WD 2004/ 111058 PCT/ US2004/ 016954 HETEROARYL- FUSED PYRI M DI NYL COVPOUNDS AS
ANTI CANCER_A S FIELD OF THE | NVENTI ON The present inv ' s to
new het er o‘é’ﬂ%w{}é@a pyri m di nyl conpounds, 5 their pha%é%?‘f‘@&%
acceptabl e salts, and prodrugs thereof; conpositions of the new conpounds,
either alone or in conbination with at |east one additional therapeutic
agent, wth a pharmaceutically acceptable carrier; and uses of the new
conpounds, HRTEROAR YLEFUSED FYRMIDINAT COMPOUNDS ASaSNTICENADR AGBRAIS

t herapeutic agent, in the prophylaxis or treatnment of proliferative
di seases. 10 BACKGROUND OF THE | NVENTI ON Ki nesins are nmotor proteins that

use adenosine triphosphate to BiRhd ' and generate

nmechani cal force. Kinesins are gﬁct%@?g}@m[bﬁ)tor domai n havi ng about
350 amino acid repé gepent Mventidny fdldbs & bt tHot@D -l §FyimillingE ShfpouHs O
domai ns have been résolved. 15 Currently, about one hundred kinesin -rel ated

protei n$ ( kikeir phaunadsutieallydansepinble alts, land qpdimgs thereofy sbmpesitionsaofithe inewy of
cell biological processes including.transpgrt .of . or | | and vesi cl es,
and mai nt encATERPUBAS aBe slgne P sqmtinatior Witk o JPast o Adqitipagb IheTeelt Agiityy {1
the mcrotu Hafm ;p‘;dcgfl, b RERr Ond sk &j’%’*‘(ﬂﬁ&éﬁ ' ,
and appear ?%H’Safpay aa(%iﬁegatul rotg]ﬂguri nrg’c%lﬂe n%qgf(:)?li%cﬂ&g ages of ’teﬁlé&?é+l+ey
cycl e. Theser in tahbinatichOwitRPe laast oné agditivhal uthewapeuticeagent, hche phephsitawisl @pnent
of cancer therapeutjcs.,. KSP ﬁgleso known as Eg5, HsKSP kinesin, KNSLI,) is
one of sevekgatmentpfgroliferative d868565- proteins that are |ocalized to the

mtotiggspindle and known t(B}Fe}K(fgg}g_m?ﬁ)ﬁ W‘?ﬁ and/or function of
n , e depletion o

t he bi polar mtotic spindle. KSP ki nesin using an
ant i body direct eKimegiak nate tnlistor ZrotSintse thoat nuse cilekGiharetsiphdsphate t v drimdsto Hela
cells in mtosis_w th nonoastral _ m,crotubulg arrays (Blangy et _al., Cell

83: 1159- 11euricrambules apg : genewite; meshanical Foxehq lpsgﬂéﬁég, fiz¢d Ry &8 motor

Cder od ol P Ki . ; .
cepar ati on Jonal AP Be S Cimitelack ST, Ak et ity Be sARP tRQH®
60: 1019- 1020tok A9hind hevSbéenzesaesihar onyces ponbe (Hagan, |., and M

Yanagi da, 30 Nature 347:563-566, 1990). Treatnment of cells with either ATRA
(al | tri&ns-reti nGieently; pbyut opp hunpdred kinesis-relgted prateins KR kpveckeen identified.

protein |evgl e L OoN. O h 0= US '
ol i gonucl eoﬁ%@@5 Pg?/i‘tg‘ﬁ%e%ams%g R c%fn ngﬁﬁd&é@%@rﬁig B%?%oﬁ‘%@&%m@ﬂ of
pancreati c &paadllRERd 9€dit1ss, ahd nedhterhce 68 thelndGhlakiatstetictlut t Several KRHsv ed
in

interact with the microtubules of the mitotic spindle or with the chromosomes directly,

and appear to play a pivotal role during the mitotic stages of the cell cycle. These mitotic
20  KRPs are of particular interest for the development of cancer therapeutics.

KSP (also known as Eg5, HsKSP kinesin, KINSL1,) is one of several kinesin-like
motor proteins that are localized to the mitotic spindle and known to be required for
formation and/or function of the bipolar mitotic spindle.

In 1995, the depletion of KSP kinesin using an antibody directed against the

25  C-terminus of KSP was shown to amest HeLa cells in mitosis with monoastral
microtubule arrays (Blangy etal., Cell §3:1159-1169, 1995). Mutations in bimC and
cut7 genes, which are considered to be homologues of KSP kinesin, cause failure in
centrosome separation in Aspergillus nidulans (Enos, AP., and N.R. Morris,
Cell 60:1019-1027, 1990) and Schizosaccharomyces pombe (Hagan, I., and M. Yanagida,

30  Nature 347:563-566, 1990). Treatment of cells with either ATRA (all trans-retinoic
acid), which reduces HsKSP kinesin expression on protein level, or depletion of HsKSP
kinesin using antisense oligonucleotides revealed a significant growth inhibition in
DAN-G pancreatic carcinoma cells indicating that HsKSP kinesin might be involved in
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-1 WD 2004/111058 PCT/ US2004/ 016954 , the antiproliferative action of all
trans-retinoic acid (Kaiser, A, et al., J. Biol. Chem 274 18925- 18931,
1999) . | ntWPZHYRIY, t he Xenopus | aevis Aurora-rel ated pFol@SHOPHM, pEg2

was shown to associ ate and phosphorylate XIKSP kinesin (Get, It, et al., J.
Biol. Chem 274:15005-15013, 1999). Potential substrates of Aurora-rel at ed
ki nases are of 5 particular interest for cancer drug devel opnent. For

exanpl e, Aup raﬁuﬂroﬁre}a@vd A508 OF aflltfans PotiHof i@ T SBerD At QL. eyrmzan@ﬁa»%zwvel
and the genes are anplified in colon cancer patients. The first cel

per neabl e shiR25-IR9BEcUPW)i nhiteriestimgly.othe HER®PUR|lassds uroreorelated protein kuagse
shown to ar cell]s with nmon oI spi N ut af r.0 ul e
10 pol ymrlﬁﬁﬁsﬁgov&bt%WQ héﬁb‘ﬁglf’! mg}nﬁ (3:{9,‘ &g?amﬁl( Y’?e‘é g
vinca al kal gpgly bMRYSH05- 1T5dﬂ3 1999)al PoteRfidl CitbotradSS of AhrSridrelat &P Rinasd¥oa dfr 0'

was |dent|f|e ‘as an 1nh |ior I'n phenot ype-based screens and it was
suggest ed t paticulim mte:emrﬁonnadca:raimg dcvdopmmta Foeexhnipie, Atworaldard akimases are

anticancer drugs. The inhibjtio ed not to conmpetitive in
respect to asErgssied Opi RIAGEH AR 55\3@5& 3831 &s&eaﬁ/a’eeevap fied al 9OP [SEREAT s,
S., et al. 91}@gghem stry 42:338-349, 2003; Kapoor, T.M, et al., J. Cell

Biol. 150: 8, 2000). Recently, other KSP kinesin i nhi bi tors have been

descri bed. WO OZIﬁéﬁibﬂéemp&mééﬂd)ﬁﬁﬂBﬁSWéaﬁmbﬂd&dbﬁmamﬁm@mmnds
and tri phenyl net hane conpounds, respectiyvely, for treating. proliferative
di seases. B9 Zhowneto agesic pellse vitly menopelas fnindl @mtvs@mﬁ rifretnhle

conpou f
descri brfebz ﬁ&lﬁ&&&%ﬂg@%ﬁ eg:log{r’] %@r@c?@g@f*‘%ﬁ"%ﬁu vatrves ?Igi(r)vm %Zéb@g
human KSP e@usygssTan., efRlQ18Q&:e8286/471109740788). aMbnabirdl3H@s ddetdifitds sy Iabe

qui nazol i none corrpounds that are useful in treatin cel lular proliferative
di seases askbibiiter aupmmm@se@mm@@dnt wes Fugeested et Uels epepownsd wes sevbed

in these refer e th 2 erivatives.

QUi nazol | noch oA eGeloBTRBL A AR aist oths 355 IRRRR e Sherkis a'epﬂ%
2- am nomet hyd c%%éﬁﬁ&%ﬂtﬁsﬂd&ﬁttoamnssﬁb% hédphie aﬁntslebe Ofrg gpiaigw‘
substituents. The qui nazol inone conpounds descrlbed I n 9460 have

the anitfo gfelenis, S.het 2larfinchmmityy £:A38:34%eH031 mopnritl\éd dtnale J 30l
Chi enopyr | PBkHORS SERBAME: that are useful Tor o oo eseribes

Recently, other KSP kinesin inhibitors have been described. WO 02/057244 and

WO 02/056880 describe phenothiazine compounds and triphenylmethane compounds,

respectively, for treating proliferative diseases. WO 02/078639  describes

20  cyano-substituted dihydropyrimidine compounds for treating proliferative diseases.
U.S. Patent No. 6,472,521 describes oligonucleotides and oligonucleotide derivatives for
inhibiting human KSP expression.

WO 01/98278, WO 01/30768, and WO 03/039460 describe quinazolinone
compounds that are useful in treating cellular proliferative diseases associated with KSP

25 kinesin  activity. The compounds described in these references are
2-(2-aminomethyl)quinazolinone derivatives. The quinazolinone compounds described
in WO 01/98278 and WO 01/30768 have 2-aminomethy] substituents that are either
amine, amide, or sulfonamide substituents. The quinazolinone compounds described in
WO 03/039460 have the amino group of the 2-aminomethyl substituent incorporated into

30 a 5-12 membered nitrogen-containing heterocycle.

WO 03/050064 describes thienopyrimidinone compounds that are useful for
treating cellular proliferative disease, for treating disorders associated with KSP kinesin
activity, and for inhibiting KSP kinesin.



treating cellular proliferative disease, for treating di sorders associ at ed
wth KSP kg ' ivity, and for inhibiting KSP kinesin. -

2004/ 1110?@&@5}&%4/016954 WO 03/ 103575 descri bes het%‘FT{HV&P‘I"&Gﬁised
pyri m di none derivatives that are inhibitors of the mtotic kinesin KSP and
that are useful in the treatnent of cellular proliferative diseases. These

derivatives are N-heterocyclic-fused pyrimdi none derivatives.
Representative oROi 03103575 ddsatibesr heteeeyclickfded pyﬁmilﬁn&ae derivatives that are

vt i m dof quﬁﬁlﬁqrg,' ¥t it et o sl i e Bl oot pafiular
| NVENTI ON
pyri m di ny conpoun%géasﬁef m&%s%&%:#;%%%%&%& &Ft@%ﬁ ©

prodrugs tfafesivear e pr Repeesentativd Thleribatives oarthdt- f used pdeséribedi nyinclude
conpounds, phar maceutlcall acceptable salts, and prodrugs are KSP

i nhi bi tor spARd{afey]pvdIudintronehe t r eat | ng cel | ul Byripidelq.Paipyrimidinp-vaes es.

I nb I d I ds h th
formila (I ﬁfnﬁ%ﬁsﬂﬁé@%ﬁﬁ&ﬁ% g BRI B P G T s heter oaryl
Xis 0 or 20 R1 is hydrogen, gUMMBARY QR ECHEINVENTION tuted al kyl, al kenyl,

al kynyl, aryl, heteroaryl, heterocycl yl, al kylsul fonyl, or aryl suI fonyl; Rz
i s hydrogen, orhsmIasmcécp foithe, predsst i iovensionalney  hetgreasn ﬁlsethWdJny ryl,

A e T T

S( Ol) lfi];}o Tlﬁé he%’e%%%%ﬁﬁéd Blimifiayl Tofpetsds, Shbhdckiii @llyOiccepables §smts utaﬁai
aryl sul fon
y %)/rodrugs are KSP inhibitors and are useful in the treating cellular proliferation diseases.

In one embodiment, the heteroaryl-fused pyrimidinyl compounds have the

formula (T):
N
/ \R4
15
O
wherein Q is heteroaryl;
XisOorS;
20 R; is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,

heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;
R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,

heteroaryl, heterocyclyl, alkylsulfonyl, arylsulfonyl, alkylcarboxy, aminocarboxy,
aminocarbonyl, or alkylsulfonamido; or COR, CO,R,, CONRGRR, S5(0) R
25 SONRjRp;
R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR.R,;
R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or heterocyclyl; or L-R,,, wherein L is a C1-C10 saturated or unsaturated

10 O

t
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R4 is hydrogen, or substituted or unsubstituted al kyl, al kenyl, alkynyl,
aryl, heteroaryl, or heterocyclyl; or L-R13, wherein Lis a CI-CIO

sat ur at ed v 2e@aat058at ed -3 WO 2004/ 111058 PCT/ US2004/ 0 ISIZUS2004/616%Hed or
unbranched carbon chain conprising one or nore mnethyl ene groups, wherein
one or nore nethylene groups are optionally independently replaced by 0, N,
or S; and mherein L Is optionally substituted wwth one or two oxo groups

oo R R Sl B R o i
unsubst i t utgad oahkdfcla%&hﬁeﬂu QOW%Uonﬁlﬂﬁﬁiﬂépen@hﬂfy ii%{blﬁédﬂr&aobe 0P'S; and

het erocycl yl; or I s hydrogen, hal ogen,
hydr oxy, niviheggin ali ooptiopally substituted, wethk@net Ior dwo 50 fgroupseand ope o more

e ﬁZ?Zﬁda{?ﬁ%bSth#ed racfet Bk PHoreLl) Rfetnfed, R one X, FERH Relogen

al kyl ca Yoms ar boxyam do, car boxyam do, am nocar boxy, am no carbonyl, or
al kyl su fonam do R7, R8, R9, uéo R11, and R12 are independently selected
from hydrogen, dks 1SsR¥srPEemytas SUbRtitgted Msynsubstituted| allyl, alkepyln pilyny), \afksny,

aryl, heterggr het | R12 taken
toget her f %étg;ogfyl @']ﬁ'ﬁ%@éﬂéﬁ cargR@R&::?ﬂ% h@%cr)@!t €1ic ring; R13
|'s amino, al kyl &y #9, hyalroging| lalbgen] rm;drcmy, smbs; latuuhed c9and)nalikbsy,i hlkybio,
guani di no or het erocyclyl m=20, 1, or 2; and n =0, 1,2,0r3;or 20 t he

t aut oner s, niBylemaitonty, ol Hxa&oaik@qpt{mlﬁubstﬁatbd&,r mfsulmmntbdlgﬂqﬂ,hdkagﬂ alksnyl,
anot her enbodlnent el er.oar sed py ny| ounds e the
f or mul A0( | igyyl, )be"efoarYRVﬂEY lapgino, a-ﬁ%'gn“%nﬂﬁl aryisulfonyl, aﬂ(}'Y carboxy,
carboxyamino, carboxyamido, aminocarboxy, aminocarbonyl, or alkylsulfonamido;
R, R, R, R, R, and R, are independently selected from hydrogen, or
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterocyclyl; or R,
and R, or R, and R, taken together form a 3- to 7-membered carbocyclic or
15  heterocyclic ring;
R,, is' amino, alkylamino, or dialkylamino; or substituted or unsubstituted
guanidino or heterocyclyl;
m=20, 1, or2; and
n=0,1,2,0r3;0r

20 the tautomers, pharmaceutically acceptable salts, or prodrugs thereof.
In another embodiment, the heteroaryl-fused pyrimidinyl compounds have the
formula (ID):
X
)’1 N/ R1
Rs_‘<‘:‘ I
Y Z Rz
2 N
Rs
N
~
Re™ R
25
iy



WO 2004/ 111058 PCT/ US2004/ 016954 wherein Xis Oor S; Yl is S, 0, or NR14
and Y2 is CR15; or Yl is CR15 and Y2 is S, 0, or NR14; or Y1l is N and Y2
is S, 0, ONOIPMAINGS 5 Yl is S, O NR14 and Y2 is N wheP&EIS200481¢P54 hed
i fe represents a double bond to Yl, when Yl is CR15 or N, and a double
bond to Y2, when Y2 is CR15 or N, R is hydrogen, or substituted or

unsubstituted al kyl, al kenyl, al kynyl, aryl, heteroaryl, heterocyclyl,
al kyl sul fonyl, o vl ,; 10 R2 is hydrogen, or substituted or
unsubsti tut ed alﬁg%?%gﬁﬁgeé&?,%’al kynyl, aryl, heteroaryl, heterocyclyl,

al kyl sul fonyl, ayyis8)iJ,eaNR,, ahk¥h ¢eCRQ@xyr, am nocar boxy, am nocarbonyl, or
al | cyl sul fonam do;  or COR7, CQO02R7, CONRSR9, S(O nR10, or SO02NR11RIi; R3 is
cyano, substit ut SrisdfRisasdeds Bu@eer MR\ &ul fonyl, or CONRSRO: 15 R4 is

hydr ogen, or subgtitute E u htuted al kyl, al kenyl, al kynyl, aryl,
het eroaryl, or ﬁf’é#‘ﬁé@‘gﬁﬁg’oﬁ {}%\% ’,&V\,herei nLisad-dOsaturated or
unsaturated brawcfiey] MNRIRBH@TVSHREN; car bon chain conprising one or nore
nmet hyl ene groups, wherein one or nore nethyl ene groups are optionally

i ndependent | y r ewherciadthgydashed\line repspsents @ dawhlsrtind to Ys wiemi ¥nisl CRus or N,

substituted wt or, .t 0X0 ou and, one or nore 20 O -Cl10 branched or
unbr anched %H%FPO@&E‘?%M?}@?EB%%&@H°5€‘T;one or nore halogen atoms; R5 is
hydrogen, or subgjii lh?&ﬁ)g@ﬂ, HP%&B%&M%%&M&H;gﬁ l%%@bigﬂ}émq%agﬁxym

aryl, heteroaryl, or heterocyclyl; or COR7,
i s hydr ogenhetérasryly daterdeydiybrajicylsulfonyl, cnaylsulfonylan, al koxy, alkylthio, 25

nmet hyl di oxy, ®r ; I KOXy q’%h'@&t |t st r}g#@st' dalﬁfvr@fl
al kenyﬁfbe\al kynyll?7 Lg?lérﬁlfbg%t }e‘(ur’ osg?sy , alci{y'l&ﬁas% no,wgi a yl%ﬁrﬁﬁkg, > ayl,
al kyl sul fo I e}(g:g - aéﬂﬁn X W X)éﬂ?]' I BOXYREI
anl i nocar bgéxm%é'\zng%gr %bl’l’ or g‘lg% s’u?épg%am gg; R ,ék%‘gmﬁam, R%mbg%i’,
R12 are i ndEpanessheny. 98| éﬁfﬂ.‘ﬁlff’mdﬁycﬂfo%, Ogoz:%ﬂbg:tq%i%d ¥O), R or
unsubst i tut%l@%s |, al kenyl, alkynyl, aryl, heteroaryl, or heterocyclyl; or
R8 30 and 2 11 and R12 taken together forma 3- to 7-nenbered
carbocyclic or Rekseyary shbstinitedgr ulsiBstinkedatybalfosylkyt @ONRQR ;0"
di al kyl am no; or_substituted or unsubstituted .

15 R, 1s hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,

4
heteroaryl, or heterocyclyl; or L-R ., wherein L is a C1-C10 saturated or unsaturated

and

12°
branched or unbranched carbon chain comprising one or more methylene groups, wherein
one or more methylene groups are optionally independently replaced by O, N, or S; and
wherein L is optionally substituted with one or two oxo groups and one or more
20 C1-C10 branched or unbranched alkyl optionally substituted by one or more halogen

atorus;
R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy,

aryl, heteroaryl, or heterocyclyl; or COR.,, COR, CONRSRQ, or SO(m)Rm;
R, is hydrogen, halogen, hydroxy, nitro, amino, cyano, alkoxy, alkylthio,
25 methylenedioxy, or haloalkoxy; or substituted or unsubstituted alkyl, alkenyl, alkynyl,
aryl, heteroaryl, alkylamino, dialkylamino, alkylsulfonyl, arylsulfonyl, alkylcarboxy,

carboxyamino, carboxyamido, aminocarboxy, aminocarbonyl, or alkylsulfonamido;
R7, R, Ry Ryp R and R,, are independently selected from hydrogen, or

substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterocyclyl; or R,

30 and R, or R, and R,, taken together form a 3- to 7-membered carbocyclic or
heterocyclic ring;

R,; is amino, alkylamino, or dialkylamino; or substituted or unsubstituted

guanidino or heterocyclyl;



guani dino or heterocyclyl; -5 WO 2004/111058 PCT/ US2004/ 016954 , R14 and
R15 are i ndependently sel ected from hydrogen, or substituted or

unsubst i t W@ZOMMKES al kenyl , al kynyl, aryl, heteroaryl, BT ¢20BEPRE vyl : m
=0, 1, or 2; or the tautomers, pharmaceutically acceptable salts, or
prodrugs thereof. 5 In another enbodi nent, the heteroaryl-fused pyrimdinyl
conpounds have the fornmula (I11): 0 OBSANR (RE) PDR2 ENR3 R5 K4

10 (111) vvhere a Eﬂﬁf ' @%%yj ed. f or
CR4, with the prlbw so% Fla?reapﬁle asteﬁ%% ut no nnr%ﬁ%)ﬁaiﬁ tgrmﬁggﬁl%ed%
or E are Nm&sﬂﬁt@ﬂkjﬂg&lﬁmﬂ[ a]kjmd;éryhmetdrunryluush&l&bcyulyled al kyl, al kenyl

al kynyl, aryl, heteroari/ het erocycl yl, al kyl sul fonyl, or aryl sul-fonyl ; 15
R2 is hydrogen mp7 0 4bek Zitdit ed or unsubstituted al kyl , al kenyl, al kynyl,

aryl, heteroar | sl a | kyl car boxy,
am nocar boxy, ﬁﬁqﬁg%g%gﬁwor ﬂ;z% Ia?u gLalﬁbBy%r%Hgé%%ér R,, CONRBR9,
S(OnRle, or S I\ﬁbﬁﬁi%muaam&n CWEeteﬁﬂf}&Iﬂléddt peraldityl Sethsiountds edve the

aryl sul fonyl, or CONRBRO; 20 RatT s hydrogen, or substituted or unsubstituted

al kyl , alkémyhﬂagﬂﬂynyl aryl, heteroaryl, or heterocyclyl; or L-R13,
wherein L is a C -ClO saturated or unsaturated branched or unbranched
carbon chain conprising one or nore nethylene groups, wherein one or nore
nmet hyl ene groups are optionally independently replaced by 0, N, or S; and
wherein L is optionally substituted with @ne or two oxo groups and one or
nore 25 C -C10 branched or unbranched al kyl optlonally substituted by one or

nore hal ogen at ons;
(Re)"—o )\,4

/N\

10 ¢y
wherein, A, B, D, and E are independently selected from N, CH, or CR¢, with the
proviéo that at least one, but no more than two of A, B, D, or Eare N;
R; is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;

15 . R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, arylsulfonyl, alkylcarboxy, aminocarboxy,
aminocarbonyl, or alkylsulfonamido; or COR,, CO,R,, CONR,R,, S(O) R, or
SONR, R ,,;

R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR.R;
20 R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,

heteroaryl, or heterocyclyl; or L-R,,, wherein L is a C1-C10 saturated or unsaturated

branched or unbranched carbon chain comprising one or more methylene groups, wherein
one or more methylene groups are optionally independently replaced by O, N, or S; and
wherein L is optionally substituted with one or two oxo groups and one or more
25 CI1-C10 branched or unbranched alkyl optionally substituted by one or more halogen

atoms;



-6 WD 2004/111058 PCT/ US2004/ 016954 RS i s hydrogen, or substituted or
unsubstituted al kyl, al kenyl, al kynyl, al koxy, aryl, heteroaryl, or

het er ocycl WD;206¥11085&7, C02 R7, CONRR9, or SOQ(m R O R6 i FAYHRBUHNal ogen,
hydroxy, nitro, amino, cyano, alkoxy, alkylthio, methylenedioxy, or

hal oal koxy; or substituted or unsubstituted al kyl, al kenyl, alkynyl, 5
aryl, heteroaryl, alkylam no, dialkylam no, alkylsulfonyl, arylsulfonyl,

al kyl carboxy, caRpéxyadiogen, erasubstitnsedi erounsabstitoed rdiloply alkenyin ellanbh nifkoxyor

al kyl sul f onam do; " R7, R12 are i ndependently sel ected

R8, R9, R .o, R11,
from hydr og@siil. h@"ﬁfoaSﬂbﬁhWﬁlfFlﬂ?%gggb)ﬁ&i s EONR Ry or dﬁgﬁ'w;l , al kynyl ,’
|, het | : R9, .0 ken.
oo et o001, o AghRRE bt P e, B U
guant d no oreeREkaBy. tr BAGREHRBr Vaberlyed (ot AlteR SIS HIRE L ity

taut onerss, @hRriReaeaityl.c alkylansioc.edialibllanine) taicylsulfopylo diryigslfodydy atdylcattioxy,

anot her aspect, the present inventjon provides nethods for treating

prol i f er at | SAEboOXFREERE; earhoxyamidoaRIngear bRy aminasasoeryl, pralkxlsalfenamides,
Dt o ol i 4 . g
reat ment conpr Iﬁrl)axagy ?ﬁl}elr,l Bfd Klg 25 istHepeRdeRaly slechiD Hidin BlyddeeRTBOUN

of formula (1), Teffectfve to reduce” or prevent cel ['ul ar

prol i f er at | sbstitntedes uogwstitrted albyl alkemsds slleynyhopl heterdarylperdaaterecyolylpon Ron
rovi des net ho for,treati oliferatiye dise in.a man or .ani mal
gubjylactsi n % S’of’rs%nha{““e@gnék@ Ite%ﬁtrtﬁ:%’i“ﬂgal i’dﬁ‘?ﬁf’g‘l}eﬁqeﬁ#%&ggﬁwshﬁj ect

an anount olf& a compound of formula (1), (11), or (lIl1) effective to reduce
or prevent - CHPLC rﬁg,OIiferation in the subject in conbination with at

| east one addi tiRypals agene, falkylapkieot oealiaikylamido;censebstitaisd| or embebstigpdct s,
the present invention provides therapeutic conpositions, conprising at

| east one cgwpulinmomdietéroeyalyla (1), (11), or (I11) in conbination with one or
nore addi tional ag_eﬁl'fr]; fg(w%ﬂe treatment of cancer, as are conmonly enpl oyed
in cancer therdPy. Th& éofbunds of .the invention are useful in the
treatment of cangersy, 2nslyding, 30 for exanple, lung and bronchus;
prostate; breast’; pancreas; colon and rectum thyroid; stomach; |iver and

i ntraheifati c bi |the tademeisj phasmacanticallsraccenieble salts, or prodrags theaeder ; ut erine
In another aspect, the present invention provides methods for treating proliferative

diseases in a human or animal subject in need of such treatment comprising administering
to said subject an amount of a compound of formula (I), (II), or (III) effective to reduce or
prevent cellular proliferation in the subject.

