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KINASE INlilBITORS WlTH IMPROVED CYP SAFETY PROFILE 

FIELD OF THE INVENTION 

·n1is invention pertains to compounds that inhibit protein kinascs such as Aurora-kiu.ases 

and the VEG.FR and PDGI:R families ofkinases, and which have an improved safety profile due 

to low CYP3A4 inhibition; compositions containing the compounds, and methods of treating 

diseases using the compounds. 

SEQUENCE LISTING 

The illstant application contains a Sequence Listing which ha.'J been submitted via .EFS-Web and 

is hereby incorporated by reference in its entirety. Said ASCTI copy, created on March 5, 2010, is 

named 9714W001 :F• and is 943 bytes in size. 

BACKGROUND OF THE INVF.NTION 

Mitosis i~ a process by which a complete copy or a duplicated genome is segregated by 

the microtuble spindle apparatus into two daughter cells. Aurora-kinases, key mitotic regulators 

required l'or genome stability, have been fotmd to be ovcrcxpressed in human tumors. There is 

15 therefore ru1 existing need in the therapeutic arts for compounds which inhibit Aurora-kinases, 

compositions comprising the inhibitors and methods of tt·eating diseases during which 

Aurora-.lcina.:;es are unregulated or overexpresscd. 

The reversible phosphorylation of protein!i is one ofthe primary biochemical mechanisms 

mediating eukaryotic cell signaling. This reaction is caraly~ed by protein .kiuases that tran:der the 

20 g-phospbatc group of ATP to hydroxyl groups on target pl'Otcins. 518 such enzymes exist in the 

human genome of which ~~90 selectively cataly:.i:e the phosphocylation ol'tyrosiuc hydroxyl 

groups CytosoHc tyrosine kinase!:! reside intracellularly whefeas receptor tyrosine kinascs (RTKs) 

possess both extracellular and intracellttlar domains and function as membrane spauning cell 

::;urface receptors. As such, RTKs mediate Lhe cellular re$ponscs to environmental signals alld 

25 facilitate a broad range of cellular processes including proliferation, migratil)n and survival. 

RTK signaling pathways are normally highly rcgula.ted, yet their over-activation has been 

shown to promote the growth, survival and metastasis of cancer ceJls. Dysrcgulated RTK 
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signaling occur8 lhrough gene over-expression or mutation and has been co11·elatcd with the 

. progression of various human cancers. 

The VF.GF receptor (VEGFR) family consisLs of three RTKs~ KDR (kinase insert 

gomain-contai11i11g .receptor; VF.GFR2), FLT I (Ems-like tyrosine kinase; V EGFR I), and FLT4 

5 (VEGFR3). These receptors mediate the biological function of the vascular endothelial growth 

factors (VEGF-A, -R, -C, ·D, -E and placenta growth factor (PIGF)), a family ofhomodimeric 

glycoproteins that bind the VRGF receptors with varying affinities . 

.K.DR is the major mediator of the mitogenic, angiogenic and pcnneability-cnhancing 

effects of VEGF-A, hereafter referred to as VEGF. Many different cell types arc able t(.l produce 

1 O VEGF~ yet its biological activity is limited predominately to the vasculaturc by way of the 

endothelial cell-selective expression of KOR. Not surprising1y, the VEG.F/KDR axis is a prirnruy 

mediator of ar1giogenesis, the means by which new blood vessels are fbrmed from preexisting 

vesse1s. 

FLTI binds VEGF, VEGF-B and pla.cental growth factor. l<'LTI is ex.pressed on the 

15 surface of sm<.loth muscle cells~ monocytes and hema.topoietic stems cells in addition to 

endothelial cells. Activation of FLTl signaling results ill the mobilization of marrow-derived 

endothelial progenitor ceUs that arc recruited to tumors where they contribute to new blood 

vessel formation. 

FLT4 mediates the signaling ofVRGF-C and VEGF-n, which mediale formation of 

20 tumor-associated lymphatic vessels (lytnphangiogenesis). Lymphatic vcsse1s are one of the r<.lutes 

by which cancer ceJJ.s disseminate from solid tumors during metastasis. 

The PDGF receptor (PDGFR) family consists of five RTK's, PDG.FR-a and-b, CSF IR, 

KIT, and FLT3. 

The a and b isoforms of the platelet-derived growth factor (PDG.F) receptors occur as 

25 hc,mmdimers or alb heterodimers and are found most common1y on the surface of fibroblasts and 

smooth muscle cells. PDGFR-b contributes to tumor angiogenesis through the proliferation and 

migration of pericytes, the pcri·endothelial cells tha1. a~sociate with and stabilize immature blood 

vessels. In gliomas, autocrine PDGFR sti.mulaticm, brought about by the co-expression of PDGF 

and PDGF receptors, mediates tumor cell proliferation and survival. 
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CSF-lR is encoded by the cellular homolog of the retroviral oncogene v-:.fin.\' and is a 
major regulator ofmucrophage development. Macrophages are frequent components oflumor 
stroma and have been shown to modify the extra.cellular matrix in a manner beneficial to tumor 
growth and metastasis. 

5 KlT is expressed by hematopoictic pmgenitor cells, mast cells, germ cells and by 
pacemaker cells in the gut (interstitial cells of CajaJ). It contributes tu tumor progression by two 
general mechanisms namely autocrine stiniulation by its ligand~ stem cell factor (SC11), and 
tluough mutations that result in ligand-independent kina..:ie activity. 

:FL 1'3 is nonnaJiy expressed ou hematopoietic stem cel1s where its interaction with FL 1'3 
10 ligand (FL) stimulates stem cell survival, proliferation and differentiation. In addition lo being 

over-expressed in various leukemia cells, Ff ,T3 is frequently mutated in hema.tologicaJ 
malignancies with approximately one-third <.>fpaticnts with acute myeloid leukemia (AML) 
harboring activating mutations. 

The idenfrfication of effective small cmnpounds which specifically inhibit signal 
15 transduction and cellular proliferation by modulating the activity of' tyrosine kina-;es to regulate 

and modulate abnonnal or inappropriate cell proliferation, differentiation, or metabolism is 
therefore desirable. Tn particular, the identification of methods and compounds that specifically 
inhibit the fimc::lion of a tyrosine kinase which is essential lb'l' angiogenic processes or the 
for.malion of vascular hyperpermcabiliLy leading to edema, ascites, effusions, exudates, and 

20 macromolecular extravasation and matrix dcposilion as well as associated disorders would be 
beneficial. 

Administered drugs are eliminated from the body either by excretion or by metabolism to 
one or more metabolites. One class or metabolizing enzymes that is particularly important in the 
metabolism of drugs is the cytochrome P450 (also known as CYP or P450) family of enzymes. 

25 This is a large fami1y of isocm:ymes which has been divided into over 15 subfamilies. The 
CYPJA subfamily, which includes CYP3A4, 3A5, 3A 7 and 3A43 is responsible for the 
metabolism of aboul 60% of known ther.apeutic drugs. CYP3A4 in particular is the most 
abundant CYP iso~nzyme .in both Jiver and intestine and is involved in the metabolism of more 
than 50% of the clinicaUy used drugs (Mechanism-Based Inhibition of Cytochrome P455 3A4 by 

30 Therapeutic Drugs. Clin. Phannacokinct, 2005, 44, 279-304). Like a11 other CYP enzymes, 
CYP3A4 is susceptible to both reversible and pseudo-irreversible or inevcrsible (mechanism 
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based) inhibition (Time-dependent CYP Inhibition. Expert Opin. Drug Metab. Toxicol. 2007, 3, 
51 ~66). Their low substmte specificity makes tl1e CYP enzymes susceptible to inhibltil)n by a 
wide variety of structurally distinct drugs. 

As a result of CYP inhibition, abrupt changes can occur with a co-administered agent in a 
5 single individual leading to a substantial increase or decrease in the blood and tissue 

concentratio11s of a drug or metabolite. These types of changes can alter a drug's safety and 
ctlicacy profile in profound ways, especially drugs with narrow therapeutic willdows. As 
outlined in the FDA guidance to illdu.o:;lry, a detailed evaluation of the CYP inhibition potential is 
required of all new drug candidates (Guidance for Industry. Drug Metabolism/Drug Tnteraction 

10 Studies in the Drug Dcvcleopment :Process: Studies in Vitro. US FDA April 1997). 
This issue of drug-drug interaction is very important in oncology treatrneut as patie11ts are 

typically treated with multiple drugs. Thus, reducing the risk of such interw..1ion is an important 
co11sideratio11 in the development of novel cancer therapeutics. 

While thienopyridine compounds disclosed in W02005/0J0009 display potent inhibition 
15 of Aurora and PDO.FR/VRGFRkina."'les, they may also be inhibil{)rs ofCYP3A4. This invention 

pertains to novel thienopyridines offonnula I, which maintain potent inhibition ofbnth Aurora 
kinases and the family ofkinases encompa.o;sing PDGFR and VEGFR and also demonstrate at 
least a 10-30 fold reduction in CYP3A4 inhibition. Because the compounds of the present 
invention hnve significanUy reduced CYP3A4 inhibition, they are expected to diplay low drug-

20 dntg interaction liability. 

In addition to the reduction in CYP inhibition, the compounds of the invention have 
demonstrated their utility in additional assays utilized to assess lhe suitability of the compounds 
as drug candidates. For instance, the compounds of the invention demonstrate potency in whole 
ce11 assays (e.g., in the Human Umbilical Vein Endothelial Cell (HUVRC) assay and the assay 

25 measuring histone D3 phosphorylation and induction of polyploidy) and suitable pharmokinetic 
properties (e.g., oral clearance and oral bioavailability), in vivo efficacy (e.g., Uterine .Edema 
model, rodent flank and orthotopic tun1or models), cardiovascular safety, CNS assessments and 
gastroinstestinal as~ays. 

30 SUMMARY OF THE TNVENTION 

In one embodiment, the present invention provides compounds of formula (l) 
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wherein 

5 

R 1 is hydroxyalkyJ; 

R2 is selected from the group consisting of a!koxy, alkyl, halo, and ha1oalkoxy; and 

10 R3 is hydrogen or alkyl. 

15 

Still another cmbodituent pertains to methods of treating diseases involving mediation, 

overcxpressfon or disregulation ofkinases in a mammal, the methods comprising administering 

thereto a therapeutica1ly effective amount of a compound having Formula T, 

wherein 

0 R2 

HN.J( -a· 
I/ ~ HN ~ ~ 
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R 1 is hydroxyalkyl; 

R2 is selected fhm1 the group consisting of <llkoxy, alkyl, halo, and haloalkoxy; and 

R3 is hydrogen or alkyl. 

Another embodiment pertains lo methods of treating acoustic neuroma~ acute leukemia, 

acute lymphocytic leukemia, acute myelocytic leukemia (1nonocytic. myeJnblastic, 

adenocarcinoma, angfosarcoma, astrocytoma~ ·myelomonocytic and promyelocytic), acute t-cell 

I O leukemia, basal celJ carcinoma, bile duct carcinc.1m~ bladder cancer, brain cancer, breast cancer, 

bronchogenic carcinoma, cervical cancer, cho11drosarcom~ chordoma, choriocarcinoma, chronic 

leukemia, chronic lymphocytic leukemia, chronic myelocytic (granulocytic) leukemia, chronic 

myleogeneous leukemia,, cc,11on cancer, colorectal cancer, craniopharyngioma, 

cystadcnocarcinorna, diffuse large B-cell lyrnphoma, dysproliforalive changes (dysplasias and 

15 mctaplasias), en1bryona1 carcinoma, endometrial cancer, endotheliosarcoma, ependymoma, 

epithelial carcinoma, ccythtoJeukemia, esophageal cancer, estrogen-receptor positive brca~i 

cancer, essential thron1bocythemia, Ewing's tumor, fibrosarcoma, fbllicular lymphoma, germ cell 

testicular cancer, glioma, heavy chain di$em;e, bemangiobla'lLOma, hepatoma, hepatocellular 

cancer, hormone insensitive prostate cancer, lciomyosarcoma, liposarcoma, lung cancer~ 

20 lymphagiocndotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma 

(Hodgkin's and non-Hodgkin's), malignancies and hypcrpro1iJerative disorders of the bladder, 

breast, colon, lung, ovaries, pancreas, prostate, ski.ti a11d uterus, lymphoid malignancies ofT-cell 

or B-cell origin, leukemia, lymphoma, medullary carcinoma, medulloblasmma, melanoma, 

meningioma, mesothclioma, multiple mycloma, myeJogenous leukemia, myeloma, 

25 myxosarcom~ neuroblastoma, non-small cell lung cancer, otigndendroglioma, oral cancer, 

ostcogenic sarcoma, ovarian cancer~ pancreatic cancer, papillary ~dcnocarcinomas, papillary 

carcinoma, pinealoma. polycythemia vera, prostate cancer, rectal cancer, renal cell carcinoma, 

retinoblastoma, rhabdomyosarcoma, sarcoma, sebaceous gland carcinoma, serninoma, skin 

cancer, small cell lung carcinoma, solid tumors (carcinomas and .sarcomas), small cell lung 

30 cancer, stomach cancer, squamous cell carcinoma, synovioma,, ~weat gland carcinoma, thyroid 

cancer, Waldenstrtim's macrog1obulinemia, testicular tumors, uterine cancer and Wilms' tumor 
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in a mammaJ, the methods comprising administering thereto a therapeutically effective amount c)f 

a compound ot fbnnula I, alone or in combination with radiotherapy. 

