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WD 2004/ 026877 PCT/ US2003/ 029209 | M DAZOPYRAZI NES AS
CYCLI N DEPENDENT KI NASE | NHI BI TORS Fi el d of the

WO pwef02d8on The present invention relates to  PCT/US2003/029209
i m dazo[ 1, 2- a] pyrazi ne conpounds useful as protein

ki IMAPAADBY RAANES ASLYEEIN DEPERDENT KINASENNIIBIVORS
% (MAPn en nases, m ogenhact [ \éat e

proteln i nase synt hase ki nase

3( GSK3bet a) and the}ﬁ ft Ve i cal conpositions

5 containing the conpounds and nmet hods of treatnent
usiiig ;Srlé%eﬁPﬁﬁeHﬂ%s rA8@s t6 AMRRTOL 1,20 pYrazinee®mpounds useful

di seases suc for exanple, cancer,” inflammtion,
as m@otdin kiriase inhibibralssehgsdor examplee feamhiitors Ofitheeaislis-

oershbnCRpAb Bttt B U Y TRAEE ) S3eson

synﬁféfé%fklﬁasé)ﬁ((PSKQbé%ﬁdQHé ) gnawaaemmn c@mbeaitlons
plication Serial 60/ 412 filed 10 Sept

congeningdbe commauindsuand srethads pﬁv@aﬁn%rﬁ ysing thec H%'é s and

t f
con bl hen, el n oAl
artHi‘Tt“SOGmﬂ disdadssal adumd@benerétlveaﬂsaeél@s(suéﬁrﬁsliﬁkhelmers disease,
cardinlasy dns Aboaspe RIS iseases d niurpniAninn Sims e benefit
o RSN RS oAt s o e

Seiibriber 23u2A024s, CDK1, CDK2, CDK3, CDK4, CDK5, CDK6
and CDK7, CDK8 and the like, performdistinct -roles

in cell cycle progression and can be cl assified as

either Gl, S, or RNtkdesad e HveEagionUncontrol | ed
proliferation is a hallmark of cancer cells,

and
m siPrefeindtinase inbibitopkincluslet kigasessugsasifenexamgple, the inhibitors

o B RIHEPGLpho RN fEECTRY, AP e i it

(MARPKIFRK), eflycigen| syethesdt kiaseBY GSKBta) and tlae likeleThe cyclin-
vari et human cancers. CDK2 actjvit

denexﬂeryb?((wgase§ﬁr@ ﬁeﬂw/&r@ﬁn@f Rretein l"@sﬁga‘é’é'c’gfa% e SEV'PQ
for%/ Béﬁmdﬁtﬂg | %ﬁ)@&lﬁ roliffation. Hﬁ&lvﬂ%@@m Ssdéf] d)eDK1,

0|n S serve to nmaintain
CDMZlc)IQI[DK3 S@QKéndO@PCEf (d?eH(B amylcﬂ)BKé’v@mKB and tre llkﬁ/,vmlferm distinct
ce to r ond tqQ insylt t f
rolas heaIcy TR PraareHon 320 o i oBREn asiaiBERE o Sher G2 phase
en%ﬁnﬁé"@ﬁéo Hbé r6IFBEdtioRus %él@néﬂ(@ﬁ:@ﬁ@@%@ls ahe niB¥eguiation

way I n uen es tunnrgene3|s at the | evel of tunor
of @Dmues’som obaurstwitnhigh. frequssizy iRBamynimpeztant galid tumors. CDK2

ang r(]ﬁﬂgf are of particular interest because their activities are frequently

misregulated in a wide variety of human cancers. CDK2 activity is required for
progression through G1 to the S phase of the cell cycle, and CDK2 is one of the
key components of the G1 checkpoint. Checkpoints serve to maintain the proper
sequence of cell cycle events and allow the cell to respond to insults or to
proliferative signals, while the loss of proper checkpoint control in cancer cells
contributes to tumorgenesis. The CDK2 pathway influences tumorgenesis at the
level of tumor suppressor function (e.g. p52, RB, and p27) and oncogene
activation (cyclin E). Many reports have demonstrated that both the coactivator,

cyclin E, and the inhibitor, p27, of CDK2 are either over — or underexpressed,
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30 activation (cyclin E). Many reports have
denonstrated that both the coactivator, cyclin E, and

WO b@4iomdsrbi t or, p27, of CDK2 are either over -PQOT/US2003/029209
under expressed, WD 2004/ 026877 PCT/ US2003/ 029209 2
respectively, in breast, colon, nonsmall cell [ung,
gastric, prostate, bladder, 4on- Hodgkin's |ynphona
ovari an, and other cancers. Their altered expression

respastivelye ém bsdastncdlion cosnsthalt eeliiunl, gagﬁeaplejétéi@KBIadder non-
ct.ivit bevel s and poor overall survival. This

Hodggas utp ﬂ%%"w%@erp@ﬂ@%r@ura%.aiie&q eRIpgsion has

beérPQFﬁ’(ﬁM kd'8oreladd GRhIné r%sé(li‘%ljsjrg% @H{ﬁ%% %(ﬁ'lqverall

nber of aden05|ne -tripho ive
surywal Thig gbseryation erakes<CRIK2 asld| ﬁmgp@bryotﬂhbvaye cbamelling

targg}B Son i deVelabmemtyeGrSchaber Sthasnaing §2iosbpae (ATP)
corﬁ[?etﬁtlv@%rﬂéﬂ ofditnic %Ieddlé@aé%eﬂfés%ei)tﬁle@%e%&ﬂ k@8 in the

the various CDKs and their relationship to various
htetegtw@sa&ﬁ%wb@toraﬁar@m:plotﬂntiai treatnenteofiaaoears. bS. 6,413,974,

ol IR Y Pl i RS HGG tce anc
theirlrelaltuomhnprto Fasioud\typds of Danger.ow cz et aI J. din.

9§b (1998) 16, 2986 2999. CH3 | HO O 1 C
Kdnhibitars aw@%fqmmnlﬁmawpﬁm &;‘Forméa tora

I
norigefectE DR in RSP 5 B Sierdaing YERTRY ofieitgaines M.
Sariderowisiz efraled. Clin. Oreol.. (1998 Bil 6,c2686- 299&997) 243,
527-536). U. S. 6,107, 305, describes certain
pyrazol o[ 3, 4-b] pyridi nE ‘conpounds as CDK i nhi bitors.
An illustrative conmpou fromthe 305 patent has the
Formula I1: WD 2004/ 026877 PCT/ US2003/ 029209 3

HO'

HO.

OH (¢}

Formula |
Other known inhibitors of the CDKSs include, for example, olomoucine (J.
Vesely et al, Eur. J. Biochem., (1994) 224, 771-786) and roscovitine (I. Meijer et
al, Eur. J. Biochem., (1997) 243, 527-536). U.S. 6,107,305 describes certain
pyrazolo[3,4-b] pyridine compounds as CDK inhibitors. An illustrative compound
from the ‘305 patent has the Formula l:
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OO0 NN H Fornmula Il K S Kimet al, J. Med. Chem
45 (2002) 3905-3927 and WO 02/10162 disclose certain
w@pdono2dsrazol e conpounds as CDK inhibitors. 5 PCT/US2003/029209
Pyrazol opyri m di nes are known. For Exanpl e,
W92/ 18504, W02/50079, W95/35298, W02/ 40485,
EP94304104. 6, EP0628559 (equ?valent to US Patents
5,602, 136, 5,602,137 and 5,571,813), U S. 6, 383,790,
Chem Pharm Bull., (1999) 47 928XxJ. Med. Chem,
(1977) 20, 296, J. Med. Chem, (|1976)] 19 517 and
Chem Pharm Bull., (1962) 10 6X0Q djidcl ose vari ous
pyrazol opyrimdines. 10 There is afneed for new
compounds, fornul ations, treatnents and therapies to
treat di seases and dlsorders asso lated with CDKs. It
is, therefore, an object Bf this invention to provi de
conpounds useful in the trieatment or prevention or
anmel i oration of sug disgrders. 15
Summary of the | nvg : odi nents, the
present invention p des a nQue¥F—elass of
i mi dazo[ 1, 2- a] pyrazi ne conpound® as ithhi bitors of
cyclin dependent kinases, poimiigeds of preparing such
co ounds, pharnaceutlcal conposi tions conprising one

BeKin @t at ompdach d&hemed (A02) 39063227 agd WO 02/10162

d'seﬂgé Rl el SR AmB 5T PIK BRIy cvent  on.
i nhPWatszjpyﬁfm@lﬁ@ls P& th@ﬁ Pbr BREMPle, VOB 2 S57RIS §8002/50079,
assom at ed w usi ngGl such conmpounds or

W 3Ea8h dh Al oAt ETITaH 04, BB LERSEKEAVBISNt to US

e S02a 0, 02 227 ERPRPEF81) U F B T Cngm Bpgrm.
Bulto 1259)d7 8260, W @i, EEOTENGIBS. HOUECAGm., (1976) 19

512, H%B&B@@@O@Hﬂ 9%% @léﬁl ,\cpnxé?pg%%ﬁ.g&g S)Zr?azolopyrlmldmes

There is a need for new compounds, formulations, treatments and

therapies to treat diseases and disorders associated with CDKs. It is, therefore, an
object of this invention to provide compounds useful in the treatment or prevention

or amelioration of such diseases and disorders.

