465 [M-1]. "~ -

Formula 6

Examnle 189: 4 (6- (4—(4—methvlmperazme—1 carbonvl)nhenyl) 1H- nmdazoM c]r)vndm 1-

yDbenzonitrile
NH,
~_NO
. +BuQOH, +  POBr Y. N7 &
NP N0 kOB, THE NP N0z : NP N0z N g
o/ Aq NH4CI, HO O/ Br Br )
_ CN
To) . B
N lSnClz.ZHZO
’ EtOH
~N BfO
‘d
N\ ) 675 NZ ™ NP NE
BN <
o . ———— . By NH
N {A-phos},PdCl, )
[ ] CN ~ NaHCO;4
N CN
ON

Step: 1 To a solution of anhydrous NH; (150 mL) in THF (50 mL) at -78 °C was

Potassium #-butoxide (19.1 g, 170 mmol) and the reaction mixture was allowed to warm to -
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35 °C. A solution of 4-Methoxy-3-nitropyridine (10.5 g, 68.2 mmol)in 100 mL of THF was

cooled to 0 °C and 15 mL of t-BuOOH (5 M in decane, 75 mmol) was added slowly over 5

min. The resulting solution was then 'added dropwise to the At—BuOK solution prepared above

over 1 h; then stirred for 2 h at -35 °C and thcﬂ carefully quenched with 50 mL of sat; aqueous

solution of NH4Cl. The reaction mixture was allowed to vent and warm to rt overnight, then
the organics were concentrated and the residue was acidified with NH,Cl solution and
filtered. The resulting solid was waéhed with éoid water and dried under vacuum to give the
title compound as a brown solid (10.6 g, 91%) 'H NMR (400 MHz, CDC13) 5 8.48 (s, 1H);

' 5.58 (s, 1H); 3.84 (s, 3H); MS (ESD) m/z 171 [M+ HT"
Co10-
- Step 2: Phosphorous oxybromide (5.73 g, 20 mmol) was added to a suspension of 4-
methoxy-5-nitro-1H-pyridin-2-one (1.70 g, 10 mmol) in acetonitrile (20 mL) at rt and

heated at reflux for 3 h. The reaction mixture was cooled and carefully poured on to icy
saturated aquéous solution of K,COs then extracted with BtOAc. The organic extracts were
combined, washed with water and brine, dried over MgSO,, filtered and concentrated to
give 2,4-dibromo-5-nitropyridine (2.1 g, 75 %) as a black solid. 'H NMR (400 MHz, CDCl3)
8 8.87 (s, 1H), 7.94 (s, 1H), MS (ESD) m/z 285 [M+ HT".

Step 3: A solution of 2,4-dibromo-5-nitropyridine (3 g, 7.16 mmol) in ethanol (25 mL) was
cooled to 0 °C followed by addition of 4-cyanoaniline (0.845 g, 7.16 mmol) and *
tn'ethylamihe(l .52 m],10.75 mmol). The reaction mixture was stirred at 1t for 24 h. After

- completion, the reaction mixture was cooled to 0 °C, filterered and dried with vacuum to

afford 4- (2—bromo 5-n1tropyr1dm—4 ylammo)benzomtnle (1.7g, 38 8%) as a yellow solid. 1H

- NMR (400 MHz, CDCls) 6 9.73 (bs, 1H), 9.09 (s, 1H), 7.82 (4, J= 7.80 Hz, 2H), 7.43 (d, J =

7.42 Hz, 2H); MS (ESD) m/z 317 [M]".

Step 4: A solution of 4~(2-bromo-5-nitropyridin-4-ylamino)benzonitrile (1 g, 3.15 mmol) in
ethanol (25 mL) was cooled to 0 °C followed by addition of SnCl,. H,0 (2.13 g, 9.46 mmol).
The reaction mixture was stirred at 80 °C for 4 h. After compietion, the reaction mixture was
cooled to O °C and quenched by drop wise addition of saturated NaHCO; (100 mL) followed
by extraction with EtOAc (3x100 mL). The organic layer was washed with water, brine, dried"
over anhydrous Na;SOy, filtered and concentrated under reduced préssure to afford 4-(5-

, amino-z»bromopyridin-4—y1amino)ben20nitrile (0.8 g). MS (ESI) m/z 288 [M]". Crude

product was used without purification in the next step.
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Step 5: A solution of 4—(S~amino-2-bromopyridin-4-ylamix_io)bgnzohitrilé (0.8 g,2.77 mmol)

in _tl'iéthylorthoformate (15 mL) was stirred at 100 °C for 16 h. After completion, the reaction

mixture was cooled to 0 °C and quenched by drop wise addition of saturated Vaqueous solution -
of NaHCOj; (100 mL) followed by extraction with EtOAc (3 x 100 mL). The organic layer '

was washed with water, brine, dried over anhydrous Na,SOy, filtered and concentrated under

‘reduced pressure. The crude compound was purified by column chromato graphy (silica gel