Another embodiment pertains to methods of treating acoustic neuroma, acute leukemia, 

acute lymphocytic leukemia, acute myclocytic leukemia (monclcytic, myeloblastic, 

5 adenocarcinoma, angiosarcoma, astrocytoma, myelomonocytic and promyclocytic), acute t-ce11 

leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer, 
bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic 

leukemia, chronic lymph<.icytic leukemia, chronic myclocytic (granulocytic) leukemia, chronic 

mylcogeneous leukemia, colon cancer, colorcctal cancer, craniopharyngioma, 

10 cystadenocarcinoma, dilli1se large 13-ccll lyn1phoma, dysprolifcrative changes (dysp1asias and 
metaplasias), cmbrycma] carcinoma, cndometrial cancer, cndotheliosarcoma, cpendymoma, 

epithelial carcinoma, erythrolcukcmia, esophageal cancer, estrogen-receptor positive breast 

cancer, essential thrombocythemia, Ewing's tumor, fibrosarcoma, follicular lymphoma, genn cell 
testicular cancer, glioma, heavy chain disease, hemangioblastoma, hepatoma, hcpatocellular 

IS cru1cer, hormone im;ensitive prostate cancer, leiomyosarcoma, liposarcoma, lung cm1ccr, 
lymphagioendotheliosarcoma, lymphangiosarcoma, lymphoblastic lcukenlia, lymphoma 
(Hodgkin's and non-Hodgkin's), malignancies and hyperproHfcrative dis(lrders of the bJadder, 
breast, colon, lung, ovaries, pancreas, prostate, skin and uten1s, lymphoid malignancies ofT-ccll 
or B-cell origin, leukemia, lymphoma, meduJlary carcinoma, medulloblastoma, melanoma, 

20 meningiomai mesothelioma, multiple rnyeloma, .ti1yclogenous leukemia, myeloma, 

myxosarC(llna, neuroblastoma, non-small cell lung cancer, oligodendroglioma, oral cancer, 

osteogenic sarcoma, ovarian cancer, pancreatic cancer, papiJJary adenocarcinornm;, papillary 
carcinoma, pinealoma, polycythcmia vera, prostate cancer, rectal cancer, renaJ cell carcinoma, 
rctinoblastoma,. rhabdomyosarcoma, sarcoma, sebaceous gland carcinoma,. sem.inoma, skin 

25 cancer, small cell Jung carcinoma., solid htmors (can.:inomas and sarcomas), small celJ lung 

cancer, stomach cancer, squamo11s cell carcinoma, syuovioma, sweat gland carcinoma, thyroid 
cancer, Waldenstr(>m's macrog1obulinemia, testicular tumors, uterine cancer and Wilms' tumor 

in a mamrt1al, the methods comprising administering thereto a thcrapeutica11y effective amount of 
N-( 4-{ 4-amino-7~f 1-(2-hydroxyethyl)-1 H-pyrazol-4-yl]thieno(3,2-e /pyridin-3-yl} phenyl)-N'-(3-

30 Jluurophenyl)urea, alone or in combination with radiotherapy. 
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Another embodiment pertains to methods of treating acoustic neuroma, acute leukemia, 
acute lymphocytic leukemia, acute mye1ocytic leukemia (monocytic, mycloblastic, 
adcnocardnoma, angic.)sarcoma, astrocytoma, myclomonocytic and promyeloeytic), acute t-cell 
leukemia, basal ceJl carci.t1oma, bile duct carcinoma, bladder cancer, brain cancer, breast c~ncer, 

5 bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma .• choriocarcinoma, chronic 
leukemia, chronic lymphocytic leukemia, chronic mycJocytic (granulocytic) leukemia, chronic 
myleogeneous leukemia, colon cancer, colorectal cancer, craniopharyngioma, 
cystadenocareinoma, diffuse large R-cell lymphoma, dysprolifcrative changes (dysplasia.~ and 
metaplasia.~), embryonaJ carcinoma, endometrial cancer, endotheliosarcoma, ependynmma, 

IO epithelial carcinoma~ erythroleukcmia, esophageal cancer, estrogen-receptor positive breast 
cancer, essential thrombocythemia, Ewing's tumor, fibrosarcoma, follicular lymphoma, germ cell 
testicular cancer, glioma, heavy chain disease, hemangiohla..,;toma, hcpat<'m1a, hepatocellular 
cancer, hormone insensitive prostate cancer, leiomyosarcoma, liposarcom~ lung cancer, 
lymphagioe11dothcliosarcoma, lymphangiosareoma, Jymphoblastic leukemia, lymphoma 

15 (Hodgkin's and non-Hodgkin's), malignancies and hypcrproliierative disorders of the bladder, 
breast, colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies of T-celJ 
or B-cell origin, leukemia, lymphoma, 111edul1ary carcinoma, medulloblastoma, melanoma, 
meningioma, mesuthelioma, multiple myeloma, myelogenous leukemia, myeJoma, 
myxosarcoma, neuroblastoma, non-small ccll lung cancer, olig(ldendroglioma, oral cancer, 

20 osteogenic sarcoma, ovarian cancer, pancreatic cancer, papillary adcnocarcinomas, papillary 
carcinoma, pinealoma, po1ycythe1nia vem, prostate 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 Jung 
cancer, stomach cancer, squamous cell carcinoma, synovioma, sweat gland carcinoma, thyroid 

2.5 cancer, WaJdenstrom's macroglobulinemia, testicular tu1nors, 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)-lll-pyrv.ol-4-yl]thieno[3,2-clpyridin-3~yl}phenyl)-N'-f4-

(ditluoromethoxy)phcnyl]urea, alone or 1n combination with radiotherapy. 
Another cmhotliment pertains to methods of treati.ug acoustic neuroma, acute leukemia, 

30 acute lymphocytic leukemia, acute myelocytic leukemia (monocytic, mycloblastic, 
ade11ocarcinoma, angiosarcoina, astrocytoma, myelomonocytic and promyelocytic), acute t~ccll 
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leukemia, basal cell carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer, 

bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, cht)riocarcinoma, chronic 

leukemia, chronic lymphocytic leukemia, chronic myelocytic (granul(>cytic) leukemia, chronic 

myleogcncm.l..'I leukemia, colon cancer, colorectal cancer~ craniopharyngioma, 

5 cystadenocarcinoma, diffuse large B~cell lymphoma, dysprolifcrative changes (dysplasias and 

metaplasias), cmbryonal carcinoma, cndometrial cancer, cndotheliosarcoma, ependymoma, 

epithelial carcinoma, erythrolcukcmia, esophageal cancer, estrogen~reccptor positive breast 

cancer, essential tlu·ombocythemia, Ewing's tumor, fihrnsarcoma, follicular lymphoma, genn cell 

testicular cancer, glioma, heavy chain disease, hemangioblastoma, hepato111a, hepatocellular 

I 0 cancer, hormone insem.1itive prostate cancer, leio1nyosarcoma, liposarcoma, lung cancer, 

lymphagioendotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma 

(Hodgkin's and non-Hodgkin's), malignancies and hyperprolifcrative disorders of the bfo.dder, 

bre-a1't, colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies ofT-ccll 

or B-cell origin, leukemia, lymphoma, medulla.ry carcinoma, medulloblastoma, melanoma, 

I 5 meningioma, mesothelioma, multiple rnyeloma, myc1ogenous leukemia, myeloma, 

myxosarcoma, neuroblastoma, non-small ccH lung cancer, oligodcndroglioma, oral cancer, 

o.steogenic sarcoma, ovadan cancer, pancreatic cancer, papil1ary adenocarcinomas, papillary 

carcinoma, pinealoma, polycythemia. vera, prostate cancer, rectal cancer, renal ceU carcinoma, 

retinoblao;toma, rhabdomyosarcorna, sarcoma, sebaceous gland carcinoma., seminoma, skin 

20 cancer, small cell lung carcin<.nna, solid tumors (carcinomas and sarcomas), small celJ lung 

cancer, stomach cancer, squamous cell carcinoma., syuovioma,., sweat gland carcinoma., thyroid 

cancer, Waldenstrom's macroglobulinemia, testicular mnmrs, uterine cancer and Wilms' tumor 

in a mammal, the methods C()mpri.sing administering thereto a thcrapeutical.ly effective amount of 

N-[ 4-(4-amino-7· ( l-t(2S)-2-hydroxypropyl j- ·1 H-pyrazol-4-yl} thieno[3,2-c]pyridin-3-yl)phenyl 1-
25 N'-(3-methylphenyl)urea, alone or in combination with radiotherapy. 

Another embodiment pertains tn m.ethods of treating acoustic neuroma, acute leukemia, 

acute 1ymphocytic leukemia, acute myelocytic leukemia (monocytic, myelobla....o;;tic, 

adenocarcinoma, angiosarcoma, astrocytoma, myelomonocytic and promyelocytic), acute t-cell 

leukemia, basal ccJJ carcinoma, bile duct carcinoma, bladder cancer, brain cancer, breast cancer, 

30 bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarcinoma, chronic 

leukemia, chronic lymphocytic leukemia, chronic myelncytic (granulocytic) leukemia, chronic 
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myleogencous leukemia, colon cancer, colorcctal cancer, craniopharyngioma. 

cystadcnocarcinoina, diffose large B-cell lyinphoma, dysproliforative changes (dysplasias and 

inctaplasias), embryonal carcinoma, cndometrial cancer, endc.>theliosarcorna, ependymoma, 

epithelial carcinoma, erythroleukcmia~ esophageal cancer, estrogen-receptor positive breast 

5 cancer. essential thrombocythcmia, Ewing's tun'lor, fibrosarcoma, follicular lymphoma, germ cell 

testicular cancer, glioma, heavy chain disease, hemangiobtastoma, hcpatoma, hepatocellular 

cancer, hormone insensitive prostate cancer, leiomyosarcoma, liposarcoma, hmg cancer, 

lymphagiocn<lolheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lymphoma 

(Hodgkin's and non-Hodgkin's), malignancies and hypcrproliferative disorders of the bladder, 

1 O breast, colon. lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies of T -cell 

ur B-cell origin~ leukemia, lymphoma, medullary carcinoma, medulloblastoma, melanoma, 

meningioma, mesotheHoma, multiple mycloma, myelogcnous leukemia, myefoma, 

myxosan;()111a., neurobla.'>toma, non-small ce11 lung cancer, o1igode.udroglioma, oral cancer, 

osleogenic sarcoma, ovarian cancer~ pancreatic cancer, papillary adenocarcinomas, papillary 

15 carcinoma, pinealoma, polycythemia vera, prostate cancer, rectal cancer, renal cell carcinoma, 

retinoblastoma, r.habdomyosarc<.lma, sarcom~ sebaceous gland carcinoma, seminoma, skin 

cancer, small cell lung carcinoma, solid tumors (carcinoma..., and sarcomas), small cell lung 

cancer, stomach cancer, squamous cell carcinoma, synovioma, sweat gland carcinoma, thyroid 

cancer, Wa1denstrom's macroglobulinemia. testicular tumors, uterine cancer and WiJms' tumor 

20 in a man1maJ, the methods comprising administering thereto a therapeutically effective amount of 

N-(4-{ 4-amino-7 -11-(2-hydroxy-2-methyl.propyl)-l H-pyrazol-4-yl lthieno[3,2-c Jpyridin-3· 

yl}phenyl)-N-(4-rnethoxypJienyl)urea, alone or in combination with radiotherapy. 

Another embodiment pertains to methods of treating acou..,tic neuroma, acute leukemia, 

acute lymphocytic leukemia, acute mycloeytic leukemia (monocytic, myeloblastic, 

25 adenocarcinoma, a11giosarcoma, astrocytoma, mycfomonocytic and prnmyelocytic), acute t-ccll 

leukemia, ba.'la1 cell carcinoma, hile duct carcinoma, bladder cancer, bra.in cancer, breast cancer, 

bronchogenic carcinoma, cervical cancer, chondrosarcoma, chordoma, choriocarci11oma, chronic 

leukemia, chronic lymphocytic leukemia, chronic myelocytic (granulocytic) leukemia, chronic 

myleogeneous leukemia, colon cancer, colorectal cancel'., cranioplia.ryngiorna, 

30 cy~tadenocarcinoma, diffuse large B-cell lymphoma, dysprolife1·ative changes (dysplasias and 

metaplasias), embryonal carcinoma, endomctrial cancer, eudotheliu8arcoma, cpendym.oma, 
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epithelial carcinoma, crythroleukemia, esophageal cancer, estrogen-receptor positive brea.~t 

cancer, essential thmrnbocythemia~ Ewing's tumor, fibrosarcoma, follicular lymphoma, germ cell 

testicular cancer, glioma, heavy chain disease, hcmangioblastoma, hcpatoma, hepatoccllular 

cancer, hormone insensitive prostate cancer, Jei()myosarcoma, liposarcoma, lung cancer, 

5 lymphagioendotheliosarcoma, lymphangfosarcoma, lymphoblastic leukemia, lymphoma 

(Hodgkin's and non-Hodgkin's), malignancies and hypcrproliforative disorders of the bladder, 

breast~ colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid malignancies ofT-cdl 

or B-cell origin, leukemia~ lymphoma, mcdullary carcinoma, mcdulJohlasloma, melanoma, 

meningioma, mesothelioma, multiple myeloma, myelogcnous leukemia, myelorna, 

I 0 myxosarcoma, neuroblastoma~ non-small cell 1ung cancet·, oligodendrogliuma, oral cancer, 

osteogenic sarcoma, ovarian cancer, pancreatic cancer, papillary adenocarcinomas, papillary 

carcinoma, pinealoma, poJycythemia vcra, prostate cancer, rectal cancer, renal cell carcinoma, 

retinoblastoma, rhabdomyosarcoma~ sarcoma, sebaceous gland carcinoma, seminoma, skin 

cancer, small cell lung carcinoma, solid tumors (carcinomas and sarcoma~), small ceH lung 

15 cancer, stomach cancer, squamous cell carcinc.noa, synovioma, sweal gland carcinon1a, 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-14-( 4-amino-7-{ l-[(2L))-2,3-dihydroxypropyl I· I H-pyra:r.ol-4-yl}thlcno!'3,2-c ]pyridin-3-

yl)phenyl]-N-( 4-mcthoxyphenyl)urea, alone or in colllbination with radiotherapy. 

20 

Another embodiment pertains to compositions comprising an cxcipient and a 

therapeutically effective amount of a compound of formula l, and a therapeutically effective 

amount of one additional therapeutic agent or m(lre than one additional therapeutic agent. 

Another embodiment pertains ic'> compositions comprising an excipicnt and a 

25 therapeutically effective amount of N-( 4-{ 4-amiuo-7-l l-(2-hydroxyethyl)-l H-pyrazol-4-

yl (thil;mo[3 ,2-c ]pyridin-3-y 1} phenyl)-N-(3 • fluorophenyl)urea, and a therapeutically effective 

amount of one addiiional therapeutic agent or more than one additional therapeutic agent. 

Another embodiment pertains lo compositions comprfaing an cxcipient and a 

therapeutically effective amount or N-(4-{ 4-amino-7 ·11-(2-hydroxycthyl)- l H-pyrazoJ-4-

30 yllthieno[3,2-cJpyrid~-3-y1 jphenyJ)-N-(4-(difluoromelh<Jxy)phenyllurea, and a therapcuticaliy 
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effective amount of one additional therapeudc agent or more than one additional therapeutic 

agent. 

An.other embodiment pertains to compositions comprising an excipicnt and a 

therapeutically effocti ve amount of N-[ 4-( 4-amino-7- ( 1 ·1"(2.'l)-2-hydroxypropyl]-1 H-pyrazol-4-

5 yl}thieno[3,2-c]pyridin-3-yl)phenyl]-N-(3-methylphenyl)urea, and a therapeutically effective 

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

Another embodiment pertains to compositions comprising an cxcipienl and a 

therapeutically cftecti ve amt)unl or N-( 4-{ 4-amino-7-[ 1 ·{2-hydroxy-2-methylpropyl)-lJJ-pyr!l:.!:ol-

4-yJ ]thieno[3,2-c ]pyridin-3-yl }phenyl)·N'-( 4·methoxyphenyl)urea, and a therapeutically effoctive 

IO · amount of one additional therapeutic agent or more than one additional therapeutic agent. 

Another embodiment pertains to compositions comprising an excipient and a 

therapeutically effective amount of a N-[ 4-( 4-amino-7 ~ { 1-[ (28)-2,3-dihydroxypropyl 1-1 H­

pyra:t.ol-4-yl} thieno[3,2-c ]pyridin-3-yl)phcnyl j-N-( 4-methoxyphenyl)urea, and a therapeutically 

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

15 agent. 

Still another embodiment pertains Lo methods of treating diseases involving mediation, 

overcxprcssion or disregulation of kinases in a mammal, the methocL-. comprising administering 

thereto a therapeutically effective amount of a compound of fonnula I, and a thcrapcuticalJy 

20 effoctive 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 treating diseases involving mediation, 

overexpression or disregulation of k.illascs in a mammal~ the methods comprising administering 

thereto a therapeutically effective amount of N-( 4-{ 4-a111ino-7-[ 1-(2-hydroxyethy 1)-1 H-pyrazol w4-

2S yl]thieno[3,2-c]pyridin-3-yl}phcnyl)-N'-(3-11uorophenyl)urea. and a therapeutically effective 

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

in combination with radiotherapy. 

