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KINASE INTIIBITORS WITH IMPROVED CYP SATLTY PROFILE

FIELD OF TIIE INVENTION
This invention pertains to compounds that inhibit protein kinases such as Aurora-kinases
and the VEGFR and PDGFER families of kinases, and which have an improved safety profile due
10 low CYP3A4 inhibition, compositions containing the compounds, and methods of treating

diseascs using the compounds,

SEQUENCE LISTING
The instant zpplication contains a Sequence Listing which has been submitied via LFS-Web and
is hereby incorporated by reforence in its entirety. Said ASCTI copy, created on March 5, 2010, is

named 9714WQ01 .Fn, and is 943 bytcs in size,

BACKGROUND OF THE INVENTION

Mitosis is a process by which a complete copy of a duplicated genome is segregated by
ihe microtuble spindlc apparatus into two daughter cells, Aurora-kinases, key mitotic regulators
required for genome siability, have been found to be overexpressed in human tumors. There is
therefore an cxisting need in the therapeutic arts for compounds which inhibit Aurora-kinases,
compositions comprising the inhibitors and methods of treating diseases during which
Aurora-kinases are unregulated ot overexpressed.

The reversible phosphorylation of proteins is one of the primary biochemical mechanisms
mediating eukaryotic cell signaling, This reaction is catalyzed by prolein kinases that transfer the
g-phosphate group of ATP to hydroxyl groups on target proteins. 518 such enzymes exist in the
human genome of which ~90 sclectively catalyze the phosphorylation of tyrosine hydroxyl
groups Cytosolic tyrosine kinases reside intracellularly whereas receptor tyrosine kinases (RTKs)
possess both extracellular and intracellular domains and function as membrane spanning cell
surface receptors. As such, RTKs mediate the cellular responscs to environmental signals and

facilitate a broad range of cellular processes including proliferation, migration and survival.

RTK signaling pathways are normally highly regulated, yet their over-activation has been

shown to promote the growth, survival and metastasis of cancer cells, Dysregulated RTK
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signaling occurs through gene over-expression or mutation and has been correlated with the

. progression of various human cancers,

The VEGF receptor (VEGFR) family consists of three RTKs, KDR (kinasc insert
domain-containing receptor; VEGFR2), FLT1 (Fms-like tyrosine kinase; VEGFRI), and FLT4
(VEGFR3). Thesc receptors mediate the biological function of the vascular endothelial growth
factors (VEGF-A, -B, -C, -D, -E and placenta prowth factor (PIGL")), a family of homodimeric
glycoproteins that bind the VEGF receptors with varying affinities.

KDR is the major mediator of the mitogenic, angiogenic and permeability-enhancing
effects of VEGF-A, hereaftcr referred to as VLEGF. Many different cell types are able to producc
VEGF, yet its biological activity is limited predominately to the vasculature by way of the
endothelial cell-sclective expression of KDR. Not surprisingly, the VLGF/KDR axis is a primary
mediator of angiogenesis, the means by which new blood vessels are [ormed from preexisting
vessels. '

ILT] binds VEGF, VEGF-B and placental growth factor. FLT! is expressed on the
surface of smooth muscle cells, monocytes and hematopoietic stems cells in addition to
cndothelial cells, Activation of FLT1 signaling results in the mobilization of marrow-derived
endothelial progenitor cells that are recruited to tumors where they contribute to new blood
vessel formation,

FLT4 mediates the signaling of VEGF-C and VEGF-D), which mediate formation ol
tumor-associated lymphatic vessels (lymphangiogenesis). Lymphatic vessels are onc of the routes
by which cancer cells disseminate from solid tumots during metastasis.

The PDGT receplor (PDGFR) family consists of five RTK's, PDGFR-a4 and —b, CSFIR,
KIT, and FL'1'3. '

The a and b isoforms of the platclei-derived growth factor (PDGF) receptors occur as
homodimers or a/b heterodimers and are found most commonly on the surface of fibroblasts and
smooth muscle cells. PDGFR-b contributes to tumor angiogenesis through the proliferation and
migration of pericytes, the peri-endothelial cells that associate with and stabilize immature blood
vessels. In gliomas, autocrine PDGFR stimulation, brought about by the co-cxptession of PDGF

and PDGF receptors, mediates tumor cell proliferation and survival.
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CSF-1R is encoded by the ccllular homolog of the retroviral oncogenc v-finy and is a
major regulator ol macrophage development. Macrophages are frequent components of tumoy

stroma and have been shown to modify the extracellnlar matrix in a manner beneficial to tumor
growth and metastasis.

KIT is expressed by hematopoictic progenitor cells, mast cells, germ cells and by
pacemaker cells in the gut (interstitial cells of Cajal). It contributes to tumor progression by two
general mechanisms namely autocrine stimulation by its ligand, stem cell factor (8CF), and

through mutations that result in ligand-independent kinase activity.

FLT3 is normally expressed on hematopoietic stem cells where its interaction with FL1'3
ligand (I'L) stimulates stem cell survival, proliferation and differentiation. In addition 1o being
over-expressed in various leukemia cells, FI.T3 is frequently mutated in hematological
malignancies with approximately onc-third of paticnts with acute myeloid leukemia (AML)
harboring activating mutations.

‘The identification of effective small compounds which specifically inhibit signal
transduction and cellular proliferation by modulating the activity of tyrosine kinases to regulate
and modulate abnormal or inappropriate cell proliferation, differentiation, or metabolism is
therefore desirable. In particular, the identification of methods and compounds that specifically
inhibit the function of a tyrosine kinasc which is essential for angiogenic proccsses or the
formation of vascular hyperpermeability leading to edema, ascites, effusions, exudates, and
macromolecular extravasation and matrix deposition as well as associated disorders would be
beneficial.

Administercd drugs are eliminated from the body either by excretion or by metabolism to
onc or more metaboliles. One class of metabolizing enzymes that is particularly important in the
metabolism of drugs is the cytochrome P450 (also known as CYP or P450) family of chzymes,
This is a large family of isocnzymes which has been divided into over 15 subfamilics. The
CYP3A subfamily, which includes CYP3A4, 3A5, 3A7 and 3A43 is responsible lor the
metabolism of aboul 60% of known therapeutic drugs. CYP3A4 in particular is the most
abundant CYP isoenzyme in both liver and intestine and is involved in the metabolism of more
than 50% of the clinically used drugs (Mechanism-Based Inhibition of Cytochrome P455 3A4 by
Therapeutic Drugs. Clin. Pharmacokinet, 2005, 44, 279-304). Like all other CYP enzymes,

CYP3A4 is susceptible to both reversible and pscudo-irreversible or irreversible (mechanism
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based) inhibition (Time-dependent CYP Inhibition. Expert Opin. Drug Metab. Toxicol. 2007, 3,
51-66). Their low substrate specificity makes the CYP enzymes susceptible to inhibition by a
wide variety of structurally distinet drugs.

As a result of CYP inhibition, abrupt changes ¢an oceur with a co-administered agent in a
singlc individual lcading to a substantial increase or decrcase in the blood and tissue
concentrations of a drug or metabolite. ‘These lypes of changes can alter a drug’s salety and
cfficacy profile in profound ways, especially drugs with narrow therapeutic windows, As
outlined in the FDA guidance to industry, a detailed evaluation of the CYP inhibition potential is
required of all new drug candidates (Guidance for Industry. Drug Metabolism/Drug Interaction
Studies in the Drug Develeopment Process: Studics in Vitro, US FDA April 1997),

This issuc of drug-drug interaction is very important in oncology treatment as patients are
typically treated with multiple drugﬁ. Thus, reducing the risk of such interaction is an important

consideration in the development of novel cancer therapeutics.
While thienopyridine compounds disclosed in WQ2005/010009 display potent inhibition

of Aurora and PDGFR/VEGFR kinases, they may also be inhibitors of CYP3A4, This invention
pertains to novel thienopyridines of formula 1, which maintain potent inhibition of both Aurora
kinases and the family of kinases encompassing PDGFR and VEGFR and also demonstrate at
least a 10-30 fold reduction in CYP3A4 inhibition. Because the compounds of the present
invention have significantly reduced CYP3A4 inhibition, they are expected to diplay low drug-
drug interaction liability.

In addition to the reduction in CYP inhibition, the compounds of the invention have
demonstrated their utility in additional assays utilized to asscss the suitability of the compounds
as drug candidates. For instance, the compounds of the invention demonstrate potency in whole
cell assays (e.g., in the Human TUmbilical Vein Endothelial Cell (HUVEC) assay and the assay
measuring histone D3 phosphorylation and induction of polyploidy) and suitable pharmokinetic
propertics (¢.g., oral clearance and oral bioavailabilily), in vive efficacy (c.g., Uterine Edema

model, rodent flank and orthotopic tumor models), cardiovascular safety, CNS assessments and

gaslroinstestinal assays,

SUMMARY OF THE INVENTION
In one embodirment, the present invention provides compounds of formula (1)
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whercin
R! is hydroxyalkyl;
R? is selected from the group consisting of alkoxy, alkyl, halo, and haloalkoxy; and
10 R’ is hydrggern or alkyl.
$till another cmbodiment pettains to methods of treating diseases involving mediation,
overcxpression or disregulation of kinases in a mammal, the methods comprising administering

thereto a therapeutically effective amount of 2 compound having Formula T,
0 R2

15

wherein
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R' is hydroxyalkyl;

R? is selected from the group consisting of alkoxy, alkyl, halo, and haloalkoxy; and

R? is hydrogen or alkyl.

Another embodiment pertains lo methods of treating acoustic neuroma, acute leukemia,
acute lymphocytic lcukemia, acute myelocytic lcukemia (monocytic, myeloblastic,
adenocarcinoma, angiosarcoma, astrocytoma, myelomonocytic and promyelacytic), acute t-cell
leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer,
bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic
leukemia, chronic lymphocytic leukemia, chronic myelocytic (granulocytic) leukemia, chronic
myleogeneous leukemia, colon cancer, colorecial cancer, craniopharyngioma,
cystadenocarcinoma, diffuse large B-cell lymphoma, dysproliferative changes (dysplasias and
metaplasias), embryonal carcinoma, endometrial canccr, endotheliosarcoma, ependymoma,
epithelial carcinoma, crythroleukemia, esophageal cancer, estrogen-receplor positive breast
cancer, essential thrombocythemia, Liwing’s tumor, fibrosarcoma, follicular lymphoma, germ cell
testicﬁlar cancer, glioma, heavy chain disease, hemangioblastoma, hepatoma, hepatocellular
cancer, hormone inscnsitive prostate cancer, lciomyosarcoma, liposarcoma, lung cancer,
lymphagiocndotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma
(Hodgkin’s and non-Flodgkin’s), malignancies and hyperproli ferative disorders ol the bladdcr,
breast, colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies of 'I'~cell
or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma,
meningioma, mesothclioma, multiple mycloma, myelogenous lcukemia, myeloma,
myxosarcoma, neuroblastoma, non-small cell lung cancer, oligndendroglioma, oral cancer,
ostcogenic sarcorna, ovariat cancer, pancreatic cancer, papillary adenocarcinomas, papillary
carcinoma, pinealoma, polycythemia vera, prostate cancer, rectal cancer, renal cell carcinoma,
retinoblastoma, thabdomyosarcoma, sarcoma, sebaceous gland carcinoma, seminoma, skin
cancer, small ccll lung carcinoma, solid tumors (carcinomas and sarcomas), small cell ung
canccr, stomach cancer, squamous cell carcinoma, synovioma, sweat gland carcinoma, thyroid

cancer, Waldenstrom’s macroglobulinemia, testicular tumors, uterine cancer and Wilms® tumor
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in a mammal, the methods comprising administering thereto a therapeutically cffective amount of
a compound of formyla [, alone or in combination with radiotherapy.

Another embodiment pertains to methods of treating acoustic neuroma, acute leukemia,
acute lymphocytic leukemia, acute myclocytic leukemia (monocytic, myeloblastic,
adenocarcinoma, angiosarcoma, astrocytoma, myelomonocytic and promyclocylic), acute t-cell
leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer,
bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic
leukemia, chronic lymphocytic leukemia, chronic myclocytic (granulocytic) leukemia, chronic
mylcogeneous leukemia, colon cancer, colorectal cancer, craniopharyngioma,
cystadenocarcinoma, diffuse large B-ccll lymphoma, dysproliferative changes (dysplasias and
metaplasias), cmbryonal carcinoma, cndometrial cancer, cndotheliosarcoma, ependymonma,
epithelial carcinoma, erythroleukemia, esophageal cancer, estrogen-receptor positive breast
cancer, essential thrombocythemia, Ewing’s tumor, fibrosarcoma, follicular lymphoma, germ cell
testicular cancer, glioma, heavy chain discase, hemangioblastoma, hepatoma, hepaiocellular
cancer, hormone insensitive prostate cancer, leiomyosarcoma, liposarcoma, lung cancer,
lymphagioendotheliosarcoma, lymphangiosarcoma, lymphoblastic lcukemia, lymphoma
(Hodgkin’s and non-Hodgkin’s), malignancics and hyperproliferative disorders of the bladder,
breast, colon, lung, ovaties, pancreas, prostate, skin and uterus, lymphoid malighancies of T-ccll
or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma,
meningioma, mesothelioma, multiple myeloma, myclogenous leukemia, mygloma,
myxasarcoma, neuroblastoma, non-small ccll lung cancer, oligodendroglioma, oral cancer,
osteogenic satcoma, ovarian cancer, pancreatic cancer, papillary adenocarcinomas, papillaty
carcinoma, pinealoma, polycythemia vera, prostate cancer, rectal cancer, renal cell carcinotna,
retinoblastoma, rhabdomyosarcoma, sarcoma, schaceous gland carcinoma, seminoma, skin
cancer, small cell lung carcinoma, solid tumors (carcinomas and sarcomas), small cell lung
cancer, stomach cancer, squamous cell carcinoma, synoviotma, sweat gland carcinoma, thyroid
cancer, Waldensirdm’s macroglobulinemia, testicular tumors, uterine cancer and Wilms’ tumor
in a mammal, the methods comprising administcting thereto a therapeutically effective amount of
N-(4-{4-umino-7-[1-(2-hydroxyethyl)-1 H-pyrazol-4-ylJthieno[3,2-¢ [pyridin-3-y!} phenyl}-N'-(3-

