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WO 2006/055831 PCTJLUS2005/041945 KINASE INHIBITORS Field of
the Invention 5 The present invention is in the field of medicinal chemistry
and relates to protein kinase inhibitors, compositions comprising such
wiphitnisersssand methods of use, thereof More particularly, thedmuenticsns194s
relates to inhibitors of Aurora-A (Aurora-2) protein kinase. The invention
also relates to methods of treating diseases associated with protein
kinases, especially diseases associated with Aurora-A, such as cancer. 10
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5 Wiley and Sons, 1991). Rodd's Chemistry of Carbon Compounds,
Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989). 10
Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991). March's
wahaeeg@Drganic Chemistry, (John Wiley and Sons, 4a' Editinok2dd@/041945

Larock's Comprehensive Organic Transformations (VCH Publishers Inc.,
1989). U.S. Patent No. 5,023,252. 20 U.S. PatentNo. 5,011,472 All of the
abovel pubfitat A - N ot pBefa it By et driaheir entirety

to theSAHE SxtdiihEdiioze eI ki al8n, patent or patent
application was_ specifically and individually indicated to be incorporated

by rergg 2 TR R0 SRR SKPE RS AL TSRS

family 'O SeANERPREHIAE protein kinases associated with mitosis.
Members of the family demonstrate distinct sybcellulgr localization during
Mitosi oﬁﬁi ?@%@%ﬁggsﬁg‘)ﬁhé nﬁ??}{?ﬁﬁﬁ{g from mitosis
(Grah TREEFPRFED fej’.lﬁi PENRM PR ES -22). The kinases are
often found cgmpjexed,with other,30 proteins, incl gin keletal
structuz%ggmf k?‘ee JP&F&%E%@S% %ﬁér@%’%ﬁ?ﬁ%}’v &F c-mt%r%' I catalytic
domajn, with greater iation heing observed.at.the N-terminys.
Aurorg—%?éksu%dre‘é- 36%63} qu% %ﬁ?ﬁgsg%géé@e@fl?%ﬁggﬁgsfﬁdues in the
nucleoti e-nﬁinding domain of the kinase (Warner et al. (2003) Molecular

Cancer, s ' 289 ax .Ieve§§ t rora-A
polyp%gﬁ) éi@% %ﬁ%sg\r% ﬁﬁ%ﬁ%ﬂ%ﬁ%{g@% bs(?ef—%vpe%%%} & G2/IM
transition [eading into mitotic prophase, with the polypeptide -2 WO

2006/D5083 fn{R6TA4530Q5/041945 localizing to the mitotic spindle pole
(Graham et al. (2002) J” Biol. Chem. 277:42419-22; Sakai et al. (2002) J.

Biol. @henp.R A4 18 &l £3)poAurora A appears to regulate chromosome
duplication with aberrant expression being associated with aneuploidy and

ag aggmteeﬁme %%UE.%BH%@M?%H%H&&H%&@ RS ORI BRES ned i heir entirety
observations, an
to the same extent as if each individual publication, patent or patent application was

specifically and individually indicated to be incorporated by reference in its entirety.
State of the Art

The Aurora kinases are a family of serine/threonine protein kinases associated
with mitosis. Members of the family demonstrate distinct subcellular localization during
mitosis and are degraded by the proteosome following exit from mitosis (Graham et af.
(2002) J. Biol. Chem. 277:42419-22). The kinases are often found complexed with other
proteins, including cytoskeletal structures. The Aurora kinases share a conserved C-
terminal catalytic domain, with greater variation being observed at the N-terminus.
Aurora-A (Aurora-2) is unique in the presence of two lysine residues in the nucleotide-
binding domain of the kinase (Warner et al. (2003) Molecular Cancer Therapeutics
2:589-95).

Maximum levels of the Aurora-A polypeptide, and maximuom Awrora-A activity

-4

are observed at the Go/M transition leading into mitotic prophase, with the polypeptide
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5 additional experimental data, suggest that in abnormal cells Aurora-A
disrupts the signaling cascade that regulates chromosome segregation
(Sen et al. (2002) J Nat. Cancer. Inst. 94:1320-29). Aurora-A also
wappearssfunction in meiosis, likely in separating homolog®aguszoes/041945
chromosomes and in spindle rotation. Injection of antibodies against
Aurora-A into 10 Xenopus oocytes prevents first polar body extrusion and
logaliging L tbeaifate rilieeale (Gradem o 7003)92 BibIBh&riien o35 425 19-22;
Sdibg o% N RS KINgsHT: ke B Qte §795.09) KNAWHR 40\ BSrRasyRstEaigater
Aurora-A (Id.). In addition, in vitro studies show that Aurora-A is ‘
O BRSOt YR HES i SHHB ARSI FHISHTIOR1SHRS AracAe it Abrppisidngnd
aligtemRes Halai@@fitp@%we,@ﬁ%g%;@iﬁi-s&%d@ﬁl@ms.ZﬁﬁéﬁQ@»@&xﬂa%bl 13 3nd
osphorylation, e.g., at serine-10, during chromgsome assembly,
o il e e s BB CElp A RIS
siptilinhesptcy/thtiondelacts thnehiosnesareRatde iSation: alxommal Nar.

egregatiop, . the. loss of chromosomes during mitosis and meiosis
Csﬁndg T'gg‘é%%??'r?gggq%gg'emerging model for histone phosphorylation is

analo to t | acel Iatei: n; Wherein partially redundant
enzyggﬁ%%igﬁéeég%ﬁiﬁg%eg v‘@f.%ﬁ %%?&k erﬁro%iﬁ%%af%%igi%{n dé#l% Eht

c@ﬂnmwmﬁﬁm@rﬁmmwﬁmﬁs Rgriexatnpies-goime
Xﬁ,@ﬂpe&m@yﬂmgﬁw Ristones i aykwbile aﬂaeaaﬁ%ymsa m%gélesics I (Castro

istones in a targeted manner, i.e.; in a sequence or domain-specifl

efip kA hiHldohfiere. 31 sdbmdibe Bmermakingsiveliles groginitkgs o &nown to

bd 2001 kB8R GheR.275:30002-10). In 25 this model, Aurora-A appears
to be a kinase responsible for targeted histone modification, in the context

of asseadied QL assRNRlNEGRIFMAINA BHEAMeMESIH RELAENERIGnatin and
kinase f@milgﬁare a?féocia ed wijth mitosis and meiosis. For example,

PR RY R SR A p R TN SRS P R R Hh 2 A0ed pfigde
ChlatexarsigopilosisHeaRetitthdepaiaion sudngearnphasg @idmosome
telo%pase and t—3%WO 2006/0 583% .PCT/USZOO%E)E&;L .-945 eve{;i in
S ERORIEBE Rid el RIRSTA B SRSt RS ristelpn R e o P
phngthplyésion paie kothtione shmingomipasitosudgestiaDssautiptptliattete loss of
chk,%g}n roeslglzriee(g (rioI%% fort tglle kiﬂaﬁ%@ 'sails"(?r -B also appears to associate witha
survivin, a pblfyp%g%é’e tiat 28L0Eiags with the inner centromere and
undefgé%%?dﬁlglg%'g@&%@ﬂéﬁﬁo@%ﬁ%@tﬁﬂtﬂ% phosphorylation is analogous to that
of histone acetylation, wherein partially redundant enzymatic activities are associated with
histone medifications but different enzymes may function in different cellular contexts.
For example, some enzymes may modify histones in bulk, while other enzymes modify
histones in a targeted manner, i.e., in a sequence or domain-specific manner in the context
of assembled chromatin (see, e.g., Scrittori et ¢l. (2001) J. Biol. Chem. 276:30002-10). In
this model, Aurora-A appears to be a kinase responsible for targeted histone modification,

in the context of assembled or assembling chromatin.

Other members of the Aurora kinase family are associated with mitosis and
meiosis. For example, Aurora-B (Aurora-1) appears fo play a role in maintaining the

metaphase plate during mitosis, chromatid separation during anaphase and telophase, and
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5 during mitosis. Survivin appears to be involved with inhibition of
apoptosis as well as cell cycle control. Interestingly, both Aurora-B and
survivin are delocalized during megakaryocyte endomitosis, a process by
wehiel/atsanaphase and cytddnesis are skipped, leading t®cT/us2005/041945
megakaryocyte polyploidy (Zhang et al. (2004) Blood 103:3717-26).
Aurora-C (Aurora-3) is the least studied, known member, of the family.
BB YR HBe o MRS s B eI eRIREI A AepHeisanstrileso bres entr

YA SEOIRRSIS)a A1 &rﬁ@ﬁﬂi@éfﬁ@%@%@ﬂﬁé%ﬁ?@d@ﬁ@%%&t@med roles
(2004) BMC Evolutionary Biology 4:39). As noted above, Aurora kinases
forhe Kinase p ralENgR HePaPRISTE A 25FREAESNEth i ST Coro i Nsriss that

a@0gitiavisotic MY LeANGALS. INPHERESANCATINAR At rrRiR
kinases tend #o be amplified in certain types of cancers, while the gene

ARt G5 5 THEY KT SRRk A e IR B IO RP RS B8 TR 23

céh&@ftﬂgsw;iﬁﬁ_l. ;mwsymsggl{neaf_ m@ﬁmﬁﬁgmﬁaa% H@l‘é&&@iéu during
asspclated with,a variety of malignancies, Including primary colon,
TS RELESH B BATTSS RGRSTAY OGBEIe R AP Sy fkgient are

siipprdblacions megabthescsodigolypioidgalicars HUANB0ES Blodd003)5717-26).

Molecular Cancer Therapeutics 2:589-95). 20 Inhibitors of Aurora-2 have
been Haxuritie (A Eoreiam e |ddgsindish latcatn ((2004), Nathdfedily. Aurora-3

1obHi0e 50 LADIRS HeSAURCH Y080l SR INORPUR RGN BOCKS
cell-cycle progression and induces apoptdsis in tertain %ypes SHtniors in

highlnaxpressed iafthe g isBropir azele KO8 kiferderinhibit®iddoglsb39).
described in U.S. Patent No. 6,653,301 (Bebbington et al., issued
Novefibertos abess s sg e Kinpesssre prorapLesess] ipmtainsy e pixgagers,

inélantiiech1be Relinaneo ide SPRIaditoasRR 10 ML AL QIR B WRIE A rora-A

causes cells to enter anaphase with monooriented chromosomes, having
bt CIeRFI e tisdHagtardmaedsmmaerspuhilpdhsozrmespcoding
tHenDwaras YntelicaiRehmenpidRbeficlhehils (62003 i Sslc8ipl.

161:267-28%%%sgibed ){M447439 (4-(4- -4 . ) ) ) )
R R SRR o) B thiy RSP RN B i 8) raps 8 eateasries,
imlh_l)diﬁg pAtraradsioa §eo§fﬁfé%ﬂm%ﬁ@@@ﬁm@&ﬁ,@%ﬁ@fﬂ%ﬁhﬂ cancer,

ali ent, segregation, cytokinesi ccordingly, kinase inhibitors,
e RIS L TS 57 RLIRRLE RIS AT Sl Ialeeyiy Caner
TheeatingicetaiBbdisarders, including cancer, compounds exhibiting

Inhibitors of Aurora-2 have been described. For example, Harrington et al,
((2004) Nar. Med. 10:262-67) have described VX-680, a small-molecule inhibitor that
blocks cell-cycle progression and induces apoptosis in certain types of tumors in in vivo
xenograft models. A pyrazole Aurora-2 kinase inhibitor is also described in U.S. Patent
No. 6,653,301 (Bebbington et al., issued November 25, 2003).

Hauf et al. ((2003) J. Cell. Biol. 161:281-294) identified the indolinone,
Hesperadin, as an inhibitor Aurora B, which causes cells to enter anaphase with
monooriented chromosomes, having both sister kinetochores attached to a single spindle

pole (a condition known as syntelic attachment).

Ditchfield et al. ((2003) J. Cell. Biol. 161:267-280) described ZM447439 ((4-(4-

-4



such inhibition are of particular value. S Y OF THE NTION This disclosure
is directed to compounds and pharmaceutical compositions that are
effective as protein Icinase inhibitors, particularly as inhibitors of the
Aurora kinases, and most particularly as inhibitors of Aurora-A kinase
(Aurora-2). This disclosure is also directed to methods for treating or
preventing a disease mediated at least in part by a protein kinase and, in

(Apbeteenismmenariina)drmathedistidsétworppolint)srandiylquinazoline), an
jeal. it ' icati ' benefit of US
e S e A B AT e, me

cyiekapetite in its entirety for all purposes. Accordingly, in a first aspect,
there is provided a compound of formula la or Ib: (RAT’), (Ry} 1i N HN
[INS SKPFAREAY JrRpRe iPRINYors spaqtiguisely - inkibiinrs of AyRrerai iguase are of

patRIRi MY 45t S€ lesiad dTemat A aERuR CORSising ohad. SHRSIHIRL Altkting
hgﬁeglﬁaryl, and substjtuted heteroaryl; W is selected from the group
SUCH RS FES P RFESH &L futed amino; -5 X is selected from the

group consisting of C%W gy% inoaryl; Y is

selected from the gro ' § f , sultdr, -§((r))-, -S(0)2-, and
NRy- where R'"is selected from the group consisting of hydrogen, alkyl,

and Fieubistitutact akiiteeadhoRismnsene nde physelechad-lrommpeignasithat are

onsisting of acylamine,.hydrogen, alkyl, substituted %/I, Ikoxy, .
o BB R AT, U S O RSy ey ond
masypaxcutalyexybiiaiboxyl dstens; Sydlosk sebs i B cysidaio, ihals
U 0O SIE9A, SHER RE Ne BIORNY L NeTRIOA IR, &
protein kinase and, in particular, Aurora-2 using the disciosed compounds and/or

pharmaceutical compositions.

This application claims the benefit of US 60/629,176 filed November 17,2004

which is herein incorporated by reference in its entirety for all purposes.

Accordingly, in a first aspect, there 1s provided a compound of formula ia or Ib:

(R7}

’\j\ GOR

[ N ==
HN™ N « /NH

W H or HN” TN
- |
| N Wy
N Ar—~NR2C(O)R? I\;

X N-?\Y/AF"NRZC(O)RS

ia It

wherein Ar is selected from the group consisting of arvl, substituted aryl,
heteroaryl, and substitited heteroaryl;

W is selected from the group consisting of amino and substituted aming;
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10 hotaroaryloxy, heterocyclic, and substituted heterocyclic; RZ is
selected from the group consisting of hydrogen and alkyl; R3 is selected
from the group consisting of hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, cycloalkoxy, substituted cycloalkoxy, aryl, substituted aryl,
aryloxy, 15 substituted aryloxy, cyoloalkoxy, substituted cycloalkoxy,
hetdaaisglscad Sinmdue proapoansistisg afaadonyyls sodixybesters, and
g% loxy, heterocyclic, substituted heterocyclic, heterocycloxy, and
tituted heterocyloxy, and n |s an integer equal to O, 1 or 2; or isomers,

prodrigysl shid oxyigehenht, 28(0)a HEpdand

ﬁ?&%ﬁ%ﬁiﬁ“ﬁ%ﬁ%ﬁﬁgﬁ@@%ﬁm A
Gebiatehdiel

:in an amount effective to treat or prevent a disease

meciatgaal |faskinpay Akalnisinkinase A dhidasect ere o 'akyi,

provided the use of a compound as define ove | & ‘manufa

Suprditealicn ralersifPaitied Ak my mhmbmmmlm,
SALIRS B BBt RIBIRAS DA AU HIAAPEM AR IS RTaMIdR thaic,

the use of a pharmaceutlcal c éﬁgound according to the second aspect in

ﬁ’éﬂfﬁéﬁﬁﬁa@ﬁm@%ﬂa FaFred AESRTB ARG iouRs SabEiwad

i arbBaRNalBia-kinage, -6 DETAILED
DESQRIPTION OF THE INTENTION Deflnltlons Unless otherwise limited
by &speictrddamihn srenp srrsiging pidrsmrech40d a@Ilfr'gléfollowmg

meadinosisAddraRias WMMMQE& ahiSy,
ﬁﬁ‘ét‘)on atoms, areferably from | to 5 carbon atoms more preferably ]
. thy A » ! |’

esﬁwamﬁ;@pmamaw aubmwbybmuﬁy,mtykmﬁﬁ&ed 68, aryiexy,
bstituted reff g,lk% a monovale t al yaﬁcroup havmg from 1to 3,
gﬁ%tgg:eé clo , Substi oxy, heteroaryl, substituted
heteroaryl, heteroazyloxy, subsnmted heteroarylcxy, heterocychc, substituted
heterocyclic, heterocycloxy, and substitated heterocycloxy; and
r is an integer equal to 0, 1 or 2;
- or isomers, prodrugs, or pharmaceutically accepiable salts thereof,

In a second aspect, there is provided a pharmaceutical composition comprising
a pharmaceutically acceptable diluent and one or more of compounds as defined above
in an amount effective to treat or prevent a disease mediated at least in part by a protein
kinase.

In a third aspect, there is provided the use of a compound as defined above in the
manufacture of a2 medicament for treating or preventing a disease in a patient mediated

at least in part by a protein kinase.

In 2 fourth aspect, there is provided the use of a pharmaceutical compound
according to the second aspect in the manufacture of 2 medicament for treating or

preventing a disease in a patient mediated at least in part by a protein kinase.



WO 2006/055831 PCT/US2005/041945 preferably 1 to 2, substituents
selected from the group consisting of alkoxy, substituted alkoxy, acyl,
acylamino, amino, substituted amino, aminoacyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, thiol, ailcylthiol,
substituted alky! thiol, trialkylsilyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, 5 heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic. "Alkoxy" refers to the group
"alkyl-O-" which includes, by way of example, methoxy, ethoxy,

N-pPropoxy, isQs = > - - Xy and the
like. "Substitu%eﬁﬁ%xy refersto r%%ﬁﬁzﬁmg 10
Deffiongfers to the groups H-C(O)-, alkyl-C(O)-, substituted alkyl-C(O)-,
alkenyl-C(O)-, substituted alkenyl-C(O)-, cycloalkyl-C(O)-, substituted
CyclogHivsCefEbrwi s YinHEd oy LB 161 DreiR IR QR O
suhstituted heteroaryl-C(O), hetero%%ﬁ%gg%%? éé%ecllgf’sel{%stituted ggerms have
the, L PERDE FOSERBES: "Aminoacy!” refers to the group -C(O)NR1OR'0 where

each,R10.is independently. 15 selected frgm the group consisting of
hydroééﬂ',laﬁ%)}/d?fss Rﬁ@%}% “LIREIRAS %ﬁt%?é‘ﬂ LirdQ\yrazhep, atoms,
prsfwbeéﬂmﬁmﬂmfl ¥h ﬁxwibaikl ato?shﬁdtt;iefb@efeﬁml vl Etgﬁeﬁ%aﬂ,a&%?ﬁtmg%rm
. ter eterocyclic, substitut eterocyclic and where each R10 is
B |?1%§%¥ %Q 8%%?%?%}?%%%5' itFOye Wﬁéﬁy  HErEFORY Lt tpyiyLs #-butyl, -
pepbbysithithellieterocyclic ring. "Akkenyl" refers to a monovalent alkenyl
group having from 2 to 6 carbon atoms 20 and more preferably 2 to 4
carboPuaEbiEa slora viferatdeaspacaattmreiiorhityupdmving fsite $ of 3, and
alkenyl unsaturation. The term "alkenyl" encompasses any and all
combinations of cis and trans isomers arising from the presence of
unsaturation. "Substituted allcenyl!" refers to alkenyl groups having from 1
to 3 substituents, and preferably 1 to 2 substituents, selected from the
group consisting of alkoxy, substituted 25 alkoxy, acyl, acylamino, amino,
substituted amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted
aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic provided that any hydroxy!l

substitution is not on a vinyl carbon -7 WO 2006/055831
PCT/US2005/041945

-6a -~
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atom. "Amino" refers to the group -NH2. "Substituted amino" refers to the
group -NR'R" where R' and R" are independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl, 5 alkenyl, substituted
vwallaengtsasyl, substituted aryl, cycloalkyl, substituted cycloalksd;ineserempyioqs
substituted heteroaryl, heterocyclic, substituted heterocyclic and where R’
and R" are joined, together with the nitrogen bound thereto to form a

PhdtarBle bR oIt et S SR P rowmtE &-af Fied Rbsiiated
alrotly %h%%oWHﬁﬂodeﬁsM@Qﬁﬁh@nﬁqﬂnd&ﬁkxtﬂhﬁtw

amlno is sometimes referred to herein as 10 alkylamino. When

aryloxys ARG AR AR BB hihel ﬁﬁ@%fewétawrad alkyl
ﬂﬁ@lr&ﬂiﬂﬂﬁldiﬁikyiﬁm; merbdé@ylaaamyreim t@yttt@agfﬂy &&sﬂﬁ%@&@ﬁﬂ@h

i
LSRR, SIS NERe O . S,

mREI Gsybstitatecthéteroopoliy sy isthyrrogebuongliedpdsop and

tt%rl'i'gét" refers to a monovalent aromatic carbocyclic group of from 6 to 14
carbon atoms having a single ring (e.g., phenyl) or multiple condensed

rings (Sufhsri AR 2aHHEM tﬂ@'@%%?%%@é{%ﬂeﬂ ROS/ MY or may not be

aromatic (e.g., 20 2-benzoxazolinone 1,4-benzoxazin-3

(4H) oney T ybiantbthe W@@@j-ta%ﬂh@(@plmheéﬁﬁ&@w@m
ng atom. Preferred s include phenyl and naphthyl, e.
SRt SR SR hor R FIRG mtwmmmﬂebcw
f Ithl(ffqmsﬂtﬂﬁtﬁlts&lbﬁ,m@@@)% m&dgr@terab)y bteﬁiﬁw&sﬂwelgtsiytsetegted
rom ro acylamino, alkyl,
helg °s°€(tf? f/gtél %g%éfkenyl substituted alkenyl,
aminQ,,Sub ed amino,,aminoa b}str uted aryl, arylox
substrttﬁlejél%%%ﬁ%x%?%cy(? oﬂﬁigy, C()é@tfé# (?Q yé’i]oafﬁoxy?/gtrb%xy Spendently
saegtrdxybester grovyaosisiiviefiyldmgossislitel ayrivaiied ahelo alkieny], ’
e cyclic
R R SR T L s
sybtitnted 2eBaenl, datrocyclic, substituted heterocyclic and where each R!” is joined

to form together with the nitrogen atom a heterocyclic or substituted heterocyclic ring.

"Alkeny!" refers to a monovalent alkenyl group having from 2 to 6 carbon atoms
and more preferably 2 to 4 carbon atoms and having at least 1 and preferably from 1-2
sites of alkeny! unsaturation. The term “alkenyl” encompasses any and all combinations

of c¢is and trans isomers arising from the presence of unsaturation.

"Substituted alkenyl" refers to alkenyl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted
alkoxy, acyl, acylamino, amino, substituted amino, aminoacyl, aryl, stbstituted aryl,
aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic provided that any hydroxyl substitution is not on a vinyl carbon
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heterocyclyloxy, and substituted heterocyclyloxy. "Aryloxy" refers to the
group aryl-0- that includes, by way of example, phenoxy, naphthoxy, and
the like. "Substituted aryloxy" refers to substituted aryl-O- groups. 5
WCaHFO&B30r "carboxy” refers to -COOH or pharmaceuticallperaspiadie 1945
salts thereof. "Carboxyl esters" refers to the groups -C(0)0-alkyl,
-C(0)O-substituted alkyl, -C(0)0-aryl, -C(O)O-substituted aryl,
ale0)0-cycloalkyl, -C(0)0-substituted cycloalkyl, -C(O)O-heteroaryl,
-C(0)0-substituted heteroaryl, -C(O)O-heterocyclyl, and -C(0)0 10
substit BEY8in-alikyl, substituted alkyl, aryl, substituted

e
aryl, cycloalkyl, .substituted cyclpalkyl, he yclyl, and, substjtuted
hetero@g%téytr%dé%m ec?inrgfogﬁePel ?ge%ﬁsﬁﬁy' r‘g%eéfgn{% fhoiovéfent
injepimddhll gedenteddt drothSptodcoasixtngob insihmdng: Kinlg leesmuwipley,
ondensed.rin hich condensed rings. may or may not be cycloalk
R R IR OISR S e e 5 T
hgBrofpyciobskyiigrotgiermclidetbyopaic ofubstimipid hetdarmariiy hnd where R’ and
yeloprapy! I e like. "Substituted
o R B B K e
seeidiisd hapromdigesupaunsisth thaf e RO phokoredydtigdn. When R’ is
h?%@?x‘&ﬁg I@f'%_é’hlﬁ&‘f,%'sﬁHQ?&%EFQrﬁH&Og%@%'scﬂ%@HéHRf&@ﬂ%’herem as

substituted amino, aminoacyl, 20 aryl, substituted aryl, aryloxy, substituted
atixfrsminocy Mhen RalBigeR. ByRrbw, tharebsinse anisadronylie searstimes referred
1€ yelealkylasubshtigs cycloalkyl, heteroaryl, substituted heteroaryl,

heterocyclic, and substituted heterocyclic. "Cycloalkoxy" refers to

-0-cycloafiathgroupger sy ititagcycioatkonutisalersit cosuhsiivied alky,
qll%gggl roups, 25 "Halg" or "halogen" refers to flugro, chloro, bromo
A G r ey  RERS B Btk R oAk
“NRNO{@)eutisttorabikgrau et Hom)arto, ISKadionsatemaed MO
Sﬁl PCT/B%Z%(@/M 945 preferably. from #? carbon atoms,
A R L0 SR A (BTN Ol PRy imand
“NRrOQEmsabatisuttihetitoirythie vwhee Ribiniisdgegeantsiiiur ring
"Aryl" or "Ar" refers to a monovalent aromatic carbocyclic group of from 6 to 14

carbon atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g.,
naphthyl or anthryl) which condensed rings may or may not be aramatic (e.g.,
2-benzoxazolinone, 2H-1,4-benzoxazin-3(4H)-one-7-yl, and the like) provided that the
point of attachment is to an aromatic ring atom. Preferred aryls include phenyl and

naphthyl, e.g, 2-naphthyl.

“Substituted aryl” refers to aryl groups which are substituted with from 1 to 3
substituents, and preferably 1 to 2 substituents, selected from the group consisting of
hydroxy, acyl, acylamino, alkyl, substituted alkyl, alkoxy, substituted alkoxy, alkenyl,
substituted alkenyl, amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cycloalkoxy, substituted cycloalkoxy, carboxyl, carboxyl esters,
cyano, cycloalkyl, substituted cycloalkyl, bale, nitro, heteroaryl, substituted heteroaryl,
heterocyelic, substituted heterocyclic, heteroaryloxy, substituted heteroaryloxy,
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atoms can be optionally oxidized. Such heteroaryl groups can have a
single ring (e.g., pyridyl or furyl) or multiple condensed rings (e.g.,
indolizinyl or benzothienyl)provided 5 that the point of attachment is
Wihnsaghsags aromatic ring atom. Preferred heteroaryls includeyuisbphs/041945
pyrrolyl, indolyl, thiophenyl, and furyl. "Substituted heteroaryl" refers to
heteroaryl groups that are substituted with from 1 to 3 substituents

hetstocusly i YR B BOSHBtREENts defined for substituted aryl.

"Heterqaryloxy" refers to the group,- -I%(]et,ro %a d "substituted
netero AT, T L8 T SO b DO i hsrample, phenoxy,
néplsterocyié therliketerocyclic” refers to amonovalent saturated or

unsaturated non-aromatic group having a single ring or multiple

condéfsbetitied afpdemyl tofan sashontitateshar e fronpsl to 4 hetero

atoms selected from the group consisting of nitrogen, sulfur, or oxygen

withir SR TGRSR YA, BerermRe e agsei sl
1#R@earyl 15 or heteroaryl provided that the point of attachment is to a

heterocyclic (non-aromatic) ring atom. In addition, the nitrogen and sulfur

ring af@aaﬁls;@m mﬁptfeiwdlmwgtz_@@bs @qtowlah f Iﬁﬂi?@gﬂl}%ﬁh&tﬁﬂf@dml
oC IC S al are, sunst ea wi r 0 0 e same
e S e T R et hared cycloalio,
-cb@ml hytelm _ ntlslcr(el)meamdﬁl ti.nedimd_ elbmqmoydthﬁ%;_ﬁo@ogzggh@lme{@@-
Ir, , Ml azo azole iaine razine p rimidine, ridazjne,
S Y D R R e S gloati
suboguited| rye]aplitnd g raeldind |arid eubajpirhl lpyridiyelydain axdlififed herein.

quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine,

acridiﬁ@}_"pih@lm_ﬁ'tmi@nﬁ@g tygthiaksleyshiendaiherdspxal Slen pheddxadine,
e}ggzm%akg@@oﬂaméqléﬂgg RIRSH AR RLLIREO G IOING not

aRBENRHHAZY _

25 phthalimide, 1,2,3,4-tetrahydro-isoquinoline,
ba oy @oplistt arsrafedobaZbrIpei sH aachmeas 160 eastirdintringiepmenBxamples

[ inyl - holi t

A A R A T o AP A
GYQ%P&&W%W%@%%@ group -0-heterocyclic and "substituted -10

WO 290%/0558 1 PCT/US2005/041945 heterocyclyloxy" refers to the

group o FRH Yot e o HmgoaHy b g5 P SfsiRg droskL dPoup.
stbekilthinlidietess fothink groupssihstityietbyiti-alikh@aups), alkyl, substituted

alkyl, alkoxy, substituted alkoxy, acyl, acylamino, amino, substituted amino, aminoacyl,
aryl, substituted aryl, aryloxy, substituted aryloxy, c¢yano, halogen, hydroxyl, nitro,
carboxyl, carboxyi esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyclic, and substituted heterocyclic.