" eluent petroleum ether/EtOAc 70:30) to afford 4—(6-bromo—lH—1m1dazo[4 S-C}pyndm-l—

yDbenzonitrile (0.4 g, 48%); "H NMR (400 MHz, DMSO-dg) & 8.9 (d, J =8.9 Hz, 2H), 815

(d,J=8.1Hz2H),79 (t,J= 79Hz, 3H), MS (ESI) m/z 297 [M]

Step 6: To a mixture of 4-(6-bromo-1H-imidazo[4,5-c]pyridin-1-yl)benzonitrile (300 mg, 1.0
mmol), (4—methy1p1peraz1n-1 -y1)(4-(4,4,5 5—tetramethyl 1,3,2-dioxaborolan-2-

' yl)phenyl)methanone (366 mg, 1.11 mmol), NaHCO; (169 mg, 2.02 mmol) in DMF (15 mL) ‘

and water (5 mL), was added (A-Phos),PdCl; (35 mg, 0.05 mmol) and the reaction mixture
was heated at 90 °C for 1 h. The reaction mixture was diluted with water and extracted with
EtOAc, the orgamc phase was washed w1th water and bnne, drled over Na2804 and
concentrated under reduced pressure to obtam crude product The crude product was punﬁed
by Preparatlve TLC to afford of 4-(6- (47(4—methylp1pera:7,1ne—1—carbonyl)pheny1) 1H-
imidazo[4,5-c]pyridin-1-yl)benzonitrile (60 mg, 15%, AUC HPLC 99.6% ) as an off white
solid. "H NMR (400 MHz, CDCl;) & (ppm): 9.32 (s, 1 H), 8.23 (5, 1 H), 8.05 (4, J=8.0 Hz,2
H), 7.97 (4, J = 8.8 Hz, 2 H), 7.86 (s, lH),772(d J 8.8 Hz, 2H) 7.53(d,J=8.4Hz, 2
H), 3.83 (bs, ZH) 3.48 (bs, 2 H), 2.51 (bs, 2H),234(bs 2H),233 (s, 3 H); MS(ESI)m/z

- 423,24 [CstzzNGO +H]
25

. Ry

)

N R
as
Rk,

Formula 7

Example 190: Svnthes'is of 4-(6-(4-(morpholine-4-carbonyliphenvl)-1H-benzoldlimidazol-1-
yhbenzonitrile

268



10

15

20.

25

Br 8r NC—@—NH; NO, ’ : NH ‘ /@N‘» _
KNO; OpN : /©i . - -8nCly HC! . T HO(OEDy gy
S b 2 e N — ,““——“ i
. Br Q

WO 2013/147711 o . - o PCT/SG2013/000126 -

H,S0,4 Br NH

Br  KOBu-f

CN
.. ON TN - AP

: E;OchB(OH)z "\Nl\>:‘" CLIOH - - " Y.,i
—— o
‘ : EtOZC"“" o ,

CN
Step 1: To an ice-bath cooled solut1on of 1,3- dlbromobenzene (8. 2 mL, 34.7 mmol) in

‘concentrated sulfuric acid (80 mL) was slowly added KNOs (6.8 g, 34.7 mmiol) soas to

maintain the internal reaction temperature below 10 °C. The reaction mixture was stirred for =~

an additional 1 h and then poured into crushed ice (500 mL). The yellow precipitate isolated

- by filtration, washed with water and dried under reduced pressure to afford 2,4-dibromo-1-

nitrobenzene (8.4 g, 90%) as a yellow solid. 'H NMR (400 MHz, CDCl3) 6 (ppm): 7.92 (s,
1H), 7.75 (d, J = 8.4 Hz, 1H), 7.61 (d, J = 1.6 Hz, 1H); MS (ESI)-m/z 280.9 [CsH3Br,NO,]".

Step 2: To a solution of 2,4~dibromoMﬁob¢nzéﬁe (8 g, :28.47 mmol) and 4-aminobenzonitrile

(3.69 g, 28.79 mmol) in DMF (100 mL) was slowly added #-BuOK (6.38 g,56.94 mmol)

while maintaining temperature between 0 °C to 5 °C. The reaction mixture was stirred at rt

for 1h then, was poured into ice-water and pH was adjusted to 6 with 5% aqueous HCL. The
solid was collected washed with water, and punﬁed by recrystalhzatlon from EtOH to afford
4-(5-bromo- 2—mtrophenylammo)benzom’mle (7.0g,77%) asa pale yellow solid. 'H NMR

(400 MHz, CDCls) 6 (ppm): 9.54 (s, 1H), 8.19 (d, J = 9.2, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.35
' (d,J=8.8 Hz, 2H), 6.91 (d, /="2.0 Hz, 1H); MS (ESD) m/z 318 [C13HsBrN;0,]".