{Tuorophenyl)urea, alone or in combination with radiotherapy.
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Another embodiment pertains to methods of treating acoustic neuroma, acute leukernia,
acute lymphoeytic leukemia, acute myelocytic leukemia (monacytic, mycloblastic,
adenocarcinoma, angiosarcoma, astrocyloma, myelomonocytic and promyelocytic), acute t-cell
leukemia, basal cell carcinoma, bile duet carcinoma, bladder cancer, brain canger, breast cancer,
bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic
leukemia, chronic lymphocytic leukemia, chronic myclocytic (granulocytic) leukemia, chronic
myleogeneous leukemia, colon cancer, colorectal cancer, craniopharyngioma,
cystadenocarcinoma, diffuse large B-cell lymphoma, dysproliferative changes (dysplasias and
metaplasias), embryonal carcinoma, endometrial cancer, endotheliosarcoma, ependymoma,
cpithelial carcinoma, erythroleukemia, esophageal cancer, estrogen-receptor positive broast
cancer, essential thrombocythemia, Ewing’s tumor, fibrosarcoma, follicular lymphoma, germ ccll
testicular cancer, glioma, heavy chain disease, hemangioblastoma, hepatoma, hepatocellular
cancer, hormone inscnsitive prostate cancer, lelomyosarcoma, liposarcoma, lung cancer,
lymphagioendothcliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma
(F{odgkhl’s and non-Ilodgkin’s), malignancies and hyperproliferative disorders of the bladder,
breast, colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies of T-cell
or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma,
meningioma, mesothelioma, multiple myeloma, myelogenous leukemia, myeloma,
myxosarcoma, neuroblastoma, non-small ccll lung cancer, oligodendroglioma, oral cancer,
osteogenic sarcoma, ovarian cancer, pancreatic cancer, papillary adenocarcinomas, papillary
carcinoma, pinealoma, polycythemia vera, prostate cancer, rectal cancer, renal cell carcinoma,
retinoblastoma, rhabdomyosarcoma, sarcoma, sebaceous gland carcinoma, seminoma, skin
cancer, small cell lung carcinoma, solid tumors (carcinomas and sarcornas), small cell Jung
cancer, stomach cancer, squamous cell carcinoma, synovioma, sweat gland carcinoma, thyroid
cancer, Waldenstrom’s macroglobulinemia, testicular tumors, uterine cancer and Wilms® tumor
in a mammal, the methods comprising administering thereto a therapeutically effective amount of
N-(4-{4-amino-7-[1-(2-hydroxyethyl)-121-pyrazol-4-yl]thieno[3,2-c)pyridin-3-y1} phenyl)-N'-[4-
(difluoromethoxy)phenyljurea, alone or in combination with radiotherapy.

Another ecmbodiment pertains to methods of treating acoustic neuroma, acute Ileukemia,
acute lymphocylic leukemia, acute myelocytic leukemia (monocytic, mycloblastic,

adenocarcinoma, angiosarcoma, astrocytoma, myelomonocylic and promyelocytic), acute t-cell
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leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer,
bronchogenic carcinoma, écrvical caneer, chondrosarcoma, chordoma, choriocarcinoma, chronic
leukemia, chronic lymphocytic leukemia, chronic myelocytic (granulocytic) leukemia, chronic
myleogencous leukemia, colon cancer, colorectal cancer, craniopharyngioma,
cystadenocarcinoma, diffuse large B-cell lymphoma, dysproliferative changes (dysplasias and
metaplasias), cmbryonal carcinoma, cndometrial cancer, cndotheliosarcoma, cpendymoma,
epithelial carcinoma, erythroleukemia, esophageal cancer, estrogen-receptor positive breast
cancet, essential thrombocythemia, Ewing's tumor, fibrosarcoma, follicular lymphoma, germ cell
testicular cancer, glioma, heavy chain disease, hemangioblastoma, hepatoma, hepatocellular
cancer, hormone insensitive prostate cancer, leiomyosarcoma, liposarcoma, lung cancer,
lymphagioendotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, Iymphoma
(Hodgkin’s and non-Hodgkin’s), malignancics and hyperprolifcrative disorders of the bladder,
breast, colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies of ‘['-cell
or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma,
meningioma, mesothelioma, multiple myeloma, myclogenous leukemia, myeloma,
myxosarcoma, neuroblastoma, non-small cell lung cancer, oligodendroglioma, oral cancer,
osteogenic sarcoma, ovarian cancer, pancreatic cancer, papillary adenocarcinomas, papillary
carcinoma, pinealoma, polycythemia vera, prostatc cancer, rectal cancer, renal cell carcinoma,
retinoblastoma, rhabdomyosarcoma, sarcoma, sebaceous gland carcinoma, seminoma, skin
cancer, small cell lung carcinoma, solid tumors (carcinomas and sarcomas), small cell lung
eanger, stomach cancer, squamous ccll carcinoma, synovioma, sweat gland carcinoma, thyroid
cancer, Waldenstrém’s macroglobulinemia, testicular tumors, uterine cancer and Wilms® tumor
in a mammal, the methods comprising administering thereto a therapeutically effective amount of
N-[4-(4-amino-7-{ 1-](25)-2-hydroxypropyl|- 1 H-pyrazol-4-yl } thieno[3,2-¢]pyridin-3-ylphenyl }-
N-(3-methylphenyl)urea, alone or in combination with radiotherapy.,

Another embodiment pertains to methods of treating acoustic neuroma, acute leukernia,
acutc lymphocytic leukemia, acute myelocytic leukemia (monoeytic, myeloblastic,
adenocarcinoma, angiosarcoma, astrocytoma, myelomonocytic and promyelocytic), acute t-cell
leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer,
bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic

leukemia, chronic lymphoeytic leukemia, chronic myelocytic (pranulocytic) leukemia, chronic
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myleogencous lenkemia, colon cancer, colorcctal cancer, craniopharyngioma,
cystadenocarcinoma, diffuse large B-cell lymphoma, dysproliferative changes (dysplasias and
metaplasiag), embryonal carcinoma, cndometrial cancer, endotheliosarcoma, ependymoma,
cpithelial carcinoma, erythroleukemia, esophageal cancer, estrogen-receptor positive breast
cancer, esscntial thrombocythemia, Ewing’s tumor, fibrosarcoma, follicular lymphoma, germ cell
testicular cancer, glioma, heavy chain disease, hemangioblastoma, hepatoma, hepatoceliular
cancer, hormong insensitive prostate cancer, leiomyosarcoma, liposarcoma, lung cancer,
lymphagiocndotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma
(Hodgkin's and non-Hodgkin’s), malignancies and hyperproliferative disorders of the bladder,
breast, colon, lung, ovaries, pancreas, prostate, skin and wlerus, lymphoid malignancies of T-ccll
or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma,
meningioma, mesothelioma, myltiple mycloma, myelogenous leukemia, myeloma,
myxosarcoma, heuroblastoma, non-small cell lung cancer, oligodendroglioma, oral cancer,
osleogenic sarcoma, ovarian cancer, pancreatic cancer, papillary adenocarcinomas, papillary
carcinoma, pinealoma, polycythemia vera, prostate cancer, rectal cancer, renal cell carcinoma,
retinoblastoma, rthabdomyosarcoma, sarcoma, sebaceous gland carcinoma, seminoma, skin
cancer, small cell lung carcinoma, solid tumors (carcinomas and sarcomas), small cell lung
cancer, stomach cancer, squamous cell carcinoma, synovioma, sweal gland carcinoma, thyroid
cancer, Waldenstrdom’s macroglobulinemia, testicular tumors, utering cancer and Wilms’ tumor
in a mammal, the methods comprising administering thereto a therapeutically effective amount of
N-(4-{4-amino-7-] 1-(2-hydroxy-2-methylpropyl)-1 H-pyrazol-4-yl |thieno[ 3,2-c]pyridin-3-
y1}phenyl)-V-(4-methoxyphenyl)urea, alone ot in combination with radiotherapy.

Another embodiment pertaing to methods of treating acoustic neuroma, acute leukcemia,
acute lymphocytic lcukemia, acute mycloeytic leukemia (monocytic, myeloblastic,
adenocarcinoma, angiosarcoma, astrocytoma, myclomonocytic and promyelocytic), acute t-cell
Jeukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer,
bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic
lcukemia, chronic lymphocytic leukemia, chronic myelocytic (granulocytic) leukemia, chronic
myleogeneous leukemia, colon cancer, colorectal cancer, craniopharyngioma,
cystadenocarcinoma, diffuse large B-cell lymphoma, dysproliferative chunges (dysplasias and

metaplasias), embryonal carcinoma, endomectrial cancer, endotheliosarcoma, cpendymoma,
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cpithelial carcinoma, erythroleukemia, esophageal cancer, estrogen-receplor positive breast
cancer, esscntial thrombocythemia, Ewing’s tumor, fibrosarcoma, follicular lymphaorma, germ cefl
testicular cancer, glioma, heavy chain disease, hemangioblastoma, hepatoma, hepatocellular
cancer, hormone insensitive prostate cancet, leiomyosarcoma, liposarcoma, lung cancer,
lymphagioendotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma
(ITodgkin’s and non-Hodgkin’s), malignancies and hyperproliferative disorders of the bladder,
breast, colon, lung, ovaries, pancreas, prostate, skin and ulerus, lymphoid malignancies of T-cell
or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma,
meningioma, mesothelioma, multiple myeloma, myelogenous leukemia, myeloma,
myxosarcoma, neuroblastoma, non-small cell tung cancer, oligodendroglioma, oral cancer,
osteogenic sarcoma, ovarian cancer, pancreatic cancer, papillary adenocarcinomas, papillary
carcinoma, pincaloma, polycythemia vera, prostate cancer, reetal cancer, renal cell carcinoma,
retinoblastoma, rhabdomyosarcoma, sarcoma, sebaceous gland carcinoma, seminoma, skin
cancer, small cell lung carcinoma, solid tumors (carcinomas and sarcomas), small cell lung
cancer, stomach cancer, squamous ccll carcinoma, synovioma, sweat gland carcinoma, thyroid
cancer, Waldenstrom's macroglobulinemia, testiculat tumors, uterine canccr and Wilms’ tumor
in a mammal, the methods comprising administcring therelo a therapeutically effective amount of
N-]4-(4-amino-7-{ 1-[(25)-2,3-dihydroxypropyl |- | H-pyrazol-4-yl }thicno[3,2-¢]pyridin-3-

yDphenyl]-N'-(4-mcthoxyphenyl)urea, alone or in combination with radiotherapy.

Another embodiment pertains to compositions comprising an cxcipient and a
therapeutically effcctive amount of 2 compound of formula 1, and a therapeutically effective
amount of one additional therapeutic agent or more than onc additional therapeutic agent,

Another embodiment pertains o compositions comprising au excipicnt and a
therapcutically effective amount of’ N~(4-{4-amino-7-| 1-(2-hydroxyethyl)-1 H-pyrazol-4-
ylthieno[3,2-¢]pyridin-3-yl } phenyl)-V'-(3-fluorophenyl)urea, and a therapeutically effective
amount of onc additional therapeutic agent or more than onc additional therapcutic agent.

Anather embodiment pettains 1o compositions comprising an excipient and a
therapeutically effective amount of N-(4-{4-amino-7-| 1-(2-hydroxycthyl)-1 H-pyrazol-4-
yl|thieno[3,2-c]pyridin-3-yl} phenyl)-N"-{4-(difluoromethoxy)phenyl jurea, and a therapeutically
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effective amount of onc additional therapeutic agent or more than onc additional therapeutic
agent.

Another embodiment pestains to compositions comprising an excipicnt and a
therapcutically effective amount of N-[4-(4-amino-7-{1-[(28)-2-hydroxypropyl]-1 H-pyrazol-4-
yl}thieno[3,2-¢]pyridin-3-yl)phenyl]-V'-(3-methylphenylurea, and a therapcutically effective
amount of one additional therapeutic agent or more than one additional therapeutic agent.

Another embodiment pertains lo compositions comprising an excipient and a
therapeutically effective amount of N-(4-{4-amino-7-{1-(2-hydroxy-2-methylpropyl)-1/I-pyrazol-
4-yl]thieno[3,2-¢]pyridin-3-yl} phenyl)-V'-(4-methoxyphenyl)urea, and a therapeutically elfective
amount of one additional therapeutic agent or more than one additional therapeutic agent.

Another embodiment pertains to compositions comprising an excipient and a
therapeutically elfective amount of a N-[4-(4-amino-7-{1-[(25)-2,3-dihydroxypropyl|-1 H-
pyrazol-4-yl}thieno[3,2-c]pyridin-3-yl)phenyl |-V'-(4-methoxyphenyl)urea, and a therapeutically

effective amount of one additional therapeutic agent or more than one additional therapeutic

agent.

Still another cmbodiment pertains Lo methods of treating discases involving mediation,
overexpression or disregulation of kinases in a mammal, the methods comprising administering
thereto a therapeutically effective amount of a compound of formula I, and a therapeutically
effective amount of one additional therapeutic agent or more than one additional therapeutic
agent alone or in combination with radiotherapy.

Still another embodiment pertains to methods of trcating diseases involving mediation,
overexpression or digregulation of kinases in a mammal, the methods comprising administering
(hereto a therapeutically effcctive amount of N-(4-{4-amino-7-[1-(2-hydroxyethyl)-1 H-pyrazol-4-
yl]thieno[3,2-c]pyridin-3-y1} phenyl)-NV-(3-Tuorophenyl)urea, and a therapeutically effective
amount of one additional therapeutic agent or more than onc additional therapeutic agent alonc or
in combination with radiotherapy.

Still another embodiment pertains to methods of treating diseases involving mediation,
overexpression or disrcgulation of kinases in 2 mammal, the methods comprising administering
thereto a therapeutically ellective amount of N-(4-{4-amino-7-[1-(2-hydroxyethyl)-11I-pyrazol-4-
yl {thieno|3,2-¢Jpyridin-3-y1} pheny])-N'-[4-(difluoromcthoxy)phenyljurea, and a therapeutically
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effective amount of one additional therapeutic agent or more than onc additional therapeutic
agent aléne or in combination with radiotherapy.

Still another emhodiment pertains to methods of treating diseases involving mediation,
overgxpression or disregulation of kinases in a mamunal, the methods comprising administering
thereto a therapeutically effective amount of N-[4-(4-amino-7-{1-[(25)-2-hydroxypropyl]-1/1-
pyrazol-4-yl}thicno|3,2-¢Jpyridin-3-yi)phenyl]-N'-(3-methylphenyl)urea, and a therapeutically
eflective amount of one additional therapeutic agent or more than one additional therapeutic
agent alone or in combination with radiotherapy,

Sull another embodiment pertaing to methods of treating diseases involving mediation,
overexpression or disregulation of kinases in 2 mammal, the methods comprising administering
thereto a therapeutically cffective amount of N-(4-{ 4-amino-7-[1-(2-hydroxy-2-mcthylpropyl)-

1 H-pyrazol-4-yl]thicno[3,2-c]pyridin-3-y1} phenyl)-V'-(4-methoxyphenyl)urca, and a
therapeutically effective amount of one additional therapeutic ageut or more than one additional
therapeutic agent alone or in combination with radiotherapy.