Still a11other embodiment pertains to methods or treating diseases involving mediation, 

overexpression or disrcgulation ofkinases in a mmnmal, the methods comprising administering 

30 thereto a therapeutically effoctive amount of N-(4·{4-amino-7-f1-(2-hydroxyethyl)-11J-pyra:.wl-4-

y1Jihieno(3 .. 2-c]pyri<lin-3-yl}phenyl)-N-[4-(difluoromcthoxy)phenyl]urea, and a therapeutically 
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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 treating diseases involving mcdiari<')n, 

overexpression or disregulation ol'kinases in a mammal, the methods comprising administering 

5 thereto a therapeutically etlective amount of N-[4-(4-amino-7-{l-f(2S)-2-hydroxypropyl]·Ill­

pyrazo1-4-yl} thicnoj 3,2-c ]pyridin·3-yl)phenyl]-N-(3-methy1phcnyJ)urea, 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 cmh,~diment pertains to methods or treating diseases involving mediation, 

1 O overexpression or disregulation of kimtses in a mammal, the methods comprising administering 

thereto a therapeutically effective amount of N-( 4~{ 4-amino-7-[1 ·(2-hydroxy~2-mcthylpropy1)· 

lJJ-pyrru1.ol-4-yl]thicno[3,2-c ]pyridin-3-yJ} 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. 

15 Still artother embodiment pertains to methods of treating diseases involving mediation. 

overexpressfon or disrcguhltion of kinases in a mrunmal, the methods comprising administering 

thereto a therapeutically effective amt)Ullt of N-14-( 4-amino· 7·{ 1-[(2S)-2,3-dihydroxypropyl]-1H· 

pyrazol-4-yl} thieno(3,2-c1pyridin-3-yl)phcnyIJ-N'-( 4-mcthoxyphenyl)urea, and a therapeutically 

effective amount of one additional therapeutic agent or more than one additional iherape11tic 

20 agent alm1e or in combination with radfothempy. 

Another embodiment pertains to methods of treating pediatric cancer or neoplasm such as 

embryottal rhabdomyosarcoma, pediatric acute lymphobJastic leukemia, pediatric acute 

myeJogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic epcndymoma. 

25 pediatric anaplastic; large cell lymphoma, pediatric anaplastic medullobla.sioma, pediatric atypical 

teratoid/rhahd<lid tumor of the central nervous syatem, pediatric biphcnotypic acute leukemia, 

pediatric Burkitts lymphoma~ pediatric cancers of Ewing's family of tumors such as primitive 

neurocctodennal mmors, pediatric difthse anaplastic WiJm's tumor, pediatric favorable histology 

Wilm' s tumor, pediatric glioblastoma, pediatric medul1oblastoma., pediatric neuroblastoma,, 

30 pediatric ncurobiastoma-d~rivcd myelocytoniatosis, pediatric pre-B-ce11 cancers (such as 

leukemia), pediatric psteosarcoma, pediatric rhabdoid kidney tumor, pediatric 
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rhabdomyosarcoma~ and pediatric T-celI c.:ancers such as lymphoma and skin cancer, , the 
methods comprising administering thereto a therapeutically effective amount ol' a compound of 
formula I, alonC:l or in combination with radiotherapy. 

Another embodiment pertains to methods of treating pediatric cancer or neoplasm such as 
5 cmbryonal rhabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute 

myelogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic epcndyrnoma, 
pediatric anaplustic large cell lymphoma, pediatric anapla..;;tic.: medullobla.o.;toma, pediatric atypical 
tcratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenotypic acutC:l leukemia, 
pediatric Burkitts lymphom~ pediatric cancers of Ewing's family of tumors such as primitive 

IO neuroectodermal rumors, pediatric diffuse anapJastic Wilm's tumor, pediatnc favorable histology 
Wilm~s tumor, pediatric glfoblustoma, pedialric medullohlastoma, pediatric 11eurobla.o:;t<.1ma, 
pediatric neuroblastol"na-derived myeJocytomatosis~ pediatric prc-B-cell cancers (such as 
leukemia), pediatric psteosarcoma, pediatric rhahdoid kidney tum<.ir, pediatric. 
rhabdomyosarcoma, and pediatric T-ccll cancers such a..:i lymphoma and skin cancer, , the 

15 methods comprising administering thereto a therapeutically effective amount of N-(4~{4-amino-
7-[ 1-(2-hydroxycthyJ)-1 H-pyrazol-4-y l]thieno[3.2-c ]pyridin-3-yl} phenyl)-N-(3-tluorophcnyl)ure, 
alone or in combination with radiotherapy. 

Another embodiment pertains to methods of treating pediatric cancer or neoplasm such a..:; 
cmbryonal rhabdomyosarcoma, pediatric acute lymphohlastic leukemia, pediatric acute 

20 n;yeloge11ous lc~emia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic ependymoma, 

pediatric anapla..;;tic large ccll lytnphoma, pediatric anaplastic medulloblastmna, pediatric atypical 
teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenotypic acute leukemia, 
pediatric Burkitts lymphoma, pediatric cancer.s of Ewing's family of tumors such a.o.; primitive 
neuroeck>dermal rwnors, pediatric diffuse anaplastic Wilm's tumor, pediatric favorable histology 

25 Wilm's tumor~ pediatric gJiobla.~toma, pediatric medulloblastoma, pediatric neuroblastotna, 
'pediatric neuroblastoma-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 effoctive amount of N-( 4-{ 4·amino· 

JO 7-[l-(2-hydroxyethyl)-111-pyrruwl-4-yl]thicnof 3,2-c Jpyridin-3-yl }phenyl)-N-[ 4-

(difluoromethoxy)phenyl lurea, alone or in Cl)mbination with radiotherapy. 
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Another cmhndhnent pertains to mcthc.1ds of treating pediatric cauccr or neoplasm such as 

cmbryonal rhabdomyosarcoma, pediatric acute lymphoblastic leukemia, pediatric acute 

myclogenuus leukemia,. pediatric alveolar rhabdomyosarc(lma, pediatric anapla.'itic epcndymoma, 

pediatric anaplastic large cell lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical 

5 teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphc11otypic acute leukemia,. 

pediatric Burkitts lymphoma, pediatric cancers of Ewing's family of tumors such as primitive 

neuroectodennal rumors, pediatric difftlsc anaplastic Wilm 's tumor, pediatric favorable histology 

Wi1m's tumor, pediatric glioblastoma, pediatric mcdulloblastoma, pediatric neuroblasto111a, 

pediatric neuroblastoma-<lerived myelocytomatosis, pediatric pre-B-ce11 cancers (such as 

Io leukemia), pediatric psleosarcoma, pediatric rha.bdoid kidney tumor, pediatric 

rhabd<.lmyosarcoma, and pediatric T -cell cancers such as lymphoma and skin cancer, , the 

methods comprising administering thereto a therapeutically effective amount of N-14-(4-amino-

7-{ 1 ·[(2.Sj-2-hydroxypropyl]-1H-pyra:t.o1-4-yl}thieno[3,2-c fpyridin-3-yl)phenyll-N'-(3-

methylphenyl)urea, alone or ill combination with radiotherapy. 

15 Another embodiment pertains to methods of treating pediatric cancer or neoplasm such as 

embryonal rhabdomyosarcoma. pediatric acute lymphoblastic leukemia, pediatric acute 

myclogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric auaplastic epcndymoma. 

pediatric anaplastic large cell lymphoma. pediatric anaplastic mcdulloblastoma, pediatric atypical 

teratoid/rhabdoid tumor of the central nervous syatem, pediatric biphenotypic acute leukemia~ 

20 pediatric Burkitts lymphoma, pediatric cancers of Ewing's family of tumors such~ primitive 

neuroectodermal rumors, pediatric diffuse anaplastic Wilm's tumor, pediatric favorable histology 

Wilm's tumor, pediatric glioblastoma, pediatric medultobiastoma, pediatric neurobla..:itoma, 

pediatric ncumblastoma-derived myclocytomatosis, pediatric pre-B-ccll cancers (such as 

leukemia), pediatric psteosarcoma, pediatric r11abdoid kidney tumor, pediab.ic 

25 rhabdomyosarcoma, and pediatric T-cell cancers such as lymphoma and skin cancer,, the 

methods comprising administering thereto a therapeutically effective amow1t of N-( 4-{ 4-amino-

7-l 1-(2-hydroxy-2-methylpropyl)-ll/-pyrazol-4-yl jthieno[3,2-c Jpyridin-3-yl }phcnyJ)-N'-( 4-

methoxyphenyl)urea, alone or in combination wilh radiotherapy. 

Another embodiment pertains to methods of treating pediatric cancer or neoplasm such as 

.30 cmbryonal rhabdomyosarcoma, pediatric acule lymphoblastic leukemia, pediatric acute 

niyelogenous leukemia, pediatric alveolar rhabdomyosarcoma, pediatric anaplastic cpendymoma,. 
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pedialric anaplastic large cell lymphoma~ pediatric anapla.>litic medulloblastoma, pediatric atypical 

teratoid/rhabdoid tumor of the central nervous syatcm, pediatric biphcnoiypic acute leukemia, 

pediatric Burki Us lymphoma, pediatric cancers of Ewing's family of tumors such a.~ primitive 

r'leuroectodern1aJ rumors, pediatric diffuse anaplastic Wilm's tumor, pediatric favorable histology 

S Wilin's tumor, pediatric gliobla.<itoma, pediatric medu11ob1astoma, pediatric neurobla.">toma, 

pediatric neuroblastoma-dcrived myelocyto.matosis, pediatric pre-B-cell cancers (such as 

leukemia), pediatric pstcosarcc.1ma, pediatric rhabdoid kidney tumor, pediatric 

rhabdomyosarcoma, and pediatric T-ccn cancers such as lymphoma and skin cancer, , the 

methods comprising administering thereto a tl1crapeutic.:ally effective amount of N-14-(4-amino~ 

I 0 7 ~ (. l-[(2.S)-2,3-dihydroxypropyl]-lH-pyrazol-4-yl }thienol 3,2-c Jpytidin-3-yl)pht!nyl]wN•( 4~ 

1nethoxyphcnyl)urea, alone or in Mmhination with radiotherapy. 

Sti11 another ell,lbodimenl pertains to compounds 

N-(4-{4-amino-7-[1-(2-hydroxyethyl)-11J-pyrw:o1-4-yl]thienol3,2-c]pyridin-3·Yl}phenyl)-N-(3-

15 1luorophenyl)urea; 

N-(4·{ 4-amino-7-[l -(2-hyd1·oxycthy 1)-1 H-pyrazol-4-ylJthieno[3,2-c jpyridin-3-yl} phenyl)-.N'-f 4-

( difluoromethox.y)phenyl'turea; 

N-[ 4-( 4-amino-7-{ 1-1 (25)-2-hydroxypropyl]-lH-pyrazol-4-yl} thieno[3,2~c Jpyridin-3-yl)phenyl]­

N'-(3-methyJphcnyl )urea; 

20 N-(4-{4-amino-7-[1-(2~hydroxy-2-methylpropyl)-I H-pyrazol-4-yljthieno[3,2-c)pyridin-3-

yl} phcnyl)-N'-( 4-methoxyphenyl)urea; and 

N-[ 4-( 4-amino-7-{ 1-l (28)-2,3-dihydroxypropyl]- lH-pyrazol-4-yl} thienol 3,2-c ]pyridin-3-

yl)phenyl]-N-( 4-n1ethoxyphc11yl)urea and therapcuticaJly acceptable saJts thereof. 

Still another embodiment pertains to N-(4-{4-mnino-7-11-(2-hydroxycthyl)-l H~pyrazol-4-

25 yl Jthieno[3,2-c]pyridin-3~yl}phenyl)·N'-(3-1luorophenyl)urca. 

Still another embodiment pertains to N-( 4-{ 4-amino-7-[l-(2-hydroxyethyl)-IH-pyrazol-4-

yl]thieno[3 ,2-c ]pyridin-3-yl }phenyl)·N-{ 4-( difluoromcthoxy )phenyl]urca. 

Still another embodiment pertains to N-[4-(4"amim.>-7-{1·[(2.'))-2-hydroxypropyl]-1H­

pyrazol-4-yl} thieno[3,2-c ]pyridin-3-yl)phenyl f-N-(3-methylphcnyJ)urea. 

30 Stm another embodiment pertains tu N-(4-{4-amino-7-[1-(2-hydroxy-2-methylprnpyl)-

l H-pyrazol-4-yl]thicnof 3,2-c ]pyridin-3-yl} phenyl)-N-( 4-methoxyphenyl)urea. 
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Still another embodiment pertains to N-[ 4-( 4-amino-7-{ 1-[(25)·2,3-dihydroxypropy!l· 1 H­
pyrazol-4-yl} thleno[3,2-c /pyridin-3-yl)pbeny l]-N'-( 4-methoxyphenyl)urea. 

StiU another embodiment pertains to a compound of formula I, and therapeutically 
5 acceptable saHs, prodrugs, esters, amides, salts ~1f prodtugs, salts of esters, and salts of amides 

thel'eof. 

Still another embodiment pertains to N-( 4-{ 4-amino-7-[ l ·(2-hydroxyethyl)-1.H-pyrazo14-
yfjthieno[3 ,2-c ]pyridin-3-yl} phenyl)-N-(3-fluorophenyl)urea, and therapeuticatJy acceptable 
salts, prodrugs, esters, amides, salts or prodrugs, salts of esters, and salts of amides thereof. 

l 0 Still au other embodiment pertains to N-( 4-{ 4-amino-7-[ 1-(2-hydroxyethyl)- l H-pyrm'.ol-4-
yl]thieno[3 ,2-c jpyridin-3-yl} phenyl)·.N'·l 4-( difluoromethoxy )phenyl] urea, and therapeutically 
acceptable salts. prodrugs, esters, amides, salts of prodrugs, sails of esters, and salts of amides 
thereof: 

Still another crnbodimcnl pertains to N-(4-(4-amino-7-{ 1-[(2.S)-2-hydroxypropyt·l-1 H-
15 pyrazol-4-yl} thienof 3,2-c ]pyridin~3-yl)phenyl l-N'-(3-methylphenyl)urca, mid therapeutically 

acceptable salts, prodrugs, esters, amides, salts ofprodrugs, sails of esters, and salts of amides 
thereof. 

Still another emb(1dimcnt pertains Lo N-( 4-{ 4~amirm-7-[ 1-(2-hydroxy-2-methylpropyl)-
1 H-pyrazol-4-yl]thjeno[3 ,2-c Jpyridin-3-yl} phenyl)-N-( 4-methoxyphcnyl )urea, and 

20 the:ra.pcuLically acceptable salts. prodrugs, esters, amides, salts of prodrugs, salts of esters, and 
!;alts of amides thereof. 

StiJl another embodiment pertains to N-f 4-( 4-amino-7-{ 1-1(25)-2,3-dihydroxypropyl]-111-
pyrazol-4-yl} thieuof3,2-c ]pyridin-3-yl)phenyll-N'-( 4-methoxyphenyl)urca, and therapeutically 
acceptable salts, prodrugs, esters. amides, salts of prodrugs, salts of esters, and salts of amides 

25 thereof: 

DETAILED DRSCRlPTTON OF THE 1NVENTION 
V ariablc moieties of compounds ~crein are represented by identffiers (capital letters with 

30 numerical and/or alphabetical superscripts) and may be specifically embodied . 
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Jt is meant to be understood that proper valences are maintaineq for all m<'>ieties and 

combinations thereot: and that monovalent moieties having more than one atom are attached 

through their left ends. 

It is also meant to be undcrstot">d that a specific embodiment of a variable moiety may be 

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

The term "alkoxy," as used herein~ refers to an alkyl group attached to the parent 

molecular moiety through an t)xygen atom. 