Summary of the Invention

In its many embodiments, the present invention provides a novel class of
imidazo[1,2-a]pyrazine compounds as inhibitors of cyclin dependent kinases,
methods of preparing such compounds, pharmaceutical compositions comprising
one or more such compounds, methods of preparing pharmaceutical formulations
comprising one or more such compounds, and methods of treatment, prevention,
inhibition or amelioration of one or more diseases associated with the CDKs using
such compounds or pharmaceutical compositions.

In one aspect, the present application discloses a compound, or
pharmaceutically acceptable salts or solvates of said compound, said compound

having the general structure shown in Formula lll:
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R3,NHFormula Il wherein: Ris selected fromthe

group consisting of H, hal ogen, aryl, heteroaryl, 5
weywkozskyl , aryl al kyl, heterocyclyl, PCT/US2003/029209

het erocycl yl al kyl , al kenyl, al kynyl, -C(OR7, 1-2 N

\11 (Rg) N (R8)n N (R8),---- n 12 and -2 N (R8)n

wherein each of said aryl, héteroaryl, cycl oal kyl ,
aryl al kyl, al kenyl, heterocyclyl 10 and the
het erocycl yl noieties whoserdtructures are shown
i medi atel y above for RRg be Rinsubstituted or
optionally independently sSldbstithted with one or nore
noi eti es which can be the =Qr different, each
noi ety being i ndependently selected fromt he group
consi sting of hal ogen, aIHz@yI'\' Hcycl oal kyl , CF3, CN,
-OCF3, -OR6, -C(OR7, - C(02) R6, -C(O NR5RG,
- (CHR5) nOR6, - SR6, - S(02 ﬁfmui%'” S(02) NR5R6,
WheM;IRS) S(02)R7, -N(R5)C(O R7 and - N(R5) C(O) NR5R6; R1
H, halo? or alkyl; R2 is selected fromthe group
conBH%ﬁEl@g ast frem, thalgryup Caﬂylstln@:)f/HahlaLdg,en het ehe:terqdryl

k [, K
oy R AR oter AR E e Bt cblend) Sk, - e,
-C((I)RQ) R7, al kyl substituted with 1-6 RO 20 groups which
gr oups n be the sane or different wiwth each R9 bei ng
/-~8 m~/ \ 8 independgntly sel ected, - (CH2) m
N RN\ 2004/ 02687% #US2003/ 02

N-(E%n \; (RO)p—— N\g (R®)y—— 0 ;
1-2

/\N ;

(R%n
wherein each of said aryl, heteroaryl, cycloalkyl, arylalkyl, alkenyl, heterocyclyl

and the heterocyclyl moieties whose structures are shown immediately above for

R can be unsubstituted or optionally independently substituted with one or more
moieties which can be the same or different, each moiety being independently
selected from the group consisting of halogen, alkyl, cycloalkyl, CF3, CN, -OCF3,
-OR®, -C(O)R’, -NR°R®, -C(02)R®, -C(O)NR°R®, -(CHR®),0R®, -SR®, -S(02)R/,
-S(02)NR°R®, -N(R%)S(02)R’, -N(R®)C(O)R’ and -N(R?)C(O)NR®R®;

R'is H, halogen, or alky;

R?is selected from the group consisting of R®, alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocyclylalkyl, -CF3, -C(O)R’, alkyl substituted with 1-6 R®
groups which groups can be the same or different with each R® being

/ \ /(CHZ)m/ \
—(CHg)ui— —R® D N-R8
f—(CH)iN N—R® % > ON-R

independently selected,
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-aryl-NNR8 \ ~ ~~ v and , wherein each of said aryl,
heteroaryl, cycloal kyl, arylal kyl and heterocyclyl

W@ a0v4oss80msubst i tuted or optionally i ndependeP€T/¥S2003/029209
substituted with one or nore noieties which can be the
same or different, each noiety being independently
sel ected fromthe group cons@sting of 5 hal ogen,
al kyl, c cIoaIkyI CFS, CN, CIFS -0OR6, -C(O R7,

; -g{@% ~a SRS, -S(C2) R
N R5g(:(0) NR5R€K e eﬁéﬁgﬁ%{% §f“3<ﬁj%afy' heteroaryl,

cydtaaiieylsantaikyifand, hetesdcyclybtan baruisubBeiueseyeptionally
CHR5) n- aryl (CHR5)n het er oarpyl_,
inde thy. %tuggngu h ane-pRR90Re meieties ghich can be the same or

dlﬁ%%@c;h F\ﬁy%%}ﬁ‘d ﬂ?%&?ent&ﬁé&%{i%@gﬁé b% qansisting of

halo§&aRaINRSBsloalkg OFGRBN, - Oag@gtmbaNI@?R, , -C(o2 RS,

CRRRS SR %S&t’e%ﬂ%ﬁ%u SO e s

-N(RQIC(‘QEI\WP@ ituted or optionally substituted with one
re noi eties which can 15 be the sane or
d| f Reiscsrlected fromnthe groupeconpistingepfdr damt, Iheterohgd t heterocyclyl,

Ty CHRE RIS A R AR o 02) R

-C(O NR5R6, -SR6, -S(Q2)R6, -S(O02)NRERE., N
- N( R5) S(02) R7, -N(R5)C(O R7 and -N(R5) C(D 5R6; R5
-(CHR M- beteaddyglaalid0, RBHRS)sEHeayBs, from t b gf qup
consi st of H alkyl, aryl, heteroaryl, arylalkyl
-(Cla?fﬂ,_he-t\jeroar-RBal kyl, vvherel n each of sai d al kyl
het er oaxyVal kyl , arGHR )dﬁ@Perﬂ&(Qal)R%nﬁ)(@D@? aS(@i)N&iRG

PR MERNICRES e RioSRY. TS SR it SlbDe B

ng/e{cylz)p Ty ndependent ly selected fromthe gr oup
23' %tcll:g\—ém Rl o erejrp\ggg%l) %r;&yig;%gt%% ;'ﬁ Keterocyclyl
oo 0 LR it P v T ot v o
be #HidaD2 a8 différEimt, GS2A030iIeRP2EIAg independently selected from the
group consisting of halogen, alkyl, aryl, cycloalkyl, CF3, CN, -OCF3, -OR?®, -NR°R®,
-C(02)R®, -C(O)NR°R?, -SR?, -S(0,)R®, -S(02)NR°R®, -N(R%)S(02)R’,
-N(R°)C(O)R” and -N(R®)C(O)NR°R®;

R°is H or alkyl;

R® is selected from the group consisting of H, alkyl, aryl, heteroaryl,
arylalkyl and heteroarylalkyl, wherein each of said alkyl, heteroarylalkyl, aryl,
heteroaryl and arylalkyl can be unsubstituted or optionally substituted with one or
more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, aryl,
cycloalkyl, CF3, OCF3, CN, -OR®, -NR°R?®, -CH,OR?, -C(0,)R?, -C(O)NR°R®,
-SR®, -S(02)R’, -S(02)NR°R?, -N(R%)S(02)R’, -N(R®)C(O)R” and
-N(R®)C(O)NR°RE;



6 R7 is selected fromthe group consisting of alkyl,

aryl, heteroaryl, arylalkyl and heteroaryl al kyl,
wob@reea7each of said al kyl, heteroaryl al kyl, BCWHIUS2003/029209

heteroaryl and arylal kyl can be unsubstituted or

optionally substituted with gne or nore noieties

whi ch can be the sane or different, each noi ety bei ng

i ndependently 5 selected fromthe group consisting of

hal Bgisrselegirgifroratlye grasyctensisting ofGHRy!, DYE heteronryl, arylalkyl

ond By B AGEL RSP 5 eroen

tviénh 8h
an%g%ﬁl&?l%ﬂ%@nhﬁ%ﬁ&ﬂ%ﬁ I\?Rr>5 Fggi@)lngﬁ)f/ §Qb§tft9!@d &% 8;6? more

mo1q§@@2/y h can M}%Qﬁf@@] ar d(f@mr)t, gagzln mqetyFb}aln@ lns@lpeoﬂedtly

se!fe%%ggfcgg 196 QAL RIRS Phiogh e, arggéyaogf@b)%ﬁ, OCFs,

CN; SDBS) INIETRES, —CH&(DRS)«‘E(((K%%FE?ZAC(NPR@F@CQSR?a@gOz L
-S(@Nﬁ#ﬁ‘ WSl NI R .a”nd' ARG o

a the
[ ot o O MBI Aol O
-S(PaNRBXEAG(@)Rc aBE21)R®|, Hﬂ(@ﬁ)ﬁftarﬂh—(ﬁ(h‘dlz)a'rylhrl tis. They

| so,b eful, in the

ggﬁ'ﬁ%%fe%eéﬁ(gt?g%ﬁw% i 9@&%%”&@}?%@1%@9%} GN.NBERSe,
-C(CE)FQﬁ o&e@mmw 2@R@| RS, -9RY ag(@%ﬁém@ AIBRungal

Det al Descrl i on ne enbadi ment, the

N(Brb%(@aiRl,nU@ﬁt)%ﬁ)@ @g)Cfﬁ)Md? 2-a] pyr azi ne
conpqy ich are represented by structural Formul a
11, or a pharmaceutically 25 acceptable salt or
olwa;‘ia-41; badeof , wherein the various noieties are as
descri bed above. I n anot her enbodi nent, R is selected
fro‘?n‘st(ﬁg group consisting of H  halogen, aryl, _
hetﬁﬁ@@bﬁh‘pouﬁai‘%f‘#brﬁﬂlg N u %F%?P%&Siﬂ%é)sfe Phlitors and
aryl and "heteroar can be unsu I tutead or

carolpe useful Irythertomimwm ahd ypreverstiont mftmdhfa'ret(;clvﬁms?eaﬁesm)r )

re m)letne whi ch can, be, t anme or differen eac
exafihIE, G NN WAkt evamay Al b usgibiagne

tredtfiesit éf h@GrdéergBﬁél%QB digddeds suth Rz dmer's disease, cardiovascular

diseases, viral diseases and fungal diseases.