Still another embodiment pertains to methods of treating diseascs involving mediation,
overexpression or disregulation of kinases in a mammal, the methods comprising administering
thereto a therapeutically effective amount of N-}4-(4-amino-7-{ 1-[(25)-2,3-dihydroxypropyl]-1H-
pyrazol-4-yl}thieno[3,2-¢]pyridin-3-yl)phenyl]-N-(4-methoxyphenyl)urea, and a therapeutically
effective amount of one additional therapeutic agent or more than one additional therapeutic

agent alone or in combination with radiotherapy.

Another embodiment pertains to methods of treating pediatric cancer or neoplasm such as
embryonal rhabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute
myelogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic ependymoma,
pediatric anaplastic large cell lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical
teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenolypic acute leukemia,
pediatric Burkitts lymphoma, pediatric cancers of Bwing’s lamily of tumors such as primitive
neurocctodermal rumors, pediatric diffuse anaplastic Wilm’s tumor, pediatric favorable histology
Wilm’s tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma,
pediatric ncuroblastoma-derived myelocytomatosis, pediatric pre-B-cell cancers (such as

leukemia), pediatric psteosarcoma, pediatric rhabdoid kidney tumor, pediatric
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rhabdomyosarcoma, and pediatric 'T'-cell cancers such as lymphoma and skin cancer, , the
methods comprising administeting thereto a therapeutically cffective amount of a compound of
formula 1, alone or in combination with radiotherapy.

Another embodiment pertains to methods of treating pediatric cancer or ncoplasm such as
cmbryonal rhabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute
myelogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic ependymoma,
pediatric anaplastic large cell lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical
teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenotypic acute leukemia,
pediatric Burkitts lymphoma, pediatric cancers of Ewing’s family of tumors such as primitive
neuroectodermal rumors, pediatric diffuse anaplastic Wilm®s wumor, pediatric favorable histology
Wilm’s tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma,
pediatric neuroblastoma-derived myelocytomatosis, pediatric pre-B-cell cancers (suchas
leukemia), pediatric psteosarcoma, pediatric rhabdoid kidney tumor, pediatric
rhabdomyosarcoma, and pediatric T-ccll cancers such as lymphoma and skin cancer, , the
methods comprising administering thereto a therapeutically effective amount of N-(4-{4-amino-
7-[1-(2-hydroxycthyl)-1 H-pyrazol-4-ylJthieno[3,2-¢]pyridin-3-yl } phenyl)-V-(3-fluorophenylyure,
alone or in combination with radiotherapy.

Another embodiment pertains to methods of treating pediatric cancer or ncoplasm such as
embryonal rhabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute
myelogenous leukemia, pediatric alveolar thabdomyosarcoma, pediatric anaplastic ependymoma,
pediatric anaplastic large cell lymphoma, pediatric anaplastic medulloblasioma, pediatric atypical
teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenotypic acute leukemia,
pediatric Burkitts lymphoma, pediatric cancers of Liwing’s family of tumors such as primitive
neuroectodermal rumors, pediatric dilfuse anaplastic Wilm’s tumor, pediatric favorable histology
Wilm’s tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma,
pediatric neuroblastoma-derived myclocylomatosis, pediatric pre-B-cell cancets (such as
leukemia), pediatric psteosarcoma, pediatric rhabdoid kidney tumor, pediatric
rhabdomyosarcoma, and pediatric T-cell cancers such as lymphoma and skin cancer, , the
methods comprising administering thereto a therapeutically cftective amount of N-(4-{4-amino-
7-[1-(2-hydroxyethyl)-1/4-pyrazol-4-ylJthicno| 3,2-¢]pyridin-3-y1} phenyl)-A\'-[4-

(difluoromethoxy)pheny! |urea, alone or in combination with radiotherapy.
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Another cmbodiment pertains to methods of treating pediatric cancer or ueoplasm such as
cmbryonal thabdomyosarcoma, pediattic acute lymphoblastic leukemia, pediatric acute
myclogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic ependymoma,
pediatric anaplastic large cell lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical
teratoid/thabdoid tumor of the central nervous syatem, pediatric biphenotypic acute leukemia,
pediatric Burkitts lymphoma, pediatric cancers of Fwing’s family of tunors such as primitive
neutoectodermal rumors, pediatric diffusc anaplastic Wilm’s tumor, pediatric [avorable histology
Wilm’s tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma,
pediatric neuroblastoma-derived myelocytomatosis, pediatric pre-B-cell cancers (such as
Jeukemia), pediatric psieosarcoma, pediatric rhabdoid kidney tumor, pediatric
rhabdomyosarcoma, and pediatric T-cell cancers such as lymphoma and skin cancct, , the
methods comprising administering thereto a therapeutically effective amount of V-] 4-(4-amino-
7-{1-[(28)-2-hydroxypropyl]-1 H-pyravol-4-yl }thieno[3,2-c [pyridin-3-yl)phenyl|-V'-(3-
methylphenyl)urea, alone or in combination with radiotherapy.

Anothet embodiment pertains to methods of treating pediatric cancer or ncoplasm such as
embryonal rhabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute
myclogenous leukemia, pediatric alveolar rhahdomyosarcoma, pediatric anaplastic ependymoma,
pediatric anaplastic large ccll lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical
teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenotypic acute leukemia,
pediatric Burkitts lymphoma, pediatric cancers of Ewing’s family of tumors such as primitive
neuroeciodermal rumors, pediatric diffuse anaplastic Wilm’s tumor, pediatric favorable histology
Wilm's tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma,
pediatric ncuroblastoma-derived myclocytomatosis, pediatric pre-B-cell cancers (such as
leukemia), pediatric psteosarcoma, pediatric rhabdoid kidney tumor, pediatric
rhabdomyosarcoma, and pediatric T-cell cancers such as lymphoma and skin cancer, , the
methods comprising administering thereto a therapeutically effective amount of N-(4-{4-amino-
7-1-(2-hydroxy-2-methylpropyl)-11/-pyrazol-4-yl jthieno[3,2-¢|pyridin-3-y1} phenyl)-N'-(4-
methoxyphenyl)urea, alone or in combination with radiotherapy.

Another embodiment pertains to methods of trealing pediatric cancer or neoplasm such as
cmbryonal thabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute
myelogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic cpendymoma,
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pediatric anaplastic large cell lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical
teratoid/rhabdoid tumar of the central nervous syatem, pediatric biphenotypic acute leukemia,
pediatric Burkilts lymphoma, pediatric canccts of Ewing’s family of tumors such as primitive
neuroectodermal rumors, pediatric diffuse anaplastic Wilm’s tumor, pediattic favorable histology
Wilm’s tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma,
pediattic neuroblastoma-derived myelocytomatosis, pediatric pre-B-cell cancers (such as
lcukemia), pediatric pstcosarcoma, pediatric rhabdoid kidney tumor, pediatric
rhabdomyosarcoma, and pediatric 'T-cell cancers such as lymphoma and skin cancer, , the
methods comprising administering thereto a therapeutically effective amount of N-|4-(4-amino-
7-{1-{(29)-2,3-dihydroxypropyl}-1 H-pyrazol-4-yl }thieno| 3,2-¢|pyridin-3-yl)phenyl]-NV~(4-

methoxyphenyl)urea, alone or in combination with radiotherapy.

8$till another embodiment pertains to compounds
N-(4-{4-amino-7-[ 1-(2-hydroxyethyl)-1//-pyrazol-4-yl]thieno| 3,2-cJpyridin-3-yi} phenyl)-N-(3-
fluorophenyiurea;
N-(4-{4-amino-7-[1-(2-hydroxyethyl)-1 H-pyrazol-4-yl]thieno[3,2-c|pyridin-3-yl} phenyl)-N'-[4-
(difluoromethoxy)phenylurea;
N-[4-(4-amino-7-{1-)(28)-2-hydroxypropyl]-14- yrazol 4-yl}thieno[3,2-c]pyridin-3-yl)phenyl]-
N'-(3-methylphenyl)urea;
N-(4-{4-amino-7-[1-(2-hydroxy-2-methylpropyl)- 1 H-pyrazol-4-yl|thieno[3,2-c] pyridin-3-
y1} phenyl)-N-(4-methoxyphenyi)urea; and
N-[4-(4-amino-7-{ 1| (285)-2,3-dibydroxypropyl]-1H-pytazol-4-yl} thieno| 3,2-¢]pyridin-3-
yl)phenyl]-V'~(4-methoxyphenyl)urea and therapeutically acceptable salts thereof.

Still another embodiment pertains to N-(4-{4-amino-7-| I-(2-hydroxycthyl)-1A-pyrazol-4-
yl|thieno[3,2-clpyridin-3-yl}phenyl)-V~(3-fluorophenyljurca.

Still another cmbodiment pertains 1o N-(4-{4-amino-7-[1-(2-hydroxyethyl)-1H-pyrazol-4-
ylJthieno[3,2-c]pyridin-3-y!} phenyl)-N-[4-(difluoromethoxy)phenyljutca.

Still another embodiment pertains to N-[4~(4-amino-7-{1-[(28)-2-hydroxypropy!]-1H-
pyrazol-d-yl } thieno[3,2-c]pyridin-3-yDphenyl|-N'-(3-methylphenylurea.

Still another embodiment pertains 1o N-(4-{4-amino-7-[1-(2-hydroxy-2-methylpropyl)-
1 H-pyrazol-4-ylJthicno[3,2-c]pyridin-3-y1} phenyl)-»-(4-methoxyphenyl)urea.
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Still another embodiment pertains to N-[4-(4-amino-7-{ 1-[(25)-2,3- -dihydroxypropyl]-1 A-
pyrazol—4-yl‘thxuno[3 2-c|pyridin-3-yl)phenyl]-V~(4-methoxypheny!jurea.

Still another embodiment pertains to a compound of formula I, and therapeutically
acceptable salts, prodrugs, csters, amides, salts of prodrugs, salts of esters, and salts of amides
thereof.

Still another embodiment pertains to N-(4-{4-amino-7-[1-(2-hydroxyethy!)-1 H-pyrazo)-4-
yllthieno[3,2-¢]pyridin-3-yl} phenyl)-N'-(3-fluorophenyl)urea, and therapeutically acceptable
salts, prodrugs, esters, amides, salts ol prodrugs, salts of esters, and salts of amides thereof,

Still another embodiment pertains to N-(4-{4-amino-7-[1-(2-hydroxyethyl)- 1 H-pyrazol-4-
yljthieno[3,2-cpyridin-3-yl} phenyl)-'~|4-(difluoromethoxy)phenylJurca, and therapeutically
acceptable salts, prodrugs, csters, amides, salts of prodrugs, salls of csters, and salts of amides
thereof.

Still another cmbodiment pertains to N-[4-(4-amino-7-{ 1-[(25)-2-hydroxypropy!]-1 H-
pyrarol-4-yl } thieno|3,2-c]pyridin-3-yl)phenyl |-A"-(3-methylphenyl)urca, and therapeutically
acceptable salts, prodrugs, csters, amides, salts of prodrugs, salls of esters, and salts of amides
thereof.

Still another embodiment pertains to N-(4-{4~-amino-7-[1-(2-hiydroxy-2-methylpropyl)-
1H—pyrazo]-4—yl]thieno[3,Z-cjpyridin-S-yl}phenyl)-N-(4—methoxyphcnyl)urca_. and
therapeutically acceptable salts, prodrugs, csters, amides, salts of prodrugs, salts of cslers, and
salts of amides thereof.

Still another embodiment pertains 10 N-(4-(4-amino-7-{ 1-| (25)-2,3-dihydroxypropyl}-1/£/-
pyrazol-4-yl }thieno[3,2-c]pyridin-3-yphenyl]-V'-(4-methoxyphenyl)urea, and therapeutically
acceptable salts, prodrugs, esters, amides, salty of prodrugs, salts of csters, and salts of amides

thercof,

DETATLED DESCRIPTION OF THE INVENTION
Variable moietics of compounds herein are represented by identifiers (capital letters with

numerical and/or alphabetical superscripts) and may be specifically embodied.
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T is meant to be understood that proper valences are maintained for all moieties and

combinations thereof, and that monovalent moieties having more than one alom are attached

through their left ends.

It is also meant to be understood that a specific etmbodiment of a variable moicty may be

the same or different as another specific embodiment having the same identifier.

The term "atkoxy,” as used herein, refers to an alkyl group attached to the parcnt

molecular moiety through an oxygen atom.
The term "alkyl,” as used herein, rcfers 1o a group derived from a straight or branched

chain saturated hydrocarbon containing from one to ten carbon atoms,

The terms "halo” and "halogen," as used hercin, referto F, Cl, Br, or L.

The term "haloalkoxy,” as used herein, refers 1o a haloalkyl group attached to the parent
molecular moiety through an oxygen atom.

The term “haloalkyl,” as used herein, refers to an alkyl group, as defined herein,

substitutcd with at Jeast one halogen, as defined hetein.

The term "hydroxy," as used herein, refers o a —QII group.

The term "hydroxyalkyl," as uscd herein, refers to an alkyl group substituted with at least
one hydroxy group.

The term “KDR” means kinase insert domain receptor (a type Il receptor tyrosine kinase)

and is also known as FI.K1, VEGFR, VEGFR2, and CD309.
The term “VEGFR” means vascular endothelial growth factor receptor.

‘The term “PDGI'R” means platelet-desived growth factor rcceptor.

Compounds of this invention may contain asymmettically substituted carbon atoms in the
R or S configuration, wherein the terms “R” and “8” are as defined in Pure Appl. Chem. (1976)
45, 13-10. Compounds having asymmetrically substituted carbon atoms with equal amounts of R’
and 8 configurations are racemic at thosc atoms. Atoms having excess of onc configuration over
the other are assigned the configuration in excess, preferably an excess of about 85%-90%, more

preferably an excess of about 95%-99%, and still more preferably an cxcess greater than about
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99%, Accordingly, this invention is meant to embrace racemic mixtures and relative and absolute
diastereoisomers of the compounds thereot.