The temi "alkyl," as used herein, refers to a group derived from a straight or branched 

chain saturated hydrocarbon containing from one to ten carbon atoms. 

The terms "halo" and "halogen," a., used herein, refer to F, Cl, Br, or 1. 

The term ''haloalkoxy," as used herein, refers to a haloalkyl group attached to lhe parent 

molecular moiety through an (l:i<:ygen atom. 

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

substituted with at least one halogen, as defined herein. 

The term "hydroxy," a...:; used herein, refers to a-OII group. 

The term "hydroxyalkyl," as used herein, refers to an alkyl group substituted with at least 

one hydroxy group. 

20 The term "KDR" means kinase insert domah1 receptor (a. type III receptor tyrosine kinase) 

and is also known as FT.Kl, VEG.FR, VEGFR2, and CD309. 

The tenn ''VEGFR" means vascular endothelial growth factor receptor. 

The term "PDOl,.R" means platelet~derived growth factor receptor. 

Compounds of' this invention may contain asymmetricaJJy substituted carbon atoms in the 

ZS R or S configuration, wherein the tern1s '~R', and "S" are as defined in Pure Appl. Chem. (1976) 

45, 13-1 O. Compounds having a.-;ymmetricaUy substituted carbon al.oms with equal amounts of R · 

and S configurations are racemic at those atoms. Atoms having excess of o.nc configuration over 

the other are assigned the configuration in excess, preferably an excess of aboul 85%-90%, more 

preferably an exce~~ of about 95%-99%, and still more preferably an excess greater than about 
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99%. Accordingly, Lhis invention is meant to embrace racemic mixtures and relative and absolu~e 

diastereoisomers of the compounds thereof. 

Compounds of this invention may also contain carbon-carbon double bonds or carbon­

nitl.'ogen double honds in the E or 7. configuration, wherein the tem1 "E,, represents higher order 

5 substitucnts m1 opposite sides of the carbon-carbon or carbon-nitrogen double bond and the term 

"Z" represents higher order substitucnts on the same side or the carbon-carbon or carbon­

nitrugen double bond as determined by the Cahn-Ingold-l?relog Priority Rules. The compounds 

of this invention may also cxi.sl as a mbcturc of "E" a11d "Z" isomers. 

Compounds of this invention may also exist as tautomers or cqu.ilib1ium mixtures 

1 o thereof wherein a proton of a compound shifts from one atom to another. Examples of tautomers 

include, but are not limited to, keto-enol, pheno1-keto, oxime-nitroso, nitro-aci, iminc~enaminc 

and the like. 

C(1mpounds of this invention containing NH, C(O)OII, OH or SH moieties may have 

attached thereto prodrug-fonning moieties. The prodrug-forming moieties are removed by 

15 metabolic processes mid release the compounds having the freed NH, C(O)OH, OU or SH in 

vivo. Prodrugs are useful fM adjusting such phanuacokineiic properties or lhe compounds as 

so1ubility aud/or hydrophobicity, absorption in the ga.'!lrointestina1 tract, bioavailahility, tissue 

penetration, and rate of clearance. 

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

20 processes, may a.lso have utilily for treating diseases associated with ovcrexpression or 

disregulalion of protein kinases. 

25 

Certain precursor compounds which may be metabolized in vitro or in vivo to form 

compounds of this invention may also have utility for treating diseases associated with 

ovcrexpression or disregulation of protein kinases. 

Compounds of this invention rnay exist as acid addition salts, basic addition salts or 

zwitterions. Salts of compounds having Formula I are prepared during their isolalion or 

following their purification. Acid addition salts are those derived fi'orn the reaction of a 

compound of this invention with acid. Accordingly, salts including the acetate, adipate, alginate, 

bicarbonate, citrate, aspartate, benzoate, benzenesulfonate (besylatc), bisulfate, butyrate, 

30 camphorate, campbt)rsufonate, digluconate, formate, fumaratc, glycerophosphate, glutamate, 

hemisulfate, hcptanoate, hexanoate, hydrochloride~ hydrobromide, hydroiodide, lactobionale, 
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lactate, malcate. mesitylencsulfonate, methanesul fonate, 11aphlhylenesulfonate, nicotinale, 

oxalate, pamoate, pectinatc, persu)fate, phosphate, picratc, propionate, succinate, tarlrate, 

tl:Uocyanate, trichloroacetic, trifluoroacetic, para-toluenesulfonatc and undecanoate salts of the 

compounds of this invention arc meant to be embraced by this invention. Basic addition salts of 

5 compounds are those derived 1rum the reaction of the compounds of this invention with the 

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

calcium and magnesium. 

Compounds having Formula I may be administered, for example, hucally, ophthalmically, 

IO orally, osmotically, parcntendly (intramuscularly, intraperintoneally intl'asternally, intravcnous1y, 

subcutm1eously), rectally, topica11y, lransdermally, vaginally and intraartcriaJJy as welt as by 

intraarticular injection. infusion, and placement in the body, such as~ fbr example, the 

vasculaiure. 

15 TherapeuticaBy effective amounts of a compound having Formula I depend on recipient 

of treatment, disease treated and severity thereof, composition comprising it, time of 

admini.strutiou, route of' administration, duration of treatment, potency, rate of clearance and 

whether or not another drug is co-administered. The a.mount or a compound having Fom1ula I 

used to make a co111position to be administered daily to a palient in a sing1e dose or in divided 

20 doses is from about 0.03 to about 200 mg/kg body weight. Single dose con1positions contain 

these amourtt') or a combination of submu1 Uples thereat: 

Compounds having .Fonnula I may be administered with or without an excipienL 

Excipicnts 'include, but are not limited to, encapsulators and additives such as absorption 

25 accelerators. antioxidants1 binders, bullets, coating agents, coloring agents, diJuents, 

disintegrating agents, emulsifiers~ extenders, fillers, flavoring agents, lmmectants. lubricants, 

perfumes, preservatives, propellants, releasing agents, sterilizing agents. sweeteners, so1 ubilizcrs, 

wetting agents, mixtures thereof and the like. 

30 Excipicnts fbr preparation of compositions comprising a compound having formula I to 

be administered orally include, but are not limited to, agar, alginic acid, aluminum hydroxide, 
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benzyJ alcohol, bem:yJ benzoatc, 1,3-butylenc glycol, carbomcrs, castor oH, cellulose, cellulose 

acetate, cocoa butter, com starch, corn oil, cottonseed oil, cross-povidone~ diglyccrides, ethanol, 

ethyl cellulose, ethyl laureate, ethyl oleate, fatty acid esters, gelatin, gem1 oil, glucose, glycerol, 

groundnut oil, hydroxypropylmcthyl celluose, isopropanol, isotonic i;aline, lactose, magnesium 

5 hydroxide, magnesium stcarate, malt, mannitol, monoglyccrides, olive oil, peanut oil, p()lassium 

phosphate salts, potato starch, povidonc, propylene glycol, Ringer's solution, safflower oiJ, 

sesame oil, sodium carboxymethyl cellulose, sodium phosphate salts, sodium lauryl sulfate, 

sodium sorbitol, soybean oil, stearic acids, stearyl tbmarate, sucrose, surfa.ctants, talc, tragacanth, 

tetrahydrofi.nforyl alcohol, tri~lycerides, water, mixtures thereof and the like. Excipients for 

IO preparatit)n of compositions comprising a cumpound having Formula I to be administered 

ophthalmically or orally include, but are not limited to, 1,3-butylene glycol, castor oil, com oil, 

cottonseed oil, ethanol, fatty acid esters of sorbitan, germ oil, grou11d11ut oil, glycerol, 

isopropanol, olive oil, polyelhylenc glycols, propylene glycol, sesame ui1, water, mixtures thereof 

and the Hke. Excipients for preparation of compositions comprising a compound having Formula 

15 I to be administered osmoticaHy include, but are not limited to, chlorofluorohydrocarbons, 

~thanol, water, mixtures thereof and the like. Excipients for preparation of compositions 

comprisirtg a compound having Formula I to be administered parentcrally include, hul are not 

limited to, 1,3-butanediol, castor oil, corn oil, cottonsi::ed oil, dextrose, germ oil, groundnut oil, 

liposomes, o1eic acid, olive oil, peanut oil, Ringer's solution, safflower oil, sesame oil, soybean 

20 oil, ·u.s.P. or isotonic sodium chloride solution, wa.ter, mixtures thereof and the like. Rxcipients 

for preparation of compositions comprising a compO'Lind having Fonnula I to be administered 

rectally or vaginally include, but are not 1imited to, cocoa butter, polyethylene glyc<.ll, wax, 

mixtures thereof and the like. 

25 Compounds having Formula 1 are expected to be u!5efhl when used with 

alkylating agents, angiogenesis inhibitors, antibodies, antimctabolites, antimitotics, 

antiprolifcratives, aurora kinase inhibitors, other apoptosis promoters (for i::xarnple, Bcl-xL, Bcl­

w and lltl·l) inhibitors, 13cr-Abl kinase inhibitor$, BiTE (Bi-Specific T pell F.ngagcr) antibodies, 

biologic response modifiers, cyclin-depcndent kinase inhibitors, cell cycle inhibitors, 

JO cyc1ooxygenase"2 inhibitors, DVD's, lcuki::mia viral oncogene homolog (Erbl32) receptor 

inhibitors, growth factor inhibitors, heat shock protein (IISP)-90 inhibitors, histone deacetylase 
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(HDAC) inhibitors, ho1monal therapies. immunologicals, inhibitors of apoptosis proteins (IAP1s) 

intercalating antibiotics, kinase i.nhibiLors, mamrnalian target of rapamycin inhibitors, 

111icroRNA's mitogcn-activatcd ex~racellular signal-regulated kinase inhibitors, multivalent 

binding proteins, non-steroidal anti-inflammatory drugs (NSAlDs), poly ADP (adenosine 

5 diphosphate)-rihose polymerase (PARP) inhibitnrs, platinum chemotherapeutics, polo-like kinase 

(Plk) inhibitors, protcosome inhibitm·s, purine analogs, pyrimidine analogs, receptor tyrosine 

kinase inhibitors, rctinoids/dcltoids plant alkaloids, small inhibitory ribonucleic acids (siR.NA's), 

topoisomerase inhibitors, combinations thereof and the like. 

10 

15 

A BiTE antibody is a bi~specific antibody that directs T-cells to auach cancer cells by 

simultaneously binding the two cells. The T-ccll the11 attacks the target cancer cell . .Exemplruy 

BiTB antibodies include adecatumumab (Micromet MT201), blinatumomab (Micromet MT103) 

and the like. 

SiRNA's are molecules having endogenous RNA bases or chemically modified 

nucleotides. The modifications sha11 not abolish cellular activity~ hut rather impart increased 

stability and/or increased cellular potency.' Examples of chemical 111odifications include 

phosphorothioate groups, 2'-deoxynucleotide, 2'-0CII3-containing ribonuclcotides, 2'~.F­

ribonuclcotides, 2'-mcthoxyethyt ribonuclcotides or a combination thereof. The siRNA can have 

20 varying lengths (I 0-200 bps) and structures (hairpins, single/double st.rands, bulges, nicks/gaps, 

mismatches) and processed in the cell l<.> provide active gene silencing. In certain embodiments, 

a double-stranded siRNA (dsRNA) can have lhe same number of nucleotides <.m each strand 

(blunt ends) or asymmetric ends (overhangs). The overhang of l-211uclcotides can be present on 

the sense and/or the antiscnse strand. as well as present on the 5'- and/ or the 3'~cnds of a given 

25 strand. 

Multivalent binding proteins are binding proteins comprising two or more anLigen 

binding sites. The multivalcnl hinding proLein is preferably engineered to have the three or more 

antigen binding sites and is gene.rally .not a naturally occurring antibody. The term "multispecific 

30 binding protein" means a binding protein capable of binding two or more related or mirclaLed 

la1gets. Dual variable dt'>main (UVD) binding proteins arc lelravalcni or multivalent binding 
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proteins binding proteins coinprising two or more antigen binding sites. Such DVDs may be 
monospccific, i.e., capable of binding one antigen or multispecific, i.e., capable of binding two or 
more antigens. DVD binding proteins comprising two heavy chain DVD polypeptides and two 
light chain DVD polypeptides are referred to~ DVD lg . .Each haJ r of a DVD lg comprises a 

5 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, bendamustinc, 

IO brosta11icin, busulfon, ca.rboquone, carmustine (BCNU), chlorambucil, CLO.llli'l'i\ZINR® 

(laromustine, VNP 40101M), cyclophosphamidc, dccarbazine, est.ramustirte, fotemustinc, 
gJufosfamide, ifosfamide,.KW-2170, lomustine (CCNU). mafosfamide, melphalan, mitobronitol, 
mitolactol, nimustine, nitrogen mustard N-oxide, rnnimustinc, temo7.olomide, thiotepa, 

TREANDA<.© (bendamustine), lreosu1fan, rofosfamide and the like. 

15 

Angiogenesis inhibitors include endothelial-specific receptor tyrosine kinase (Tie-2) 
inhibitors, epidermal growth foctor receptor (EGFR) inhibitors, insulin growth factor-2 receptor 
(TGFR-2) inhibitors, matrix metalloprotcinase-2 (MMP-2) inhibitorn, matrix metalloproteinase-9 
(MMP-9) inhibitors, platelet-derived growth factor receptor (PDGFR) inhibitors,. 

20 thrombospondin analogs, vascular endotheHal gi:owth factor receptor tyrosine kinase (VEGFR) 
inhibitors and the like. 

Anlimetabolites include AI JMTA@ (mctrcxcd disodium, L Y23 I 514, MTA), 

5-azacitidine~ XRLODA(Hl (capccitabine), cam10:fur, LEUSTAT® (cladribine), c1ofarabine, 

25 cytarabine, c.:ytarabine ocfosfo:Le, cytosine arabinoside~ decitabine, dcforoxamine, doxitluridine, 

cflornithine, ETCAR (5-ethynyl· l-~ -D-ribofuranosy1imid~ole-4~carboxamide), enocitabinc, 

ethnylc.:ytidine, fludarabine, 5-fluorouracil alone or in combination with leucovori.11, GEMZAR® 

(gcrncitahine), hydroxyurca, i\LKRRAN@(melphalan), mercaptopurinc, 6-mercaptopurinc 

riboside, mcthotrcxate, mycopheuolic acid, nelarabine, nolatrcxcd, ocfbsfate, pclitrcxol, 

-23 -

RECTIFIED SHEET (RULE 91) 
ISA/EP 



5 

WO 2010/065825 PCT/US2009/066725 

ptmtostatin, raltitrcxcd, Ribavirin, tria.pinc, trimetrexate, S-1, tiazofurin, tegafi.lr, TS-I, 

vidarabinc, UFT and the like. 

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

Bcl-2 proteins inhibitors include AT-IOI ((-)gossypol). OENJ\SENSR® (03139 or 

oblimcrsen (Bcl-2-targeting antiscnse oligonuc\eotide)), lPl-194, IPT-565, N-( 4-( 4-(( 4'­

ch1oro( 1, 11-biphenyl)-2-yl)mcthy l )piperazin-1-yl)bcnzoy I )-4-( ( ( 1 R)-3 -(dime thy lam i no )-1-

( (pheny lsuJfanyl)methyl)propy l)amino )-3 ~nitrobcnzcnesul fbnamide) (ABT-737), N-( 4-(4-((2-( 4-

1 o chlorophenyl)-5,5-dimethy 1-1-cyclohex-l-cn-l-yJ)methyl)piperazin-l-yl)ben:'.oyl)-4·((( I R)-3-

(morphoJin-4-yl)-1-((phenylsulfa.icyJ)methyl)propyl)amino )-3-

( (trifl m)T(1methyl)sulfonyl)bcnzene!';ulfonamide (ABT-263), GX-070 (obatoclax) and the like. 