20 In another aspect, the present invention provides methods for treating proliferative
diseases in a human or animal subject in need of such treatment, comprising
administering to said subject an amount of a compound of formula (I), (Ii), or (II)
effective to reduce or prevent cellular proliferation in the subject in combination with at
least one additional agent for the treatment of cancer.

25 In other aspects, the present invention provides therapeutic compositions,
comprising at least one compound of formula (I), (IT), or (JII) in combination with one or
more additional agents for the treatment of cancer, as are commonly employed in cancer
therapy.

The compounds of the invention are useful in the treatment of cancers, inclﬁding,

30 for example, lung and bronchus; prostate; breast; pancreas; colon and rectum; thyroid;
stomach; liver and intrahepatic bile duct; kidney and renal pelvis; urinary bladder; uterine
corpus; uterine cervix; ovary; multiple myeloma; esophagus; acute myelogenous

leukemia; chronic myelognous leukemia; lymphocytic leukemia; myeloid leukemia;

7-



corpus; uterine cervix; ovary;, multiple nmyel oma; esophagus; acute

nmyel ogenous | eukem a; chronic nyel ognous | eukem a; | ynphocytic | eukem a;
nyel oi d | eWiReAI4£110587 WO 2004/ 111058 PCT/ US2004/ 016954 , PGFHBI004/816854 cavity
and pharynx; larynx; small intestine; non-hodgkin | ynphoma; nelanoma; and
vill ous col on adenonma. The invention further provides conpositions, kits,

met hods of use, and nethods of manufacture as described in the detailed

EvBoD) NENT Ry i YR B gl ok bl B el e

pyri m di nyl melapsmeundssillddiaiolopakhomeecut i cal | y acceptabl e salts, and
prodrugs thereof are provided. The heteroaryl-fused pyrimdinyl conpounds,

phar maceut i cal | yTheisvention farther providghepmppsitinngfeitss methagls of se, lsd srethadsdfar e
useful in the treating cellylar |.i herati on _di.gseases... 10 I n one

enbodi nent ,mﬂ@aﬁﬁe@ﬁg}ﬁ?%ﬂbﬁﬁggﬁp‘{?&qeﬂ%&?w&eS RS e the formula
(1): N3 4 ~R 3pEATHED DRSCRIPTION OV THE PREFERREE EMBOBIMENS sCor S; Rl

is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
het eroaryl, het elnoope| gipectaldfy theulpkesagt inventiany inew theterparyRfisd pwirhiditydgen,

or substituted or ,unsubstituted.alkyl |.kenyl , alkynyl aryl het er. yl,
het er ocycl yIOmBAURYs: dBFF ShgTacEpyally scherfAble st mnd Hsediyes eeq e magded

am nocar bonye Wosdd gﬂﬁﬂm | cOpbidds, phbiaBteutidal Wl@) 0 an@"
SO2NR11R12; SR ano, SE’ stltu?led oF unsubstitut ed aﬁ sul fonyl, ore
CONR5R9;  25prBdruigs ateyKISD iyshibitars asdiaretuseful sothe treativeg dedhildr prelifemtiky diseadekeny| |
al kynyl , aryl, eteroaryl, or heterocyclyl. qr L-Rl3, wherein s a -C10
satur atl®d or uns QP%t"éHgOddP]&HEhglﬂ gﬁ%‘lﬁﬁé\’i‘ﬁe&%ﬁ’ﬁ%@w CREWPR Y"siﬁ% one
or nore net groups, wherein one or nore nethylene groups are
optional | y Tndeperdently replaced by 0, N, or S; and

N
Retall | R

N’HéRs |

Rs Ry

_N—__

15 €y
wherein Q is heteroaryl;
XisOorS;
R; is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;

20 R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, arylsulfonyl, alkylcarboxy, aminocarboxy,
aminocarbonyl, or alkylsulfonamido; or COR,, CO,R,, CONRR,, S(O) R . or
SONR R .; .

R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR,R;

25 R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyi, aryl,

heteroaryl, or heterocyclyl; or L-R,,, wherein L is a C1-C10 saturated or unsaturated

branched or unbranched carbon chain comprising one or more methylene groups, wherein

one or more methylene groups are optionally independently replaced by O, N, or §S; and

-8-



-8 WD 2004/ 111058 PCT/ US2004/ 016954 wherein L is optionally substituted
with one or two oxo groups and one or nore C -Cl0 branched or unbranched
al kyl opt iE02DP04118e88st i t uted by one or nmore hal ogen at oRET/EE0G4016854r ogen,
or substituted or unsubstituted al kyl, al kenyl, alkynyl, al koxy, 5 aryl,
heteroaryl, or heterocyclyl; or COR7, CO2R7, CONR8R9, or SOMR ,; R6 is
hydr ogen, hal ogen, hydroxy, nitro, am no, cyano, alkoxy, alkylthio,

met hyl enedi PlisteinOL ﬂab?e&%ﬁyysubgﬁmseabﬁmt St Br HovoUBRY R3biidsUbd! Ak more

al kenyl , al ynyP, aryt, heteroaryl, alkylamno, dialKylan no,

al kyl sul f on@1-Clérbyrhmied amyinbrazicked abicyb @plipnallyasibstitpted by, oneaohmoya bildgen
am nocar boxy, am nocarbonyl, or al kylsul fonam do; 10 R7, Rg, RO, R10, R11,
and R12 ar edP¥dependent|y sel ected from hydrogen, or substituted or
unsubstituted al R%/'is hidregey,| or sbktituyed, oraiinsubstiteled rabiany hlkepyl, hillyayh eliexy] ; or
RS and R9, or R and R12 taken together forma 3- to 7-nmenbered

car bocy@l i carh belgeaasyloen/agterecyalylgor (9B, COHKn GONRRG IR AR por di al

R
e o MO S A s IO L

pi perazi nyl aryhZiedtérdaiyy) alkiyladndde)| Walkybenino ralkyinliphyl, kevizolfdiydz alkylcartarg,
benzoxazol yl groups. In_one enbodinent, Qis_thienyl. In another enbod nent,
Qis pyri dsarboxsaming carbopemide, araioearReAy, amingsarbonyl, orielkulsylfonargifo;

het er ogigyl al kyl ,g_hRt eroCRC| Yl kydd RaMaiddhdep¥hdentty kslerbddn Gahk Wydrogen,

di al kyam noai kylj]'ﬁ hlrzlﬂ %‘t’]l f Ynatt'doal kyf 25 J?OUps. yl n one errbod:ym(a)rgi?]? s o.

I n one embosibstituted cRunsubstitwededlkyll alkenyl.odleynyiizoyl heteroaryilher hetsroesickyli ori Ry

b . nbagi o R2 i d d i S, CONRQRO,. |

oot rent | 88 Ronuth R b Bnfelsi QWS DERol o 14 IR GHOORE Ry o7
et hyl, or 'rﬁe%%rrg?%l:cnqo In one enbodinent, R4 is L-R13. In one enbodi nent,

L-R13 is a one enbodiment, the am noal kyl is am nopropyl,
al kyl ami nopr opy| R ;0is dimahdy blkyiandpe,opy |dialkylamino; or substituted or unsubstituted

15  guanidino or heterocyclyl;
m=0,1, or2; and
n=0,1,2,0or3;o0r
the tautomers, pharmaceutically’acceptable salts, or prodrugs thereof.
| Suitable Q groups include thienyl, thiazolyl, imidazolyl, pyrazolyl, pyridyl,
20  pyridazinyl, piperazinyl, azetidinyl, friazolyl, benzimidazolyl, benzothiazolyl, and
benzoxazolyl groups. In one embodiment, Q is thienyl. In another embodiment, Q is
pyridyl.
Suitable substituted alkyl groups include arylalkyl, heteroarylalkyl,
heterocyclyalkyl, aminoalkyl, alkylaminoalkyl, dialkyamincalkyl, and sulfonamidoalkyl
25  groups.
In one embodiment, X is O.
In one embodiment, R; is arylalkyl. In one embodiment, the arylalkyl is benzyl.
In one embodiment, Rj is hydrogen and Rz is CONRgRy. In one embodiment, Rg
and Ry are independently selected from hydrogen, methyl, ethyl, or isopropyl.
30 In one embodiment, R4 is L-R;3. In one embodiment, L-R13 is aminoalkyl. In one
embodiment, the aminoalkyl is aminopropyl, alkyiaminopropyl, or dialkylaminopropyl.
In one embodiment, L-R;3 is aminopropyl.



I n one enbodi nent, L-R13 is am nopropyl. -9 WD 20041111058 PCT/ US2004/ 016954
, I'n one enbodi ment, R5 is hydrogen, alkyl, aryl, or COR7. In one
enbodi nenWO RH/1IHSEOR7. | n one enbodi nent, R7 is substi tRETEES2804/016954

unsubstituted aryl or heteroaryl. In one enbodinent, R7 is alkyl- or
hal ogen-substituted aryl. In one enbodinent, R7 is 5 substituted or
unsubsti tuted phenyl, pyridyl, or pyrazinyl. In one enbodi nent, R6 is

hyd . al kyl t i
Y ooe Ay éngﬂggﬁﬂ’ qi ny Cogr%ga&?g@ﬂ%fﬁr for w{‘aln(c%n:é;ac:mb)c()dm&%:t,\}}s N Rj

het er oaryl - fused pyrim S have t
~z |1 NRIRJORRS/ NI~ R4 10 wherein Xis Oor S; Ylis S, 0, or NR14 and Y2

is CR15; or VYl_.is CR15 and Y2_is 0, NR14; or 15 Y1 .s NadY2|sS
O or NRl4; or ¥ oms bo%mmlﬂv éﬁwﬂib@t'#?é{ g uwé%?fﬁd arﬂé’fdﬂ&%@ﬁy Freone

represents L 4B o]
Y2, when Yﬁﬁ}b@@f@é@ or %; E%i’l [ sr %ggéﬁﬁﬁlor su tltute or unsugAtt |I?u?§ejd
al kyl , &l keabstituted bt’mydubsﬁmeldpheﬂﬁl praidyl,campyrazidydt er ocycl yl, al kyl sul fonyl,

or arylsulfonyl hydr ogen,. or substituted or unsubst i t ut ed al kyl ,

al kenyl , al kynyf[ﬂoﬁﬁﬂn rl%ﬁdﬁ hydrogen, afled chigrp, ordrRIOs Ul f onyl |

S T o SR ol R SRS Hlnquar e 2 ¢

i s cyano, Suthadla fy:ed or unsubstituted arylsul fonyl, or CONRSRI9; -10 WO
2004/ 111058 PCT/ US2004/ 015954

X
Y‘j\/u\ N
L A
R3
AN
10
ay
- wherein Xis O or S;

Y,is S, O, or NRy4 and Y, 1s CRys; or

Y is CRys and Yz is S, O, or NRyg; or
15 Y;isNand Y;is S, O, or NRyy; or

Y1is S, O, NRjsand Y;is N;

wherein, the dashed line represents a double bond to Y;, when Y; is CRj5 or N,

and a double bond to Y,, when Y, is CRy5 or N; |

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
20  heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,

beteroaryl, heterocyclyl, alkylsuifonyl, arylsulfonyl, alkylcarboxy, aminocarboxy,
aminocarbonyl, or alkylsulfonamido; or COR,, COR.,, CONRSRg, S(0), R, or

SONR;R,,;

25 R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR R ;

-10-



R4 is hydrogen, or substituted or unsubstituted al kyl, al kenyl, alkynyl,
aryl, heteroaryl, or heterocyclyl; or L-R13, wherein Lis a d-dO

sat ur at ed WO 200H1¥8at ed branched or unbranched carbon &€AVUB28WH3I6954i ng one
or hore nethyl ene groups, wherein one or nore nethylene groups are
optionally independently replaced by O, N, or S; and 5 wherein L is
optionally substituted with one or two oxo groups and one or nore Cl1-C10
branched or unb I Stk SHRS 1h gen
atons; R, is hydr g%g‘%?drgw’ isaﬁﬂt)ut edaz)brr unsh%w |tu " al ky? |g§ %{-ﬁ

al kynyl , alHetetyaryl, aryheteroeyodyloar - R13orwhemdomyalcyl—(316rsaﬁffﬂ6d oﬂ)ﬁmm-ated
CONR$R9, or SOUm Rl o; 10 R6 is hydrogen, halogen, hydroxy, nitro, am no,
cyano, al kdxyuchaﬂbymbmmhedmhmlmwmﬁmgmnhatmmylm gmlmtwhemmd or

i a1 Kyl ant rfGe AR Pﬂ%@# stouPy i prtismal dapetyietly Beatiped Byl

car boxyam W]] BAGRAPIY | oneObr MKY I i ,R9
R10, Rl? cw% 11, are n epe?lsglbntlyﬁse ec%ngdéﬁrol% ﬁ%%ﬁ%ﬁ Oronéfér 15§re
subst i t ut edCh<C10Msanihed tontuniranched alky] kptigally adubgtituted By yhe diehereokdygen or

heterocyclyl; or Rs and R9, or RII and R12 taken together forma 3- to
7- menber ed aé%ﬁf’*%iocycl ic or heterocyclic ring; RL3 is am no, alkylamno, or

di al kyl ami no; orRSLwaﬁdrbgﬁre(br%bsﬁtﬁtébSdrlﬁwﬁMmte&l&ﬂt}dl fRewy], BRyRyIOaKeky! ; 20
R14 and R15 are |5ndependently sel ect ed from hé en, or_substituted or
unsubst i t utasyl, hetrsprrylgnhietarpcyclylier B»a,rquso eRfieterocyclyl; in

;rodr ug}go[ hgreg; ;ggllﬁy%#éggu%l?#?ﬁ hggx%ﬁykﬁéél é.m&ﬁschn q%gldg aI tsﬁl@aﬁn

het I tfﬁfﬂ:c[‘ I
diealerkgginynglé%&égme‘ﬁg’gh onam C)apé{1 s grog’?s br?ug#éa/e dc?mﬂ'I ﬁ/ a]]gémyé, 0.
I n one enbogylreisteroddl, i alkyrmhm k&lhlkylamm;ea]ksrlmﬂbﬂﬁptmylhxﬂﬁmgl y:IﬂitIzIéa&Iboxﬁ,

I n

benzyl. In one enbodi nent, R2 is hydrogen and R3 is one
enbodi ment ,carepXyaning, earkoxyamdde rmp@%m; gminerarberyl, @rreélmrlﬁ#@pé@@iﬂ, net hyl ,

ethyl, or isoprlcmtv/ R, IPSP om@ sg‘oo a:elﬁﬂepéadlenﬁsl%elebﬁd%smeﬂ?&légafrﬁp

L-R13 is am noa t the am noal | cyl is am nhopropyl

al kyl aibnopubgitited or W@Skweeirﬂﬂmdpﬂqu'l alkynyl, ard, h@tﬂ@dlryhmnﬂa,etetp@m'l mRa
ami nopr opyl; and R, or R, and R, taken together form a 3- to 7-membered carbocyclic or

heterocyclic ring;
R13 is amino, alkylamino, or dialkylamino; or substituted or unsubstituted
guanidino or heterocyclyl;
20 Ris and Rys are independently selected from hydrogen, or substituted or
unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterocyclyl;
m=0, 1, or 2; or
the tautomers, pharmaceutically acceptable salts, or prodrugs thereof.
Suitable substitwted alkyl groups include arylalkyl, heteroarylalkyl,
25  heterocyclyalkyl, aminoalkyl, alkylaminoalkyl, dialkyaminoalkyl, and sulfonamidoaikyl
groups.
In one embodiment, X is O.
In one embodiment, R; is arylalkyl. In one embodiment, the arylalkyl is benzyl.
In one embodiment, R; is hydrogen and R3 is CONRgRy. In one embodiment, Ry
30 and Ry are independently selected from hydrogen, methyl, ethyl, or isopropyl.
In one embodiment, R4 is L-R;3. In one embodiment, L.-R;; is amincalkyl. In one
embodiment, the aminoalkyl is aminopropyl, alkylaminopropyl, or dialkylaminopropyl.
In one embodiment, L-Ry3 is aminopropyl.
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-11 WO 2004/ 111058 PCT/ US2004/ 016954 , In one enbodi nent, R5 is hydrogen,

al kyl, aryl, or COR7. In one enbodinent, R5 is COR7. In one enbodi nent, R7
i s substi W@2aW48108substituted aryl or heteroaryl. |n ofETERBMMNAAL., R7
is al kyl- or hal ogen-substituted aryl. In one enbodinment, R7 is 5
substituted or unsubstituted phenyl, pyridyl, or pyrazinyl. In one

enbodi nent, R6 is hydrogen, al kyl, chioro, or bronmpo. In another enbodi nent,

t he heteroaryl -f hin G : qg]‘ﬁ}a r : BA
N, R (Rs)p i Dllg'%ﬁ e%%u@%g%é IS%@EREMM er %?,"@ER’%,‘HB‘!@## JEI%?I%LORP

i ndependenti$ CORal ected from N, CH or CR6, with the proviso that at |east

one, but no nore than twg, of B, D .or Eare N,.15 R Jis hydrogen, or
substituted or ﬁﬁ?ﬂ%ﬁ@@kﬁ substifutedy or unsobsfitted aﬁi’lﬂr,he){%?&ﬁo@r ope

het er ocycl akﬁéqs f 0 i | S %‘i ulyst i f ut ed
or unsubst?éhjbtoe af’k)#", %ﬁ@%yf”qﬁ#@#ﬁ ar%%ﬁﬁet%&l%%gy , %E]g?fb(k:i?;’clll%ﬂ,
al kyl sub f oybstitaes bs thdubstttedahenylc pyrdyk yor pywazigdar bony, ami nocar bonyl, or

al kyl sul fonam do; or COR7, CO2R7, .CONR$R, S)E&HRI o, or 20 SC2NR11R12; R3
i s cyano, subst ilhgnegmbpdigentiRe i hydwaen allyd. shiosayor bremOCONRSRY: R4 i s

neter oaryl . or APy crifoctigily o hAbReR didce pRURRGY oS el e,

unsat ur at edorfl@(@hed or unbranched carbon chain conprising one or nore
nmet hyl ene groups, wherein 25 one or nore nethyl ene groups are optionally
I ndependently replaced by 0, N, or S; and wherein L is optionally
substitlHt ed with one or two oxo groups and one or nore -12

0O
5 N
(Re)p‘—:O
D\ L _R2
E N Rs
R R4

/N'\
5

()

wherein, A, B, D, and E are independently selected from N, CH, or CR¢, with the
proviso that at least one, but no more than two of A, B, D, or E are N;

15 R, is hydrogen, or substituted or unsubstitited alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, arylsulfonyl, alkylcarboxy, aminocarboxy,
aminocarbenyl, or alkylsulfonamido; or COR,, COR, CONRR, S(O)R,,

20 SO,NRR;

R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR,R;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,

wherein L is a C1-C10 saturated or unsaturated

or

heteroaryl, or heterocyclyl; or L-R,,

branched or unbranched carbon chain comprising one or more methylene groups, wherein
25  one or more methylene groups are optionally independently replaced by O, N, or S; and

wherein L is optionally substituted with one or two oxo groups and one or more

-12-



WO 2004/ 111058 PCT/ US2004/ 016954 Cl-C10 branched or unbranched al kyl
optionally substituted by one or nore halogen atons; RS is hydrogen, or
substi t up SHOGPO4MIEIBst i t ut ed al kyl, al kenyl, al kenyl, al BELAIS2004{046954
heteroaryl, or heterocyclyl; or COR7, CO2R7, CONR8R9, or SOmMRoO; 5 R6 is
hydr ogen, hal ogen, hydroxy, nitro, am no, cyano, alkoxy, alkylthio,
nethylenedioxy or hal oal koxy; or substituted or unsubstituted al kyl,

al kenyl , al , ﬁ{nw s@t‘ufel

al kyl sul fon% ar ﬁﬁhﬁ gﬁ{}ﬁb al ky %:]k?' E oxyar‘#go%ﬁs;t;r}b%lgmahﬂo oo

am nocar bowamgm nocar bonyl , or al kyl sul fonam do R7, R, RO, RO RI, and
R12 are i ndependgn ct Y. Lyt or,

unsubsti tuted a?%y?g K%ﬁgénylog%uﬁ%%@e& oqa@%ﬁ?s%ﬂ%%rﬂﬁg' Fﬂﬁﬁ}l, E%c?gﬂb ({:Jﬁ/”l ;oor

R8 and R9,arl hétetoaryldorfleferb@lechil; dralBRNEIO,RO! CONRER [ & SO mher ed

carbocyclic or heterocyclic ring; R is damno, alkylam A8 6r di al kyI am no;
or subs®it ut ed 0R6 imshpstegeny thadpgeny Arenxyo mtroh @minac grang : allexym alkyithia, or

2; and p = 2,0r3;or the tautoners,, pharmaceutically acceptabl e salts
or prodr ugs)inﬂhléleéﬁmﬂ, rPrhnloallkiye omsHbstityted or Nnspbtiged aliy cﬁﬂgﬂﬂ, aiemyLA i s

gi—L I:)Di ?s Cﬁéﬁnqﬁ%@ &@Jﬁl DE%O’IQE)}%%T" ap gikgfb x@tj{%@s@ﬁ?% Bﬁ‘g{}g‘ I‘:Wﬁcl ude

gry: El kyl, | i SR, aéﬂwl amla@fjammaﬂbok@l l&ninocsaﬂbﬂﬂabkaakyls@fdﬁhﬁde ;l(oal kyl,
I a ani noa u 0 | S
I'n on)é enbodi rrer% a%l }I§93 i{E & ﬁlmafﬁ% ﬁ%rﬁe?ecfeﬁbg'ﬁ?’ynﬁﬁ‘ﬁ’ﬂ?

benzyl .19 2%ub@iRe o@ﬁﬁamsﬁﬁmd 1 atf1dhéreronfyl driERRSyclyl fl@g

enbodi mrent, R8 and RO are |ndependentl selécted from hydrogen, rret hy ¥,
ethyl, or m:dp pyoi' R, nawh &, ¢ rtiskeni tngeth,er Hérmsa L3-R1B. 7-membnredeqa1bmmhmtqr

L-R13 is am noa : In one enbodi ment, the am noal kyl is am nopropyl,
al kyl ami nod:mﬁpyd:yc Oll‘mél al kyl am nopropyl. In one enbodinent, L-R13 is
am nopr opyl . Qkﬂ?ﬁ%ﬁn cﬁa]p}y]%%en Kftrute @' & unSQbsfigRR 10
one enbodi nent, I#E i S 1 o, or or 3 alok b
guanidino or heterocyclyl;
15 m=20,1,or2;and

p=0,1,2,0r3; 01
the tautomers, pharmaceutically acceptable salts, or prodrugs thereof.
| In one embodiment, A is N. In one embodiment when A is N, D is CR¢ and Ry is
chloro. In one embodiment when A is N, B and E are CH, D is CRg, and R is chloro.