Step 3: To a solution of 4-(5-bromo-2-nitrophenylamino)benzonitrile (7 g, 22 mmol) in

ethanol (70 mL) cooled at 0 °C was added SnCl,.H,0 (14.9 g, 66.0 mmol). The reaction
mixture was stirred at 80 °C for 4 h. The reaction mixture was cooled to 0 °C and quenéhed
by drop wise addition of saturated aqueous solution of NaHCO; (100 mL) and extracted with
EtOAc (3x100 mL). The organic layer was washed with water, brine, dried over anhydrous
Na,SO, filtered and concentrated under reduced pressure to afford 4-(2-amino-5-
bromophenylamino)benzonitrile (5.0 g, 79%, LC-MS 60%). The crude product was used in
the next step without purification. MS (ESI) m/z 288 [C13H)0BrN; I, ‘
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Step 4 A solution of 4-(2 amino- 5-bromophenylammo)benzomtnle (5g, 1736 mmol) in

- methylorthoformate @25 mL) was stirred at 100 °C for 16 h. The reactmn mixture was cooled

10

15

. 20

25

30

to 0 'C and quenched by drop Wlse addltlon of saturated aqueous solutlon of NaHCO; (100
mL) then, extracted with EtOAc (3 x 100 mL) The organic layer was washed w1th water,
brine, dried over anhydrous Na2804, filtered and concentrated under reduced pressure The

crude product was purified by column chromatography (silica gel, eluent EtOAc/petroleum

- ether 30:70) to afford 4-(6-bromo-1H-benzo[d]imidazol-1-yl)benzonitrile (3.5 g, 68%, LC-
MS 80%); 'H NMR (400 MHz, CDCl3) § 8.11 (s, 1H), 7.92 (d, J = 4.0 Hz, 2H), 7. 76.(d, J =

8.8 Hz, 1H), 7.71 (s, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 1.6 Hz, 1H); MS.(ESI) m/z

298 [C14H3BI'N3 ]

‘:Step 5:A mlxture of 4- (6-bromo-1H—benzo[d}1m1dazol l-yl)benzomtnle (3 5 g, 11 74 mmol)

4- ethoxycarbony] phenylboromc acid (2.5 g, 12.94 mmol), K3PO4 (4.97 g, 23.48 mmol),
Pd(PPh3)4 (0.67 g, 0.587 mmol) in 1,4 dloxane (100 mL) and water (20 mL) was heated at 90

- °C for 4 h under argon. The reaction mixture was diluted with EtOAc (2 x 100 mL) and

washed with water (2x50 mL), brine solution (2x50 mL). The organic layer was dried over

anhydrous Na,SO4 and concentrated under reduced préssure to obtain crude product. The

' crude product was purified by column chromatography (silica gel, eluent EtOA¢/petroleumn ™ ™~

ether 10:90 to 50: 50) to afford ethyl 4-(1-(4-cyanophenyl)-1H-benzo[d]imidazol-6- - .
yl)benzoate (2.8 g, 65%) as an off-white solid. "H NMR (400 MHz, CDCls) 6 (ppm): 8. 19 (s,
1H), 8.12 (d, J = 8.4 Hz, 2H), 7.99-7.92 (m, 3H), 7.75-7.65 (m, 6H), 4.41 (d, J= 7.2 Hz, 2H),
144 (6 7=7.6 Hz, 3H); MS (ESD) m/z 368 [CBHUN302+ H]"

Step 6: To a solutlon of 4- (3 (4 cyanophenyl)pyrazolo[ 1,5-alpyrimidin-5- yl)bcnzoate 525
g, 6.8 mmol) in THF (20 mL) was added LIOH (571 mg, 13.6 mmol) in water (4 mL) and
stirred for 16 h at rt. The reaction mixture was worked up and concentrated under reduced
pressure to afford 4-(1-(4-cyanophenyl)-1H-benzo[d]imidazol-6-yl)benzoic acid (2 g, 86%,
LC-MS 65%) as an off-white solid. "H NMR (400 MHz, DMSO-dq) 6 (ppm): 8.7 (s, 1H),
8.14 (d, J = 8.0 Hz, 2H), 8.10-7.95 (m, 5H), 7.95- 7.83 (m 3H),7.72 (d,J = 84Hz, 1H); MS
(BST) m/z 340.13 [C2H3N;30, + H] ™.

Step 7: To a solution of 4—(1—(4—cyanophenyl)-1H—benzov[d]imi'dazol—6-yI)benzoic acid 6 (300
mg, 0.88 mmol) in DMF (5 mL) was added NMM (0.178 mL, 1.76 mmol) followed by
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HATU (501 mg, 1.32 mmol) at rt and the solution was stirred .for 30 min. Morpholine'(() 84

mL, 0.968 mmol)-was added to the reaction mixture and stirring was contlnued for 16 h. The

- reactlon mixture was dﬂuted with EtOAc and washed with water and brine solution, The -

~ organic layer was dried over anhydrous Na,SO; and concentrated under reduced pressure to

obtain crude product. The crude product was purified by preparative HPLC to afford 4-(6-(4-

) (morpholine-4-carbonyl)phenyl)-1H-benzo[d]imidazol-1-yl)benzonitrile (100 mg, 27%, AUC -

HPLC 95.9%) as an off-white solid; m.p. 207-210 °C; 'H NMR (400 MHz, CDCls) & (ppm):