Compounds of this invention may also contain carbon-carbon double bonds or carbon-
nitrogen double bonds in the E or 7. configuration, wherein the term “E” represents higher order
substitucnts on opposite sides of the carbon-carbon or carbon-nitrogen double bond and the term
“/” represents higher order substitucnts on the same side of the carbon-carbon or carbon-
nitrogen double bond as determined by the Cahn-Ingold-Prelog Priority Rules. The compounds
of this invention may also cxist as a mixture of “E” and “£” isomers,

Compounds of this invention may also exist as tautomers or cquilibrium mixtures
thereof whercin a proton of a compound shifts from one atom to another, Examples of tautomers
include, but are not limited 10, keto-enol, phenol-keto, oxime-nitroso, nitro-aci, iminc-enamine
and the like.

Compounds of this invention containing NH, C(0O)OII, OH or SH moietics may have
attached thereto prodrug-forming moieties, The prodrug-forming moieties are removed by
metabolic processes and relcase the compounds having the freced NH, C(O)OH, O or SH in
vivo. Prodrug,;s are uscful for adjusting such pharmacokinetic propertics of the compounds as
solubilily and/or hydrophobicity, absorption in the gastrointestinal tract, bioavailability, tissue
penetration, and rate of clearance.

Metabolites of compounds of this invention produced by in vitro or in vivo metabolic

processes, may also have utility for treating diseases associated with overexpression or

disregulation of protein kinases.

Certain precursor compounds which may he metabolized in vitro or in vivo to form
compounds of this invention may also have utility for treating diseascs associated with
overexpression or disregulation of protein kinases.

Compounds of this invention may exist as acid addition salts, basic addition salts or
vwitterions. Salts of compounds having Formula I are prepared during their isolation or
following their purification. Acid addition salts are those derived from the reaction of a
compound of this invention with acid. Accordingly, salts including the acetate, adipate, alginate,
bicarbonate, citratc, aspartate, benzoate, benzenesulfonate (besylate), bisulfate, butyrate,
camphorate, camphorsufonate, digluconate, formate, fumarate, alycerophosphale, glutamaie,

hemisulfate, hoptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, lactobionale,
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lactate, malcate, mesitylencsulfonate, methanesul fonate, naphthylenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, phosphate, picrate, propionate, succinate, tartrate,
thiocyanate, trichloroacetic, trifluoroacetic, para-toluenesulfonate and undecancate salts of the
compounds of this invention arc meunt to be embraced by this invention, Basic addition salts of
compounds are those derived from the rcaction of the compounds of this invention with the

bicarbonate, carbonate, hydroxide or phosphate of cations such as lithium, sodiwm, potassium,

caleium and magnesium.

Compounds having Formula I may be administercd, lor example, bucally, ophthalmically,
orally, osmotically, parenterally (intramuscularly, intraperintoneally inlrasternally, intravenously,
subcutaneously), reclally, topically, transdermally, vaginally and intraarterially as well as by

intraarticular injection, infusion, and placement in the body, such as, for example, the

vasculature,

Therapeutically effective amounts of a compound having Formula | depend on recipient
of freatment, disease treated and severity thereof, composilion comprising i, time of
administration, route of administration, duration of treatment, potency, rate of clearance and
whether or not another drug is co-administered. The amount of a compound having Formula [
used to make a composition to be administered daily to a patient in a single dose or in divided
doses is from about 0.03 to about 200 mg/kg body weight. Single dose compositions contain

these amounts or a combination of submultiples thercof.

Compounds having Fotmula [ may be administercd with or without an excipient.
Gxcipients include, but are not limited to, encapsulators and additives such as absorption
accelerators. antioxidants, binders, buffers, coating agents, coloring agents, diluents,
disintegrating agents, emulsificrs, extenders, fillers, flavoring agents, humectants, lubricants,
perfumes, preservatives, propellants, relcasing agents, sterilizing agents, sweeteners, solubilizers,

wetting agents, mixtures thereof and the like.

Excipicnis lor preparation of compositions comprising a compound having Formula I to

be administered orally include, but are not limiled to, agar, alginic acid, aluminum hydroxide,
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benzy) alcohol, benzyl benzoate, 1,3-butylenc glycol, carbomers, castor oil, cellulose, ccllulose
acetate, cocoa butter, corn starch, corn oil, cottonseed oil, cross-povidone, di glyccﬁdes, ethanol,
ethyl cellulose, ethyl laureate, ethyl oleate, fatty acid esters, gelatin, germ oil, glucose, glyccrol,
groundnut oil, hydroxypropylmethy! celluose, isopropanol, isotonic saline, lactose, magnesium
hydroxide, magnesium stearate, malt, mannitol, monoglycerides, olive oil, peanut oil, potassium
phosphate salts, potato starch, povidone, propylene glycol, Ringer's solution, safﬂower oil,
sesame oil, sodium carboxymethy! cellulose, sodium phosphate salts, sodium lauryl suifate,
sodium sorbitol, soybean oil, stearic acids, stearyl fumarate, sucrose, surfactants, talc, tragacanth,
tetrahydrofurfuryl alcohol, triglycerides, water, mixturcs thereof and the like, Excipients for
preparation of compositions comprising a compound having Formula T 1o be administered
ophthalmically or orally include, but are not limited to, 1,3-butylene glycol, castor oil, corn oil,
cottonseed oil, ethanol, fatty acid esters of sorbitan, germ oil, groundnut oil, glycerol,
isopropanal, olive oil, polyethylene glycols, propylenc glycol, sesame oil, water, mixtures thereof’
and the like, Excipients for preparation of compositions comprising a compound having Formula
I to be administered osmotically include, but are not limited to, chlorofluorohydrocarbons,
ethanol, water, mixtures thereof and the like, Excipients for preparation of compositions
combrising a compouhd having Formula I to be administered parenterally include, but are not
limited to, 1,3-butanediol, castot oil, com oil, cottonseed oil, dextrose, germ oil, groundnut oil,
liposomes, oleie acid, olive oil, peanut oil, Ringer's solution, salflower oil, sesame oil, soybean
oil, U.8.P. or isotonic sodium chloride solution, watet, mixtures thereof and the like. Fxcipients
for preparation of compuositions comprising a compound having Formula I to be administered

rectally or vaginally include, but are not limited to, cocoa butter, polyethylenc glycol, wax,

mixtures thercof and the like.

Compounds having Formula I are expected to be useful when vsed with
alkylating agents, angiogenesis inhibitors, antibodies, antimetabolites, antimitotics,
antiproliferatives, aurora kinase inhibitors, other apoptosis promoters (for example, Bel-xT., Bel-
w and Bfl-1) inhibitors, Ber-Abl kinase inhibitors, BiTL (Bi-Specific T cell Engager) antibodics,
biologic response modificrs, cyclin-dependent kinase inhibitors, cell cycle inhibitors,
cyclooxygenase-2 inhibitors, DVD's, leukemia viral oncogene homolog (Erb32) receptor
inhibitors, growth factor inhibitors, heat shock protein (IISP)-90 inhibitors, histone deacctylase
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(HDAC) inhibitors, hormonal therapics, immunologicals, inhibitors of apoptosis proteins (IAP's)
intercalating antibiotics, kinase inhibitors, matnmalian target of rapamycin inhibitors,
microRNA's mitogen-activated extracellular signal-regulated kinase inhibitors, multivalent
binding proteins, non-steroidal anti-inflammatory drugs (NSAIDs), poly ADP (adenosine
diphosphate)-ribose polymerase (PARP) inhibitors, platinum chemotherapeutics, polo-like kinase
(PIk) inhibitors, protcosome inhibitors, purine analogs, pyrimidine analogs, receptor tyrosine
kinase inhibitors, retinoids/dettoids plant alkaloids, small inhibitory ribonucleic acids (siRNA'S),

topoisomerasc inhibitors, combinations thereof and the like.

A BiTL antibody is a bi-specific antibody that directs T-cells to attach cancer cells by
simultaneously binding the two cells. The 1-cell then attacks the target cancer cell. Exemplary
BiTE antibodies include adecatumumab (Micromet M1201), blinatumomab (Micromet MT103)

and the like.

SiRNA's are molecules having endogenous RNA bases or chemically modified
nucleotides. The modifications shall not abolish cellular activity, but rather impart increased
stability and/or increased cellular potency.' Examples of chemical modifications include
phosphorothioate groups, 2'-deoxynucleotide, 2™-OCII;-containing ribonuclcotides, 2'-F-
ribonucleotides, 2'-mcthoxyethy! ribonuclcotides or 2 combination therecof. The siRNA can have
varying lengths (10-200 bps) and structures (hairpins, single/double strands, bulges, nicks/gaps,
mismatches) and processed in the ccll 10 provide active gene silencing. In certain embodiments,
a double-stranded siRNA (dsRNA) can have the same number of nucleotides on each strand
(blunt ends) or asymmetric cnds (qverhangs). The overhang of 1-2 nuclcotides can be present on

the sense and/or the antiscnse strand, as well as present on the 5'- and/ or the 3'-ends of a given

strand,

Multivalent binding proteins are binding proteins comprising two or more antigen
binding sites, 'Ihe multivalent binding protein is preferably cngineered to have the three or more
antigen binding sites and is generally not a naturally occurring untibody. The term “multispecific
binding protein™ means a binding protein capable of binding two or more related or uncelated

targets. Dual variable domain (DVD) binding proteins arc tetravaleni or multivalent binding
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proteins binding proteins comprising two or more antigen binding sites. Such DVDs may be
monospecific, i.e., capable of binding one antigen or multispecific, i.e., capable of binding two or
more anligens. DVD binding proteins comprising two heavy chain DVD polypeptides and two
light chain DVD polypeptides are referred 1o as DVD Ig. Liach hall of a DVD Ig comprises a
heavy chain DVD polypeptide, a light chain DVD polypeptide, and two antigen binding sites,
Each binding site comprises a heavy chain variable domain and a light chain variable domain

with a total of 6 CDRs involved in antigen binding per antigen binding site.

Alkylating agents include altretamine, AMD-473, AP-5280, apaziquone, bendamusting,
brostallicin, busulfan, carboquone, carmustine (RCNU), chlorambucil, CLORETAZINEY
(laromustine, VNP 40101M), eyclophosphamide, decarbazine, estramustine, fotemustine,
glufostamide, ifosfamide, KW-2170, lomustine (CCNUY), mafosfamide, melphalan, mitobronitol,
mitolactol, nimustine, nitrogen mustard N-oxide, ranimustine, temozolomide, thiotepa,

TREANDA® (bendamustine), treosulfan, rofosfamide and the like.

Angiogenesis inhibitors include endothelial-specific receptor tyrosine kinase (Tie-2)
inhibitors, epidermal growth factor receptor (EGFR) inhibitors, insulin growth factor-2 receptor
(TGFR-2) inhibitors, matrix metalloproteinase-2 (MMP-2) inhibitors, matrix metalloproteinase-9
(MMP-9) inhibitors, platelet-derived growth factor receptor (PDGFR) inhibitots,
thrombospondin analogs, vascular endothelial growth factor receptor tyrosine kinase (VEGIR)

inhibitors and the like.

Antimetabolites include ALIMTA® (metrexed disodium, LY231514, MTA),
5-azacitidine, XELODA® (capecitabine), carmofur, LEU STATY (cladribine), clolarabine,
cytarabine, cytarabine ocfosfate, cytosine arabinoside, decitabine, deferoxamine, doxifluridine,
cflornithine, ETICAR (5-ethynyl- - -D-ribofuranosylimidavzole-4-carboxamide), enocitabine,
ethnylcytidine, fludarabine, 5-fluorouracil alonc or in combination with leucovorin, GEMZAR®
(eemeitabine), hydroxyurca, ALKER AN":"’(nlelphalan)_, mercaptopurine, 6-mercaptopurine

riboside, methotrexate, mycophenolic acid, nelarabine, nolatrexed, ocfosfate, pelitrexol,
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pentostatin, raltitrexcd, Ribavirin, triapine, trimetrexate, 8-1, tiazofurin, tegafur, TS-1,

vidarabine, UFT and the like,

Aurora kinase inhibitors include AZD-1152, MI.N-8054, VX-680 and the like.

Bel-2 proteins inhibitors include A'T-101 ((-)gossypol), GENAS ENSE® (G3139 or
oblimersen (Bal-2-targeting antisense oligonucleotide)), IPI-194, IPT-565, N-(4-(4-((4'-
chloro(1,1'-biphenyl)-2-yl)methyl)piperazin-1-yl)benzoyl)-4-(((1R)-3-(dimethylamino)-1-
((phenylsulfanyl)methyl)propylamino)-3-nitrobenzenesul fonamide) (ABT-737), N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin-1-yhbenzoyl)-4-(((1R)-3-
(morpholin-4-yl)-1-((phenylsulfany!)methyl)propylamino)-3-
((trifluoromethyl)sulfonyl)benzenesul fonamide (ABT-263), GX-070 (obatoclax) and the like.

Ber-Abl kinase inhibitors include DASATINIB® (BMS-354825), GLEEVECY (imatinib)

and the like,

DK inhibitors include AZD-5438, BMI-1040, BM$-032, BMS-387, CVT-2584,
Navapyridol, GPC-286199, MCS-5A, PD0332991, PHA-690509, scliciclib (CYC-202,
R-roscovitine), ZK-304709 and the like.

COX-2 inhibitors include ABT-963, ARCOXIA® (etoricoxib), BEXTRA® (valdecoxib),
BMS347070, CELEBREX® (celecoxib), COX-189 (lumiracoxib), CT-3, DLERAMAXX®
(deracoxib), JTE-522, 4-methyl-2-(3,4-dimethylphenyl)-1-(4-sulfamoylphenyl-1 II-pyrrole), MK-
663 (etoricoxib), NS-398, parecoxib, R8-57067, SC-58125, SD-8381, SVT-2016, 8-2474, T-

614, VIOXX® (rofecoxib) and the like,

LGFR inhibitors include ABX-EGF, anti-EGFR immunoliposomes, LGF-vaceine, EMD-
7200, ERBITUX® (cotuximab), FIR3, IgA antibodics, IRESSA® (gefitinib), TARCEVA®
(erlotinib or QSI-774), 'IP-38, EGFR fusion protein, TYKERBY (lapatinib) and the like,
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ErbB2 receptor inhibitors include CP-724-714, CI-1033 (canertinib), IIERCEPTIN®
(trastuzumab), TYKERB (lapatinib), OMNITARG®™ (2C4, petuzumab), TAK-165, GW-572016
(ionafarnib), GW-282974, EKB-569, PI-166, dHER2 (HER2 vaccine), APC-8024 (HER-2
vaceine), anti-HER/2neu bispecific antibody, B7.her21p(3, AS HER2 trifunctional bispcefic
antibodies, mAB AR-209, mAB 2B-1 and the like.