20 Suitable substituted alkyl groups include arylalkyl, heteroarylaikyl,
heterocyclyalkyl, aminoalkyl, alkylaminoalkyl, dialkyaminoalkyl, and sulfonamidoalkyl
groups.

In one embodiment, X is O.
In one embodiment, R is arylalkyl. In one embodiment, the arylalkyl is benzyl.

25 In one embodiment, R; is hydrogen and R3 is CONRgRy. In one embodiment, Rg

and Ry are independently selected from hydrogen, methyl, ethyl, or isopropyl.
In one embodiment, R, is L-R;3. In one embodiment, L-R;; is aminoalkyl. In one
embodiment, the aminoalkyl is aminopropyl, alkylaminopropyl, or dialkylaminopropyl.
In one embodiment, L-Ry3 is aminopropyl.
30 In one embodiment, Rs is hydrogen, alkyl, aryl, or COR;. In one embodiment, R
is COR.
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WO 2004/ 111058 PCT/ US2004/ 016954 , In one enbodinment, R7 is substituted or
unsubst i t W heteroaryl. In one enbodi nent, R? [
ﬂm M eaé)ar ! : P%T?t?éiﬁéym&fs:l

hal ogen- subs I n one enbodinent, RRis substit

unsubsti tuted phenyl, pyridyl, or pyrazinyl. In one enbodinment, R6 is

hydr ogen, al kyl, chloro, or bromo. 5 In other aspects, the present invention
provi des nmethods for manufacture of conpounds of forrmula (1), (Il), and M

Met hods of naki hgone pibodinheit, RﬁlS(}ImbmlmadS)I umsebstitwted iiyd dr ihetetouryipl lr dneand
illustrated schematical]y eI oW. is fur anaonterrpl ated that, in
addi ti on t@mboime anprMn’ds 1- o5 ﬁ‘ﬁ*’gelﬂ‘)b IW[ Ipi PP embodimaente Rraises

and their f I ncl uded within the scope
10 of the ﬁ%’\?ﬁe‘n i on. gg’ﬁe%ﬁ‘fpﬁg Gﬁ?ﬁ; ﬁ d (Il) may be prepared as

i1 lustrated schighd g@bbdinjeﬁt, R§¢§1ijm‘§geh; a}kyl %hli:r@, &qumﬂobel ow. Schene 1 LION
NHRL Rs~/Y1l CO2Me THE / H20O Ref'' CO H O R2 " RYz "NH2 Yz ~NH2 z PCCl 3

Rs~Y NR Rz Vi Iepther3asnecisc thespresentcigiention prqvcieson@thowls— fpr ipamufaetue Nof R

N e T 0 S Cond S MR Rl Dol ™
are described in Example 1 and illustrated schematically below. It is further
contemplated that, in addition to the compounds of formula (I), (I}, and (D),
intermediates and their corresponding methods of syntheses are included within the scope

10 of the invention.
Compounds of formula (I) and (I) may be prepared as illustrated schematically in
Schemes 1, 2, and 3 shown below.

Scheme 1
LiOH ﬂfﬁ o
Re \(ﬁ CO,Me THFIH20 2

o

-COH
'( 2 —f ,Y:l\iLN'R"
¢
NH, pocl, Re—% |l

Y2 Né‘\/ R2

R3
NaOAc,
AcOH, Tt Br;
]
Cl 0O O
.R Rs™ . HyN.
Re"‘<'1| N Y4 N 2R, y N
2 Rs Yz "N Rs P R
RN HN.. Br
15 5 R4 Ry
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NRaR9 RIBr Ra~Y CO2H R Y1 DNH O NaH YZ NH2 4M HCl / di oxane Yz N NRaR9 D M-
O ~O Br2 N'RHO NaCAc Y'il N'RHO RANHz Re- AcOH ~~ Y2 N NR8RI rt Y2 NNReR9

Br O 0 NWR2@4411086Cl, TEA, CH2CI2 N'RI O Y Ra Y Ra- ~YPETQJS200491698R8R9 Y2
NIV NRBRO 2 NHN.R4 R5 NNR4A 5 The synthesis of a representative

t hi enyl -fused pyri m di n-4-one conpound is described in Exanple 1. A
schematic illustration of the preparation of the representative

t hi enyl - fused pyri nudi n-4-one conpound described in Exanple 1 is shown bel ow
(Scheme 3). -15 WD 2004/111058 PCT/ US2004/ 016954 Scheme 3 OO0 Bra i N NC-N
(\S/ co2me 31 / Br \S CO2Me CaCO3 NH 4M HCvdi oxane NH2 MeOH / CH2Cl 2 z Ft

|~ o/
Scheme 2
O
NC\)LNR'R i
v g Y
Rg~” t5—COH | - Y NH © RyBr
L ok LI
Y2 - Yz N NRgRg
NH2 4M HCl/dioxane DMF
Q
Br: R
¥ N o 2 Y1 N 1o
{ NH
R 1L J o Rl L RiNH,
z N NRgRg rt 2 N NRgRg
Br
O
R, L ~ Re—& Il
Yz °N NRgRg Z °N NRgRg
HN. N,
Rq Ry Ry
5

The synthesis of a representative thienyl-fused pyrimidin-4-one compound is
described in Example 1. A schematic illustration of the preparation of the representative
thienjl-ﬁlsed pyrimidin4-one compound described in Example 1 is shown below
(Scheme 3).
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SBr ~1 Br NHOSNOI \ | NNE NHBr NN DVW Br2/ I~ NaOAc 0 AcCH
It Br S1 NOH2N -'" NHBoc \ NNABr MO TEA S SNO NOCHdC2 Br Br -<\
| N N CHsvobood1hioss HN O N 2. 4M HCl in dioxane rt / NHBaCY/UE#04/Gl54 5
Representative thienyl-fused pyrimdin-4-one conpounds of the invention are
shown in Table 1. Conmpounds of fornula (1) and (I11) nmay be prepared as
illustrated schematically 1in Schemes 4 and 5 below. -16 WO 2004/ 111058
PCT/ US2004/ 016954 Schenme 4 B- A"NH2 HNG3, H2SO4 B- ALYNH2 HBr, Br2 B-A. Br
(RB)p D. --- (R6) , D. J~ (gyp D. JX E E NO2 NaNO2 E NO2 CuCN

Scheme 3

@I/
Br3

S CO;Me \© Br CO,Me
r
CaCO;

NH; MeOH / CH,Cl, Hz .
it

Q
I'
\ Nél\/”\'?/ NaH M -

0O
NC\)'I\N/
|,

4AM HCl/dioxane

DMF

Bl'z
NaOAc o)
AcOH

cocl
O
S
cnzm2 N~ 0
N N
. ow N |

HN

2. 4M HCl in dioxane
rt

/ NHBoc ' NH;
CHy

5 Representative thienyl-fused pyrimidin-4-one compounds of the invention are
shown in Table 1.
Compounds of formula (I) and (III) may be prepared as illustrated schematically

in Schemes 4 and 5 below.
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z A\ NH2O RBR A 0 H2 (45 PSI) B-AYCN (R6)p D.ENH (Rs)p D. NI -12 Raney
PRENRZ EEOCHEN® Oz RBRJPPA 000 A R -XBA N Br2, HOAc B
R ( RYARMIRISR (Rs)p D% R2 (Rs)p D.E N R2 E N 2 E RETHS2004/016854R3

R oo .RL B-ANR R5-XBA NNR (R)pD , R~ (RR)pDECR E
N R3 H\,R3 R5 R4 R4 -17 WD 2004/111058 PCT/ US2004/ 016954 Scheme 5 0
0 NCIL NRIBr aH (Rs)P 6- A OOZMe NRBRB (R6) AJI NH O DM / NH2 DE 4M

HCUdi oxane D E NNRO DW 0 O

Rs

v

N
2N,
z

2T >

Scheme 4
" B NH2 inos, H,S0, g A NH2  HEr, Br,
E . ETTNO;  NaNO,
CuCN
Cl
0 R, ’
0 O
A H, (45 PSI)
B = NH, R; Al Ré?ney Nickel B’A\ CN
(Relp O - B NH, _ (Re)p—s—
~EZ “NH (Rele—5_ D.g#
R E NH, EtOH E” NG,
0 2
R3
PPA,
9 i A i R
K A ,R1 By, HOAc - -
= . N
D\E/ NArR2 N)\r 2 E N A Ra
. R3 R3 r
H N\
TRy
Y
0 O
Rs HN
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ARLB A(Ra) RANHo DBI; ¢ N OAcOHc (Rs) p NHO E NNRBRB d E N NRSBRO Br
OO0 Bop N\HO 1. R5Cl, TEA, CH2CI2 BBANH O (RB)P D (Rs)P-i E N NRBR9 D E N
NRBRO HN.VRG20sysihid88 5 I n ot her aspects, the present i nveot/uswoNow@Ys40eS
conpositions that include at | east one of the KSP inhibitors described
herein, and nethods that utilize the KSP inhibitors described herein. In
one aspect, the present invention provides pharmaceutical conpositions
conprising at | east one heteroaryl - fus q} rgm’di nyl compound (e.g., a
compound of 10 forrmula (1), (11), % % together with a
pharmaceutically acceptable carrier sw table for admnistration to a human
or ani mal subject, either alone orptogether with other anticancer agents. A
nunber of suitable anticancer rYquen s to be used as @onbi nati on therapeutics
are contenplated foA UxO,Me the gt i OoNs 3Rl thods of the present

i nvention. Suilry Tp anticancer agent s (i u Nt Ronbi with the

conpounds of the i By '*ﬁﬁ i ncl ude agents tanatD\ $i SNaH

pol ynucl eotides (e.g”, riBozyamHcldprangpeptides™ (e.g., enz@’rrés?MFdr ugs;

bi ol ogi cal m netics; al kal oids; al kylating agents; antitunor antibiotics;
nal anti bodi es

ant i nmet abol i tes; hor on ; plati num conpounds; rmnocl
conjugated with an LA -B{ugs, toRins, and/ orBr des; bi ol ogi cal
[ ] | Nt el NHKI ns

response 20 m)gk e. t er f erBR@AS o. )p—ﬁFN-
N’Mmdﬂ? &?P"égents RgRpwt h fact ors;
cell

[e.g., IL-2]); E’F fa
agents that i nduce turmr entiation (e.g., alpgrtrans-retinoic
aci d); gene therapy reagents; antisense therapy -18 WO 2004/ 111058

PCT/ US2004/ 016954 reagdéhts and nucl eoti des; tunor vaccings; inhibitors of

angi ogenesi s, and tha |iXke, ~Nunerp C,oﬁ-@,grc ganpl es d’i t per apeutic
conpounds and mw_éanc r t¥er@pie M (Rs)oag‘ | styat pgn with the
conpounds of for rruDaE Nig ’NFPh (rr1r) are known N*HLNRGRQ
AN
HN. Rs™ R4
5 In other aspects, the present invention provides compositions that include at least
one of the KSP inhibitors described herein, and methods that utilize the KSP inhibitors

described herein.
- In one aspect, the present invention provides pharmaceutical compositions
comprising at least one heteroaryl-fused pyrimidinyl compound (e.g., a compound of
10  formula (I), (IT), or (IIT)) together with a pharmaceutically acceptable carrier suitable for
administration to a human or animal subject, either alone or together with other
anticancer agents.
A pumber of suitable anticancer agents to be used as combination therapeutics are
contemplated for use in the compositions and methods of the present invention. Suitable
15 anticancer agents to be used in combination with the compounds of the invention include
agents that induce apoptosis; polynucleotides (e.g., ribozymes); polypeptides
(e.g., enzymes); drugs; biological mimetics; alkaloids; alkylating agents; antitumor
antibiotics; antimetabolites; hormones; platinum compounds; monoclonal antibodies
. conjugated with anticancer drugs, toxins, and/or radionuclides; biological response
20 modifiers (e.g. interferons [e.g.,IFN-a] and interleukins [e.g., IL-2]); adoptive
immunotherapy agents; hematopoietic growth factors; agents that induce tumor cell
differentiation (e.g., all-trans-retinoic acid); gene therapy reagents; antisense therapy
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to those skilled in the art. 5 In certain enbodi nents, anticancer agents to
be used in conbination with the conpounds of the invention conprise agents
t hat i ndud¥O@p04811038| at e apoptosis. Agents that induce 358‘6{56@?@1?9@& ude,
but*are not Iimted to, radiation; kinase inhibitors (e.g., Epidernal

G owt h Factor Receptor [EGFR] kinase inhibitor, Vascular Gowh Factor
Receptor [ VGFR] ki nase inhibitor, Fibroblast Gowh Factor Receptor [FGR]

10 ki nase iljg%?g' I*D?%? - Y O WMk i [ haKi nase
i nhibitor, a jtsth'?(-i&g iﬁh%éeﬂﬁlohi i t%s’ suc 1%W£T§f%%%?,e§%@e g’r%’
divec]); ddthewnsethel exumimss of ahtmbtheiapeutie cgmpomds amd ianticander ieragdes) ;
anti-estrogens (e.g., raloxifene_ and tanoxi fen%; anti-androgens (e.g.,

flutani de, Fitaklpdensradeunisiraion with dze copoynds of Srauia ), (IDyex GHbamAIown and
corticost ert%'gﬁl@g;gkﬁ%ggg%yagtenase 2 (COX-2) inhibitors (e.g., celecoxib, 15
- , and non-$§

mel oxi cam teroidal anti-inflammatory drugs (NSAIDs)); and
cancer 5chenot hdhagetain emdodigentse agticanceér fgene &1 be AR 9 ambinaibd -Withl the

fludarabine [fludara], .dacarbazine (DTIC), dexanethasone, mtoxantrone,
myl ot arg, \eompeunds ehtherinyaution somprise agsals et inducy ax stimulate ApepiosisolAgents

cel lul ar signaki es. r an.des . : Kines.s. d r l.ne;

and the 1 (IR e BlREMSS ol G Wl 63, B0C LM W CBripeBA ISHBU RBRIORT:
t he conpoungg., Bifddiniab @totve Eabtor FReéceptsfMEIGFR]! kidaseO iiMdbings Vdeatdr Geshher ei n
can be used in the treatnent of cancer. The conpounds descri bed herein can

al so be usdictanr Reseptord VEHERdt kinaseoimhibiten dFibeoblast Growth Hacter Reeaptart [F&IFR]

{reat 1 19 nifire P85 Hife iRl CEPRin bR RGP LRI LR, ane
proliferatipng.AbiSidase, inkib@tbrsasuch 38 SIT-5710 gleeﬁe@%gatﬁmmppbﬁﬁmuw RAYiedElss;
met hods of treati ng@a human or ani mal subject in need of such treatnent,

conpri si ng amthodies (egi hgreeptin ped siibjan);tandi-estrogense(sig-cridxjfent pad timaxifemhunt

f a het |- fused pyri myndi nyl d. e g .a. d of f or.qul
o2 () R ot ¢ @Rl oPRRTRAET  Spefide R Bhe Rl e
agents. 30 UefhcBRLE and %Bﬁiébm@ms);tdg?loafcygeﬁase 2 wem)mrwk@.g ciBddxels for

treating a cellular proliferative sease in a human or ani nal subject in

need ofl5suaheloxigamndi-39%; ang mopistegpidaliarnitivindlammaigryt druga (WS ATDY)k Andavanearount
of a heteroaryl-fused.pyyimndinyl. -19 2004/ 1 PCT/,US2004/.016954,
conpound (é%ép@@&%g So?°'$'o_rlﬂﬁ?t8°a_(nl )[é,gn{p%i%]’ é‘iﬁfﬂqﬂ’l IERPiEe Ve,
reduce or p£48kine ASTICY, AéxaRieMdsbie, Hitdkan®dnd, HifRotady, VPt 16, iclplaiRumyDIFES;! -
doxrl;bicin, taxotere and taxol); cellular signaling molecules; ceramides and cytokines;

and Staurosprine; and the like.

20 In other aspects, the invention provides methods for using the compounds
described herein. For example, the compounds described herein can be used in the
treatment of cancer. The compounds described herein can also be used in the
manufacture of a medicament for the treatment of cancer.

In one embodiment, the present invention provides methods of treating human or

25 animal subjects suffering from a cellular proliferative disease, such as cancer. The
present invention provides methods of treating a human or animal subject in need of such
treatment, comprising administering to the subject a therapeutically effective amount of a
heteroaryl-fused pyrimindiny] compound (e.g., a compound of formula (I), (II), or (UI)),
either alone or in combination with other anticancer agents.

30 In another embodiment, the present invention provides methods for treating a
cellular proliferative disease in a human or animal subject in need of such treatment

comprising, administering to said subject an amount of a heteroaryl-fused pyrimindinyl
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I n anot her enbodi nent, the present invention provides nethods for treating a
cellular proliferative disease in a human or ani mal subject in need of such
treat nent WS2QMABI58| ng adninistering to said subj ect an PAHIUSH004416254,

het er oaryl - fused pyri m ndi nyl compound (e.g., a conpound of formula (1),
(r1), or (I1l1)) effective to reduce or prevent «cellular proliferation in
the subject in conbination with at | east one additional agent for the

t r eat ment The ] F ' r QV}

i bi tor s CAPPRAF (e, B SpBRBRRT bt HAMAU. 15U, B (TSP cEQIRE ¥ Rl B pikien
conposi t i opglhilarprolifeaatioay orvtemer groavtly inithe subjece i nhi bition of KSP is

I ndi cated, for exanple, in the treatnent aof cellular_ proliferative diseases

such as tunor ah@/a8pthersathodimentcfhe Bresit HuKeion: ravides rasthodsyfop fraatiag gar |

th ‘ : i h i . - !
cancer s, PREPRGRIEEAI dlob's HERAISH mifal R AL ol el ' "
pancreas; 6ehpfisiaphdatfistefing 15 saidysubjedt af tadiumb of lai etdroanylifiised pytiefiadihgl bil e

duct; kidney and renal pelvis; urinar bl adder; uterine corpus; uterine

cervix; ovepmpownd (6.5 @ cagpppuidhof GusIDaen ) ehfestizetntndsce oupraveat

chroni c nyel,ngnous...,eukem a; | yvimphocytig.l eukem.a; el oid ,.leukem a; .brain,;
o 2l cavt { SR BRLFHES e TRAR Conhip B TS o IS Ghscueatomel sl

mel anoma;  gGreatthb@WT cadedn adenoma. 20 I n anot her enbodi ment, the invention
provi des nethods of treating an KSP nedi ated di sorder. In one nmethod, an

effective ?rr]?unﬂ'hlafplai&métiarﬁmoyll ) IPIbulﬂlsfl copypounis drjﬂyal‘eduhib d. limsdtt)i( Kﬁg’t The
conmpound of .f.armul a . or {. conpoind ,is administere a
pat | enW(e!’&’?},’sz ﬁ%ﬁ?&‘é}r'&&ﬁﬂ%ﬁ’ %ﬁlé’%?%lﬁp‘)?ﬁgﬂ‘ﬁgﬁ RAme O VeI ARy, ISk @’?‘?Wr
nmodul at e) KBkhigshiof i r eéyaafg] Gin S RS LIEER;

i nhi bitory actliﬁg%ltd;1 %Pd%?gﬁc%%g‘ Fb:r] Ex rréél ea%éaﬂreﬁgﬁ?%?ﬁw ngaﬁl efinit ivgns
are provi ddideases lsath & tumod and/on pahcetoas icell grovwthrmediated by K SPe r lni particudar, ther m
"heteroaryl -fused, pyrinidinyl .conpound’ refers to a. ri mdinyl conpound
vt n.a. DGTRGHIS, e s, i TR O RGBR, o° GRnl 48, SEPHINGA [PBRS 5
and 6 of t | LA r ’ Q@hst 6 | ~.one
conpound" ?@*@éﬁ,{%ﬁgﬁ%ﬁﬁll ’mmggr%%g& ﬂg@ﬁ%‘gﬂ%ﬁé tE"avi ng %&gﬁo%q %%?g at’
posi ti bf Atteyesidi Isedmach; flisee chntlointraheyiatic obitey Idugt; dddneyt and oendl i predvis;5 ueingy6.

-20 WD 2004/ 111058 PCT/ US2004/ 016954 ]
bladder; uterine corpus; uterine cervix; ovary; multiple myeloma; esophagus; acute

myelogenous leukemia; chronic myelognous leukemia; lymphocytic leukemia; myeloid
leukemia; brain; oral cavity and 'pharynx; larynx; small intestine; non-hodgkin
lymphoma; melanoma; and villous colon adenoma.

20 In another embodiment, the invention provides methods of treating an KSP
mediated disorder. In one method, an effective amount of a heteroaryl-fused
pyrimindinyl compound (e.g., a compound of formula (I), (I}, or (I))} compound is
administered to a patient (e.g., a human or animal subject) in need thereof to mediate (or
modulate) KSP activity.

25 A representative assay for determining KSP inhibitory activity is described in
Example 2.

The following definitions are provided to better understand the invention.
As used herein, the term "heteroaryl-fused pyrimidinyl compound" refers to a
pyrimidinyl -compound having a pyrimidinyl group fused to a heteroaryl group at

30 positions 5 and 6 of the pyrimidiny! group.

The term "heteroaryl-fused pyrimidin-4-one compound™ refers to a pyrimidinone
compound having a carbonyl group at position 4 and that is fused to a heteroary! group at

positions 5 and 6.