"Cycloalkoxy" refers to -O-cycloalkyl groups.
"Substituted cycloalkoxy" refers to ~-O-substituted cycloalkyl groups.

"Halo" or "halogen" refers to fluoro, chloro, bromo and iodo and preferably is

fluoro or chloro.

"Heteroaryl" refers to a monovalent aromatic group of from 1 to 15 carbon atoms,
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"Substituted alkylthiol" refers to thiol groups substituted with substituted
alkyl 5 groups. "Trialkylsilyl" refers to an Si group substituted with three
alkyl groups, wherein each of the alkyl groups may the same or different.

WilsztrSsasid "isomers” refer to geometric, stereoisomeric, ardiragtomeio4s
isomers of a compound. Geometric isomers refer to compounds that
differ_in the Cii or trans 10 orientation of one or more double bonds.

PETEFAI il wrhiBTh dadHdedersrranR e ArarsAdTaRd s grou
cONEIRIBLFCORPILS 8iBDEH) e FRARIOMERS and dBSIarearBRd sulfur ring
Tautomers refer tg alternate forms_of a molecule that differ in the position
SR SR TP B Bt S P TREES TS BRI S AmE (€5
p%&‘ulﬁbg ﬁn-j@ramwmﬁﬂﬁ?&r&g@ﬁs@t@uﬁs @Dglté%[ﬁﬂlagzmpim aBﬁ_ﬂbﬁEt@@hl gddeded
a ring -NH- moiety and a ring =N- maei such _as pirazoles,
I hEH B o Vo TR APAREE. MR ety
irmdedptabiéysalyrrefidr sudopiatimpbenticaly fingéptable salts of a

compound of Formula Ia, Ib, lla, lIb, llla or lllbwhich salts are derived from
a variebplstipteghhitesorayitiordunie betentersibaouye|that eversibsifitetadtaiti from 1

LT SNV et G T Tall WG Efgrg%@f_a%m% ggﬁﬁg@ras#gsm%d aryl.

magnesium, ammonium, tetraalky onium, an

the mojpgea6A 'rnfeﬁ&_@@iﬁélg@&&gr@lﬂ&eml%ar%@mﬁéﬁ%&aﬂk&yxoxy"
acids, such as h)é rochloride, hydrobromide, tartrate, mesylate, acetate,

refestdaibe Brarn e SHE RGP aHIht" refers to human and non-human
mannpals. "Prodrug" refers to compounds that are rapidly transformed in
92& ‘fﬁf)o

vivo to VisTEPER& © BHPRY P ASIBO AR 90 e TRated
nby-ydselysisdoptacitdg A digtestignr multplidachdanbediigigeiand Vo 10 carbon
tella, Pro-drugs as Nove|] Delivery Systems, Vol. 14 of the A.C.S.
o R R e? B B P e WAt A
obwypeResighinAmetigamblarmadestci Assoeiationcanddorr gamapsRiads; aryl
7. both of -1 0.2006/055831 PCT/US2005/041945 . which are . . .
o g R S e S R e rine
atpsn.Usedditreirthe fito gorthod eybfading sofitheandmppimudip bitidiprksent
invention which are, within the scope of sound medical judgment, suitable

for use P et holntoendinssefes &7 hstnnsielisrmidansahatmim sibsirodwith
RSt dEiRe iatansRlleria S BSRANSRR08sHRBIed cycloalkyl.

Examples of heterocycles and heteroaryls include, but are not limited to, azetidine,
pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine,
isoindole, indole, dihydroindole, indazole, purine, quinolizine, isoquinoline, quinoline,
phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine, carbazole,
carboline, phenanthridine, acridine, phenanthroline, isothiazole, phenazine, isoxazole,
phenoxazine, phenothiazine, imidazolidine, imidazoline, piperidine, piperazine, indoline,
phthalimide, 1,2,3 4-tetrahydro-isoquinoline, 4,5,6,7-tetrahydro-benzo[blthiophene,
thiazole, thiazolidine, thiophene, benzo[b]thiophene, morpholinyl, thiomorpholinyl (also
referred to as thiamorpholinyl), piperidinyl, pyrrolidine, tetrahydrofuranyl, and the like.

"Heterocyclyloxy" refers to the group -O-heterocyclic and "substituted

- 10—
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5 like, commensurate with a reasonable benefit/risk ratio, and effective for

their intended use, as well as the zwitterionic forms, where possible, of

the compounds of the invention. Various other terms are used in the
widiselo®irastio refer to different aspects of mitotis, meiosis, cyralinssissoelbss

proliferation, cancer and malignancy. Unless otherwise indicated, all

scientific terms are to be given their usual meaning, as known in the

hetqeRr Aty iartete s BG reIeuBr rsubRrEHiFd el asEekist for inhibiting the

activityrg}‘ ,erir&e‘[ re;pr%i{%e rotein kinases, particularly the Aurora
g TR A

kinases, ahdMos b%r rBi Ay (Aurora-B) or Aurora-2 kinase

(Aurorgfeyhugiorad g Avtore, 2 saulale dromosame duplication

Aberrant expression o ra-2'Is assoclate &he 6Ioidy and

maligngney:Aes ARG AhersQuINAHIdS.ahs 0% instant M\{ﬁ&é&f@ﬁ{& alkyl

useful for modulating chromosome duplication and aberrant ¢
gptéiferation. In a particular embodiment of the invention, the compounds
of the invention are used to reduce the rate of cell proliferation or to

preventiEdilFbifeAsin oa SiigarReiRFa WitHicHrsRRSshggoups, wherein
esizpiicabianain2dvpkticame Bhedbmantrithe 20 invention, the

compounds of the invention cause cell death, preferably via apoptosis but
optiorfidymee’ nedfasiancriieréfiatangéohibifieyStareotisndse il fenitbinGomers

e phosphorylation of histones, Jparticularly histone H3, and, particular
o R P R S ook e T PR s
ovknirios ofitae ondens dtiobicdiondsmEksegregationfand thapesadftRat differ in

ch during mitasis and meiosis, Thus, the instant campounds
e B D PR
Tedoziss leforte aimbudifoens of decinvelatibat, difétriadtm entitboelfs withon,
s&gﬁ a%oéy&%g m i‘i‘ﬂﬁﬁ!’l Ve tﬁﬁﬁ}ﬂ#t&é norletﬂg oggtl:lrﬁr?ol ifn%rsggk%n 1 IIDO aryl

another embodiment, the treatment o cells with the compounds 0 the
gIfvBhesHalaggs fe efpgeaithchediahivhlariamPddimeits ke deowld moeity

0N/ PPR8IHL L 32005044945 dRventionhe eatmentof cells with

the compounds of the invention results in apoptosis. Alternatively,

treatmenf-ofi el FReuis i REeTosiS:s N ket QI AT AL Gl A QUi 4
are used to inhibit mitosis and/or meiosis. Thus the instant inhibitors may

CHERIEE £ FrEutiatE-the okt i SHEBRish sl R pferived from a variety of

organic and inorganic counter ions well known in the art and include, by way of example
only, sodium, potassium, calcium, magnesium, ammonium, tetraalkylammonium, and the
like; and when the molecule contains a basic functionality, salts of organic or inorganic
acids, such as hydrochloride, hydrobromide, tarirate, mesylate, acetate, maleate, oxalate
and the like.

“Patient” refers to human and non-human manmmals.

“Prodrug” refers to compounds that are rapidly transformed i vivo to yield the
parent compound of the above formula, for example by hydrolysis in blood, A discussion
is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of
the A.C.S. Symposium Series, and in Edward B. Roche, ed., Bioreversible Carriers in

Drug Design, American Pharmaceutical Association and Pergamon Press, 1987, both of

wl] -
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5 modulate meiosis in gametes or related cells. In a particular

embodiment of the invention, the inhibitors are used to arrest metaphase

| exit in meiotic cells. As indicated above, treatment of the cells may
warmst/assatienuate cell proliferation, and may result in cell deathubyoes/e41945

apoptosis or necrosis. The instant Aurora kinase inhibitors are used in

modulating megakaryocyte 10 polyploidy. In a preferred embodiment of

Whishrve irorparnécihhibriarayriares (P hwermerstiorlyesapialeeprodrug” as
uBQl R inte e teipg iR hemormRal RIAIRAIERLS 9&%&&%%@5%%@ are,

such cells. Because aberrant expression of the Aurora kinases has been

VLR thsieep i tf spane dreditBrdemrat iR efer ureimeateh vatlothe gngpes of
niendrealingosancarmby Sapeduatingcrnser-felliBrolfRration.oQReand the

.embodiment of the invention, the inhibitors are administered to a patient
ik rOmaeEsRl: Wil SResrtin PERTEH s It rpdisideritve s their intended
usd/al arel IO BiateyieRt BLEVGRL AGRE TIRHHE) 35 taE AP Ele invention.
solid-tumor cancers. This list is by no means exhaustive. Since the

Aurord dinasethepieeas tochecdéndralieipsatots etenivsisant: mpisiss
inhibition. of.the Aurora kingses js.likely to 20 modulate the proliferation.of .
S B R D ST s i obieris

| irsffettidelhstieatifig mibroan tabgeivtcdrbensyah obaahip bast lnatdimiiebateelevant

ose identified, herein. The inhibitors of the invention can be
administered in combination with any known cancer therapies, provided

that the, e oiore.thatapies are mhﬁqmrmgiﬁﬂgﬁégc@&%?w“ of

toxicity or’other pharmacological issues, particularly those involve
StFas/ fIRsenie. IERiin reasse SuetcadaibetbmA rapia &ivrsierd ansLimpstypartioularly

Achematherany. mysk rediation. thampyaswell as emerging therapies
involving antibodies, naturally occurring and synthetic small-molecules,

metabgalie:aniaiagh geregnda @ionkabexampiRailoNaX Wesa¥ession of
combei%e a kinase.inhipitor of th(%inv ntign with a drug specific for a
AlEent B3RS FO8) FBEI DRI 5aNGH 1 S5 OBIEIBk e o FReTnds of
thb arebyt inceaasingréhadpphEtitytoiip eHemoshabgant canse psatnt cell

roliferation. Accordingly, in ope of its compound aspects, this jnvention is
PR SRR S SRR B R
invention are used to reduce the rate of cell proliferation or to prevent cell proliferation,
e.g., by interfereing with chromosome duplication. In a particular embodiment of the

invention, the compounds of the invention cause cell death, preferably via apoptosis but

optionally via necrosis.

The instant inhibitors are also useful for inhibiting the phosphorylation of histones,
particularly histone H3, and particulary during chromatin assembly. Inhibition of H3
phosphorylation leads to chromosome condensation, abnormal segregation, and the loss of
chromosomes during mitosis and meiosis. Thus, the instant compounds are useful for
modulating cell propliferation by interfering with mitosis and meiosis. In one
embodiment of the invention, the treatment of cells with the compounds of the invention
results in reduced cell proliferation. In another embodiment, the treatment of cells with

the compounds of the invention results in cell death, In particular embodiment of the

-12 -
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5 (R1)., (R1), J\NHN N),NH HW or HN N Ar-NR2C(0O)Rs ~W x NN 'Y
X" N~YAr-NRzC(O)R3 la Ib wherein Ar is selected from the group
consisting of aryl, substituted aryl, 10 heteroaryl, and substituted
Wiezereessizy is selected from the group consisting of aminaamdis2005/041945
substituted amino; X is selected from the group consisting of carboxyl,
.carboxyl esters, and aminoagyl: Y is selected from the group consisting of
”b%&’/’élgﬁy: ! ﬁﬁ?%‘!%‘i’ei)‘i,?? B0 A cHBPRYRS o His P repeTs EnRlfs n R iosis.
Megenisphy,onsistiag of thedragessdtkyh @ebsubstituted alkyl; each R'is
independently selected from the group consisting of acylamino, alkyl,
substimitddiedkypl Allory ! suldstituted atkosed anihdzcyitasid aadhstitisiess.

TR R YA 1 jiuted aryl arb carboxyl esters, cycloalkyl
substituted cjc%%%?ix% %a%%%ég%{/g% (I)rfo(r%lflﬁtér%t,ehya %)éé}lf,eeﬁ%agxrlo%ér/@??lmgde}ls or
v Mo istar ganytidsaterdaisdorils s b stitertich meterbadiriexy of the invention,

afeisearelcand substigedheteragdlicyRadn selagted fomithe groy
consisting of hydrogen and alkg'; R3is selrgcﬁgg)?rorﬁ t}gie gsré%dﬁcg%ns%é%%
HS#mfdggébe gtidyImayssTreketasigpataielb pyo Litsetiomcddikaxyesthineell death

bebshisird ARINGscycloalkyl, substituted 25 cycloalkyl, cycloalkoxy,
substituted cycloalkoxy, aryl, substituted aryl, aryloxy, substituted aryloxy,

cycloatkomsaisikster e oalkants hriereany m%mﬁgﬁﬁ%%é%ﬂcmc te
2&%)86/,055 31 PCTélﬁZO%S/OM%S heteroaryl, heteroaryloxy, substituted
PRISTRPO STy I3 PRTERSCSaRe SUn R Rt 8E e aRy etk PEL A0S Bhd

peithstitttechheteiocy pebyplandby interfereing with the normal biological role of

Aurora-2 in such cells.

Because aberrant expression of the Aurora kinases has been associated with
various cancers, the inhibitors of the invention are useful for treating cancers by
modulating cancer celi proliferation. In one embodiment of the invention, the inhibitors
are adminisiered to a patient to treat a cancer such as primary colon, colorectal, breast,
gastric, ovarian, prostate, and cervical cancer, neuroblastoma, and/or other solid-tumor
cancers. This list is by no means exhaustive. Since the Aurora kinases appear to be
general regulators of mitosis and meiosis, inhibition of the Aurora kinases is likely to
modulate the proliferation of many cell types, Therefore, the compounds of this invention
will be effective in treating a broad range of cancers, including but not limited to those

identified, herein.

The inhibitors of the invention can be administered in combination with any
known cancer therapies, provided that the two or more therapies are not contraindicated as
aresult of toxicity or other pharmacological issues, particularly those which involve liver
function. Examples of such cancer therapies include surgery, chemotherapy, and radiation
therapy, as well as emerging therapies involving antibodies, natwrally occurring and
synthetic small-molecules, metabolic analogs, gene therapy, etc. For example, it may

desiable to combine a kinase inhibitor of the invention with a drug specific for a different

-13 =
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nis an integer equal to O, 1 or 2; or isomers, prodrugs, or

pharmaceutically acceptable salts thereof. 5 In a preferred embodiment,

Y is -S-, -S(0)- or -S(0)2-. In a preferred embodiment, W is amino. In
WanwiReasesits compound aspects, this invention is directed tG@@remTROMHIT4S

of formulallaorllb: RV Rr \NNH HNHHNN~ WANWNi X'N~Y"\

QX N~Y'\110 NR2C(O)R3 NR2C(O)R3 lla Jib wherein: W is selected
o8 %@&?&ﬂ%ﬁ%ﬁﬁ&ﬁ%&ﬁlﬁ&m@aﬁgﬁm@%ma?hfé%’ﬁ cancer cell
psaiéatairom the group consisting of carboxyl, carboxyl esters, and
aminoacyl; Y' is selected from the group consisting of sulfur, -S(O)-, and
-3(0) AcRritirsiie cterhfrohitthemroupdconsissintioitvwdtogein dbeytadting,

C@%&ﬁg%ﬂ%ﬁ&ﬁ%@},@Icoxy, substituted alkoxy, aminoacyl, aryl,
substit ryl, ary

uted a oxy, substituted 20 aryloxy, carboxyl, carboxyl esters,
cycloalkyl, substituted cycloalkyl, halo, cyano, nitro, hydroxyl, heteroaryl,
substituted heteroaryl, heteroaryloxy, substituted heteroaryloxy,

heterocyclic, and‘:?('ét?;%ted heterocyclic; R2 is selerted from the group

consisting of hydroggh ad alkyl; and R3 is selecte m the group
consisting of hyd alkyl, substituted alkyl, 25 alkox¥, substituted
alkoxy, aminowsubstituted amino, eycloalkyl, sutiitutdd -15 wo
2006/055831 P(T/U52005/041945 cycloall&' ; walkoxy, substituted
cycloalkoxy, axyl, sibstitttedBff) Rryloxy, substityted andawtbsteroaryl,
substituted heteroalrgl, heteroaryloxy, substitdited ™ IbY

wherein Ar is selected from the group consisting of aryl, substituted aryl,
heteroaryl, and substituted heteroaryl;

W is selected from the group consisting of amino and substituted amino;

X is selected from the group consisting of carboxyl, carboxyl esters, and
aminoacyl;

Y is selected from the group consisting of oxygen, sulfur, -S(0)-, -8(0);-, and
-NRY- where R” is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;

each R' is independently selected from the group consisting of acylamino, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, carboxyl, carboxyl esters, cycloalkyl, substituted cycloalkyl, halo,
cyano, nitro, hydroxyl, heteroaryl, substituted heteroaryl, heteroaryloxy, substituied
heteroaryloxy, heterocyclic, and substituted heterocyelic;

R? is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of hydrogen, alkyl, substituted atkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, cycloalkoxy, substituted cycloalkoxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, cycloalkoxy, substituted cycloalkoxy, heteroaryl, substtuted

- }4 —
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heteroaryloxy, heterocyclic, substituted heterocyclic, heterocycloxy, and
substituted heterocycloxy; 5 or isomers, prodrugs, or pharmaceutically
acceptable salts thereof. In still another of its compound aspects, this

wicnamtioisdsidirected to a compound of formula llla or lllb: RECRAIShOIYI 1945

HN H HN N HzN ~N HzN \N NR2C(O)R3 NR2C(O)R3 X N S\ X NHS\ 10

ilig lllb wherein: X is selected from the group consisting of caroxyl,
cgﬁﬁﬁ%ghﬁraﬂﬁloéﬁiﬁ&mfi% r&ﬂ@@@@fe%ﬁ%wm@msmd

cohsistogeht Metkngeaand alBuRdts-sdieaiedfeonythadgroup consisting

of hydro eni,n?lké/[, su%stit tePd %I%yl, alkoxy, substituted alkoxy, amino,
substftd eaa’ameﬁlé,ea} 38l y,% stituted cycloalkyl, cycloalkoxy,

sudsstituters oyoldatkoy pheyhn sedisiitlie doaeplably kaky, tiepbstituted aryloxy,
heteroaryl, substituted heteroaryl, heterparyloxy, stituted 20

heterg%Fy o%,ﬂﬁgteenrleg&% |g,n§u' é%itﬁéd%@t%r%rcy%?ldggﬁeterocycloxy, and
substﬂyg%eﬂ%g%gﬂé&n%ga&%ﬁ%{ected from the group consisting of

alkyl and ‘substituted alkyl; or isomers, prodrugs, or pharmaceutically

accefiahiesalisrthesenbdia Ripler egiembadimentaRekdsialiy Bhpound of
substituted alkyl. More preferably, R1 25 and R4 are alkyl and most

fosrapda dBI9T8 methyl. In a preferred embodiment, R2 is hydrogen. -16

WO 2006/055831 PCT/US2005/041945 In a preferred embodiment, R3 is
alkyl, substituted alkyl, cycloalkyl or substituted cycloalkyl. More

preferably, R3 is cycJ&alkyl and most preferably R3 is citlopropyl.
i A\
Nv’

——

N . NH
HN I HN M
W l oY W, i N
o) A0
NRIC(OYR? NR2C(O)R?

Tla ~ Tb
wherein:

W is selected from the group consisting of amino and substituted amino;

X is selected from the group consisting of carboxyl, carboxyl esters, and
aminoacyl;

Y' is selected from the group consisting of sulfur, -S(O)-, and -S(0);-;

RY is selected from the group consisting of hydrogen, acylamino, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, aminoacyl, aryl, substituted aryl, aryloxy, substituted
aryloxy, carboxyl, carboxyl esters, cycloalkyl, substituted cycloalkyl, halo, cyano,
nitro, hydroxyl, heteroaryl, substituted heteroaryl, heteroaryloxy, substituted
heteroaryloxy, heterocyclic, and substituted heterocyclic;

R? is selected from the group consisting of hydrogen and alkyl; and

R is selected from the group consisting of hydrogen, alkyl, substituted akyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted

~ 15—
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Preferred X groups include: 0 0 -CO2H , -CO,CH, , -COZCHZCH3 N-CH,
H-CHgCHzN(CHa)z' H~~N 40~- ~ 40-00 40-CH,CH,OCH," O 4
p-CHZCHzSCH3 4c¢ 4 N-CHzCHzOCHa 4 NH ~00 00 ~(0 O 4N ~I
WO2EKHEIHAN(CH3)z' 'O~ 40-CH2CH,OH' ~I(0 O C~\J~ (0 PCT/US2005/041945
N-CH2CH2CH20OCH3 N-CH2CH2SCHS' 'N* HHH O O H~-kH N11/H
OHON-H'CF,000 1°0-CH,CH,Si(CH3), ~-) N and the like.
5 é%‘gﬁ?gﬂﬁdg’%l@ﬁvéﬂ?ﬁ%‘ﬁél culapbervsattbrinbviFisaybariens

W&lhbﬁ:ﬁﬁbﬂ@ﬂ?%ﬁﬁh@t@b&rﬂ%%%%WW@'&%E&%?%%@E@
d Str cture Name é{ﬁ? WO 2}1006/0551831 PCT/US2005/041945
W&’ tggyc%#\‘ %p'; gcﬂuted eterocyclic, heterocycloxy, and substituted
hetcrocycloxy,

or isomers, prodrugs, or pharmaceutically acceptable salts thereof,

In still another of its compound aspects, this invention is directed to a2 compound
of formula I1la or [IIb:

R4 R4
Ia e
HN H HN N
NRIC{O)RS NREC{O)R?
X zf}\s X N/)\S’@/
la b

wherein:

X is selected from the group consisting of carboxyl, carboxyl esters, and
aminoacyl; -

R? is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalky), substituted
cycloalkyl, cycloalkoxy, substituted cycloalkoxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, heteroaryl, substituted heteroaryl, heteroaryloxy, substituted
heteroaryloxy, heterocyclic, substituted heterocyclic, heterocycloxy, and substituted
heterocycloxy; and

R* is selected from the group consisting of alkyl and substituted alkyl;
or isomers, prodrugs, or pharmaceutically acceptable salts thereof,

In a preferred embodiment, R is alkyl or substituted alkyl. More preferably, R'

and R* are alkyl and most preferably are methyl.

In a preferred embodiment, R? is hydrogen.
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carboxamidophenylsulfanyl)- HN A 5-amino-6-(5-methylpyrazol- 7 HZN N

N r O 3-ylamino)-4- McOOC N S yrimidinecarboxylate N-NH

2-(4-cyclopropanecarbox amidophenylsulfanyl)-5- HN L NL
wanmineGssmethylpyrazol-3- 8 HZN / N ~ O ylamino)-4- HOQG/ D6 £505/041945

nyrimidinecarboX lie acid N -NH N-methyl-2-(4-cyclopropane- HN H

carboxamidophenylsulfanyl)- 9 HZN -N /1 N 5-amino-6-(5-methylpyrazol

N NG PR ST RRA e 3 ERHRRTERD Uk el o subetinted
@d&mlm&ew&aﬂpyg&éw@m@wﬁﬁm& prdfedab i 28N Y Nssropy .

5-amino-6-(5-methylpyrazol- O 3-ylamino)-4-pyrimidine EtOOC N S

carboRydated Retdl:bl idiE: dimethylamino)ethyl] HN~v /~

-2-(4-cyclopropane o o

~COMH ,  —COCHy , . —COCHCHy —I(NvCHa , ~J{N’ CH,CHN(CHal,

H H

e}

o] (n) O o
_[(N/\/N ' "‘140/\/“\) ' "{O/GO ' _Z(Q-—CHZCHQOCH‘T,'

H

o o o 0
—QO—CHECHZSCH;;' _(010 ' _Q‘N~CHZCH2{JCH3' "QN '
" Q

O

0

o

7 0 o
@ ’ H—I{O’CHECHEN(CHS)E, _{o{' _(O_CchHon'
8

0
ﬁ.c;x-zzcﬂzcz—azar,l-ia' iﬁ»CHZCHZSGHa' f\ﬁ’% '

O

o]

7 L
ﬁb} E’\E; "“‘EHJ\/OCHa _lfﬁ’@ :
O o] ; O

w{u’Q ' “J(Q’CO' _(ng /’-[?H’\cz:;

Q

Q
—{ 7 —-
o’\© ' 'J(o,cnzcms&(cﬂa)a ‘ N
Q

~ , and the like,

Compounds of this invention include those set forth in Table I below as well as

tautomers and pharmaceutically acceptable salts thereof:

TABLE]

Cmpd.
No.