8.18 (s, 1H), 7.98-7.92 (m, 3H), 7.72 (d, J = 6.6 Hz, 3H), 7.66-7.61 (m, 3H), 7.51 (d, /= 7.9

Hz, 2H); 3.90-3.40 (m, 8H); MS (ESI) m/z 409.15 [CysHyN4O, + HJ".
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ANNEXURE

WO 2013/147711
Enzymaﬁc and Cellular ICs table:
| 1C50 (uM)
‘|Examples :
Mnk1 Mnk2 Hela
1 <0.1 <0.1 <1.0
2 <10 | <10 | <10
3 <1.0 <0.1 <1.0
4 <0.1 <01 <1.0
5 <04 | <01 | <10
6 <1.0 <10 | <10
7 S <10 | <10 <1.0
9. <10 | <10 | <10
14 <1.0 <1.0 | <10
15 | <1.0. | <10 <1.0
17 <10 | <10 | <10
21 <1.0 <1.0 <1.0
23 _<1.0 <0.1 <1.0
24 <10 | <10 <1.0
26 | <10 <1.0 <1:0
27 <0.1 <0.1 <1.0
28 <0.1 <0.1 <1.0
20 | <10 | <10 | <10
30 <10 | <10 <1.0
31 <1.0 <1.0 <1.0
32 | <01 | .<10 | <o
38 <1.0 <10 |0 <10
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Examples 150 W
Mnk1 Mnkzl Hela
39 <1.0 <1.0 <1.0
41 <1.0 <10 | <10
42 <1.0 <10 | <10
43 <120 <1.0 <1.0
45 <1.0 <1.0 <1.0
46 | <10 | <10 | <10
47 | <10 | <01 <1.0
48" <1.0 <1.0 <1.0
49 <10 <1.0° | <1.0
54 <041 | <04 <1.0
.55 | . <04 <0.1 <1.0
56 <01 | <01 <1.0
57 <0.1 <01 | <1.0
58 <0.1 <0.1 <1.0
59 <01 | . <0.1 <1.0
60 <0.1 <01 | <10
61 | <04 <01 | <10
62 <0.1 <1 | <to
63 <0.1 <0.1 <1.0
64 <0.1 <0.1 <1.0
65 <0:1 <0.1 <1.0
66 | <0.1 <04 | <10
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Examples o850

o Mnki | Mnk2 | Hela
68 <01 .| <041 <10 .|
69 <0.1 <0.1 <1.0
70 <01 | <0.1 <1.0
71 <0.1 <01 | <10 -
72 <0.1 <0.1 <1.0
73 <01, .|. <0.1 <1.0
74 <01 | <01 <1.0
78 <0.1 <0.1 <1.0
79 <01 <0.1 <1.0
80 | <01 | <01 .| <10
81 <0.1 0.1 <1.0
.85 <0.1 <0.1 <1.0
86 | <01 | <01 <1.0
87 <0.1 <01 | <10
89 | <01 | <0.1 <1.0
94 <0.1 <0.1 <1.0
95 <0.1 <0.1 <1.0
96 <0.1 <0.1 <1.0
o7 <01 | <041 <1.0
08 <0.1 <0.1 <1.0
99 <0.1 <0.1 <1.0
100 <0.1 <0.1 <1.0
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Examples - I?SO ek -
Mnk1 | Mnk2 Hela
101 <01 | <01 | <10
102 <04 | <04 | <10
103 <0.1 <0.1 <10
105 | <0.1 <0.1 <1.0
106 <0.1 <0.1 <1.0
107 <0.1 <0.1 <1.0
1000 | <04 | <04 <1.0
111 | <04 <0.1 <1.0
112 <0.1 <0.1 <10’
M3 | <04 | <01 <10
115 <10 | -<10- | . <10
116 | <10 | <10 <1.0
17 | <01 | <0.1 <1.0
18 | <01 | <01 | <10
119 | <01 <0.1 <1.0
122 <1.0 <1.0 <1.0
123 <01 | <0.1 <1.0
124 <0.1 <0.1 <1.0
125 <0.1 <0.1 <1.0
126 | <01 <01 | <10
120 | <10 | <0t | <10
130 <01 <0.1 <1.0