-20-



"Alkyl" refers to alkyl groups that do not contain heteroatons. Thus the
phrase includes straight chain alkyl groups such as nethyl, eth ropyl,
butyl, pewyloo4/besd , heptyl, octyl, nonyl, decyl, undeWTmsﬂé‘fvi@éﬂﬁ and t he
| i ke. The phrase al so incl udes branched chain isoners of straight chain

al kyl groups, including but not limted to, the 5 follow ng which are

provi ded by way of exanple: -CH(CH3)2, -CH(CH3)(CH2CH3), -CH(CH2CH3) 2,

S C(CH3) 3, - C( CHAGHRN® refelSHR ihdeHR
-8(426(%:143) 3C( cH2 01456543) 3%@%) m(c%‘g%ﬁizm) -CHZCH%& EFEC%;QE
- CH2CH2CH( Gri3)deSHinaighy chaJﬁHﬂ@IH M EEHRCHRY ZnethylCeRELABNSARYEY, pentyl hexyl,

Qg 3&&%@%@@%& gig?@dsqﬁﬂqﬂﬁ%mﬁgﬁ@@&% d Fctuisss

cyclic alk Eﬁa:ﬁ‘ifﬂh: r&@}q t
cycl ohexyl , N cycfwohepty %‘%dpg%ga octyl ahd su?ﬁ 1%4#1%%@24&13@??%@% i thﬁ
strai ghs aotloviing rehieh arbgirovidéd by way o examphte GIMCHDNY -EH(CH X CHEHp))r ase

Cort ary arepCHRct. -6EhRr el Elngis raehICHRR: ot Gk CRRE, "
e g e S e e o T

but havi ng-CHeCHpOH(CH,)ef at t sCHyEHCHERNTIRCH: Ky| e rEHeTHsTIS(CHYOHE
et hyl ene (-CH2CH2- 2 propyl ene (-CH2CH2CHZ2-), di net hyI rg&gl ene

(- CH2C( OH3ySERBEC(GHb, 20 cycl- Q’ylrzg@ﬂgﬂ (- CH2 JEEBCH(CHs)e,

"Al ken hai al s 4h one
or nor gb car%lg&ﬁi)%w‘:*zé Q?%ﬁ 35@%}(91%)0?%@%?@2%&{ f‘ba?)qu a 8#2

Preferred ghk e al3b dnidedes nszéumkﬁtgr@t;g hﬁe}ﬁmﬁl@m@)&r@ambem abrkle ditylgr oups
and cyclic al enyI groups _having 2 to 12 carbon atons, " nyl' rg:fers

to strai gheydpbsxyl, eyciehentd, and CE‘}IQW'CKI anchiseeh Sings s glt@nd: wh

kT ook usa 4801 3rdlBE ot S8R dedyE il B GRERINEH %g%a“;’én%ﬁ%%ﬁs 2
to 12 car b?ﬂnﬁg’o %f&jph,seabﬂiﬁaymkyﬂg@ugé ke ertidf P HIRS] pRYipd Préfefrsd kil ed

such as w dr ox amno, nrtro_and/or cyano groups, and the Ilke
Repr es&ht agroups MCIuﬁ)mglﬁ-@dﬂsmcﬂlad ehein alicyh grupsyend ieyelie alliykbgroapihavingicl ude

chl oroneth hl or omet hyl , chl oroethyl, hydroxyethyl, and the |ike.
Ot her sui tﬁl}f’éaﬁﬁ’ i“%‘ﬁ’f“éd al kyl rieties include, for exanple, aralkyl,

am noal kyl, am mafFéreY Irefefiath TR ¥nit Bebidaesas noted @ove for "alkyl", but having two
points of attachment. Exemplary alkylene groups include ethylene (-CH,CHj-),
propyiene (-CH,CH,CH3-), dimethylpropylene (-CH2C(CH3),CHz-), and

. 20 cyclohexylpropylene (-CH;CH;CH(CgH 3)-).
"Alkenyl" refers to straight chain, branched, or cyclic radicals having one or more

carbon-carbon double bonds and from 2 to about 20 carbon atoms. Preferred alkenyl
groups include straight chain and branched alkenyl groups and cyclic alkenyl groups
having 2 to 12 carbon atoms.

25 "Alkynyl" refers to straight chain, branched, or cyclic radicals having one or more
carbon-carbon triple bonds and from 2 to about 20 carbon atoms. Preferred alkynyl
groups include straight chain and branched alkyny! groups having 2 to 12 carbon atoms.

Alkyl, alkenyl, and alkynyl groups may be substituted, such as with halo,
hydroxy, amino, nitro and/or cyano groups, and the like. Representative of

30 halo-substituted and hydroxy-substituted alkyl include chloromethyl, trichloromethyl,
chloroethyl, hydroxyethyl, and the like. Other suitable substituted alkyl moieties include,
for example, aralkyl, aminoalkyl, aminoaralkyl, carbonylaminoalkyl,
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WO 2004/ 111058 PCT/ US2004/ 016954 al kyl car bonyl am noal kyl ,

aryl car bonyl am noal kyl , aral kyl carbonyl am noal kyl, am noal koxyal kyl and
aryl am noaW®g04/11185%oxy" refers to RO wherein R is al kylPCTRE3200HMIMt | ve
exanpl es of al koxy groups include nethoxy, ethoxy, t-butoxy,
trifluoromethoxy, and the like. 5 "Halogen" or "halo" refers to chloro,
bronmo, fluoro, and iodo groups. The term "haloal kyl" refers to an al kyl

r adi cal sutg%ﬂ' %atﬁ&g, éﬂ]{gj’ or P‘&Eﬂ gkgms. T&%lky? “hal ggﬂégxy"
refers to an-a oxylra Pca ’subs@%{%&wt 0on “or nore %@8@%?0%.’
"Am no" r efaefisodiicoxyalkyl and rglagrinogdkylNH2. The term "al kyl ami no" refers herein
to the group NRR where R is alkyl and R s hydrogen or alkyl. The term
"aryl am no" 10 MWE freionRUy Whesze S%t!ﬁ)a]ﬁﬁh' tptives exgminlespfgalkoxy s

hydr ogen, | . .. | k: qTes ein to the group
NRR where g %@%@%ﬁgﬁg%ﬁﬁ %H@g?’otééh?m%?&gﬁéﬁfﬂg& aral kyl .
" Al koxyal kyl " 1 eHalageh® of Meal@r fufirs-talckloro, Broio? flaby, endliédo pups.k The @m

al kenyl, and alk2 is alkyl or alkenyl. The term"aryl oxyal kyl™ refers to
the group -"halrglkyldrgfeys to amalkyl sadiesl pubsivtated woisly en& 9t 'mare halogen atomse Theoup

-al kyl enyl - O agal kvl . WAl | kyl am_np” ,ref er ergin to the.group -NR-(
al koxyal kyltejrfna‘mqﬁik%yi ?@3%%% 3?%035{1 ﬁ%?%gg%@@ﬁﬂﬂ one sy n%ﬁrﬁ9 pge:{)atoms.

" Ami nocar bonyl " "pediab's rdlers Berid f the ralipQiNH;. TR tei2"alkyiRHie! refbts Brein fo

am nocarbonyl" refers herein to the group -C(O-NRR where Ris alkyl and R
is 20 hydthggroupr-NRRYywhergrR is alkiyl aad W' anhydrogebonwlkyl.r herternh darplaming)’ t he

- 0).- wh R i and R . d | kyl .
Dl i anribeastngp T wpip SNER et R b Bl 0 beep el iy e,
aral Kyl angerf " HhRGE Refer kiein 36 Yhe gRSupALRIRRY |where AV iRORMGI0RYd R fefers

herein to the group -S(0)2-NH2. "Substituted am nosul fonyl"” refers herein to
t he group h$dOgen dly], awyboecamikyd. al kyl and R is 25 hydrogen or alkyl. The

oY1~ 5(0) 27 Nt ARyl Rt 158 erbiral Otk et Al gpalkensdyand
estors, - oty SISt o AREEHF Tk ot SRIGHAY, SER 10 eI IO BE
30 "calbonysmiaralkoxaliylt tefere teethe gyewpemitylenyi€)-efatkyo both a _
whore R 15 & car BRRRBRIAGHO SRIeROIERB A9 ahe BNGh - NRet erralb), where R is m
"aryl car bo%i&il\f'hﬁd%geehsargﬁﬁio?aﬁ&l.t he group
~ "Aminocarbonyl" refers herein to the group —C(O)-NH,; . "Substituted
aminocarbonyl" refers berein to the group —C(O)-NRR' where R is alkyl and R' is
20 hydrogen or alkyl. The term "arylaminocarbonyl" refers herein to the group -C(0)-NRR'
where R is aryl and R’ is hydrogen, alkyl or aryl. "Aralkylaminocarbonyl" refers herein
to the group —C(O)-NRR' where R is aralkyl and R' is hydrogen, alkyl, ary, or aralkyl.
"Aminosulfonyl” refers herein to the group -S(O)-NH, "Substituted
aminosulfonyl" refers herein to the group —S(O)-NRR' where R is alkyl and R' is
25 hydrogen or alkyl. The term “aralkylaminosulfonlyaryl" refers herein to the group
-aryl-S(O),-NH-aralkyl.
"Carbonyl" refers to the divalent group —C(O)-.

"Carbonyloxy" refers generally to the group -C(0)-O. Such groups include

esters, -C(0)-O-R, where R is alkyl, cycloalkyl, aryl, or aralkyl. The ferm

30 “carbonyloxycycloalkyl" refers generally herein to both a "carbonyloxycarbocycloalkyl”
and a "carbonyloxyheterocycloalkyl”", ie., where R is a carbocycloalkyl or
heterocycloalkyl, respectively. The term "arylcarbonyloxy" refers herein to the group



-22 WD 2004/ 111058 PCT/ US2004/ 016954 -C(O-Oaryl, where aryl is a nono- or

pol ycyclic, carbocycloaryl or heterocycloaryl. The term
"aral kyl c¥0aMHI3I038 refers herein to the group - C(O - O RCATUSRH04/016954 f onyl "
ref'ers herein to the group -S02-. "Alkylsulfonyl" refers to a substituted

sul fonyl of the structure -SO2R- in which Ris alkyl. Al kylsulfonyl groups
5 enpl oyed in conpounds of the present invention are typically alkylsulfonyl

groups havi r nm@:J g, | %Q%Q

typical al k?g)sipoépx gro pslp%m o@ggr Pﬁlyg%%lpcgun S@ﬁ?oaﬁ-&lrUPr esen?' |n entlon
I ncl ude, fdheeeammdmiky}cmbhylbxjm refiny heréin te the gdoap eCR))-ﬁ)—amllclyyl ),

et hyl sul fonyl (i ere Ris ethyl), propylsulfo where R is

n
propyl), and thesmfk@’l é%eﬁﬁmatf’yﬂ%eulg%l" %efeF‘éﬁ@’dﬁuﬁéﬁﬂ nrefess t e agr oup

- SQ2- aryl L 1feA! | fer [

- S02- ar al kﬁmi‘%e ter?nﬂﬁggﬁonamg‘gx Sdége %e‘?:([-,\lﬁnlgt @Hﬂﬁﬂ%hﬂ groups

" Car bony| aginpboyedeine tompeurids eoflthéapresdnt thonl\hieqy@cauy mMmﬁfb herdupdr ogen
atom of the am de nltrggen of the carbonyl am no group can mleg aced aI kyl ,

aryl, or havingyfonrlotep) caben atpmsiinsits backbere smic@umesnwcm

esters (-NH: O} 5 and_a S RS st

branched cﬁ’éﬂ%&’ FW@Y cy@l OCQFW?FE OI}IHQJ%( %%? EI?S?I‘P gﬁf’e p?e
"al kyl car beqphysiifayl r et kheted R Y ey n&ﬂ@lﬁﬂf@nﬂ/ﬂ@f@ Ruliepe nl k/ leti@)/i NQ
from 1 to about 6 carbon atons inits backbone structure. The term

"aryl car bopmmfhsuh’@nylr Giearwhere Ryis propyNHami @e RkeheFke fening' aayisualfwl" refers
Sim’la the term "aralkyl carb l.anm no ,,oca ami no where R
is ara h’ﬂ’f‘ L‘%ﬁl?fnpfﬂuﬁoé% ag gﬁg Sgﬁit%g ]d%h %dgtPPBm
guani di ne -SHRBEAyT NTthe Mrs "sMGRAnT8 '%fe?§hér8ﬁ1|tbld-@ e bonded at the
nitrogen atomcarrying the formal double bond (th -position of the

guani di ne, e.g. "Cdrb@nyhuﬁm"hpfm&atherchyaleml-@nmﬁ ENHI-CQQ)-MIWhidldhe Hydrugen at
either of the nltro en, at.o C ing a for.mal singl bopd (the and/ or
"3"-positi B %’35’8 HPE@ gtre&é wﬂﬂ?ﬂi ﬂ—&)“)eb g‘?‘é%&r%‘eﬁr at ons

at any of m;a é&mesﬁc@w@ﬂcﬁ%%&%w §1ﬁh%%§fﬁaﬁﬂi@e&é§?§m '%oyonch

as al kyl, aryl”, or "ara dino"™ refers to the noietie (the
r adi calS beamy antidesheNH? CB(D)-RM whamgéh)s aatlaiglitNG bﬁnﬂhed(dham a.lhyi; c}ailoﬂkylmgr at

aral kyl. 361 & eyl 7 L IPEbG RGBS SIS Lo boooRad Sipeh Ris or
car bocycl i smgi 4 ingSHBS 1 (4 out Eyearsaﬂ ae:-.&g 98 H:CUACKBURS inkdéfira! S THEMErf 7 Om 3

to 8 backbo , ring)
"arylcarbonylamino" refers to group -NH-C(O)-R where R is an aryl. Similarly, the term

"aralkylcarbonylamino " refers to carbonylamino where R is aralkyl. _

20 "Guanidino” or "guanidyl" refers to moieties derived from guanidine,
HoN-C(=NH)-NH;. Such moieties include those bonded at the nitrogen atom carrying the
formal double bond (the "2"-position of the guanidine, e.g., diaminomethyleneamino,
(H2N).C=NH-)) and those bonded at either of the nitrogen atoms carrying a formal single
bond (the "1-" and/or "3"-positions of the guandine, e.g., H;N-C(=NH)-NH-)). The

25  hydrogen atoms at any of the nitrogens can be replaced with a suitable substituent, such
as alkyl, aryl, or aralkyl.

"Amidino" refers to the moieties R-C(=N)-NR'- (the radical being at the
"N™* nitrogen) and RQONR'YC=N- (the radical being at the "N>" nitrogen), where R and R’
can be hydrogen, alkyl, aryl, or aralkyl.

30 "Cycloalkyl" refers to a momno- or polycyclic, heterocyclic or carbocyclic alkyl
substituent. Typical cycloalkyl substituents have from 3 to 8 backbone (i.e., ring) atoms
in which each backbone atom is either carbon or a heteroatom. The term
"heterocycloalkyl" refers herein to cycloalkyl substituents that have from 1 to 5, and more
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i n which each backbone atomis either carbon or a heteroatom The term
"heterocycl oal kyl" refers herein to cycloal kyl substituents that have from1
to 5, andwd2e4/111288 WO 2004/ 111058 PCT/ US2004/ 016954 ,  tREFERM40698m 1 to
4 heteroatonms in the ring structure. Suitable heteroatons enployed in
conmpounds of the present invention are nitrogen, oxygen, and sulfur.
Representative heterocycloal kyl noieties include, for exanple, norpholino,

pi per azi nyl gage& BLY% 4ﬁaématdh% h‘tﬁ@m&@ﬁb&%'ﬁﬁﬁbﬂhﬁ@&@ﬁs@gﬂ%ﬁm

cycl oal kyI ups 1n which all ring atons are 5 carbon. Wen use
connect i on ostpoundsc bb ek presenthinwventicanare , nitrhger, emyg&qqcﬂnﬂlcgzﬁfmc Repres‘eamve

herelntofusedadnnfused CC|I stru Sub u

het er ocycl d¥*eToGYS ‘-@1“9’ JRsiptic @H‘Eg for ﬂé“’ﬂnﬁvrplpw ET“;I-“YI and
used herei rs ggagp tal

sel ected f&lcl)ém(iﬂ(%l t9%§°@9é4°@y‘?5pﬁ‘°4‘£ S P@gaﬂ%{ - i%r%rg?e%oergdz[t?@%%
cont ai nfng dafhon ommomﬂrmecohaem:emtqmawl mbﬁttuéntq nthé h&ngf'p@lpcychc"

consi sting of n|trog oxy en, or S wherein the 5-nenbered ring has
0- 2 doubl e B&HukergAde %W%ubl e bonds; wherein the

nitrogen and suld ol HEE& & ed AL | I rogen
and sul fur heter%ﬁ’ RI113 nay eg p éljona{{?xjo}% |zlél ‘Qﬁ)%%@%,i n%l g%m%’é:&%ﬁg

bi cyclic graguied Keredhi :efbrﬁfbyanyfs-tdia-mbm%erehwm»mﬁmg a'Heftdiatdrd stlested fiogn a
benzene ring or 15 another 5- or 6-nenbered heterocyclic ring independently

def i ned abw‘@ogenhexmnman ialfur o€ poi-eor ¢-meEnbered ring soniainiag fem\pne ko fireg ogen

et or odlcl deRiPRac e EmiRt e consfifi of et SR ol il wheRa” "o

pyrrolidinyhe 5%@5&%&' dgolriﬁsa@fﬂ uaﬁﬁle tonasaad itHé wﬁaembeﬂedafﬁ.@/has 0-3 double
i m dazol inyl, imdazolid nyl, pyridyl, piperidinyl, -pyrazinyl, piperazinyl,
N- et hyl plhmadazwht;rbm te mmBgcldlangllsu{ﬁs; nmm;mmbetmnlh Y omdnzelch avheydin the

P%i'pﬂﬁflﬂil st g o LA HelBfp R ey Y ShRApely 'S°az°"d'ci tipging, pmy

i ndol yl , a;apb %}@mp InSQHich ARY o fhe aﬁb%%bfé‘.r&%%ﬁ& ¥ings RORLOI B %  ring or

benzoxazol yl thienyl, triazolyl and Benzothi enyl.
noi et i 4§ canother 6n311b63-tndmhewﬂ hetemuyohmmgl mdeFMdemﬂ)dldsﬁmmlt abaveedTh@ Germ t h

\é?rklylorjfn ﬁgq tltue&ﬁ mdeauadent Svgtp%it ed fro éroxii xﬁggl‘%q(%%%%q

di al kyl I liﬂ%%ﬁé
clygl oZu ﬁ;?l or %oa%ﬁ% Pﬁgiﬁglrég)gyc | bfgs}reoups I’rac&@%{éﬁht t g%:éﬁaetgﬁ tﬁwlf ous
posi tions gsmelihyl, pyrebidaylnpyrazaiyl, pyseolinyl, pyraolidinyl, rintideopl; daidazokinyl,

medi ci nal chem siry arts in conjunctjon with the . .
imidazolidinyl, pyridyl, piperidinyl, pyrazinyl, piperazinyl, N-methyl piperazinyl,

20  azetidinyl, N-methylazetidinyl, pyrnmidinyl, pyridazinyl, oxazblyl, oxazolidinyl,

isoxazolyl, isoazolidinyl, —morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl,
isothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzothiazolyl,
benzoxazolyl, furyl, thienyl, triazolyl and benzothienyl.
Heterocyclic moieties can be unsubstituted or monosubstituted or disubstituted
25  with various substituents independently selected from hydroxy, halo, oxo (C=0),
alkylimino (RN=, wherein R is alkyl or alkoxy group), amino, alkylamino, dialkylamino,
acylaminoalkyl, alkoxy, thioalkoxy, polyalkoxy, alkyl, cycloalkyl or haloalkyl.
The heterocyclic groups may be attached at various positions as will be apparent
to those having skill in the organic and medicinal chemistry arts in conjunction with the

30  disclosure herein.



30 disclosure herein. -24 WD 2004/111058 PCT/ US2004/016954 0 0O N OO N, cO
0o 0-)'0 CNHO ON~O~MM N O HN ~N NYOpBrrstdoaroidssa 0 O O
S Q OH: CRJwWI\ﬁpBQ%L RN~5/N-0 where Ris Hor a heterocyclic

substituent, as described herein. Representative heterocyclics include, for
exanpl e, imdazolyl, pyridyl, piperazi nyI azetidinyl, thiazolyl, furanyl,

triazolyl benzim dazolyl, benzothiaz 10 benzoxazol yl', quinolinyl,

i soqui nol i nyl, quinazolinyl, quinoxali pht haI azi nyI ndolcﬂll ,

napht hpyri di nyl ,\lmol vy~ qui ns ryl '\ﬁelﬁr/sﬂ*ﬁ)pt ional ly
substituted nonocytli ¢ and |y ycI| arjomati c groups] having forom3 to 14
backbone carbon or Pero at N.and @j th QM@AI\V%\W gr oups

and heterocyclic~g roups. Carbocycllc aryl groups are aryl groups in
which all 15 ring]lat in romatic ring are carbon. The term

n n H

heteroaryl " refer erein t | groups having from1l to 4 heteroatons as
ring atons in an ar rTB.tICI’I th the remainder of the ring atons being

car bon atons. Wen used in connectlon WI h aryl substituents, the term
"pol ycyclic aryl*khr rs her ei n nd non- fusecd cyclic structures in
whi ch at | east on str /Ejr)? S ar ITB.tIC asNHzfor exanpl e, 20

t

benzodi oxozol o (mh he us d to a phenyl group,

ob R Q’*"w O

. OH
N R\N)ﬁ,R
OQ - )\rrN”‘
5 AN~ O

where R is H or a heterocyclic substituent, as described herein.

Representaiixlre heterocyclics include, for example, imidazolyl, pyridyl,
piperazinyl, azetidinyl, thiazolyl, furanyl, triazolyl benzimidazolyl, benzothiazolyl,

10  benzoxazolyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, indolyl,
naphthpyridinyl, indazolyl, and quinolizinyl.

"Aryl" refers to optionally substituted monocyclic and polycyclic aromatic groups
having from 3 to 14 backbone carbon or hetero atoms, and includes both carbocyclic aryl
groups and heterocyclic aryl groups. Carbocyclic aryl groups are aryl groups in which all

15 ring atoms in the aromatic ring are carbon. The term "heteroaryl" refers herein to aryl
groups having from 1 to 4 heteroatoms as ring atoms in an aromatic ring with the
remainder of the ring atoms being carbon atoms. When used in connection with aryl
substituents, the term "polycyclic aryl" refers herein to fused and non-fused cyclic
structures in which at least one cyclic structure is aromatic, such as, for example,

20  benzodioxozolo (which has a heterocyclic structure fused to a phenyl group,
O.
I
ie.,

in compounds of the present invention include phenyl, pyridyl, pyrimidinyl, thiazolyl,
indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thiophenyl, furanyi,

,_naphﬂlyl, and the like. Exemplary aryl mojeties employed as substituents
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I .e., naphthyl, and the |ike. Exenplary aryl noieties enployed as
subst i t uery@ 20040 1f88PouNnds of the present invention incl udeErmpsmneiconyridyl,

pyrimdinyl,thiazolyl, indolyl, imdazolyl, oxadiazolyl, tetrazolyl,
pyrazinyl, triazolyl, thiophenyl, furanyl, -25 WD 2004/111058

PCT/ US2004/ 016954 , quinolinyl, puri nyI napht hyl , benzot hi azol yl,

benzopyri dyl , and ben2| md |y nd t I ike. rg%t I all cyl™”
refers to SHnelipyl §§B§Yl LEHZQE FPZ:S’PWdQ g glry éﬁ%J Kyl
groups errpllﬁged in corrpounds of the present invention have from1l to 56

carbon atofs 1 ncorporated within the al kyl portion of the aral kyI group.