Detailed Description

In one embodiment, the present invention discloses imidazol[1 ,2-a]pyrazine
compounds which are represented by structural Formula Ill, or a pharmaceutically
acceptable salt or solvate thereof, wherein the various moieties are as described
above.

In another embodiment, R is selected from the group consisting of H,
halogen, aryl, heteroaryl, alkenyl and —C(O)R’, wherein each of said aryl and
heteroaryl can be unsubstituted or optionally independently substituted with one or
more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, CF3, CN, -
OCF3, and -OR®.
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OCF3, and -OR6. WO 2004/ 026877 PCT/ US2003/ 029209 7 In
anot her enbodi nent, RL is H or |ower alkyl. In another
wepdvatzasent, R2 is selected fromthe group conBCHUB2993/029209

of hal ogen, alkyl, aryl, heteroaryl, alkenyl and

-C(O R7, wherein each of sai? al kyl, aryl and

het eroaryl can be unsubstituted or optionally

i ndependent|y substituted 5 with one or nore noieties

whi PranaihebemprdinenteRods Higrflewenalkybach noi ety bei ng

i TR TSEY bRl i QSTEbs iR ihe SRR BOndiSit ot
halegbm),cblhydnaryl RBatemasyﬂl akkteﬁyll é\échggC((DR7 OMdiePoif eRRhSSfig3H alkyl,
er oa n-ar

aryF@ﬁ_@,eﬁsrﬁ@Eyé £38 wnm)égﬂpqg ocmtlon @ycﬂ@er@e@ﬁluauhwmuted
with @h@@rrﬂnér’é m(‘.)ﬁ,-ﬂ%? whidhNe5S b%%e%ﬁﬂé %ﬂ differddt e&ﬂgwénety being

, Wherein eac sald aryl eroary
indeperdentiy sdected diom treagioppsedrsistingtafthaléddn, afigl,aCF (TN, -
OC% %ﬁ esowhi ch can be the same or different, each
i (; | ng i ndependently sel ected fromthe gr oup

3 - ¢
C 0 ﬂﬁl éﬁdtllggr %bb?ﬂgﬁ?ﬁ nlgg]ﬁ i%%ctgﬁ fﬁ/d&-n ﬁro@\kons%_tlﬁ? S, aryl,

hetpmﬁévl d n-aryh, oI RAr-hetgroaryie(EHRY)+QRb, {G{OIR® | eycloalkyl,
.anot her( ﬁﬂgod Wa t, nis |l _to 3 In an addi tional
enbodi nent el ectied(GH q%oup consi sting of

-C (phenyl an@gh/:t erpar vl . 20 d
%ﬁt%gl ment, Rl is H, gr or met hyI In’ g}n eﬁ%ﬁ%chn%flsa'd aryl

andah@t@margman e substityted or d&tionally supbtitutddkeitly bne or more
addi tional enbodi nent, R3

molﬁf gﬁ)y\ﬁ] I{BW rb& tg':};p%?m;ﬁer%y@@ moigfy pmyﬁependently
selédﬁtéd E’?)’mﬁé ﬂ?in;o] etnr?;/sﬁmb(d?ﬁ pcfbé%aﬁh?y %9)’@:3, CN, -C(O2)R® and -
S(QSZ propyl 10pyrro| i d| n 2-one, or -C(O) CH3, wherein

zﬁlblgt ut eoérmﬁ&ﬂ roéﬁc?uﬂtﬁ‘?gql \r‘:lso\%: 8Ealc|a¥ be the
sanm aarotr@brférﬁb@dimer@,aﬁhs gabety being independently
selected fromthe group

In another embodiment, nis 1 to 3.

In an additional embodiment, R is selected from the group consisting of H,
phenyl and heteroaryl.

In an additional embodiment, R" is H, Bror methyl.

In an additional embodiment, R? is F, Cl, Br, I, aryl, alkenyl, heteroaryl or
CFs.

In an additional embodiment, R® is phenyl, (pyrid-2-yl)methyl, (pyrid-3-
yhmethyl, (pyrid-4-yl)methyl, 2-[(pyrid-3-yl)jethyl, 2-[(pyrid-4-yh)]ethyl, 2-ylpropanol,
3-ylpropyl-10pyrrolidin-2-one, or —C(O)CHjs, wherein said pyridyl can be
unsubstituted or optionally substituted with one or more moieties which can be the
same or different, each moiety being independently selected from the group
consisting of F, Cl, Br, CF3, lower alkyl, methoxy and CN.

In an additional embodiment, R® is H.

in an additional embodiment, m is 0.

In an additional embodiment, n is 1 or 2.



consisting of F, d, Br, CF3, lower alkyl, nethoxy and
CN. In an additional enbodinent, R5 is H 30 In an
waodoineanal enbodinent, mis 0. In an additi onetT/US2003/029209

embodinent, nis | or 2. WO 2004/ 026877

PCT/ US2003/ 029209 8 An invegtive group of conpounds

is shown in Table 1. Table CH3 CH3 CH3 N \\ N\\

CH3 N CH3 I "\\ NN NN NfN % ~N N~N -N HN HN N HN
HN AN inventgs@rodp cHgompeuURES By shawn in Bablent\ ~ N~\ N~
NNNY'NNY'NN~jNN-gblNi;IHNHNHNHNHN\\/

I I NI N\ NN Br /1 1 —/ Br ~ NN\ NY/1\ ~ N

N~ N Y-L--ci HN CHj CHs
~ N§ %NJ\> CHy CH, N

N%H*N Nﬁ/\QN @\ /\N§

pa !

HN HN HN HN
= \N \N N



HN\ HNIT \%5 SOzCH 3 Br \ I I \' I Br Br N' N~ N
N~ N~C N~-~N~NNC NY-L- HNHN HN HN TANNNN

wO 200440268771 Br | \ Br N C N- ~ NCI NN N PCTUS2M03029209
HN HN CI N~ ~N HN HN N N OCO2Et N WD 2004/ 026877
PCT/ US2003/029209 9 C Br I I NN( Br N d NY NCOC

NNy \ ~ INCFSN ~\", NO9HN HN N N HN N |
ON S NON\ IN~\ /| Br

%{l%ﬂ . %@Qﬁﬂ
%N Cy s 6



N~N N~N Nonmi "N\ HN HN HN
N\ COCH3 / I - NY-~-- N\I

woibo4m2a8F8 N N OH ON NN HN N Br

Br N\ ~~C NO NNN dC
CH3 5 QCHNC// TOH3 U
PCT/ US2003/ 029209 10 Br

N N TN NHY NNN O Br
N~ N HN NY "N NY='N HN
Br Br / \PQT/USLODBE/M29209
NNHNHN d N\A~N HN HN

I\‘IIOV\D 2004/ 026877

Another embodiment discloses compounds of the formula:

5 of the formula;

NySN N Ay = N/\g
HN HN Nﬁ/L\N
P _ HN
| 1
N N SO,CHs
Br
Br Br = N/\g
cl N%N cl Nﬁ/L\N r H
HN HN Nﬁ/IQN _
N
Z = NH X
| | N
N N o CF,
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N\ NBr OHHBr HBr CI NY NNHN N\VLN N NN OH

HNHNHOHNI O N1 I I NNN HBr N\ N HO NY N
woooo268mDt her enbodi ment di scl oses conpounds BPET/UR03/029209

formula: 5 of the formula: Br C(-r Br :\ / N\\ Br

N "NNHNHNNomm N HN / | | 14 N N SO2CH3 Br Br
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As used above, and throughout this disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

"Patient" includes both human and animals.

“‘Mammal” means humans and other mammalian animals.

"Alkyl" means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain.
Preferred alkyl groups contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups contain about 1 to about 6 carbon atoms in the chain.
Branched means that one or more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkyl chain. "Lower alkyl" means a group having
about 1 to about 6 carbon atoms in the chain which may be straight or branched.
The term "substituted alkyl" means that the alkyl group may be substituted by one
or more substituents which may be the same or different, each substituent being
independently selected from the group consisting of halo, alkyl, aryl, cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),,
carboxy and —C(O)O-alkyl. Non-limiting examples of suitable alkyl groups include
methyl, ethyl, n-propyl, isopropyl and t-butyl.

"Alkynyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon triple bond and which may be straight or branched and comprising

about 2 to about 15 carbon atoms in the chain. Preferred alkynyl groups have
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limiting examples of suitable aryl groups include phenyl and naphthyl.