%
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Examplés - 150 (6
~ | Mnk1 Mnk2 ! Hela
133 <0.1 <01 | <10
134 | <01 <0.1 <10
135 <0.1 <01 | <10
137 <1.0 <0.1 <10
138 <1.0 <1.0 <1.0
139 <0.1 <041 | <10
" 140 <01 | <01 | <10
141 <01 | <01 | <10
142 <1.0 <0.1 <1.0
143 | . <0.1 <0.1 <1.0
144 <0.1 <01 | <10
145 <0.1 <10 | <10
146 <0.1 <01 | -<1.0
147 | <01 <0.1 <1.0
129 | <10 | <i0 <1.0
150 <0.1 <01 | < o
151 <1.0 <0.1 - <1.0
153 <16 | <10 | <10
156 <1.0 <1.0 <1.0
157 | <10 | <10 | <10
158 -~ | - <1.0 <0.1 <1.0
159 <041 | <01 <1.0
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- IC50 (uM)
Examples
Mnk1 Mnk2 _ Hela
160 <0.1 <01 | <10
162 <1.0 <1.0 <10
163 <01 | <041 <1.0
164 <0.1 <01 | <10
165 <0.1 <01 | <10
166 | <04 | <01 <1.0
167 | <01 | <04 | <10 |
169 | <01 | <01 | <10
170 | <0. <01 | <10
172 <01 | <01 | <10
473 | <01 <0.1 <1.0
174 | <01 <01 .| .<1.0
75 | <10 <0.1. | <10
176 <0.1 <01 | <10
179 <0.1 <01 | <10
181 <0.1 <0.1 <1.0
183 <0.1 <0.1 <1.0 -
184 <0.1 "é04» <1.0
185 <0.1 <0.1 <1.0
186 | <04 | <04 | <10
187 <01 | <0.1 <1.0
- 188 <0.1 <0.1 <1.0
190 <1.0 <1.0 <1.0 -
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CLAIMS
What is claimed is:

1. A compound of Formula (Ib):

6
R3 X3 X7
i o
R N Xy

(Ib)
or a pharmaceutically acceptable form thereof, wherein
Xj, X3, and X3 are independently N or C;
X4, X5 and X are independently N or CR4;
wherein at least one of X, X5, X3, X4, X5 and Xg 1s N;
X~ 1s N or CH;
Xg1s N or CH;

R'is -C(O)R, wherein R is
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an optionally substituted 5-6 membered heterocyclyl non-aromatic ring system having ring
carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is independently selected
from nitrogen, oxygen and sulfur; wherein the optionally substituted 5-6 membered
heterocyclyl non-aromatic ring system is unsubstituted or substituted with
halogen, —CN, —-NO,, N3, —-SO,H, -SO;H, ~OH, ~-OR®, ~ON(R""),, —-N(R™),, -N(R");*X",
~N(OR*)R™, —SH, —SR*, ~SSR*¢, -C(=0)R™, -CO,H, -CHO, —C(OR*®),, -CO,R®, —
OC(=0)R™, ~OCOR™, —C(=0)N(R""),, ~OC(=0)N(R""),, -NR*"C(=0)R*, -NR"CO,R™, —
NR"C(=0)N(R"),, -C(=NR")R*, -C(=NR™)OR*, ~-OC(=NR"")R™, ~OC(=NR")OR™, —
C(=NR")N(R"),, ~OC(=NR"®)N(R""),, -NR"C(=NR")N(R),, -C(=O)NR"’SO,R*, —
NR™SO,R™, ~SO,N(R™),, ~SO,R™, ~SO,0R™, ~OSO,R™, ~S(=0)R™, ~OS(=0)R™, —
Si(R™)3, —0OSi(R™); —C(=S)N(R"),, —C(=0)SR™, —C(=S)SR™, —SC(=S)SR™, —~SC(=0)SR™,
-OC(=0)SR™, -SC(=0)OR™, -SC(=0)R™, —P(=0),R*, -OP(=0),R*, —P(=0)(R™),, —
OP(=0)(R™)z, ~OP(=0)(OR*)z, ~P(=0)2N(R™)2, ~OP(=0):N(R™)z, ~P(=0)(NR™);, -
OP(=0)(NR"™),, -NR"P(=0)(OR*),, -NR""P(=0)(NR""),, -P(R%), -P(R*)3, ~OP(R*"),, —
OP(R®)3, -B(R*),, =B(OR),, -BR™(OR®‘), C_¢ alkyl, C;_jo perhaloalkyl, C,_;o alkenyl,
Cy_19 alkynyl, Cs_jo carbocyclyl, 3—14 membered heterocyclyl, C¢_14 aryl, and 5-14
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R4 groups;

or two geminal hydrogens on a carbon atom are replaced with the group =0, =S,
=NN(R"),, =NNR"C(=0)R*, =NNR"’C(=0)OR*, =NNR"’S(=0),R*, =NR"", or =NOR;

each instance of R* is, independently, selected from C;_j, alkyl, C;_jo perhaloalkyl,
Cy_10 alkenyl, C,_;o alkynyl, C5_;9 carbocyclyl, 3—14 membered heterocyclyl, Ce_14 aryl, and
5-14 membered heteroaryl, or two R* groups are joined to form a 3—14 membered
heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 R™ groups;

each instance of R™® is, independently, selected from hydrogen, -OH, -OR™, —
N(R%),, -CN, -C(=0)R™, —-C(=0)N(R‘),, -CO,R™, =SO,R™, ~C(=NR“)OR™, —
C(=NR“)N(R®),, —=SO,N(R*),, ~SO,R%, =SO,0R*, ~=SOR™*, —C(=S)N(R*),, -C(=0)SR*‘, —
C(=S)SR*, ~P(=0),R™, -P(=0)(R™)2, ~P(=0)2N(R)2, ~P(=0)(NR*),, C-10 alkyl, Ci-19
perhaloalkyl, C,_;o alkenyl, C,_j9 alkynyl, Cs_jo carbocyclyl, 3—-14 membered heterocyclyl,
Cé-14 aryl, and 5—14 membered heteroaryl, or two R groups are joined to form a 3—14

membered heterocyclyl or 5—14 membered heteroaryl ring, wherein each alkyl, alkenyl,