Structure Name

17~




12 H2N / N carboxamidophenylsulfanyl)- N O 5-amino-6-(5-methylpyrazol-
N S O 3-ylamino)-4-pyrimidine carboxamide N-NH ethyl
2-(4-cyclopropane HN 1 / H carboxamidophenylsulfonyl)- 13 HZN Y \ N /
W\ %@ imises16-(5-methylpyrazol- EtOOCI NS Ir0l 3-ylamino)-#@21S2005/041945
pyrimidinecarboxylate 18 WO 2006/055831 PCT/US2005/041945 N-NH

ethyl 2-(4-cyclaopropane HN 1/ H carboxamidoph

nylsulfmyl)- 14 H2N ~~

N N 5- mino-6-(5-mer§hylpyrazol EtOOC' NS O 3-yiathinQ)¢4-Eyclopropane-
yrimidinecarbox late -(2-piperidin-l-ylethy )cgrbéﬁrﬁ!%ﬁhe Isulfany1)~
cycloprpopanecar amldoph 17HzN enylsulfa % .
methyl yraz'd?— |no)- pyrlmldlneca ﬁazo :
2-morp oI|n '\fﬂz\é lop panecarboxaxrﬁrﬂé?ﬁhmPM—m HzN N,
N11 enyMEf5qyn5s" 0-6-(5- "NN~S O methylpyraiakBnyiamino)de OJ
0 pyrim|d|necarboxyhfi,t§getrahydro -2H-pyran-4-yl %’—(4~cyclopropanecarboxw
HN y amidophenylsulfanyl)-5-
8 HaN Y N\D/A amino-6-(S-methylpyrazol-3-
| Q/ ylaminoj-4~
s 0
HOQC™ N° '8 pyrimidinecarboxylic acid
~NH
E\f p N-methyl-2-(4-cyclopropane-
HN H carboxamidophenylsulfanyl)-
9 I:‘zN [ SN /@N% 5~amino-6-(5-methylpyrazol-
_N N/)\S O 3-ylamino)-4-pyrimidine
O carboxamide
N—-NH ethyl 2-(4-cyclopropane-
carboxamidophenylsulfanyl)-
11 HolN 5-amino-6-(5-methylipyrazol-
)\ 3-ylamino»4-pyrimidine
EtC0C
carboxylate
N-[2-(N,N-
I\f"NH dimethylamino)ethy!]
HN 2 y -2-(4-cyclopropane-
12 HoN A N N\ﬁ carboxamidophenylsulfanyi)-
“x /\/H | Ny AS /@ O S-amiﬁf)~6-(5»me"£h3ilp'yrazol-
| 5 3-ylamino)-4-pyrimidine
carboxamide
NI’T/H ethy! 2-(4-cyclopropane-
HN H carboxamidophenylsulfonyl)-
13 HN =N /©/ N\H/ZX 5-amino-6-(5-methylipyrazol-
— N//j\ s O 3-vlamino)-4-
Oy pyrimidinecarboxylate
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N-NH HN '/ H cyclopropanecarboxamidoph 19 HzN N N yIL
enylsulfanyl)-5-amino-6-(5- O N~S O methylpyrazol-3-ylamino)-4 O O
pyrimidinecarboxylate N-NH ethyl 2-(6-acetylamido-3- HN /