Sui tabl e aral kyl"ﬁaﬁ]kylﬂsore’lﬁbjlﬂkﬁﬁ refers torpolicd gobup hebstitutedwithi a1 aml igfoup.
i ncl ude, for exanple benzyl, picolyl, and the |ike. Representative

het er oar yl 1@@&#’1& arpliyligreups @ﬁp}@if@#rﬁl ompaadeof thewnessal igventondiwe figm bitwar v

g;oups a|n|6 B grtl: enmgéq%tgé%hﬁw nga%lﬂltillfc’%égfn?%ﬂ%r% (r:igrca‘))%ﬁ ﬁgldllk" l?cw)

chem stry 1l Froupd BinpitSed G uﬁaseoﬂ M%Mh@hrincm&b fot estinple;~ N
H\Nr 0 O N~4/ NN"YN O \WNFNNFNHN N N, NZ NN -N ~

\N-N N t Nitenzy3, pinplgl, apd gheNiikeN N N N N ~~~ Ikl
Representative heteroaryl groups include, for example, those shown below. These

heteroaryl groups can be further substituted and may be attached at various positions as
10  will be apparent to those having skill in the organic and medicinal chemistry arts in

conjunction with the disclosure herein.

N

N
"\ \’N QN NN SN
I\/ / o7 7 o7 7

T
N

Q* T e

15 O N =
\r"\N
N.. # N
\f \N"\ N—\
\g-N\ N ,{lj“ @/ N
HN. NoN \( N~
S
NH ¥
o
Representative heteroaryl's include, for example, imidazolyl, pyridyl, thiazolyl,
triazolyl benzimidazolyl, benzothiazolyl, and benzoxazolyl.
20 "Biaryl" refers to a group or substituent to which two ary! groups, which are not

condensed to each other, are bound. Exemplary biaryl compounds include, for example,
phenylbenzene, diphenyldiazene, 4-methylthio-1-phenylbenzene, phenoxybenzene,
(2-phenylethynyl)benzene, diphenyl  ketone, (4-phenylbuta-1,3-diynyl)benzene,
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HNN/N_ N NN NNHNRepresentative heteroaryl's include, for exanple,
I m dazol yl, pyridyl, thiazol yI triazolyl benzimdazolyl, benzothiazolyl,
and benzoXé@alg/11105§ "Biaryl " refers to a group or subst PETENROOBIEHE ch’ t wo
aryl groups, which are not condensed to each other, are bound. Exenplary
bi aryl conpounds include, for exanple, phenylbenzene, di phenyl di azene,
4-nethy|th|o | - phenylbenzene phenoxybenzene, (2-phenyl ethynyl)benzene,

di phenyl ;yhe.%q meyl@ué@iée&oﬂy)mdeh@e HhANGhe 1RO WRRA4/ bphoedly
PCT/ US2004/°016954 “phenyl benzyl am ne, phen | met hoxy) benzene, and"the I|ke
Preferred epbstivatad| y bistybst igrauped inele gr nylaodine)eN-[4-(2-phenylethynyl)-

zmﬁ:gﬁgéégmm@m@ Wﬁé% Dy ?‘Eﬁ%@?ﬁ T‘g‘éfh’}),qhznﬂ]-z-[benzﬂ_
> ant no- ??l@ﬂ?% %‘ﬁie‘:ar?gl et Z[p C%{’g%n?ﬁd%?ﬂwﬁbﬂfaﬁﬁa& Hlefifino-N-[4-

g E C%’ﬁ I I5|or C(Dsp;lamyldrh)’nmﬂﬁnm?qe?ﬁnﬂé et hKﬂyﬂcyelowwmmnm)dﬂdm(ﬁ@henylethynyl)-
e am no en e n (S ce
(2- et hyhged f%f ?BﬁH&%g] N [ 4- (é y#&%ﬁ%@&?&r%ﬁl‘e viethyadphenydacetamide,

2-

> T dasar @?%%%?WQ#%%}W‘F PP PR i 20 DR

4- phenyl - | -hehgojdNybdivxetene, 1D-chloro-1-methoxy-4-phenylbenzene, 2-[(imidazolylmethyi)-

> E[2(4mf PS?@LQ&;RE%“ Gethigrint %Jp# e )ﬁ;}?nyl&Sﬁgﬁﬁgﬁ%wwmﬂ%wm de,
2 phenfe1 N Qﬁ%&%‘%’ﬁﬁ%ﬁ@ 1ohimiohep Faftes e, 2V ARG eny BGIAT.C
2- (cycl ohemum-wom lﬁhbnﬁ%tﬁ?hﬁ @wnwmae rwl{}@&@étﬁﬂpﬁkﬁyl)methyl]mmno}

> (but ol ani '-?z%ﬂéiy@qhmmmfagékﬁaiﬁ% R Py Koty Dbenzene, 1-butyl-
N-E4 (g phen phenyl X2 a9

(4 (2 phenl?}r W?y‘} bhenyl gy‘%'%u&ﬁhp d)’ [?,- ?lpggﬁﬁétﬁg%gfpi‘ﬁ?ﬂl“emﬁe’(z-
p

enyl et hny‘ eiﬂihﬁ%?iﬂﬁﬁéml[dl(ﬁ 'pBet@I Fce ide, 2-(butylamino)-N-[4-(2-
hyl - phenyl]b

2-am no- 3-ne ut ananude,

henyl - et h
4- (4-phs nylnbmﬂeﬁmlmhenylﬁgqgmw am ;(b@ﬁyﬂetm;tyl)phenyll 2-(4-pyridylamino)-

2 (ot %y%‘%ﬁ%‘fﬂi& - iﬁ@ﬁhwiéﬁ%&%ﬁv@%a SRR miac e, N-14-C-

hyl -1 - I
ﬁ; ((atl >C/ar |b a%@,@l dy/ny 2)5&3&6;'3} IR AR [4908phenyl-

roxypfro yI)[4 phenyl but a- 1
di ynyl) pher&thmlaphmyh}bumam&e{ 4- Mwmwmﬂﬁampﬂ)mymanmmmﬂ-
4-MeLNOXY-  ino)-N-[4-(4-phenylbuta-1,3-diynyl)phenyljacetamide, = 2-(cthylamino)-N-[4-(4-

20  phenylbuta-1,3-diynyl)phenyljacetamide, 4-ethyl-1-phenylbenzene, 1-[4-(2-phenyl-

ethynyl)phenyl)ethan-1-one, N-(1-carbamoyl-2-hydroxypropyl)[4-(4-phenylbuta-1,3-
diyny)phenyl]carboxamide, N-{4-(2-phenylethynyl)phenyl]propanamide, 4-methoxy-
phenyl phenyl ketone, phenyl-N-benzamide, (tert-butoxy)-N-[(4-phenylphenyl)methyl]-
carboxamide, 2-(3-phenylphenoxy)ethanehydroxamic acid, 3-phenylphenyl propanoate,

25  1+(4-ethoxyphenyl)-4-methoxybenzene, and [4-(2-phenylethynyl)pbenyl]pyrrole.
"Heteroarylaryl" refers to a biaryl group where one of the aryl groups is a
heteroaryl group. Exemplary heteroarylaryl groups include, for example,
2-phenylpyridine,  phenylpyrrole,  3-(2-phenylethynyl)pyridine,  phenylpyrazole,
5-(2-phenylethynyl)-1,3-dihydropyrimidine-2,4-dione, 4-phenyl-1,2,3-thiadiazole,
30  2-(2phenylethynyl)pyrazine, 2-phenylthiophene, phenylimidazole, 3-(2-piperazinyl-
phenyl)furan, 3~(2,4-dichlorophenyl)-4-methylpyrrole, and the like. Preferred optionally
substituted heteroarylaryl groups include: 5-(2-phenylethynyljpyrimidine-2-ylamine,
1-methoxy-4-(2-thienyl)benzene, 1-methoxy-3-(2-thienyl)benzene, 5-methyl-2-phenyl-
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phenyl phenyl ketone, phenyl-N-benzam de,

(tert-but eyloodhifods phenyl phenyl ) met hyl ] - car boxam de,  PCT/US2004/016954 ,

2- ( 3- phenyl phenoxy) et hanehydr oxam ¢ aci d, 3-phenyl phenyl propanoate, 25
1-(4-et hoxyphenyl ) - 4- met hoxybenzene, and [ 4-(2-phenyl et hynyl ) phenyl ] pyrrole.
"Heteroarylaryl" refers to a biaryl group where one of the aryl groups s a

2 pheny! py POt SO L, w@ﬁ@ﬁt&% i, “SHBEs-

phenyl pyr a@Jf@t,yl).;_ﬁ. @Wﬁ@%ﬂﬂb& nzéng - di hy ? bJ{S-phefyl(i-@iéhyl))-

4- phenyl - 3-t’hi adi azol e henylethyn yfrazi ne,

g E)ge Zyljt hlﬁmhme ﬁaﬁé@ﬁthyﬂpﬁmml)nlﬁthﬂ] ﬁmi:eﬁﬂﬂunphenephérfﬁﬁ)thsgphﬁnyl)thm-l |
I C oro en ol e e err.e (6]
subst i t ut edh ﬁ’é%g '34%75@(3 tﬁ{?ﬁ@‘?%% -nitrophen ‘i)thmpﬁene (tert-biltoxy}N- 7

T ot hovy. JEEHEBMGINHARhAR; Heafb BBy, | Iy BRIN(SoIC A REAN
PCT/ uszoo4/aﬁﬁ@a&4@hemmeﬂjymo)§ynmn¢mhd Bemmmmhe( azol e,

2-[3-(trifluoronethyl)phenyl]fura uor,o- 5-
(2[fu§y|) 2- met h&@}‘%{' )plélstez)!o] Vi Llarylgroupwherebothofthearylgroups1sa

gh{?aoﬁéi krP %}é}%p;@% E" %ﬁtgﬁﬂﬁl o&%eg“’ﬂ’& tl‘hder p% nfllfa)n%%l (o8

phene, 4- mathutd ddzol %imﬂmdllmmae @ tHe3likd. tPrefefed hbﬁh]l?p%@ﬁnned
(tert-butoxy)- Nygm[l(S peghenyI(S p})b I))?rl;ath | ] carboxam)dp

hydr ox¥ON- [beredrpihgieraryarpups )n)c hyt(# plmwl-B-pyrldyl)ﬁlran, dxethyl(B-pyrazm

2- (phenyl net t hi. )é I‘Ldl ne, benz er oar t | "
refers tom;’{)l&fp id ﬁ Swhere BGth of G Yi%ﬁ‘@?‘&?ﬁ&%ﬂ%ﬂ%f ﬁ)ﬁ"
group. Exeq@h S,b)i,ggﬁhgroaryl het eroaryl groups include, for exanple,
3-pyridylinidazol e, 2-imdazolyl pyrazine, and the |ike. Preferred optionally

substituted 10 HEpsiooally substibred g1 "%lbmtp@di‘ meflersdty; the replacement of hydrogen

2 (P o S By o AR AR B L T
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cycnoal kyl, aryl_and the.like. 20 The substltutlonnglgroup can |tself be
substi 20t ed. Thehgr BYpHitEteR erqup @@ iksips A e group substituted onto the

substitution group can be carboxyl, halo; nitro, amino, cyano, hydroxyl, alkyl, alkoxy,
aminocarbonyl, -SR, thioamido, -SO;H, -SO;R or cycloalkyl, where R 1s typically

hydrogen, hydroxyl or alkyl. ’
When the substituted substifuent includes a straight chain group, the substitution
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25  can occur either within the chain (e.g., 2-hydroxypropyl, 2-aminobutyl, and the like) or at
the chain terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and the iike). Substituted
substituents can be straight chain, branched or cyclic arrangements of covalently bonded
carbon or heteroatoms.

"Carboxy-protecting group" refers to a carbonyl group which has been esterified

30 with one of the comumonly used carboxylic acid protecting ester groups employed to
block or protect the carboxylic acid function while reactions involving other functional
sites of the compound are carried out. In addition,'a carboxy protecting group can be
attached to a solid support whereby the compound remains connected to the solid support
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substitution group can be carboxyl, halo; nitro, am no, cyano, hydroxyl,
al kyl, al koxy, am nocarbonyl, -SR, thioam do, -SO8H, -SO2R or cycl oal kyl,
where R | swoyepi4talosy hydrogen, hydroxyl or al kyl. When ®PGES2008016954 ed
substituent includes a straight chain group, the substitution 25 can occur
either wwthin the chain (e.g., 2-hydroxypropyl, 2-am nobutyl, and the |ike)
or at the chain termnus (e g., 2-hydroxyethyl, 3-cyanopropyl, and the
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Subst ¢ uent SO ik s sERufe Sy B R R RS biclh iP5t o e
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cyclic stereoparents, in which. means "bel ow t he pl ane’ and denot es
absol ut e cancangu'ﬂvalqvomhe Plaget @ndsd@omdab(sglmwnnﬁguMm onTheaterms ea andr Bi n,

def .th | Abst | " "
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Appendix IV, paragraph 203, 1987.

As used herein, the term "pharmaceutically acceptable salts" refers to the nontoxic

20  acid or alkaline earth metal salts of the compounds of formula (I), (IT), or (TII). These

salts can be prepared in sifu during the final isolation and purification of the compounds,

or by separately reacting the base or acid functions with a suitable organic or inorganic
acid or base, respectively. Representative salts include, but are not limited to, the
following: acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate,
25  bisulfate, butyrate, camphorate, camphorsuifonate, digluconate, cyclopentanepropicnate,
dodecylsulfate, ethanesulfonate, glucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, nicotinate,
2-napthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproionate, picrate,
30 pivalate, propionate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate and
undecanoate. Also, the basic nitrogen-containing groups can be quaternized with such
agents as alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides, and
iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamy] sulfates, long chain
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As used herein, the term "pharnmaceutically acceptable salts" refers to the
nontoxic 20 acid or alkaline earth netal salts of the conpounds of formula
(1), (11)wOom004111038. These salts can be prepared in si tfﬁ%ﬂoﬁﬂﬂﬁﬂﬁ final

i solation and purification of the conpounds, or by separately reacting the
base or acid functions with a suitable organic or inorganic acid or base,

respectively. Representative salts include, but are not limted to, the
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phosphoric acid and_such organic acids as oxalic acid, eic acid
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carbonate or 10 bi carbonaté of a pharmaceutically acceptable ne al cation or
wi t h alfironlimjtedr ttanammogamc tptmmethylanmmmartptmthylmmmmmanwthylamme

Phar maceuticall accep salts in are not ﬁg ations
based on tﬂ’éﬂ‘%‘i‘ W’e ?ﬁ’&’lﬂeas CLorg]Fu e j t

potassi um ; W%ﬂes%ﬂ%ﬁﬁ@ Jﬁﬁnﬁaﬁ 61 Bask! 4tRiticASsalR! incRd

nont oxi ¢ ar n| um quaternary anmoni um and am ne cations, Inc ing, but

not 15 Ii ndie&xylmnamthyiemadnamm; atmtowmaﬁhmlamr Iﬂpeﬂa;nhaamrbthedme
gﬁéh%llhgrr} PEe g['ggtg o t to le a”ﬁle prodlt'l.lrgls'sat hwsead%er}gih re}ergllt S rgsge
20  prodrugs of the oompounds of the present invention which are, within the scope of sound
* medical judgment, suitable for use in contact with the tissues of humans and lower
animals without undue toxicity, irritation, allergic response, and the 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. The term
25  "prodrug" refers to compounds that are rapidly transformed in vivo to yield a parent
compound of one of formula (I), (IN), or (III), for example, by hydrolysis in blood. A
thorough discussion of prodrugs is provided in Higuchi, T., and V. Stella, "Pro-drugs as
Novel Delivery Systems," A.C.S. Symposium Series 14, and in "Bioreversible Carriers in
Drug Design," in Edward B. Roche (ed.), dmerican Pharmaceutical Association,
30  Pergamon Press, 1987, both of which are incorporated herein by reference.
The term "cancer" refers to cancer diseases that can be beneficially treated by the
inhibition of KSP, including, for example, lung and bronchus; prostate; breast; pancreas;
colon and rectum; thyroid; stomach; liver and intrahepatic bile duct; kidney and renal
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representative organi c am nes useful for the formation of base addition
salts include diethylam ne, ethylenediam ne, ethanol am ne, diethanol am ne,
pi per azi naVAA4LNESE | ke. The term "phar maceutical |y acceBFRMISA0A0LNSYgs" as
used herein refers to those 20 prodrugs of the conpounds of the present

I nvention which are, wthin the scope of sound nedical judgnent, suitable
for use in contact with the tissues of humans and | ower aninmals w thout
undue t oxi Gielvis; hbinhiyatbladder; dhfefih®i Orpes pasghe dfdx] waty; keultpRMEByEomhal
with a reasonable benefit/risk ratio, and effective for their intended use,
as wel | as eshphagns;i aque imyelegenowsnisukemisa: chppe imyelognebs tienkemdayplymphiocyic t he
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in Drug Design,".in Ed d.B. Roche (ed.), Anetigcan Pharnaceuti cal
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processi ng agents and drug delivery nodifiers and enhancers, such as, for
exanpl &5 cadVew dersgihd8Phdneorporaieddstaimby teferenes- at e, tal c, nonosacchari des,

di sacchari des, . r ch elatin | 1 ul thyl. Julo odi ym
c:;boxyrrelt hyIS cgﬁﬁ?ﬁ%&eiﬂn%@é ngstgfé: %3’&’?’%’3%5@6@?‘#&5\9% g';?{l}'isiﬂfq'f“ﬂe any
pol yvi nyl pyanicint diffieieat to ditéctal inhibit oS sctivif byeaS e ass@fi deSoritRdtheldhe
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20 The amount of active ingredient that may be combined with the carrier materials

to produce a single dosage form will vary depending upon the host treated and the

particular mode of administration. It will be understqod, however, that the specific dose

level for any particular patient will depend upon a variety of factors including the activity

~ of the specific compound employed, the age, body weight, general health, sex, diet, time

25  of administration, route of administration, rate of excretion, drug combination, and the

severity of the particular disease undergoing therapy. The therapeutically effective

amount for a given situation can be readily determined by routine experimentation and is

within the skill and judgment of the ordinary clinician.

For purposes of the present invention, a therapeutically effective dose will

30 pgenerally be a total daily dose administered to a host in single or divided doses may be in

amounts, for example, of from 0.001 to 1000 mg/kg body weight daily and more

preferred from 1.0 to 30 mg/kg body weight daily. Dosage unit compositions may
contain such amounts of submultiples thereof to make up the daily dose.
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15 New Jersey, 1991, incorporated herein by reference. Effective amounts of
t he conpounds of the invention generally include any anount sufficient to
det ect abl ywoni4ni110s6SP activity by any of the assays des@dbestobssiedss,. by
ot her KSP activity assays known to those having ordinary skill in the art,
or by detecting an inhibition or alleviation of synptons of cancer. 20 The
anount of active ingredi ent that may be conbined with the carrier materi aI S
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sterile injectable sgolution or suspension in a nontoxic parenterally
accept abl e REpasetign ofinjegtsblgent . for exanple, as a solution in

1, 3- propanedi ol . g(NIRGe 4 G AP hARIfst4HBh F 8% drug can be prepared by mixing the

drug with a suitable nonirritating excipient such as cocoa butter and polyethylene ‘glycols,

20  which are solid at ordinary temperatures but liquid at the rectal temperature and will
therefore melt in the rectum and release the drug.

Solid dosage forms for oral administration may include capsules, tablets, pills,

powders, and granules. In such solid dosage forms, the active compound may be

admixed with at least one inert diluent such as sucrose lactose or starch, Such dosage

25 forms may also comprise, as is nommal practice, additional substances other than inert
diluents, e.g., Iubricating agents such as magnesium stearate. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and pills
can additionalty be prepared with enteric coatings.

Liquid dosage forms for oral administration may include pharmaceutically

30 acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Such compositions may also comprise
adjuvants, such as wetting agents, emulsifying and suspending agents, cyclodextrins, and
sweetening, flavoring, and perfuming agents.
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and solvents that may be enployed are water, Ringer's solution, and isotonic
sodium chloride solution. In addition, sterile, fixed oils are
convent i prvabRyosanmiseyed as a sol vent 15 or suspendi ng nme@®CHAiS2603/016914 S
purpose any bland fixed oil may be enployed including synthetic nono- or
di -glycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectables. Suppositories for rectal adm nistration of t he
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preservatives, excipients, and the like. The preferred lipids are the
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The above compounds to be employed in combination with the compounds of the

20 invention will be used in therapeutic amounts as indicated in the Physicians’ Desk
Reference (PDR) 47th Edition (1993), which is incorporated herein by reference, or such
therapéutically useful amounts as would be known to one of ordinary skill in the art.

The compounds of the invention and the other anticancer agents can be
administered at the recommended maximum clinical dosage or at lower doses. Dosage

25  levels of the active compounds in the compositions of the invention may be varied so as
to obtain a desired therapeutic response depending on the route of administration, severity
of the disease and the response of the patient. The combination can be administered as
separate compositions or as a single dosage form containing both agents. When
administered as a combination, the therapeutic agents can be formulated as separate

30  compositions, which are given at the same time or different times, or the therapeutic
agents, can be given as a single composition.