283a



alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,
2,3,4,0or5 RY groups;

each instance of R* is, independently, selected from hydrogen, C_q alkyl, Ci_jo
perhaloalkyl, C,_j¢ alkenyl, C,_j alkynyl, Cs_;o carbocyclyl, 3—14 membered heterocyclyl,
Ce_14 aryl, and 5-14 membered heteroaryl, or two R® groups are joined to form a 3—-14
membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkeny],
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,
2,3,4,0or5RY groups;

each instance of R% is, independently, selected from halogen, —CN, —-NO,, —N3, —
SO,H, -SO3H, —~OH, ~OR*, -ON(R"),, -N(R"),, -N(R™);"X", -N(OR*)R", ~SH, ~SR*", —
SSR®, —C(=0)R*, —CO,H, —CO,R*, ~OC(=0)R*, -OCO,R*, -C(=0)N(R"),, -
OC(=0)N(R"),, -NR"C(=0)R**, -NR"CO,R**, -NR"C(=O)N(R"),, -C(=NR")OR*, —
OC(=NRMHR*, ~OC(=NRT)OR*, -C(=NRT)N(R'),, ~OC(=NRT)N(R™),, —
NRC(=NRMHNRT),,~NRTSO,R*, ~SO,N(R™),, ~S0,R*, ~SO,0R*, ~OSO,R*, —-S(=0)R*,
—Si(R*)3, —0Si(R*)3, —C(=S)N(R™),, —C(=0)SR*, —C(=S)SR*, —=SC(=S)SR*®, —-P(=0),R*, —
P(=0)(R*),, —~OP(=0)(R*),, “OP(=0)(OR*"),, C}_¢ alkyl, C_¢ perhaloalkyl, C, ¢ alkenyl, C,_
¢ alkynyl, C3_19 carbocyclyl, 3—10 membered heterocyclyl, Cg_jo aryl, 5-10 membered
heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups, or two geminal R
substituents can be joined to form =0 or =S;

each instance of R* is, independently, selected from C_g alkyl, C;_g perhaloalkyl, C,_
¢ alkenyl, Cy_¢ alkynyl, Cs_jo carbocyclyl, Ce_10 aryl, 3—10 membered heterocyclyl, and 3—10
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups;

each instance of R is, independently, selected from hydrogen, C;_¢ alkyl, C_
perhaloalkyl, C,_¢ alkenyl, C,_¢ alkynyl, C;5_;o carbocyclyl, 3—10 membered heterocyclyl, Cs_
10 aryl and 5-10 membered heteroaryl, or two R groups are joined to form a 3—14 membered
heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 R groups; and

each instance of R® is, independently, halogen, —-CN, -NO,, -N3, -SO,H, -SO:;H, —
OH, —OC, ¢ alkyl, -ON(C_g alkyl);, -N(C;_¢ alkyl);, -N(C;_¢ alkyl);" X", -NH(C;_
alkyl),"X", -NH,(C;_¢ alkyl) "X, -NH;3"X", -N(OC,_¢ alkyl)(C;_¢ alkyl), -N(OH)(C,_¢ alkyl),
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—NH(OH), —SH, —SC/_¢ alkyl, —SS(C_¢ alkyl), -C(=0)(C,_¢ alkyl), -CO,H, —CO,(C,_¢ alkyl),
—OC(=0)(C/_¢ alkyl), —OCO4(C_¢ alkyl), -C(=O)NH;, —C(=O)N(C;_¢ alkyl),, —
OC(=O)NH(C,_ alkyl), -NHC(=0)( C;_¢ alkyl), —-N(C,_¢ alkyl)C(=0)( C,_¢ alkyl), —
NHCO,(C,_¢ alkyl), -NHC(=O)N(C,_¢ alkyl),, -NHC(=O)NH(C,_¢ alkyl), -NHC(=O)NHa,
—C(=NH)O(C ¢ alkyl),~OC(=NH)(C,_ alkyl), -OC(=NH)OC ¢ alkyl, -C(=NH)N(C,_¢
alkyl),, -C(=NH)NH(C,_¢ alkyl), -C(=NH)NH,, —OC(=NH)N(C,_ alkyl), —
OC(NH)NH(C,_¢ alkyl), -OC(NH)NH,, -NHC(NH)N(C,_¢ alkyl),, -NHC(=NH)NH,, —
NHSO,(C;_¢ alkyl), —=SO,N(C_¢ alkyl),, -SO,NH(C,_¢ alkyl), -SO,NH,,-S0,C )¢ alkyl, —
S0,0C, 6 alkyl, -OSO,C,_¢ alkyl, —-SOC,_¢ alkyl, —Si(C,_¢ alkyl)s, —OSi(C,_¢ alkyl)s —
C(=S)N(C,_¢ alkyl);, C(=S)NH(C|_¢ alkyl), C(=S)NH,, -C(=0)S(C,_s alkyl), —-C(=S)SCi_s
alkyl, —=SC(=S)SC,_s alkyl, —P(=0),(C;_¢ alkyl), -P(=0)(C,_¢ alkyl),, -OP(=0)(C_s alkyl),, —
OP(=0)(0C,_¢ alkyl),, Ci_¢ alkyl, C;_¢ perhaloalkyl, C,_¢ alkenyl, C, ¢ alkynyl, C3_jo
carbocyclyl, Cg_j9 aryl, 3—10 membered heterocyclyl, 5-10 membered heteroaryl; or two
geminal R® substituents can be joined to form =O or =S; wherein X is a counterion;