Histone deacetylase inhibitors include depsipeptide, LAQ-824, MS-275, trapoxin,
suberoylanilide hydroxamic acid (SAFIA), TSA, valproic acid and the like.

LISP-9Q inhibitors include 17-AAG-nab, 17-AAG, CNF-101, CNI-1010, CNF-2024,
17-DMAG, geldangmycin, 1P1-504, KOS-953, MYCOGRAB® (human tccombinant antibody 10
HSP-90), NCS-683664, PU24FC1, PU-3, radicicol, SNX-2112, STA-9090 VER49009 and the

Tike,

Inhibitors of apoptosis proteins include ApoMab (a fully human affinity-matured IgG1
monoclonal antibody), antibodies that target TRAIL or death reccptors (e.g., pro-apopiotic
receptor agonists DR4 and DRS5), conatumumab, ETR2-ST01, GDC0145, ( lexatumumab), I1GS-

1029, LBY-135, PRO-1762 and tratuzumab.

MEK inhibitors include ARRY-142886, ARRY-438162 PD-325901, PD-98059 and the
like.

mTOR inhibitors include AP-23573, CCI-779, everolimus, RAD-001, rapamyecin,

ternsirolimus and the like.

Non-steroidal anti-inflammatory drugs include AMIGLSIC? (salsalate), DOLOBID®
(diftunisal), MOTRIN® (ibuprofen), ORUDIS® (ketoprofen), RELAVEN® (nabumetone),
FRL.DENL® (piroxicam), ibuprofen crcam, ALEVE® (naproxcn) and NAPROSYN™ (naproxcn),
VOLTAREN® (diclofenac), INDOCIN® (indomethacin), CLINORIL® (sulindac), TOLECTIN®
(tolmetin), LODINE® (etodolac), TORADOL® (ketorolac), DAYPRO™ (oxaprozin) and the like.
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PDGFR inhibitors include C-451, CP-673, CP-868596 and the like.

Platinum chemotherapentics include cisplatin, ELOXATIN® (oxaliplatin) eptaplatin,

lobaplatin, nedaplatin, PARAPLATTN“gJ (carboplatin), satraplatin and the like.
Polo-like kinasc inhibitors include BI-2536 and the like.

‘Thrombospondin analogs include ABT-510, ABT-567, TSP-1 and the like.

VEGFR inhibitors include AVASTIN® (bevacizumab), ABT-869, AEE-788,
ANGIOZYME™ (a ribozyme that inhibits angiogenesis (Ribozyme Pharmaccuticals (Boulder,
C0.) and Chiron, (Emeryville, CA)) , axitinib (AG-13736), AZD-2171, CP-547,632, IM-862,

MACUGEN (pegaptamib), NEXAVAR® (sorafenib, BAY43-9006), pazopanib (GW-786034),
vatatanib (PTK-787, 7K-222584), SUTENT® ( sunitinib, SU-11248), VEGF trap, ZACTIMA™
(vandctanib, 71)-6474) and the like,

Antibiotics include intercalating antil;iotics aclarubicin, actinomyein D, amrubicin,
annamycin, adriamycein, BLEN OXANE® (bleomycin), daunorubicin, CACLYX® or MYOCET"‘O
(liposomal doxotubicin), elsamitrucin, epirbucin, glarbuicin, ZAVEDOS® (idarubicin),
mitomycin C, nemorubicin, neocarzinostatin, peplomycin, pirarubicin, rebeceamycin,

stimalamer, streptozocin, VALST. AR® (valrubicin), zinostatin and the like.

Topoisomerass inhibitors include aclarubicin, 9-aminocamptothecin, amonafidc,
amsacrine, becatecarin, belotccan, BN-80915, CAMPTOSAR@ (itinotecan hydrochloride),
camptothecin, CARDIOXANE® (dexraroxine), diflomotecan, edotccarin, ELLENCE” or
PHARMORUBICIN® (epirubicin), ctoposide, exatecan, 10-hydroxycampiothecin, gimatecan,
lurtotecan, mitoxantrone, orathecin, pirarbucin, pixantrone, rubitccan, sobuzoxanc, SN-38,

tafluposide, topotecan and the like.
-26-
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Antibodies include AVASTIN ® (bevacizumab), CD40-specific antibodies, chTNT-1/B,
denosumab, ERBITUX® (cctuximab), IIUMAX-CD4% (zanolimumab), IGF1R-specific
antibodies, lintuzumab, PANOREX® (edrecolomab), RENCAREX® (WX G250), RITUXAN®

(tituximab), ticilimumab, trastuzimab and and the like.

Hormonal therapies include ARIMIDEX® (anastrozole), AROMASIN® (excmestane),
arzoxifenc, CASODEX® (bicalutamide), CLETROTIDE® (cetrorelix), degarclix, deslorelin,
DESOPAN® (trilostane), dexamethasone, DROGEN 1L®, (flutamide), EVISTA®Y (raloxifene),
AFEMA™ (fadrozolc), FARESTON® (toremifene), FASLODEX® (fulvestrant), FEMARA®
(letrozole), lormestane, glucocorticoids, HECTOROL? (doxercalciferol), RENAGLL®
(sevelamer carbonate), lasofoxifene, leuprolide acetate, MEGACE® (megcesterol), MIFEPREX®
(mifepristone), NILANDRON™ (nilutamide), NOLVADEX® (tamoxifen citratc), PLENAXIS™
(abarclix), prednisone, PROPECIA® (finasteride), rilostanc, SU PREFACT® (buserelin),
TRELSTAR® (luteinizing hormone releasing hormone (LHRH)), VANTAS® (Histrelin implant),
VETORYLL'*) (trilostane or modrastane), ZOLADEX® (fpsrelin, goserelin) and the like,

Deltoids and retinoids include seocalcitol (EB1089, CB1093), lexacalcitrol (KH1060),
fenretinidc, PANRETIN® (aliretinoin), ATRAGEN® (liposomal tretinoin), TARGRETIN ®
(bexarolene), LGD-1550 and the like.

PARP inhibitors include ABT-888, olaparib, KU-59436, AZD-2281, AG-014699, BSI-
201, BGP-15, INO-1001, ONO-2231 and the like,

Plant atkaloids include, but are not limited to, vincristine, vinblastine, vindesine,

vinorelbine and the like,

Protcasome inhibitors include VF.I.,CIADL'(m (bortezomib), M(GG132, NPL-0052, PR-171

and the like,
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Examples of immunologicals include interferons and other immune-enhancing agents,
Interferons include interferon alpha, interferon alpha-2a, interferon alpha-2b, interferon beta,
interferon gamma-la, ACTIMMUNE® (interferon gamma-1b), or interferon gamma-nl,
combinations thereof and the like. Other agents include ALFAFERONE® ,(IFN-o0), BAM-002
(oxidized glutathione), BLROMUN w (tasonermin), BEXXAR® (tositumomab), CAMPATH®
(alemtuzumab), CTLA4 (cytotoxic lymphocyte antigen 4), decarbazine, denileukin, cpratuzumab,
GRANOCYTL (‘Icnograstim),‘]eminan, leukocyte alpha interferon, imiquimaod, MDX-010 (anti-
CTLA-4), melanoma vaccine, mitumomab, molgramostim, MYLOTARG™ (gemtuzumab
ozogamicin), NEUPOGEN™ (filgrastim), OncoVAC-CL, OVAREX® (oregovomab),
pemiumomab (Y-mulIMFG1), PROVENGE® (sipuleucel-T), sargaramostim, sizofilan,
teceleukin, THERACYS? (Bacillus Calmettc~Guerin), ubenimex, VIRULIZIN®
(immunotherapeutic, Lorus Pharmaceuticals), Z-100 (Specific Substance of Maruyama (S8M)),
WF-10 (Tetrachlorodecaoxide (TCDQ)), PROLEU KIN® (aldesleukin), ZADAXIN®
(thymalfasin), ZENAPAX® (daclizumab), ZEVALIN ® (90Y-lbritumomab Huxetan) and the like.

Biological response modificrs are agenis that modify defense mechanisms of living
organisms or biological responses, such as survival, growth, or differentiation of tissue cclls to

direct them to have anti-tumor activity and inclnde include krestin, lentinan, sizofiran, picibanil

PF-3512676 (CpG-8954), ubenimex and the like.

Pyrimidine analogs include cytarabine (ara C or Arabinoside C), cytosine arabinoside,
doxifluridine, FLUDARA® (fludarabinc), 5-FU (5-[ucrouracil), floxuridine, GEM7ZAR®
(gemcitabine), TOMUJ DEX® (ratitrexed), TROXATYL™ (triacetyluridine troxacitabine) and the

like.

Purine analogs include LANVIS® (thioguanine) and PURI-NETIIOL® (mcreaplopurine).

Antimitotic agents include batabulin, ¢pothilone D (K0S8-862), N-(2-((4-
hydroxyphenyl)amino)pyridin-3-yl)-4-methoxybenzcnesulfonamide, ixabepilone (BMS 247550),
-28 -
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paclitaxel, TAXOTERE® (docetaxel), PNU100940 (109881), patupilone, XRP-9881 (larotaxel),
vinflunine, ZK-LPO (synthctic epothilone) and the like.

Compounds of this invention can also be used as radiosensitizes that cnhance the
efficacy of radiotherapy. Examples of radiotherapy include external beam radiotherapy,

teletherapy, brachtherapy and sealed, unsealed source radiothcrapy and the like,

Additionally, compounds having Formula I may be combined with other
chemptherapeutic agents such as ABRAXANE™ (ABI-007), ABT-100 (farnesy! transferasc
inhibitor), ADVEXIN® (Ad5CMV-p53 vaceine), ALTOCOR® or MEVACOR™ (lovastatin),
AMPLIGEN® (poly I:poly C12U, a synthetic RNA), APTOSYN® (exisulind), AREDIA”
(pamidronic acid), arglabin, L-asparaginase, atamestane ( 1-methyl-3,17-dionc-androsta-1,4-
diene), AVAGE® (tazarotene), AVE-8062 (combreastatin derivative) BEC2 (mitumomab),
cachectin ot cachexin (tumor necrosis factor), canvaxin (vaccine), CEAVAC® (cancer vaccing),
CELEUK® {celmoleukin), CEPLENE® (histamine dilydrochloride), CERVARIX?Y (human
papillomavirus vaccine), cHop® (C: CYTOXAN® (cyc!ophgsphanﬁde); H: ADRIAMYCIN®
(hydroxydoxorubicin); Q: Vincristine (ONCOVIN@); P: prednisone), CYPAT™ (cyproterone
acetate), combrestatin A4P, DAB(389)EGF (catalylic and translocation domains of diphtheria
toxin fused via a His-Ala linker to human epidermal growth factor) or TransMID-107R™
(diphtheria toxing), dacarbazine, dactinomyein, 5,6-dimethylxanthenone-4-acetic acid
(DMXAA), eniluracil, EVIZON™ (squalamine lactate), DIMERICINE® (T4NS liposome
lotion), discodermolide, DX-8951f (exatecan mesylate), cnzastaurin, FEPQ906 (epithilone B),
GARDASIL® (quadrivalent human papillomavirus (Types 6, 11, 16, 18) rccombinant vaccine),
GASTRIMMUNE®, GENASENSE®, GMK (ganglioside conjugate vaccine), GYAX” (prostate
cancer vaccing), halofuginone, histerelin, hydroxycarbamide, ibandronic acid, IGN-101, IL-13~
PE38, IL-13-PE38QQR (cintredekin besudotox), IL-13-pscudomonas exotoxin, interferon-a,
interferon-y, JUNQVAN™ or MEPACT™ (mifamurtide), lonafamnib, 5,10-
methylenctetrahydrofolate, miltefosine (hexadecylphosphocholine), N EOVASTAT®(AE—941),

NEUTREXIN (trimetrexate glucuronate), NIPENT® (pentostatin), ONCONASE® (a
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ribonucleasc enzyme), ONCOPHAGL" (melanoma vaccine treatment), ONCOVAX® (L-2
Vaccine), ORATHECIN™ (rubitecan), OSIDEM® (antibody-bused cell drug), OVAREX® MAb
(murine monoclonal antibody), paditaxel, PANDIMEX™ (aglycone saponins from ginseng
comprising 20(8)protopanaxadiol (aPPD) and 20(S)protopanaxatriol (aPPT)), panitumumab,
PANVACY.VT (investigational cancer vaceine), pegaspargase, PEG Interferon A, phenoxodiol,
procarbazine, rebimastat, REMOVAB® (catumaxomab), REVLIMID® (lenalidomide), RSR13
(eflaproxiral), SOMATULINE® 1.A (lanrcotide), SORIATANE® (acitretin), staurosporine
(Streptomyces staurospores), talabostat (PT100), TARGRLTIN® (bexarotene), TAXOPREXIN®
(DI1A-paclitaxel), TELCYTA® (canfosfamide, TLK286), temilifene, TEMODAR®
(temozolomide), tesmilifene, thalidomide, THERATOPE® (STn-KLH), thymitaq (2-amino-3,4-
dihydro-6-methyl-4-oxo-5-(4-pyridylthio)quinazoline dihydrochloride), INFERADET™
(adenovector: DNA catricr containing the gene for tumor necrosis factor-a), TRACLELR® or
ZAVESCA® (bosentan), iretinoin (Retin-A), tetrandrine, TRISENOXY (arsenic trioxide),
VIRULIZTN@, ukrain (derivative of alkaloids from the greater celandine plant), vitaxin (anti-
alphavbetal antibody), XCYTRIN® (motcxafin gadolinium), XINLAY™ (atrasentan),
XYOTAX™ (paclitaxel poliglumex), YONDELIS” (rabectedin), ZD-6126, ZINECARD®

(dexrazoxane), ZOMETA® (zolendronic acid), zorubicin and the like.

'T'o determine Aurora B activity of representative compounds of the invention, Active
Aurora B enzyme (rccombinant residues 1-344) and INCENP (tccombinant GST fusion proiein
(Upstate)) were incubated in wells ol a 384 well plate with biotinylted histone T13 peptide
residues 1-21 (Upstate), | mM ATP, and various concentrations of inhibitors in a HEPES buffer,
pH 7.4 containing MgCl,, sodium othrovanadate, and Triton X-100. Afier 1 hour, the reaction
was stopped with TDTA and anti-phospho-histonc H3 Europium Cryptate (Cis-Bio) and SA-
APC (Phycolink, Prozyme) were added to detect the phosphopeptide. The atnount of
phosphorylation was determincd by the time-resolved fluorescence ratio ol signals at 665 nm and

615 nm. The ICsy’s werc calculated by an exponential fit of the inhibition valucs with the

inhibitor concentrations using Assay Explorer software.
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To determine Aurora A and C acti vily of representative compounds of the invention,
Active Aurora A or C cnzyme was incubated in wells of a 384 well plate with biotinylated STK
substratc-2 (Upstate), 1 mM ATP, and various concentrations of inhibitors in a Hepes buffer, pH
7.4 containing MgCly, sodium othrovanadate, and Triton X-100. After 1 hour, the reaction was
stopped with EDTA and anti-phospho-STK antibody Europium Cryptate (Upstate) and SA-
XL665 (Upstate) were added to detect the phosphopeptide. The amount of phosphorylation was
determined by the time-resolved fluorescence ratio of signals at 665 nm and 615 nm. The IC5q4
were calculated by an exponential fit of the inhibition values with the inhibitor concentrations
using Assay Explorer software.