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than carbon, for
example nitrogen, oxygen or sulfur, alone or in combination. Preferred heteréaryls
contain about 5 to about 6 ring atoms. The "heteroaryl" can be optionally
substituted by one or more "ring system substituents" which may be the same or
different, and are as defined herein. The prefix aza, oxa or thia before the
heteroaryl root name means that at least a nitrogen, oxygen or sulfur atom
respecti\)ely, is present as a ring atom. A nitrogen atom of a heteroaryl can be
optionally oxidized to the corresponding N-oxide. Non-limiting examples of
suitable heteroaryls include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl,
pyridone (including N-substituted pyridones), isoxazolyl, isothiazolyl, oxazolyl,
thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl,
pyrazinyl, pyridazinyl, quinoxalinyl, phthalazinyl, oxindolyl, imidazo[1,2-a]pyridinyl,
imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl, thienopyridyl, quinazolinyl, thienopyrimidyl,
pyrrolopyridyl, imidazopyridyl, isoquinolinyl, benzoazaindolyl, 1,2,4-triazinyl,

benzothiazolyl and the like. The term “heteroaryl” also refers to partially saturated
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being independently selected from the group consisting of alkyl, alkenyl, alkynyl,
aryl, heteroaryl, aralkyl, alkylaryl, heteroaralkyl, heteroarylalkenyl,
heteroarylalkynyl, alkylheteroaryl, hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy,
acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl,
aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroaryisulfonyl, alkyithio, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio, cycloalkyl, heterocyclyl, -C(=N-CN)-
NHz, -C(=NH)-NH2, -C(=NH)-NH(alkyl), Y1Y2N-, Y1Y2N-alkyl-, Y1Y2NC(O)-,
Y1Y2NSO;- and -SO,NYY2, wherein Y and Y, can be the same or different and
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to tﬁg correspondlng -oxide, S-oxide or S,S-dioxide. Non-limiting examples of

suitable monocyclic heterocyclyl rings include piperidyl, pyrrolidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, lactam, lactone, and the like.

It should be noted that in hetero-atom containing ring systems of this
invention, there are no hydroxyl groups on carbon atoms adjacentto a N, O or S,

as well as there are no N or S groups on carbon adjacent to another heteroatom.

Thus, for example, in the ring:
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defmeds Prefetred Hygroxyalkyls omitain’[biveg alkyl. Non-limiting examples of

suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.

"Acyl" means an H-C(O)-, alkyl-C(O)- or cycloalkyl-C(O)-, group in which
the various groups are as previously described. The bond to the parent moiety is
through the carbonyl. Preferred acyls contain a lower alkyl. Non-limiting examples
of suitable acyl groups include formyl, acetyl and propanoyl.

"Aroyl" means an aryl-C(O)- group in which the aryl group is as previously
described. The bond to the parent moiety is through the carbonyl. Non-limiting
examples of suitable groups include benzoyl and 1- naphthoyl.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously

described. Non-limiting examples of suitable alkoxy groups include methoxy,
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previously descrlbed Non-limiting example of a suntable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.

"Alkoxycarbonyl" means an alkyl-O-CO- group. Non-limiting examples of
suitable alkoxycarbonyl groups include methoxycarbonyl and ethoxycarbonyl. The
bond to the parent moiety is through the carbonyl.

"Aryloxycarbonyl" means an aryl-O-C(O)- group. Non-limiting examples of
suitable aryloxycarbonyl groups include phenoxycarbonyl and naphthoxycarbonyl.
The bond to the parent moiety is through the carbonyl.

"Aralkoxycarbonyl" means an aralkyl-O-C(O)- group. Non-limiting example
of a suitable aralkoxycarbonyl group is benzyloxycarbonyl. The bond to the parent
moiety is through the carbonyl.

"Alkylsulfonyl" means an alkyl-S(O2)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the
sulfonyl.

"Arylsulfonyl” means an aryl-S(O2)- group. The bond to the parent moiety is
through the sulfonyl.
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protected site when the compound is subjected to a reaction. Suitable protecting
groups will be recognized by those with ordinary skill in the art as well as by
reference to standard textbooks such as, for example, T. W. Greene et al,
Protective Groups in organic Synthesis (1991), Wiley, New York.

When any variable (e.g., aryl, heterocycle, R? etc.) occurs more than one
time in any constituent or in Formula 111, its definition on each occurrence is
independent of its definition at every other occurrence.

As used herein, the term “composition” is intended to encompass a product

comprising the specified ingredients in the specified amounts, as well as any
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contamphaied heseinh&éhg deremtprodoig’t gs iesnployedipereimedenotes a

corfBhdifiay s iy Do P RowaFribof Aefnitbialonid a sibst
undergbevehenli¢al |conVéh%idwmrj niclabdiR: GaEHIHhicEPhBE¥sdes to yield a
through the 30 sulfonyl. "Arylsulfonyl" neans an

corgpoundppbprmyladilwr athy aar selvatectheseefind dmLQS}on @f prodrugs
. . . 3 | 77 9209
e
(198y0indgeiise AC1h éSymt&m’(;maS@ges&lmm ih SBid‘J@Msgﬁlglé %ﬁl‘?r&iﬂig Drug

' i ndi cat ou rovi de a e
Do Ceta E HAHES R o ATaaUgY ROBMmEpRLER] Afsoriation and
PefgdnteiPrede 8t 8f \Pﬁfch -t ‘?ﬁ@d}lggllvatéﬂ‘ ﬂﬁ%%ﬁ?})a/trgférence thereto.

substitution results in a st e co
ContSialeated meavis phydicaliassediationod Acompotrabdfdhisaneention
permssible gnly if such combinations result. in .
with P o Theiesesliert Melseules s Ry ASsodRtioninygives varying
degrebE ©Ff Wri¢ ahd caRaleht @on@iﬁgpm@m@iﬂ@ﬁydﬂo?eﬁ WohtifgE M E¥rtain
robust to survive isolation to a useful degree “of

instamces yhe splyateawilldar: earablerok isplafiora fier xanmple athiemonabomore

<ofy 8 SRR el D R e

"Sciyate! Ehesimpassazsbothadlutiinspitisg@mde isofftablENRINREEN Non-limiting
[ " “in isolated fornf for a conpound refers

exé'rbﬁk%%fo%‘éﬁyé’l%@alvege%mae athapolers suethanelates, sadibe like.
RGBS LB ArBIch i LNBREBIAL i BR800 o

pur 'THffestivé @amduritbor "tkerapentically effdotive antmourittisphganical
des?ci:trl‘f[&‘)teeanor];msc’)‘rfljin{]| oF So'm;?&?ndd grf ;%Bm%%sﬂ%no&ttﬁé r;fﬁé]lsent invention
effective in inhibiting the CDK(s) and thus producing the desired therapeutic,
ameliorative, inhibitory or preventative effect.

The compounds of Formula [ll can form salts which are also within the
scope of this invention. Reference to a compound of Formula 1l herein is
understood to include reference to salts thereof, unless otherwise indicated. The
term "salt(s)", as employed herein, denotes acidic salts formed with inorganic
and/or organic acids, as well as basic salts formed with inorganic and/or organic
bases. In addition, when a compound of Formula Iil contains both a basic moiety,
such as, but not limited to a pyridine or imidazole, and an acidic moiety, such as,
but not limited to a carboxylic acid, zwitterions ("inner salts") may be formed and

are included within the term "salt(s)" as used herein. Pharmaceutically acceptable
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15 froma purification process or processes described
herein or well known to the skilled artisan, in
wa@edoftiondisent purity to be characterizabl e by steemuasz03/029209
anal ytical techniques described herein or well known
to the skilled artisan. It should al so be noted that
any heteroatomw th unsatisfli%d val ences in the text,
schenes, exanples and Tables herein is assuned to have
(i.et, h@rhtmt'm@bysizm)gaiaﬂy(em):eptam@)téesh‘syarehﬂefeuieelnaElsougN‘lether salts

d
arisa Pt Easanshibl colourt 1he £ oyl Gay ke dermes dar
exdrple b r@é&ﬁg@@oMB@@ﬁﬂ IR Eopintie "%%Ebg?‘% Jﬁhﬁ\ amount of

protected site when the conmpound is
acid eabaepensuchuas ap |egume¢srdam<mgqt or @ opediwvinl ducheas one in whlch

h h d Ki | t h
theygEfttREPRg clor il AR adolsThEbi AL b Ved tSktedidn. 5o
f or Ereraplaing acill additida aIReintludR! acetile8! 86ddr¥ates BERS0A8s,
organi ¢ Synthesis (1991), Wley, New York. Wen any

benzgnesulfenates isulfates, baratas, buiaies, Rirates, camphecates,
carfiphSrhfigfaf@R tuntdrifes, RyARERRRRS, hifidrdthideR, AHdkies.

lactates, rsaldafasn htetlmaneﬁulfematas, eapathalersulionstes, Bitrafss, oxalates
used. herein, the t osition" is intended to
qHhE oy lagRer

P0G PLoRoRRis g R]1! Usciptes sulfgies: farkagates,

id I ny
o A O T Rt

Additienaltys acigisvduch are genexdilly @onkiderdd emtahta’ﬁ»n"the iformation of

phastacBRAEl B SRS TG BaRic Sharihasefich orfriinds B
dlsd:LiBe‘éﬂi; f@@)@hﬁ)l@'kﬂps B@f{{] épélayéﬁm@:ﬁbﬁPﬁarnTJl%Jtt@éf‘Sc:ences
as enp erein, denotes a onpound

(19¢7 ﬁb@ﬁﬂéglai %;r%gGwléc eBatianabh ofﬁ@ﬁmaaﬁutm%(ﬂeaﬁb 38 204-217;
AndrSURIT S, T ESEI0E B ATl AP EACTBRANEH G,

NewlIYorky ard BaV'he ardhge Byok\(Rbed BhBrepAdminigiraticrs Siashifgton,
rod vided in T. H guchi and V. Stella,
Cg @Pﬂg}%eba%teﬁaoﬁﬁsem@%uvsargtlwmai@@hyrem byfrefarence
thefets: S. Synposium Series, and in Bioreversible Carriers

In Drug 10 Desi gn, (1987) Edward B. Roche, ed.,
AnmdrxeraplaPhbasiacalis mxﬁludeAasmmUnmaandlkaFPm@ahmits such as

socﬁ>r esﬁtg bOt h E)(étt\gglsﬂr}; g%lf%élqga% et ed h ggp(\{h as calcium
ancﬁﬁ%@ﬁbéﬁxhﬁﬁal@‘, salt§ Wi@u%’r@gnféfbéé@ss(fdrréﬁé%mpilé),rbrgamc amines)

such as dicyclohexylamines, t-butyl amines, and salts with amino acids such as

arginine, lysine and the like. Basic nitrogen-containing groups may be
quarternized with agents such as lower alkyl halides (e.g. methyl, ethyl, and butyl
chiorides, bromides and iodides), dialkyl sulfates (e.g. dimethyl, diethyl, and
dibutyl sulfates), long chain halides (e.g. decyl, lauryl, and stearyl chlorides,
bromides and iodides), aralkyl halides (e.g. benzyl and phenethyl bromides), and
others.