WieyridylEFHRo)-5-amino-6-(5 34 HZN,

~,y N N~ me

thylpyrazoPGriamisops43

~~~0 pyrlmldlnecarboxylate EtOOC NN H -19 WO 2006/055831

N methylpyrazoli3-y

i)
nylsulfanyl)-5-gfino-6-(5 2 ~N

Hi / HNNe

l 2 Ni O s o pyrimidir
cyelopropanecarb

|m|d|necarboxylate 2 -m tb%)ég'{mdgpﬁ{lml,\jq%{hhn 1)-

0 papgqif@(amld

sulfan

1ecaa{lr]bo yé}g?"me lp y frol
&ﬁ#ﬁﬂ@ﬁh HA41HN

pyrimidinecarboxylate

17

N»NH

HZN
NA‘/

N-(2-piperidin-1-ylethyl)-2-
(4~
cyclopropanecarboxamidoph
enylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-
pyrimidinecarboxamide

18

NfNH

'\.

2-morpholin-4-ylethyl 2-(4-
cyclopropaneca:rboxamidoph
c—:nylstfanyl)—5-r:nr,iim)-ﬁ-(S~
methylpyrazol-3-ylamino)-4-

pyrimidinecarboxylate

19

tetrahydro-2 H-pyran-4-yl 2-
@-
cyclopropanecarboxamidoph
enylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-
pyrimidinecarboxylate

34

EtCOC

ethyl 2-(6-acetylamido-3-
pyridylamino)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-
pyrimidinecarboxylate

-19 -




methylpyrazol-3-ylamixlo)-4- ~s"i0 Ns O 0 pyrimid

inecarboxylate

cyclohexyl 2-(4- N-NH cyclopropanecarboxamidoph HN H
enylsulfanyl)5-amino-6-(5- 42 2N N N O O methylpyrazol-3-ylamino)-4- Ns
Wy Riigisesarboxylate -20 WO 2006/055831 PCT/US2005/@4X/84505/041945
N-(2-methoxyethyl)-2-(4 N-NH cyclopropanecarboxamidoph 1 43 H N HN

H pnylcl|Ifnnyl)-'—'s-amiﬁh-"6-('-‘§- Nz methylpyrazol-3-ylaming)-4- 0 N S

pyrimidinecarboxamide N-NH morpholin-4-yl 2-(4] i 2-({4-
cyclopropanecarboxarnidoph ‘enYIsquany-)Slar.ningéégpl%%ﬁé‘a}ﬁg[%g&ﬁim
JIN 1I'\ © methylpyra2gl-g-ylamino)-4- L N pyrimidjnecarboxamide 0 N-NH
thiomorpholin-4-y|2< N / cyclopropanecarboxa AR s a3 emineqt-
enylsulfanyl)ys-aniino-6-(5; \ ( d ﬁg&lpyrazol-&)(i%gmhﬁyl}gmlg_
pyrimidinecarbdxanide .
= o} ylamino)-4-
EtOOC N~ N
H pyrimidinecarboxylate
2-methoxyethyl 2-(4-
—~NH
] '\} P cyclopropanecarboxamidopl
HN H enylsulfanyl}-5-amino-6-(5-
{ methylpyrazol-3-ylamino)-4-
\O/\/O N“AS O .
i pyrimidinecarboxylate
(2-(methylthio)ethyl 2-(4-
~NH
'\? P cyclopropanecarboxamidoph
HN H ' enylsulfanyl}5-amino-6-(5-
41 HaN N NW%X .
[ methylpyrazol-3-ylamino)-4-
\S/\/O NAS O
I : pyrimidinecarboxylate
cyclohexyl 2-(4-
N-NH :
» cyclopropanecarboxamidoph
HiNl H enylsulfanyl}-5-amino-6-(5-
42 N " hylpyrazol-3-ylami
o | " ’A\SQ 5 methylpyrazol-3-ylamino)-4-
O/ 3 pyrimidinecarboxylate

=20~




2-dimethylaminoethyl 2-(4- N-NH cyclopropanecarboxamidoph 46 H N

HN H enylsulfanyl}5-amino-6-(5- 2'N methylpyrazol-3-ylamino)-4- N~ O |

N, O pyrimidinecarboxylate 0 N-NH 1-methylpiperidin-4-yl 2-(4-
waycbopnegamnecarboxamidoph HN H ” enylsulfanyl}5-amino-e«brdshddaaloss

SIN N((/ methylpyrazol-3-ylamino)-4- N~ O O pyrimidinecarboxylate -21

WQ. 20

6/055831 PCT/US2005/041945 2-piperidin-1-ylethyl 2-(4- N-NH

N N 1/

49 HN
43

methylpyrazol-3-
isopropyl2-(4- ~N-NN
\ yI)-5-am,_@r,{p- -

propanecarboxami

t\hﬂy/lgﬁazo

\O/\‘/N

N cyclgpropanecarboxamidoph Hz N HN H enylgultdAyhetexmitierb-25448

ym4- GN N5 pyrimi@%&&r%ge%%u%ﬁ@ph

5-2N\f|me

doph "H

-enylaHismas-amino-6-(5-

methylpyrazol-3-ylamino)-4-

pyrimidinecarboxamide

morpholin-4-yl 2-(4~
cyclopropanecarboxamidoph
enylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-
pyrimidinecarboxamide

45

thiomorpholin-4-yl 2-(4-
cyclopropanecarboxamidoph
enylsulfanyl)}-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-
pyrimidinecarboxamide

46

2-dimethylaminoethyl 2-(4-
cyclopropanecarboxamidoph
enylsulfanyl)}-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-

pyrimidinecarboxylate

47

I-methylpiperidin-4-yl 2-(4-
cyclopropanecarboxamidoph
enylsulfanyl}-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-

pyrimidinecarboxylate




O 0 N S O pyrimidinecarboxylate 2-hydroxyethyl 2-(4 N-NH
cyclopropanecarboxamidoph HN" ~ 50 H2N N enylsulfanyl)-5-amino-6-(5-
50 HO'~' 0 methylpyrazol-3-ylanlino)-4- N g O pyrimidinecarboxylate
wig-pdaisedyl-2-(4- N-NH cyclopropanecarboxamidoph H NeldNEs2005/041945
enylsulfanyl}5-amino-6-(5- 2 el \ O methylpyrazol-3-ylamino)-4- NO N S

AL Bt Y
N-(2-morpholin-4-ylethyl}2- N-NH (4 FIN N cycloprépineidirobuastitbatd-
52 H2N 11 \NiC enylsulfanylyp-amino-6-(5- ~N N|@y§jopropanecarboxamidoph
methylpyrazol-3-ylamino) idinecarboxamide piperidin-1-yl 2-(4
N-NH ¢ amidoph, HNf 534hN fpylsulfanyl)-5-amino-6-(5-
enylsul N & methylpyrazol-3-ylamino)-4-
pyrimidinecarboxylate
isopropyl 2-(4-
N—~NH .
P cyclopropanecarboxamidoph
HN H enylsulfany})-5-amino-6-(5-
49 Y § thylpyrazol-3-ylami
o I ) //ks/@ I methylpyrazol-3-ylamino)-4-
\r | pysimidinecarboxylate
2-hydroxyethyl 2-(4-
~NH
"} p cyclopropanecarboxamidoph
HN H enylsulfanyl)-5-amino-6-(5-
50 NS N\H/A
| J\ /@ methylpyrazol-3-ylamino)-4-
HO ™SO N s ° S
I pyrimidinecarboxylate
N-pyridin-4-y1-2-(4-
NN
| cyclopropanecarboxamidoph
- HN H YA enylsulfanyl)-5-amino-6-(3-
51 Ny N .
“ ﬁ j ) ASQ 8 methylpyrazol-3-ylamino )-4-
N% P 3 pyrimidinecarboxamide
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z ~N methylpyrazol-3-ylamino)-4- N N~S \ O 0 pyrimidinecarboxamide
N-(tetrahydrofuran-2- N--NH ylmethyl}2-(4 cyclopropanecarboxamidoph
HN 54 H2N N N enylsulfanyl}5-amino-6-(5- N N~S O

woetlwlpsagazol-3-ylamino)-4- 0 pyrimidinecarboxamide

PCT/US2005/041945

N-(3-methoxypropyl)-2-(4- N-NH cyclopropanecarboxamidoph HN H

enylsulfanyl}5-amino-6-(5- 55 HZN N H methylpyrazol-3-ylamino)-4-..0 N
N_cS \|O pyrimidineearboxamide 0 -23 WO 2006A5883arpholin-4-ylethyl)-2-
PCT/US2005/041945 N-(2- thioethyl)-2-(4 N4NH
cyclopropanecarboxamid " H enylsulfanyl}5-amino-6-(5- 56 HzN N
. N.A T} I methylpyrazq|-3-ylamino)-4- SN HGY N BT AR R ATRIgoPh
59 “‘)N\ I enylsulfany])-5-amino-6-(5-
L
NT 78 methylpyrazol-3-ylamino)-4-
pyrimidinecarboxamide
piperidin-1-yl 2-(4-
~NH
N,, p cyclopropanecarboxamidoph
HN H enylsulfanyl}-5-amino-6-(5-
53 HaN Ly “\(A -
Q’ methylpyrazol-3-ylaming)-4-
N /)\ o
I N™ 7S pyrimidinecarboxamide
N-{tetrahydrofuran-2-
N~NH vimethyl)-2-(4-
N (/ cyclopropanecarboxamidoph
H
54 HoN A, N N \”/A enylsulfanyl)-5-amino-6-(35-
H
<3ij | N&J\SO 0 methylpyrazol-3-ylamino)-4-
o) pyrimidinecarboxamide
N-(3-methoxypropyl)-2-(4-
~NH
E\} P cyclopropanecarboxamidoph
N HN ﬁ W/A enylsulfanyl}-5-amino-6-(5-
2
33 H | \jl\ /©/ methylpyrazol-3-ylamino)-4-
-~ OWN N/ (] o YT .
i pyrimidinecarboxamide

23—~




N-(tert-butyl)-2-(4- N_NH cyclopropanecarboxamidoph 57 H N HNI H
enylsulfanyl}5-amino-6-(5-N Nz Il methylpyrazol-3-ylamino)-4- N S'v O 0
pyrimidinecarboxamide N-(2-firyhnethyl)-2-(4- N-NH

weyclopregamecarboxamidoph HN H enylsulfanyl)-5-amino-6pGr/68 gl 1as
N methylpyrazol-3-ylamino)-4- O 0 N S' pyrimidinecarboxamide

N=(2-thien-2-ylmethy1)-2-(4- N-NH CvrloorooanecarboxamIdODh HN , H
enylsul anyl}5 amino-6- _(5- 59 | H H2N N y methylp}réoicthylgriseibylr2<4-
O 0 NS pyrimidinecarboxalyiide" N-phenyl 2-(4 N- Wgcllof)rOPanecarboxam1doph
cycloprapanecarboxarwg ZAN NH ~ enylsulfanyl}5-amino-6-(5- z 60 H
HNNYIOO me}_ﬁwpyr zoI 3- ylamln@ -4- enylsulfanyl)“S'mmU 6-(5-
H )\ methylpyrazol-3-ylamino)-4-
g~ o ,
i pyrimidinecarboxamide
N-(tert-buty])}-2-(4-
NrNH .
cyclopropanecarboxamidoph
enylsulfanyl}5-amino-6-(5-
57 2” SN
/ O methylpyrazol-3-ylamino)-4-
pyrimidinecarboxamide
N-(2-furylmethyl)-2~(4~
~MNH
'\} P cyclopropanecarboxamidoph
HN enylsulfanyl}5-amino-6-(5-
58 HaN Sy \(A :
&/m | L /©/ methylpyrazol-3-ylamino)-4- -
i NT S pyrimidinecarboxamide
N-(2-thien-2-ylmethy]}-2-(4-
~NH
E\f p cyclopropanecarboxamidoph
HN H enylsulfanyl)-5-amino-6-(5-
<Sj\/“ ] A 4 methylpyrazol-3-ylamino)-4-
. N T .
I pyrimidinecarboxamide
N-phenyl 2-(4-
N—NH
[ cyclopropanecarboxamidoph
o HN H enylsulfanyl)-5-amino-6-(5-
N N
60 =N .
H | //k 5 methylpyrazol-3-ylamine)-4-
[::j/ b A pyrimidinecarboxamide
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N S pyrimidinecarboxamide i-24 WO 2006/055831 PCT/US2005/04194.5
N-(2-methoxy-lI N-NH methylethyl}2-(4- HN cyclopropanecarboxamidoph

/~61H

zN ~ N, N enylsulfanyl}5-amftio-6-(5- H 0

waethylpiasazol-3-ylamino)-4 0 pyrimidinecarboxamide N-cyatohlexsdods ek 045
N-NH cyclopropanecarboxam doph H N HN N enylsulfanyl}5-amino-6-(5-

62Nz \ 10l methylpyrazol-3-ylaming)-4 N-S-pyrimjdinecarhoxamide Q
N-tetrahydro-2H-pyran-4-yl- N-NH 2-(4 HN H N-(2-methoxy-1-
eyelopropanecarboxamldo hyf3 HZN N N enylsuy Ifgémg}@-tﬁ%@(@ (5-HN
N~S | Q methylpyrazol-3-ylamina)-4- O O pyrimidinecarboxamide
N-(1-methylpiperidin-4 “KH 2-(4- HN ~ gyclopBiSarEeerprseabaasydorh
Hgd H2N , N enyisuilfa ajiﬁ/ﬁi{(/—i enylsulfanyl)-5-amino-6-(5-
H
\O/ﬁ/N N methylpyrazol-3-ylamino)-4-
0 pyrimidinecarboxamide
N-cyclohexyl 2-(4-
N—NH
| ) cyclopropanecarboxamidoph
HN HN H enylsulfany!}5-amino-6-(5-
2 N
62 HoN thylpyrazol-3-ylamino)-4
H A\ 5 methylpyrazol-3-ylamino)-4-
N '8 C e .
O/ i pyrimidinecarboxamide
N-tetrahydro-2 H-pyran-4-yl-
,\rNH 2-(4-
HN % ’ cyclopropanecarboxamidoph
63 :‘ZN | XN @/NVA enylsulfanyl)}-5-amino-6-{5-
O/N N/)\S O methylpyrazol-3-ylamino)-4-
0 o pyrimidinecarboxamide
N-(1-methylpiperidin-4-y])-
N-NH 2-(4-
I
HN % ’ cyclopropanecarboxamidoph
64 :2N I SN N% enylsulfanyl}-5-amino-6-(5-
//’LS O methylpyrazol-3-ylamino)-4-

pyrimidinecarboxamide

225 .




H N N_ O methylpyrazol-3-ylamino)-4- ,,NCr O pyrimidinecarboxamide
-25 WO 2006/055831 PCT/US2005/041..945 N-(2,2,2-trifluoroethyl)-2-(4
~N-NH cyclopropanecarboxamidoph HN"H N H

wWenistiligl)-5-amino-6-(5- 65 F z N / FH methylpyrazol-3-ylrmine)eds/ a4 13
S ~ O O pyrimidinecarboxamide N-NH 1/ benzyl2-(4 HN H

r\ur\lnnrnngnnnnrhnva mmlnnh 66 HZN V" 'N-s |\|\|

S A A o4 pu TCCaATrioo?7
enylsul[/anyl) -5-amino-6-(5- 'ON~S ~O methylpyraz’gr-@ yariByeetyD)-2-(4-
pyrimidinecarboxylate 2-{ffimethylsilyl)ethyl) 2-(4- NyMbbropanecarboxmdgph
cyclopropanecarboxag HN' H /~ enylsulfanyl}5-amino-6-(5- 67 HZN
N in thylpyrazgjs3-ylamino)-4: S. |~{§b}]}2/§;( O pyfimisHEEgiboRRRe- -
N-% -meghyfpip EHaZI e y}\l\lj@” N cyclopropasieppsexmigiaptino)-4-
F 8 pyrimidinecarboxamide
N-NH benzyl 2-(4-
HN H cyclopropanecarboxamidoph
66 @/H”\%N /@A’W/A enylsulfanyl)-5-amino-6-(5-
X OTH\\N/ka 0 methylpyrazol-3-ylamino)-4-
O pyrimidinecarboxylate
2-(trimethylsilyDethyl) 2-(4-
r\;’tiH cyclopropanecarboxamidoph
HN H enylsulfanyl)-5-amino-6-(5-
67 HaN N}/A .
| methylpyrazob-3-ylamino)-4-
~ E/\,,O = )\ 0
5?’ L N™ 8 pyrimidinecarboxylate
N-(4-methylpiperazin-1-y[)-
N—NH 2-(4-
HN (4 cyclopropanecarboxamidoph
H
68 \N/\HQN AN NTKA enylsulfanyl)-5-amino-6-(5-
K/ N Y J\ S/©/ 0 methylpyrazol-3-ylamino)-4-
0 pyrimidinecarboxamide

The compounds of formula Ia, Ib, lla, Iib, illa and ITIb may be formulated into

pharmaceuticai compositions. Such compositions comprise a pharmaceutically acceptable

diluent and an effective amount of one or more of such compounds to prophylactically or

therapeutically treat diseases mediated af least in part by a protein kinase, particularty

Anrora-A.

The compounds and/or pharmaceutical compositions of this invention are useful in
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H 68 N*HzN enylsulfanyl}5-amino-6-(5- N N- S 10C
methylpyrazol-3-ylamino)-4- O pyrimidinecarboxamide The compounds of
formula la, Ib, lla, llb, Ma and Illb may be formulated into pharmaceutical
Widpopesitiems. Such compositions comprise a pharmaceuticatyraseemiabiess
diluent and an effective amount of one or more of such compounds to
prophylactically or 5 therapeutically treat diseases mediated at least in
U B PTGk Hisrasehatiotd B aastdpnat Pna pietmpodnass cratistlarly
Anharmacsutical SRMPesHighs: Alithis ipyaniPB B MR 1R Wompounds
2006/055831 PCT/US2005/041945 treating or preventing diseases
oh i iiene BFPRk by RhprBRsHY RS SNBastRAN AP DAtSBF A AoS e such
tréagtads comprise administering a compound or mixture of compounds of
this invention, preferably in a pharmaceutical composition to a patient in
Coegobefi 4 Ralepireaionent. 5 Compound Preparation The compounds of this
invention can be prepared from readily available starting materials using,
for exBmprentievrfdilofiting igensien nmstho depmddifoneciadly, dvailitestarting
' | that typl f ess conditions (i.e.,.. .
e e BBl LT SRR OB 1 vt e
amrestaied shatphardiivehominseriey erproseesntiiconditionscéiomatsopbeatures,
Sl RPN HALBH ARMIRAGONONIO IR A, Y AU

the particular reactants or solvent Used, buit such ¢ lons can
cordisinnties s braswsKinadrs efemrisepirdinetmizesohoproustidees may

vidditianal.aryil ReapRareRbIRthassskilled dn hemth LUV  nined

protecting groups may be necessary to prevent certain functional groups
YA thilied gbitg UhBe srdineiop HatEREeR PROGREWIRS protecting groups for

varioys functigpal groyps as well as suitable conditions for protecting and

deprd‘%&éﬁh‘&ﬂ%i&mﬁhﬁ6%%8?%@6%@%&1%&%iFPffH@lBPE} gfotecting
SIOXPINLY, HLIBEISHE PEQIRRURTFRUPRIBteRlaBarhed o MLy aapenaidired
_G.. M. Wuts, Protecting Groups in Organi Synthgfis, Third Edition, Wiley,
reﬁ:él\%%o mti@@é)r%.tﬁﬁl @fé?%‘?\%eilgrc Hidpiiional groups as well as suitable

conditions for protecting and deprotecting particular functional groups are well known in

the art. For example, numerous protecting groups are described in T. W. Greene and G.
M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley, New York,

1999, and references cited therein.

Furthermore, the compounds of this invention may contain one or more chiral
centers. Accordingly, if desired, such compounds can be prepared or isolated as pure
sterecisomers, i.e., as individual enantiomers or diastereomers, or as stereoisomer-
enriched mixtures. All such stereoisomers (and enriched mixtures) are included within
the scope of this invention, unless otherwise indicated. Pure stereoisomers (or enriched
mixtures) may be prepared using, for example, optically active starting materials or
stereoselective reagents well-known in the art. Alternatively, racemic mixtures of such
compounds can be separated using, for example, chiral column chromatography, chiral

resolving agents and the like.

The starting materials for the following reactions are generally known compounds

27—



10

20 Furthermore, the compounds of this invention may contain one or more

chiral centers. Accordingly, if desired, such compounds can be prepared

or isolated as pure stereoisomers, i.e., as individual enantiomers or
wiliagtene6sners, or as stereoisomer- enriched mixtures. All swehr/us2005/041945

stereoisomers (and enriched mixtures) are included within the scope of

this invention, unless otherwise indicated. Pure stereoisomers (or

ObFATCPRoBr S haY feX) Ay IsedpreDel bR gnedilisainns érespic diRr example,
e\ SlaingpAQTNS L SIOHIAsRIGCIN  JRRAUSRIS WRIEKIQWR INIha @ity

Alte_rnativelﬁ, racemic mixtures of such compounds can be separated

ChemisakSroe A Rses: i ssitsih RO RaoararhPreamre) Galiormisg Edhts

Eand-hieetike. of neestartmalmate Naksder s ol owiRg d aagtion s &58red by
generally knQwn compouynds -27 WO,2006/055831 PCT/US2005/041945
P@FE&W%O;S are W%ﬁ&%ﬁfﬁr@&%’r SSEROMIBEERBHEiBS thEiudich as
Fié@fr%&dﬁﬁ%ﬁr’%ﬁdﬂﬁm@h ﬁ@'ﬂ%ﬂ%ﬁiﬂ??ﬁ?‘w 2 ilﬁ:ﬂ?{ﬁfﬁ@g‘\ﬁ/iiey and Sons,
ercial suppliers as Aldric ical Ca. (Milwaukee,
R TR ah Gh b amEE e TR O A SHER EHETHLS or
(HBégnier (StedceUtabhlisseuiBITH Ay gtbdtsanimnhe/plepasad4oy hn Wiley and
ro es, or.abvious madifications thereof, descygjhed in standard, . .. .
S ais R e R o el P G aton)
arByhahedd's, CoolpmbenisdSJiimhiv WieyfamdSons vV CODRbRAde Siche asisyry
of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier
Scientenlideepsy zilgvsgﬁamgaﬁhoﬁzéadﬁeqm@mﬁmesﬁbwqmmm lefthis
i@e&i&%&nlﬁmm&ﬁaMmpﬁﬁmrﬂq%@aﬁ%%%ﬁ%&lﬁ%‘é@%@%

.Sons, 4" Edition), 10 and Larock's Comprehensive Organic
illpesativg RvaReTes PolyHBehssrshernivgs o do osrsHbstiseiowRiliabrdtegen,
yaduethe diforsthi-Rye PR Atanef, the S0MEoRds Rf tige VANERNST O addition,

starting materials either known in the art or commercially available. For
Xie dirstoted ar poeslosHlygrasharme v Ay krelso gepmer supelents:
cARGoigRyEl . f_@ﬁﬁfpd .blé is ﬁaldf#ﬁéo?? kﬁﬁ%@éﬁ%&ﬁﬁ?{&ﬁ&ﬁ@%ﬁ%@@l il
re as define ove.. In addition, is illustrated as a carbo roup,
W%@M@r%gﬁ BEACGRIDE TR TR FF ISR 2RI Grotiss Ris
cAbEIBrBIan® tukNatiQRsIRN PRy Y g tpibARd X @sionallaoihinthe silbn. 1t
. of the art and some of these are discussed below. Further, R3-

i RSO A S5 U O L S AR L neS Kk el Rpgfisms.

para position. It is understood that such substitution can be placed at
either the ortho or meta positions.
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Specifically, in Scheme 1, methyl S-nitroorotate, compound 2, is prepared from

commercially available (Aldrich Chemical Company, Milwaukee, Wisconsin, USA)
5  potassium salt of S-nitoorotic acid, compeund 1, by conventional esterification

techniques. Compound 2 may be isolated and purified using standard techniques such as
chromatography, precipitation, crystaliization, filtration, evaporation and the like.
Alternatively, compound 2 may be isolated and used in the next step without further

purification and/or isolation.

i0 Conversion of compound 2 to the corresponding methyl 2,6-dichloro-5-nitro-4-
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HOOCNS MeOOONSH N'N6\ 7HN (R+)"HN O HN™I0H,N Ra Ra
CH,NHC(O) NS y\ HN'" /O Specifically, in Scheme 1, methyl
5-nitroorotate, compound 2, is prepared from commercially available

WaklfehBhemical Company, Milwaukee, Wisconsin, USA) B@UTER8idme1945
salt of 5-nitoorotic acid, compound 1, by conventional esterification

technigues. Compound 2 may, be isolated and purified using standard '
pyEaReCT O Rle, compmonad, Prorerds T conikeime- comnnind £ wih an excess
ofiR@tidniethaposation afalsiietikebasiternativebs, apnapiduntszanadyihe reaction
. isolated and used. in the next step without futther purification and/o o
R B e O BB Sy ¥httlse within
alpoetiyi6 dichter 6 Gnpionmd 3 1238y BA/BoRAALIDEGRAIT CGIFhS2AR44Iues
imidi te, d ds contacting compound, 2 ..
S R R B SRt RRE R g e
Adigynadislycrenamnd frmar e tiomatsitgplosityd totddustecsfeprwitbompurification
2AMPEIULE to reflux and is generally complete within about 0.5 to 3
hours, Compound 3 may be isolated and purified using standard

tech n@mﬁoﬁlﬂm@&m@é@@&qgéaﬂm@taﬁm%&gﬁax%ﬁﬁﬁﬁ&%ﬁus-nm..

filtration, évaporation and the like. Alternatively, compound 3"'may

1Sk s AssminRG haxtissinpaeRIbtAfieamonuRhel b asotatssp. process.

Iﬁﬁ@ﬂ]@f?ﬂ@ggﬁﬂ%&‘é@é’@f tedAedn ey yrazole, typically greater than 1 to about 1.1
2-(4-R3-carboxamido-phenylsulfanyl)-5-nitro-

YRR DT aIBLRGRIHR SRR R HERRSE SRETR CtUHEPBNM a two
toBHEHY FORESS -and the like. The reaction is preferably conducted in the presence of an

excess of a suitable base such as 2,6-lutidine to scavenge the acid generated. The reaction
is typically conducted at ambient temperatures and continued until the reaction is

substantially complete which typically occurs within about 0.1 to 2 hours.

In the second step, the resulting methy! 2-chloro-5-nitro-6-[(R)-pyrazol-3~
ylamino}-4-pyrimidinecarboxylate, compound 4, is not isolated. Rather, a slight excess
(typically 1.1 to 1.3 equivalents) of 4-R’-caboxamidothiophenol, compound 5 is added to
the reaction mixture, Sufficient amounts of base are maintained in the reaction mixture to
ensure that the acid generated by conversion to compound 6 is scavenged. The reaction
typically is conducted at room temperature for a period of from about 2 to 24 hours.
Compound 6 may be isolated and purified using standard techniques such as
chromatography, precipitation, crystallization, filtration, evaporation and the like.

Compound 6 is converted to methyl 2-(4-R? -carboxamidophenysulfany])-5-amino-
6-[(R")y-pyrazol-3-ylamino}-4-pyrimidinecarboxylate, compound 7, under conventional
hydrogenation conditions. Compound 7, a compound of this invention, can be isolated
and purified using standard techniques such as chromatography, precipitation,

crystallization, filtration, evaporation and the like,

Alternatively, compound 7 can be used as an intermediate to provide for further
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10 Initially, a slight excess of 3-amino-(R1)n pyrazole, typically greater

than | to about 1.1 equivalents, is combined with compound 3 in an inert

solvent such as dioxane, tetrahydrofuran, and the like. The reaction is
wWirefpdiRpdonducted in the presence of an excess of a suitablEusases/ 041945

such as 2,6-lutidine to scavenge the acid generated. The reaction is

typically conducted at ambient te ratures and continued unti| th
e e P T LB Sy BB i Gt
eflet iocdhpouad I gheises dnlsteR thaestiidgphetilybul fanyD)-5-amino-6-[(R )y

2-chloro-5-nitro-6-[(R)n:-pyrazol-3- ylaminol-4-pyrimidinecarboxylate,
PR o e PO F SRR ypically 11 t0'1.3

equivalanje) Rl R canpAmIdahioncnel COTRRUIAR I Added o dos

reaction mixture. Sufficient amounts ase are maintained in thereaction
usigtepevERROnalisurecstraifipaiionigdampestesisbywomy Scliomad sonipotin®” is

e e I

Ty e
heterp pielifle P udinechransrachulariigaidts sgtss 38 whhorherd dPtptHp0 equivalents
Ogég%%glf\}/gé%ééﬁto methyl gfjhﬁgggfsé%?%oxamidopheﬁ%u%?ﬁ%ﬂ%%—am|n -Hy%ude
oBPREFLBY L3NS A bAHG 4 Hinfd fiee ebeBbRytdie 72 heips tmeive exteie7B.

conventional hydrogenation conditions. Compound 7, a compound of this

invention, can be isolated and pﬁﬁ%@&‘ﬁ%’rﬁg standard techniques such as

chromatography, pregipitation, crystallization, filtration, evaporgtigp and

the like. Alternatiy%( ompound 7 can be used as an interm%@tq

provide for further 306/ 2006/055831 PCT/US2005/041345 ~ (R

compourfd®! i invention. In dH&Bmbodiment, cormAhy hydrolysis

of the methyl [esg{in compourd-7-provides-for | )\

2-(4-RERADoxMmiddphenyl-sUEON- 5+ d@ho-6-[RIPC” N 7S

pyrazol-3-ylaminolA>pyrimidencarboxylic acid, compound 8. Stit

compound 7&£an lye employed to prepare other carboxylate es

conventional transesterification techniques as shown in Sch
wherein Ra is alkﬁqutituted alkyl, cycloalkyl, substituted c }

heterocyclyl or substitjted heterocyclyl. Such techniques include ttgating
ester 7A with about 10'to 500 equivalents of an alcohol in the presence of

about 0.2 to ten equivalents\o;‘;:‘kﬂ!ium tetraigepfbpoxide or potassium

cyanide at about 30 to 15F8°S:\IH about Oll:llﬁ %ﬂrs to give esters 7B.
R10 :ZN [ \)N\
‘ N" s
Rm'N“R'!G

B

MN.__.O
L

Compound 8 can likewise be used as an intermediate in the preparation of 4-
carboxamidopyrimidines 9 in Scheme 1 by amidation of the carboxyl group using

conventional coupling reactions. Coupling reactions are conducted using well-known
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10 Scheme 1A N-NH N-NH HN "\(R )n HN (RI), H2N ~N RaOH H2N ~N
EtOOC N~S Ti(iPrO)4 or KCN RaOOC IN'S7A 713 HN ROHN O R'
AlMe3 N-N> Rto,NH< HN 1 \(R1)n RIO H2N N N-S Rba,N,RIO 8B~
WONTEOZFEdmMpound 8 can likewise be used as an intermed e/ iFHhes/041945
preparation of 4- carboxamidopyrimidines 9 in Scheme 1 by amidation of

the carbox usin nventional coupling reactions. Coupling
PR Er oG 5 S AT Eh. F R BTN RS OB b

MMR@Q@M%MMM m@ﬁﬂh@ﬁmh@pﬁblﬁ&mﬁb@d&i MdeSuiOR

enz on tris(djmeth honju
O R on P R T, T T Ar o e Dk By
dmm]fgﬂmmp%pﬂ):?@ﬂdh@aﬂmﬁﬂmﬁﬂm{ﬁﬁ(ﬁ%@}h&i(ﬁe If desired, polymer
dimethylamino carbodumlde EDC an the | If
S e e A AL ettt e B e
emglmémshr@ﬁmbedxafﬁmahﬂdwemmmﬁém& mame@mr) letfigisnally, well-

mgpr %%g)]fo%?%réb‘dg\g% eII lé{ll&\ivrg C%lép ggﬁro Otergfnsa%g{é and

uccinimi benzotriazole an ke may
th@s@@btmchﬂaﬁedh@fw@ﬁﬂmglmmmmgﬁhwmpllng reaction is typically
conducted by contacting compound 8 with 10 about | to about 2

equivalBREOBRIRE Eaciitmé izaisety spadaeiadby erelugine sfeppound 8 with

about 1 to about 2 equivalents of the coupling reagent and at least one equivalent,
preferably about 1 to about 1.2 equivalents, of a suitable amine in an inert diluent, such as
dichloromethane, chloroform, acetonitrile, tetrahydrofuran, N ,N-dimethylfomamide and
the like. Generally, this reaction is conducted at a temperature ranging from about to about
(° to about 40°C for about 2 to about 24 hours. Upon completion of the reaction, the
carboxamido-pyrimidine derivative 9 is recovered by conventional methods including

neutralization, extraction, precipitation, chromatography, filtration, and the like.

Alternatively, the 4-carboxamidopyrimidines of this invention can be prepared
directly from ester 7 as shown in Scheme 1A, wherein R'” is defined as above. For
example, ester 7TA is treated with about one to 10 equivalents of trimethylaluminum in a
suitable solvent such as dichloromethane at about 0 to 30 °C for one minute to 60 minutes,
about one to five equivalents of a primary or secondary amine is added, and the mixture is
stirred at 0 to 35 °C for about one to 72 hours to give amides 8B. Under other reaction
conditions, the trimethylaluminum is first added to the primary or secondary amine

followed by the addition of the ester 7A.

Compowund 5 and related compounds are prepared by conventional methods.
Specifically, commercially available 4-amino-thiophenol (available from Aldrich
Chemical Company, Milwaukee, Wisconsin, USA as are the corresponding 3-
aminothiophenol and 2-aminothiophenol) is reacted with an acid chloride of the formula

CIC(O)R® under conventional amidation conditions including the use of a suitable base to
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preferably about | to about 1.2 equivalents, of a suitable amine in an inert

diluent, such as dichloromethane, chloroform, acetonitrile,

tetrahydrofuran, N,N-dimethylfomamide and the like. Generally, this
weaoctigesisiconducted at a temperature ranging from about te@hbosto@Aa 1945

about 40C for about 2 to about 24 hours. Upon completion of the reaction,

the 15 carboxamido-pyrimidine derivative 9 is recovered by conventional
StRethsd %%ﬁw%?ff%ﬁ?ﬁeﬁ%g%ﬂ@%ﬁ?ﬁ%%racti on, precipitation,

chrom filtration, and the like.. Alternatively, the _
4-car£§>?é%rﬁ%§§g§)/¥leml m%%n 5P this i%%ﬁ%?@ﬁnca% Iélep%ea QP’&‘”&WE"&@ sf‘rltl)fr%r atom
agdteWhers stampriored chemalfily sihessianbt@isdiefirte pasidbavelforide or

I r, A is treated. with about one.to 10. equivalents of, .