Bcr-Abl kinase inhibitors include DASATlNIBlRl (BMS-354825), GLEEVEC® (imatinib) 

15 and the like. 

20 

CDK inhibitors include AZD-5438, BMI·l040, BMS-032, BMS-387, CVT-2584, 

llavopyridol, OPC-286199, MCS-5A, PD0332991, PHA-690509, scliciclib (CYC-202, 

R-roscovitinc), ZK-304709 and the like. 

COX-2 inhibitors include ABT~96'.3, ARCOXIA'J..\i (etodcoxib), BEXTRA <.6J (valdcco:xih), 

BMS347070, CELEBREX\Jl) (cclccoxib), COX-189 (lumiracoxib), CT-3, DERAMAXXCJJJ 

(deracoxib), JTE-522, 4·methyl-2-(3,4wdimethylphenyl)-1-(4-sulfa.iuoylpheny1-1II-pyrrolc)., MK-

663 (etoricoxih), NS-398, parecoxib, RSM57067, SC-58125, SD-8381, SVT-2016, S-2474;T-

25 614, vroxx@ (rofecoxib) anc.I the like. 

30 

EUFR inhibitors include ABX-EGF, anti-EGFR in:ununolipo8omes, EG.F-vaccine, EMD-

7200, RRBITUX;ID (cctuximab), HR3, IgA antibodies, IRESSA
1

gi (gefitinib), T ARC.EVA® 

( erlotinib <.n· OSI-774), TP-38, EGFR fusion protein, TYKERB't!J (lapatinib) and the like. 
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RrbB2 receptor inhihiLors include CP-724-714, CI-1033 (canertinib), IffiRCEPTIN® 

(trastuzumab), TYKERB<il; (lapatinib), OMNITARG~ (2C4, petuzumab), TAK-165, GW-572016 

(ionafantlb), GW·282974, EKB-569, PI-166, dHER2 (HER2 vaccine), APC-8024 (HER-2 
vaccine), anti-HER/2neu bispecific antibody, B7.her21gG3~ AS tIER2 trifunctional bispccfic 

S antibodies, mAR AR-209, mi\B 2B-1 and the like. 

Histonc deacetylase inhibitors include depsipeptide~ LAQ-824, MS-275~ trapoxin, 
suberoyla.nilide hydroxamic acid (SAHA), TSA, valproic acid and the like. 

10 HSP-90 inhibitors include 17-AAG-na.b, 17-AAU, CNF-101, CNl•'-1010~ CNF-2024, 
17-DMAG, ge1danamycin, lP!-504, KOS-953, MYCOGRAB® (human recombinant antibody to 
HSP-90), NCS-683664, PlJ24FC1, PU-3, radicicol, SNX-2112, STA-9090 VER49009 and the 
like, 

15 Inhibitors of apoptosis pr<'>teins include ApoMab (a fully human a11inity-maturcd IgG l 
monoclonal antibody). antibodies that target TRAIL or death receptors (e.g., pro-apoptotic 

receptor agonists DR4 and DRS), conanunumab, RTR2-STOI. GDCOJ 45, (lexaturnurnab), IIGS-
1029, LDY-135, PR0-1762 and tratuzumab. 

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

25 

like. 

mTOR inhibitors include AP-23573, CCI-779, everolimus, RAD-001, r.apamycin, 
temsirolirnus and the like. 

Non-steroidal anti·inllammatory dmgs include AMIG.ESidil (salsala.te), DOLOBID'w 

(diflunisal), MOTRIN(R> (ibuprofen), ORUDIS® (kctoprofen), RELA1'EN00 (nabwnetone), 

FET .DENE® (piroxicazn), ibuprofen cream, ALEVRi© (naproxcn) and NAPROSYN'l-0 (naproxcn), 

VOLTAREN® (dicJofenac), INDOCIN® (indomcthaci11» CLTNORILtID (sulinclac), TOLECTIN® 

30 (tolmetin), LODINE® (etodolac), TORADOL'~ (ketorolac), DA YPRO'!ll (oxaprozin) and the like. 
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PDGFR inhibitors include C-451, CP-673, CP-868596 and the like. 

Platinum chemotherapeutics include cisplath1, ELOXATrN® ( oxaliplatin) eptaplatin, 

5 lobaplatin, ncdaplatin, PA.RAPLATrNr.© (carboplatin), $atrap1atin and the like. 

10 

Polo-like kinase inhibitors include BT-2536 and the like. 

Thrombospondin analogs include ABT-5 l 0, ABT -567,, TSP-1 and the like. 

VEOFR inhibitors include J\. V ASTIN® (bcvaci:.wmab), ABT-869, AEE-788, 

ANGlOZYMETM (a .l'ibozymc that inhibits angiogenesis (Ribozyme Pharmaceuticals (.l3oulder, 

CO.) and Chiron, (Emeryville, CA)), axitinib (AG-13736), AZD-2171, CP-547,632, lM-862, 

MACUGEN (pegaptamib), NEXA VAR® (sorafcnib,, BAY43-9006)., pazopanib (GW-786034), 

15 va.talanib (PTK-787,, ZK-222584), SUTF.NT® (suniti~ih, SU-11248), VEGF trap, ZACTJMATM 

(vandctanib, 7.D-6474) and the like. 

Antibiotics include intercalating antibiotics aclarubicin, actinomycin D, amrubicin, 

annarnyci.11, adriarnycin, 13LENOXANF.i:gi (blcomycin), daunorubicin, CAELYX® or MYOCET'.19 

20 (lipo~omal doxorubicin), e)samitrucin, epirbucin, glarhuicjn, ZA VEDOS® (idambicin), 

mitomycin C, nemombicin, neocurzinostatin, peplomycin. pirarubicin, rcbcccamycin, 

slimalamer, strcptt'>zocin, VALSTAR00 (valrubicin), zinostatiI1 and the like. 

Topoisomerasc inhibitors include aclarubicin, 9-aminocamptothccin, amonafi.dc, 

25 amsacrine, bccatecarin, belotccan,, BN-80915, CAMPTOSAR\)i;l (irinotecan hydmchlodde), 

carnptothecin, CARDTOXANE(~l (dexrrui:oxine), diflomotecan, edotccarin, ELLENCE<.IP or 

PHARMORUDIC1N
1~ (epirubicin), ctoposide, exatecan, l 0-hydroxycarnptolhecin, girnatecan, 

lurtotecan, mitoxantrone, orathecin, pirarhucin, pixanlt()ne, rubitccan. sohuzoxanc, SN-38, 

tafluposide, topotecan and the like. 
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Antibodies include AV ASTI!l{~J (bcvacizumab ), C040-specific antibodies, chTNT-1 /B, 

denosumab, ERBJTIJXi© ( cctuximab ), IIUMAX-CD4(.© (zanolimumab ), 10.F IR-specific 

antibodies, lintuzumab, PANOREXiro (edrecolomab), RENCAR.EX<)C (WX 0250), RITIJXAN'Joe 

5 (dtuximab), ticilimumab, trastuzimab and and the like. 

Honnonal therapies include ARJMIDRX'8' (anastrozoJe), AROMASTN'i!) (excn1estane), 

arzoxifenc, CASODEXt!i> (bicaluiamide), CETROTTDE<ID (cctrorelix), degarclix, desloreHn, 

DESOPAN® (trilostane), dexamethasone, DROGENIL:~. (flutamidc), EVTSTA1~) (raloxifene), 

10 AFEMA™ (fadrozolc), FARESTON® (torernifene), FASLODEX(li) (fulvestrant), 1".EMARA@ 

(letrozole), formestanc, glucocorticoids, HECTOROL@ (doxercalciferol), RRNAOEL:lil 

(sevelamcr carhonate), lasofoxifone, leuprolide acetate, MEGACR® (megcsteroJ), MIF'EPRRX® 

(mi1epristone), NILANDRQNTM (nihnamide), NOLVADF.X® (tamoxilen citrate), PLRNAX1S™ 

(a.barclix), prednisone, PROPP.CIA@ (finasteride), rilostanc, SUPREFACTil(l (buserelin), 

15 TRELSTAR00 (luteinizing hormone releasing hormone (LHRH)), V ANTASl'Je (Histrelin implant), 

VETORYLtli> (trifostane or modra...:;ta11e), ZOLADEX'i.e (~osrelin, goserelin) and the like. 

Deltoids and relinoids include se<1calcitol (EB 1089, CB I 093 ), 1exacalcitro1 (KHl 060), 

fenretinidc, PANRETIN!li.l (aliretinoin), ATRAGRN® (Iiposomal tretinoin), TARGRETINI)\) 

20 (bexamtene), LOD-1550 and the like. 

PARP inhjbitors include ABT-888, olaparib, KU-59436, AZD~2281, AG-014699, BSI-

201, BGP-15, IN0-1001, ON0-2231 and the like. 

25 Plant alkalc.)ids include, bnt are not limited to, vincristinc, vinblastine, vindesine, 

vinorelbinc and the like. 

Protcasomti inhibitors include VET..CADEQil (hortezomib), MG 132, NP!-0052, PR-171 

and the like. 
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Examples ofimmunologicals include interferons and other immune-enhancing agents. 

Interferons Include interferon alpha. interferon alpha-2a, interfel'on alpha-2b, interferon beta, 

interferon gamma-I a, ACTIMMUNE® (interferon gamma· I b ), or interferon grunma-nl, 

5 combinations thereof and the like. Other agents include ALFAfl~RONEI)() ,(IFN-u), BAM-002 

(o;xjdized glutathione), DlJROMUNI)\) (tasonermin), BEXXAR® (tositumomab), CAMPATH(!'IJ 

(alcmtuzumab), CTLA4 (cytotoxic lymphocyte antigen 4), decarbmi:ine, denileukin, cpratLl:l.u111ab, 

GRANOCYTJ.l'ii> (lcnograstim), Jentinan, leukocyte alpha interferon, imiquimod, MDX-0 l 0 (ariii­

CTLA-4), melanoma vaccine, mitumomab, molgramostim, MYLOTAROTM (gemtuzumab 

10 ozogamicin), NEUPOUEN1
)\) (filgra.:;tim), OncoVAC-CL, OV AREX1~ (oregovomab), 

pemturnom~b (Y-muIIMFOl), PROV.ENGE~ (sipu1eucel-T), sargaramostim, sizofilan, 

teceleukfrl, THRRACYSrJ..i.> (Bacillus Calmcttc-Gucrin), uhenimex, VIRULIZINC!i> 

(immunotherapeutic, Loms Pharmaceuticals), Z-100 (Specific Substance of Maruyama (SSM))~ 

WF-10 (TetrachJorodecaoxide (TCDO)), PROLEUKrN<,r() (aldesleukin), ZADAXIN'l>.l 

15 (th.ymaJfasin), ZENAPAX~ (daclizumab), ZEVALIN® (90Y-lbritumomah tiuxetan) and the like. 

Biological response modifiers arc agents that modify defense mechanisms of' Jiving 

organisms or biological responses, such as survival, growth, or differentiation of tissue cells to 

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

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

Pyrimidine analogs include cytarabine (ara C or Arabinoside C), cytosine arabinosidc, 

doxitluridine, FLUDARA(ID (fludarabinc), 5-FU (5-llut')rouracil), floxuridinc, GEMZAR® 

(gemcitabine), TOMUDEX® (ratitrexed), TROXATYL™ (triacetyluridine troxacitabine) and the 

25 like. 

Purine analogs include LANVlS:ll> (thioguanine) and PURT-NETIIOLtRl (mcrcaptopurine). 

Anti.mitotic agents include halahulin, epothilone D (KOS-862)~ N-(2-((4-

30 hydroxyphenyl)am1nn)pyridin-3-yl)-4-methoxybenzcncsult'i.)namide, ixabepilone (BMS 247550), 
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@ 
pact itaxel, T AXOTRRE · ( docetax:el), PNUl 00940 ( 109881 ). palupilone, XRP-9881 (larotaxel), 

vinflunine, ZK-.EPO (synthetic epothilone) and the like. 

Compounds of this invention can also be used as radiosensitizcsr that enhance the 

S efficacy of radiotherapy. Examples of radiotherapy include external beam radiotherapy, 

teletherapy, brachtherapy and sea1ed, unsealed source radiotherapy and the like. 

Additionally, compounds having formula I may be combined with other 

chempthcrapcutic agents such al'; ABRAXANE™ (ABI-007), ABT-100 (fhrnesy1 transferasc 

10 inhibitor), ADVEXIN!!i) (Ad5CMV-p53 vaccine), ALTOCOR® or MEVACOR(w (lovastatin), 

AMPLIGEN® (poly I:poly C12U, a synthetic RNA), APTOSYN® (exisulind), A.R.BDIA
1
R,) 

(pamidronic acid), arglabin, L-asparaginase, atamestane (l-methyl-3,17-dionc-andmsta-1,4· 

diene)~ AVAGF.
1
Jf,l (tazarotene), AVE-8062 (combrcastatin derivative) BEC2 (mitumomab), 

cachectin or cachexin (tumo1· necrosis factor), canvaxin (vaccirte), CF.AV AC® (cancer vaccine), 

15 C.ELEUK® (cehnoleukin)~ CRPLRNR® (histamine dihydrochloride)., CERVARIX6.l> (human 

pa.pi1101navirus vaccine), CHOPQ(J (C: CYTOXAN® (cyclophosphamide); H: ADRIAMYCTN® 

(hydroxydoxorubicin); O; Vincristine (ONCOVIN
1
*°'); P: prednisone). CYPAT™ (cyprotcrone 

acetate), combrestatin A4P, DAB(389)EGF (catalytic and translocation domains of diphtheria 

toxin fused via a His-Ala linker to human epidenual growth factor) or TransMTD-107R™ 

20 (diphtheria toxins), dacarb;:1.1.:ine, dactinomycin, 5,6-dimcthybc.anthenone-4-acetic acid 

(DMXAA), eniluracil, .EVIZON™ (squalamine lactate), DIMERICIN.E1
).\) (T4N5 lipm;ome 

lotion), discodermolide~ DX-8951 f (exatecan mesylate), cnzasta:urin, F.P0906 (epitll.ilonc B). 