All such acid salts and base salts are intended to be pharmaceutically

acceptable salts within the scope of the invention and all acid and base salts are
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wi th one or nore solvent nol ecules. This physical

associ ation invol ves varying degrees of ionic and
w@ onalzisr7 bondi ng, i ncl udi ng hydrogen bondi ng. PCTIUS2003/029209

certain 15 instances the solvate will be capabl e of

i sol ation, for exanple when one or nore sol vent

nol ecul es are |ncorporated A the crystal lattice of

the crystalline solid. "Solvate" enconpasses both
consislared equpiaied taihe freelfartradh betreotaresspendNgnedmpodndeyfor

S ltable solvates i ncl ude et hanol at es,

af
pu@g%%ﬂﬁ |@gen Yd the 1ike. "Hydrate" is a solvate

whersinbolings 8PFYARGIaTR! 864 8IS, Ssofdled 8nd Brb&eigs Rereof, may
amount” or "therapeuti cally effective amount” I s neant

exigtdn thieis tauteormede fermm (far e&amlﬂr@@mmamnd@ortmm@gther&amlbwch

toutailedS AT ko bRt hoRi o8 Balerafie kiR leifon.

amaMl stcpéoivemerNiobéxahjpled gebfrﬁé‘ll%lts@tﬂé@ @ftfc%ﬂsorr"@?@ and the
ounds of Formula IIl can formsalts which are al so

I ewpf enpresent compeigds dncluding thase af thensaliseselvatasand a
proaﬂg%(’(gg re?nfﬁu%%%s%élf? I"?%Qal't ?na’ F/é?ésomnég)rodrugs)

erence to sa SS ot
suchnali tesedvhidithenayt edish dugatd és,)rﬁme&m earbboy ed vaeioasn,

depot s.a |g.i c salts for n bnor an.l and/*%r
subsfjEnts indies S@nl@merdonns ehighiay Psherdinm e absence
of ds@/ﬁ{rﬁéﬁ*ic(‘ca?{‘i@lﬂ{é)r ro%r%@ﬂb‘?’orn’i’@sﬁﬁ)pléd?n&@déﬁd Qlfésté\‘é%méi‘lc forms,

onpound of Formula Il cont'ains both a basic noiety,
arewmmﬁlaé@i Wﬁhm thetsmpmqféhlsum/@tlpw aslareepositional isomers
I di i e
(subfTREER San 8 £ BRI AcE B R o ioels of e

corfpbursds) of thy .rwerﬂu@hnﬁéy Foe exanpld, bel s thniiatiy fr@eth%ther
term"salt(s)" as used herein. Phar naceut i cal

isoreEs B R bevedpier, doberampler resReRBAtESgT OYth a% othereor, other
sel&QB8at Sk |sc5;r|q & %E%&%‘%’I Eéfnt@ffg%gfﬂergg mdhieht®h r nican have the

preferre hou er sa R
S o8& d:mfcg:furaﬁm asndpﬂxwtdby tie llW@ABO’rQ“M iaettdrhmm)dahens The use

d
of thE a7 'S "SGM ALY PURaTobaed i T NGTHSE tachaualy apply to
theb‘%ﬁesol‘?léfetbvﬁf ﬁ)‘@ié@@%ﬂf éﬁéﬁ’ﬁﬁm@t@oBf&eo%&m@rﬁma‘%éuﬁt&tomers

as one 1 n he salt preC|p|tates or
posdlipred isonnerdi tacefraieswe prasrupy opthd Inzamt\@momﬁxmm;d ary

dd | b
perpssralnbolies SurielntrioaR Ao e agpcisal

proFéﬁbérsahﬁSartléulbf Qh@%onfﬁﬁﬁﬁ:ﬂ@rd%ﬁmulacm'@?f%§ iHHitRS 88 protein

umar at es, hydrochlorides, hydrobrom des,

kinagafr SHahuasider exaraplieathssinhibifosnobihe ayslimaepenteniidnasss,
mltgﬁéwjagﬁvﬁgg %%t%%“ﬂh&ée (MAHK?E%?(), é]§@ogaéne§ynthase kinase

3(GSK3beta) and the like. The cyclin dependent kinases (CDKSs) include, for
example, CDC2 (CDK1), CDK2, CDK4, CDK5, CDK6, CDK7 and CDK8. The
novel compounds of Formula Il are expected to be useful in the therapy of
proliferative diseases such as cancer, autoimmune diseases, viral diseases,
fungal diseases, neurological/neurodegenerative disorders, arthritis, inflammation,
anti-proliferative (e.g., ocular retinopathy), neuronal, alopecia and cardiovascular
disease. Many of these diseases and disorders are listed in U.S. 6,413,974 cited

earlier, the disclosure of which is incorporated herein.
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10 phosphates, propionates, salicylates, succinates,

sul fates, tartarates, thiocyanates, toluenesulfonates
w@ 200802d8mbwn as tosylates,) and the |ike. PCT/US2003/029209

Addi tionally, acids which are generally considered

suitable for the formation of pharmaceutically useful

salts from basi c pharnaceutiZal conpounds are

di scussed, for exanple, by S. Berge et al, Journal of

Phaiioae eped:iﬁedleySﬁieencm;aoﬂlﬁdé bEFabm@Iﬁ(lll)cah Beusétul in the

ST I e e
car@ﬁ%étlﬁ&lu&%ggﬁét o R der” bAFeza%t cosyY chﬁHééf 11889 1Y,

Orange B (Food & Drug m’ni st rat
mckmigm sgab cell imgTanger; emphagulssgalépladmbemady grEnTser s s

o, PERYE SABPEL e fiEte. A dheibiPg Acuiantau eligareinoma;
met ﬁém&ﬁiﬂo‘ietﬁﬂﬁh‘n(ﬂ§ of ﬁﬁ?ﬁﬂ)h’cﬂd lihehée, Hﬁ&lué% I@Qkéﬁ?&l YWeute

salts, alkaline earth nmetal salts such as cal cium and
mﬂmm lavkesnia.cacude lyraphwhlasti lgakemias seell tynphoma, T- cell

BB oA B Han- GRERIER b EnEo Rtk R BRbnoma
andhByrkettelynipteime;, and the |ike. Basic
koo Tt P st oot
o U, N By BB o
sul fumaess)of mesencbimmahotigini tetudirg brodamdma badryl, and

h tear I chI orides, brom des and iodides), aralkyl
d 31??3 ’ benzyl and phenet hyl brom des), and

of h@mrs &%et\béntﬁaacdhdaﬁéﬁ’prﬁé"r%r@@@s Spsiems Hdiding ©

i ntended to be pharmaceuti cal | accep t abl
astigaytpmat neureblastorsd, glinena andrsc wananmaat andci d and

conGPREMod, Rrlithaf i 3AgRA. sty secarigoma.

osteosares i) stengd eromnpigeteritosumpkera@sesntRbmiah thyroid follicular
i nvention. Conpounds of Formula Ill, and salts,

canger fRddsangsils SPEPMRYs thereof, may exist int hei r

LoD Y 6 PR RS e LR, o
gemmab||r|h|laﬂaorpa:ould3écttdserepe@|metcytcrwam agents AHich may be useful in
thettEHiEIRaT QFany HiBear? REJCaE e SRR trSHBRARLIET
profiferatisilidlg., bBARA ptbsi® hfsérotasiss thifP 8d8R8matosis polyposis,
neuro-fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis,
glomerulonephritis, restenosis following angioplasty or vascular surgery,
hypertrophic scar formation, inflammatory bowel disease, transplantation
rejection, endotoxic shock, and fungal infections.

Compounds of Formula 1l may also be useful in the treatment of
Alzheimer's disease, as suggested by the recent finding that CDKS5 is involved in
the phosphorylation of tau protein (J. Biochem, (1995) 117, 741-749).