ol L L R R e et ggeneens
fetmudzing 36wWfidy ompmimlite acBbrisutesdh bytvonyeottefimeple, hydrogen
eqyivalents ol a4 . ing. i nd the mixture is
pstirred at 0 to é% C%?a obccts%%(ae %ﬁ%%%‘jdé) %%?\gegrg?r% 88 Uiber

pw@ﬂm&@%@t@@m@@mﬁmﬁwamﬁgﬁmuéﬂq@iﬂmﬁy
oBEHmERA ¥ SeseRianuansiRea Ry the addiign of the Gster E@ui%aems of

Compound 5 and related compounds are prepared by conventiona

the StHB RS SPREEMIARIAR iBsThiarshmd\es diskd oroamathenen i sHiemperature
rdAyAleRIRltRsuAke  GhamEACRMBaARY 1 MilkaikeL niSCanRin.ddFAs

as are the corresponding 3- aminothiophenol and 2-aminothiophenol) is

spHgxide s tbsh bedirdsionad st thsrmesrenditpyrfpomie contacting the

seERveBtianakaidaionconeiioguneleding e xasRkaSRIADR.HR ogen
-32 WO _2006/055831 PCT/US2005/041945 scavenge the acid generated
PEGHifE riction: REFSHEY BEoRargBats mddhin ik dlieraieis chemaone can

babayempley s syitshaiaie &t ¥ulitheniS0.CTBONRIHEASHEUAIBRISrably
can be o '%zeed to provide a Z%I‘E%T]ide or sulfone compound using
B ARG RHLEHS SARR A CETORS it PalB RS Sigh
" adidizied Grguifid Cleamaaundliced spifoxide- inuindeiley P sexanote),
hydrogen peroxide, 3-chloroperoxybenzoic acid (MCPBA), sodium
periodatmppotds sifiilns parexiemoriesufate (GXONE(B);pand fine: ikendBheimilar
idati ion. | igall ducte contacting the sulfide .
S B ol P SRR R s wim a2

3reqigenmimenionelt dithaitvbissharscaivmoraatbthvaibis Altbinip Eltstmieal10
C@Hﬁ’éﬂ?,fl(}ﬁﬁ%ﬁﬁ%f V@Q&ﬁg&t@ggﬁc for about 1 to about 24 hours. The

resulting
Similarly, compounds of this invention where Y is -NR- are prepared in a manner

similar to that described above with the exception that an amino substituted aniline is
employed in place of the aminothiophenol. 2-, 3-and 4-amino substituted anilines are
similarly commercially available from Aldrich Chemical Company, Milwaukee,
Wisconsin, USA. When non-symmetric diamines are employed, it may be necessary to
block one of the amino groups using conventional blocking groups to effect reaction at the

desired amino group. Such methods are well within the skill of the artisan.

Compounds of this invention where W is a substituted amino group can be

prepared by first blocking the amino groups of compound 6 using blocking groups which
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sulfoxide can then be further oxidized to the corresponding sulfone by
contacting the sulfoxide with at least one additional equivalent of an
oxidizing reagent, such as hydrogen peroxide, MCPBA, potassium
wgenpiantfanate and the like. Alternatively, the sulfone can rephepraseds1943
directly by contacting the sulfide with at least two equivalents, and
preferably 15 an excess, of the oxidizing reagent. Such reactions are
M&&@?@@Haﬁmﬁ@m imdf%&%m%%m CentsrgRRRis fin
cdrRRA:HA02n \Aiieyo RBtthlisheiss 11092) ddaibpoubeke oTHaigrifive attamn whkee
Y.is oxygen are pre agé%%in a_manner similar 1o that described above with
CALRCASAR S900 SRS OB RO 1SB B YR a3y prov.
Rénaynihoptiermhisathdfindiehupsaleomroeidialiyraveitaptetd dfighis invention

Chemical mpany, Milwaykee, Wisconsin, USA. Similarly,
A P AR A R IS AR 1 3 aer

simil i ' : i an ami ]
s S T et o gosgre
apgmbingssuistittasia aminisaiglarbthsifanatia cHirhetdidily wihertablie dealefined

it Ghemical & amnamy MilBUEadr MECON IR SAP YRS e either

non-symmetric diamines afe employed, it may bé necessary to block one

krnd aibfristgionp S Ushighcer verTeeraiabn exmlpljeoursnde fereredbiion

maiHh& Yesiragaminggsgup. Such methods are well within the skill of the
artisan. Compounds of this invention where W is a substituted amino

9rOUKﬁﬁ@rﬁﬁy@lﬂ:@ﬂf@ﬁédﬂ&i{ﬁh@Mﬁﬁﬁtﬁ&%ﬁ%{?&%@@ﬁpcwug%%ﬁé%%%ﬂﬂg are
using blocking groups which -33 WO 2006/05

kngam, t%%?r?cflovélriﬁ% m&%ﬁﬁmaﬂr@aﬁfﬁ far ke Brenged by
m@theys iwdhénocanveRes oy aminsgDuminihemaaendpscsbed

ahovye. The amino, gr is then derivatized using conventional conditions
Gt R e A e o L e
alfvorrpsetioatlp pvuittdéefGom catri pio Chenoicthi€ ampentioN Bvraikieyy Wisconsin,

Uﬁ;&bstituted amino group at the 5-position of the pyrimidine. Compounds of
iS invention where At is heteroaryl are prepared as described above by

Pﬂéﬁﬂc%ﬁﬁéﬁﬁi%%ﬁ%ﬂf the formula: HY-Het-NH2 where Y is as

defined above and Het Is either heteroaryl or substituted heteroaryl. Such

compgied %ﬁﬁo%a@ g5 JrhawRdnHbg Atk SRMe Rhu A encemmesaialMally

available or can be prepared by 10 methods well known in the art.
administered in the form of pharmaceutical compositions. These compounds can be
administered by a variety of routes including oral, rectal, transdermal, subcutaneous,
intravenous, intramuscular, and intranasal. These compounds are effective as both
injectable and oral compositions, Such compositions are prepared in a manner well

known. in the pharmaceutical art and comprise at least one active compound.

This invention also includes pharmaceutical compositions which contain, as the
active ingredient, one or more of the compounds of this invention associated with
pharmaceutically acceptable carriers, In making the compositions of this invention, the
active ingredient is usually mixed with an excipient, diluted by an excipient or enclosed
within such a carrier which can be in the form of a capsule, sachet, paper or other

container. The excipient employed is typically an excipient suitable for administration to
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Optionally substituted 3-amino substituted pyrazoles used in Scheme 1

above are known compounds some of which are commercially available

or can be prepared by methods well known in the art. For example,
Wo-20miresfRAazole, 3-amino-5- methylpyrazole, 3-amino-5-phaaylpyreaaie;v4s

and 3-amino-4-pyrazole carboxylic acid, are 15 all commercially available

from Adrich Chemicmwlwaukee, Wisconsin, USA. |
Ergspag TRRIRS i ERPERST BRSSP RRAR ARl AR & 2
sAQINRAMINAS Of dhiginyenttonaranichiaby Rdmilinie|edrifeilve fasdef for the
harmaceutical compositions. These compounds can be, 20 administered
o AR o1 (R RERIORS BRA P68 SR TAT it AR Rer.
ldpdave Racistintraiisciligisand patranas ahdibiese, compei daase acrosols (as
effective as.both injectable and qral compositions. Such compgasitions ar
o R0 U ol REBG e EHer ST 31 B ot of
thatdahst amepactivesofrmpbinrd. gEhign nepntien aigpolititice stptikrimpeabiical
g jg%%gség n eV";QiCh Egnetgindwagetrge 25 active ingredient, one or more of
e cor’npouno% of this Mvention associated with pharmaceutically

acce@ﬁ%ﬁ;&?ﬁg%%ﬂ:ﬁﬂ%lﬂ%%%@@?@Qggw§ooxfrﬁ'ﬂiﬁ1i9¥&ﬂ}jeo&n§ggund 0

active ingredient is usually mixed with an excipient, diluted by an excipient

piowlsdleserprontinie Satirls saprrian Mdvehnbe wWithédropthesirgeubeute, If the

aSANEImBARG RIAHBMEARAIRSLING: SYSRIEN RTMRIRVEE SHVRICRIN AR less
exca:glen suitable for administration to -34 WO 2006/055831

thar 200 motpsIDie gt Vi CRRIPSbie SR SRIEIHEY Trten Aol lenthe pariisle size is
nEFEARIC R SSINESyAR R BUS Pholigan AR fasRlitl semirsolituigHith the
material, which acts as a vehicle, carrier or medium for the active

forrgriatietn o eneROthe cBRiposHisHe b 89T R & ROTHIIF A Rompptifgds can be
p&@%@@!ﬁﬂ@?&ﬂgSﬁnmiﬁﬁlé‘s&@Wﬁrﬂgﬂﬁ SURMEMNTIORSe SNHSIRNSe,
solutipns, syrups, aerosols (as 5 a solid ot i iquid medium), gintments
IrpematimRL T ROTE R Rl REToR f%&ﬁ@%l%ﬁ%ﬁ?ﬁf@#@é{*&&ﬁ%@ c?gﬁ%{?ﬂfﬂ,n of
AstittzangehareygaiatinisansitesNanpRetiokest sierileinjhetdbiensatibio Astein

ban sterile atckeiaed powders. In preparing a formulation, it may be
hECESESR) 1S it thevactive compound to provide the appropriate particle

size pgior tQ compinir}gswitg the ather in%r dcie ts, If the 10 active .
ome gxamples g ul'llta I¢ € cmlent ) g?u & ?actose .ffe 1056, Suctose sorbitol,
compound is substantially insoluble, it ordinarily’is niilledto & particlé size
mefitekg, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and
methyl cellulose. The formulations can additionally include: lubricating agents such as
tale, magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending
agents; preserving agents such as methyl- and propylhydroxy-benzoates; sweetening
agents; and flavoring agents. The compositions of the invention can be formulated so as

to provide quick, sustained or delayed release of the active ingredient after administration

to the patient by employing procedures known in the art.

The compositions are preferably formulated in a unit dosage form. The term "unit
dosage forms" refers to physically discrete units suitable as unitary dosages for human

subjects and other mammals, each umit containing a predetermined quantity of active
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than 200 mesh. If the active compound is substantially water soluble, the

particle size is normally adjusted by milling to provide a substantially

uniform distribution in the formulation, e.g. about 40 mesh. Alternatively,
Wsotya§eaar soluble compounds can be prepared in the forRCBfUS2005/041945

nanoparticles to enhance their solubility. See, for example, 15

International Patent Application Publjcation No. WO 03/024424 for

maseHpl ARt IARBIRANS R HeBiF E DiFrRetish SHES N RSt arYdti 8 Fritable

p}gfd@jﬁﬁb&ﬂﬁgpm@@@d herein by reference in its entirety. Some examples
of suitable excipients include lactose, dextrose, sucrose, sorbitol,

manriithé, siaishess githeanesiat taieition plodphatejdiginates phkascaiiibs
elatin, calcium 20 silicat icrocrystalline cellulgse ..
g o DT T e R SRR SPe R e pistgg lone
alfortl Rfotosaben 460 g yrivvel pofetallyi cérting (OREts sheh Hbniglky, are

oNAGNESIIT St Et‘i%_n@fl—dﬁeé}}gﬂ%% Rl vaiin e@%a”t%iae%%&%‘%i%{ﬁ%on may
suspendﬁlng agents; preserving agents suclt as et yF— an
ograpyihy drdsy-bicrercridineniactdaindn addrits: tedrHsivoringraybatspdaied

emﬂoﬂgi%@pﬁi}ﬁ}@yention can be fo.rmullated SO as 25to pr(_)v_ide quick,
sustained or delayed release of the active ingredient after administration

to theypRLieRi B RBRIPYING AHRCAI S3KBeP ARHRERE: ddifts, the compounds

compositions are preferably formulated in a unit dosage form. The term

of he P ESRGBISHINE THaYE R PG diEnhyarar e b laghudsrebath grrarmore

ofipsases,fmby sranissHRAIREE ahd Gber MaBIRLS afACRAMRILLRALAINING a
predetermined g]l%gntity of active -35 WO 2006/055831

ABpRteRo s ES AR HRRRST AP IR IAEEAS RS pIBRCe ARt formulation
wilichangytie affeatsirasserialienavihstautiablaisphatacesieabexginientis

. The compqunds of the present inyention maybe administered to patients
TP B B AT BRI PRACHMF S T ZGEr e

aaminioetedialans0 malheind0Qbeforalll uwhd 00 gdkghomore peeker ablyne or
about 0.005 fo ut, 10 ma/kqg, are administered to the ient. Higher
R Tk e e B R L U
davageverst tinesdn Theldysagesdtiitionthiee dntiatanent apayhedpeaten the art.
ARISDYTd 31 01 28 days- When adminisiered in combinlion with other, . .
anti-cancer agejﬁts, the compoﬂhcfs 165t the present invention may be
mpseprareptited duvernilatiar? thatdhdades both one or more

The active compound is effective over a wide dosage range and is generally
administered in a pharmaceutically effective amount. It, will be understood, however, that
the amount of the compound actually administered will be determined by a physician, in
the light of the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered, the age, weight, and response

of the individual patient, the severity of the patient's symptoms, and the like.

For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition
containing a homogeneous mixture of a compound of the present invention. 'When

referring to these preformulation compositions as homogeneous, it is meant that the active
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of the compounds of this invention and one or more other anti-cancer

agents. Alternatively the other anti-cancer agents may be administered in

a separate formulation which may be administered before, after or
Weirpagkeaasssusly with the compounds of this invention. Whenradvmisrsienath4s

in combination with at least one other anti-cancer agent, 15 about 0.005 to

.about 100 ma/kg, more preferably ahout 0.5 to about 10 mg/kg, of gne or
l?ﬁﬁiﬁgleé%ﬁﬁéﬂ&%ﬁ@&%hﬁiﬁ %ﬂﬁ%ﬁ%&%ﬁ%ﬁﬂé{@?&&?&%@%?%ﬁwy be
reithyoviedivdésbiges spaylibeftagide ThR dosgeesalkthaptienmpi; ¢ancald
cggse etss afﬁlé‘g‘cﬁ‘{&” }nf{)heurt. A_d 'nistragti n. may occur once a day, or

RER times SROaP AR TGRS R P pspre IR 0L e ype
dgstribtort@8adaysaRing iemc fveceampaunt is fftectoo ayesfanyisdeive
ilg%%i%ﬁt@fr@g %‘9 IS enetnally administered in a pharmaceutically

ective amount. TP WIY%lei?JIhdel’StOOd, however, that the amount of the

comp O ' i hysician, in_th
o o e G B bl o

PREidnd depravineifedingshandrantaecadtnutionged ecticnadivinisteyse, the
PR PINGIH AN LERPARSEa fR R AN I R Q%‘E&ho&!?x?eﬁ{?‘é% 0l

the patient's symptoms, and the like. For preparing solid compositions
beeimdedbrarofiie sislaparsetihe fagrssichad o seapaimts can be separated

bphArBRERULcH RHRIRIGNTL foria &gﬂ@t@@{fe{mﬁ'@&@aomgﬁ&t?&nﬁ the

. containing a homogeneous mixture of a compound of the presen

IACTRIBRORAI &P PRSTAHHMY W ibedusrsmsimardadic delapssitioriaass A variety of

nhTegRAs O Ssid FonaantdhatitayaliMecoaBO 200 BOBA8R Including a
PCT/US2005/041.945 ingredient is dispersed evenly throughout the
O S5 RO 2GR A e BE TBEITO AL ALY BEr P, b e BetsRiys as shelac,

casiliaiyiefestive:lnibsiosagaeforms such as tablets, pills and capsules.
This solid preformulation is then subdivided into unit dosage forms of the

type @bstiqbedfainom cdrthitiagdrehcofopexdonplef Bclpraald dutenfOnmg:y be

of th ve 5 ingredient of the present.invention. The tablets qr pills of,
S P ST T e R ol Sy
fideeradesfows, afforomgtid adrentage, ehp fbtivogddmetkionseitexdibipleils such
ﬁ%%n&@é%ﬁ%ﬁlpEéﬁ‘a?ﬁ%%%f]‘&o’é%&ﬁ%ﬂ[‘8% 3P98 309,90 QUIRLA0SAde 1oy

component, tﬁe_atter eing in the form of an ehvelope over the former.
Pl iéerhybieiats can be separated 10 by an enteric layer which

serves to resist disintergfatiqn in the stomach and permit the
Compositions for inhalation or insuffiation include solutions and suspensions in

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and
powders. The liquid or solid compositions may contain suitable pharmaceutically
acceptable excipients as described supra. Preferably the compositions are administered
by the oral or nasal respiratory route for local or systemic effect. Compositions in
preferably pharmaceutically acceptable solvents may be nebulized by use of inert gases.
Nebulized solutions may be breathed directly from the nebulizing device or the nebulizing
device may be attached to a face masks tent, or intermittent positive pressure breathing
machine. Solution, suspension, or powder compositions may be administered, preferably

orally or nasally, from devices which deliver the formulation in an appropriate manner.
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inner component to pass intact into the duodenum or to be delayed in
release. A variety of materials can be used for such enteric layers or
coatings, such materials including a number of polymeric acids and
WiRisoees58tipolymeric acids with such materials as shellac, eewyLatookiol945
and cellulose acetate. 15 The liquid forms in which the novel compositions

of the present inveption may be incorporated for administration orally qr.
oy injRRIRERIS SR & %‘ﬁ&ﬁ%@/‘?}%ﬂ%ﬁﬁﬂgmfj@, QRRastiions of

tlor mitssusppensiias, and flavored emulsions with edible oils such. as
cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and
similar pharmaceutical vehigtesnfiatioe fpamsifioms for inhalation or
insufflation include solutions and suspensions in pharmaceutically
accepidplecainasasdsovtniniepibe fedlosring grediansraspenared:
powders. The liquid or solid compositions may contain suitable
pharmaceutically acceptable excipients as dechBéﬂt%pra. Preferably
the co re administered by the or@l&fﬁﬁa@&ﬂespiratory route
for loc C@r@% Yffect. Compositions in 25 preferddly

pharm fﬁic.all acceptable solvents may be nebufi?ad by use of inert
gases. 8 §'E8iions may be breathed directly ft8m the nebulizing
device or the nebulizing device may be attached to a face masks tent, or
internTite abpesitivedieatsurentisedtnddilaaditinkard ghlHon cSpSNENSICA0 Bfig

qggn\%%esr compositions may be administered, preferably orally or nasally,
fom dévices which deliver the formulation in an appropriate manner. -37

WO 2006/055831 PCTIUSZIQO(}%%&?G SEH}S(gI?e”EWing formulation

examples illustrate the pharmaceutical compositions of the present
inventionpersiation freamiRleshblaidigglatinfansglgs containing the
following ingredients are prepared: Quantity Ingredient (mg/capsule)
Active Ingredient 30.0 Starch 305.0 Magnesium stggia{fig:0 5

Ingredient {mg/tablet)
Active Ingredient 25.0
Cellulose, microcrystalline 200.0
Colloidal silicon dioxide 10.0
Stearic acid ‘ 5.0

The components are blended and compressed to form tablets, each weighing 240

mg.
Formulation Example 3
A dry powder inhaler formulation is prepared containing the following
components:
Ingredient Weight %
Lactose 5
Active Ingredient 95
The active mixture is mixed with the lactose and the mixture is added to a dry
powder inhaling appliance.
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The above ingredients are mixed and filled into hard gelatin capsules in
340 mg quantities. Formulation Example 2 A tablet formula is prepared
using the ingredients below: Quantity Ingredient (mg/tablet) Active

WOgeaEn8325.0 Cellulose, microcrystalline 200.0 Colloidal gifigoesehosddes4s
10.0 Stearic acid 5.0 10 The components are blended and compressed
to form tablets, each weighing 240 mg. Formulation Example 3 A dry

powder inhaler formulation FeprEpaed Exmplag the following 15

com nts: Ingredient. Wejght % .Lactose 5 Active Ingredie tg? he
mctive PR S SR A0 R TR PR Tty
powder inhaling appliance. -38 WO 2006/05583
Formuig | ‘pd}%é@mple 4 Tablets, each containi

ingred ,'gé%ﬁi%ﬁ[ed as follows: Quantity i 1 (mg/tablet)
Actived ﬁohent 30.0 mg Starch 45.0 mg Microciys e cellulose 35.0
Mg PRVBYPyHialdeps.f%mg 35.0 mg

Polyvinylpyrrolidone 4.0 mg

(as 10% solution in water)

Sodium carboxymethy! starch 4.5mg

Magnesium stearate 0.5mg

Talc 1.0mg

Total 120 mg

The active ingredient, starch and cellulose are passed through a No. 20 mesh U.S.

sieve and mixed thoroughly. The solution of polyvinyl-pyrrolidone is mixed with the

resultant powders, which are then passed through a 16 mesh U.S. sieve. The granules so
produced are dried at 50° to 60°C and passed through a 16 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate, and tale, previously passed through a No. 30

mesh U.S. sieve, are then added to the granules which, after mixing, are compressed on a

tablet machine to yield tablets each weighing 150 mg.
Formulation Example 5

Capsules, each containing 40 mg of medicament are made as follows:

Quantity
Ingredient {mg/capsule)
Active Ingredient 40.0 mg
Starch 109.0 mg
Magnesium stearate 1.0 mg
Total 1560.0 mg

The active ingredient, cellulose, starch, an magnesium stearate are blended, passed

through a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 150 mg

quantities.

Formulation Example 6
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(as 10% solution in water) Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg Talc 1.0 mg Total 120 nig The active
ingredient, starch and cellulose are passed through a No. 20 mesh U.S. 5
wiewesaisskmixed thoroughly. The solution of polyvinyl-pyrroligonessesixedss
with the resultant powders, which are then passed through a 16 mesh
U.S. sieve. The granules so produced are dried at 50 to 60C and passed
througRP2BIPRIsS heer S eRiBInE S SiniRrtis Busgdihgresnadmas follows:
magnesiugl stearate, and talc, previously passed through a No. 30 mesh
U.S. - then added to the granules which, xing, are
comprSEERHBIPAERY) taplet machine to yield tablets EaB¥weighing 150
mg. AT ?’(%%%gécgr Sh8ules, each contanitH™® mg of
medicament are made as follows: Quantity Ingredient (ma/capsule)

Activellisopeiéiie irgrodicaids srrehimoogh mjonagnesiiiSstisyaeadisospraded in
tHER IR0 Q00 &E@Mﬁ&@?ﬁ%@i@é&}ﬁﬂﬁ%iﬁ A0 RRINER Hessary.

stearate are blended, passed 15 through a No. 20 mesh U.S. sieve, and
Tﬁﬁéalm%megé}awﬁfg&ﬁ%é@walmw%@im@@%mm and allowed
tde@mple 6 -39 WO 2006/055831 PCT/US2005/041945 Suppositories,

each containing 25 mg of active ingredient are made as follows:

Ingredient Amount Active Ingseaiaidida Mearppieivated fatty acid glycerides

to 2,000 mg The active ingredient is passed through a No. 60 mesh U.S.

sieve Singsuspeneed tontaining 50 mg of medicament per 5.0 mL dose are made as

follows:

Ingredient Amount
Active Ingredient 50.0 mg
Xanthan gum 4.0 mg
Sodium carboxymethyl cellulose (11%) 50.0 mg
Microcrystalline cellulose (89%)

Sucrose 1.75 ¢
Sodium benzoate 10.0 mg
Flavor and Color g.v.
Purified water to 5.0mL

The medicament, sucrose and xanthan gum are blended, passed through & No. 10
mesh U.S. sieve, and then mixed with a previously made solution of the microcrystalline
cellulose and sodium carboxymethyl cellulose in water. The sodium benzoate, flavor, and
color are diluted with some of the water and added with stirring. Sufficient water is then

added to produce the required volume,

Formulation Example 8

Quantity
Ingredient (mg/cansule)
Active Ingredient 15.0mg
Starch 407.0 mg
Magnesium stearate 3.0me
Total 4250 mg
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the saturated fatty acid glycerides previously melted using the minimum
heat necessary. 5 The mixture is then poured into a suppository mold of
nominal 2.0 g capacity and allowed to cool. Formulation Example 7
WELI06NSIBIS, each containing 50 mg of medicament per 5.0pgil/koses anae4s
made as follows: Ingredient Amount Active Ingredient 50.0 rng Xanthan
gum 4.0 mg Sodium carboxymethyl cellulose (11%) 50.0 mg
Microcrystalline cellulose (89%) Sucrose 1.75 g Sodium benzoate 10.0

mg Fleorcsing iegnreskient cobiifreasipebraedamagnesinn Theratvedichiensst,
pRLCLOBE R XAhansamake blanrdssh RassedsHauguaN Qa}%ﬁlgéyﬁ?%() mg

U.S. sieve, and then mixed with a previously made solution of
qﬁﬂ’é%‘éﬁystalline cellulose and sodium carboxymethyl cellulose in water.
The sodium benzoate, flavor, and _cglor are diluted with some of the water
and added with stirring. Suffi@eRtlEe: FeeRler added to produce the
requirgd volume. Farmulation Example 8 Quantity,. Ingredient
S s e o PR B R e

(mg/capsu v arc mg Magnesium

steargig,3.4;mg Total 425.0 mg -40 WO 2006/0558§uanti ;
m 50.0 mg’ an

PCT/ 41945 The active ingredient, cellulos
magnggiumSleargte are blended, 1000 mL

Formulation Example 10

A topical formulation may be prepared as follows:

Ingredient Quantity
Active Ingredient 1-10 g
Emulsifying Wax 30g
Liquid Paraffin ' 20g
White Soft Paraffin to 100 g

The white soft paraffin is heated until molten. The liquid paraffin and emulsifying
wax are incorporated and stirred until dissolved. The active ingredient is added and

stirring is continued until dispersed. The mixture is then cooled until solid.

Another preferred formulation employed in the methods of the present invention
employs transdermal delivery devices ("patches"). Such transdermal patches may be used
to provide continuous or discontinuous infusion of the compounds of the present
invention in controlled amounts. The construction and use of transdermal patches for the
delivery of pharmaceutical agents is well known in the art. See, e.g., U.S. Patent
5,023,252, issued June 11, 1991, herein incorporated by reference. Such patches may be

constructed for continuous, pulsatile, or on demand delivery of pharmaceutical agents.

Direct or indirect placement techniques may be used when it is desirable or

necessary to introduce the pharmaceutical composition to the brain, Direct techniques
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passed through a No. 20 mesh U.S. sieve, and filled into hard gelatin
capsules in 560 mg quantities. 5 Formulation Example 9 An intravenous
formulation may be prepared as follows: Ingredient uanti Active
wagnediensn50.0 mg Isotonic saline 1000 ML Formulation Ex@mpeddA94s
topical formulation may be prepared as follows: Ingredient Quantity Active
Ingredient 1-10 g Emulsifying Wax 30 g Liquid Paraffin 20 g White Soft
u AR Rl et AL

REAME SO SR TR HEMbE bl vrBitsiler ggstem to
bliguid thansitivyandierattsilyDge Witk RrlneasROIgieera BkEIRr b8 At the
dissolved. The active ingredient.is added and stjrring js continyed untj] _ .
R PG I PSP AR At L SRR lgoenbed in
Udrntatetiofn (A pllyetih iheepeatliodsel el presdatipeention 15 employs

transdermal delivery devices ("patches"). Such transdermal patches may
be usbulitecpieshitigussntihishisagegisebntinetosdnfusidly ofiblee formulating the

! ' QA | . The ... .
ST A0 P8 s i

liphsmiubleutioas abaisniimionds Reewailinaghicsed Seeugh lodkisg Paflenbydroxy,

iR SRS URd gﬂﬁ%&%ﬁﬁg%&ﬁﬁ&%ﬁ%’&%%tﬁ& Yo'fe J&%@-aﬁ}gﬁl}m
2 n

Ppatches may be 20 constructed for continuous, pulsatile, or on dema
ligilivelpisraseammaeblafedrasearstioirsee srthedeed pravehasinr. Altematively,
e GRIHAE S MMM BRSO BRIt S &gﬁf@b&ebgnﬁ%mix&m}ﬁ ertonic

the_ pharmaceutical composition to the brain. Direct techniques -41 W

SOHBRs TEkeh e FAEBTERn SeDlordiaminRAHA: placement of a drug
delivery catheter into the host's ventricular system to hypass the )
plood B R SEHHE “BHE S, fﬁ\ﬁ&%ﬁﬁi@ﬂ%ﬁmgyﬁw R AL s

invention and are not to be construed in any way as limiting the scope of this invention.

Unless otherwise stated, all temperatures are in degrees Celsius.
EXAMPLES
In the examples below, the following abbreviations have the following meanings.

If an abbreviation is not defined, it has its generally accepted meaning.

atm = atmospheres

ATP = adenosine triphosphate

brs = broad singlet

C = growth control

°C = degrees Celsius

CDCls = deuterated chloroform