GARDASIL@ (quadrivalent human papillomavirus (Types 6, 11, 16, 18) recombinant vaccine), 

GASTRIMMUNR
1
li

1
, GENASENSE®, GMK (ganglioside conjugate vaccine), 0 VAX(lil (pn)stale 

25 cancer vaccine), ha!ofuginone, histerelin, hydroxycarbamide, ibandronic acid, TGN-101, IL-1:3· 

PE38, IL-l 3-PE38QQR ( cintredekin besudotox), lL-13-pscudornona.~ exotoxin, interferon-a., 

interferon-y, JUNOV ANTM or .M.EPACTTM (mifi:unurlide), Jonafamib, 5,10~ 

mcthylenctctrahydrofolate, miltefosine (hexadecylphosphocholinc), NEOVASTAT®(AE-941), 

NEUTR.EXIN'}I) (trimetrexale glucumnate), NIPENTo:© (pentostatin), ONCONASE® (a 
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ribonucleasc en:1.yme), ONCOPHAGI:i'!il (melanoma vaccine treatment), ONCOV AX® (IL·2 

Vaccine), ORATHEClN™ (rubitecan), OSJDEM~.\(> (antibody-hm>ed cell drug), OVAREX;&: MAh 

(murinc monoclonal antibody), paditaxel, PANDIMEXTM (aglycone sapon.ins from ginseng 

comprising 20(S)protopanaxadio1 (aPPD) and 20(S)protopanaxatriol (aPPT)), paniturnumab, 

5 PANVAC<l'il-VF (investigational cancer vaccine), pegaspargasc, PEG Interferon A, phcnoxodiol, 

procarbazine, rebimastat, RRMOV ABrlli (catumaxomab), REVLIMID® (lenalidomide), RSR 13 

(efo.prox:iral), SOMATULJN.El)(J LA (Ian.rcotide), SORJATANR® (acitretin), staurospurine 

(Strcptomyces staurospores), talabostat (PTIOO), TARGRlfflN1~ (bexarotcne), TAXOPREXIN~0 

(DIIA-paclitaxel), T.ELCYT A<~) (canfosfamide, TLK286), temilifone, TEMODAR.:ID 

Io (temozolomide), tesmilifone, thalidomide, THERATOPRrJ.i> (STn-KLH), thymitaq (2-amino-3,4-

dihydro-6-methyl-4~oxo-5-(4-pyridylthio)quinawline dihydrochloride), TNFF.R.Al.JE™ 

(adeuovector: DNA carrier containing the gene for tumor necrosis factor-a), TRACLEER1
)i;> or 

ZAVRSCA@ (bosentan)~ tretinoin (Retin·A), tetrandrine, TRISF.NOX® (arsenic trioxide), 

VIRULIZTN®, ukrain (derivative of alkaloids from ihe greater celandine plant), .vitaxin (anti-

15 alphi.ivbeta3 antibody), XCYTRIN® (motcxafin gadolinium), XINLA Y™ (atrasentan), 

XYOTAX™ (paclitaxel poliglume:x). YONDELIS00 (lrabectcdin), ZD-6126~ ZlNECARD® 

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

To determine Aurora B activity of representative compounds or the invention, Active 

20 Aurora B enzyme (recombinant residues t-344) and INCENP (recombinant GST fusion protein 

(Upstate)) were incubated in wells ora 384 wclJ plate with biotinylted histone Il3 peptide 

residues 1-21 (Upstate), I mM ATP, and various concentrations of inhibitors in a HEPES buffer, 

pH 7.4 containing MgCh, sodium othrovanadate, and Triton X-100. After I hour, the reaction 

was stopped with EDTA and anti-phospho-histonc H3 Europium Cryptate (Cis-Bio) and SA-

2.S A.PC (Phycolink, Prozyme) were added to detect the phosphopcplide. The amount of 

phosphorylation was detennined by the time-resolved fluorescence ratio of signals at 665 nm and 

615 nm. The JCso 's were calculated by an exponential fit of the inhibition values with the 

inhibitor concentrations Ui>ing Assay Explorer software. 
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To determine Aurora A and C activity of represeutativc compounds of the invention, 

Active Aurora A or C enzyme was incubated in wells of a 384 welJ plate with biotinylated STK 

substratc-2 (Upstate), 1 mM ATP, and various concentrations ofinhlbitors in a Hepes buffer, pH 

7.4 containing MgCI2. sodium othrovanadate~ and Trjton X-100. After l hour, the reaction wa.o:i 

S 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 

detem1ined by the time-resolved fluorescence ratio of signals at 665 nm and 615 nm. The IC5Q!:! 

were calculated by an exponential fit of the inhibition values with the inhibitor concentrations 

using Assay Explorer software. 

Io To determine the activity of the various kina.!3es, a homogenous time-resolved 

lluorescence (IITRF) 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 PemeH, John S. Major and Gerard Malhis, Drug Discovery Today, 1998, 3, 

333-342.) 

15 For example for KDR, cKIT, FL Tl, CSFl R and FTL3, purified enzyme was mixed with 

0.5 µM N-biolinylated substrate (Biotin-Ahx-AEREYFFLA-amidc (S.EQ. ID. 1)), various 

concenttationi;; ofinhibitor in reaction buffer (50 mM IIEPES, pH 7.1, 10 mM MgCh, 2 mM 

MnCh, 0. t % RSA and 1 mM DTT, 40 ~tL final volume), ATP (I mM final C(mc.) in a black 384-

well plate. After 60 minutes incubation at room temperature, the reaction wa'$ quenched by 

20 addition of a buffered EDT.A s0Jutio11 (final approximate concentrations: 30 mM EDT.A, 0.1 % 

BSA, 0.1 % Triton X-100 and 0.24M KF) and a solution of revelation agents (to give 

0.084ng/well strcptavidin-XL-665 (Cis-Bio) and 6.Sng/well anliphsophotyrosinc mAb PT66-K 

.Europium kryptate) was added to the reaction mixture. The quenched reaction W<Ul allowed to 

stand.at room temperature for 3 hours and wa.., then read in a time-resolved fluorescence detector 

25 (lnVision, Perkin-Elmer) at 620 nm and 665 nm sequentially with excitation. The ratio between 

the signal of 620 nm and 665 nm was used in the calculalion of the IC so. 

30 

Details fbr the various kinases are shown in Table I (Table 1 discloses "His6" and "IIis(6)11 as 

SEQ ID NO: 2). 

Table 1 

.__[ _ __,_ _ _.._ __ _! . ~:'. .. R~: .. J 
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... 
ASSAYS 

Enzyme Co11slrud MW(kD) £01_ 

Rt11dion 

Cone. 

(ng/wtll) 

KDH. His6·KDR <i::i' 7 

7~9-\354 

i--~kri· . ·-OST- 71) 4 

Fusion 

Fl..TI His<•·Tag 65 -
CSl"-ir" M·llis{6)· :fo lO 

... 

CSF·lR 

C.)547• 

<'.'972 

-'fr:fa M·Ilis(6)· 50 0.6 ·-
fLT.3 

QS69· 

S993 
-· 21)-PllC.ll-'R- GST- JOO 

hcta Fwion .. 

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

kinascs. 

Example 

1 

2 

3 

4 

5 

6 

Table 2 

VEGRF family PDGFR Family 

KDR 

rc~w (µM) 

0.00159 

0.00265 

0.0016 

0.00501 

0.00183 

0.00218 

FLTl CSF1R fLT3 

!Cso (µ.M) lCso (µ.M) ICso (ftM) 

0.00125 0.00342 0.0013 

0.0021 0.00222 0.00113 

0.00204 0.00562 0.00218 

0.00429 0.00787 0.00193 

0.00145 0.00134 0.00122 

0.0019 0.00274 0.00181 
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0.01258 
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Table 3 

Aurora B Aurora A 

IC50 (~tM) TC;o (µM) 

Example 

1 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 µL final volume) were catTied out in NUNC polypropylene deep well plates 

in SO mM potassjum phosphate buffer, pII 7.4, using a microtitcr plate shaker in a 37 °C 

15 incubator. Pooled human liver microsomcs (BD Gentest, 50 µg/mL) were incubated with 5 
concentrations or test compound (from 0.1 µM to 10 µM), l mM NADPH (Sigma), and 2 µM 

midazolam (Sigma). A constant amount of dimcthy1su1foxidc (I%) was added to the inc1,.ibatio11s 

with the test compounds, and each analysis was pcrfonned in duplicate. For preincubatio11 

experiments (Pre), t11c microsomes, test compounds~ a11d NADPH were mixed and incubated 30 

20 minutes befrlre addition ol'midazolam. For c.:oincubalion experiments (Co), the compounds, 

microsomes, and midazolam were mixed and the reaction initiated by addition ofNADPH to the 

wells. ln both protocols, the complete reaction was tenninated alter 10 minutes of shaking by 

addition of 100 µL of a 1/1 mixture ofacetonilrile and methanol containing 0.33 µMl· 

hydroxytriaz.olam. 

25 For analysis, an aliquot of each well were translerre<l to an autosampler vial and I 0 µL 

injected onto a Shimadzu LC-1 OA HPT .c system equjpped 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 % acetic acid at a flow rate of at 0.4 mL/minute over S minutes. 

Midazolam, 1-hydroxytria:r.olam (internal standard), 1-hydroxymidazolam and 4· 

30 hydmxymidazolam were quantified by LC-MS/MS using an LCQ Duo (ThermoFinnigan). Th~ 

ratio of 1-hydroxymidazolam (CYP 3A4 product) and the internal standard at each concentration 
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of compound was used to calculate the% inhibition of activity rclalive to the ratio calculated for 
control incubations without inhibitor. In the absence ofNADPH, no hydroxylation ofmidazolam 

was observed. Kctoconazole was used as a st.andard inhibitor~ which at 0.1 µM produces 70-80% 

inhibition of CYP 3A4. The lCso (lhe concentration at which 50% of the enzyme is inhibited) 

5 wa.'; calculated for Examples 1-5 and .Example 6 (described as EXAMPLE 703 in WO 

2005110009) and is shown in Table 4 below. 

1--•. 

EXAMPLE l 

-

.EXAMPT.R 2 

EXAMPLE3 
-

EXAMPLE4 
. -

... 
EXAWLE5 

.. EXAMPLE6 
,_ -

.... 

Table 4 

inc1..lbation 

Conditions 

Co 

Pre 

Co 
.. 

Pre 

Co 

Pre 

Co 

Pre 

Co 
-

Pre 

Co 

Pre 

IC~o 

(µM) 

>IO 

>JO 

>IO 

>10 

>10 

>10 

>10 

>10 

:>10 

>10 __ .. 
.30 

.76' 

The data in tables 2, 3 and 4 illuslrate the utility of the compounds of this invention as 
IO 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 IC so of >IO µM in the above assay. 

The struchiral 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 utility as an inhibitor of protein kinascs having close structural 

homology thereto, such as, for example, Aurora-kinase A and Aurora-kinase C. 

nata for Example 1 is shown in Table 5. 

5 Table 5 

AuroraB Aurora A Aurorae 

HTRF HTRF IITR.F 

Example !Cso (~tM) ICso (~tM) TC;;o (µM) 

t 0.007 0.120 0.001 

This data demonstrates the utility of Example l as ru1 inhibitnr of Aurora-kinase A and 

Aurora-kinase Band Aurora-kinase C. 

IO Accordingly. compounds of this invention are expected to have utility in treatment of 

diseases during which protein kinases such as any or all Aurora-kinase family members are 

expressed. 

Involvement of Aurora Kinase in pancreatic carcinoma cells is reported in Zhu, J., et al., 

15 AURKA Ampllfication, Chromosome Instability, A11d Ccntrosorne Abnormality in Human 

Pancreatic Carcinoma Cells. Cancer Genet. Cytoge.net., 2005. t 59(1): p. l 0-l 7; and Li D., Zhu J., 

Firozi P. f., ct al. Overexpression ofOnC•Jgenic STKI5/BTAK/Au.rora A Kinase in Human 

Pancreatic Cancer. Clin. Cancer Res. 2003; 9:991·7. 

20 Involvement of Aurora Kinase in non-small cell lung carcinoma is repo11ed in Smiih, 

S.L., et al., Overexpression of Aurora B Kinase (AURKB) in Pdmary Non-Small Cell Lung 

Carcinoma is Frequent, Generally Driven from One Allele, and Correlates with the L~vel of 

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

25 Involvement of Aurora Kina.'le in prostate cancer fa reported in Chielli, P., ct al., Aurora 

B Expression Directly Correlates with Prostate Cancer Malignancy. Prostate, 2006. 66(3): p. 326-
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33; and Chicffi P., Co?..zolino L., Kisslinger A., ct al. Aurora B Expression Directly Correlates 
with Prn!ilate Cancet· Malignancy and Int1ucnces Prostate Cell Proliferation. Pn)sta.te 2006; 
66:326-33. 

5 JnvoJvemeut of Aurora Kinase in head and neck squamous ccH carcinoma is reported in 
Reiter, R., et al., Aurora Kinase A Messenger RNA Overexprcssion is Correlated with Tumor 
Progression and Shortened Survival in Head and Neck SquarnotL'.l Cell Carcinoma. Clin Cancer 
Res, 2006. 12(17): p. 5136~41. 

l O Involvement of Aumra Kinase in acute mycloid leukemia is reported in Walsby E., Walsh 
V., Pepper C., BunieU A., and Mills K. IIaemato1ogica. 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 AIKl is Ovcrcxpressed in 

l 5 Invasive Ducta] Carcinoma of The Breast. Cancer Res. 1999; 59:2041-4; Miyoshi Y., Jwao K., 
Egawa C., Noguchi S. Association of Centrosomal Kinase ST.K.15/BTAK Mrna Expression with 
Chromosomal Instability in Human Brea')t Cancers. Int. J. Cancer 2001; 92:370-3; Hoque A., 
Carter J., Xia W., et aJ. Loss Of Aurora A/STK15/BTAK Overexpression Correlates with 
Transition of in Situ to hlvasive Ductal Carcinoma of the Breast. Cancer Epidemiol. Riomarkers 

20 Prev. 2003; 12:1518-22; Royce M. E., Xia W., Sabin A. A., et al. STK15/Aurora-A Expression 
in Primary Breast Tumors 'is Correlated with Nuclear Grade But Nol With Prognosis. Cancer 
2004; L 00: 12-9; Bt)dvarsd.ottir S. K., Hilmarsdottir H ., Birgisdottir V ., Stcinarsdouir M., 
Jona..;;son .J. G., Eyfjord J.E., Auro!'a-A Amplification As1'ociated with BRCA2 Mutation in 
Breast Tumours. Cancer Lett 2007; 248:96-102; Sen S., Zhou H., White R. A., A Putative 

25 Serine/Threonine Kinase .Encoding Gene BTAK on Chromosome 20ql :l is Amplified and 
Overexpresscd in Human Breast Cancer Cell Lines. Oncogene 1997; 14:2195-200; Lo Y. L., Yu 
J.C., Chen S. T., et aL Breast Cancer Risk Associated with Genotypic Polymmphism of the 
Mitosisre~'Ulating Gene .Aurora-A/STK 15/BTAK. In. J. Cancer 2005; J 15:276-83; Vidarsdottir 
L., Uodvarsdottir S. K .• HiJmarsdollir H., Tryggvadottir L., Ey1)ord J. E., Breast Cancer Risk 

30 Associated with AURKA 91 Ta Polymorphismin Relation to BRCA Mutations. Cancer Leu 
2007; 250:206-12; Cox D. G., Hankinson S . .E., Hunter D. J., Polymorphisms of the Aurka 
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(STK 15/ Aurora Kinase) Gene and Breast Cancer Risk (United Slates). Cancer Causes Control 

2006; 17:81-3; and Tchatchou S., Wirtenberger M., Hemminki K., et al. Aurora Kina.r:ies A and 13 

and Familial Breast Cancer Risk. Cancer Lett 2007; 247:266-72. 

5 Involvement of Aurora Kinase in lung cancer is reported in Smith S. L., Bowers N. L., 

Detticher D. C., ct al. Overexpression Of Aurora B Kinase (AURKB) in Primary Non small Cell 

Lung Carcinoma is Frequent, GencralJy Driven Fro111one Allele, and Correlates with the Level Of 

Genetic Instability. Dr. J. Cancer 2005; 93;719-29; Xu H. T., Ma L., Qi F.J., et al. Expression of 

Serine Threonine Kinase'l 5 is Associated with Poor Differentiation in Lung Sc.1uamous Cell 

Jo Carcinoma an<l Adenocarcinoma. Pathol. Int 2006; 56:375-80; Vischioni R., Oudejans J. J., Vos 

W.~ Rodribruez J. A., Giaccone G. Frequent Overexpression of Aurorc1. B Kinase, a Novel Orug 

Target, in Non-Small Cell Lung Carcinoma Patients. rVfol. Cancer Ther. 2006;5:290.5-13; and Gu 

J., Gong Y., Huang M., Lu C., Spitz M.R.,Wu X. Polymorphisms Of STKJ5 (Aurora.wA) Gene 

and Lung Cancer Risk in Caucasians. Carcinogenesis 2007; 28:350-5. 