Antiestrogens, such as tamoxifen, inhibit breast cancer growth through induction
of cell cycle arrest, that requires the action of the cell cycle inhibitor p27Kip. Recently, it
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Whi |l e the conpounds of the invention can be adm nistered as the sole active
phar maceuti cal agent, they can also be used in conbination with one or nore
ot her ageM@200448@58 n the treatnent of cancer. Represent RCTS24E46%54 ysef ul
in conbination with the conpounds of the invention for the treatnent of
cancer include, for exanple, irinotecan, 15 topotecan, geneitabine, gleevec,
herceptin, 5- fI uorouraci |, leucovorin, carboplatin, cisplatin, taxanes,

t ezaci t abi %@g&&?g{n LN kah 04 -Md.llfmf(i'n!ﬂ‘s' cl des
rituximab, rastuzurra opglggv(r)rr‘é‘lrnagg é'%ﬁpggfors as \/\ilq as ‘ot ﬁer %ncer
chenot her apaviphorydgion statubhef pliKip suchyibatnits m]ﬁblhﬁy@aﬁbw@ apestigthienedl] on

wi th the conpounds of the 20 invention will be used in therapeutic am)unts

as i ndi cat €¥cle rist aftenpated; thesehy W“%ﬁ%r@?@??@@l?ﬁsmﬁ EBPRO AR, (et 9dg) |

aount s as VBl RE A ASHER. U005 B8 FetRed K, Difichan et SRENETGOAAMRE UL
of the §nve rghhmigﬂﬁdu%ﬁlﬁe@&ﬂbﬁt with m@@gﬁbmemaggaﬁme%osp}sbmausﬁ@m af the

recommended maxi mum clinical dosage or at_ | ower doses. Dosage 25 |evels of
the acti ve p2dripcnrmong rrefagtory icenesn selif linaseandnine s idoingnregtopest harm@u: S0
as to obtain desi fed t.herapeutic re n n e+ out

i ni st atPBIEAGo AFEOE B ot BEEngs ComPRRG: Pooganie Oy aDre L7

The conbi ngkiR@d GANhE Greafifititi ot BordtbridSde Faficdt) RISR | ds! BrRast GnddProstail NY! €
dosage formcontaining both agents. We adnmini stéred as a conbi nation, the
t her apeut i camgesytereverse horrhonemebistance cnmeplyrseerindbesemapcess mthmsnvmnnhl are
gi ven gé} the.sanme tine or different tines, or the therapeutic agents, can
be giv aémécagf’?fgﬁg@n@onpom tion. Antiestrogens, such as tanoxifen, inhibit
breast cancer g o?ﬂﬂt‘ tlsggh B chRhnlic SYFdiSredbh IbukehAt (¢F ires
the action of t c cle i tor p27l‘<=| p. cRec%éngg ,ﬁ‘slet egg V&)mﬁl’
2004/ 1110581:13%%1321)@1@&1@11)6&5)41 1s rémsnmﬁenfos hﬂnwncmisammadyi acgivated BCREABI

Ras- Raf - MAP Ki na ath fers the phos Iatlo status of p27Ki p such
Chat its | AYPEPE dRASEC 0% CFPdaP%%lﬁﬁ’&f Vet & smallchalee ,

th b t 1,0l .
e coi g i 8 SRS m@wﬁwb el ol
si gnal 1519 phtisgig it alvanesd stage disédsk respbmﬂ)rtcb qlecobnitgeally, bat Heaaplapse ladéri on

status of p27 in, hornone_refactory breast cancer cell,lines and | n so doing
rest ored héperimeesisiangeicoplerming magationg im e Ab] kingse damgite 1 [n viffa stuliproavgs of

formil a (1 enbhbresdd ool HOR DB iBloHS proa{ﬁgﬁ}&sé e Y Qlei 'R WBBSGs.

dependent cancers, such as
addition, inhibiting more than one kinase in the same pathway provides additional

protection against resistance-conferring mutations. Accordingly, in another aspect of the
20 invention, the compounds of formula (I), (I), or (III) are used in combination with at
least one additional agent, such as gleevec, in the treatment of hematological cancers,
such as chronic myelogenous leukemia (CML), to reverse or prevent resistance to the at
least one additional agent. |
In another aspect of the invention, kits that include one or more compounds of the
25 invention are provided. Representative kits include a compound of formula (I), (I}, or
(I1I) and a package insert or other labeling including directions for treating a cellular
proliferative disease by administering an KSP inhibitory amount of the compound.
The present invention will be understood more readily by reference to the
following examples, which are provided by way of illustration and are not intended to be
30 limiting of the present invention.



cancers, to reverse hornone resistance comonly seen in these cancers with
conventional 10 anticancer agents. |In hematol ogi cal cancers, such as

chroni ¢ mye0 2eps1d1958 | eukemia (CML), chronosonal trans| o®&T{USR004416954
responsi ble for the constitutively activated BCR-ABl tyrosi ne kinase. The
afflicted patients are responsive to gleevec, a small nolecule tyrosine

ki nase inhibitor, as a result of inhibition of Abl kinase activity. However,
many 15 patients with advanced stage % seaie respond to gleevec initially,
but then rel apse later due to resist nferring nutations in the Abl

ki nase domai n. IRkfdhibp o iﬁé’%ﬁﬁpl@@f’ﬂ?t SRR ohipdhfids 6 BliEnt Wiveit Q¥s t he

Raf ki nase pathway to elicit its effects. In “addition, ‘inhibiting nore than

one ki nase synthesizedsusing tha trhethydsdeseritd herrinli driothea imethods; whichome agHiknetvn
resi stance-,conferring tations. ,Accordi ngly, .in another aspect of ft.he 20
i nventi on, r'E‘h«g‘eccﬂ‘f'bou SRS 2 WETE) 02%1"%:“2"& a‘@f Iﬁi)g&a BrEagee nilqmd
conbi naki o | ; By Ih@%ﬂkn i e
treat ma%t % %%%?%P%?@g?‘c?gﬁsc@??j w@%}gh as c roﬁfgﬁﬁyﬁgf%ggnﬁus |gﬂE1te%ia
(CW), to r269eSsparatiorpMoadelet(Midferd; Massachisettsh eThd andivtical colnmnsddrd Atitiala
agent. In another aspect of the inventiop, Kkits that include one or_ npre
conmpounds (Q% Feverssq P'Sﬂﬁfe A6 ’b%g%m gP&M@@ a&&ﬁ#‘%@eﬂbﬂ@%e‘gw slt8e a
conmpound of I . X ] L, o
aber i ng | Ui, SRichlE ilibe o 504 bocladiBll S AOEAY Sl T3Pt B 1606,
by adm ni staeétofiigriledviSPpermdd bf 4@ mimaen ukll selverith eomtaitied O(lds trifheredacete atid

I nvention will be understood nore readily hy reference to the follow ng

exanpl 68, WAF&h Sompennds were dsteciead by mltravielet ighti(HhY )absomptian abeithes22Asd t o

be 30 |i mki of Nt P dick 4 . o

PCT/ uszoom%i%gh Qn%ﬁ‘ﬁe}%&%??ﬁ% to %éﬂ%@n%?’gs%?&%mw%ﬁga@o%ounds
of the pregister SoNatHi¢ gmtmmtgh, BatinsyleaiiZ)e dinUsniginktaacdss phatswaeanedsbe 8y
herein, or other nethods, which are well known in the art. The conpounds

were char Klﬂdhﬁ@dﬁi@@@&i@@ﬁﬂﬁ)éfﬂﬁ@h’éﬁ%ﬂ%&ﬂﬁ dlasticchackerhsitige afeirglatesarsuﬁb fl?usi ng
Wa ' ] 2690 i on_ Mo

(M 1T or d, R SRt PRR ISR S Y RSP Meed sl s TRR Rl SR T e s

phase, 14. 6 detedfed mnan¥ AR mm_ﬁale(tmgm; ok %ﬂemblowm imbwhliGdihe Dhpd2ladlii on

was used, typically starting with 5% acetonitri 5% wat er and progressing

to 100% a®thesvatious siainipgtechnjses.od of 40 minutes. All sol vents contained

N . . :
0.1 %trifluor Q%gslsgec%(;xgetic analysis was performed on one of two LCMS instruments: a

Waters System (Alliance HT HPLC and a Micromass ZQ mass spectrometer; Column:
Eclipse XDB-C18, 2.1 x 50 mm; solvent system: 5-95% {or 35-95%, or 65-95% or
20  95-95%) acetonitrile in water with 0.05%TFA; flow rate 0.8 mI./min; molecular weight
range 500-1500; cone Voltage 20 V; column temperature 40°C) or a Hewlett Packard
System (Series 1100 HPLC; Column: Eclipse XDB-C18, 2.1 x 50 mm; solvent system:
1-95% acetonitrile in ‘water with 0.05%TFA; flow rate 0.4 mL/min; molecular weight
range 150-850; cone Voltage 50 V; column temperature 30°C). All masses are reported

25 as those of the protonated parent ions.

GCMS analysis was performed on a Hewlett Packard instrument (HP6890 Series
gas chromatograph with a Mass Selective Detector 5973; injector volume: 1 pl; initial
column temperature: 50°C; final column temperature: 250C; ramp time: 20 minutes;
gas flow rate: 1 mL/min; column: 5% phenyl methyl siloxane, Model

30 No. HP 190915-443, dimensions: 30.0 m x:25 m x 0.25 m).

Nuclear magnetic resonance (NMR) analysis was performed with a Varian 300

Mhz NMR (Palo Alto, California). The spectral reference was either TMS or the known
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10 (TFA). Conpounds were detected by ultraviolet |light (UV) absorption at
either 220 or 254 rim HPLC solvents were from Burdi ck and Jackson

( MuskeganWON2004111858) . or Fisher Scientific (Pittsburgh, POENS28MOLEM4E). In
sonme instances, purity was assessed by thin |ayer chromatography (TLC
using glass or plastic backed silica gel plates, such as, for exanple,
Baker-Flex Silica Gel |1B2-F flexible sheets. TLC results were readily 15
detected v A2 | Sl x%}%:mndsgfn YRR h AVt Rt vaRld Qﬁﬁlr Qodi ne
vapor and b%%%llg%ﬂyvar ?ouse%é%‘gelﬁ% ng t%é(': I ques Ss spectrorretrltgélg na yésl S
was per f or (eg, 35fQ)re podmdbtedndredstd samplesoimbility. a Waters System (Al liance HT
HPLC and a M crpass ZQ Ss spe ometer Col umm:_  Ecli pse C18, 2.1 x
50 mm sol vent JPEtRMALY aosome G "t WEGANGE, CEMDYENLS WaD @seess DE;/ elemental
acetonitri %1:@ @% rate 0.8 nL/m n; nol ecul ar wei ght
range 500- gﬁsgﬁésgﬁw %cg g]gc%i 6m‘ﬁl tenperature 40C) or a Hew ett
Packards Syst emiMdltig pslnisl%rmbﬁmﬁeﬂ Wwina Llabblapae DéNeds18lel-TerthpXagplratis

sol vent system 1-95% acetonitrile in water with 0. 05%FA, flow rate 0.4
nL/ ni n; nofBellisten, Massgehuseitidhge 150- 850; cone Vol tage 50 V: col um

Corper a ELE > aoRETA  Sra s SefF St o SRR IR A hreieppeRiRBy Ao
(HP6890 Seaﬁ@xr-masmh(maﬁg@%mwé&ﬁne,w S5 Bcfldsh RolRhst 6lwdmakiifabhy
injector volune: I L; initral colum tenperature:’” 59C final colum

t enper at ur Bsing 5dca g@r@w-ﬂﬂ@ mesb) paciing sateripds of by MRLL atsing #ri0-i8 m#:vecmdurm

w25 m D o BB ol cibomk SRR FRalbre i BRst A el GRbR R i

wWith a Var b@lﬂnﬁ(@mn Eﬂkﬁyﬁ%ﬁé ichiokSnethatd, hiiing), ethil @cteChéxdhe ra%éﬁﬁénce
was either TMS or the kKnown -35 WO 2004/ 111058 PCT/ U82004/0169543 cherni cal

shift of t hguepu ydtoxySuvine amlmmthﬂ apaing| dypival eolvemts &mpddyedafor dhe reverse

t enperature ( 7 rom)te |ncreased e.s, Iubl ity. The.,purity
of some of PE‘?’?@ eﬁ&%ﬁtlﬁﬁ;"c b%"é’ﬁ‘& é%?& t%

(Desert Angliv %ﬁﬁg&l qAri zona) 5 |VE|tI ng poi nts were det erm ned on a
Labor at ory VI ces I - Tenp apparatus (Holliston, Massachusetts).
Prepar B8 i v&he fylluwitg aresabbeeviations nseelindhe examples: a Fl ash 40 chromat ogr aphy

system and KP-Sil. 60A (B otagg Charlottesville, Virginia), or by flash
col um chromat o vy
aq: Aqueous
~ATP: Adenosine triphosphate
9-BBN 9-Borabicyclo[3.3.1]nonane
20 Boc: tert-butoxycarbonyl
Celite Filter agent
DAP or Dap: Diaminopropionate
DCM: Dichloromethane
DEAD: Diethyl azodicarboxylate
25 DIEA: Diisopropylethylamine -
DMAP 4-Dimethylaminopyridine
DME: 1,2-Dimethoxyethane
DMF: NN-Dimethylformamide
DMSO: Dimethyl sulfoxide
30 DPPA: Diphenyl phosphoryl azide
EtsN: Triethylamine
EDC: N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide
EDCL: 1-(3-Dimethylaminopropyl)3-ethylcarbodiimide
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using silica gel

(230-400 nmesh) packing material,

or by HPLC using a C 18

reversed 10 phase colum. Typical solvents enployed for the Flash 40 Bi ot age
syst em anwd dees10580! umm chromat ogr aphy were di chl or onet Pemes20040160530! |,

et hyl acet at e,

Typi cal

hexane,

acet one,
sol vents enployed for the reverse phase HPLC were varying

aqueous hydroxyani ne and triethyl am ne.

concentrations of acetonitrile and water with 0.1%trifluoroacetic acid. 15

The followi ng a
ATP: A
Boc: tert-but oxggambonyl

Aqueous

br evi
‘S?I ne

DCM  Di chl orome%hane
Di i sopropyl et hyFe@ehe

ne. .. : N Di et hyl f ormam de  DMSO  Di net hyl sul f oxi de 30
g’%ﬁg);ﬂloryl C§l¥

1, 2- Di met hoxyet
DPPA: Di phenyl

gret hyl angaopopy! )
1- ( 3- Di net hyl am nopr opyl ) 3- et hyl carbodi i m

N- ( 3- Di

AcOH Acetic acid aq:

i ed in the exanples: X
t%ﬁ%g“#% 9- BBN 9- Bor abi cycl o[ 3. 3. 1] nonane 20

Fdalnbl € Fi I ter agent DAP or Dap: Di am nopropionate

DEAD: Di et hyl azodi car boxyl ate 25 DEEA:
DVAFE o paTho!

ridine DVE:

M8 Et3N Triet hyl am ne EDC:

O RARbenaGHAMHolTL JclﬁN NN tetramethyluronium
36 W0 20041111058

PCT/ US2004/ 016954  Et OAc: hetafinorephesphate Et OH:  Et hanol Fnoc:

9- Fl uorenyl met h
daazol - 1-yl) - N

10

15

20

25

30

Hex:
HOBt:
HOBT:
HPLC:
NIS

ICso value:

iPrOH:
LC/MS:
LRMS:

" MeOH:

NaOMe:
nm:
NMP:
PPA
PPh;:
PTFE

RP-HPLC:

RT:

sat:

TFA:

rbony
-tetr

2 eisee SRl b s repRitraten
hexafluorophosphate

Hexane

Butyl alcoho}

1-Hydroxybenzotriazole

High Pressure Liquid Chromatography
N-iodosuccinimide

The concentration of an inhibitor that causes a 50 % reduction
in a measured activity.

Isopropanotl

Liquid Chromatography/Mass Spectrometry
Low Resolution Mass Spectrometry
Methano]

Sodium methoxide

Nanometer

N-Methylpyrrolidone

'Polyphosphoric acid

Triphenyl phosphine

Polytetrafluoroethylene

Reversed-phase high-pressure liquid chromatography
Room temperature

Saturated

Triethylamine

Trifluorcacetic acid

Tetrahydrofuran

Threonine
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HBTU: 2-(1H Benzotriazol-1-yl)-1,1, 3, 3-tetranethyl uronium

hexaf | uor ophosphate Hex: Hexane 10 HOBt: Butyl al cohol HOBT:

1- Hydr oxy menzmanies®l e HPLC. Hi gh Pressure Liquid Chr onsCIJuS2peay01698h S

N-i odosucci ni m de 1 C50 val ue: The concentration of an inhibitor that causes
a 50 %reduction 15 in a neasured activity. iPrOH |sopropanol LC/ NS

Li qui d Chr omat ogr aphy/ Mass Spectronetry LRVS: Low Resol ution Mass

Spectronetry .. Met hangl. Qa@}@ '! gg} met hoxi de nm Nanometer NVP:
N- Met hyl pyrr ol F’ﬁ‘?r?% PPA ggl}u)'}ﬁ%gsp or Plcaﬁgl PPh3: Tri phenyl phosphi ne 25
PTFE Pol yt et r af IlypBget hyl engt-ByHbtomidRkever sed- phase hi gh-pressure |iquid
chromat ography RT: Roomtenperature sat: Saturated TEA: Triethylamne 30

TFA: Tri f1 uor oad¥arhenciating fourtheTEBxaapledeanpounds wes providesousing ACD \Wame
2004/ 111058 PCT/ 04/,01695 LC,,Thi ayet r gmat ogy aph t-Br:
Tert-butyl Y6 de %\t@pge?%? t%e%&%@ﬁ@%%ﬂ%%‘%’r gheﬂ:’émsi ng
ACD Nang ‘fféﬁélo@ﬂrﬁt,%c.s of S o thdNeRPB&ds kthd A¥RHAIR Bhée fHaBi®d ced
Chem stry 5 Devel opnent, Inc. Sone of the conpounds and starting naterlals
wer e naned staadarg [UPAC nomenclature.

It should be understood that the organic compounds according to the invention
may exhibit the phenomenon of tautomerism. As the chemical structures within this
specification can only represent one of the possible tautomeric forms, it should be

10 . understood that the invention encompasses any tautomeric form of the drawn structure.

It is understood that the invention is not iimited to the embodiments set forth

herein for illustration, but embraces all such forms thereof as come within the scope of

the above disclosure. -

15

2-y1}-2-(dimethylamino)-2-oxoethyi]-4-methylbenzamide (Compound 5 in Table 1

Step 1. Methyl 3—amino-5—bromothioﬁhene-z-carboxylate.

@)

S

Br? N |
\ S/ COzMe \© Br UCOZM&
q Ca003 ]

NH; MeOH / CH,Cl, NH,
rt

20 Methyl-3-amino-2-thiophene carboxylate (1 eq. 25 g) was dissolved in 250 ml
methylene chloride and 250 ml of methanol. Phenyl trimethylammonium tribromide
(3 eq. 180 g) was added followed by calcium carbonate (4 eq. 63.75 g) and the reaction

was left stirring at room temperature overnight. The calcium carbonate was filtered off
and the filirate concentrated down and water (750 ml) was added followed by ethyl
25 acetate (I L). The ethyl acetate layer was washed with more water, sodium thiosulfate,
saturated sodium bicarbonate and saturated sodium chloride. The organic layer was dried
over magnesjum sulfate, filtered and the filtrate was concentrated under reduced pressure.
The crude product was purified by flash chromatography to yield 21.46 g (57%) of
methyl 3-amino-5-bromothiophene-2-carboxylate as a light brown oil, MH' = 238.1.

-38-



standard | UPAC nonencl ature. It should be understood that the organic
conmpounds according to the invention may exhibit the phenomenon of

t aut orrer | WO 20W/1tos8 chemi cal structures within this spe®CIIES2AMOIEAN onl y
represent one of the possible tautoneric forns, it should be 10 . understood
that the invention enconpasses any tautoneric formof the drawn structure.
It is understood that the invention Is not limted to the enbodi nents set

w thin. the Scopscbf: SREETRR0LoRH FARI R 2RiFha g SRR as come

N- ( 3- am noplimpthyjacttafnide - (3 benzvl - 6- br onp- 4- oxo- 3. 4- dl hvdr ot hi eno f

3.2-di pyrimdin- 2-vl)-2-(di nethyl am no) - 2- oxoet hyl 1- 4- net hvl benzam de
(Conpound 5 in Table 1) Step 1. Methyl

3- am no- 5- br onot hi ophene- 2- car boxy! ate Q0L Br? JNSBr SC®Me  / CO2Me

31 i ~ CaCB8 NH2 MeQH / QCH2Cl 2 2 NE t hyl - 3- ani no- 2-@ hi ophene
carboxylate (1 em. was dissolved inp 250 m  net h%l e chI oride and 250
n of methanol. PheRyl/ triGMe hyl anmoni um'tribromi dg ®g) was added
foll omwed by cal ci um cahﬁ_ﬁ)nate (4 eq. Gﬁ 75 g) and the | ef t
stirring at room tenperdtaure overrﬁc&ﬂuﬁp diet3Be cal ci um car bo te was| filtered

off and the filtrate concentrated down and water (750 m ) was added

fol | owed by et hyMethyi éeamiabé-btbmoﬂﬁoﬂhmeéwaybom 4 eed. Blet glamdvEr€lyenb-wi t h

;‘égfuﬁagﬁ{mf’o%m% SortgaHIec U A8 LodePaPFEISHER 3&»@3@@ fe g Mo
clrutjgrgroglr}?t V\ES pur %HV‘@% ?@gﬁgﬁron&%ap y to |eI (r}ql%‘%u%g rea&@ﬁ% of

met hyI 3- amixturb was beatedt €hevernight. bThy/inbitereasasaoblegith réom temmirdtireMdd =
238. -38 WO 2004/ 111058 PCT/ U82004/ 016954 = Step 2.
2- (6 Br ono-the axedust rFeRtpitated e oft 3was GTlges‘FF‘ianWna 2Byghppr fungel.  The crude

di met h)iIOaC Mﬁe was sonicated w1th water (200 ml), filtered, and dried by vacuum on a
Buchner funnel to yield 5.96 g (21%) of 2_—(6-brome-4—oxo(3-hydrothiopheno[S,2-
d]pyrimidin-2-y1))-N,N-dimethylacetamide as a pink solid, MH' = 318.0.

Step 3. 2-[6-Bromo-4-oxo-3-benzyl(3-hydrothiopheno[3,2-d]pyrimidin-2-y1)]-

N,N-dimethylacetamide.
0 \/@ o
S .
NH O S
Br—(\f r‘QIU\N i
N/)\)LN/ DF = N/)\/ILN/

15 , l

2-(6-bromo-4-0x0(3-hydrothiopheno[3,2-d)pyrimidin-2-y1))-N,N-
dimethylacetamide (1 eq. 2g) was dissolved in DMF (20 ml) and cooled to 0°C. Sodium
hydride (1.5 eq. 227mg) was added followed by benzyl bromide (1.5 eq. 1.13ml). The
20  reaction mixture was stirred at room temperature overnight. The mixture was cooled to
0°C and quenched with saturated sodium bicarbonate (20 ml). Water was added (50 ml)
followed by ethyl acetate. The layers were separated and the organic layer was further
washed with saturated sodium bicarbonate, water and saturated sodium chloride. The
organic layer was dried over sodium sulfate, decanted and concentrated. The crude
25 mixture was purified by Flash chromatography to yield 1.57 g of the two isomers
(N-benzylated and O-benzylated). The resulting solid was triturated with methanol to
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0O ONC)'N O Br SOw Br S NH O NH2 4M HCvdi oxane \ N 5 Met hyl

3- am no- 5- br onot hi ophene- 2-carboxylate (1 eq. 21.4 g) and 2- Cyano-

N, N- di et WQ 208¢/811868 de (1.2 eq. 12.2 g) were dissol ved i RCZY 1PR4ne (0.7
M 125nl). The reaction was stirred at roomtenperature overni ght. Then,
the reaction mxture was heated to 80C overnight. The m xture was cooled to
roomtenperature and the product precipitated out. It was collected over a

Buchner f ugpgh ouf RRsCHRIAE déSirdd RWeRiylaed is¥RterS AheGainahing ®bs pedfedm ) .

b Eix Rl
filtered, and dried by vacuum on a uchner funnel to yield 5.96 g (21% of
2- ( 6- br onp-on-RB&R rant! Hrespbasad [t@,yield in total 1.00g (39%) of 2-[6-bromo—4-oxo-3-

510 SR L el fdo

N, N- di net hyl i gleo. B NH % il]?é:ﬁlgf-ﬁl
DVF |2m(3 6-%rg?rgfs?i%po§<j’g(2 3@?&&%%[?1?%% cénoi g@é‘b%z&(?ﬂlﬂ%d%t@%gh%o)[}ﬁ , dirk
di met hy§ acatd)j-NMN-diinethyla&ggmidas di ssolved in DMF (20 nl) and cooled to OC.

Sodi um hydride (1.5 eq. 227ng) was added foll owed by benzyl bromide (1.5
eq. 1,13nl). The 20 reaction m xture was stirred at room tenperature

overnight. The m xture ooled to, OC and quenched sat urated sodi um
bi carbonate (20 nml). Wat s added’50 nl) followe ethyl acetate. The
| ayers were separated and e organi yer was furtiier | washed with
saturated sodi um bi gar ban € wat er g@nd saturate@ ' ghloride. The
organic |ayer wags I §d ery sodi wm-sulfate, pleegn |ed/and concentrated. The

crude 25 m xture wa ' N2y Flash chronmat ograp Mo yiNTd 1.57 g of the
two i somers (N-benzyl ated and 0-benzyl ated). The resul gind solid was

triturated with _nmethanol to -39 WD 2004/111058 PCT/ US2004/ 016954,
2-[6-bromo-4-0x0-3-benzyl(3-hydrothiopheno[3,2-d]pyrimidin-2-yl)]-N,N-

dimethylacetamide (1 eq. 988 mg) was dissolved in 20 ml of acetic acid then sodium
10  acetate (2 eq. 398 mg) was added followed by bromine (1 eq. 125 ul). After about 2 h 0.5
more equivalents of sodium acetate and 0.5 equivalent of bromine were added. The
reaction was complete after 2 h more. Water was added to the reaction and the product
was extracted into ethyl acetate then later washed with more water, saturated sodium
bicarbonate and saturated sodium chloride. The organic layer was dried over sodium
15  sulfate, decanted and concentrated to yield 1.06-g (90%) of 2-bromo-2-[6-bromo-4-oxo-
3-benzyl(3-hydrothiopheno[3,2-d]pyrimidjn-2-y1)]-N,N-dimcthylacetamide,
MH'=486.1.
Step 5. 2-({3-[(tert-Butoxy)carbonylamino]propy! } amino)-2-{6-bromo-4-oxo-3-
benzyl(3-hydrothiopheno[3,2-d]pyrimidin-2-yl)]-N,N-dimethylacetamide.