d = doublet

DCC = N,N-dicyclohexylcarbodiimide

DCM = dichloromethane

DIEA = diisopropylethylamine

DMEM = Dulbeco’s Modified Eagle’s Medium

DMF = N,N-dimethylformamide

DMSO = dimethylsulfoxide

EDC = 1-(3dimethylamino-propyl)-3-ethylcarbodiimide
EDTA = gthylenediamine tetraacetic acid

EGTA = ethylene glycolbis-(beta-aminoethylether))-N,N'-

tetraacetic acid
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transport of biological factors to specific anatomical regions of the body is
described in U.S. Patent 5,011,472 which is herein incorporated by
reference. 5 Indirect techniques, which are generally preferred, usually
winvoksedsrimulating the compositions to provide for drug latewtiztisasdsyosinss
conversion of hydrophilic drugs into lipid-soluble drugs. Latentiation is
generaé ‘phleved throygh blo%ng of the hydroxy, carbonyl, sulfate, and

primar mlne groups pres ﬂ1e drug to render the drug more lipid
solubl menable tQ tratH orgttlon across the blood-brain barrier.
Altern gjy, 10 the deLLve rophilic drugs may be enhanced by

intra-argerial infusion ofhy ions which c tran5|ent Lopen
the bIo%%pram barrier. _Th% Sn 01-‘]5 }lgéiﬁ eE%C}P RS ples
are offered to illustrate thls |nvent|on and are not to be construed in any
way a<Llimiting the scope ¢ft@is invention. Unless otherwise stated, all
tempef@tdPes are in degressrCuisninmef BxaRUES inalhe% gamptes
below, the following abbre#itiierhave the following meanings. If an
abbreviation is not defifed2thas its generally accepted meaning. atm =
atmosﬁﬁ%res ATP = adend$HE tri hosphate br s = broad singlet C =
growth' &8kl C = degreds- xpiehipctrsinemtédchloroforni d =
doublet DCC = N,N-dicycl fUdieieiafitdle DCM = dichloromethane
DIEA T§iBbpropylethyfamin SRk Rrzayiselso's Modified Eagle's

MediumpDMF = NN-dimethigiareramidscPihald shelimaipisufoxide EDC

= 1-(3dsethylamino-prepybndeathieadradiiBneaifid iR 750% inhibition
ethylefedianiine tetraaeetigtacid EGTA = ethylene

glycolbig:fbeta-aminoethyledhemirididh of drug resulting in a 50% reduction

in the measured protein

m =  multiplet

M = molar

Me = methyl

m/e = mass-to-charge ratio

MeOH = methanol

min =  minutes

mg = milligram

ml. or ml = milliliter

mm = millimeter

mM = millimolar

mol = mole

mmol = millimole

MHz = megahertz,

MS = mass speciroscopy

N = normal

nm = nanometers

NMR = nuclear magnetic resonance

Pd/C = palladium on carbon

q = quartet

q.v. = adding a quantity sufficient to achieve a certain
state

rt = room temperature

R = relative migration

s = sginglet

sec = seconds
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tetraaeetic acid -42 WO 2006/055831 PCT/US2005/041945 equiv =
equivalent Em. = emission EtOAc = ethyl acetate Et3N = triethyl amine
Ex. = excitation (or Example, depending on context) DTT = dithiothreitol g
WO gnesnssEx50 = concentration of drug resulting in a 50% grewithosphibitiomns
h = hour hrs. = hours HEPES = N-(2-hydroxyetlryl)piperazine-N'-(2-
ethanesulfonic acid HOBt = 1-hydroxybenzotriazole HPLC = high
perfor®BRce liquid chromak s Beoncentration of drug resulting
in a 50% inhibition L =Titdf'P¥E50 = concentration of drug resulting in a
50% réduttion in the HedSRHIMRARLESAF= multiplet M = molar Me =

methyiilé = mass-to-charge: RHEBHE methanol min = minutes mg =
miIIigr%ﬁFmL or ml = millili P25 limeter
i = growth in the presence of drug

TLCortle = thin layer chromatography

Tris or Tris-HCl = tristhydroxymethyl)aminomethane hydrochloride

Tz = tfime zero

wiv = weight to volume

viv = volume to volume

pL or ul = microliter

ph = micromolar

All the chemical starting materials were obtained from commercial suppliers and

used without further purification.

Scheme 2 below illustrates reactions used in Examples 1-3.

- 44 —



mM = millimolar mol = mole mmol = millimole MHz = megahertz MS =
mass spectroscopy N = normal run = nanometers NMR = nuclear
magnetic resonance Pd/C = palladium on carbon g = quartet q.v. =
varzingpssgpiantity sufficient to achieve a certain state rt = rogov/Us2005/041945
temperature Rf = relative migration s = singlet see = seconds -43 WO
2006/055831 PCT/U82005/04&%:%1'%’a SRB = Sulphorhodamine-B t = triplet
TCA = trichloroacetic acid TFA = friffuoroacetic acid THE =
tetrahydrafuran Ti = growth in the pgesence of drug TLC or tlg = thin layer
chrmna;&éz%ghym'ﬁdaquﬁis-mf&@hydroxéymgthyl)agn'n ethane
hydraghloride TZ=ZHe Zero w/y. W@ght‘t@wmggre;ﬂe\élc\)/cz klggmég to

) X . MeDOCT TN o
volume L%I’j?: microliter IV = mictomolar 100 °C
1

2 3
N—NH
oy, 2,6-iutidine
HENA)\

p—MNH 9 n—NH
| Y er/ZA i
P
g o 2,8-lutidine A

MeOOC™ N MeOOC” N g
& JHglF’ci»C 4
wPNH N—-NH
y i
HN " HN’J\/\F\ y
Hamf,\i /@N\ﬂ/ﬁ LIOH HszN N\KA

x Zr
MeOOC “NZ s © HOOC™ N g ©
7 8
MeNH, | coupling
p—NH
[ 2
HN o
HaN.__ N
w1 T
N N/ s ]
o)

Preparation of 5:
G,\(A
H
NH
/@/ 2 o /©/N\HA
Hs pyrldine/DCM HS ©

Example 1

Preparation of Methyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
5 methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 7)

A, Preparation of Methyl 5-Nitroorotate (compound 2).

The potassium salt of 5-nitroorotic acid (25.0 g, 0.1 mol) was dissolved in MeOH
(75 ml). Concentrated H,SO4 (21 mL) was added drop wise. The reaction was refluxed for
12 hrs. After cooling to room temperature, the white precipitate was collected by

10 - filtration, washed with water (50 mL x 4), and dried under vacuum for 48 hrs. to afford
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All the chemical starting materials were obtained from commercial

suppliers and used without further purification. Scheme 2 below illustrates

reactions used in Examples 1-3. 5 -44 WO 2006/055831
WRCTEX305/041945 Scheme 2 0 0 CI 02N NH MeOH/H28CK/US2005/041945

02N"J7~~NH POCI3 O2N" LN KOOC ( reflux Me000' ' NLO PhNEt2 JJ7F

H H 100 -C McQQO N CI ',.\%3 ./INH,2,6-lutidine HZN HN N -NH 02N ~N /
cgmpoad 2 A5 ARE RORICRIZBHG KL 2.6.lutidine Me000 ~C1 5 H2IPd-C

4 Nhg@\l%ﬂgngmﬁgﬁ H2N ‘"N N LIOHH2N "N NO McOOCN S
0 HO I{l r7g Mc gbupling N-NH 1/HNHA
'H NMR (300 MHz, DMSO-ds) § 11.90 (br s, 2 H), 3.8 (s, 3 H);
MS(electrospray) m/e 216 (CgHsN3Og+ED).

B. Preparation of Methyl 2,6-dichloro-5-pitre-4-pyrimidine carboxylate
{compound 3).

Compound 2 (1.00 g, 3,97 mmol) was dissolved in POCl; (4 mL). Diethylaniline
(1.3 mL) was added drop wise at room temperature. The solution was stirred at room
temperature for 30 min and then refluxed for 20 min. The mixture was concentrated under
reduced pressure. The resulting oily residue was slowly poured onto a mixture of ice and
water (10 mL). The mixture was extracted with ethy! acetate (20 mL x 2). The combined
organic solution was washed with 0.5 M HCI (10 ml.), saturated NaHCQ5 (10 mL), and
brine (10 mL). Drying over N&,SO, and concentration under reduced pressure afforded a
yellow oil (0.78 g, 78%).

MS (electrospray) m/e 252 (CiHaClLN3O4+H).
C. Preparation of 4-Cyclopropanecarboxamidothiophenol (compound 5)

To 4-aminothiophenol (9.4 g, 75.0 mmol, 1.5 equiv) and pyridine (8.09 mL, 100.0
mmol, 2 equiv) at 0 °C was added cyclopropanecarbonyl chloride (4.58 mL, 50.0 mmol, 1
equiv) drop wise. The reaction was stirred from 0 °C to room temperature for overnight,
diluted with EtOAc (200 mL), washed with 1 N HCI (50 mL x 4), dried over NaySO,,
concentrated, and dried under vacuum to yield the compound 5 as a off-white solid (8.5 g,
88%).

Ry 0.50 (50% EtOAc/hexane);

'H NMR (300 MHz, DMSO-dy) § 10.10 (s, 1 H), 7.55 (d, J= 5.8 Hz, 2 H), 7.30
(d,/=58Hz, 2H), 522 (s, 1 H), 1.60-1.80 (m, 1 H), 0.70-0.90 (m, 4 H); MS
(electrospray) m/e 194 (C1oH;NOS+H).

D. Preparation of Methyl 2-(4-cyclopropanecarboxamido- phenylsﬁEfanyl)-S—
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HZN LN N/~ N 10l O 9 Preparation of 5: CI NH2 i N Il HS | pyridine/DCM

HS 5 0 Example 1 Preparation of Methyl

2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5- 5
woethylgsssazol-3-ylamino)-4-pyrimidinecarboxylate (CompourdTysieos/641945

Preparation of Methyl 5-Nitroorotate (compound 2). The potassium salt of

5 -nitroorotic acid (25.0 g, 0.1 mol) was dissolved in MeOH (75 ml).
EAshraelzs el s inekpdmidiascarhoxyiste campnngd 6)-

refluxed for 12 hrs, After cooling to r(jjom temperature, the white

preciphaee TREG fecledf %y 16 i SabRER bR AP SO PhimEa) 125
randidsieduindedinaus s fal 18 hsmadaiiRidum S QiA006/085835-methyl-

PCT/ 05/041945 compound 2.as a white power (26.0 g, 75%). Rf
YRR o DB, MR IO a3 PRI OYES Bite. At irpe a
rbtrB8rserBnkd)  foviS{ehectrosgraydpite 2 bofa B NEOpHddpl B0R7 g, 4.5 mmol,

Preparation o thyl 2,6-dichloro-5:nitto-4-pyrimidine carboxylate .
e B e e RS R O e e
nixnte) wBietfytahilite ety B avdi) o asdasdehbddinaih WisaHEiGOML) and saturated

r e, solution was stirred at,room, temperature for 3 in and
B S B N R e

or mixture was conc te reduced

rpdasslipeesTire, resiuptindiallpy dhislueoivas slowiyapegrapliyototgiel drixtureunfl 6 as a

Ic8 and watey él% ‘). The mixture was extracted with ethyl acetate (20
3)mLox .}"Tﬁe C ’mb?%héd organic solution was washed with 0.5 M HCI (10

mL), Sedrg QNM;mL), and brine (10 mL). Drying over
Na2S04 antg c,?oncentration under reduced pressure afforded a yellow oll

(0.78 819 8%trd5pidsD feleatospra) Mo 2521§C6H3C12N304+H).
E. Preparation of Methyl 2-(4-cyclopropanecarboxamido- phenylsulfanyl)-5-

amino-6-(5-methyipyrazol-3-ylamino)-4- pyrimidinecarboxylate (compound 7).

Compound 6 (1.00 g) was dissolved in MeO> (10 mL) at room temperature, Pd/C
(Degusa type) (10%, w/w, 0.5 g) was carefully added to the solution. The mixture was
purged with H, for 10 min and stirred under Hy atmosphere (1 atm) at room temperature
for overnight. The catalyst was filtrated off with celite and washed with MeOH (30 mL x
3). The filtrate was concentrated and purified by flash column chromatography with 0%-
6% MeOH/DCM to yield compound 7 as a yeHow solid (0.94 g, 98%).

R 0.3 (5% MeOH/DCM);

'H NMR (300 MHz, CDCl3) 6 11.91 (5, 1 H), 10.19 (s, 1 H), 9.52 (5, 1 H), 7.70 (d,
J=84Hz 2H), 747 (d,J=84Hz 2H), 6.70 (s, 2 H), 5.38 (s, 1 H), 3.81 (5, 3H), 1.96
(s, 3 H), 1.82 (m, 1 H), 0.81 (m, 4 H); MS (electrospray) m/e 440 (CpoH21N;O38+H).

Example 2

Preparation of 2-(4-Cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylic acid (compound 8).

Y Ny -



10

15

20

25

C. Preparation of 4-Cyclopropanecarboxamidothiophenol (compound 5)
To 4-aminothiophenol (9.4 g, 75.0 mmol, 1.5 equiv) and pyridine (8.09 mL,
100.0 mmol, 2 equiv) at 0 C was added cyclopropanecarbonyl chloride

W@ .58ank5850.0 mmol, 1 equiv) drop wise. The reaction was Btitved:inemsdo4s
C to room temperature for overnight, 20 diluted with EtOAc (200 mL),
washed with I N HCI (50 mL x 4), dried over Na2S04, concentrated, and
dried GHRIRORRE PSS PR o pBtiRb R disselradrd EBId els-§.i0H (1

BB%014 Rf 0.56:(061%4 E§QACHR sy, s HNMRBRR0 MEZBMSRa88kR:d at room
7.30 .25 (d, J=5.8 Hz, 2 H), 5.22

10.10 (s, 1 H), 7.55 (d, J= 5.8 Hz, 2 H) )
f%&?ffﬁ%ﬁ .@5&*{%&1&5{; mﬁﬁ%é’bﬁ i, S dikes RER Ry senpiated under
rd@4ChEsaENOSohjepdranparatidtriMadeyhigh vacuum for 48 hrs, to afford
B D A G B W SO 25 ot tndhes paioation. A
smitlbsBriblenethykoyiiadolif: yiantirg)hdsp HirDidineashDmd atensampeued white
S%CITO compound 3 (1.00 g, 3.76 mmol, 1 equiv) and 2,6-lutidine (1.31 mL,
.25 mmol, 3 equiv) in dioxane (5 mL) at room temperature was added

3-ami Z 8.4, ol. 1.05 i
dioxa:lg rop E\%?sbeﬁ%\%’e?is\égﬁﬁg%é ai?(%esm%é%étﬁggqgsr’%?w .60 (s, 1 H),
T4LEy@|oprdpaiiacambyavhito-shioPhehéd (0,878 .4 Baythid), SE2 @quUiM),was (s,

sagdedolne e thq@)y@ﬁﬁig@gﬁ:\tt{@ﬂp temperature for overnight. The

mixture was diluted with ethyl acétate’and washed with 1 N HCI (50 mL)
and satgratReeNaHGA3(28%mt ). H.0]. erganigjayer was dried over
Na2S04 and co&r%%erﬁrated unrc(j%)rg rie%ql}cé%agre)élsure, and purified by flash
column chromatography to yield cpgpapiad 6 as a 10 yellow solid (1.2 g,
70%). Rf 0.3 (3% McOH/DCM); MS (electrospray) m/e 470

(C20HgNAaGGHME P 2 draficioppdMettaiboxamidophenylsulfanyl)}-5-amino-6-

{4scvel hoxamido- nhenylsulfanyl)-5-
A R ST Comesatat compound

7). 1 Q) js3plved in Me r )
tem p?g%?r}gﬁé{g%ﬁ %gé%ds aqyy?geig%%og’/:)( , %‘7‘&’%@5 %s%&e%ﬁ?gﬁ e H/V)
Wies ihiisled Ritoh (B-Re mlixtuParwen, pOrgwtvivivieNBFM. 1D miin 2aNAl$T €4 mmol,

 2WRdRA HECHMOSRNEIS 44 AF), 3 L0 IEMRERRYI®S me, 0.60 mmol, 5 equiv)

sequentially. The reaction was vigorously stirred at room temperature for overnight,
diluted with EtOAc (50 mL), washed with saturated NaHCO; (20 mL x 3), dried over
Na;S0s, concentrated under reduced pressure, and purified on preparative TLC with 5%
Et;N/10% MeOH/DCM to yield the desired compound 9 as light-yellow solid (17 mg,
32% from ester).

Ry 0.40 (5% EtzN/10% MeOH/DCM);
MS (electrospray) m/e 439 (CagHaNzO2S+H).
Example 4

Preparation of Ethyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (compound 11)
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for overnight. The catalyst was filtrated off with celite and washed with

MeOH (30 mL x 3). The filtrate was concentrated and purified by flash

column chromatography with 0% 20 6% MeOH/DCM to yield compound 7
was mipalsss solid (0.94 g, 98%). Rf 0.3 (5% MeOH/DCM); 'H ddBsG30€041945

MHz, CDC13) 8 11.91 (s, 1 H), 10.19 (s, 1 H), 9.52 (s, | H), 7.70 (d, J=

8.4 Hz, 2 H),7.47 (d, J=8.4 Hz, 2 H), 6.70 (s, 2 H), 5.38 (s, I H), 3.81 (s, 3
Aq), 1.9 eparatiqy of 3hyh 244y dpropensqaybrrspifecphenyispfanels dgitro-
RN PRt bl 12m I AP A i R%HORyite (compound 10)

2-(4-Cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpwﬁﬂ@lcSn)@@ﬁﬂﬂ?\)aémyﬁm‘HdHﬁﬂﬁéﬁh@%ﬂ@@@@iﬁi&(@ww@r@eﬁ&ﬁwl
WO 20061055831 PCT/US2005/Q41945 Compound 7 (45 mg, 0.1 mmol,

P Eh iR W L B SBIBE é"alﬁ% ‘ﬁ?‘?@ﬁ%%El,%?éﬁﬁl@?mmew%arboxylate
(Biuiia) Sedtfldetbtohiarstihigan pidvedanfsturgsNas stilieéd at room
temperature for overnight, acidified to pH = 5-6 with dilute HCI (1 N),
conceRtiafsd WddeQEJICdY pressure at room temperature, and dried
underlhigh vacuum for 48 hrs, to afford 5 the crude product, which was

used ditesRif3HeNER Slaplwithbuf Sultharipdiffsalidbe A 19Man 8ample: 9.0

rfied with.rev se HPL C te affo C u asa

o R i DA S LGS Lo
H) 28663 H)H) 687 718 (anobrR).71143 (B &, 7736876 B)A1 18- 7. u0(tl, YH)B .88~
OI_—%,(Q-Q,PE?BS (s, I H), 1.95 (s, 10 3 H), 1.80-1.90 (m, 1 H), 0.70-0.90 (m,

4 H); MS (electrospray) in/e 426 (C19H19N703S + H). Example 3

Prepakag peitMptayl n/e 484 (C, H, N,05S+H).
2-(4-cyelopropanecarboxamidophenylsulfanyl}5-amino-6-

H5-memmilmyﬁlymﬂ}&]ﬂwiﬁrﬁﬁﬁﬂﬁbﬂxmﬂﬁ%d@m(@m@@ 15
To compgund 8 (crude, - 0.1 mol, 1, equiv) in DCM/DMF (10 mL, 1:1,
Ty e S S e R AN B B
N/THE iv), H ; mg. 0.60.mmel uiv, d EDC
(116 T8 St Do AR AR AP ST P B R it

esftrisdpze vissrivteripkeataelidor overnight, diluted with EtOAc (50 mL),

washed with saturated NaHCO3 (20 mL x 3), dried over
R¢0.33 (10% MeOIH/DCM);

'H NMR (300 MHz, DMSO-d;) 5 11.89 (s, 1 H), 10.38 (s, 1 H), 9.48 (s, 1 H), 7.80
(d,J=10.8 Hz, 2 H), 7.49 (d, /= 10.7 Hz, 2 H), 6.71 (br s, 2 H), 5.34 (s, 1 H), 4.28 (q, J
=8.1 Hz, 2 H), 1,95 (s, 3 H), 1.80-1.8 (m, 1 H), 1.25-1.38 (m, 2 H), 0.80-0.85 (m, 2 H);

MS (electrospray) m/e 454 (CyHosN7O3S+H).
Exampie 5

Preparation of N-[2-(N,N-dimethylamino)ethyl]-2-(4-cyclopropane-
carboxamidophenylsulfanyl)-5-amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidine

carboxamide (compound 12)

The title compound was prepared in the manner described above for compound 9
with the exception that the methylamine reagent was replaced with 2-(N N-

dimethylamino)ethylamine. The title compound was recovered as a yellow-off white
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20 Na2S04, concentrated under reduced pressure, and purified on
preparative TLC with 5% Et3N/I 0% MeOH/DCM to yield the desired
compound 9 as light-yellow solid (17 mg, 32% from ester). Rf 0.40 (5%

WM MeOH/DCM); MS (electrospray) m/e 439 (C20HP2IN8ORAB/b4)945

25 Example 4 Preparation of Ethyl
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
SO thylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (compound 11) -48 WO

2 (4 SR AN A ROy 5 o

6-(5- Xi@é@%%%' %@@g&%ﬁ%ﬁr}%g%% rboxylate (compound 10)

The title compou as pre nAer described above for the

methyl ester starting from conﬁgmé?gyﬁa}y yaple ethyl
0X

2,6-diebloro-5-nitropyrimdinecarboxylate 5 (Matrix Scientific, South

P FRULE IR VEUBY SRHEL D Ocdm iRl ARG S MMER6-(5-
(300 MHz, CDC%6Q1E‘O.§/5 ,(Er sl?%HH), 8.68 (br g’@l H), 7.82 (%‘?Jz 9.0 (
Hz, 2 Hpethyippyagolg yleminopd-nysonidinecanhpuyigte (spmpowpd 131
(0, J= 7.5 Hz, 2 H), 2.26 (s, 3 H), 1.68-1.78 (m, 1 H), 1.43 (t, J= 7.3 Hz, 3
H), 1.08-1.16 (m, 2 H), 0.88- 10 0.96%@, 2 H); MS (electrospray) m/e 484

21H21N705S:+H), B, Ethy! . .

Degpataan orahi e M aronanecrarhosapidophenlaniiny)-S-amino-6--

methy|pyetindp8rylainfaplprippiidipiméoiibmcpidiexideta founpoh)d T4 title

compound was prepared in the manner described above for the methyl

15 esteraonprenidd 1048 el vl oo Rt eBBY)L0IBHNICO RID O ad¢eNMRM
Ok h@a@%ﬁﬂa&@?} it 891 ndndd); 19-38:45) &r%%gsé%\wjatlép(i o8P at

(d, J=10.8 Hz, 2 H), 7.49 (d, J= 10.7 Hz, 2 H), 6.71 (br s, 2 H), 5.34 (s, 1
To43 Aem e 18 degr solfion 96 ienHy sl geIcd ghioanHpmpeBturgdor

i) A&%@s %@@;(WM,M§£Q%MWL%§%LL) was added. The
(C21H23Na03S+H). Example 5
mixture was vigorously stirred at room temperature for 10 min, extracted with EtOAc (20

mL x 5). The combined extracts were dried over Na;SOy, and concentrated under reduced
pressure. The crude products were purified with preparative TLC with 10% MeOH/DCM
to yield sulfone 13 and sulfoxide 14 as yellow solids.

Compound 13 (11 mg, 23%):
R¢0.50 (10% MeOH/DCM);
MS (electrospray) m/e 486 (CpHasN7OsS+H),
Compound 14 (22 mg, 47%)
Ry 0.40 (10% MeOH/DCM);
MS (electrospray) m/e 470 (Ca1HasN7O4S+H).

Example 8
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Preparation 01N [2-(N,N-dimethylamino)ethyl]-2-(4-cyclopropane-
carboxamidophenylsulfanyl)-5-amino-6-(5-methylpyrazol-3-ylamino)-4-pyri
midine carboxamide (compound 12) 25 The title compound was prepared
Wi thesmsagaier described above for compound 9 with the exeepticsrdtrai41945
the methylamine reagent was replaced with 2-(N,N-
dimethylamino)ethylamine. The title compound was recovered as a
yellow-off white -49 WO 2006/055831 S2005/041945 solid. Rf 0.45
(10% Et3N/10% McOH/DCM); MS (g pray) We 496
(C23H29N902S+H). Examples@ an\? 5 Prearaﬂ%pﬁﬁthyl
2-(4-cyclopropanecarboxamidgphepylstiifon fi-orami 0-6-(5-
methylpyrazol-3-ylaafingy-2~py\imi (cépound 13) and
Preparation of ethy o)
2-(4-cyclopropane-carboxamidophenylsulfinyl)-5-amino-6-(5-

netpaagaly -Yéﬁi?iﬁl9)(4:&3%'1%?@E@E@M%&%Bﬂ%%ﬁ%@%}g%%m-s—

compound 11 (45 mg, 0.10 mmol, 1'equiv) in THE (3'mL)"was a
M o%%%eg&dewg%mlﬁm&@-mﬂym&immn@mgﬁmpmm BAd
Waterdf,z mL) at rogm temperature. The clear solution was vigorously

3 ﬁ%@

stirre RS PR L T it O R4 emas Naesdn d (MHeChia) 0

°6%§&ﬁﬂﬁt¢ﬁ1ﬁbﬂﬁﬁ@ﬁmi@ﬁi—@Wmmoﬁﬁ%emlﬁtﬂfﬁc\’lﬁ%@’tjzggfg{ﬁlgpwise.
A3t5irred at room _temperature, for 10 min, extracted with EtOAc (20 15 mLx

S S Binel Bxtr RS Holte arieapaer R0 S8mind SbAemptrdd gquiv)
wandddeédndaie pressuread fttrelude It dveini iR renaL HIgf¥IL aimosphere.

T?lrelggégtiv%v ;’LC Wit%%oo/.o hﬂfﬁ%ﬁ)ﬁ% to yield sulfone 13 and sulfoxide
Rt TR e PHB‘B 915’%3‘%‘3 :ﬂ’ﬁf‘?ﬁ%@r(tlw was filtered
offiClhkl OIMYa 20 Astsd elebitvasaray) [EE@J&M@%%SM;?@E%@%% purified
ound 14 (22 m 7%%#52%%] O%Jg%%(_){ cOH/DCM); MS ]

bfe %IC‘LE%% 8 ra%lfrj(ng? grzp%r?& ¥ 36 jl)\_éliuct 14’ as a light-yellow solid (250
mg): 'H NMR (DMSO, 400 MHz) & 11.95 (s, 1 H), 10.45 (s, 1. H), 9.39 (brs, 1 H), 8.29
(s, 1 H), 7.73 (d, J=8.4 Hz, 2 H), 7.50 (d, /= 8.4 Hz, 2 H), 6.83 (s, 2 H), 5.48 (s, 1 H),
3.30-3.35 (m, 2 H), 2.37-2.50 (m, 6 H), 2.00 (s, 3 H), 1.81 (m, 1 H), 1.40-1.50 (m, 4 H),
1.39 (br s, 2 H), 0.81 (d, J= 5.9 Hz, 4 H); MS (electrospray) m/e 536 (Ca6H33No028+HH).

Examples 9-27 were prepared in the same manner as Exampie 8 by substituting

the appropriate amine for 2-piperidin-1-vlethanamine.
Example 9

HN % ’
HaN Ay NW//—\
~ ﬂ ['A\/@ O
o7 N" g
o)

N-(2-Methoxyethyl) 2-(4-cyciopropanecarboxamidophenyisulfanyl}-s-amino-ﬁ-(s-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 43)

-51—



Example 8 -50 WO 2006/055831 PCT/US2005/041945 N-NH 1 HNH
H2N N N\(L N _,N N~S O) G O N-(2-Piperidin-1-ylethyl)
2-(4-cyelopropanecarboxamidophenylsulfanyl)-5-amino-6-
We-stbsNrazol-3-ylamino)-4-pyrimidinecarboxamide (Conyanuinskdsg)odm4s
a mixture of Compound 11 (250 mg, 0.55 mmol, 1 equiv) in dry CH2C12
at 0 5 C wasg added trimethylaluminium (1.6 mL, 2 Mltoluene, 3.2 mmol,
5.8 equiv) d%ﬁmgé{nmygfma? fromRime dinvas plimngaRsmaple 9:
TOr08R mabp AL -4 esuivde s, added and thesreagfionwas stifregl 8.27
t rtig[ﬁ Oﬁ%gk%ht under a nitrogen atmorg,é)here. The reaction was
Gerdec WL S MG Gt P IRE FEESARDSOIH dad llerel G2
Whe zab(u;ifwg; gvaﬁqs;cfs M;hwat@ﬁ,anﬁpﬁh?@(ba 'S’leﬂdﬁﬁ rol.ge ma%em ﬂ%ﬂm
then purifi r tography to yield the desired product 17
> (%EIS"E#@%‘?- eﬂ%ﬁ%@%@ﬁﬁ&? ‘NMR (DMSO, 400 MHz) S 11.95 (s, 1
H), 10.45 (s, 1 H), 9.39 (brs, 1 H 8.29%@ H), 7.73 (d, J= 8.4 Hz, 2 H),
7.50 (d, J= 8.4 Hz, 2 H), 6.83 (s, ZTHB48 (s, | H), 3.30-3.35 (in, 2 H),
2.37-2.50 (m, 6 H), 2.00 (s, 3 H), 1.81 g, 1 H), 1.40-1.50 (m, 4 H), 1.39
(brs,2H),0.81(d,J=59Hz, 4 H)@Z%&electrospray) We 536
(C26H33N902S+H). 15 Exampl&#0-
manner as Example 8@&*&%@@ tutag the
2-piperidin-l-ylethanamjne. Examplei9 N:
N N~'lkS O m\/ R

ed in the same

£

mine for
NH HZNINN H~0

Morphelin-4-yl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 44)

10 From morpholine and Compound 11 was obtained Example 10: "H NMR (400
MHz, DMSO-ds) § 11.90 (s, 1 H), 10.43 (s, 1 H), 9.18 (s, 1 H), 7.71 (d, /= 8.0 Hz, 2 H),
748 (d,J=8.0Hz, 2 H), 5.76 (s, 1 H), 5.31 (s, 2 H), 3.58-3.64 (m, 4 H), 3.64 (br s, 2 H),
3.39 (brs,2 H), 2.01 (s, 3 H), 1.82 (m, 1 H), 0.81 (d, J = 4.0 Hz, 4 H); MS (electrospray)

m/e 493 (ngH%NgO;;S’?‘H).
15 Example 11
N—NH
W
HN H
Soslend
LN N/)\S o)

o

Thiomorpholin-4-y1 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6~(3-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 45)

From morpholine and Compound 11 was obtained Example 11: "H NMR (400
20 MHz, DMSO-ds) 6 11.88 (brs, 1 H), 1042 (brs, 1 H), 9.16 (brs, 1 H), 7.71 (d, /= 8.0

-
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0 N-(2-Methoxyethyl)
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5- 20
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 43) -51
WY SRABSIH55831 PCT/US2005/041945 From 2-methoxyethamarsinesand4s
Compound 11 was obtained Example 9: 'H NMR (400 MHz, DMSO-d6) S
11.96 (brs, 1 H), 10.43 (br s, 1 H), 9.41 (br s, 1 H), 8.27 %;r s, IH),7.72
Horstth 194856 b 8 B2 10 -a bfss [ 21 574P1(s, 3 Hy, 3%56ppr-<2 B4360 (or
5:3240)(3.69 thh L DTS2 33 he b, D01 S, 3 A6, (0503, HFQ-6Q (e, Sr4 4012,
%%5 elelctrosprayi};:%lseS 483 (C22H26N803S+H). Example 10 N-NH
4 RFTORRTRY RS 1 frsfadleRedzy -
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazoI-S-yIamino)-4-pyrin3%{|ér}1{ggier§gxamide (Compound 44) 10
From morpholine and Compound 11 yyag;pbtained Example 10: 'H NMR
(400 MHz, DMSO-d6) S 11.90 (S&MDAB (s,1H),9.18 (s, 1 H), 7.71
(d, J=8.0 Hz, 2 H), 7.48 (d, J=8#¥z2 H), 5.7§ (s, 1.H), 5.31 (s, 2 H),

3.58-3.64 (m, 41-1), 3.64 (bri t3-39 (brs, 2 01 (s, 3H), 1.82
(m, 1 H), 0.81 (d, J=4.0 Hz,l&ifl H)§ MG (el pray) m/e 495
5N
0

(C23H26N803S+H). ﬁS/E@m eld FINHS HZNN/N N~S\O

O Thiomorpholin-4-yh\l\/

2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
N-Pyridin-4-y1 2-(4-cycloprepanccarboxamidophenyisulfanyl)-5-amino-6-(3-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 51)

From 4-aminopyridine and Compound 11 was obtained Example 12: *H NMR
(400 MHz, DMSO-dg) $ 12.05 (br s, 1 H), 10. 52 (s, 1 H), 1043 (s, 1 H), 9.72 (5, 1 H),
8.53 (brs, 2 H), 7.85 (brs, 2H), 7.76 (brs, 2 H), 7.56 (br s, 2 H) 7.03 (s, 2 ), 5.64 (s, 1
H), 2.05 (s, 3 H), 1.99 (m, 1 H), 0.84 (br s, 4 H); MS (electrospray) m/e 502
Caalip3sNgO,S+H).

Example 13
N—-NH
L/
HN ’
HaN Ay, N
PPN /@ o
e N s
o/ 0

N-(2-Morpholin-4-ylethyl) 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-
6-(S-methylpyrazel-3-ylamino)-4-pyrimidinecarboxamide (Compound 52)
From 2-morpholin-4-ylethanamine and Compound 11 was obtained Example 13:
"H NMR (400 MHz, DMSO-d) § 11.95 (s, 1 H), 10. 44 (5, 1 H), 941 (s, 1 H), 8.32 (5, 1
H), 7.73(d,J=82,2H),7.51 (d, J=8.2Hz 2 H), 6.84 (5,2 H), 5.47 (s, 11), 3.58 (br s,
4 H), 3.31 (brs, 2 H), 2.41-2.51 {(m, 6 H), 2.00 (s, 3 H), 1.82 (m, 1 H), 0.81 (d, /= 5.4 Hz,

w83 e
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methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 45) From
morpholine and Compound 11 was obtained Example 11: 'H NMR (400
20 MHz, DMSO-d6) S 11.88 (br s, 1 H), 10.42 (br s, 1 H), 9.16 (br s, | H),
WO 2hofeh53838.0 -52 WO 2006/055831 PCT/US2005/041945 pHEnZIk)s/041945
7.49 (d, J=8.0 Hz, 2 H), 5.46 (s, 1 H), 5.17 (br s, 2 H), 3.83 (br s, 2 H),
3.6%&% S, 2 H), 2.69?5br S,2H),255(brs,2H),1.99(s,3H),1.81(m, 1
AD): v (eépctresprasy ,%%,@4&%&@&?’%@&” nzle 511
(C23H26N802S2+H). Example 12 N-NH 1 HN H2N ~NI N\ Nhsf10( 5
N. O N-Pyridin-4-yl Example 14
2-(4-cyclopropanecarboxamidophen lﬂf_llfanyl)-S-amino-G-(S-
methylpyrazoI-S-yIamino)-4-pyrim{/cli/ii?moxamide (Compound 51) From
4-aminopyridine and Compounadd S obtained Example 12: IH NMR
(400 MHz, DMSO-d6) S4210% (bes, 1 H), 10. N ), 10.43 (s, 1 H),
9.72 (s, 1 H), 10 8.53|(br H),7.76 (br s, 2 H), 7.56 (br
s, 2 H) 7.03 (s, 2 H), 5.54 Tt Fy~285 (3 H), 1.99 (m, 1 H), 0.84 (br s,
4 H); MS (electrospray) nile ©02 C24H23N902S+H). Example 13 N-NH
HN HpN ~NI/ N CNN Nhs 0 0') 0 15 N-(2-Morpholin-4-ylethyl)
2-(RiprridinobrheChrtysiennidophormieuifaidtph anylvdfanyl)-5-amino-6-(5-
6-(5- N0 imidine i ompou
C-matnyazsbesxamaRhEpvimaecakamide Compannday)

From 2-morpholin-4-ylethan ompoun was obtaine

Examplgnd Biperidine and Compound 11 was obtained Example 14: "H NMR (400