Compounds of Formula Il may induce or inhibit apoptosis. The apoptotic
response is aberrant in a variety of human diseases. Compounds of Formula Il,

as modulators of apoptosis, will be useful in the treatment of cancer (including but
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prodrugs of the conpounds as well|l as the salts and
sol vates of the prodrugs), such as those which may
we@x00802@0e t o asymetric carbons on vari ous 10PCT/US2003/029209
substituents, including enantioneric fornms (which may
exi st even in the absence of asymetric carbons),
rotanmeric forns, atropisonerd and di astereoneric
forms, are contenplated within the scope of this
not linvited tcnﬂnpsaskymsenmﬁohe@hekemélﬁmﬁ)ﬁwraﬂw%tl@ﬁs (ih€luding but

. |
o BB R hstaRYinus. Resd s bR st Vit Sindbiatiys arsy,
adér%vu@é?rmb@enthﬁ\ éMQ fﬁ%\/ﬁbb%e‘cﬂ'ﬁ ﬁFHﬂP n‘i’fEBFerd |ﬂlélwdu Sig

I SONers, m Xe as racenma

autgimmung di$¢aaﬂsr(mqlud1ng dubeot Ilrsédadatn eybtesﬂ@hmssemi@natosus,
ers of. the ntjon can have

aupiiri@egfeq BBt SPhliongRnbls SBrmelp f priils, poxese 4
.nﬂaﬁﬁﬁwwﬂ@hemgeag@eamm%mhhs difIetBs nicHi Jhg) o

‘sol vate" "prodrug" and the like, Is inten
newgdepeneratye Qlwdensr(mcémlmg bsbhetlinsitechtb Atabeimenrs dfsease

MBS SERon SSR A ol L Fr.
retlnmsqngmvaatosan’spmad fusthRir eeapRY BAE RESISSIHr %gbﬁe?eﬂi%n)

venti on hav har macol ogi cal  properties;
mysfﬂd[yﬁe'ars ¢ SYR @Pr&ﬁreelﬂ% %ﬁ%r!ﬁ@lﬂ%mlq lmtmaﬁsmmated with
mybEQn‘dPélqr%ﬁ:ti%Es pét?&i@%ﬁnd it ?rrﬁytﬁmg X Bl Ssclerosis,

inhibitors o e cyclin- epe
toxm tndgead ac aloohvbklgtedtlivendisensss t(d\#ﬁ&lo@iit@l dnﬁaﬁeegmludmg

A iy G
the@@cdl%étal Pnotithfed and arthritis)

The novel conp ounds of ornula 'l are expg
aspigefsgnsitivie 1 MBOSIHBS@pycyﬁtlc fipradis fmumpla/mlelnosesakmaylmmases
aut oi nmune di seases, viral diseases,
an@éﬁg&%}(‘p "leases neur ol ogi cal / neur odegener ati ve

di SObd‘@b&ndef Roihii, |||I a§ lirﬂmﬂmrs R the38DKs, can modulate the
Q‘PfJ rollferatlveé ., ocul ar retlnoa@é@
levalofrasiiatar RINA gadiRNAsytasis. dhese @igents woulsbiberefarenbe useful

in 5 e e UNFRE ORI AES RuEhSuiled B Hivunag
paplﬂmma pvcrua,t leerpbevieus) poar@) BpshanBatr Pids, SR8/ IR 20

g re specifically, the conpounds of Formula Il can
a %@VJQE}* inthe treatnent of a variety of cancers,

e e 185 ) pppoenion
canmro@hemonmpntlom vedefinachgs inhibitihgitiendewstapmentdt inlagige
cance? %y ertherc’Br%cE%gs’the gmluatmbg ran% agenlc? \é\?err¥t or%yngloglgfc’lg the
progression of pre-malignant cells that have already suffered an insult or inhibiting
tumor relapse.

Compounds of Formula {ll may also be useful in inhibiting tumor
angiogenesis and metastasis.

Compounds of Formula Hll may also act as inhibitors of other protein
kinases, e.g., protein kinase C, her2, raf 1, MEK1, MAP kinase, EGF receptor,
PDGEF receptor, IGF receptor, PI3 kinase, wee1 kinase, Src, Abl and thus be

effective in the treatment of diseases associated with other protein kinases.
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5 stomach, cervix, thyroid, prostate, and skin,
i ncl udi ng squanous cell carcinona; hematopoietic
wa o680t | ynphoi d |i neage, including | euken BCT/E82008029209
| ynphocytic | eukem a, acute Iynphoblastic_leukenIa,
B-cell |ynphoma, T- cell homa, Hodgki ns | ynphoma,
non- degklns | ynphons, halr ell |ynmphoma and
Burkett's | ynphoma; 10 hemat opoietic tunors of nyel oid
| i nédgther; Wﬂ%@"&a@u@etl@mﬁ & hreshod of trgeting amasmal (e.g.,

ol BB = FXRLOE 4R U A RS it
a thetapesticalyneffeutive arhalstaime st OB conFBUrR] 8f Féhfila 3 lil, or a

central and peripheral nervous system i ncluding

phaupacruficaibs acerpipbls salt orselvajeiofsaichermpennd to theamammal.
d | I
For Aeimed BBSdoe ISR S0y BhB8 eightiday of the
compguedbﬁﬁonnuleem Iammmmmremhmm@a‘gé ibiabeu®0.01 to 25

sar cona. t he key rol e of
m@?ﬂ@%ﬁ’] BIWS'Q?%’@I’ iAFPrBpow &F%ﬂlﬂadlh 9ie Rhponageutizally
lgalti I @s reversible cytostatic
ac%ﬁéﬁ?@ Sﬁﬁliﬂgﬂﬁggsgﬁﬁ |n the treatnment of any
di séhesopmssisls oﬂrhhlshn\feardmrmay alsodverasefuein cdrabination

(el elhon Bt SenuSRRT Tl BheGptt ot Sprarisyitatments

such bsradistiat torapy, MHABNGHe of Wr@%hﬁ*ca%%bpég%hﬁé selected from
psoriasis, . glaonerul onephritis, restenosis ng

th%WQPBIﬂOHﬂS}mQ of gytostatisragantyayjotozis agants (SLmhIHS:fos eaample

I I t
o ST, DRA BRI SBBME o7 SR 5o BR BB BIS
tax@oep wgdmxoteréotaml)atdddlsmﬁerra@éShnhﬁnt@ﬁ@(éﬂch' ds étBEOSIde)
t [ eat ment ei ner's_di sease, as su? gest ed

toﬂoé?é‘?ﬁraﬁ?IIHIIHB'IQFHQWQEDR%'rl@tf?QﬂbeOI/”&PTﬁ1 ,tcreénptostar or

ORI ALHUM PErgling BeRISYSEL o bacHlene] Ecetal P Rt
ep@hllq)mﬂa)blnmrrmmmtagents (stibk asapiogifer); thyaaiilatesyréhase inhibitors
AL s SR s
agemeisihch s tetBotdIeRideE DrR0e o %%fﬁ@pﬁ (}lﬁgoratlon,

200 1026877 PCT/ US2003/ 029209 2
Kenirth, iew iJersay) heyckaptasphainide)i Farnesnyf patéiarteansferase

inhiditBfd UcA%? SARASAR™(4-[2-[4-[(11R)-3,10-dibromo-8-chioro-6,11-
dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl-]-1 -piperidinyl]-2-oxoehtyl]-1-
piperidinecarboxamide, or SCH 66336 from Schering-Plough Corporation,
Kenilworth, New Jersey), tipifarnib (Zarnestra® or R115777 from Janssen
Pharmaceuticals), L778,123 (a farnesy! protein transferase inhibitor from Merck &
Company, Whitehouse Station, New Jersey), BMS 214662 (a farnesyl protein
transferase inhibitor from Bristol-Myers Squibb Pharmaceuticals, Princeton, New
Jersey); signal transduction inhibitors (such as, Iressa (from Astra Zeneca
Pharmaceuhcals England), Tarceva (EGFR kinase inhibitors), antibodies to
EGFR (e. g 0225) GLEEVEC™ (C-abl kinase inhibitor from Novartis
Pharmaceuticals, East Hanover, New Jersey); interferons such as, for example,

intron (from Schering-Plough Corporation), Peg-Intron (from Schering-Plough
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not limted to herpevirus, poxvirus, Epstein- Barr

virus, Sindbis virus and adenovirus), prevention of
WOL®@Fo2ksvEl opnent in H V-infected individual s, PCT/US2003/029209

aut oi nmune di seases (including but not limted to

system c | upus, erythematosus, 5 autoi nmune nedi at ed

gl onerul onephritis, rheumatd4d arthritis, psoriasis,

i nfl ammat ory bowel disease, and autoi nmune di abetes

Cormjraild)m)shormnﬂalrthémrﬁﬁlhéﬁoﬁ’é bARASsd b&ﬁFH%itigﬂs;béPa-C,

dnot limted to Al zheiner's disease, AIDS-relate
adiAMEHR; cyloxan.@nkeemsitahisease, amyotr Ophl c lateral

scl OfRFiahi- cérﬁfe'rgél%zpegﬂgen el?tgﬁ*egﬁgésp tg)oagensfs W e but are

atrophy and cere

notriypaitestitpsitamiitrustayddCidoraething, distamisee Malphdla eRlofambucil,
th nyocardi al infarctions, stroi

PingRtp e erTI6y Ghemeamie. TrefipensthiopRonphorsoNee d3issifan,
Caitrfudtiie), E@Hﬁ%@n@rsﬁbg%l&m Bl gﬁﬂaﬂlﬁ%%oﬂ&fa‘?ﬁé ?}/tgaat{uae

hemat ol ogi cal di sea I hcl uding
6-Mareapioputnent-d higuianines Sidarabis phospheds aaipialia, leucovirin,

o BRAEE AT B S 2 S TGt s teats Frod).
Pertogiating; ¥irbfadtinee Vilvristge NabEsiRe, B)é%tn') ufl [%&FHO% cm
mul tb{‘}l e sclerosis, ki dney di seases cance

Dat@qﬂd iy ngorgdapmjf@lrpmcm é@arub)iﬂum Mﬁhsam))fcxm fﬁe(ﬁ@lésformycm

MG A PRt linan R s (e binii e telols deghyistipestrol,

Testdm‘tetm"@aﬂr@dkﬁls@ﬁe I8k méétefdﬁeo
imted to H'V, hunman y20 apll %Hvﬁ%@bngP@Qﬁ%S