20
HaN"""“NHBoc o
N~ O ™\ ’/’k(/k ~
Br— _ N y
N N HN

NHBoc

To a solution of N-bocpropylamine (3 eq. 1.14 g) in 15 mil of dimethyl
formamide, was added 2-bromo-2-[6-bromo-4-0x0-3-benzyl(3-hydrothiopheno[3,2-
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crash out nost of the desired N-benzylated isonmer. The remaining m xture was
purified on PREP HPLC and free-based to yield in total 1.00y (39% of

2- [ 6- br qmveI 200401858 benzyl ( 3- hydr ot bi opheno[ 3, 2- d] pyr i nmi BCHUS200#/P16954

N, N- di et hyl acet am de, M+= 408.0. Step 4.

2- Br onp- 2- [ 6- br onp- 4- oxo- 3- benzyl (3- hydr ot hi opheno[ 3, 2-d] pyrimdin- 5
2-yl)]-NN-di met hyl acet am de. -~ ~ Br2i NOAc 0 OAcOHH S NOrt SNO

Br \ | : .

2-[ 6- br om-@oxo-@-'%gjrwﬁyflﬁ%/éh lacgtamide (109- 1.06 BY;,  Thereaction, mixture was

di met hyl acetifed de r¢cm aemp8fireToyeritight. cEthﬁodceatb '(Sﬁ)Oﬁﬂ) was afidetti the mixnetet hen
sodium 10 acetate (2 eq. 398 ny) was _ added foll owed brom ne éﬁl . 125
ul'). After 2at#hg orgapicolaper Was & wth siirated sodigey bicathenatas walgh es),

equi val ent el m)r e.
Vet er vas. ZsabRd oaEh SuBRAE he fhnid PG alntorel Wbl bchua

acet at est hand |caheentiesgngsivin (Thergride mmfe uaatpuﬁﬁwcbysﬂabhmmﬁmgf g&be and
saturated sodium chloride. The organic |ayer was dried over sodium 1

sulb fate, deikhdel n@méfi%}m@feﬁ({%E(@at-bt&ow)earbomlwng]r(rgwbamm0)—2 {6-bromo-4-
2 2- _
2 bomny; €5 oRoar % @%%gﬁrg@o@eafeﬁ-ﬁm%:%ﬂm—wwmwm ani i de.

M = 486. 1.

2-({3-[(tert- Buto)y)carbonyl am nolpros)yl}am no) - 2- [ 6- br ono- 4- oxo- 3-
benzyl ( 3- hydr ot HitempheNo332 AN {143 bexy) bromoel‘lm-ﬁﬂ acetanide. 20 9

HeN - 85, o eSotd LaplinS 2122 Hiisb b armtnd) Pork ey MR benzarmide.

cocCl
O
1 TEA 2

S N~ O s N~ O
Br—4 lN,/k]/u\N/ L, Br—4 IN”H/U\N/
HN. | ON_ |
2. 4M HCl in dioxane
NHBoc " NHBoc
CH,

2-({3-[(tert-butoxy)carbonylamino Jpropyl} amino)-2-[6-bromo-4-o0x0-3-benzyl(3-

hydrothiopheno[3,2-d]pyrimidin-2-yl)]-N,N-dimethylacetamide (1 eq. 75 mg) was

15 dissolved in 2 ml of methylene chloride and the solution was cooled to 0 °C. Acid
chloride (3 eq. 51 ul) was added followed by the addition of triethylamine (5 eq. 91 ul).
The reaction mixture was allowed to warm to room temperature and fo stir at room
temperature overnight. 30 ml of methylene chloride was added to the mixture. The
organic layer was washed with water, saturated bicarbonate, saturated sodium chloride,

20 filtered and the filtrate was dried over sodium sulfate, decanted and concentrated in
vacuo. The crude mixture was purified by flash chromatography to yield 57.5 mg (64%)
of 2-(N-{3-[(tert-butoxy)carbonylamino]propyl}(4-methylphenyl)carbonylamino)-2-[6-
bromo-4-0x0-3-benzyl(3-hydrothiopheno[3,2-d]pyrimidin-2-y1)]-N,N-
dimethylacetamide, MH" = 696.1.

25 2-(N-{3-[(tert-butoxy)carbonylamino}propyl } (4-methylphenyljcarbonylamino)-2-
[6-bromo-4-0x0-3-benzyl(3-hydrothiopheno[3,2-d]pyrimidin-2-y1)]-N,N-
dimethylacetamide (1 eq. 53 mg) was dissolved in 4M HCI in dioxane (lml). The
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To a solution of N-bocpropylamne (3 eq. 1.14 g) in 15 nm of dinethyl
formam de, was added 2-bronp-2-[6-brono-4-oxo-3-benzyl ( 3- hydr ot hi opheno[ 3, 2-
-40 WO 2004) 2004/08858°CT/ US2004/ 016954 PCT/US2004/016954 |
dlpyrimdin-2-yl)]-N Ndinethylacetam de (1 eq. 1.06 g). The reaction
mxture was stirred at roomtenperature overnight. Ethyl acetate (500ml)
was added to the m xture and the organl c layer was washed with saturated

sodi um bi cath Et'm%aﬁa I e
organi c | ayer mwgg%gver SOdI um p%?ét g%@dﬁg%g%gaeg%‘g% ?JJ]

down. The decmieedoffl This wasrepested dend)ma‘ﬂeaaimmﬂﬁm‘mr eqmicynﬁaned Wi weld £28
ng (349 of 2-({3-[(tert-but oxy)gt%ar bonyl am no] propyl}am nQ).- 2- [ 6- hr onp- 4-

m%ggngwﬁ(ﬁfjﬁ% ¥WFR§ rOET-YﬁSP?? alsaﬁ;_l %qndqwhaﬂ Wﬁk}'ﬂ&(ﬁ@ﬂlém de,
di hydr ot hl g pfg%]]b%c& m gg p%%@% hyI no) ?szia%ﬁoet(ﬂf;l ] %46’%1? hyI be

d l . 4Nx N OHN
e S %@?@%ﬁlﬁiﬁiﬂl‘é‘%’kﬁﬁ%@ e Yy o4 Rwof3Benzyl(3- T
2- ({ 3- [ (t ehyduothiephenebd- Bélgyramidinl yhidiNidimethylacztqugide r onss 4 thex oHE besalty | ( 3-

hydr ot hi opz\ﬁo ggld]pyrlmdln 2-yl)]-N, Ndi methyl acetam de (1 eq. 75 np)
was 15 di 8 i"h 2 M of nmethylene chloride and the solution was cool ed

to 0 C Acid Ch'(}bhi;dﬁnﬁ% ﬁqrabﬁelw%k)) G dRAcrINd MHael @bxﬂpbﬁn&dﬂhtaha% of

triethylamne (5 eq. . The reactlon m xt ure was | owed to warmto
room t enpeimiable lawdretmaée 1 anajogous mannesmaredescribed abceﬁerﬂog nomp@mdnd stafting

nmet hyl ene c¢hl ori de wa dded t.o the, m xtur The organi c l.aye shed

with Wg(? %r %turaﬂ’é‘bds"ﬁ car b8hat e, sEeﬁturatid sodif um C ’Eﬁ%ﬁl%){ gav&?'l[&%?ed

and t he f| ﬁ;ﬁaﬂ% and concentrated in
lb utde m xture ﬂg igu}rl aﬂ‘? @chfr&é-ﬂao 2

vacuo. The cr flash ¢ romat graphy to yield 57.5
mg (64%  hydrothiopheno{3, 2-d]pyr1m.1dm-2-yl)]-N,N—dlmcthylacetamde and corresponding aryl-

C(=0)-Cl or heteroaryl-C(=0)-chloride.

15 TABLE 1
Compound Structure MH+ Name
y 9 584'3 IN-(3-aminopropyl)-N-[1-(3-benzyl-
: Uf ) 6-bromo-4-0x0-3,4-
—{4 dihydrothieno[3,2-d]pyrimidin-2-yI)-
N-CHy 2~(dimethylamino)-2-
“S’ oxoethyl]pyrazine-2-carboxamide
N-(3-aminopropyl)-N-[1-(3-benzyl-
2 "*Qin | 3 b bromod-oxo-3.4-
o dihydrothienof3,2-d]pyrimidin-2-y1)-
/:Z—N Jrets 2-(dimethylamino)-2-oxoethyl]-5-
SN methylpyrazine-2-carboxamide
e
3 p 618.0 -(3-aminopropyl)-N-{1-(3-benzyl-
BNCTE ' 6-bromo-4-0x0-3,4-
. NESAO dihydrothieno(3,2-d]pyrimidin-2-y1)-
Oy n, Jr 2-(dimethylamino)-2-oxoethyl]-4-
d chiorobenzamide
M
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of

2-(N-{3-[(tert-butoxy)carbonyl am no] propyl } (4- net hyl phenyl ) car bonyl am no) - 2-
[ 6- brommmﬂm&nzyl ( 3- hydr ot hi ophenol[ 3, 2-d] pyri mi di RC2IFRO0HIOREISS

di met hyl acet ani de, = 696.1. 25

2- (N-{3- [(tert but oxy) car bonyl am no] pr opyl }(4 et hyl phenyl ) car bonyl ami no) - 2-

[6 br ono- 4 n7\ll I Q_h\lrlr ot-hi nnh_e_rlnr Q 2 'I n\/rl m-di-p-—2 \I| \'I I\I N-
di met hyl ac (1 eqsh.ﬁgmfg;) WelS dmpl ved | n 4NNI5E@ in d| oxane (I m
The -41 WO 1110 0169541

room t enpe
was repeat
solid. Pref

199 was
i xture was
shes was al

aﬂ%méﬁlé ‘%Enf*‘@ e

yield a
Vdrpﬂémﬂ-’i dpyEEmdinT D

ite
th

the solid. ilel ded 25 ny R%dmethylazinp N2 oBoethyl]-6-

am nopr opy car boryI ani noJ - 2- [ imethybtieotibamide- 3- benzyl (3
hydr ot hi op 1))-N, N-di mgt hyl acetam de as the HCL jsal t,
M= 598. 1 ' %%ounds
1-4 and 6 #98lPpgous e HEPIERE Y e - bl or
conmpound 5 iy prodyct of step A 1 2-({3-[(gtert-
but oxy) car ponyl ami jno] pro A _{} am fo)-2-[6-bro drothier®| hzdpprmsidin-2-yl)-
hydr ot hi oppeno[ 3, 2- d] pyrt A2 2-y1 )] - N, N- di meR4gditrmiteiaminde2-aroethyl]4-
correspond| ng arylp C(= Mor hgt eroaryl - C( 3 {Hezdmtigde 15 TABLE 1 Qom un
Structure M+ Nang -(3- nopropyl) N-[1-(3-Renzyl- 1 W g 5843
- br ono- 4- oke 3, 4 ‘).’dLCl.ltch{ eﬁqo[ 3, 2 d] nyrl it~ ) N (di et hyl am nn\ -2-
~, xoet hyl | pgrazi ne- 2- car m de | N1o(g3- am nog@ﬁﬂqm ﬂ)NS[-Ib@nlﬂﬁFy g
PN~ 5983 - pr ono- 4-joxd=g L —F~ ' J~( ydr ot hi eno[/&bromag-Ayaxord.4ti n-2-yl)- r |t"
2- (di et hy| am no) -[2- oxoéwHylf - 5- dihydrothienof3,2-d]pyrimidin-2-y1)~

Oy, D-(dimethylamino)-2-oxoethyl]-6-

N;% L chloronicotinamide

. o HN

Using the procedure described in Example 2, compounds 1-6 were shown to have
an Eg5 inhibitory activity at an ICsg or less than about 25 pM. Some of the compounds
have an ICsp of less than about 10 M, and certain others of the compounds have an ICsg

5 oflessthanl pM.

Example 2
Assay for Detgrmjnino KSP Activity

In this example, a representative in vitro assay for determining XSP activity is

described.

10 Purified microtubules from bovine brain were purchased from Cytoskeleton Inc.
The motor domain of human KSP (KSP, KNSL1) was cloned and purified to a purity of
greater than 95%. Biomol Green was purchased from Affinity Research Products Ltd.

Microtubules and the KSP motor protein were diluted in assay buffer (20 mM
Tris-HCl, pH 7.5, 1 mM MgCl, 10 mM DTT and 0.25 mg/mI. BSA) to a concentration

15 of 35 ug/mL for microtubules and 45 nM for KSP. The microtubule/KSP mixture was
then pre-incubated at 37°C for 10 min to promote the binding of KSP to microtubules.
ATP was also diluted to a concentration of 300 uM in the same assay buffer. To each
well of the testing plate (384 well plate) containing 1.25 uL of compounds in DMSO or
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9N et hyl pyrazi ne-2-carboxanmide nN 3 a - p 618.0

-(3-am nopro N-[1-(3-benzyl - -bronp-4-oxo0-3,4- 0

ydr ot hi eng[ %4)& i mdin-2-yl)- -CH -(di net hyl am no) - ZPSQ‘G@FW@]IG%“

hl or obenzam de NN 42 WD 2004/ 111058 PCT/ US2004/ 016954 Com oun Structure
M+ Name 4 P 599.0 -(3-am nopropyl)-l\l—[l-(3-benzy|- ' -brono-4-o0xo-3,4- N
ydrothieno[ 3, 2-d] pyri mdin-2-yl)- 0 N"CH -(di methyl am no) - 2- oxoet hyl ] - 6

et hyl ni cot D)asDdgnly,N\Nub of ATP Blusion 3foa§naﬂqné @mch&m,l\ai tE (oF-raRpGibule/K SP
- br ono- 4- oxo- 3, 4- rr di hydrot hi eno[ 3, 2-d] pyri mdin-2-yl) N N CH

- (di net hyl athmgl) s pdded ty e A:[‘P@pnmog@d] The pladepwere incubated at room

J-(3-
yar of hi enof BB ot (i1 A3he tad otineionGneind €5, of Biomel, Grop wes added
hl or oni cot kNadBhdgelt. Fmé\lpm&swe lﬁd%satea 26e5190 enifl@®.8 théblhe iaBsdibaBR| £ 639 nm

conpounds 1-6 were shown to have an Eg5 inhibitory activity at an I C50 or
| ess t hain aiasulete@mined. m&mmmlmmmlbmmﬂhesdmmhabout

10°M and Cﬁr : al &%pg%ramsc gﬁosptﬂaiecoggve gl(ajes halo? s?grx]l was read using a Victor Il
reader. The concentration of each compound for 50% inhibition (ICsq) was calculated by
nonlinear regression using either XLFit for Excel or Prism data analysis software by
GraphPad Software Inc.

10 While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention.




5 of less than 1 M Exanple 2 Assay for Determ ning KSP Acti vity 1In this
exanple, a representative in vitro assay for determning KSP activity is
descri bed WO@0®{IA145Bed ni crot ubul es from bovi ne brai n wePETHIOMAIEN4 r om
Cyt bskel eton Inc. The notor domain of human KSP (KSP, KNSLI) was cl oned and
purified to a purity of greater than 95% Bionol G een was purchased from
Affinity Research Products Ltd. Mcrotubules and the KSP notor protein were
diluted in assay : iven : o 3 and
0.25 ng/ nL BSA) TR B6dbelaTtY e ey ilel in ggcggﬂ?ﬁ‘ SliiVelorctty dOpiiled 55 o1
nM f or KSP.claihednire definedwak éslkR: mi xt ure was then pre-incubated at 37C for 10
mn to pronote the binding of KSP to m crotubules. ATP was also diluted to
a concentration of 300 uMin e . sa ass buffer. To each well of the
testing plate (384 \/\/eAICOB:lPQF-’é‘; W’ﬁﬁ?‘ﬁ@ﬁi{i 25 uL of compounds in DVSO or
-43 WD 2004/ 111058 PCT/ US2004/ 016954, DMSO only, 25 uL of ATP solution. To
start the reaction, 25 uL of m crotubul e/ KSP solution was added to the

ATP/ conpound mi xture. The plates wereyi ncubated at room tenperature for 1
hr. At the end of incubation period, { of Biomol Geen was added to
each well. The plates were ingcuba -3+ 10 m n and then the absorbance at
630 nm5 was determ ned. Bio @gn rpag is a mal achite green based dye
that detects the release of I norgani Sphate. Devel oped col or signal was
read using a Victor 11 reader. The conceptrBsion of each conpound for 50%
inhibition (1C50) was cal cul ated by nonl.Nnear regression using either XLFit
for Excel or Prismdata anal ysis softm by ReGr aphPad Software Inc. 10

Wil e the preferred enbodi nent of the invention has been illustrated and
described, it will be appreciated that various changes can be nmade therein
wi thout departing fromthe spirit and scope of the invention. -44 WO

2004/ 111058 PCT/wisaeiddQ ixlgdesaryEhe enbodi ments of the invention in which an
excl usi ve proper}@{s 8ror%r'i vilege is clainmed are defined as fol | ows:

R; is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkymyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, arylsulfonyl, alkylcarboxy, aminocarboxy,
aminocarbonyl, or alkylsulfonamido; or COR,, CO,R,, CONRR,, S(O)R,, or
SO,NR, R,,;

R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR,R;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryi,
heteroaryl, or heterocyclyl; or L'Rls’ wherein L is a C1-C10 saturated or unsaturated
branched or unbranched carbon chain comprising one or more methylene groups, wherein
one or more methylene groups are optionally independently replaced by O, N, or S; and
wherein L is optionally substituted with one or two oxo groups and one or more C1-C10

branched or unbranched alkyl optionally substituted by one or more halogen atoms;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy,
aryl, heteroaryl, or heterocyclyl; or COR., CO,R., CONR.R,, or SOgR 18

R, is hydrogen, halogen, hydroxy, nitro, amino, cyano, alkoxy, alkylthio,
methylenedioxy, or haloalkoxy; or substituted or unsubstituted alkyl, alkenyl, alkynyl,
aryl, heteroaryl, alkylamino, dialkylamino, alkylsulfonyl, arylsulfonyl, alkylcarboxy,

carboxyamino, carboxyamido, aminocarboxy, aminocarbonyl, or alkylsulfonamido;
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1. A conpound having the formula: N (RS QR2 o0 o NRB R5~NMRa wherein Q

is heteroaryl; XisOorS; Rl is hydrogen, or substituted or unsubstituted

al kyl , alwengd4/11z98cynyl, aryl, heteroaryl, heterocycl yPCTEBII#MP3nyI . or

aryl sul fonyl; R2 is hydrogen, or substituted or unsubstituted al kyl,

al kenyl, al kynyl, aryl, heteroaryl, heterocyclyl, alkylsulfonyl,

aryl sul fonyl, al kyl carboxy, am nocarboxy, am nocarbonyl, or

al kyl sul f onam d&;, By, R Répd R)yRemoindgpaaiderily  selected StamRhtddgen, R i s
|t

. Ry aiRA(d
T e G L

or heterocyed W ; &' RL- %&&Rbm&gﬁgnmgdh& Fofm -£1 0 ﬁ?tﬁﬁ%ﬁﬁeﬂr?ﬁﬁﬁ?@%% ajed

branched or unl¥ anché&d “car in-conprising one or nore ne ne groups,
wherein ' t hyl ene groups are optionally independently repl aced
by 0, N, 8&%@6%%}%\/%;& n L is, optional I)f substituted with one or two oxo
groups and one B4 Abrasuigp, @@W&ncﬂﬁe&a&fy APAWOH RTh sebsHed  aspbngwhstitnied
substituted by_one or m)ra ral ogen atons; R5 is hydrogen, or substituted or
unsubst i t uBWAIIGNE o betgrae¥elyl  al'kynyl, al koxy, aryl, heteroaryl, or

het er ocycl.yl ; Of, CRY . or PRy, CONRBR9, or SO MR o; R6 is hydrogen, hal ogen,
hydroxy, nitro, amhd, cyan, al koxy, alkylthio, nethylenedioxy, or

hal oal koxy; or gub®tl, 2udied] opr unsubstituted al kyl, al kenyl, al kynyl, aryl,
het eroaryl, al kyl am no, dial kyl am ng, al kyl sul fonyl, aryl sul fonyl,

al kyl car boxy, tBgRIpsrs. Rearmasswisalln aceptablesatscamsedtyes therenbear bonyl , or
al kyl sul f onam do; -45 WD 2004/ 111058 PCT/ US2004/ 016954, R 7, R8, R9, Ri s,

R11, d R12 i nd e h . i
nsubeti tut ed afkyl . PhEpaRGied’ of RIghh o il (MOt iithei Dl
RB and Ropyrasolfl) 1 poridy[Fl Byricanl,! qaipéshsiny Onsecitinyl, Uiadolylo beieidazaly,

car bocyclic or eterocyclic ring; RL3 is am no, alkylam no,

di al kyi am brzothiazolyser hegeespzelyl.unsubst i t ut ed

3. A compound of Claim 1, wherein Q is thienyl.
4, ' A compound of Claim 1, wherein Q is pyridyL

5. A compound of Claim 1, wherein substituted alkyl comprises arylaikyl,

heteroarylalkyl, heterocyclyalkyl, aminoalkyl, alkylaminoalkyl, dialkyaminoalkyl, or
sulfonamidoalkyl.

6. A compound of C}aim 1, wherein X is-O.

7. A compound of Claim 1, wherein R; is arylalkyl.

8. A compound of Claim 1, wherein R, is benzyl.

9. A compound of Claim 1, wherein R; is hydrogen and R3 is CONR3Rs.

10. A compound of Claim 9, wherein Rg and Ry are independently selected
from hydrogen, methyl, ethyl, or isopropyl. '

11. A compound of Claim 1, wherein Ry is L-R;3.

12. A compound of Claim 11, wherein L-Ry3 is aminoalkyl.
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guani dino or heterocyclyl; m=10, 1, or 2; and n = 0,1,2,0r3;0r the
tautoners, pharmaceutically acceptable salts, or prodrugs thereof 2. A
conpound w0 b&i1088, wherein Qis thienyl, thiazolyl, inPOHES30)4016954
pyrazol yl, pyridyl, pyridazinyl, piperazinyl, azetidinyl, triazolyl,

benzi m dazol yl, benzothi azolyl, or benzoxazolyl. 3. A conpound of Claim1,
wherein Qis thienyl. 4. A conpound of Claiml1, wherein Qis pyridyl. 5 A

conmpound of C aiym 1, erej bsigét ah kyl i geg aryl al_kyl
het er oar yyal kyl ,l@het é&gc@%ﬂ&ﬁéyl ‘,Sf a%ﬁaﬁ%al E)i(fl wg‘%%};{ a% %baal Eéyl faﬁﬁndpropyl,

di al kyan naghytathinopropyk ot Glatigtidiebliopyl. 6. A conpound of Claim 1, wherein X
is O 7. A conpound g? Caiml, anrei n R is arylalkyl. 8. A conpound of

Claim1l, wherein RL is benzyl, 9. A conpound of Claim1l, wherein R2 is
hydr ogen and R3 s CAnrempounhof (lais dpoviareinil-Rsls aminopgpei n R8 and RO are
i ndependently selected from hydrogen, nethyl, ethyl, or isopropyl. 11. A

conpound of d aim 1, erejn hSs L s ; A, C oun f ai ,
wherein L-RL3 | domni r&g??ﬁ?‘.mﬁﬁeé%ﬁ‘ig%ﬁ?r?ﬁﬁs‘é hﬁ@ﬁ?ﬁéﬁ%ﬂ’iﬁﬁs%gbﬁ A
compound of C aim 11, wherein L-R13 is am nopropyl, alkylam nopropyl, or

di al I cyl am nopr gyl . A éompow 0B of whereinR,ls COMerein L-R13 is

am nopropyl. 15. A conpound of Claim1l, wherein R5 is hydrogen, alkyl, aryl,
or COR7. 16. A conpound of Claim1, wherein RS is CORt. 17. A conpound of
Cl ai m 16, wher eild- R7 A sosppund of Caimol6, (whetaie Ry tis fehstinnted or spsubstitated aryll .