15 

Involvement of Aurora Kinase in bladder cancer is reported in Compcrat E., Camparo P., 

Haus R., ct al. Aurora-A/STK~lS is a Predictive Factor tbr Recurrent Behaviour in Non-Invasive 

Bladder Carcinoma: A Study Of 128 Ca.'iei; of Non-Invasive Neoplasms. Virchows Arch 

2007;450:419-24; l•'raizcr G.C., Diaz M.F., Lee I.L., Grossman H.R., Sen S. Aurora-

20 A/STK15/BTAK Enhances Chromosomal Instability in Bladder Cancer Cells. Int. J. Oncol. 

2004; 25:1631-9; and Sen S., Zhou II .• Zhang R.D., et al. Amplificatio.n/Overexpression of A 

Mitt<>tic Kinase Gene in Human Bladder cancer. J. Natl. Cancer Inst. 2002; 94: 1320-9. 

Involvement or Aurora Kinase in csophage~tl cancer is reported in Tong T .• Zhong Y., 

25 Kong J., et al. Overexpression of Aurora-A Contributes to Malignant DevelQpment of Human 

Esophageal Squamous Cell Carcinoma. C1in. Cancer Res. 2004; I 0:7304-10; Yang S.B., Zhou 

X.B., Zhu H.X., et al. Amplification and Overexpressio.n of Aurora-A in Esophageal Squamous 

Cell Carcinoma. Oncol. Rep. 2007; 17:1083-8; and Kimura M.T., Mori T., Conroy J., et al. Two 

Functional Coding Single Nucleotide Polymorphisms in STK15 (Aurora-A) Coordinately 

30 Tncrna'le Rsophagea.1 Cancer Risk. Cancer Res 2005; 65:~548-54. 
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Involvement of Aurora Kinase in brain cancer is reported in Araki K., Nozaki K., lJeba 

T., Tatsuka M., Hashimoto N. High Rxprel'ision of Aurora-Bl Aurora and Ipll-Likc Midbody­

Associatcd Protein (AIM-1) in Astrocytomas. J. Neurmmcnl. 2004;67:53-64; Zeng W.F., 

Na.va.ratne K., Prayson R.A., Weil R.J. Aurora B Expression Correlates with Aggressive 

5 Behaviour in GJioblastoma Muliiformc. J. Clin. Pathol. 2007; 60:218-21; Reichardt W., Jung V., 

Brunner C., ct al. The Putative Serine/Threonine Kinase Gene STK t 5 on Chromosome 20q 13.2 

is Amplified In Human Gliomas. OncoL Rep. 200.3;10:1275~9; Klein A., Reicha1dt W .• Jung V., 

Zang K.D., Meese E., Urbschat S. Ovcrcxprcssion and Amplification of STKl 5 inhuman 

Gliomas. hlt. J. Oncol. 2004; 25: 1789-94; and Nebcn K., Korshw1ov A., Benner A., et al. 

Io Microarray Dased Screeni11g for Molecular Marker!) Nmedulloblastorna Revealed STK15 as 

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

Involvement of Aurora Kinase il1 liver cancer is reported in Jeng Y.M., Peng S.Y., Lin 

C.Y., Hsu H.C. Overcxprcssion and Amplification of Aurora-A in HepatoceJlular Carcinoma. 

15 Clin. Cancer Res. 2004; I 0:2065-71. 

Involvement of Aurora Kinase in head and neck cancer is reported in Zhao X., Li F.C., Li 

Y.H., et al. [Mutation of p53 and Ovcrcxprcssion Of STKl 5 in Laryngeal Squamous-Cell 

Carcinoma]. Zhonghua Zhong Liu Za Zhi 2005; 27: 134~7; Li F.C.~ Li Y.H., Zhao X., et al. 

20 !Deletion ofpl5 and pl6 Genes and Overexpression of STK15 Gene in Human Laryngeal 

Squamous Cell Carcinoma]. Zhonghua Yi Xue Za Zhj 2003; 83:316-9; Reiter R., Gais P., Jutting 

U., et al. Aurora Kinase 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 J., Kudo Y., et al. Aurora-B Expression and Jts Correlation 

25 with Cell Proliferation and Metastasis in Oral Ca11cer. Virchows Arch 2007; 450:297-302; and 

Tatsuka M., Sato S-> Kitajima S.~ et al. Ovcrcxprcssion of Aurora-A Potentiates HRAS-mcdiatcd 

Oucogenic Transformation and is Implicated in Oral Carcinogenesis. Oncogene 2005; 4: 1I22-7. 

Involvement of Aurora Kinase in thyroid cancer is reported in So1'.1'entino R.., Libertini S., 

30 Pallante P.I ,., el al. Aurora B Ovcrcxprcssiou Associates with the Thyroid Carcinoma 
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Undifferentiated Phenotype and is Required for Thyroid Carcinoma Cell Proliferation. J. Clin . 

.Endocrino1. Metab. 2005; 90:928-35. 

Involvement of Aurora Kinase in ovarian cancer is reported in Lassrnann S., Shen Y ., 

5 Jutting U ., ct al. Predictive Value of Aurora-A/STK 15 Expression for Late Stage Epithelial 

Ovarian Cancer Patients Treated By Adjuvant Chemotherapy. Clin Cancer Res 2007; 13:4083-

91; and Landen C.N., Jr., Lin Y.G., fmmaneni A., ct al. Overexpression of the Cenlrosomal 

Protein Aurora-A Kinase is Associated with Poor Prob1Ilosis in Epithe1ia1 Ovarian Cancer 

Patients. Clin. Cancer Res. 2007; 13:4098-104. 

IO 

Involvement of Aurora Kina.')e in renal cancer is reported in Kurahashi T.~ Miyake H., 

Ilal'a I., Fujisawa M. Significance of Aurora-A Expression in Renal Cell Carcinoma. Urol. 

Oneal. 2007; 25:128-33. 

15 Involvement of' Aurora Kinase in cndometrium cancer is reported in Moreno-J3ucno G., 

Sanchcz-Esteve:1: C., Cassia. R., et al. Differential Gene Expression Profile in Endomctrfoid and 

Nonendometrfoid Endometrial Carcinoma:STK15 is Frequently Overexpressed and Amplified in 

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

20 Involvement of Aurora Kina.o:ie in gastric cancer is reported in Ju II., Cho H., Kirn Y.S., et 

ul. Functional Polymorphism 57Va1>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., Nagasak.a T., 

25 Kashiwagi K .. Boland C.R.. Goel A. High Copy Amplification or the Aurora·A Gene is 

Associated with Chrommmmal hlstability Phenotype in Human Colorcctal Cancers. Cancer Biol. 

Thcr. 2007; 6:525-13; Bischoff J.R., Anderson L., Zhu Y., ct al. A Homologue of Drosophila 

Aurora Kinase is Oncogenic and Amplified In Human Colorcctal Cancers. E~fl30 J 1998; 

17:3052-65; Chen J., Sen S., Amos C.I., el al. Association Between Aurora·A Kinase 

· 30 Polymorphisms and Age of Onset of" Hereditary Nonpolyposis Colorectal Cancer in a Caucasian 

Population. Mol. Carcinog. 2007; 46:249-56; Hicnonen T., Salovaara R., MeckHn J.P., Jarvinen 
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H .• Karhu A.. Aallonen J ,,A. Preferential Amplification of AURKA 91A (llc3 l) in Familial 

ColorectaJ Cancers. Int. J. Cancer 2006; 118:505-8; and Ewart-Toland A, Bria!:lsouli l>., de 

Koning J.P., et a1. Identification 1Jf Stk6/STK15 as a Candidate Low-Penetrancc Tumor­

Susccptibility 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-NSTK15 T+91 A is a General Low Pcnctra.nce Cancer 

Susceptibility Gene: A Meta-Analysis of Multiple Cancer Types. Carcinogenesis 2005; 26: 1368-

10 73. 

15 

20 

Involvement of KDR (VEGFR2) in cancer and studies using VRGF-targeted therapy is 

reported in ElHs, Lee M., Hicklin, Daniel J. VEGF-Targeted Therapy:Mechauisms Of Anti­

Tumor Activity. Nature Reviews Cancer 2008; 8:579-591. 

Involvement of Aurora-kina.~es in bladder cancer, breast cancer, cervical cancer, colon 

cancer, cndomctrial cancer, 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 December:, 2004. 

Compounds or 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 steps in the processes 

may be varied, that reagents, solvents and reaction conditions may he substituted for those 

specifically mentioned, and that vuJnerable moieties may be protected and deprotcctcd, as 

25 necessary. For example, 3-bromothieno[3,2-e lpyridin-4-amine 

Protecting groups for C(O)OH moieties include, but arc not limiled to, acetoxymcthyl, 

ally!, benzoylmethyl, benzyl, beneyloxymethyl, tert-butyl, tert-butyJdiphenylsilyl, 

diphenylmethyl, cycJobutyl, cyclohexyl, cyclopcntyl .• cyclopropyl, diphenylmethylsilyl, ethyl, 

30 para-methoxyben:1:yJ, methoxymethyl, mcthoxyethoxymethyl, methyl, mcthylthiomethyl, 
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naphthyl. para-nitrobenzyl, phenyl, n-propyl, 2,2,2-trichlorocthyl, triethylsilyl. 2· 
(trimcthylsilyl)ethyl, 2-(trimcthylsilyl)ethoxymethyl, triphcnylmethyl and the like. 

Protecting groups for C(O) and C(O)H moieties include, but are not limited to, 
5 l,3Ndioxylketal, diethylketal, dimethylketal, 1,3-dithlanylketal, 0-methyloxime, 0-phenyloxime 

and t11e like. 

Protecting groups for NH moieties include, but are not limited to, acetyl, alanyl, benzoyl, 
bcnzyl (phenylmethyl), benzyHdcne, ben:t.yfoxycarbonyl (Cb:t), tert-butoxycarbonyl (Boe), 3,4· 

Io dimethoxybenzyloxycarbonyl, dipheuylmethyJ, diphenylphosphoryl, fonnyl, methanesulfony1, 
para-methoxyben:.i:yloxycarbonyl, phcnylaceiyl, phthaloyl, succinyl, trichloroethoxycarbonyl, 
tricthylsilyl, trifluoroacetyl, trimethylsilyl, triphenylmcthyl, triphenylsilyl, para-toluenesulfonyl 
and the like. 

15 Protecting groups for OH and SH moieties include, but are not limited to, acetyJ, allyl, 
allyloxycarbonyl, benzyloxycarbonyl (Cbz), benzoyl, benzyl, tert-butyl, tcrt-butyldimethylsilyl, 
tert-butyldipheny1silyl, 3A-dimethoxybenzy1, 3,4-dimethox:ybenzy1oxycarhonyl, l, l-dimcthyl-2-
propeny1, diphenylmethyl, formy1, mcthanesulfbnyl, methoxyacctyl, 4-
mctho:xyben.ryloxycarbonyl, para-methox:ybenzyl, mcthoxycarbunyl, met11yl, para-

2 O toluenes ulfbnyl, 2,2,2· trichloroethoxycarbonyl, 2,2,2-trichloroethyl, tricthylsil y 1, tri fl uoroaccty I, 
2-(trimethylsilyl)ethoxycarbonyl, 2-trimethylsilylethyl, lriphenylmethyl, 2-

(triphenylphosphonio )ethoxycarbonyJ and the like. 

The following abbreviations have the meanings indicated. 

25 AOOP means l, l 1-(azodicarbonyl)dipiperidine; AD-mix-~ means a mixture ()f (DHQD)2PHAL, 
K:ifc(CN)6, K2C03 and K2S04); AIBN means 2,21-azobis(2-methylpropionitrile); 9-BBN means 
9-horabicyclo(3.3. l)nonanc; Cp means cyclopcntadiene; (DHQD)2PHA.L means hydroquinidine 
1,4-phthalazincdiyl diethyl ether; DBU means l,8-diw.abicyclo(5.4.0)undec-7-e11e; DlBAL 
means diisobutylaluminum hydride; DIEA means diisopropylethylarniue; DMAP means 

30 N,N-<limethylaminopyridinc; 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 diphenylphosphoryl azide; dppb means 

1,4-bis( <liphenylphosphino )butane; dppc means 1,2-bis( diphenylphosphino )ethane; dppf means 

1 , 11-bis( dipheny lphosphino )ferrocene; dppm means l, 1-bis( diphenylphosphino )methane; RD AC 

means 1-(3-dimcthylaminopropyl)-3-ethylcarbodiimidc; Fmoc means fluorcnylmethoxycarbouyl; 

5 HATU n1eans 0-(7-azabenzotriazol-I-yl)·N~N'N'N'-teltamethyluronium hexa.nuorophosphatc; 

HMPA means hexamcthylphosphotamide; HOAT means l-hydroxy-7-a7.abenzotriazole; IPA 

meaus isopropyl alcohnJ; LDA means lithium diisopropylamide; LIIMDS means lithium 

bis(hexamethyldisilylam.ide); MP-BH:~ means macroporus triethyla.mmonium methylpolystyrene 

cyanoborohydride; LAH means lithium aluminum hydride; NCS means N-chlorosuccinimide; 

IO Py BOP means benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphatc; TBTl J 

means O-benzotriazol-1-yl-N,N,N' ,N' -tetramethyluronium telra11uoroborate; TD./\-1 means 

tris(2·(2-methoxyethoxy)ethyl)am.inc; TEA means irii:lhylamine; TFA means trifluoroacetic acid; 

THF mea11s tetrahydroft.uan; NCS means N-chlorosuccinimidc; NMM rnea11s 

N-methylmorpholine; NMP means N"methylpyrrolidine; PPh3 means triphenylphosphine. 