Tesﬁ‘?JQQ‘iOPGs egestrelasetater Methmedsisn&ms M&th;diesmsterone

B, S Rl R B bohi
Ammgluj@hhwm E«stranmsﬁaéj Nedra®g/pi d%és%hn@gcéﬁ?e Leu rohqg—)

Fl (5 ofmant of invasive_. cancer ei t her ock|
“'iaH?' SalRGRNea geserelinyveispiatin, @@f Rlattn, Hd:ydngym@a

r ad
AmSSPIE ROboskint SR oS, ATmBBS b,
Ana@yﬁrp@I@nugtratoIEoCapbaltahlme rRelorbfire, WBroliselfink, om

t unor angi ogenesi s and netastasis.
He%o“%@@hteggﬂ Mormula |11 may al so act as inhibitors of
ot MeformuRiied Bs Z0ed SRS subh gomgg_él@ c‘s}p au Seerg,ﬁgxthe

her2, raf 1, MEKI, MAP ki nas
con}p@@@gﬁ of this gvention mlﬂun tlmdo%g&amga@cnbed &eecin el the

oth Shg@?\%gégfsﬂésacl)lgf c{u@%fﬁ%‘ ve | %tp% (Wlﬁ']lrp] It ; %géé range. For
example the CDC2 inhibitor olomucme has been found to act synergistically with
known cytotoxic agents in inducing apoptosis (J. Cell Sci., (1995) 108, 2897.
Compounds of Formula 1l may also be administered sequentially with known
anticancer or cytotoxic agents when a combination formulation is inappropriate.
The invention is not limited in the sequence of administration; compounds of
Formula lll may be administered either prior to or after administration of the known
anticancer or cytotoxic agent. For example, the cytotoxic activity of the cyclin-
dependent kinase inhibitor flavopiridol is affected by the sequence of
administration with anticancer agents. Cancer Research, (1997) 57, 3375. Such
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WD 2004/ 026877 PCT/ US2003/ 029209 23 Anot her aspect of

this invention is a nethod of treating a mammal (e.g.,
wheovan)eshavi ng a di sease or condition associ at BCT/Ws1003/029209

the CDKs by administering a therapeutically effective

anount of at |east one conpound of Fornula IIl, or a

pharmaceutically acceptable2balt or solvate of said

compound to the mammal . 5 A preferred dosage i s about
tecAniglés tave SABIMTHEKEKIS obpsieone sEled dashebrtidiavelf 88BREAGIng

of Formula I'll. An especially preferred dosage is
Physidans-0. 01 to 25 ngl/ kg of body weight/day of a

co I

accnp el T pfecbet inisdhyehtRiEREES dhfiiindfions comprising
an eomquiotiofiat Ieiast bne comp@mhdm‘i Fomyuéd B obe plagfdceutically

t on 1 m ni stered together or sequentially)
acwﬁ%@%@ 98'@3 STl ANEATLRTMOLRLA PR & MASR @RtigenCer
tre&Rttirdd bAA atnlfieééfﬂ‘)ér a%@ﬂfﬂfsté’&‘ Sb&¥e WRFeift the a?t?(ﬂﬁ% of the

agents sel ect ed he group consisting o
comp@tami%ttne@tmgetst ®su&ym desixéd thegepeustiq sffiedt. as f or

(ot Barrdte il bbristns nElcamPbUTR N ES iRSioh may be

confivhetiefea nutRirlof phaRfbesiBBicap sddysi mhb@xbﬁipmﬁééuch as
et oposi de); 15 topoisonerase | inhibitors (such

pharmasslagical asspyewhich arg desgrbeddater have bepomrmwt with the

| |
L T TN
as TlalmnxvérEnh is talgodliekdiad ¢o {shatmmticahc@mbcélﬁoné hidh

{uorourac:llg% gtl -nmet abol ites (such
corﬁg{l%g ﬁ@ﬁta?%? cogipeyndaf Fermyisaitk or @%ﬁ@@eutlcally acceptable
r |
salt Sf%%%tt@:ﬁg%%ld gﬁggﬁﬁg Mpphé% W%\%&,%?b ﬂ%r&la%%ﬂﬁcally acceptable
cargige| ophosphami de); Farnesyl protein transferase
|nh itors

h . " .
AR GeSReS BarApaytisel someosiigns fioratispaingowds described

by ﬂi@méﬁtléﬁlhéﬂzglﬁé'n@ﬂﬁ icaMeREptame Ropyérs Hah- E‘elefg\ér]solld or
pi_perid oxoeht Kld]g 1- piperidinecarboxa

liquid. Sclid MBBrernamﬁlm@c mva&jh ta@iqjs,r@swmble granules,

carfiksy HEhets AR RAbesy, TRk £t 518 ARl o by Capmprisea

of ﬁ@m oyt 5p6 ebeunob panrsditaatice iﬁyﬁe&bhor stitatte Melig lcafiers are
nmpany, Witehouse Station, New Jersey), BMS 214662

kn%ﬂ fnaﬁhﬁe%me B+ RAGNPSIUM sAQNele aMREReSH LS terFajes talc, sugar or
Iacﬁye 'F.St b1é‘f¥e;5<§w gy e dé@ra'ﬁﬁ HFe%l ctsaor PQ&&%@}@II%Wsage

tfansduction i'n Suc
formsmﬂableffooma&wnanzwaecm ERBaphec e harelaeuticglyeastieptable

carrlngC§n£ m(e%ﬁ% o% %%%Sfe{c?tl?rle BF Sarlr? us gc?r%gs%gé)r?ss mta?/ be found in A.
Gennaro (ed.), Remington’s Pharmaceutical Sciences, 18" Edition, (1990), Mack
Publishing Co., Easton, Pennsylvania.

Liquid form preparations include solutions, suspensions and emulsions. As
an example may be mentioned water or water-propylene glycol solutions for
parenteral injection or addition of sweeteners and opacifiers for oral solutions,
suspensions and emulsions. Liquid form preparations may also include solutions

for intranasal administration.
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30 EGFR (e.g., C225), G.EEVECTM (C- abl ki nase
inhibitor from Novartis Pharmaceutical s, East

woawezi877 New Jersey); interferons such as, foPCT/US2003/029209
exanple, intron (from Schering-Pl ough Corporation),
Peg-Intron (from Scheri ng-Pl ough WO 2004/ 026877
PCT/ US2003/ 029209 24 Cor poi2&ti on); hornonal therapy
conbi nati ons; aromatase conbi nati ons; ara-C,

adrAemgol prepayétwfwﬂsu@bib ﬂﬂ'ﬁﬂhéléﬁbrﬂﬁway%ﬁlﬁﬂe solutions and
lan I - cancer. (al so known as anti-neoplastic) agents
soli

AT RAwdgffor. é’Vh‘ﬁBtmfPM hﬁatre@ombmatl@euWIthrasxharmaccleutlcagy
acc@ﬁgét[)ér%émé}e i« e?ﬁ ﬁﬂr\‘hgﬁ cPﬁrgge‘é?éoaBas,cglb%l%Bgﬁ.'

roman enene _
Tr iAlsh yrhcéuéedh laop boligp farmapreparatBnsithbbare iGtndesttton converted

shoel{ Bk Fise: sRhi i Binwaraen<cloT ibgLar A parentaral

oo, . R PRSP e UGS on omutsions

Ph afhmeampodnds oFthﬂmwmloeraycai&aberdﬁtham ttahsmamally

el Sl s SR Forh el eartra ie; aorosols

and%tt &inarsiongandean eohelua¥a ima trdisdemial Pateh of the matrix or
L- Aspar agi nase, Teni posi de 17a-Et hi nyl estradi ol ,

resa\/@trﬁyn)% gs|asesonyentionad in the: ait ardhispweaseone,

Test 0 actg’shﬂa Bgé p@l‘%’g@@?ﬁ%ﬁalgﬁgg%h@%]ﬁ’tﬁf%ddsﬁbwta"eo”SW-

i sd?refmabhjbﬂhb}ddmpdsm Braimsinistétieddralp! one,
Tr| | Chl orotrj ani sene, Hydroxyp est er one,
gyulrt]l'é? R

3

hﬁ{@%ce@g@lr@{,@ggfqtm is in a'unit dosage form. In
such’QFrﬁXﬁ‘l%r;S’f%%éFﬁfo?ﬂ@%QIBH%o%dI |hﬁiJQu1@ga)? E%SPZ rllﬂac’?dgeg%ontaming

Torem fene, goserelin splatin,
appppiiaigyquandifies Afrtterc active, cdPnporariipeignean dfféctiveremount to

toxantrone, Levam sol e, Navel bene, Anastrazol e,
ach:iéevte tﬁ?ocfees'reéa%l???%m ne, Reloxafine, Droloxafine, or

HexXpreeg (R lof Bicti®e ca@pblind & Mrﬁ’ttcf&eaéf opﬁe Péggn FRHFbe

such conbi nati on products enpl oy
variediof gdiivatad ifiamn wbodt h mato abmagw()r mgg preieabiy freah about 1 mg

o B0 AT PP R B Y 5 oy SREBhaSb e

parfit¥lar amlidatioar ol omuci ne has been found to act
gistically with known cytotoxic agents in
i ndﬁ?ﬁ agfuahdesaga emplpyeddnay bgivaried dependingsuparstie. 25

reqé}g%ﬂ&gﬁﬁjgf E d:a‘ﬁ%ﬁl*éﬁd kld s%ﬁ%ﬁt@g)ﬁg\g?@%%r{‘b%lhgrtﬁe%ted
Detaguimationtos mha poapdridoatge medintenfoatl gaiticdar situation is within the
skill S¥tRB'arf" ll-'g‘rI gonvemence the total daily dosage may be divided and
administered in portions during the day as required.