18. A corrpcg)uggl f (ltl aim 16, wherein R7 is al kyl- or hal ogen-substituted
aryl. 19. AEE hd of Claim 16 wherein It, is substituted or
unsubstituted . phenyl, pyridyl, or pyrazinyl. 20. A conpound of Claim]1,

wherein R6 is hydr ogeN combéitld of CHaiih 96, Wheréth ®yls alkyl- or halogen-substituted aryl.

19. A compound of Claim 16 wherein Ry is substituted or unsubstituted
phenyl, pyridyl, or pyrazinyl.

20. A compound of Claim 1, wherein Ry is hydrogen, alkyl, chloro, or bromo.

21. A compound having the formula:

X
Rt
nY1 l N/
et
v A Rz
2 N
Rz
N
Rs”™ “Rg

wherein X is O or S;

Y1is S, O, or NRy4 and Y3 is CRys; or

Y, is CRy5 and Y2 is S, O, or NRy4; or

Y;isNand Yzis S, O, or NRy4; or

Y:is 8, O, NRj4and Y, is N;

wherein, the dashed line represents a double bond to Y;, when Y; is CRy;5 or N,
and a double bond to Y», when Y, is CRy5 or N;
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21. A conpound having the formula: X /,YXNI':~-ON-RL Rs Rz 2 R 3 RS R4
wherein Xis Oor S; Y1is S, 0, or NR14 and Y2 is CR15; or Yl is CRl15 and
Y2 is S, Womoyidtese or Yl is Nand Y2 is S 0, or NRL4pCcoUS204i08698: . O,
NR14 and Y2 is N, wherein, the dashed line represents a double bond to Y1,
when Y1 is CR15 or N, and a double bond to Y2, when Y2 is CR15 or N, -47 WO

2004/ 111058 PCT/ US2004/016954 , R is hydrogen or substituted or
unsubstituted alkyl,, al kenyl r t.ero |, nhet er cl.yl

al kyl sul f onyl", 38 r§}¥‘i‘ E?%n‘?fl ‘%ﬁf‘ d d%’c?@‘é%ﬁ“'ﬁﬁﬁ il iy eyl atvl,
unsubst i t uy, Im- ﬁghlfonﬁet eroaryl, heterocyclyl,
aIkyIsquonyI y) on Icar oxYy, noc Y, ar onyI or
al kyl sul f onami dgb ﬁ&e@%}, E‘;@ﬁ\g F%Qm@ )"H‘%?ﬁkﬁ a-“@ni\l . aYIR3 i s
cyano, sub tltut d uns Iﬁ‘bﬁ'@%’?ﬁ vyl sul f { R9 R4 |s

hydr ogen, 8t tl eafy;!ﬁ y=al OXyp | FFRROcaTORYy

het er oaryl amﬁioch&bﬁypcyﬁlaakylsﬂfoﬂanﬁﬁ@ onh€OR_D CO% aCONIQIQ SS(U}"RH!ngIOr
unsaturated branched or unbranched carbon chaln onprising one o re
net hyl ene §PNBs,Rypher ei n one or more nethyl ene.groups are optionally

I ndependent |y repl. r ng. 4 | 4L Lonal |y

substituted w t%ﬁ%@gﬂ% oxo gruo@ﬂ)bssact Xiﬂfsqlgo&r%b?ﬂé branched or
unbranched al KyR ojat hpdiopéry srubdstituiédedr hsobaitated Mdkyd, f&ﬁ& ? S MalRYrAS aryRS | S
hydrogen, or subsStituted or_ unsubstituted_ alkyl, aIkenyI kynyl ; al koxy,

aryl, het ehoiaropryl, er betsresyslyjicos/L:R gr wheRm LosoRE1-Clikmemoted or Sagatymted: R

S hydrogen hal ogen, hydroxy nitro, am,no, cyano, al kox al kyl t hi o,
met hy| enedbmephedor unbrasishedsarbor ehain semprsing gne pr mAE Msthylene gmoups kyherein

al kenyl, a1 €M ¥lore methylene groups are optionally independently replaced by O, N, or S; and

wherein L is optionally substituted with one or two oxo groups and one or more C1-C10
branched or unbranched alkyl optionally substituted by one or more halogen atoms;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy,
aryl, heteroaryl, or heterocyclyl; or COR,, CO,R,, CONR.R,, or SO( m)Rw;

R, is hydrogen, halogen, hydroxy, nitro, amino, cyamo, alkoxy, alkylthio,
methylenedioxy, or haloalkoxy; or substituted or unsubstituted alkyl, alkenyl, alkynyl,
aryl, heteroaryl, alkylamino, dialkylamino, alkylsulfonyl, arylsulfonyl, alkylcarboxfr,
carboxyamino, carboxyamido, aminocarboxy, aminocarbonyl, or alkylsulfonamido;

R, Ry R, R, Ry, and R, are independently selected from hydrogen, or
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterocyclyl; or R -
and R, or R, and R, taken together form a 3- to 7-membered carbocyclic or
heterocyclic ring;

R,; is amino, alkylamino, or dialkylamino; or substituted or unsubstituted
guanidino or heterocyclyl;

Ry« and Ry; are independently selected from hydrogen, or substituted or
unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterocyclyl;

m=0,1,or2;0r

the tautomers, pharmaceutically acceptable salts, or prodrugs thereof.

22. A compound of Claim 21, wherein substituted alkyl comprises arylalkyl,

heteroarylaikyl, heterocyclyalkyl, aminoalkyl, alkylaminoalkyl, dialkyaminoalkyl, or
sulfonamidoallcyl.

48-



aryl, heteroaryl, alkylam no, dialkylamno, allcylsulfonyl, arylsulfonyl,
al kyl car boxy, carboxyam no, carboxyam do, am nocarboxy, am nocarbonyl, or
al kyl sul f swapiodi®1105%, Re, RO, Ri o, Rl11l, and R12 are i ndePETWSRMPIIH ect ed
from hydrogen, or substituted or unsubstituted al kyl, al kenyl, alkynyl,
aryl, heteroaryl, or heterocyclyl; or R8 and R9, or R11 and R12 taken
together forma 3- to 7 nmenber ed carbocyclic or heterocyclic ring; R13 is
am no, al kyl am ng, wibsihist #it@d or unsubstituted

guani di no or het er ocycl @5%4 an 2{: are |ndep(gndently selected from
hydr ogen, or substltuted or unsubstituted al kyl, al kenyl, alkynyl, aryl,
heteroaryl, or [2dter okygahpbundnofClaino2 D; wirerein Py isanylzdhyslrs, phar maceut i cal | y
acceptabl e salts, or prodrugs thereof. 22. A conpound of Claim 21, wherein
substituted al kyl rises aryl | ky het er oar | al het er ocycl yal kyl ,
ami noal kyl , alk &P%QP“ndcﬁ #4 ydhereip R 11%) enzy I fonam doal kyl . -48 WO
2004/ 111058 PCT/ U82004/016954 , 23 A corrpound of Caim2l1l, wherein Xis O.

24. A conpound o of
Claim 21npwher ein RI %é%‘%m(g%&% &%%#%ﬁ@ge@&ﬁher eI R2 is
hydrogen and R3 is CO\IRBRQ - 27. A conpound of C aim 26, wherein R3 and R9
are independent 127. sel &ecbmgowid ofiClaym 269 evhereie Ryyand Ry frgl independendpseleyted 28.
A conpound of im21, erel n R4 is L-R13. 29. A conpound of C aim 28,
wherei n L- fEomp xdaraa% s ethidgor BORBPouNd of C aim 28, wherein L-R13 is
am nopropyl, al kyl am nopropyl, or dialkyl am nopropyl. 31. A conpound of

Cl ai m 28, V\/nerel L- 'W;'%%e ofmound of Cdaim 21, wherein
R5 is hydrogen, zgl ky:%go é?‘ﬂﬁ‘oJr%ﬂ 1%ﬁ(‘fonpoulf*ld of Claim 21, wherein
R5 is COR7. 34. A conpound of Claim33, wherein R7 is substituted or
unsubstituted aRgl & chepeidasf\liaim 28, wherein L-R;3 is aminoalkyl.

30. A compound of Claim 28, wherein L-Ry3 is aminopropyl,

alkylaminopropyl, or dialkylaminopropyl.
31. A compound of Claim 28, wherein L-R;; is aminopropyl.
32. A compound of Claim 21, wherein Rs is hydrogen, alkyl, aryl, or COR;.
33, A compound of Claim 21, wherein Rs is CORj.

34. A compound of Claim 33, wherein Ry is substituted or unsubstituted aryl
or heteroaryl.

35. A compound of Claim 33, wherein Ry is alkyl- or halogen-substituted aryl.

36. A compound of Claim 33, wherein Ry is substituted or unsubstituted
phenyl, pyridyl, or pyrazinyl.

37. A compound of Claim 21, wherein Rs is hydrogen, alkyl, chloro, or

bromo.

49-



35. A conpound of C aim 33, wherein R7 is al kyl- or hal ogen-substituted
aryl. 36. A conpound of Cl aim 33, wherein R7 is substituted or

unsubst i tywige@os/phessyl , pyridyl, or pyrazinyl. 37. A conpPORAISR04AEI6a54M 21,
wherein R6 is hydrogen, alkyl, chloro, or brono. -49 WD 20041111058

PCT/ US20041016954 38. A conpound having the formula O NI~R (R6)prQ D R2
ENR 3N Rs R4 wherein, AL B, D, and E are independently selected fromN,
CH, or CR6, with the proviso that at |east one, but no nore than two of A,
B, Db or E are B, Rl ,i s hydr ; [tuted or unsubstituted al kyl,

al kenyl , aIkyny%?'ar ?mnﬁgF@3§QF§ﬁﬁeﬁ%@%&%cyclyI, allrylsul fonyl, or
arylsul fonyl; R2 is hydrogen, or substituted or unsubstituted al kyl,

al kenyl, al kynyl, aryl, heteroaryl, heterocyclyl, alkylsulfonyl,
aryl sul fonyl, al kyl carboxy, am nocarbdgy, am nocarbonyl, or

al kyl sul f onam do; or CORD, CO2R1, CONHPRI, S(O nR10, or SO2NR11R12; R3 is
cyano, substituted or unsubsti}uQ\d aryW.sulfranyl , or CONRSR9; R4 is

hydr ogen, or substituted_or ; al kyl, al kenyl, al kynyl, aryl,

het eroaryl, or heterocy&ﬁﬂm D
unsaturated branched or unermL ad ~ear
nmet hyl ene groups, wherein one & nordVnet h
i ndependently replaced by 0, N, or S; and erein L is optionally
substituted with one or two 0oxo groups r more C-Cl0 branched or

| branched al kyl optionally substituted one nore hal ogen atons; R is
hydr ogen, or substituted or unsubstituted al kyl, al kenyl, allcynyl, alkoxy,

aryl, heteroarylyefiin DTS B bre iferebtiintly Riddted SEHTEEH, & RIS
proviso that at least one, but no more than two of A, B, D, or E are N;

R; is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, or arylsulfonyl;

R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, alkylsulfonyl, arylsulfonyl, atkylcarboxy, aminocarboxy,
aminocarbonyl, or alkylsulfonamido; or COR,, CO,R,, CONRGR,, S(O) R,
SO,NR, R,,;

R, is cyano, substituted or unsubstituted arylsulfonyl, or CONR,R,;

R, is hydrogen, or substituted or unsubstituied alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or heterocyclyl; or L-RB, wherein L is a C1-C10 saturated or unsaturated

conprising one or nore
, groups are optionally

or
1

branched or unbranched carbon chain comprising one or more methylene groups, wherein
one or more methylene groups are optionally independently replaced by O, N, or S; and
wherein L is optionally substituted with one or two oxo groups and one or more C1-C10 '

branched or unbranched alkyl optionally substituted by one or more halogen atoms; |
R, is hydrogen, or substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy,

aryl, heteroaryl, or heterocyclyl; or COR,, CO,R,, CONR,R,, or SO(m)Rw;

R, is hydrogen, halogen, hydroxy, nitro, amino, cyano, alkoxy, alkylthio,
methylenedioxy, or haloalkoxy; or substituted or unsubstituted alkyl, alkenyl, alkynyl,
aryl, heteroaryl, alkylamino, dialkylamino, alkylsulfonyl, arylsulfonyl, alkylcarboxy,
carboxyamino, carboxyamido, aminocarboxy, aminocarbonyl, or alkylsulfonamido;

R, R, Ry, Ry R}, and R,, are independently selected from hydrogen, or
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterocyclyl; or R,
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R6 i s hydrogen, hal ogen, hydroxy, nitro, am no, cyano, al koxy, alkylthio,
net hyl enedi oxy, or hal oal koxy; or substituted or unsubstituted al kyl,

al keny/| ,, 3Q00#{111058ry| , heteroaryl, al kyl ami no, di al kyl Z&FA2004/016954

al kyl sul fonyl, arylsul fonyl, alkylcarboxy, carboxyam no, carboxyam do,

am nocar boxy, am nocarbonyl, or al kyl sul fonam do; R7, Rs, RO RRO R11, and
R12 are i ndependently selected from hydrogen, or substituted or ‘
unsubstit utzad R} kgt .R glamlmw1 talkday mgetheirfiyim 4 3-etoat-wemberedheibooryic! off ; or
Rs -50 WO 20047111088 PCT/ 052004/ 016954 and R9, or RI, and R12 taken

t oget her f Gwteracydlic tiag;/- menbered carbocyclic or heterocyclic ring; 113 is

am no, al kylam np, ar_dial k 1 A0: [LLute st tuted.

guani di no or het ﬂo’@y%‘géﬂaof #@gﬁdl,gr{)rd?#gﬁﬁ po; p&:%#ﬁ@%réﬁ queq_%m

t aut oner s, C ' acceptable salts, or prodrugs thereof. 39. The
conmpound o@@%%gﬁe\%ﬁ@?éﬂh Ais N 40. The conmpound of C aim 39, wherein
Dis CR6 and RomsEGh| e andl. The conpound of Caim38, wherein Ais N, B
and E are CH, Dis CR6, and R6 is chloro. 42. A conpound of C aim 38,

wher ei n substit ®®8 higr3cemprises arylal kyl, heteroarylal kyl,

het er ocycl yal kyl ] I 11| di_al k ] | kyl , or

sul f onam doal kylﬂ.le @o%%&%%ﬁ%%ﬁ%%%@%ﬂ%@rﬂépw ﬂ%?ealf 44. A
conpound of Claim 38, wherein RL is arylalkyl. 45. A conpound of C aim 38,
wherein Rl is bewzyl ThHGonpoaBdBOCREMOR, Whekih 88 Nwherein R2 is hydrogen and
R3 is CONRLR9. 47. A conpound of Caim46, wherein Ra and RO are

i ndependently sel ected from hydrogen, nethyl, ethyl, or isopropyl. 48. A
compound of O ai4® 38,%@@%&&(3&“93@13’113%.]3#5 € Rd @pai m 48,
wherein L-R13 is am noal kyl. 50. A conpound of Claim48, wherein L-R13 is

ami nopr opyl ,  alsy! ampons gk o?rCA%aééy&&%ﬂ%Wb aRiE aft CRMPWERY!

Cl ai m 48, wherei nopr
and R is chloro.

-

42. A compound of Claim 38, wherein substituted alkyl comprises arylalkyl,
beteroarylalkyl, heterocyclyalkyl, aminoalkyl, alkylaminoalkyl, dialkyaminoalkyl, or
sulfonamidoalkyl.

43, A cop:lpound of Claim 38, wherein X is O.

44. A compound of Claim 38, wherein R, is arylalkyl.

45. A compound of Claim 38, wherein R, is ben%yl.

46. A compouﬁd of Claim 38, wherein R; is hydrogen and R3 is CONRgRs.

47. A compound of Claim 46, wherein Ry and Rg are independently selected
from hydrogen, methyl, ethyl, or isopropyi.

48. A compound of Claim 38, wherein Ry is L-R;s.
49, A compound of Claim 48, wherein L-R;3 is aminoalkyl.

50. A compound of Claim 48, wherein L-Rj3 is aminopropyl,

alkylaminopropyl, or dialkylaminopropyl.

51. A compound of Claim 48, wherein L-R,3 is aminopropyl.
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-51 WD 2004/ 111058 PCT/ US2004/ 016954, , , 52. A conpound of C aim 38,
wherein R5 is hydrogen, alkyl, aryl, or COR7. 53. A conpound of C aim4l,
wher ei n RWO0 200@0RDPS8 54. A conpound of C ai m53, wherein RETES2804846958 ut ed or
unsubstituted aryl or heteroaryl. 55. A conpound of Claimb53, wherein R7 is
al kyl - or hal ogen-substituted aryl. 56. A conpound of C aimb53, wherein Rl
is substituted or unsubstituted phenyl, pyridyl, or pyrazinyl. 57. A

compound of G aig 38, Wit 6 FFChan BYCHAGER R Asi¥hrogell B, S or BEALD. 58

A compound sel e

N- (3-am nopropyl )-N-[1-(3-benzyl - 6- br ono- 4- oxo- 3, 4- di hydr ot hi eno[ 3, 2-

d] pyri m di n- 2- ylsB; 2- (Alicomipbythdsf Clajm 41 oxhatinR{ 8YTORNe- 2- car boxan de;

N- ( 3-am nopropyl ) - N[ 1- ( 3- benzyl - 6- br onp- 4- oxo- 3, 4- di hydr ot hi eno[ 3, 2

d] pyri mdin-2-yl)-2-(di net hyl am no),- 2- oxoet hyI_B]w-‘S- met hyl pyr azi ne- 2- car boxam
de; N (3-ani n0p5)49py|4£mu@@05€m| 3% wherid Ro- 16 sybgitated o pasubstifutadoarsl 2-
d] pyri mdin- § lc{a-rﬁi(di nmet hyl am no) - 2- oxoet hyl ] - 4- chl or obenzam de;

N (3-am noﬁf B%f =N [ 1- ( 3- benzyl - 6- br ono- 4- oxo- 3, 4- di hydr ot hi eno[ 3, 2-

d] pyri m di n-2-yl)-2-(di met hyl am no) - 2- oxoet hyl ] - 6- net hyl ni cot i nam de;

N- (13- ani nopr opylss: N- [4 chmpbaizof Claink 59 Wheteid®Rr i8 afkyili dhHAldpehisehditded aryl.
dlpyrimdin 2-yl)-2-(di nmet hyl am no) - 2- oxoet hyl ] - 4- net hyl benzam de; or

N- ( 3- am nopr opylj) -N-[ 1- (3-benzyl - 6- br ono- 4- oxo- 3, 4- di hydr ot hi eno[ 3, 2-

d] pyri mi di n- 2- yI56. 2- (Alieempepnd reinGlaim- d3.owhengin K- shiuhstmiadoor masihdtitutad. A

conposition, ¢C rising a pharmaceutically acceptable carrier and an anount
of a conpo@hﬁnﬁngﬁcg':l’rfgpf L or 38 effective to inhibit KSP activity in a

human or ani nal subject when adm nistered thereto. -52 60. The conposition

of Claim 59 furtgyer w&m@uﬁ' g Gt Cla@asss,ouBerflilyd RNBYdrofde kIO chlohs or
treatment of cancer. 61. The conposition of Caim 60,&\/\,{1%?% n the at |east
one additi dmethoagent for the treatnment of cancer is selected from

i ri notecan, topotecan, gentitabine, imatinib, trastuzumab, 5-fluorouracil,
I vorin r lat)jn i i xel litaxel
eucovorin, - cargpl at g, L3 Sidfus figget axel . pactitaxel,

N-(3-aminopropyl)-N-[1-(3-benzyl-6-bromo-4-0x0-3,4-dihydrothieno|3,2-
d]pyrimidin-2-yl)-2-(dimethylamino)-2-oxoethyl]pyrazine-2-carboxamide;

N-(3-aminopropyl)-N-[1-(3-benzyl-6-bromo-4-ox0-3,4-dihydrothieno[3,2-
dJpyrimidin-2-y1)-2-(dimethylamino)-2-oxoethyl]-5-methylpyrazine-2-carboxamide;

 N-(3-aminopropyl)-N-[1-(3-benzyl-6-bromo-4-ox0-3,4-dihydrothienof3,2-
d}pyrimidin-2-yl)-2-(dimethylamino)-2-oxoethyl]-4-chlorobenzamide;

N-(3-aminopropyl)-N-[1-(3-benzyl-6-bromo-4-0x0-3,4-dihydrothieno[3,2-
dJpyrimidin-2-yl)-2-(dimethylamino)-2-oxoethyl]-6-methylnicotinamide;

N-(3-aminopropyl)-N-{1-(3-benzyl-6-bromo-4-0x0-3,4-dihydrothieno[3,2-
d]pyrimidin-2-yl)-2-(dimethylamino)-2-oxoethyl]-4-methylbenzamide; or

N-(3-aminopropyl)-N-[1-(3-benzyl-6-bromo-4-ox0-3,4-dihydrothieno[3,2-
d]pyrimidin-2-yl)-2-(dimethylamino)-2-oxoethyl]-6-chloronicotinamide.

59. A composition, comprising a pharmaceutically acceptable carrier and an
amount of a compound of Claims 1, 21, or 38 effective to inhibit KSP activity in a human
or animal subject when administered thereto.
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tezaci t abi ne, cycl ophospham de, vinca al kal oi ds, anthracyclines, rituximab,
and trastuzumab. 62. A conpound of Clains 1-59 for use in the treatnent of
cancer. 63. Use of a conpound of Claim1, 21, 38 in the manufacture of a
medi canent for the treatnment of cancer. 64. A kit, conprising a conpound of
Clains 1, 21, or 38 and a package insert or other |abeling including
directions for treating a cellular proliferative disease by admnistering
an KSP i nhi bi t or $0anmo e @impdsitionosfpClaim . 596furthér comprising abfleast ahemdditiv8aland
one additional conmpound for use in the treatnent of cancer 66. A conpound
of C ains lﬂ@tiwgﬁﬁﬁéa@%mﬂf%ﬁ-corrpound sel ected fromthe group
consisting of irinotecan, topotecan, gentitabine, gleevec, herceptin, 5-

cyel ophosphar detivi nadeseEaPsHan 8t Chir Uk MRS e @BRCone Al Bbeffor,

t rast uzumab tfeOtrestient of tdafcdrrieadeteett ébm Ciaimettan,-fopotecan, gemcitabine, imatinib,
trasmzuméb, 5-fluorouracil, leucovorin, carboplatin, cisplatin, docetaxel, paclitaxel,
tezacitabine, cyclophosphamide, vinca alkaloids, anthracyclines, rituximab, and
trastuzumab.

62. A compound of Claims 1-59 for use in the treatment of cancer.

63.  Use of a compound of Claim 1, 21, 38 in the manufacture of a medicament
for the treatment of cancer.

64.  Akit, comprising a compound of Claims 1, 21, or 38 and a package insert
or other labeling including directions for treating a cellular proliferative disease by
administering an KSP inhibitory amount of the compound.

65. A compound of Claims 1-59 and one additional compound for use in the

treatment of cancer

66. A compound of Claims 1-59 and one additional compound selected from the
group consisting of irinotecan, topotecan, gemcitabine, gleevec, herceptin, 5-
fluorouracil, leucovorin, carboplatin, cisplatin, taxanes, tezacitabine,
cyclophosphamide, vinca alkaloids, imatinib, anthracyclines, rituximab, and

trastuzumab for use in the treatment of cancer.