To determine the activity of the various kinases, a homogenous time-resolved
Nuorescence (IITRE) in vitro kinase assay was used. (Mathis, G., HTRF(R) Technology. J
Biomol Screen, 1999, 4(6): p. 309-314; Alfred J. Kolb, Paul V, Kaplita, David J. Hayes, Young-
Whan Park, Christine Pemmell, John 8. Major and Gérard Mathis, Drug Discovery Today, 1998, 3,
333-342.) ‘

For example for KDR, ¢KIT, FLT1, CSF1R and FTL3, purified enzyme was mixed with
0.5 uM N-biotinylated substrate (Biotin-Ahx-AFEEYFFLA-amidc (SEQ. ID. 1)), various
coticentrationy of inhibitor in reaction buffer (50 mM IIEPES, pH 7.1, 10 mM MgCl;, 2 mM
MnCl;, 0.1% BSA and 1 mM D'I'T, 40 pL final volume), ATP (1 mM final cone.) in a black 384-
well plate. After 60 minutes incubation at room temperature, the reaction was quenched by
addition of a buffered EDTA solution (final approximatc concentrations: 30 mM LEDTA, 0.1%
BSA, 0.1% Iriton X-100 and 0.24M KF) and a solution of revelation agents (to give
0.084ng/well streptavidin-X1.-665 (Cis-Bio) and 6.3ng/well antiphsophotyrosine mAb PT66-K
Luropium kryptate) way added to the reaction mixiure. The quenched reaction was allowed to
stand at room temperatuce for 3 hours and was then read in a time-resolved fluorescence detector
(InVision, Perkin-Elmer) at 620 nm and 665 nm scquentially with excitation. The ratio between

the signal of 620 nm and 665 nm was used in the caleulation of the ICs.

Detailg for the various kinases are shown in Table I (Table 1 discloses "His6" and "I1is(6)" as

SEQ ID NO: 2).
Table 1

T T T
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Table 2 and Table 3 demonstrate the utility of Examples 1-6 as inhibitors of multiple

kinascs.
Table 2
VEGRF family PDGFR Family
KDR FLT1 CSFIR FLT3 cKIT
ICso (WMD) | ICso (uM) | ICso (uM) | ICsp (uM) 1Cs0 (M)
Example

1 0.00159 0.00125 0.00342 0.0013 0.01953

2 0.00265 0.0021 0.00222 0.00113 0.02727

3 0.0016 0.00204 0.00562 (0.00218 0.02711

4 0.00501 0.00429 0.00787 0.00193 0.05305

5 0.00183 0.00145 0.00134 0.00122 0.01258

6 0.00218 0.0019 0.00274 0.00181 0.00428
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Table 3
Aurora B Aurora A
IC5p (M) 1Cso (uM)
Example
I 0.00673 0.67542
2 0.00787 4.7431
3 0.01121 0.24831
4 0.01484 3.61985
5 0.02893 0.57014
6 0.00844 0.3572
CYP 3A4 ASSAY

Assays (200 uL [inal volume) were carried out in NUNC polypropylene decp well plates
in 50 mM potassium phosphate buffer, pII 7.4, using a microtiter plate shaker in a 37 °C
incubator. Pooled human liver microsomes (BD Gentest, 50 pg/ml.) were incubated with 5
concentirations of test compound (from 0.1 pM to 10 uM), 1 mM NADPH (Sigma), and 2 pM
midazolam (Sigma). A constant amount of dimethylsulfoxide (1%) was added to the incubations
with the test compounds, and each analysis was performed in duplicate. For preincubation
cxperiments (Pre), the microsomes, test compounds, and NADPH were mixed and incubated 30
minutes before addition ol midazolam. For coincubation experiments (Co), the compounds,
microsomes, and midazolam were mixed and the reaction initiated by addition of NADPH to the
wells. In both protocols, the complete reaction was terminated alter 10 minutes of shaking by

addition of 100 pL of'a 1/1 mixiure ol acetonitrile and methanol containing 0.33 pM 1-

hydroxytria«olam.

I'or analysis, an aliquot of cach well were translerred o an autosampler vial and 10 pL
mjected onto a Shimadzu LC-10A HPLC system equipped with a YMC-AQ (2.0 x 50 mm)
column, The components were separated using a gradient of 10% acetonitrile — (0.1% acetic acid
to 70% acctonitrile — 0.1% acctic acid at a flow rate of at 0.4 mI./minute over 5 minutes.
Midazolam, 1-hydroxytriazolam (internal standard), 1-hydroxymidazolam and 4-
hydroxymidazolam were quantified by LC-MS/MS using an LCQ Duo (ThermoVinnigan). The

ratio of 1-hydroxymidazolam (CYP 3A4 product) and the internal standard at cach concentration
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of compound was used to calculate the % inhibition of activity rclative to the ratio calculated for
control incubations without inhibitor. In the absence of NADPH, no hydroxylation of midazolam
was observed. Kctoconazole was used as a standard inhibitor, which at 0.1 uM produces 70-80%
inhibition of CYP 3A4. The 1Cs (the concentration at which 50% of the enzyme is inhibited)

5 was calculated for Examples 1-5 and Lixample 6 (described as EXAMPLL 703 in WO

2005/10009) and is shown in Tablc 4 below,

Table 4 _
Incubation ICso
Conditions (M)
EXAMPLE 1 Co =10
B Pre =] O—J
EXAMPLE 2 Co =10
Pre =10
EXAMPLE 3 Co >10
Prc >10
EXAMPLE 4 Co =10
Prc =10
EXAMPLE 5 Co >10
Pre >10
"EXAMPLE 6 Co 30
I Pre 76 ]

The data in 1ables 2, 3 and 4 illusirate the utility of the compounds of this invention as
10 inhibitors of multiple kinases with the added benefit of reduced CYP inhibition.
Compounds described as having low CYP inhibition or as not inhibiting CYP are those
compounds with an ICsp of >10 uM in the above assay.
The structural homology between Aurora Protein Kinases A, 13 and C is reported in

Nature Reviews/Cancer, Vol. 4 December, 2004.
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It is expected that, because the compound of this invention inhibits the activity of Aurora-
kinase B, it could also have utilily as an inhibitor of protein kinascs having ¢lose structural
homology thereto, such as, for example, Aurora-kinase A and Aurora-kinase C.

Data for Lxample 1 is shown in Table 5.

Tablc 5
AuroraB | AuroraA | AuroraC
HTRF HTRF IITRF
Example | 1Cs0 (uM) | ICso (UM) [ TCs0 (uM)
1 0.007 0.120 0.001

This data demonstrates the utility of ixarmple 1 as an inhibitor of Aurora-kinase A and

Aurora-kinase B and Aurora-kinasc C.

Accordingly, compounds of this invention are expected to have utility in trcatment of
diseases during which protein kinases such as any or all Aurora-kinase family members are

expressed.

Involvement of Aurora Kinase in pancreatic carcinoma cclls is reported in Zhu, J., et al.,
AURKA Amplification, Chromosome Instability, And Centrosome Abnormalily in ITuman
Pancreatic Carcinoma Cells. Cancer Genet. Cytogenet., 2005. 159(1): p. 10-17; and Li D., Zhu I.,
Firozi P. I'., ct al. Overexpression of Oncogenic STK15/BTAK/Aurora A Kinase in Human

Pancreatic Cancer, Clin, Cancer Res. 2003; 9:991-7.

Involvement of Aurora Kinase in non-small cell lung carcinoma is reported in Smith,
S.L., et al., Overexpression of Aurora B Kinasc (AURKB) in Primary Non-Small Cell Lung
Carcinoma is Frequent, Generally Driven from One Allele, and Correlates with the Tevel of

Genetic Instability. Br. J. Cancer, 2005. 93(6): p. 719-729,

Involvement of Aurora Kinase in prostate cancer is reported in Chielti, P., ct al., Aurora

B Expression Directly Correlates with Prostate Cancer Malignancy. Prostate, 2006. 66(3): p. 326-
- 35 .
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33; and Chictfi P., Cozzolino I.., Kisslinger A., ct al. Aurora B Expression Dircetly Correlates

with Prostate Cancer Malignancy and Influcnces Prostate Cell Proliferation. Prostate 2006;

66:326-33.

Involvement of Aurora Kinasc in head and neck squamous ccll carcinoma js reported in
Reiter, R., et al., Aurora Kinasc A Messenger RNA Overexpression is Correlated with Tumor

Progression and Shortened Survival in Ilead and Neck Squamous Cell Carcinoma. Clin Cancer

Res, 2006, 12(17): p. 5136-41.

Involvement of Aurora Kinase in acute myeloid loukemia is reported in Walsby E., Walsh
V.. Pepper C., Bumell A., and Mills K. Ilaematologica. 2008 May; 93(5):662-9.

Involvement of Aurora Kinase in breast cancer is reported in Tanaka T., Kimura M.,
Matsunaga K., Fukada D., Mori H., Okano Y. Centrosomal Kinase AIK1 is Overexpressed in
Invasive Ductal Carcinoma of The Breast. Cancer Res. 1999; 59:2041-4; Miyoshi Y., Iwao K.,
Egawa C., Noguchi 8. Association of Centrosomal Kinase §1K15/BTAK Mrma Expression with
Chromosomal Instability in Human Breast Cancers. Int. J. Cancer 2001; 92;370-3; Hoque A.,
Carter J., Xia W., et al. Loss Of Aurora A/STK15/BTAK Overexpression Correlates with
Transition of in Situ to Invasive Ductal Carcinoma of the Breast. Cancer Epidemiol. Biomarkers
Prev, 2003; 12:1518-22; Royec M. E., Xia W, Sahin A. A., et al. STK15/Aurora-A Expression
in Primary Breast Tumors is Correlated with Nuclear Grade But Not With Prognosis. Cancer
2004; 100:12-9; Bodvarsdottir 8. K., Hilmarsdottir H., Birgisdottir V., Stcinarsdottir M.,
Jomasson I. G, Eyfjord J. E., Aurora-A Amplification Associated with BRCA2 Mutation in
Breast Tumours, Cancer Lett 2007; 248:96-102; Sen S., Zhou H., White R. A., A Putative
Serine/Threonine Kinasc Encoding (iene BTAK on Chromosome 20q13 is Amplified and
Overexpressed in Human Breast Cancer Cell Lines. Oncogene 1997; 14:2195-200; Lo Y. I w YU
J. C., Chen 8. T., et al, Breast Cancer Risk Associaled with Genotypic Polymorphism of the
Mitosisregulating Gene Aurora-A/STK15/BTAK. In. I. Cancer 2005; 115:276-83; Vidarsdottit
L., Bodvarsdottir 8. K., Hilmarsdottir H,, Tryggvadottir L., Eyfjord J. E., Breast Cancer Risk
Associated with AURKA 91T a Polymorphismin Relation to BRCA Mutations. Canect Lett
2007; 250:206-12; Cox D. G., Hankinson 8. Li., Hunter D. J., Polymorphisms of the Aurka
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(8TK15/Aurora Kinase) Gene and Breast Cancer Risk (United States). Cancer Causcs Control
2006; 17:81-3; and Tchatchou 8., Wirtenberger M., Hemminki K., et al. Aurora Kinases A and 13
and Familial Breast Cancer Risk. Cancer Lett 2007; 247:266-72.

Involvement of Aurora Kinase in lung cancer is reported in Smith 8. L., Bowers N. L.,
Betticher D. C., ¢t al. Overexpression Of Aurora B Kinase (AURKI) in Primary Non small Cell
Lung Carcinoma is Frequent, Generally Driven Fromone Allele, and Correlates with the Level Of
Genetic Tnstability. Be. J. Cancer 2005; 93;719-29; Xu H. T.,, Ma L., Qi F.J., et al. Expression of
Serine Threonine Kinase15 is Associated with Poor Differentiation in Lung Squamous Cell
Carcinoma and Adenocarcinoma. Pathol. Int. 2006; 56:375-80; Vischioni B., Qudejans J. J., Vos
W., Rodriguez J. A., Giaccone (5. Frequent Overexpression of Aurora B Kinase, a Novel Drug
Target, in Non-8mall Cell Tung Carcinoma Paticnts. Mol. Cancer Ther. 2006;5:2905-13; and Gu
J., Gong Y., Huang M., T C., Spitz M.R.,Wu X. Polymorphisms Of 8TK 15 (Aurora-A) Gene
and Lung Cancer Risk in Caucasians. Carcinogenesis 2007; 28:350-5.

Involvement of Aurora Kinase in bladder cancer is reported in Compcerat E., Camparo P.,
Haus R., ¢t al. Aurora-A/STK-135 is a Predictive Factor For Recurrent Behaviour in Non-lnvasive
Bladder Carcinoma: A Study Of 128 Cases of Non-Invasive Neoplasms, Virchows Arch
2007;450:419-24; ¥raizer G.C., Diaz M.F., Lee LL., Grossman H.B., Sen 8. Aurora-
A/STK15/BTAK Enhances Chromosomal [nstability in Bladder Cancer Cells. Int. J. Oncol.
2004; 25:1631-9; and Sen 8., Zhou Ii., Zhang R.D., et al. Amplification/Overexpression of A
Mitotic Kinase Gene in Human Bladder cancer. J, Natl. Cancer Inst. 2002; 94:1320-9.