R% R’, R®, and R are independently —H, -F, -Cl, -CN, -CH3, -CF3, CHF,, -C(O)NH,,
-OH, -OCj_4alkyl, or —OCF;3; or R® and R are taken together to form a 5-6 membered fused
heterocyclcly or heteroaryl;

each R* is independently hydrogen, or C, alkyl.
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2. The compound of claim 1, wherein the compound is of Formula (Ib-i) or (Ib-ii):

(Ib-ii)
or a pharmaceutically acceptable form thereof, wherein

Xj, X5 and X3 are independently N or C;

X4 and X5 are independently N or CR4;
Wherein at least one of X, X5, X3, X4 and X5 1is N;

X71s N or CH;

Xgis N or CH;

R'is -C(O)R, wherein R is optionally substituted heterocyclyl;

R% R’, R®, and R are independently —H, -F, -Cl, -CN, -CH3, -CF3, CHF,, -C(O)NH,,
-OH, -OC;j_4alkyl, or —OCF;3; or R® and R’ are taken together to form a 5-6 membered fused
heterocyclcly or heteroaryl moiety; and

each R is independently hydrogen, or C,_ alkyl.
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3. The compound of claim 1 or 2, wherein R’ is -CN.

4. The compound of any one of claims 1-3, wherein R'is -C(O)R, wherein R is one of

the following:
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5. The compound of any one of claims 1, 3, and 4, wherein the compound is of Formula ,

(IIa), (IVa), or (Va):

R(\

Formula I11a Formula IVa Formula Va

6. The compound of claim 5, wherein the compound is of Formula (IIIb), (IVb) or (Vb):

Formula I1Tb Formula IVb Formula Vb
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7. The compound of claim 6 wherein the compound is of Formula (Illb-i), (IVb-i) or

(Vb-i):

Z =N
Rz >~ N /
N
R
O
R?
Formula IlIb-i Formula IVb-i Formula Vb-i
8. The compound of claim 7 wherein the compound is of formula (IVc):
CN
Formula I'Ve

9. The compound of claim 1, wherein the compound is selected from the group

consisting of:
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and pharmaceutically acceptable forms thereof.
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10. A composition comprising a compound of any one of claims 1-9, or a

pharmaceutically acceptable form thereof, and a pharmaceutically acceptable excipient.

11. The composition of claim 10, wherein the composition comprises a kinase inhibitor

selected from a PI3K inhibitor or a mTOR inhibitor.

12. An in vitro method of inhibiting MNK1 and/or MNK2 in a cell comprising
administering to a cell a compound of any one of claims 1-9, or a pharmaceutically

acceptable form thereof, or a composition of claim 10 or 11.

13. A use of a compound of any one of claims 1-9, or a pharmaceutically acceptable form
thereof, or a composition of any one of claims 10 or 11, in the manufacture of a medicament
for treating a MNK1 and/or MNK?2 -related disorder,

wherein the disorder is cancer, Alzheimer's disease, obesity, diabetes or inflammation
associated with acne, asthma, arteritis, polyarteritis, temporal arteritis, periarteritis nodosa,
Takayasu’s arteritis, arthritis, crystalline arthritis, osteoarthritis, psoriatic arthritis, gouty
arthritis, reactive arthritis, rheumatoid arthritis, and Reiter’s arthritis, ankylosing spondylitis,
amylosis, amyotrophic lateral sclerosis, autoimmune diseases, allergies or allergic reactions,
atherosclerosis, bronchitis, bursitis, chronic prostatitis, conjunctivitis, Chagas disease, chronic
obstructive pulmonary disease, cermatomyositis, dry eye syndrome, diverticulitis, diabetes,
type I diabetes mellitus, type 2 diabetes mellitus, a skin condition, psoriasis, eczema, burns,
dermatitis, pruritus, endometriosis, Guillain-Barre syndrome, infection, ischaemic heart
disease, Kawasaki disease, glomerulonephritis, gingivitis, hypersensitivity, headaches,
migraine headaches, tension headaches, ileus, postoperative ileus and ileus during sepsis,
idiopathic thrombocytopenic purpura, interstitial cystitis, prostatitis, appendicitis, Blau
syndrome, blepharitis, bronchiolitis, cervicitis, cholangitis, cholecystitis, chronic recurrent
multifocal osteomyelitis (CRMO), cryopyrin associated periodic syndrome (CAPS),
dacryoadenitis, dermatomyositis, dry eye syndrome, encephalitis, endocarditis, endometritis,
enterocolitis, epicondylitis, epididymitis, familial cold-induced autoinflammatory syndrome,
familial Mediterranean fever (FMF), fasciitis, fibrositis, hepatitis, hidradenitis suppurativa,
laryngitis, mastitis, meningitis, mevalonate kinase deficiency (MKD), Muckle-Well