MHz, DMSO-ds) 6 11.88 (5, 1 H), 1043 (s, 1 H}, 9.12 (s. 1 H), 7.71 (d, /= 8.5 Hz, 2 H),
7.49(d,J=8.5Hz, 2 H), 545 (s, 1 H), 5.09 (5, 2 H), 3.51 (brs, 2 H), 3.23 (br s, 2 H),
1.97 (5,3 H), 1.81 (m, 1 H), 1.57 (brs, 4 H), 1.43 (br s, 2 H), 0.81 (d, /= 6.0 Hz, 4 H);
MS (electrospray) m/e 493 (CpsHpgNgO,S+IH).

Example 15

N—NH

N-(Tetrahydrofuran-2-ylmethyl) 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-

amino-6-(S-methylpyrazol-3-ylaminoj-4-pyrimidinecarboxamide (Compound 54)

From I-tetrahydrofuran-2-ylmethanamine and Compound 11 was obtained
Example 15: '"H NMR (400 MHz, DMSO-dy) § 10.50 (s, 1 H), 9.63 (s, 1 H), 820 (s, 1 H),
7.75(d,J=82Hz 2H),751(d, J=82Hz 2 H),5.57 (s, 1 H),3.92 (, J= 5.7 Hz, 1 H),
375(d,/=69Hz 1H),3.63(d, J=7.1 Hz, 1 H), 3.24-3.33 (m, 2 H), 2.03 (5, 3 H),
1.81-1.86 (m, 4 H), 1.49-1.53 (m, 1 H), 0.82 (d, J=5.7 Hz, 4 H); MS (electrospray) m/e
509 (Ca4HagNOsS+H).
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'H NMR (400 MHz, DMSO-d6) S 11.95 (s, 1 H), 10. 44 (s, 1 H), 9.41 (s, 1
H), 8.32 (s, 1 H), 7.73 (d, J=8.2, 2 H), 7.51 (d, J= 8.2 Hz, 2 H), 6.84 (s, 2
H), 5.47 (s, 1H), 3.58 (brs, 20 4 H), 3.31 (br s, 2 H), 2.41-2.51 (m, 6 H),
WOO0M=)88BY), 1.82 (m, | H), 0.81 (d, J=5.4 Hz, -53 WO 200@/0658815/041945
PCT/US2005/041945 4 H); MS (electrospray) m/e 538
(C25H31N903S+H). Example 14 N-NH HN N2N N S\ N 101 O
Piperidin-1-yl Example 16
2-(4-cyclopropanecarboxamidophenylsulfgnyl)-5-amino-6-(5- 5
methylpyrazol-3-ylamino)-4-pyrhnidinecirbgxamide (Compound 53) From
piperidine and Compound 11 was optained Example 14: 'H NMR (400
MHz, DMSO-d6) S 11.88 (s, 1ijk.1043 (s, 1 H), IN.2 H), 7.71 (d, J=
8.5Hz, 2 H), 7.49 (d, J=8.5 Hz, 2 H), 5.45 ( ), 5309 (s, 2 H), 3.51 (br
s, 2 H), 3.23 (br s, 2”Iq E‘é lei.%), Q57 (brs, 4 H), 1.43
(brs,2H),0.81(d, J=6.0 Hz 4 ¢l); 10 MS (electrospray) m/e 493
(C24H28N802S+H). Example 15 N-NH t/ H: H2N NN N NSO 0
N-(Fddethyaypiwpyl) 2-ivetlgiropanecarboxamidophenylsulfanyl)-5-amino-6-(5-

2-(4 I henylsulfan
amlni@%ﬂ%ﬁ%@%@é@%’ﬂ %};‘ Iéill}?%al)aﬁlogg% gCo%gound 55)
(Compaynd 5dnd @Mﬁ@&h&;ﬂaﬁ&’h@%&@@@z@}i{éﬁ% le 16: IH
Com ound 11 was 0 tamed Example 15: 1H NMR (400 MHz. DM&G-d

N (400 MHA-P MR () § 1:48.60 1(§1)1 4 .7 5?(}1 83384t A+5.9 Hy, FIS)L 7.75

d, t 7 3,754

bR A L 9
3.25-3.30 (m, sm% 201 (s, 3 H), 1.85 (m, 1 1), 6o 175(1n,2H) 081 (d J=6.0 Hz, 4

H}; MS (electrospray)} m/e 497 (Co3HagNgO:S+H).

Example 17
wﬂNH
V4
HN H
HaN.__A N\”/A
N
e R o
g7 N” ™8
O

N-(2-Methylthioethyl) 2~(4-cyc}.opropanecarboxamidophenylsulfanyl)»S—amino-ﬁ-(S-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 56)
From 2-(methylthio)ethanamine and Compound 11 was obtained Example 17: 'H
NMR (400 MHz, DMSO-dg) § 10.50 (s, 1 H), 9.58 (s, 1 H), 8.49 (s, 1 H), 7.75(d, J="7.9
Hz,2H),7.51(d,J=79Hz, 2 H),5.46 (s, 1 H),3.42 (t, J= 6.4 Hz, 2 H), 2.62 (t, J= 6.4
Hz, 2 H), 2.09 (s, 3 H), 2.00 (s, 3 H), 1.84 (m, 1 H), 0.81 (d, J= 5.3 Hz, 4 H); MS
(electrospray) m/e 499 (CopHaeN3O2S,+H).

Example 18
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1.81-1.86 (m, 4 H), 1.49-1.53 (m, | H), 0.82 (d, J= 5.7 Hz, 4 H); MS
(electrospray) m/e 20 509 (C24H28N80O3S+H). -54 WO 2006/055831
PCT/QS2005/041945 Example 16 N-NH HN HZNINN NINJS\0 O
WO-g8enstisdkypropyl) PCT/US2005/041945
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecgrboxamide (Compound 55) 5
From 3-methoxypropanamine and ﬁ@\ound 11 was obtained Example
16:'H NMR (400 MHz, DMSO-df 49 (s, 1 H), 9.54 (s, 1 H), 8.38 (t,

J=5.9Hz, | H), 7.75 (d, J36b HA 2 H), 7,51 H,#?&HZ,ZH),&@(S,
1 H), 3.35 (t, J= 61H%8 ,3;25 eﬁﬁfH)zous 3 H), 1.85 (m, |
. )

H), 1.69-1.75 (in, 2 H) ); S (electrospray) m/e
497 (C23H23N303S+H) ample 17 N-NH HN H2N NN H N15;~S\
0 0 N-(2-Methylthioethyl)

2-(?&mem?nﬂw§?ﬁmﬁ?ﬁm@ Saagléml):ﬁ ~(5-
methy in imidinecarboxamide oun rom
2-(metﬁxﬁﬁ?’o§’§ﬁ1ana 2% ang5 ompoun was’%é’fé? né%%?ﬂﬁ

1, 3o B e b IS ) Si’ﬁ%ﬁ%l@@h?%‘?

5 (@UJMHZ} PiYSOHY) 2.62.08 =161, Hz4P (s))] 2IDP 4S8 G.H)H2. 0078(d3.449) 3.6 Hz, 2
: Cz 26@2 GNS%ZQ §(§l(£§'J~L 26372 # 15 M %, CIFUASPrN IS 4%, 3 1), 1.81
(m, 1 H), 1.29(s, 9 H), O 81 (d, J= 6.2 Hz, 4 H); MS (electrospray) m/e 481
(CasHasNz0»S+H).

Exampie 19

NwNH

HZN

190

N-(2-Furylmethyl) 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 58)
From 1-(2-furyl)methanamine and Compound 11 was obtained Example 19: 'H
NMR (400 MHz, DMSO-dy) § 10.44 (s, 1 H), 9.45 (s, 1 H), 8.67 (5, 1 H), 7.73 (d, J= 7.5
15 Hz 2H),7.58(s, 1 H),7.50(d, J="7.5 Hz, 2 H}, 6.40 (s, 1 H), 6.25 (s, 1 H), 5.43 (s, | H),
4.42(d,J=4.0Hz 2 H), 1.99 (5, 3 H), 1.83 (brs, 1 H), 0.82 (d, J=4.3 Hz, 4 H); MS
(electrospray) m/e 505 (CpqHpaNgO3S+H).

Example 20
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Example 18 -55 WO 2006/055831 PCT/US2005/(141945 N-NH |1 HN H
HPN N N N N~S jjO~~ \I~ O N-(tert-Butyl)
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
woethylpaszol-3-ylamino)-4-pyrimidinecarboxamide (Compognyg&sthoknamss
test-butylamine and Compound 11 was obtained Example 18: 1H NMR 5
(400 MHz, DMSO-d6) S 12.02 (s, 1 H), 10 41 (s, 1 H), 9.43 (s, 1 H), 7.73
(d, J= 86H22FD765@]¢ﬂ7 —86H22H)683@2Fﬂ
5.86 (s, 1H)209@:3H)181(ﬁw 129@ 9H),0.81(d,J=6.2
Hz, 4 H); MS (electrospray) rg/gg 48 (C23H23N3ﬁ28+ . Example 19
N-NH HN H HZN ~ ~ NN 0 -( Furylmethyl)
2-(4-cyclopropaneca i Hatd)<5-antino-6-(5-
methylpyrazol-3-ylamino)-4-pymidinecarboxamide (Compound 58) From
1-(2-furyl)methanamine and Compound 11 was obtained Example 19: 1H

i““"*7;““J"”’“‘”l‘é“ﬁﬁ@mﬁ‘ag‘?ﬂﬁ@?ﬁmd %*f’é‘%‘ﬁ‘%;‘é’;")?f&““"‘ﬁ"
S Z

', Sttty fisy(fé'zlrlﬁ et Poramine (CompawaiiSo)
L8 sy gg LA eHz NS PSSR A
NMR (400 MHz, DMSO dg) 81052 (6, 1H),9.69(s, 1 H), 890 (t,J=6.1Hz 1 H),7.74
(d,/=84Hz,2H),7.50(d,J=8.4Hz 2 H),7.39(d, /J=4.9 Hz, 1 H), 6.96-7.01 (m, 2
H), 549 (s,2H),4.58 (d,/=6.1 Hz, 2H), 1.98 (s, 3 H), 1.85 (m, 1 H), 0.82 (d, /= 6.0
Hz, 4 H); MS (electrospray) m/e 521 (CoaHa4NgO»S+H).

Exampie 21

N~NH

N-Phenyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-3-amino-6-(5-
methylpyrazol-3-ylamine)-4-pyrimidinecarboxamide (Compound 60)

From aniline and compound 11 was obtained Example 21: "H NMR (400 MHz,
DMSO-dg) 6 12.05 (s, 1 H), 10.49 (s, 1 H), 9.83 (s, 1 H), 9.60 (s, 1 H), 7.79 (d, J=8.1
Hz, 2 H), 7.57-7.60 (m, 4 H), 733 (t, /=74 Hz, 2 H), 7.11 (t, /=7.1 Hz, | H}, 6.93 (s, 2
H), 5.87 (s, 1 H), 2.11 (s, 3 H), 1.85 (m, 1 H), 0.85 (d, J= 5.4 Hz, 4 H); MS (electrospray)
m/e 501 (CasHzaNgOsS+H).

Example 22
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WO 2006/055831. PCT/US2005/041945 N-NH 1/HNH HZNN/N" S
N NS (O O N-(2-Thien-2-ylmethyl)
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-

WG 2eivli#trazol-3-ylamino)-4-pyrimidinecarboxamide (ConR§gikisr®e41945
From 1-thien-2-ylmethananune and Compound 11 was obtained Example
20: 1H 5 NMR (400 MHz, DMSO-d6) 52 (s, I H), 9.69 (s, 1 H), 8.90
(t, J=6.1Hz, 1 H), 7.74 (d, J=8.4 Higﬁ*m (d, J= 8.4 Hz, 2 H), 7.39
(d, J=4.9 Hz, 1 H), 6.96-7.01 (m, @ 49 (s, 2 H),4.58 (d,J=6.1Hz, 2

H), 1.98 (s, 3 H), 1.85 (m, | H),9.821(d, J= Hﬁ 4 S (electrospray)
We 521 (CZ41124N80282+I§) E amﬂe 2 H 3 HN! H2Nv N N N"

N~S\I jO( 100NPFIEmVI\[:I S
2-(4-cyclopropanecarboxamidgphenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 60) From

alv{ReBrtblogyripmutic ety 3-0bigivleg fopamyte Bixakid N R (RO -5-
TR SRR R AU B8 bbbl o

11 ﬁm}n Fzﬁéfiﬁx}ﬁép&g% Qﬁnﬁxe%ﬁ%% 51.1111&_&)1 %réslofﬁafﬁe'é)&gz%%lgﬁz

1 H), 0.85 (d, J=5.4'Hz, 4 H); MS (electrospray)
H@Q@HMWB&HM@%FMQ% {571\H®926b6?055@3”194 (d,/=8.7Hz 1 H},

7. PEEYS20090 4 BG57 51 (d, /= 8.6 Hz, 2 H), 5.61 (s, 1 H), 4.08 (m, 1 H), 3.29-3.37
(m, 2H),3.27 (s, 3 H),2.03 (5,3 H), 1.75 (m, 1 H), 1.10 (d, J= 6.7 Hz, 3 H), 0.82 (d, J=
6.2 Hz, 4 H); MS (electrospray) m/e 497 (CpsHzsNgOsS+H).

Example 23

NrNH

N-Cyciohexyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methyipyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 62)
From cyclohexylamine and Compound 11 was obtained Example 23: "H NMR
{400 MHz, DMSO-dg) 6 12.03 (brs, 1 H), 1045 (s, 1 H}, 9.44 (s, 1 H), 7.71-7.76 (m, 3
H),7.50(d,J=7.8Hz, 2 H), 6.79 (s, | H), 5.86 (5, 1 H), 2.09 (s, 3 H), 1.82 (m, 1 11,
1.54-1.71 (m, 4 B), 1.15-1.31 (m, 6 H), 0.82 (d, J= 5.3 Hz, 4 H); MS (electrospray) mv/e
507 (CasH3oNgO,S+H).

Example 24
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N-NH HN H2N IN N \O--/N NS O r O N-(2-Methoxy-I-methylethyl)
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-
amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide
wEsimpsesd 61) From 1-methoxypropane-2-amine and Comipauieibd/oar94s
was obtained Example 22: 5 'H NMR (400 MHz, DMSO-d6) S 10.43 (s, 1
H), 9.43 (s, 1 H), 7.94 (d, J=8.7 Hz, 1 H), 7.74 (d, J=8.6 Hz, 2 H), 7.51
(d, J= 8.6 Hz, 2 H), 5.61 (s, 1 H), 4.08¢tM1 H), 3.29-3.37 (m, 2 H), 3.27
(s,3H),2.03(s,3H),1.75(m, 1 / ,J=6.7 Hz, 3 H), 0.82 (d, J=
6.2 Hz, 4 H); MS (electrospr%@ nz/e 497 (CZSH%NS S+H). Example 23
o

N-NH HNH HZNN/N N} NLO elotiexyl
2-(4-cyclopropanecar nayllsg 5-amino-6-(5-
methylpyrazol-S-yIaano)- -pytimidinecarboxamide (Compound 62) From
cyclohexylamine and Compound 11 was obtained Example 23: 'H NMR

Aot phs Ll 4 Gelntbngnsersbagratoeph iy
Z208n0(E 6 Fin & iBAr(nado =) viadbdnd) Al yeindiih et ak Dok Schie (G dpOuhd 63)
(d, J=5.3 Hz, 4 H); MS (electrospray) n7le 507 (C25H30N80O2S+H).

ExanmiplenpistBg e Z006/05583inP T/ 0Sap05I04 1945 dithirbdHBkbiaple 24:
'H NMR (400 MHz, DMSO-dg) § 11.99 (s, 1 H), 10.44 (s, 1 H), 9.43 (s, 1 H), 7.94 (m, 1
H),7.93(d,/J=8.5Hz 2H),7.51 (d, J=8.5Hz, 2 H), 6.82 (5, 2 H), 5.69 (s, | H), 3.79-
3.88 (n, 3 H), 3.32-3.40 (m, 2H), 2.05 (s, 3 H), 1.69-1.84 (m, 3 H), 1.48-1.51 (m, 2 H),
0.82 (d, /= 6.0 Hz, 4 H); MS (electrospray) m/e 509 (CasHgNzO3S+H).

Example 25

N-{1-Methylpiperidin-4-yl) 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-
6-(5-methyipyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 64)

From 1-methylpiperidine-4-amine and Compound 11 was obtained Example 25;
TH NMR (400 MHz, DMSO-dg) § 12.00 (br s, 1 H), 10.48 (s, 1 HD, 9.44 (s, 1 H), 7.93 (d,
1H),7.75(d,2H, /=8.5Hz 2 H), 7.50 (d, /= 8.5 Hz, 2 H), 6.81 (5,2 H), 5.68 (s, 1 H),
3.34 (brs, 1 H), 2.81 (brs, 2 H), 2.52-2.55 (m, 5 H), 2.32 (s, 3 H), 1.76-1.85 (m, 3 H),
1.55-1.56 (m, 2 H), 0.82 (d, /= 6.2 Hz, 4 H); MS (electrospray) m/e 522
(CasH31NgO,S+H).

Example 26
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HZN ~N NylL N NS O O~ O N-Tetrahydro-2H-pyran-4-yl
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-
amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide

wEampessd 63) From tetrahydro-2H-pyran-4-amine and Copapaunehddsiess

was obtained Example 24: 5 'H NMR (400 MHz, DMSO-d6) S 11.99 (s, 1
H), 10.44 (s, 1 H), 9.43 (s, | H), 7.94 (m, 1 H), 7.93 (d, J= 8.5 Hz, 2 H),
7.51 (d, J=8.5Hz, 2 H), 6.82 (s, 2 H)N5'8Y (s, 1 H), 3.79- 3.88 (in, 3 H),
3.32-3.40 (m, 2H), 2.05 (s, 3 H), 1.8 4 (m, 3 H), 1.48-1.51 (m, 2 H),
0.82 (d, J=6.0 Hz, 4 H); MS q\lectr spray) m/e %) ( H23N80O3S+H).
Example 25 N-NH HNFHZN| ((ANN NB 0N O
N-(1-Methylpiperidin-4 2N o
2-(4-cyclopropanecarboxamid@phenylsulfanyl)-5-amino-
6-(5-methylpyrazol-3- yIamino) -4-pyrimidinecarboxamide (Compound 64)
RIEID A-maiPhRas e d-a/ i e e AR dop s R1 ﬂfg_s -amino-6-
Example 25: 'H NM é\,yo MHz, DMSO -d6) S 12.00 (br s, 1 H),

1 H) m@’(&ﬂm}z‘r} éamwhwywsi(aembﬁm@siﬂ@wméﬁa

1H) 3.34 (brs,1H), 281 (brs, 2
H) 2 ?n% éﬁﬁf %%?2@ f?%lao i, vagpbigiserd Exgarle 36: 'H
o RN
+H). -
L T TR (T
H), 1.97 (s, 3 H), 1.81 (m, 1 H), 0.82 (d, J=5.1 Hz, 4 H); MS (electrospray) m/e 507
(Cy1Ha1FsNgO,S+H).

Example 27
ﬁwNH
HN 7 H
N “ "N
B N
LN S 0

O
N-{(4-Methylpiperazin-1-yI) 2-(4-cyclopropanecarboxamidophenylsulfanyl}-5-amino-
6-(5-methylpyrazel-3-ylamine)-4-pyrimidinecarboxamide (Compound 68)

From 1-methylpiperazine and Compound 11 was obtained Example 27: "H NMR
(300 MHz, DMSO-ds) § 1048 (5,1 11),9.54 (5,1 H), 7.72 (4, /=84 Hz, 2 H), 7.5 (d, J =
8.4 Hz, 2 H), 5.6 (s, 1 H), 4.82 (5, 2 H), 3.5-3.7 (m, 4 H), 2.6 (5, 3 H), 2.3-2.4 (m, 4 H),
1.97 (s, 3 H), 1.75-1.85 (m, 1 H}, 0.78-0.85 (m, 4 H); MS (electrospray) m/e 508
(CaaH20Ns02S+H).

Example 28
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F~N (V~ScrO O N-(2,2,2-Trifluoroethyl)
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-
(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide (Compound 65)
weromed2@4trifluoroethanamine and Compound 11 was obtajets x5

26: 1H 5 NMR (400 MHz, DMS0O-d6) S 11.95 (s, 1 H), 10.45 (s, 1 H), 9.51
(s,1H),8.84(s,1H), 7.74 (d,J=7.8 Hz, 2 H), 7.52 (d, J= 7.8 Hz, 2 H),
6.89 (s, 2 H), 5.36 (s, 1 H), 4.04 (m, f’ , 1.97 (s, 3H), 1.81 (m, 1 H),
0.82 (d, J = 5.1 Hz, 4 H); MS (elegty y) m/e 507
(C21H21F3N802S+H). Exapple 2 [ _N-NH N PH NAIH2N I'NFN N\O N
O 10 O N-(4-Methylpiperazin-1-§) N ©
2-(4-cyclopropanecarboxamige -5-afhino-

- 5-methy|pyrazoI;S-yIamiqo)-4-pyrimiHinepar_boxamide (Compound 68)

s HnRids P RridrtmipR e R KA s Givame b el erRitnin)-4-

NMR (300 MHz, DM%@Q@;}]&&&A&,@QM@%@@@??.72 (d,J=8.4
Hz,2 H), 7.5(d,J 158.4Hz, 2 H),5.6 (s, 1H),4.82(s, Z2H),3.5-3.7(m, 4
H), 2.GExsp@leip82e@obtined by)substifiing WHF-dmibobBRitn 4 Hhectamide for 4-

S Y S e L
11 Tfxahiphd 4: EOGIR MONMHD, HMSO-d;) 3 12.11 (s, 1 H), 10.26 (s, 1 H), 9.34 (s,
1 H),8.87(s, 1 H), 8.78 (s, 1 H), 8.23 (d, /= 8.4 Hz, 2 1), 7.92 (d, J = 8.4 Hz, 2 H),6.72
(s, 1 H), 6.35 (brs, 2 H), 4.3 (q, /= 6.8 Hz, 2 H), 2.21 (s, 3 H), 2.05 (s,3H),1.34 (1, J=
6.8 Hz, 3 H); MS (electrospray) m/e 412 (CisHz1NoO5+H).

Example 29
N—-NH
!
HNA/)\ y
HzN I S N /©/N \H/A
‘/\ N/\‘/O N//k 3 0
o/ ol

2-Morpholin-4-ylethyl 2-(4—cyciopropanecarbnxamidephenylsuifanyi)-s-amin0~6-—{5-
methylpyrazoi-3-ylamino)-4-pyrimidinecarboxylate (Compound 18)

Te a mixture of Compound 11 (192 mg, 0.42 mmot, 1 equiv) and 2-morpholin-4-
ylethanol (4 ml) was added titanium tetraisopropoxide (0.012 mL, 0.04 mmol, 0.1 equiv).
The reaction was heated at 100 °C overnight, cooled to rt, treated with agueous NaHCO;
solution (10 mL), and extracted with EtOAc (3 x 25 mL). The combined EiOAc layer was

dried over N2;8Oyq and concentrated to give a gummy residue. The residue was treated
with a small amount of EtOAc/hexane (4 mlL, 3:1, v/v) and the resulting precipitate was
collected and re-crystalized from EtOAc/petroleum ether to give Example 29 as a white
solid (50 mg, 22%): "H NMR (DMSO-ds, 400 MHz) & 11.95 (s, 1 H), 10.43 (s, 1 H), 9.51
(s, 1H),7.72(d, J= 8.2 Hz, 2 H), 7.49 (d, /= 8.2 Hz, 2 H), 6.70 (s,2H),539(s, 1 H),
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Ethyl
2-(6-acetylamido-3-pyridylamino)-5-amino-6-(5-methylpyrazol-3-ylamino)-
4- pyrimidinecarboxylate (Compound 34) Example 28 was obtained by

VY B8 08R%GLN- (5-aminopyridin-2-yl)acetamide for 4- 5 PCT/US005/041945
cyclopropanecarboxamido-thiophenol in the reaction sequence used to

C d1linE le 4:'H NMR (400 MHz, DMSO-d6) S
T e T e
B VOIS 3 11 RIS 18 ik o

y v M= O. Z, ) £ S, ) £ S, , L. t, J= 6.
&b

lectrospray) m/e 412 (CISH21N903+H). 10 Example 29
N-NH HN HH2N N ~NO N-1, Sﬁxlao ?%(P 2-Morpholin-4-ylethyl
2-(4-cyc|opropanecarboxamidopheny'f]s% ?anyl)-S-amino-G-(S-

) ) I ] T .
e 1105 L G R DR S
15 ylétiamsthyipyyseabItraivenfmyristidiseprome (CouEpminOION
mmol, 0.1 equiv). The reaction was heated at 100 C overnight, cooled to

rt, tredid8 0HH AR GEGOTRAME B 190imeb R ER0MMY); AfausiracEbido-2H-

PHDACAY KBk slldedcRIRInes £ laven was: aiadhoves NadRRdas
dc ncentr%te#g give.a gummy residue. The residue was treated with
r%‘%ﬁ?éﬁ PEFAYEAE O e REATETRAR T EA YA cogled R At ARd dHEtFdtthhyater. The

10 rémﬁdiﬁg'taiﬁd/m zeim?tketmd @ﬂ@kﬁ@@%ﬁ@i&@gﬁéq&gwgw 30asa
ther tqQ gjive Ex white  solid (50.m %): IH NMR
e 150 K 1oy P Bl MR RO S 1020 (e T p074as. 1
H}g 054852 IH{e)s’/Z'mé(aigF?z (ﬁslﬁzﬁmﬁ&ﬁ% ﬁﬁs@éﬁﬂ% I:)J?I}S, ﬁ.@z{zﬁsﬁh %2)% 3.44
- , =5, Z , 3.
G R Rt g s, A8 34 Sk V5 o ELb 57
() 2132 (80, (I H) H), 8166641 76 af) HEL) A018) KaS Neleatiaspray), mie eR%trospray)
15 ng/%%ﬂi' @zﬁgﬁ%‘gkﬁ)}ample 30

Example 31-40 were prepared in the same manner as Examples 29 and 30 by
substituting the appropriate alcohol for 2-morpholin-4-ylethano! or tetrahydro-2 H-pyran-

4-ol, respectively.
Example 31

N—NH
e
H
HoN Sy /O/N\W/A
0

2-Methoxyethyl 2-(4-cycloprepanecarboxamidophenylsulfanyl)-5-amino-6-(5-

20
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 40)
From 2-methoxyethanol and Compound 11 was obtained Example 31: 'H NMR

(400 MHz, DMSO-ds) § 11.95 (s, 1 H), 10.43 (s, 1 H), 9.54 (s, 1 H), 7.72 (d, J= 7.8 Hz 2
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5
Tetrahydro-2H-pyran-4-yl2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-
amino- 6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate
wWGompaisegl 19) To a solution of Compound 11 (100 mg, 0.2 tdeds 041945
equiv) in tetrahydro-2H- pyran-4-ol (1 mL) was added KCN (5 mg, 0.077
rnmol, 0.33 equiv). The solution was refluxed overnight. The reaction
Init6bedydsGodldd o, #ntB diLied)withowmte i) HS 1 Qtrdstltia Fadlitlyyass (t,
fied I ti ive ) ite
oo 00 o AR R S SR T35 A o
Mp (@Gedtrogpray ba/est 347 INDFES Hz, 2 H), 7.51 (d, J= 8.5 Hz, 2 H),
6.74 (s, 2 H,), 5.44 (s, H), 5.06 (m, 1 H), 3.84-3.87 (m, 2 H), 3.46-3.52
(m, 2 H), 1.99 (s, 3 H), 1.92-1.97 ¥##mpi$)33 81 (m, 1 H), 1.66-1.70 (m, 2
H), 0.81 (d, J= 6.1 Hz, 4 H); MS (electroség)ray) 15 m/e 510

(C24H27N704S+H). Example 31-40 wgre\prepared in the same manner
as Examples 29 and 30 by substityj e appropriate alcohol for

2-morpholin-4-ylethanol or tefahydr-2H-pyran- %I,(uéépectively.
Example 31 N-NH 1 HN HzN | Nlﬁl\N‘/‘/o S'vO 200
2-Methoxyethyl ~ >Sg™> N7 g S

5 2-(4-cyclopropaneearboxamidagphenylsulfanyl)-5-amino-6-(5-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 40) From

gB%MMH D @S"tgt’ﬁms 11.95( jl.léFclm 43 . 1 9 gm@%;ﬁd 1,72 ©
Z - . , , . , S, )
d, J= f’g@*ﬁ‘z’?ﬂ?’?’éﬁﬁ\%ﬁ’)‘%ﬂ’é’/{) éﬁ’ﬁ"’l—“ ‘T?E?SEB‘GI!%)’& i%&é‘ﬂﬂi}‘, A8,
J=17. 3 . =46 2 6
oo o BB Al i oIl s 0 SR Bid 0%,
NMES ($002VIHH DMEO (@l thdStr o) il UB43(G2RHRSNK04 SHH), EXAdple= 8.5
10 }%2 H), 7.50 (s, /=8.5 Hz, 2 H), 6.75 (s, 2 H), 5.35 (3, 1 H), 4.40 (t, J= 6.8 Hz, 2 H),
2.83(t,/J=6.8Hz, 2H),2.18 (s, 3 H), 1.96 (5, 3 H), 1.80-1.84 (m, 1 H), 0.82 (d, /=6.1
Hz, 4 H); MS (electrospray) m/e 500 (CoHasN5O18,+H).

Example 33

15 Cyclohexyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 42)
From cyclohexanol and Compound 11 was obtained Example 33: "H NMR (400
MHz, DMSO-dg) 8 11.96 (s, 1 H), 10.42 (s, 1 H), 9.52 (s, 1 H), 7.72 (d, /= 8.6 Hz, 2 H),
7.51(d,J=8.6 Hz, 2H), 6.71 (5, 2 H,), 5.44 (s, 1 H), 4.86-4.91 (m, 1 H), 1.99 (s, 3 H),
20 1.87-1.90 (m, 2 H), 1.82 (m, 1 H), 1.71-1.73 (m, 2 H), 1.50-1.53 (m, 3 H), 1.36-1.39 (m,
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N-NH HN H HZN N N~ NS'O 5 0 (2-(Methylthio)ethyl
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 41) From

w2 mmtbsdghio)ethanol and Compound 11 was obtained Example32ndsids1945
NMR (400 MHz, DMSO-d6) S 11.95 (s, 1 H), 10.43 (s, 1 H), 9.55 (s, 1 H),
7.72 (d,J=8.5 10 Hz,2H),7.50(5,J=8.5Hz,2£|),6.75§,ZH ,5.35(s,

341,93l BiFini) B 885 (elsetepmmy) 24508 CaskbAySTiaG (s, 3
H), 1.80-1.84 (m, 1 H), 0.82 (d, J=6.1 Hz, 4 H); MS (electrospray) m/e
500 (C22H25N703S2+H). Examp?@‘%‘?pkf- HNHZN NN NSO O 15
Cyclohexyl2-(4-cyclopropanecarboxamidgphenylsulfanyl)-5-amino-6-(5-
methylpyrazoI-S-yIamino)-4-pyrimidin9§ba§m<ylate (Compound 42) From

in

ed Example 33: 'H NMR (400
42 (s, )185 \1 H), 7.72 (d, J=
8.6 Hz, 2 H), 7.51 (d, J= 8.6 Hz, ’%.7;@%,) 5.44 (s, 1 H),
4.86-4.91 (m, 1 H), D Jo-(m, 7H), 1.82 (m, | H),

1.71-1.73 (m, 2 H), 1.80-1.53 (@, 3 H), 1.36-1.39 (m, -63 WO
2006/055831 PCT/US2005/041945 3 H), 0.81 (d, J= 6.0 Hz, 4 H): MS
Y dlsoetopaayipoeb B08(E25HNNNPFABS 2 b Enaithyib Svy 1 Ry [)- St o6~ (5-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 46) |

cyclohexanol and Compound 11 wag©
MHz, DMSO-d6) S 11.96 (s, #,N

ey

From 2-(dimethylamino)ethanol and Compound 11 was obtained Example 34: 'H
NMR (400 MHz, DMSO-ds} 8 11.95 (s, 1 H), 10. 43 (s, 1 H), 9.53 (s, 1 H), 7.73 (d, J =
84,2H),7.50(d,J=8.4Hz, 2H),6.72(s,2H), 538 (s, L H), 4.33 (t, /J=5.7Hz, 2 H),
261 (t,J=3.7Hz,2H)2.24 (5,6 H,), 1.97 (5,3 H), 1.80 (m,  H), 0.81 (d,/=5.9Hz, 4
H); MS (electrospray) m/e 497 (CazHogNgO5S+H).

Example 35

n—NH
i

HN 7 H
HaN A N
Il \nf*@ .

1-Methylpiperidin-4-yl 2-{4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-
(5-methylpyrazol-3-ylamino)-4-pyrimidinecarbeoxylate (Compound 47)
From 1-methylpiperidin-4-ol and Compound 11 was obtained Example 35: 'H
NMR (400 MHz, DMSO-dg) 6 11.97 (s, 1 H), 10. 43 (s, 1 H), 9.54 (s, 1 H), 7.72 (br s, 2
H), 7.52 (brs, 2 H), 6.73 (s, 2H), 5.43 (5, 1 H), 4.86 (br s, 1 H), 2.69 (br s, 2 H), 2.35 (br
s, 3 H), 1.79-2.33 (m, 6 H), 1.26 (br s, 2 H), 0.82 (br s, 4 H); MS (electrospray) m/e 523
(CosH3oNzO1S+H).

Example 36
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H2N e:)’ N, N N~~O N_S 0 1 0 2-Dimethylaminoethyl
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5- 5
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 46) From
WD a#ereEhsdamino)ethanol and Compound I1 was obtained BxripHen@4o4td4s
NMR (400 MHz, DMSO-d6) S 11.95 (s, | H), 10.43 (s, 1 H), 9.53 (s, 1 H),
7.73 (d, J= 8.4,2H), 7.50 (d, J= 8.4 Hz, ZN ), 6.72 (s, 2 H), 5.38 (s, | H),
4.33 (t, J= 5.7 Hz, 211), 2.61 (t, J= 5ﬁé§él) 2.24 (s, 6 H,), 1.97 (s, 3

H), 1.80 (m, 1 H), 0.81 (d, J= 5.9 Hzy ); MS (electrospray) m/e 497

(C23H28N803S+H). Example @ N-NH 1 ~ HN CﬁN N’
1-Methylpiperidin-4-yl PN
2-(4-cyclopropanegaf ' §JLTH‘ ~amitio-6-

(5-methylpyrazol-3iylamino)-4-pgrimidinecarboxylate (Compound 47) 15
From 1-methylpiperidin-4-ol and Compound 11 was obtained Example 35:

B NS S A5

s, 1 H) By ippazshdybaingressimjdingearbexyistcd CompamaAds),
o MR8 DB ORI LRSS0 AR REPRRE RN
5 NWRA4DO-MELADS SO 10.44 (s, 1 E), 9.57 (brs, 1 H), 7.72 (4, J = 8.5 Hz, 2 H),
7.50 (d, J=8.5 Hz, 2 H), 6.68 (s, 2 H), 5.38 (s, 1 H), 4.34 (t, J= 5.9 Hiz, 2 H), 2.60 (t, J=
5.9Hz, 2 H), 242 (brs, 4 H), 1.91 (s, 3 H), 1.82 (m, 1 H), 1.47-1.51 (m, 4 H), 1.39 (brs,
2H), 0.81 (ci, J= 6.0 Hz, 4 H); MS (electrospray) m/e 537 (CasH3NsOsS+H).

Example 37

10 O
Isopropyi 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-

methylpyrazol-3-ylamino)-4-pyrimidinecarbexylate (Compound 49)

From 2-propanol and Compound 11 was obtained Example 37: "H NMR (400
MHz, DMSO-dg) 6 11.94 (s, 1 H), 10.43 (s, [ H), 9.51 (s, 1 H), 7.73 (4, /= 8.2 Hz, 2 H),
15 7.51(d,J=82Hz 2H),6.73 (5,2 H),5.35(s, 1 H), 512 (m, 1 H), 1.96 (s, 3 H), 1.81 (m,
1 H), 1.32 {m, 6 H), 0.81 (br s, 4 H); MS (electrospray) m/e 468 (CatpsN,O38+H).

Example 38
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2-Piperidin-1-ylethyl
2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 48) From
w2 pipeusiseil-ylethanol and Compound 11 was obtained Examaples36eshls 1945
NMR (400 MHz, DMSO-d6) S 10.44 (s, 1 H), 9.57 (brs, 1 H), 7.72 (d, J=
8.5Hz, 2 H), 7.50 (d, J=8.5Hz, 2 H), 6.68 (s, 2 H), 5.38 (s, | H), 4.34 (t,
J=5.9 Hz, 2 H), 2.60 (t, J= 5.9 Hz, 2 H})7 242 (br s, 4 H), 1.91 (s, 3 H),
1.82 (m, 1 H), 1.47-1.51 (m, 4 H), 13 s, 2H),0.81 (d,J=6.0Hz, 4
H); MS (electrospray) m/e 537 {£26 32N8038+I—ﬂ. Example 37 N-NH 1
HN H2N ~INNONS\10 16 0soptbpyl |
2-(4-cyclopropanecagfpramid i -an¥no-6-(5-
methylpyrazol-3-ylamino)-4-pyinidinecarboxylate (Compound 49) From
2-propanol and Compound 11 was obtained Example 37: 1J4 NMR (400

MHEZPMGE )] &-14- Q416prépheb@rbdkSmildopn s (v 3- £ ikeh-475-
Hz, 2.H), 6.73 (s, 2 H), 5.35 (s, 1 H), 5.1

8.2 Hz, 2 H),. 15 7.51(d, J=.8. H), | .
R T e e TSk R TR AR
lect 8 (C22H25N703S+H). Example, 38 -6 .

000/ S A R T e PRl S DR (400

5 MEaHRMRRyEIYLL.95 s, 1 H), 10.44 (s, 1 H), 9.54 (s, 1 H), 7.73 (d, J= 8.5 Hz, 2 H),
idophenylsultapy!)-5-amino-6-(5-

R R P B AAT ko a2

Ebtidyldris ¢yl & TdnbBaie 1 Hiva$oitain ad) Exaim(dle’ 382 HAIMA); MS

(4 ospray) m/e 470 (CoHysN,0,S+H).

Example 39

n~NH
W
sVeeleng
ojg::ﬂ\s o
o]

Benzyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-methylpyrazol-

10

3-ylamino)-4-pyrimidinecarboxylate (Compound 66)

From benzyl alcohol and Compound 11 was obtained Example 39: "H NMR (300
MHz, DMSO-dy) § 11.92 (s, 1 H), 10.41 (s, 1 H), 9.54 (s, 1 H), 7.69 (d, /= 8.4 Hz, 2 F),
15 7.3-7.5(m, 7H), 6.76 (5,2 1), 5.38 (s, 1 H), 5.3 (s, 2 H), 1.97 (3, 3 H), 1.75-1.85 (mm, 1
H), 0.78-0.85 (m, 4 H); MS (electrospray) m/e 516 (CogHasN7O3S+H).

Example 40
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5 MHz, DMSO-d6) S 11.95 (s, 1 H), 10.44 (s, 1 H), 9.54 (s, | H), 7.73 (d,
J=8.5Hz, 2 H), 7.50 (d, J= 8.5 Hz, 2 H), 6.71 (s, 2 H), 5.31 (s, 1 H), 4.95
(m, 1 H), 4.27 (t, J= 5.0 Hz, 2 H), 3.71 (t, J= 5.0 Hz, 2 H), 1.96 (s, 3 H),

wh8anerasska), 0.81 (d, J= 5.9 Hz, 4 H); MS (electrospray) We-#1Q2005/041945
(C21H23N704S+H). Example 39 N-NH HNH2N/NN ON'S"O 100
Benzyl

2-(4- cyclopropanecarboxam|dophenyl yl)-5-amino-6-(5-methylpyrazo
[- 3-ylamino)-4-pyrimidinecarhoxy! pound 66) From benzyl alcohol
and Compound 11 was obtal mple 39: 1H 00 MHz,
DMSO-d6) S 11.92 (s, lH) 6 »(fs H), H)769(dJ 8.4
Hz, 2 H), 157375\4 ~AHR (sOlH)53(s 2 H),
1.97 (s, 3 H), 1.75-1.8% (m, | 5 (m 4 H); MS (electrospray)

m/e 516 (C26H25N703S+H). Example 40 -66 WO 2006/055831
b ﬂi&x’%?@,@?iﬁl‘i;;%ﬁ(ﬂ@&ﬁ%aﬂ!&kﬂﬁ%mﬁhe@éﬂﬁ“ §y9-51again0-6-

2-(Trimethylsilyl)ethyl . N
2-(4-cyerapt DRy IEmidpseathpirgls (Compound 67)

From A AT RO, VS DB BB 9
NAIRYBOE MMR (82804 5 DNBQsIEHS m&&@a Tk 39 @1ifs), 88 B1oA=8.4
}% 2%5}27 5%?,([9 S¥4 05 %,'?%1@3,; 9, 3584 TP 8. 252358 o7
(8,3 H), 1.75-1.85 (m, 1 H), 1.1 (t, J= 7.8 Hz, 2 H), 0.78-0.85 (m, 4 H), 0.07 (s, 9 H); MS
(electrospray) m/e 526 (CaaHz1N703SSi+H).

Example 41

N~NH
|/

HN
HoN fw _ ﬁ#
EGOC ‘hfi\ﬁ/i;:ﬂ/' ©
Ethyl 2-({4-[(cyelopropylearbonyl)aminoiphenyl}amino)-S-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 36)

Example 41 was obtained by substituting N-(4-
aminophenyl)cyclopropanecarboxamide for 4-cyclopropanecarboxamido-thiophenol in
the reaction sequence used to prepare Compound 11 in Exampie 4: "H NMR (400 MHz,
DMSO-dg) 6 11.20 (s, 1 H), 10.32 (5, 1 H), 9.87 (s, 1 H), 7.62 (d, J= 8.2 Hz, 2 H), 7.40