Involvement ol Aurora Kinasc in csophageal cancer is reported in Tong T,, Zhong Y.,
Kong I., et al. Overexpression of Aurora-A Coniributes to Malignant Development of Human
Esophageal Squamous Cell Carcinoma. Clin. Cancer Res. 2004;10:7304-10; Yang $.8., Zhou
X.B., Zhu H.X,, et al. Amplification and Overexpression of Aurora-A in Esophagcal Squamous
Cell Carcinoma. Oncol. Rep. 2007; 17:1083-8; and Kimura M.T., Mori 1., Conroy J., et al. Two
Functional Coding Single Nucleotide Polymorphisms in STK15 (Aurora-A) Coordinatcly
Increase Esophageal Cancer Risk. Cancer Res 2005; 65:3548-54.
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Involvement of Aurora Kinase in hrain cancer is reported in Araki K., Nozaki K., Ucba
'I'., Tatsuka M., Hashimoto N, High Expression of Aurora-B/Aurora and Ipll-Like Midbody-
Associated Protein (AIM-1) in Astrocytomas. J. Neurooncol. 2004;67:53-64; Zeng WF,,
Navaraine K., Prayson R.A.,Weil R.J. Aurora B Expression Correlates with Aggressive
Behaviour in Glioblastoma Multiforme. J. Clin. Pathol. 2007; 60:218-21; Reichardt W., Jung V.,
Brunner C., ct al. The Putative Serine/Threonine Kinase Gene STK135 on Chromosome 20q13.2
is Amplified In Human Gliomas. Oncol. Rep. 2003;10:1275-9; Klein A., Reichardt W., Jung V.,
Zang K.D., Meese E., Urbschat S, Overexpression and Amplification of 31K15 Inhuman
Gliomas. Int. J. Oncol. 2004; 25:1789-94; and Neben K., Korshunov A., Benner A, et al.
Microarray Based Screening for Molecular Markers Nmedulloblastoma Revealed STK1S as

Tndependent Predictor for Survival. Cancer Res 2004; 64:3103-11,

Involvement of Aurora Kinase in liver cancer is reported in Jeng Y.M,, Peng 8.Y,, Lin
C.Y., Hsu H.C. OQvercxpression and Amplification of Aurora-A in Hepatocellular Carcinoma.

Clin. Cancer Res. 2004; 10:2065-71.

Involvement of Aurora Kinase in head and neck cancer is reported in Zhao X, Li F.C., Li
Y.H., et al. [Mulation of p353 and Overexpression Of STK15 in Laryngeal Squamous-Cell
Carcinoma). Zhonghua Zhong Liu Za Zhi 2005; 27:134-7; Li F.C,, Li Y.H., Zhao X., et al.
| Deletion of p15 and p16 Genes and Qverexpression of STK15 Gene in Human Laryngeal
Squamous Cell Carcinoma]. Zhonghua Yi Xue Za Zhi 2003; 83:316-9; Reiter R,, Gais P., Jutting
U., et al. Aurora Kinasc A Messenger RNA Overexpression is Correlated with Tumor
Progression and Shortened Survival in Head and Neck Squamous Cell Carcinoma. Clin. Cancer
Res. 2006; 12:5136-41; Qi G., Ogawa I, Kudo Y., et al. Aurora-B Expression and Its Correlation
with Cell Proliferation and Mctastasis in Oral Cancer. Virchows Arch 2007; 450:297-302; and
Tatsuka M., Sato 8., Kitajima 8., et al. Overexpression of Aurora-A Potentiates HRAS-mediated

Oncogenic Transformation and is Implicated in Oral Carcinogencsis. Oncogence 2005; 4:1122-7,

Involvement of Aurora Kinase in thyroid cancer is reported in Sorrentino R., Libertini S.,

Pallante P.1.., et al. Aurora B Overexpression Associates with the Thyroid Carcinoma
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Undifferentiated Phenotype and is Required for Thyroid Carcinoma Cell Proliferation. J. Clin.

LEndocrinol. Metab. 2005; 90:928-35.

Involvement of Aurora Kinase in ovarian cancer is reported in Lassmann 8., Shen Y.,
5 Juiting U., ct al. Predictive Value of Aurora-A/STK13 Expression for Late Stage Epithclial
Ovarian Cancer Patients Treated By Adjuvant Chemotherapy. Clin Cancer Res 2007; 13:4083-
91; and Landen C.N., Jr., Lin Y.G., ITmmaneni A., ct al. Overexpression of the Centrosomal
Protcin Aurora-A Kinase is Associated with Poor Prognosis in Epithelial Ovarian Cancer
Patients. Clin. Cancer Res. 2007; 13:4098-104.

19 A
Involvement of Aurora Kinase in renal cancer is reported in Kurahashi T., Miyake H.,

Ilara L., Fujisawa M. Significance of Aurora-A Expression in Renal Cell Carcinoma. Urol.

Oncol. 2007; 25:128-33,

15 ‘ Involvement of Aurora Kinase in endometrium cancer is reported in Moreno-Bucno G.,
Sanchez-Estever C., Cassia R., et al. Differential Gene Expression Prolile in Endomctrioid and
Nonendometrioid Endometrial Carcinoma:§TK 15 is Frequently Overexpressed and Amplified in

Nonendometrioid Carcinomas. Cancer Res. 2003; 63:5697-702,

20 Involvement of Aurora Kinase in gastric cancer is reported in Ju 11, Cho H., Kim Y.8,, et

al, Functional Polymorphism 57Val>Tle of Aurora Kinase A Associated with Increased Risk of

Gastric Cancer Progression. Cancer Lett. 2006; 242:273-9,

Involvement of Aurora Kinase in colon cancer is reported in Nishida N., Nagasaka T.,

25 Kashiwagi K., Boland C.R., Goel A. High Copy Amplification of the Aurora-A Gene is
Associated with Chromosomal Instability Phenotype in Human Colorectal Cancers, Cancer Biol.
‘Ther. 2007; 6:525-33; Bischoff J.R., Anderson I.., Zhu Y., et al. A Homologue of Drosophila
Aurora Kinase is Oncogenic and Amplified In Human Colorectal Cancers. EMBO J 1998,
17:3052-65; Chen J., Sen 8., Amos C.I, et al. Association Between Aurora-A Kinase

.30 Polymorphisms and Age of Onset of Hereditary Nonpolyposis Colerectal Cancer in a Caucasian

Population. Mol. Carcinog. 2007; 46:249-56; Hicnonen T., Salovaara R., Mecklin I.P., Jarvinen

-39.

RECTIFIED SHEET (RULE 91)
ISA/EP



10

20

25

30

WO 2010/065825 PCT/US2009/066725

H., Karhu A., Aaltonen T..A, Preferential Amplification of AURKA 91A (Ilc31) in Familial
Colorectal Cancers. Int. J. Cancer 2006; 118:505-8; and Ewart-Toland A., Briassouli P., do
Koning J.P., et al. Identification of Stk6/STK15 as a Candidate Low-Penetrance Tumor-

Susceptibility Gene in Mouse and Human, Nat. Genet. 2003; 34:403-12.

Involvement of Aurora Kinase in cancer is reported in Lin, Y.S., et al., Gene Expression
Profiles of the Aurora Family Kinases. Gene Expr., 2006. 13(1); p. 15-26; and Ewart-Toland A.,
Dai Q., Gao Y.T., et al, Aurora-A/STK15 T+91A is a General Low Penctrance Cancer
Susceptibility Gene: A Meta-Analysis of Multiple Cancer Types. Carcinogenesis 2005; 26:1368-

73,

Involvement of KDR (VEGFR2) in cancer and studics using VEGF-targeted therapy is
reported in Lilis, Lee M., Hicklin, Daniel J, VLGE-Targeted Therapy:Mechanisms Of Anti-
‘Tumor Activity. Nature Reviews Cancer 2008; 8:579-591.

Involvement of Aurora-kinases in bladder cancer, breast cancer, cervical cancer, colon
cancer, cndometrial eancer, esophageal cancer, lung cancer, ovarian cancer, pancreatic cancer,

prostate cancer, rectal cancer, skin cancer, stomach cancer and thyroid cancer is reported in

Nature Reviews/Cancer, Vol. 4 Dceember, 2004.

Compounds ol this invention may be made by synthetic chemical processes, examples of
which are shown herein. It is meant to be understood that the order of the sieps in the processcs
may be varied, that rcagents, solvents and reaction conditions may be substituted for thosc
specifically mentioned, and that vulnerable moietics may be prolected and deprotected, as

nceessary. For example, 3-bromothieno[3,2-¢]pyridin-4-amine

Protecting groups for C(O)OH moieties include, but are not limited to, acetoxymethy),
allyl, benzoylmethyl, benzyl, benzyloxymethyl, tert-butyl, tert-butyldiphenylsityl,
diphenylmethyl, cyclobutyl, cyclohexyl, cyclopentyl, cyclopropyl, diphenylmethylsilyl, ethyl,
para-methoxybenzyl, methoxymethyl, methoxyethoxymethyl, methyl, methylthiomethyl,
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naphthyl, para-nitrobenzyl, phenyl, n-propyl, 2,2,2-trichlorocthyl, iriethylsilyl, 2-
(trimethylsilyl)ethyl, 2-(trimethylsilyl)ethoxymethyl, triphenylmethyl and the like.

Protecting groups for C(O) and C(O)H moieties include, but are not limited to,
1,3-dioxylketal, diethylketal, dimethylketal, 1,3-dithianylketal, O-methyloxime, O-phenyloxime

and the like.

Proteeting groups for NI moicties include, but are not limited to, acetyl, alanyl, benzoyl,
benzyl (phenylmethyl), benzylidene, benzyloxycarbonyl (Ch), tert-butoxycarbonyl (Boc), 3,4-
dimethoxybenzyloxycarbonyl, diphenylmethyl, diphenylphosphoryl, formyl, methanesulfonyl,
para-methoxybenzyloxycarbonyl, phenylacetyl, phthaloyl, succinyl, trichloroethoxycarbonyl,
triethylsilyl, trifluorcacetyl, trimethylsilyl, triphenylmethyl, triphenylsilyl, para-toluenesulfony!

and the like,

Protecting groups for OH and SH moieties include, but are not limited to, acetyl, allyl,
allyloxycarbonyl, benzyloxycarbonyl (Cbz), benzoyl, benzyl, tert-butyl, tert-butyldimethylsilyl,
tert-butyldiphenylsilyl, 3,4-dimethoxybenzyl, 3,4—dimethoxybenzyloxycarb(;nyl, 1,1-dimethyl-2-
propenyl, diphenylmethyl, formyl, methanesul fonyl, methoxyacctyl, 4-
mcthoxybenzyloxycarbonyl, para~methoxybenzyl, methoxyecarbonyl, methyl, para-
toluenesulfonyl, 2,2,2-trichloroethoxycarbonyl, 2,2 2-trichloroethyl, tricthylsilyl, trifluoroacctyl,
2-(trimethylsilyl)ethoxycarbonyl, 2-trimethylsilylethyl, triphenylmethyl, 2-
(triphenylphosphonio)ethoxycarbonyl and the like.

The following abbreviations have the meanings indicated.
ADDP means 1,1'-(azodicarbonyl)dipiperidine; AD-mix-f means a mixture of (DHQD),PHAL,
K3Fe(CN)g, KzCO;3 and K3804); AIBN means 2,2'-azobis(2-methylpropionitrile); 9-BBN means
9-borabicyclo(3.3. 1)nonanc; Cp means cyclopentadiene; (DHQD);PHAL means hydroquinidine
1,4-phthalazinediyl diethy! ether; DBU means 1,8-diazabicyclo(5.4.0)undec-7-ene: DIBAL
means diisobutylaluminum hydride; DIEA means diisopropylethylaming; DMAP means
N,N-dimethylaminopyridinc; DME means 1,2-dimcthoxyethane; DMF means
N,N-dimethylformamide; dmpe means 1,2-bis(dimethylphosphino)ethane; DMSO means
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dimethylsulfoxide; dppa means diphenylphosphotyl azide; dppb means
1,4-bis(diphenylphosphino)butanc; dppe means 1,2-bis(diphenylphosphino)ethane; dpptf means
1,1'-bis(diphenylphosphino)ferrocene; dppm means 1,1-bis(diphenylphosphino)methane; EDAC
means 1-(3-dimethylaminopropy!)-3-ethylcarbodiimide; Fmoc means fluorenylmethoxycarbonyl;
HATU means Q-(7-azabenzotriazol-1-yl)-N,N'N'N'-teteamethyluronium hexa(luorophosphate;
HMPA means hexamcthylphosphoramide; HOAT means 1-hydroxy-7-azabenzotriazole; IPA
means isopropyl alcohol; T.DA means lithium diisopropylamide; LIIMDS mcans lithium
bis(hexamethyldisilylamide); MP-BH;y means macroporus triethylammonium methylpolystyrene
cyanoborohydride; LAH means lithium aluminum hydride; NCS means N-chlorosuccinimide;
PyROP means benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate; TBTU
means O-benzotriazol-1-y1-N,N,N' N'-tetramethyluronium tetratluoroborate; TDA-1 means
tris(2-(2-methoxyethoxy)ethyl)amine; TEA means iriethylamine; TFA means trifluoroacetic acid;
THF means tetrahydrofuran; NCS means N-chlorosuccinimide; NMM means
N-methylmorpholine; NMP means N-methylpyrrolidine; PPh; means triphenylphosphine,

EXAMPLE 1 , .
N-(4-{4-amino-7-[1-(2-hydroxycthyl)-1 H-pyrazol-4-yl]Jthicno| 3,2-c]pyridin-3-yl} pheny!)-V'-(3-
fluorophenylyurca
EXAMPLE 1A
3-(4-aminophenyl)-7-iodothieno(3,2-¢ [pyridin-4-amine