syndrome, myelitis
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myocarditis, myositis, nephritis, oophoritis, orchitis, osteitis, inflammatory osteolysis, otitis,
pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis,
pneumonia, proctitis, pulmonary fibrosis, pyelonephritis, pyoderma gangrenosum and acne
syndrome (PAPA), pyogenic sterile arthritis, rhinitis, salpingitis, sinusitis, stomatitis,
synovitis, TNF receptor associated periodic syndrome (TRAPS), tonsillitis, undifferentiated
arthropathy, uveitis, vaginitis and vulvitis, gastrointestinal disorder, peptic ulcers, regional
enteritis, diverticulitis, gastrointestinal bleeding, eosinophilic gastrointestinal disorders,
eosinophilic esophagitis, eosinophilic gastritis, eosinophilic gastroenteritis, eosinophilic
colitis, gastritis, diarrhea, gastroesophageal reflux disease (GERD), inflammatory bowel
disease (IBD), Crohn’s disease, ulcerative colitis, collagenous colitis, lymphocytic colitis,
ischaemic colitis, diversion colitis, Behcet’s syndrome, indeterminate colitis, inflammatory
bowel syndrome (IBS), lupus, multiple sclerosis, morphea, myeasthenia gravis, myocardial
ischemia, nephrotic syndrome, pemphigus vulgaris, pernicious aneaemia, peptic ulcers,
polymyositis, primary biliary cirrhosis, neuroinflammation associated with brain disorders,
Parkinson’s disease, Huntington’s disease, progressive supranuclear palsy, corticobasal
degeneration, frontotemporal lobar degeneration, Pick's disease , Lewy body disease,
oamyotropic lateral sclerosis (ALS), Alzheimer’s disease, prostatitis, chronic inflammation
associated with cranial radiation injury, pelvic inflammatory disease, reperfusion injury,
regional enteritis, rheumatic fever, systemic lupus erythematosus, schleroderma, scierodoma,
sarcoidosis, spondyloarthopathies, Sjogren’s syndrome, thyroiditis, transplantation rejection,
tendonitis, trauma or injury, frostbite, chemical irritants, toxins, scarring, burns, physical
injury, vasculitis, vitiligo and Wegener’s granulomatosis, acute inflammatory condition,

chronic inflammatory condition, trauma, non-inflammatory myalgia or cancer.

14. Use of a compound of claims 1 to 9, or a pharmaceutically acceptable form thereof, or
a composition of claim 10 or 11, in the manufacture of a medicament for treating a MNK1
and/or MNK?2 -related disorder in accordance with claim 13, wherein the MNK 1 and/or

MNK?2 -related disorder is cancer.

15. Use of a compound of claims 1 to 9, or a pharmaceutically acceptable form thereof, or
a composition of claim 10 or 11, in the manufacture of a medicament for treating a MNK1
and/or MNK?2 -related disorder in accordance with claim 13, wherein the MNK 1 and/or

MNK?2 -related disorder is Huntington's disease, progressive supranuclear palsy, corticobasal
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degeneration, frontotemporal lobar degeneration, Pick's disease, Parkinson's disease, Lewy

body disease, or amyotropic lateral sclerosis (ALS).

16. Use of a compound of claims 1 to 9, or a pharmaceutically acceptable form thereof, or
a composition of claim 10 or 11 in the manufacture of a medicament for treating a MNK1
and/or MNK?2 -related disorder in accordance with claim 14, wherein the cancer is blood or

solid tumours.

17. Use of a compound of claims 1 to 9, or a pharmaceutically acceptable form thereof, or
a composition of claim 10 or 11, in the manufacture of a medicament for treating a MNK1
and/or MNK?2 -related disorder in accordance with claim 13, wherein the MNK 1 and/or

MNK?2 -related disorder is obesity or diabetes.
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18. Use of a compound of claims 1 to 9, or a pharmaceutically acceptable form thereof, or
a composition of claim 10 or 11 in the manufacture of a medicament for treating a MNK1
and/or MNK?2 -related disorder in accordance with claim 13, wherein the compound or

composition is to be administered in combination with a kinase inhibitor selected from a

PI3K inhibitor or a mTOR inhibitor.
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19. Use of a compound of claims 1 to 9, or a pharmaceutically acceptable form thereof,
or a composition of claim 10 or 11 in accordance with any one of claims 13 to 17, wherein
the compound or composition is to be administered at a dosage level sufficient to deliver

from about 0.001 mg/kg to about 100 mg/kg to a subject in need thereof.
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