(brs, 2 H), 6.96 (brs, 2 H), 6.18 (5, 1 H), 442 (g, J=7.0 Hz, 2 H), 2.18 (s, 3 H), 1.80 (m,
1 H), 1.39 (t, J="7.0 Hz, 3 H), 0.80 (d, /= 4.6 Hz, 4 H); MS (electrospray) m/e 437
(Ca:Hz4NgO3+H),

BICLOGICAL EXAMPLES

A, PanVera Aurora kinase assay.
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(s, 3H), 1.75-1.85 (m, 1 H), 1.1 (t, J= 7.8 Hz, 2 H), 0.78-0.85 (m, 4 H),
0.07 (s, 9 H); MS (electrospray) m/e 526 (C24H31N703SSi+H). Example
41 N-NH HN H2N NN,,rA EtO00 NN'0 10 H Ethyl

WA Quqygldpropylcarbonyl)aminojphenyl}amino)-5-amino-6 {8T/US2005/041945
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate (Compound 36)

S rﬁ?&%%é%g%%%&%%gggb&xg% e%%g# i%f%gilla\l?ixg%otency against recombinant Aurora

A Cipstaterdpdn @tariin X5 iddnth mpheﬂ%ﬁaﬂ&ﬂmm@m@%ﬁggg@%mgﬂ
i le 4: 'H NMR (400.MHz, -

PR AS RN e e, ) A et S s iy b (50

iyt EEPES, 5506 i‘bt&nMM@EzB;(mM E%}’IZMB.(I:?,'%? %ﬂjfﬁ 5 62 ﬁMfggs Tost

cpboc il il A0 RS H B Ristsd S R caiblton

thenmeralierdinind o AnestcggsayrabmyWiokI006 /558 B fer. Feﬁ éﬁ;;zroraA

(E&ITA%%{Q& 5865 O%Q)f?%ﬂ %L%%QP PIE 1%%g%é%§§§%1%ﬁ§§n&a}tﬁcgm 2

otency against recombinant urora’A (Upstate, L .
HS*@qnérMé?éfzraLmqaﬁfa@éoaéﬁaW)twgeraqudlaqge}:dmg @riitrogeifacturer’s

isaushad, GAl.ASsaXIALR cartied aulin kingse aisayuffer (30 aggé;é lates
HEPES, pH 7.5, 10 MM MgC12, 5 mM EGTA, 0.05% Brij-35,2 mM D 'I%

(FerzingcbRIpMEN S WEYe fRisRiarseivdddn Dirceraianes wewighe sroceed
féestpdicansrRiienthansaialydied ﬁ@iﬂ%ﬁ@%%@%%ﬁ%@}&@aiﬂm stop

kinase assay buffer. Next, Aurora A (final concentration 200-500 ng/mL),
TPLPRYEEAGHUTISHRE (AT ESHEEKTHESON DSIFAeRF AT eupRn (Ex. 400 nm,
Beenigsniratiag Hhdidscena@ednd ascording sthprimaRidasttialSes were

instructions. Assays were carried out in half-area 96-well white )
PS8R N E AREHF PIHEESHS RS FRAGT EbTiR DRI N Ghal e kmitsion zerio
(doufheindfactionvimsvalloivasnitpiosaeded to calculate the percent phosphorylation

for each well. Wells containing substrate but no kinase and wells containing a
phosphopeptide control were used to set 0% and 100% phosphorylation values,
respectively. Typically 20-40% of the substrate was phosphorylated in wells without
inhibitor. Dose-response curves of relative Aurora A activity vs. inhibitor concentration
were plotted with Grafit (Erithacus Software, Horley, Surrey, UK) and used to calculate

ICso values,
B Aurora B (Aurora 1) Inhibition Assay

Assays for Auorora B kinase inhibition were carried out similarly to those for
Aurora A kinase (see above) with the following modifications. Aurora B kinase (San
Diego, CA) was used as the enzyme at a concentration of 2.5 pg/mL. The ATP
concentration was 50 uM, and the kinase reaction was allowed to proceed for 16 h.
Sodium orthovanadate (20 pM) was added to the buffer to inhibit contaminating
phosphatases.

At a compound concentration of 100 uM in this assay, both Compound 11 and
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for 1 h at room temperature in the dark, at which point the development
reagent and stop reagent were added according to the manufacturer's
instructions. Coumarin (Ex. 400 rim, Em. 465 nm) and fluorescein (Ex.
wiDBowms8E. 565 ran) fluorescence values were measured @REAIS2005/041945
SpectraFluor Plus plate reader (Tecan, Durham, NC). The emission ratio
15 (coumarin/fluorescein) was determined and used to calculate the
Coarpemmdhosbititsieri tora Zeenmane WO asreanting substrate but no
klnase and wells containing a_phos opeptlde control were used to set

0% afduivEkmrse Kb 6“@&?8 icHispectively. Typlcally 20-40% of
the substrate was phosphorylated.in w aé % ?7\‘7 |r1h|

Dose-response curves of relative NiPSi2 A8E %7 |b|tor

conc IIOI‘I 2 ere %ld]]sﬁ h ithac are, Horley,
Surre%yg,é céen use t%%ga cu a%e %@é Lj%r u/r%{%yB (Aurora 1)

NI ASSZPS/T § chgpsdnimhibition were carried out
srmllarly to those for Aurora A klnase (see above) with the following

modifféamen Srpert B RiEstlisa oY DRgoMERT wabGiskwas nlaeed ina 96
WRIDMEATHAONCSHEAION 962 Z0a/MBLint RerAT BRORGENTAlRWAS 2%

M, and the kinase reaction was allowed to proceed for 16 h. Sodium

Aot AN A AT AAMOME TR slsrmer e ARsiieaaiadanany - 5%

HoERNAASES. o eamPRIMMELEATERPHAteR AT EAR Miiadis Assard Pate
Compound 11 and -68 WO 20061055831 PCT/US2005/041945

aKls R RS SRR ssa TR AR B Siate Blgtaninp dhe spllscverg igrapated in

niémaemy\éb@ipoaail @wax&ayﬁﬁsaaﬂhM@raedﬁr@ ifgeB iReferenca: at the
Pro ram NCI/NIH 5

.Dev era |c
e 5 AT ST TR SRR AR o o B L Peralinn abfime
Z&Iwﬁa&fﬁﬁmﬂg%ﬁﬁﬁw &B)vmgrmep%tﬁdufhﬁcﬂﬁa’rmll Rlevi IMEN situ

cont bo eru lu ata S
Fn R e G e R TN
V»@ﬂ)amﬂon@tbdttmlrstpﬂﬁrﬁm fferachaitio Alaf gxies mentakhednpolngswater five
amaguds e 0aded using e diliop ssrisspdiatat R
ates and the cefls re incubated m
soiunon m 1% (v/v) acetlo acid was added per well and the cells were incubated for 30

minutes at room temperature. Following staining, plates were washed four times with 1%
acetic acid to remove any unbound dye and then allowed to air dry for 5 minutes. The
stain was solubilized with 100ul of 10mM Tris pH 10.5 per wel! and placed on an orbital
rotator for 5 minutes. The absorbance was read at 570 nm. Percentage growth was
calculated using the absorbance readings from the time zero plate (T2) and the dilution
series plate (C) which included a column of cells grown in media without compound as a

control (C) using the formulas:
[(Ti-Tz)/(C-Tz)} x 100 for concentrations for which Ti>/=Tz
[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz,

Three dose response parameters were calculated for each experimental agent.
Growth inhibition of 50 % (GI50) was calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50,

-59 .



i0

15

media plus compound for 96 hours. An additional plate was fixed in 10 %
TCA at the time of the addition of compound to provide a measurement of
the cell population at time zero, the time of drug addition. Following the
wabzhaumsscubation, cells were fixed in situ by gently aspiratwgradfiheso41945
culture media and then adding 50ul of ice cold 10% TCA per 15 well and
incubation at 4C for 60 minutes. The plates were washed with tap water

Wi it arEr e neRsatEHAR I RPS ram(e SOt iaie o ehyytein increase
(Butferhecar)mRB seeliig idftdvidiaaatisotid wasiadded aermyelapd

the cells were incubated for 30 minutes at room temperature. Followin

oQpSFRRat s g diRigh e Yol kLR th S var st uriEr B odhio vl 2 The
LAy Yetheenadye ehthibesalipwesd 166 fduioioh Mindtesashe120:saint the

was,splubilized with 100ul of 10mM Tris 0.5 per well.and placed on
o A S IGH SO R 2b R TS i ARS8 o of
cBlerfdivage: grawtiwas eiloldaetasifitie dbsoriance fadingssSeem

e time zero plate(Tz).and the dilution.. serjes plate (C) which incJuded a
B e e B R P RS P R R ever
it fefifootiisiss @8 {6R6HED) NGV et 0@if theowaive ditvationsafamethidl expressed as

b R0 e oonesniations foruhian i T2 Three dose
response parameters were calculated for each experimental agent.
Growtiyiphilifian, ol d R0 wasalHIReH B KT ARG AL 1C5) or
100 =50, -69 WO 2006/055831 PCTIUS2005/041945 which was the

Wruyrbsicenembatasitiagsh a 50% reduction in the net protein increase
(as measured by SRB staining) in control cells during the drug incubation.

The dfig®éncentftioATESuls hadtd @wth inhibition (TGI) was
calculgiedfrem Ti fClzorlB], b&wllCONCEDRHOM QT drug resulting in a

50% reduction in the measured protein at the 5 end of the drug treatment
as coffRaiRet to that-st e bebiftimeg) mdl¢ddrig a net loss of cells
following treatment ws calculated fr&x%IL( i-Tz)/Tz] x 100 = -50. Values are
calculated for each of these three parameters if the level of activity was

reached; however __if the effect was not reached or was exceeded, the
value for that parameter is expressed dssgreater orddgs than the
maximum or minfEREBHISHRARON Aested s 10 Khe fe5¢itsof these
assays are set fprth’in tne/ rable I taelovl\&wne'eln [neBIL,bU orl GI50 values
are grouped as foltows:

8 A

9 A

11 A B

12 A C

13 A

14 A

17 A B

18 A C

19 A B

34 B

36 A C

40 A B

41 A B

]
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Group A: IC50 or GI50 less than 0.1 M; Group B: IC50 or G150 between

0.1-1.0 M; and Group C: IC50 or Glso between 1-10 M ; 15 Table I

Compound Number IC50 GI50 Aurora AHCT 116 Cells 7AB 8A9A
Wil28680623A C 13A 14 A 17AB 18AC 19AB 34 B 36eAidoéobioss

41 A B -70 WO 2006/055831 PCT/US2005/041945 42 AB43 AB 44 A

C 45AC 46 AB 47AB 48AC 49AB 50AC

42
43
44
45
46
47
48
49
50
51
52
53
54
35
56
57
58
59
60
61
62
63
64
65
66
67
68

QIO 0w Wi w (W |00 IO Wiwion W iw

Ot [ | 1 1 W e [ e 10 U e e e | i e D | |

Q0 (wwiEim 0w
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51AC 52AB 53AB 54AB 55AB 56 AB 57BC 58AC 59AC
60B61AB 62BC 63AB 64AB 65AB 66 AB 67BC 68CC -71
WO 2006/055831 PCT/US2005/041945 WHAT IS CLAIMIID IS: 1. A

webmprgeasasof formula la or Ib: (R% (RI), 1 'N HN N NH W Hparriisedés i Wis
~ ~Ar-NR2C(O)R3 X N Y X N~YAr-NR2C(O)R3 5

WHAT IS CLAIMED IS:

1. A compound of formula Ia or Ib:

(R,

H HN
W N ar
B "
A AT-NRZC(O)RS

| N
o A — 2 1
x N)\Y/ r—NR2C(OR

Ia ib

wherein Ar is selected from the group consisting of aryl, substituted aryl,
heteroaryl, and substituted heteroaryl;

W is selected from the group consisting of amino and substituted amino;

X is selected from the group consisting of carboxyl, carboxyl esters, and
aminoacyl;

Y is selected from the group consisting of oxygen, sulfur, -S(Q)-, -S(0);-, and
-NRY- where R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; '

each R’ is independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, carboxyl, carboxyl esters, aminoacyl,
cycloalkyl, substituted cycloalkyl, halo, cyano, nitro, hydroxyl, alkoxy, aryloxy,
heteroaryloxy, heteroaryl, substituied heteroaryl, heterocyclic and substituted
heterocyclic;

R? is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, cycloalkoxy, substituted cycloalkoxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, cycloalkyl, substituted cycloalkyl, cycloalkoxy, substituted
cycloalkoxy, heteroaryl, substituted heteroaryl, heteroaryloxy, substituted

-T2 —
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la Ib wherein Ar is selected from the group consisting of aryl, substituted

aryl, heteroaryl, and substituted heteroaryl; 10 W is selected from the

group consisting of amino and substituted amino; X is selected from the
Wgrotipp/etitagisting of carboxyl, carboxyl esters, and aminoacpkWiis2005/041945

selected from the group consisting of oxygen, sulfur, -S(O)-, -S(0)2-, and

-NRY- where RY is selected from the group consisting of hydrogen, alkyl,

R e e SRR N R e AR

graetpreondsting:@f hydrogen, alkyl, substituted alkyl, aryl, substituted

aryl, carboxyl, carbox es@eis, ninoacyl, cycloalkyl, substituted

cycloglfgy?,nhajf%‘?egyegno, tl‘?lt o, ﬁ%?oxyl, alkoxy, aryloxy, heteroaryloxy,

heteroaiytnsuhsitodeg) etgrbarghchetiestigyciiemnbl ssdistithind 20

heterocyclic; R2 is selected from the group consisting of hydrogen and

alkyl; R3 is selected from the group consisting of hydrogen, alkyl,

substituted allodmpdlonkyceutisgttdadlaticbxyharsind, Sulskitetetomntirogroup
c&/&%% ¥k %pggtég “dan@/_cé% yl, cycloalkoxy, substituted cycloalkoxy,

aryl, substitutéd aryl, aryloxy, 25 substituted aryloxy, cycloalkyl,

substituted cycloalkyl, cycloalkoxy, substituted cycloalkoxy, heteroaryl,

substiuted heleianthRlRRR N SHPEUILICH e YX0;2006(055831

PCT/US2005/041945 heteroaryloxy, heterocyclic, substitute

heterocyclic, heterocycloxy, and substituted heterocycloxy; and n is an

integgr equal i:RnduRlk HFeTARAM LR REISHHYE: L BPaEMaceutically

acceptable salts tﬁereof. 5 2. A compound according to Claim 1, wherein

Y is selected from the group consisting of -5-, -S(O)- and -S(0)2-. 3. A

compound according®o Claim 1 or 2, wherein W is amiro. 10

I
M

—

N . NH
HNT TN HNT N
WIL\.N W\(KN
A ) AL
NR2C(O)R NREC(OJR®
Ha ' ib

wherein:

W is selected from the group consisiing of amino and substituted amino;

X is selected from the group consisting of carboxyl, carboxyl esters, and
aminoacyl;

Y' is selected from the group consisting of sulfur, -S(O)-, and -S(O),-;

R" is selected from the group consisting of hydrogen, acylamino, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, aminoacyl, aryl, substituted aryl, aryloxy, substituted
aryloxy, carboxyl, carboxyl esters, cycloalkyl, substituted éycloalkyl, halo, cyano, |
nitre, hydroxyl, heteroaryl, substituted heteroaryl, heteroaryloxy, substituted
heteroaryloxy, heterocyclic, and substituted heterocyclic;

R? is selected from the group consisting of hydrogen and alkyl; and

- 73—
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4. A compound of Claim I having formula lla or lIb: RI'R+" \'N NH HN H
HHN'N WN WT N ~1 X N~Y'\ 0 X*"N~Y'\ NR'C(O)R3 NR2C(O)R3 lla
IIb 15 wherein: W is selected from the group consisting of amino and
wWeubwiteasfdlamino; X is selected from the group consisting akoadseoogkna1945
carboxyl esters, and aminoacyl; 20 Y' is selected from the group
consisting of sulfyr, -S(Q)-, and -S(Q)2-; R". js selected from the group
consii%nlg %er‘%%‘l?'ld%"erﬂ % STARR Otk Sf BEHTARSE: BliRs sumtgfed alkyl
subkkitcsteshbiiiontyd alRizgasylinal whistinatisadaydy dodwy, substiued
arylo arboxyl, carboxyl.esters, cycloallcyl, suhstituted cycloalkyl, halo,
i G R R SR R S R R L e
substitiited 2o esyr deivioaty] hetertayad ihclardhsistitused loete mbyttiaed
R2 | from the group.consisting of hydrogen and alkyl; and -73
W R T R S AR AR e

cohgliepobitydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy,
amin itut ino i cloalkyl, cygloalkoxy,
su bsg?a?g(g{%%gi?g? I?cf%%’gﬁﬁ é%%!é%l&%%lﬂgré?ég%ﬁg%ysg@%%gﬁ?é?ed aryloxy,

heteroaryl, substituted heteroaryl, heteroaryloxy, substituted 5
neteragaryloxy, Seleianiepii Al BIBIaR Bl PpigIOCYcl0Ny, and
substituted heterocycloxy; or isomers, prodrugs, or pharmaceutically
acceptable salts thereof. 5. A compound of Claim i having formula Illa or

llib: 10 Re R
! \;N /C{ NH
HN ﬁ HNT N
NRZCIOMRE | NR2C(OYR?
X N”‘\s’@/ X NAS"@/
Tz IITh
wherein;

X 1s selected from the group consisting of carboxyl, carboxyl esters, and
aminoacyl;

R? is selecied from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, cycloalkoxy, substituted cycloalkoxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, heteroaryl, substituted heteroaryl, heteroaryloxy, substituted
heteroaryloxy, heterocyclic, substituted heterocyclic, heterocycloxy, and substituted
heterocycloxy; and

R* is selected from the group consisting of alkyl and substituted alkyl;

or isomers, prodrugs, or pharmaceutically acceptable salts thereof,

w T4



R4 R4 N4NH HN H HN N H2N ~N HzN NR3C(C)R3 \N ' NR2C(C)R3 X
N 5 X N~S Illa lllb wherein: 15 X is selected from the group consisting of
carboxyl, carboxyl esters, and anunoacyl; R2 is selected from the group
wWebnsigtisgsof hydrogen and alkyl; R3 is selected from the greap/cengisting4s
of hydrogen, alkyl, substituted alkyl, alkoxy, substituted allcoxy, amino,
substituted amino, cycloalkyl, substituted 20 cycloalkyl, cycloalkoxy
subsfhuted & EAANRIRS KT R UEASHIT Arylosy S YKibss,
shstere@ylkgubstituted heteroaryl, beteroaryloxy, substituted
heteroaryloxy, heterocyclic, substituted heterocyclic, heterocycloxy, and
substituted heterocycloxy; and R4 is selected from the group consisting of
alkyl and suhsiiieshadad:o2der tts0maRnss pPradreig R VopRatmaegutically
_ acceptable salts thereof, -74 WO 2006/055831 PCT/U82,005/041945 6.
A compound according to Claims 4 or 5, wherein R1' or R4 is alkyl or
substituted alkygimpodndampeding adtiainifg whethirk BovitfarairefRil. or R4
is alkyl. 5 8. A compound according to Claim 7, wherein R1 or R4 is
methyl. 9. A compound according to any one of Claims 1, 4 or 5, wherein
R2 is9hydrofyenniout] fcotmgoormiacce rdifipinahydones phBiain®d j4
h}o({rg%é%herein R3is alkyl, substituted alkyl, cycloalkyl or substituted
cycloalkyl.
10

10. A compound according to any one of Claims 1, 4 or 5, wherein R is alkyl,
substituted alkyl, cycloalkyl or substituted cycloalkyl.

11. A compound according to Claim 10, wherein R is cycloalkyl,
15

12. A compound according to Claim 11, wherein R’ is cyclopropyl.

13, The compound according to Claim 1, wherein X is selected from the group

consisting of

- 75—
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11. A compound according to Claim 10, wherein R3 is cycloalkyl. 15 12.
A compound according to Claim 11, wherein R3 is cyclopropyl. 13. The
compound according to Claim 1, wherein X is selected from the group
wWibpmistiFigof -75 WO 2006/055831 PCT/US2005/041945 O#r#2B2kds/041945
-CO2CH3, -CO2CH2CH3 H-CH3 N-CH2CH2 O -~(Op ~I0 ~(ION O" N
p-00 ' '0_CH2CH20CH3' H~(0 000 ‘O COHZCHZSCHS 40--0.4
N-CH 20CH No H CH2CH2N(gH3)2 'p1
40- CI—IEZ%FIH2OH %SGQCH N/iN = gé)CH %QN ‘RC HNHHHE '0 0 O'N~CH2CHzN(CHa), !
N-CH2CH2CH20CH3 N- CH2CH28CH3 ~N*0 0 N O/ S A HN N~OCH3 '
NHHHH F30 49 p- CH%@%ZSl(CId?,)B and 4No gto
~_-N ! /s\\/f\f\/I 9
N 0 -CHzCH,OCH;

O

o 0 o
—‘{(GfCHZCHESCHs, _Z(O/Q ' _!(aaCHZCHQOCHs’ —(N,w '
0 ) 0
__l( ‘ i . {
D T No-CHLCHN(CH); _(o{ ' _(g,cHchZOH'
S
0

o] O 0O 0
DT O I G

0 o o
ﬁ«CHQCHZCHQOCHa ’ {E_CHzcﬂgscH; {E’%

£

0
_..( 0 0
v R
9] G O 8]
i O, N/l

CF;

~{ P 7
O/\© 'J(O.c:rﬁ:ZCHZSi{cﬁs)3 and _[{N/»
N

N
i4. A compound according to Claim 1 selected from the group consisting of :

ethyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-methylpyrazol-

3-ylamino)-4-pyrimidinecarboxylaie;

-76—



10

15

20

25

30

N 14. A compound according to Claim 1 selected from the group

consisting of : ethyl

2-(4-cyclopropanecarboxamidophenylsulfanyl}5-amino-6-(5-methylpyrazol
w(b280ylEnssirio)-4-pyrimidinecarboxylate; -76 WO 2006/0558 3¢ 1/1182005/041945

PCT/US2005/041945

N-[2-(N,N-dimethylamino)ethyl]-2-(4-cyclopropanecarboxamidophenylsulf
e e R AR e R skttt A i

Shinmrtiav LridisyipipRrepanesathoxamidanharsyliamiifa;amino-6-(5-
meth%}pyrazol-s%lamino)-4-pyrimidinecarboxamide; 5

ethy| ALY S KO FOPSBEES A RITAREIAREE SISy B e nas Sriéthy Ipy
midEdbdayEBinpirnpyrpidinaeaikaidtatesiathyl

2-(4-cycl b idophenylsulfinyl)-5-amino-6-(5-methyl I
R T e N R st G W

3Iehpyoldpanaintcechbrsaptbagphenylsulfanyi)-5-amino-6-(5-methylpyrazo
[-3- 10.ylamino)-4-pyrimidinecarboxylic. acid; methyl .
o - AR R SRRl (S-methy pyrazol
Bﬂieﬂﬁyalqn)y#quftﬁi@am@b@;@lmimidineqarboxylate; ethyl _
A e O R AUy NP BRI
vir@gpidardimidiptsirbixglidacilopropanecarboxamidophenylsulfanyl)-5-
aminQ-_.6- t -3- I A-pyrimidi rboxamidge;
N-(2-%neegtllégggfhy%%%é%%%ﬁ%gﬁgg%gé{ﬁﬁ%g&g%ﬁ%ﬁ@l-}S-amino
meghgdpivatalhylazehd-ftamminoiinepsrhmiglmecarboxamide; morpholin-4-yl
2-(4- If ] ANyt 3-AMIN0R(Bs 2 O« Ciaminoy-
%}{5199 @%ﬁg%%%%ﬁﬁﬁ%%g%rboxag igg;3 %?%%?‘é%%ﬁ‘gﬁﬁﬂ%ﬁm")

methylpyrazol-3-y
4?9@0@9%!9?ﬁ®ﬁéﬁ@%rboxamidophenylsuIfanyl}5-amino-6-(5-

methylpyaaRlai¥I ApIey Y- PYITYHIRNGEREReX NN dophenylsulfany1)-5-amino-
N-pyrié?n-gl-%ﬁ-lz-l4-0130?(?%2pgngyargigfgmidophenylslu?f%ne;/llﬁ%n%tilgg-g-?%nmo

SfenRBIPI RS AR A-Byrimidinecabess@idRie; 25
N-(2-morphetia:-disthl)2-¢fcrsianinranssariassreiderienyis Yiand-a- s-

mzemylpyrazoi-S—ylamino)-4—pyrimidinecarboxamide; :

morpholin-4-yl 2-(4-cyclopropanecarboxamidophenylsulfanyf)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

thiomorpholin-4-yl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

N-pyridin-4-yl-2-(4-cyclopropanecarboxamidophenylsulfanyl)- 5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

N-(2-morpholin-4-ylethyl}-2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-

- amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

piperidin-1-yl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-
methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;
N-(tetrahydrofuran-2-ylmethyl)-2-(4-cyclopropanecarboxamidopbenylsulfanyl)-5-

amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;
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amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

piperidin-1-yl 2-(4-cyclopropanecarboxamidophenylsulfanyl}5-amino-6-(5-

methyipyrazol-3-ylamino)-4-pyrimidinecarboxamide;
WO-Gierakssdrofuran-2-ylmethyl)-2-(4-cyclopropanecarboxamidophsnyisulfevas

nyl}5 30 amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

-77 WO 2006/055831 PCT/US2005/041.945 = )

N-(3-étreeimsprary i2-6rasirppenioestismidepraniratiml S -sming-6-
(Iediht eyl yamineiipybeigingsarboxamide;

N-(2-methylthioethyl)-2- é_ cyclopropanecarboxam|dophen Isulfanyl}5-ami

; SRR Sy

no-6- (8RR AT B B 1B AR PR RS -amino-6-
(Mw@ﬂﬁmdéla(ﬂz@m@pmaﬁmewaaﬂmmwnylsu|fany|}5 amino-6-(5

Mk i e S e LR
mt(ﬁﬁflpﬁﬁnwwrﬁmﬁlrﬁewa@mﬁ)r&zwmmboxamme

Iv-(2- Z boxamido |
r:/vgo-}g-@@’(‘% Me 2§a 701 C%%a?mno C?);/r??n}l ﬁg%,?}é@yk& (5-
mﬂﬂﬂwwmﬂiﬂp)dp@nﬂnﬁdmm&ﬂphbmylsulfany% -amino-6-(5
th - d boxamid thox
[nffetf?;/%ry 5(% cyc gp)roﬁp@ym:;rlg%%ﬁl 0op r%l"ﬁii{si }We ﬁﬂSX)-g-ammo 6-
(%W@XWWWSWMWMWMMeCWboxam|de 15 N
Cydoﬂfp@{&ﬁzo goma 9@58%%%@%%%%%%@@@%@ B2:MINR:(5-

Inethy [-3-ylamino)-4-pyrimidinecar

WMWMW&W@W@WW%CMWMW%phenylsuIfanyl)
-5 amying; Qg ”ML%H%@&J e?ny IR RN IRR AR Ellﬁisulfan 1)-5-

N-(1- methylplperldln 4-y yclopropanecarboxamldopheny ulfany
aminpabrirs By By bR SR s dnacphonaaidecarboxamide;

N-(2, %I?e}t@lf&ﬂ%?ﬁﬁhééi) ?Aﬂ?gaﬁ&eé&%megmmpmnﬂ%ﬁm&%am

ino- 6-(5-meth yrazo lamino)-4-pyrimidinecarboxamide;

oRthlawETRIg rﬁ ) WIET’(’@J W@carboxam|dophenylsulfanyl}5
aminoBethdmatby ByaZel-B-)a Qe iaNEi SR UBAAS Tsulfany)-5-

amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

N-(1-methylpiperidin-4-y1)-2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-
amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

N-(2,2,2-trifluoroethyl)-2-(4-cyclopropanecarboxamidophenyisul fanyl)-5-amino-
6-(5-methylpyrazol-3-ylamino}-4-pyrimidinecarboxamide;

N-(4-methylpiperazin-1-y)-2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-
amino-6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxamide;

2-morpholin-4-ylethyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-
(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate;

tetrahydro-2 H-pyran-4-yl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-
6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate;

2-methoxyethyl 2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate;
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2-morpholin-4-ylethyl2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-ami
no-6- (5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate;
veteadvyehss2 H-pyran-4-yl PCT/US2005/041945
2-(4-cyclopropanecarboxamidophenylsulfanyl}5-amino-
6-(5-methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate; 2-methoxyethyl
2-(4-BycnsiryibieetbybSaravakmerinetathpxaymdaniprylsuliay)-5-amino-6-(5-

mgﬁﬁ}%ﬁ&%ﬁm-ﬁ,ﬁ}ﬁ ingkAmdineidinegaraexylate; -78 WO 2006/055831
PCT/US2005/041945 2-(methylthio)ethyl

2-(4-EYElopF B AR RIS HHEAT ISR AB SHi Ry B-pgamino-6-(5-
mBMH iy RvEazak Bnian)ngydrsineidinecarkexylate; cyclohexyl

2-(4-cyclopropanecarboxamidophenylsulfanyl)-5-amino-6-(5- .
meth}rﬂ%lgl}ym?@}g)Zi%wﬁmmmmg@hwyfmlfmﬁ}a-am1no-6~

(Saxiﬁmrﬁwﬁmiﬂqem&M-@yﬂﬁmWMQmidophenylsuIfanyl}5-ami

2?&?&2@?&%&%'&%&%&&% lfl— I—Q:Ocigbeg&q]léggggggggggggte%ylsulfanyl)—Swamino-
6-25(ﬁmry1glippfamﬂmemﬂﬁmammphmm§leﬁﬁ;amino-

O N PR BISASEA B Shytcufany 56
(52n{étiyiplopropaiyboaindxbmidopiieayistittaisty; 5-amino-6- 10

(5-methylpyr z3-ylamino)-4-pyrimidinecar late: e o oo

o A R AR AR s i 6.5
mpteyhytpaelzbl Buplamifayimidinsidesaisexylate; 2-hydroxyethyl

>-(4. ) . - ‘

( aYﬁgragg aﬁmfﬁ%@gﬁeﬁﬁg@@m&@%@ﬁﬁmm@ﬂ%s..ammo-s_gs,.

methylp ol-3-ylamin Idinecarboxyfate; 15
mphyigrragelcyriemiopatasairbshaeaepiidsyisulfanyl}5-amino-6-(5-
meth15Qbﬂgﬂé@bﬁey@%%Bkémmmamyﬁﬁémﬁmw@y')ethy')

2-(4-cyclopropanecarboxamidophenylsulfanyl}5-amino-

O ELABYFRARY PaY BBl By AdBAGAS éboxylate; and ethyl
2-({4-1(%1%91%1%&1%@9 Yhaming & AP RPN B0 BmeB.-5-amino-6-

methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate; or pharmaceutically

Caaecdst 1?’§%ﬁ‘%‘&%ﬁ?@¥§lﬁ‘ﬂ%@@i@’ﬂlﬁﬁ'ﬁﬁ¢amutical composition
COMPHEING 2{RITaRRRSNaIbasEaRiaRigpklie HRd ONeanmerg -of

caompounds as defined in any, of Claigns ]I 4,50r 14 inan
methylpyrazol-3-ylamino)-4-pyrimidinecarboxylate;

or pharmaceutically acceptable salts or tautomers thereof.
15. A pharmaceutical composition comprising a pharmaceutically acceptable
diluent and one or more of compounds as defined in any of Claims 1, 4, 5 or 14 in an

amount effective to treat or prevent a disease mediated at least in part by a protein kinase.

16.  The pharmaceutical composition according to Claim 15, wherein said

protein kinase is Aurora-A or Aurora-B.
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25 amount effective to treat or prevent a disease mediated at least in part

by a protein kinase. 16. The pharmaceutical composition according to

Claim 15, wherein said protein kinase is Aurora-A or Aurora-B. -79 17.

The pharmaceutical composition according to Claim 16, wherein said

protein kinase is Aurora- A. 18. Use of a compound according to any one

of claims 1, 4, 5 or 14 in the 5 manufacture of a medicament for treating

or prgventingea disease ikid Palig ﬁ&ka%?f:ﬁihe%a% 'R B é’%’ AN said
a g to Cldim B

kinase. 19, Use of a pharmaceutical compound actordin

PRI KNGSEASAUFETST4 medicament for treating or preventing a disease in a

pati_ent mediated 10 at Ieas_t in part by_a prot_ein kinase. 20. The use of
Claigs 18 ptd IMeLhiBotAl DLALERNBSESMRFRAMEY 4. 5 or 14 in the

manufacture of 2 medicament for treating or preventing a disease in a patient mediated
at least in part by a protein kinase.

18. Use of a pharmaceutical compound according to Ciaim 15 in the
manufacture of a medicament for treating or preventing a disease in a patient mediated
at least in part by a protein kinase.

20.  The use of Claims 18 or 19 wherein said protein kinase is Aurora A.
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