A suspension of 3-bromothieno[3,2-¢]pyridin-4-amine (13.7 g, 59.7 mmol), terl-butyl 4-
(4,4,5,5-tctramethyl-1,3,2-dioxaborolan-2-yl)phenylearbamate (20 g, 62.7 mmol),
tetrakis(triphenylphosphine)palladium(0) (2.5 g, 2.1 mmol) and NaxCO; (13.3 g, 125 mmol) in
tetrahydrofuran (150 mL), methanol (40 mL) and water (80 mL) was degassed , then stirred at
reflux overnight. The reaction mixture was cooled to room termperatyre, then partitioned
between cthyl acetate and water. The aqueous layer was exiracted with additional ethy] acetate
and the combined organics were dried (using Mg80,), filtered and the filtrate was concentrated.
The residue was purified via silica gel chromatography eluting with 50 to 70% ethyl acetatc-
hexanes to give crude tert-buty! 4-(4-aminothieno[3,2-c]pyridin-3-yl)phenylcarbamate. A
solution of the crude product (59.7 mmol based on 100% yicld) in N,N-dimethylformamide (30
mL) was treated with N-iodosuccinimide (13.5g, 59.7 mol- added in portions) and the resulting
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dark solution was stirred at room temperature for 2 hours, then partitioned between water (500
mL) and ethyl acctate (100 mI.) with NaCl added to facilitate layer separation. The aqueous
layer was extracted with additional cthyl acetate (2x 75 mL) and the combined organics were
washed with sodium thiosulfate (3x20 ml.) and brine (50 mL), and then dried (using MgSQy),
filtered, and concentrated. The crude material was treated with TFA (20 mL) and CH,Cl, (5
mL), stirred at room temperature for 2 hours, concentrated under a stream of nitrogen, then
concentraled in vacuo. The solid was dissolved in water (100 mL), carefully treated with solid
NapCO; until gas cvolution ceased und filtered, washing with additional water. The solid
collected was dried to provide the title compound as a solid (contaminated by ¢a, 10% mole
PPh;).
EXAMPLL 1B
2-(4-(4,4,5,5-teiramethyl-1,3,2-dioxaborolan-2-yl)-1IT-pyrazol-1-yl)ethanol
4-(4,4.5,5-tetramethyl-1,3,2-dioxaborolun-2-y1)-111-pyrazole (9.66 g, 49.8 mmol), 1,3-
dipxolan-2-one (21 g, 238 mmol) and cesium carbonate (16 g, 49.1 mmol) were combined in a
100 mL round bottom flask. The reaction was wartmed (rom room temperature to 100 °C in an
oil bath, by which time the carbonate had meltcd and served as the solvent for the reaction, which
remained a slurry.  After heating for 3.5 hours, the reaction was cooled Lo room temperature and
diluted with ethyl acetate, then filtered through Celite washing repeatedly with ethyl acctate. The
filtrate was concentratcd, then purified by chromatography on an Analogix(R) Intelliflash(TM)
putification system using a SF60-200g column at a (low rate of 80 mL/min, eluting as follows: 5
minutes at 20% ethyl acetate/hexanes, then ramped from 40% to 90% ethy) acetate/hcxancs over
35 minutes, then 100% ethyl acetate for another 20 minutes, Lo provide the title compound.
LEXAMPLE IC
2-(4~(4-amino-3-(4-aminophenyl)thicno| 3,2-c]pyridin-7-yl)-1H-pyrazol-1-ylethanol
EXAMPLE 1A (6 g, 16.34 mmol), EXAMPLE 1B (4.8 g, 20.16 mmal), PdCly(dppf) (1.2

g, 1.640 mmol) and sodium carbonate (4.6 g, 43.4 }nmol) were combined in tetrahydrofuran (400
mL), methanol (80 mL.) and water (80 mL), and the reaction was degasscd by bubbling Np
through the mixture for 1 hour. The reaction was then heated to 80 °C for 2 hours, then allowed
1o cool and diluted with 300 mL cthyl acetate. The mixture was partitioned with IO (500 mlL.)
and the aqueous layer was cxtracted with ethyl acetate (2 x 300 mL). The combined organic
extracts were washed with brine, dried (NaySOy), filtercd through a pad of Celite, concentrated to
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a total volume of about 200 mL, then lefi standing overnight. The solid that formed was
collected by filtration, providing the title compound.
EXAMPILE 1D
N=(4-{4-amino-7-[1-(2-hydroxyethyl)-1 H-pyrazol-4-yl thieno[3,2-c]pyridin-3-yl } phenyl)-A'-(3-
fluorophenyljurea
EXAMPLE 1C (2 g, 5.69 mmol) was dissolved in N,N-dimethylformamide (80 ml) and
the flask was chilled in a -20°C bath. 1-fluoro-3-isocyanatobenzene (0.715 ml, 6.26 mmol) was
added dropwise and the reaction was allowed to warm slowly to room temperanure and stirred
overnight, The reaction was diluted with water (500 mlI.) and ethyl acetate (75 mL) and stirred to
digest for 1 hour. The mixture was then placed in a separatory funnel. After the layers were
allowed io separate, the lower aqueous layer was drained off. Near the interface of the two layers
there was a significant amount of precipitate. That material and the organic layer were filtered,
giving a solid. "The solid was rinsed with cthyl acetate and dried to give the title compound. ‘11
NMR (300 Mz, DMS0O-ds) § ppm 3.80 (4, /=5.65 Hz, 2 1) 4.23 (t, J~5.59 Hz, 2 H) 4.96 (t,
J=35.09 11z, 1 H) 5.42 (s, 2 H) 6.80 (td, /=8.31, 2.37 Hz, 1 II) 7.15 (dd, .=8.14, 1.02 Hz,1H)
7.32 (td,./=8.22, 6.95 Hz, 1 H) 7.41 (d, ./-8.81 I1z, 2 ) 7.51 (ddd, /~11.70, 2.37, 2.20 I1z, 1 H)
7.50 (s, 1 H)7.61 (d, /=8.81 Hz, 2 H) 7.91 (d, /=1.02 He, 1 H) 8.05 (5, 1 H) 8.15 (d, J=0.68 Hx,
1 H) 8.96 (s, 1ID) 8.99 (s, | H); MS (ESI(+)) n/z 489.1 (M TI)+,
LEXAMPLE 2
N-~(4-{4-amino-7-| 1-(2-hydroxyethyl)- L /i~pyrazol-4-yl]thieno| 3,2-¢]pyridin-3-y1} phenyl)-A'-[4-
(difluoromethoxy)phenyl Jurea
The title compound was prepared by substituting 1-(diﬂuoromethoxy)-4-

isocyanatobenzene for 1-fluoro-3-isocyanatobenzene in EXAMPLE 1D. TINMR (300 M1z,
DMS0-ds) 8 ppm 3.80 (q, /=54 Tlz, 2 11) 4.23 (1, /=5.6 11z, 2 H) 4.95 (1, /~5.4 Hz, | H) 5.41 (br
$,2H) 7.13 (t, /<74.4 Hz, | H) 7.13 (d, /=8.8 Hz, 2 H) 7.39 (d, /=8.5 Hz, 2 1T) 7.48 - 7.55 (m, 3
H) 7.61 (d, /=8.5 Hz, 2 H) 7.90 (s, 1 I1) .05 (s, 1 H) 8.15 (s, 1 H) 8.85 (5, 1 I1) 8.91 (s, 1 H); MS
(ESI(+)) m/o 537 (M+ID)+,

EXAMPLE 3
N-[4~(4-amino-7-{1-[(25)-2-hydroxyprapyl]-1 H-pyrazol-4-yl }thieno[3,2-¢|pyridin-3-yl)phenyl]-
N'-(3-methylphenyl)urea
The title compound was prepared following the procedures of EXAMPLES 113-1D except
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substituting (S)-4-methyl-1,3-dioxolan-2-onc for 1,3-dioxolan-2-one for and 1-isocyanato-3-
mcthylbenzene for 1-fluoro-3-isocyanatobenzene in EXAMPLES 1B and 1D, respectively.'H
NMR (300 MTlz, DMSO-dy) & ppm 1.09 (d, J=6.10 TTz, 3 H) 2.29 (s, 3 H) 4.01 - 4.12 (m, 3 H)
4.96 (d, J=4.75 11z, 1 H) 5.43 (s, 2 11) 6.81 (d, ./=7.46 11z, 1 H) 7.17 (t, J=7.80 Hz, 1 1) 7.26 (app
d,/=9.15Hz, 1 H)7.32 (s, 1 H) 7.39 (4, /~8.48 Hz, 2 H) 7.50 (s, 1 H) 7.61 (d, /=8.81 Hz, 2 H)
7.90(d,./~0.68 11z, 1 H) 8.05 (s, 1 II) 8.13 (d, /=1.02 IIz, 1 H) 8.66 (5, 1 H) 8.86 (s, 1 11); MS
(ESI(+)) m/z 499.2 (M+H)+,

LXAMPLE 4
N-(4-{4-amino-7-| 1-(2-hydroxy-2-methylpropyl)-1//~pyrazol-4-yl]thicno|3,2-¢]pyridin-3-
yl}phenyl)-N'-(4-methoxyphenyljurca
LEXAMPLE 4A
2-’methyl- 1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-11I-pyrazol-1-yl)propan-2-ol
A mixture of 4—(4,4,5;5-tctramethyl-1,3,2-dioxaburolan-2-yl)-lH~pyrazole (500 mg, 2.57
mmol), Cs;C0; (840 mg, 2.57 mmol) and 2,2-dimethyloxirane (2 mL) was heated in a sealed
vial at 120 °C for 3 minutes with stirring in a Smith Synthesizer microwave oven (at 300W), then
allowed to cool and diluted with CH;Cl,, The resulting suspension was filtered, and the filtrate

was concentrated to give the title compound.
EXAMPLL 4B

N-(4-{4-amino-7-[1-(2-hydroxy-2-methylpropyl)- 1 AH-pyrazol-4-yl |thieno[3,2-c]pytidin-3-
yl}phenyl)-V-(4-methoxyphenylyurca

The title compound was prepared following the procedures of EXAMPLES 1C-1D except
substituting LXAMPLE 4A for EXAMPLE 1B and 1-isocyanato-4-methoxybenzene for 1«
fluoro-3-isocyanatobenzene in EXAMPILES 1C and EXAMPLE 1D, respectively, 'H NMR (300
MIIz, DMSO-d;) § ppm 1.12 (s. 6 H) 3.72 (s, 3 H) 4.11 (5, 210) 4.76 (s, | H) 5.43 (s, 2 H) 6.88
(d, /=9.15 Hz,2 H) 7.38 (d, .f=8.81 Hz, 4 H) 7.49 (s, 1 H) 7.60 (d, J/=8.81 Hz, 2 H) 7.89 (d,
J=0.68 Hz, 1 H) 8.06 (s, 1 H) 8.11 (4,./=0.68 Iz, 1 H) 8.55 (s, 1 I1) 8.80 (5, 1 IT); MS (ESI(+))

m/z 529.3 (M+H) 1,

EXAMPLE 5

N-[4-(4-amino-7-{1-((25)-2,3-dihydroxypropyl]-1 H-pyrazol-4-yl}thieno[3,2-¢]}pyridin-3-
yhphenyl ]-N'-(4-methoxyphenyl)urea
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EXAMPLE 5A
(8)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)mcthyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
TH-pyrazole

A mixture of (R)-(2,2~-dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate (1,08, 5.15
mmol), 4-(4,4,5,5-tctramcthyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazole (1g, 5.15 mmol) and NaH
(262 mg, 10.9 ramol) in N,N-dimethyiformamide (25 mL) was heated at 90 °C for 3 hours, then
allowed 10 ¢ool to room temperature., quenched with water and extracted with ethyl acetate (3x).
The combined organics were washed with brine, concentrated and the residue was purified by
chromatography on an Analogix(R) Intclliflash(TM) purification system using a SF25-25g
column at a flow rate of 80 mL/minute, eluting with 0% to 30% ethyl acetatc : hexanes over 30
minutes to give the title compound,

EXAMPLE 5B
(8)- 1-(4-(4-amino-7-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-11I-pyrazol-4-ythieno[3,2-
¢|pyridin-3-yl)phenyl)-3-(4-methoxyphenyl)urca

The titlc compound was prepared following the procedures of EXAMPLES 1C-1D except
substituting EXAMPLE 5A for 1B and 1-isocyanato-4-methoxybenzene for 1-fluoro-3-
isocyanatobenzene in EXAMPLLS 1B and 1D, respectively. ‘

EXAMPLL 5C
N-[4-(4-amino-7-§ 1-[(25)-2,3-dihydroxypropyl -1 H-pyrazol-4-yl } thieno[3,2-c]pyridin-3-
yl)phenyl]-N'-(4-methoxyphenyl)urea

A solution of LZXAMPLE 5B (44 mg, 0.077 mL) in letrahydrofuran (2 ml.) was treated
with 2N HCI (1 mL), then stirred st room temperature for 18 hours. ‘The resulling suspension
was filtered and the solid was collected and dricd to give the title compound. 'TINMR (300
Mz, DMSO-dg) 8 ppm 3.72 (s, 3 TI) 3.32-3.45 (m, 4 H) 3.84 - 3.91 (m, 1 H) 4.12 (dd, J=13.90,
7.80 Hz, 1 H) 4.34 (dd, /-13.90,3.73 Hz, | H) 6.89(d, /=9.15Hz, 2 H) 6.89 - 6.93 (m, 2 H)
7.38 (d, J=9.15 Hz, 2 H) 7.45 (d, /=8.81 Hz, 2 H) 7.65 (d, J=8.81 Hz, 2 IT) 7.94 (s, ! H) 7.99 (d,
J=0.68 Hz, 1 H) 8.06 (s, 1 H) 8.28 (d,./~0.68 11z, 1 H) 8.72 (s, 1 H) 9.05 (s, 1 H); MS (ESI(+))
m/e 531.2 (M) 1.

EXAMPLL 6
N-{4-[4-amino-7-( 1 H-pyrarol-4-yl)thienof3,2-c |pyridin-3-ylJphenyl} -V'-(3-methylphenyl)urea
" Example 6 is described as LXAMPLE 703 in WO 2005/10009.
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The forcgoing is meant to illustrate the invention but not to limit it. Variations and
changes obvious to one skilled in the art are intended to be within the scope of the invention as

defined in the claims.
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WE CLAIM:

1. A compound having Formula |

R2

or a therapeutically acceptable salt thereof,

wherein
R' is hydroxyalkyl;
R’ is selected from the group consisting of alkoxy, alkyl, halo, and haloalkoxy; and

R’ is hydrogen or alkyl.

2. The compound of claim 1 which is
N-(4-{4-amino-7-[ 1-(2-hydroxyethyl)-1H-pyrazol-4-yl]Jthieno[3,2-c]pyridin-3-yl } phenyl)-N-(3-
fluorophenyljurea;
N-(4-{4-amino-7-[ 1-(2-hydroxyethyl)-1H-pyrazol-4-yl]Jthieno[3,2-c]pyridin-3-yl } phenyl)-N'-[4-
(difluoromethoxy)phenyl]urea;
N-[4-(4-amino-7-{1-[(25)-2-hydroxypropyl]-1H-pyrazol-4-yl}thieno[ 3,2-c]pyridin-3-yl)phenyl]-
N'-(3-methylphenyl)urea;
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N-(4-{4-amino-7-[ 1-(2-hydroxy-2-methylpropyl)-1 H-pyrazol-4-yl]thieno[3,2-c]pyridin-3-
yl}phenyl)-N-(4-methoxyphenyl)urea; or
N-[4-(4-amino-7-{1-[(2S5)-2,3-dihydroxypropyl]-1H-pyrazol-4-yl} thieno[ 3,2-c]pyridin-3-
yl)phenyl]-N'-(4-methoxyphenyl)urea.

3. The compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein said

compound does not inhibit CYP3A4.

4. A composition comprising an excipient and a therapeutically effective amount of a

compound of claim 1.

5. A method of treating cancer in a mammal comprising administering thereto a

therapeutically acceptable amount of a compound of claim 1.
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