15 

20 

EXAMPLE 1 

N-( 4-{ 4-amino-7·[1-(2-hydroxycthy 1)-l H-pyrazol-4-yi]thicnof 3 ,2·c ]pyridin-3"y1} phenyl )·N'-(3-

fh1orophcnyl)urca 

EXAMPLE lA 

3-( 4-aminopheny1)-7-iodothieno[3,2-c jpyridin-4-amine 

A suspension of 3-hromothieno[3,2-c]pyridin-4-amine (13.7 g, 59.7 mmol), tert-butyJ 4-

(4,4,5,5-tctramethyl-1,3,2-dfoxaborolan-2-yl)phenylcarbamate (20 g, 62.7 mmol), 

tctralds(triphenylphosphine)palladium(O) (2.5 g, 2.1 rnmol) and Na2C03 (13.3 g, 125 mmol) in 

tetrahydrofuran (150 ml), methanol (40 mL) and water (80 .mL) was dega.<>sed, then stirred at 

25 reflux overnight. The reaction mixture was cooled to room temperature, then partitioned 

between ethyl acetate and water. The aqueous layer was extracted with additional ethy 1 acetate 

and the combined organics were dried (using MgSOi1), 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-butyl 4~(4-aminolhieno[3,2~c]pyridin-3-yl)phenylcarbamate. A 

30 solution of the crude product (59. 7 mmol based on 100% yield) in N,N-dimeth.ylformamide (80 

n1L) wa.o:i treated with N-iodosuccinimide (13.5g, 59.7 niol- added in portions) and the resulting 
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dark S(.)lution was stirred at room temperature for 2 hours, then partitioned between water (500 

mL) and ethyl acetate (100 mL) with NaCl added to facilitate layer separation. The aqueous 

layer wa'I extracted with additional ethyl acelate (2x 75 mL) and the combined organics were 

washed with sodium thiosulfatc (3x20 mL) and brine (50 mL), and then dried (using MgS04), 

5 filtered, and concentrated. The crude material was treated with TF A (20 mL) and CHiCh (S 

mL), stirred at room temperature for 2 hours, concentrated under a stream of nitrogen, then 

concentrated in vacuo. The solid was dissolved in water (100 mL)~ earefulJy treated with solid 

Na2C03 until gas evolution ceased and filtered, washing with additional water. The solid 

collected wm1 dried to provide the tide compound as a solid (contaminated by ca. 10% mole 

10 PPh3). 

EXAMPLE IB 

2-( 4-(4,4,5,5-teiramethyl-l,3,2-dioxaborolat'l-2-yl)-l H-pyrazoi-1-yl)ethanol 

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1II~pyrazolc (9.66 g., 49.8 mmoi), 1 .• 3-

dioxolan-2-one (21 g, 238 mmol) and cesium carbonate (16 g, 49.1 mmol) were combined in a 

J 5 100 rnL round bottom flask. The reaction was warmed fhlm room temperature to I 00 °C in an 

oil bath, by which time the carbonate had melted and served as the solvent for the reaction, which 

rcmafr1ed a slurry. After heating for 3.5 hours, the reaction was cooled to mom temperature and 

diluted with ethyl acetate, then filtered through Celite washing repeatedly with ethyl acetate. The 

filtrate was concentrated, then purified by chromatography on an Analogix(R) lntcllit1ash(TM) 

20 purification system using a SF60-200g column at a flow rate of 80 mL/min, eluting as follows: S 

minutes at 20% ethyl acetatc/hcxanes, then ramped from 40% to 90% ethyl a.cetate/hcxancs over 

35 minutes, then 100% ethyl acetate for another 20 minutes, in provide the title compound . 

.EXAMPLE IC 

2-( 4-( 4-amino-3-( 4-aminophcnyl)thicnol 3,2-c ]pyridin-7-yl)-IH-pyr~ol-1-yl)etha1101 

25 EXAMPLE IA (6 g, 16.34 mmol)~ EXAMPLE lB (4.8 g, 20.16 mrnol), PdCh(dppf) (I.2 

g: 1.640 mmol) and sodium carbonate (4.6 g, 43.4 mmol) were combined in tctrahydrofura.n (400 

mL), methanol (80 mL) and water (80 mL), and the reaction was degassed by bubbling N2 

through the 111ixture for 1 hour. The reaction wa.i:; then heated to 80 °C for 2 hours, then allowed 

to cool and diluted with 300 mL ethyl acetate. The mixture was partitioned with II20 (500 mL) 

30 and the aqueous layer was extracted with ethyl acetate (2 x 300 mL). The combined organic 

extracts were washed with brine; dried (Na2S04), filtered through a pad of Celitc, concentrated to 
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a total volume of about 200 mL, then Jen ~tanding overnight. The solid that fanned was 
collected by filtration. providing the title compound. 

EXAMPLE lD 

N-( 4-{ 4-amino-7-[l-(2-hydroxyethyl)-1 H-pyrazol-4-ylJthieno[3,2-c]pyridin-3-yl}phenyl)-N-(3-
5 fluorophcnyl)urea 

EXAMPLE IC (2 g, 5.69 mmol) was dissolved i11N,N-dimethylfbn11amidc (80 ml) and 
the flask was chilled in a -20°C bath. l-tluom-3-isocyanatobcnzene (0. 715 ml, 6.26 mmol) was 
added dropwise and the reaction was allowed to warm slowly tc.> room temperature and stirred 
overnight. The reaction wa..:i diluted with water (500 mf.) and ethyl acetate (75 mL) and stirred to 

IO digest for I hour. The mixture was then placed in a separato.ry funneJ. After the layer.s were 
allowed to separate, the lower aqueous layer was drained nn: Near the interface of the two layers 
there was a significant amount of precipitate. That material and the organic layer were filtered, 
gjving a solid. The solid was rinsed with ethyl acetate and dried to give the title compound. 1II 

NMR (300 MHz, DMS0-£4) o ppm 3.80 (q, J=S.65 Hz, 2 II) 4.23 (t, .1-5.59 Hz, 2 H) 4. 96 (t, 
15 .!=5.09 Hz, 1 H) 5.42 (s; 2 H) 6.80 (td, J=S.31, 2.37 Hz, 1 II) 7.15 (dd, .1=8.14, 1.02 Hz, 1 H) . 

7.32 (td, .1=8.22, 6.95 Hz, l H) 7.41 (d; .J-8.81 Hz, 2 H) 7.5 I (ddd, J=-11.70, 2.37, 2.20 IIz, 1 H) 
7.50 (s, 1 H) 7.61 (d, J=8.81 Hz, 2 H) 7.91 {d, J=l.02 Hz, 1 H) 8.05 {s, 1 H) 8.15 (d, J=0.68 H:r., 
1 H) 8.96 (s, 1 II) 8.99 (s, I H); MS (ESI(+)) m/z 489.1 (M·t II)+. 

EXAMPLE2 

20 N-(4-{4-amino-7·11-(2-hydroxyethyl)-IJJ-pyrazol-4-ylJthieno!3,2-c]pyridin-3-yl}phenyl)-N'~[4-

( ditl mmm1ethoxy )p11cnyt J urea 

TIJe title compound was prepared by substituting l-(difluoromethoxy)-4~ 
isocyanatobenzene for 1-lluoro-3·isocyanatobem:ene in EXAMPLE 1 D. 1II NMR (300 Miiz, 

DMSO-d6) 5 ppm 3.80 (q,.!=5,4 Hz, 2 H) 4.23 (t, .!=5.6 Hz, 2 H) 4.95 (L, J=5.4 Hz, I H) 5.41 (br 
25 s, 2 H) 7. t 3 (t, J=14.4 Hz, 1 H) 7.13 (d, .!=8.8 Hz, 2 H) 7.39 (d, J=8.5 H:t., 2 TT) 7.48 - 7.55 (m, 3 

H) 7.61 (d, J=8.5 Hz, 2 H) 7.90 (s, 1 II) 8.05 (s, I H) 8.15 (s, l H) 8.85 (s, 1 II) 8.9 I (s, 1 H); MS 
(ES!(+)) m/c 537 (M+II)+. 

30 

EXAMPLE3 

N-r 4-(4-amino-7-{ 1-[(2S)-2-hydroxypropyl]-1H-pyrazol-4-yl }thieno[3,2-clpyridin~3~yi)phcnyl]­

N'-(3-methylphcnyl)urea 

The title compound was prepared following the procedures of EXAMPLES IJ3-ID except 
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substituting (S)-4·methyl- l ,3-dioxolan-2-onc for 1 )-dioxolan~2-one for and l ·isocyanato-3-

mcthylbenzene for l-fluoro-3-isocyanatobcm:ene in EXAMPLES 1 Band ID, respectively. 1H 

NMR (300 MHz, DMSO-dc,) 5 ppm 1.09 (d, .J:-6. l 0 Hz, 3 H) 2.29 (s, 3 H) 4.01 - 4.12 (m, 3 H) 

4.96 (d, J=4.15 IIz, I H) 5.43 (s. 2 II) 6.81 (d~ ./=7.46 IIz, I H) 7.17 (t, J=7.80 Hz, 1 II) 7.26 (app 

5 d, J=9.15 Hz. I H) 7.32 (s, I H) 7.39 (d, .J-8.48 Hz, 2 H) 7.50 (s. I H) 7.61 (d, J=8.8 I Hz, 2 H) 

7.90 (d, .J=0.68 IIz, 1 H) 8.05 (s, 1 II) 8.13 (d, .J=l .02 Ilz, I H) 8.66 (s, 1 H) 8.86 (s, 1 H); MS 

(ESf(-t )) rn/z 499.2 (M+H)+. 

10 

EXAMPLR4 

N-( 4-{ 4-amino-7 ~t l -(2-hydroxy-2-methylpropyl)-11/-pyrazol-4-yl]thic11ol 3,2-c ]pyridin-3-

yl} phenyl)-N·( 4-mcthoxyphenyl)urca 

EXAMPLE4A 

2-111ethyl-l-( 4-( 4,,4,5,5-tetrrunethyl-I ~3,2-dioxaboroJan-2-yl)- lII·pyraznl-1-yl)propan-2-ol 

A mixture of 4-(4,4,5,5-tctramethy1-l,3,2-dioxaborolan-2-yl)-1H-pyrazole (500 mg, 2.57 

mmo1), Cs2C03 (840 mg, 2.57 mmol) and 2,2-dimethyloxirane (2 mL) was hea.tcd in a sealed 

IS vial at I?O °C fbr 3 minutes with stirring in a Smith Synthesizer microwave oven (at 300W), then 

a.llowcd to cool and diluted with CH2Cl2. The resulting !.IU.5pension was filtered, and the filtrate 

20 

was concentrated to give the title compound. 

RXAMPLE4B 

N-(4-{ 4-runino-7-(1-(2-hydroxy-2-methylpropyl)M I H-pyrazol-4-yl jthieno[3,2-c ]pyridin-3-

yl} phenyl)·N-( 4-methoxyphenyl)urca 

The title compound wa<:> prepared following the procedures of EXAMPLES 1 C-1 D except 

substituting UXAMPLR 4A for EXAMPLE IR and 1-isocyanal<.l-4-methoxybenzene for l­

fluoro-3-isocyanatobenzene in EXAMPLES lC and EXAMPLE lD, respectively. 1H NMR (300 

MIIz, DMSO.-Ot,) ()ppm 1.12 (s. 6 H) 3.72 (s, 3 H) 4.11 (s~ 2 H) 4.76 (s, I H) 5.43 (s, 2 H) 6.88 

25 (d, J-=9.15 Hz, 2 H) 7.38 (d, J=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, I H) 8.06 (s, 1 H) 8.11 (d, ./=0.68 Hz, I H) 8.55 (s~ 1 11) 8.80 (s, 1 H); MS (ESI(+)) 

30 

mlz 529.3 (M+H) 1 • 

EXAMPLES 

N-[ 4-( 4-amino-7-{ 1-( (2S)-2,3·dihydroxypropyl]-1H-pyrazol-4-yl} thieno(3 ,2-c ]pyridin-3-

yl)phenyl 1-N-( 4-methoxyphcny l)urea 
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EXAMPLE SA 

(S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)mcthyl)-4-(4,4,5,5-tetramcthyl- t ,3,2-dioxaborolan-2-yl)-

1 H-pyrazole 

A mixture of(R)-(2.2-dimethyl-1,3-dioxolan-4-yl)methyl methanesulfonate (l.08, 5.15 

5 mmol), 4-( 4,4,5,5-tetramcthyl-t ,3,2-dioxaborolan-2-yl)-l H-pyrazole ( 1 g, 5.15 mmol) and NaH 

(262 mg, 10.9 mninl) in N,N-dimethylformamidt'l (25 mL) was heated al 90 °C for 3 hours, then 

alJt)wed w cool to room temperaturt'l., quenched with water and extracted with ethyl acetate (3x). 

The combined organics were washed with brine, c<mcentrated and the residue was purified by 

chromatography on an Analogix(R) lntcllillash(TM) purification system using a SF25-2.5g 

Io colunm at a now rate of 80 m.L/minute, eluting with 0% to 30% ethyl acetate : hexanes over 30 

minutes Lo give the title compound. 

.EXAM PI .R 5B 

(S)-1-( 4-(4-amino-7~(1-((2,2-dimethyl-1,3-dioxolau-4-yl)methyl)-1 II-pyrazol-4-yl)tl1ie110[3,2-

c lpyridin-3-yl)phenyl)-3-( 4-meihoxyphenyl)urca 

·15 The title compound was prepared following the procedures of EXAMPLES 1 C-1 D except 

20 

substituting EXAMPLE 5A for lB and 1-isocyanalo-4-methoxybcnzene for t-fluoro-3-

isocyanatobenzene in F.XAMPLES IB and lD, respectively. 

EXAMPLE5C 

N~[ 4~(4-amino-7-{ 1-l(2.S)-2,3-dihydroxypropyl J-1 H-pyrazol-4-yl) thieno[3,2-c ]pyridin~3-

yl)phcnyl j-N-( 4-methoxyphcnyl)urea 

A solution of EXAMPLE 5B (44 mg, 0.077 mL) in 1elrahydrofuran (2 mL) was treated 

with 2N HCI (1 mL), then stirred at room temperature for 18' hours. The resu1ling suspension 

was filtered and the solid was collected and dried il) give the title compound. 1II NMR (300 

MIIz, DMSO-d6) 15 ppm 3.72 (s, 3 JI) 3.32-3.45 (m, 4 H) 3.84 - 3.91 (m, I H) 4.12 (dd, J=l3.90, 

25 7.80 Hz, 1H)4.34 (dd~ .!-13.90, 3.73 Hz, 1H)6.89 (~. J=9.15 Hz, 2 H) 6.89- 6.93 (m, 2 H) 

7.38 (d, .1=9.15 Hz, 2 H) 7.45 (d, J=8.8 l Hz., 2 H) 7.65 (d, J=8.81 Hz, 2 II) 7.94 (s, I H) 7.99 (d, 

.J:::o0.68 H:.!:, t H) 8.06 (s, I H) 8.28 (d, .!=0.68 IIz, 1H)8.72 (s, 1 H) 9.05 (s, 1 H); MS (RSI(+)) 

ml:t.. 531.2 (M+H) I·, 

EXAMPLE 6 

30 N-{4-[4-amino-7-(IH-pyrazol-4-yl)thieno[3,2-cjpyridin-3-yl)phenyi}-N'-(3-methylphenyl)urea 

· Example 6 is described as EXAMPLE 703 in WO 2005/10009. 
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Tl1e foregoing is meant to illustrate the invention but not to limit it. Variations and 

changes obvious to <.me skilled in the art are intended to be within the sct)pe of the invention as 

defined in the claims. 
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WE CLAIM: 

1. A compound having Formula I 

or a therapeutically acceptable salt thereof, 

wherein 

R1 is hydroxyalkyl; 

PCT/US2009/066725 

R2 is selected from the group consisting of alkoxy, alkyl, halo, and haloalkoxy; and 

R3 is hydrogen or alkyl. 

2. The compound of claim 1 which is 

N-( 4-{ 4-amino-7-[ 1-(2-hydroxyethyl)-1H-pyrazol-4-yl]thieno[3,2-c ]pyridin-3-yl} phenyl)-N-(3-

fluorophenyl)urea; 

N-( 4-{ 4-amino-7-[ 1-(2-hydroxyethyl)-1H-pyrazol-4-yl]thieno[3,2-c ]pyridin-3-yl} phenyl)-N-[ 4-

( difluoromethoxy )phenyl ]urea; 

N-[ 4-( 4-amino-7-{ 1-[(2S)-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)-1H-pyrazol-4-yl]thieno[3,2-c ]pyridin-3-

yl} phenyl)-N-( 4-methoxyphenyl)urea; or 

N-[ 4-( 4-amino-7-{ 1-[(2S)-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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