The amount and frequency of administration of the compounds of the
invention and/or the pharmaceutically acceptable salts thereof will be regulated
according to the judgment of the attending clinician considering such factors as
age, condition and size of the patient as well as severity of the symptoms being
treated. A typical recommended daily dosage regimen for oral administration can
range from about 1 mg/day to about 500 mg/day, preferably 1 mg/day to 200

mg/day, in two to four divided doses.
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The invention is not limted in the sequence of

adm ni stration; conpounds of Fornmula Il may be
wa@ebvisieasrered either prior to or after adm ni SPCHUSIIN3/029209

of the known anticancer or cytotoxic agent. For

exanpl e, the cytotoxic act|V|ty of the cyclin 30

dependent ki nase inhibitor Bfavopiridol is affected by

the sequence of adm nistration with anticancer

ageAnstheCaspect ﬁdﬂsneamvhnhdﬁl@%? kit ﬁamp’B@?@ a Berhpddically

04/ 026877 P UsS2003/ 029209, ues are

effeiY AP O pF 1938 810 ST BBRBOAGTEaA - i Rrpgeuticall
acceptdbl@sarlol %B%&Qof PR ToRfIimd AL n‘gﬂ'aﬂ%%uti({éllﬁ‘%\cceptable

aspect, this i1nvention includes co nat1 on
Carﬂ@nﬁﬁh@imgrdmrﬁmunt of at |east one conpound of

macel tical 5 acceptabl e salt

or "l dhattads aiesd pP I ERERHON 5 ot sPrBiisTHd 2R piastt of at

leagtidrie €6HAp6Iind bf FatBRLIA, 8ng Paatma@amc@ny agesptabld sdledr
above wherein the anmounts o conpounds/

solvate of saiet cornpawnd and agene it ereér!mfémecarétcae@@r therapy
andi RS AREANE kot REORSIHAVED w Abrdil i ARRAMIL'Sr Bl S more

nvent ron na
ingmhl&nﬂac@d;tﬂgnncrﬂsn@slsamape'lu'he eﬁ‘ée’n’pl i f| ed 10

macol oqgi ¢ ssays which are described | ater have
bec i erer dinciaReaiarie i< XAEBHHEY bxdBs ellcng"d Brepsrations

and é&éﬁﬁ@l‘e@%tﬁ@ﬁ shBEld nctdd c':c?nsml'e% th W¥fDhe Cé'\ﬁ??)% At5& disclosure.

direc p armaceuti c conpaosi t1ons
Alteroa’@\ra gechanistia patihovayscampaoalogotis Btruotures will he apparent to

L bl | | f d
tho %ﬁ%ﬁ i) cast one Shaf?mf:eﬁii cal |y acceptabl e

12 AT KB BB RSB ARG LA
Vaﬁdi?VkR-?@?'(iWMH .92yl ya @J&rﬁ?h 9063 6o ﬁ/ﬂ—‘Fz)CcﬁrXLb&oo (400

elther solrd or UId orm prepar at’i o
MHizhand dee pepaitadsas patﬂ down flelcbfp@“msMbb,Sl \glﬂanuhém,r of protons
capsul es, cachets and suppositories. wder s an

multigli¢iles, and coplingronstasds onertzﬂwdiﬁataame@heﬁc%wo\é\fhere
LC/R/!SS Bgﬁnompl%%feh%% 'aH?fyggé W peﬁﬂrﬁ@iﬁl dsi ihh%{g@é&'lﬁés@stems

g., nmagnesiumc
APIPm@h m;aasmmohanmter am@qumsd@aSChF1 0A &€t mtmnTAbédt platinum

C18 gL ardn, ST KyriR PE SRfemlv: SRt SOV LFBRN: 5 min — 95%
o it gt 4
tlmepngudd)iJSﬁzr\;ed parent ion are given. v i
The following solvents and reagents may be referred to by their
abbreviations in parenthesis:
Thin layer chromatography: TLC
dichloromethane: CH,Cl»
ethyl acetate: AcOEt or EtOAc
methanol: MeOH
trifluoroacetate: TFA
triethylamine: Et3N or TEA
butoxycarbonyl: N-Boc or Boc

nuclear magnetic resonance spectroscopy: NMR



25 CGennaro (ed.), Rem ngton's Pharmaceutical Sciences,

18th Edition, (1990), Mack Publishing Co., Easton,
woen®dsvani a. Liquid form preparations incl udeCT/US2003/029209

sol utions, suspensions and emul sions. As an exanple

may be nentioned water or water-propyl ene glycol

solutions for parenteral imgction or addition of

sweet eners and opacifiers for oral solutions, 30

§iHl Eﬁ¢q cfyg or m preparations
"qna§ﬁb bﬁﬂﬁaﬁﬂge solutlons or H%ranasa

mg@desnhﬁmnanasmspMMhﬂﬂ@MﬁOﬂﬁ&EY PCT/U82003/029209 26
rosol, preparations suitable for inhalation may
milgerfidBl sol uti ons and solids in powder form which
millB6IEE rhidofonbi nation with a pharmaceutical ly
acceptable carrier, such as an inert conpressed gas,
migrotitersii glr ogen. Al so i ncluded are solid form
reparations that are intended to be converted, 5
g”ﬁﬂ 91y before use, to liquid form preparations for
n"mgkﬂﬁg,ﬁgal or parenteral admnistration. Such |iquid
forms inClude solutions, suspensions and emnul si ons.
roOTh derpeaiureier dfambienthabaut 25°Gray al so be deliverable
transdermally. The transdermal conpositions can take
the formof creans, |otions, aerosols and/or
EXANMPEES"s and can be included in a transdernal patch
of the_ matrix or. 10 reservoir type as are
PREP%AWVEEXAMPLEA art for this purpose. The
conpounds of this invention nay al so be delivered
subcut aneously. Preferafly the conpoupd is
admi ni%tered oral | y. Prejera] @ ceutl cal

prep LO@NHs i n a g oshge form rm
the Nréeparationtis & :|V|ded_TﬁTﬁ_§ﬁ|tabl SI UBdt
doses ntaining 15 appropriate quantltl

active conponent, e.g., an effective anount CHs

conha et e aBeRIs s 4 Sue? bl and
phémadllbrshRrié (5. 187229 Himdl) ifﬂaﬁﬁ’yd%@@é‘bl-ga@i\l (1) mLI) was stirred and

referably from about 1 to about
reflyxeel anslsr Noffep indagoJiheim; rson/@mﬁlmregsthegsohdms wiaabed on

flltérQNIW €3H(f g‘g,b\jgir_féeréﬁggég figh rY%QHB%h SpAft Blia (5889 80 %)

wasemmamedents of the patient and the severity of the
condi tion being treated.

PREPARATIVE EXAMPLE 1.1 and 1.2:

By essentially the same procedure given in Preparative Example 1,

compmn@sgNmﬂnCdungokab14(mnbepmpmedbycmnmnMQ1-

methylimidazole-2-carboxamide with the bromoketones given in Column 1.
TABLE 1.1

Prep. Column 1 Column 2

Example




Determ nation of the proper dosage reginen for a
particular situation is within the skill of the art.
WO-20040298VENI ence, the total daily dosage may beCTUS1008029209
and 25 administered in portions during the day as
requi red. The ampunt and frequency of adm nistration
of the conpounds of the ingention and/or the
pharmaceutically acceptable salts thereof will be
1.negul affed according o the judgnent of the attending
clinicijan consi dering|{such factors as age,| condition

and siZe of the patiept as M as severity of the
synpt ons ' Breat ed. p\ typi cal recompended daily
dosage |regi men for oral afini ni stFat o\can | range from

about | gay to about 50Q ny/ldd fBerably 1

ng
my/ day |t o %LO /day] in thwo to flour ®@iyi ded doses.
WO 2004/ 09 8')(77/%?7/ USP003/ 029209 27 Anogher aspect of
this invention is a kit conprising a therapeutically
effectijve anount of af |east one conpound aof Fornula

1 LH—ot—a—pharrraceutttatty—aceeptable—saly or solvate

'8f said compound and a pharmaceutically acgeptabl e
carriern [ or diluent. 5 Yet another |aspect of
this in < a kit _gonpeising an anount of at

| east d und of | For
phar mag [ y acceptabl
conpound andNan anmount of at | ong antijcancer
t her apy an(yi\or/a@ti - cancer ag 8t & above,
wherein th€ anBunts of the two org mor &Hsi ngr edi ent s
result [in desired therapeutic effect. 10 The invention
disctosed—herernmis—exenptified—by—the—fot+ ow ng
preparations and exanples which should not be
PREPARATIVE EXAMPLE 2t he scope of the disclosure.
Al ternative nmechani stic pat hways and anal ogous
structures will be am
art. Wiere NVR data a ented, 1 H spectra were
obt ai ned on either a ari AnNXR- 200 (200 MHz, 1
H), Varian Gem ni-300 ¢RGMH NOrBrxL- 400 (400 MHz)
and are reported as ppm do fietg, fromMe4Si with
nunber of protons, nmultiplrcities, and coupling
conEiabmpountievdszpieparedby éspertmly keheptdcsduldesteorth in
LC/ d'?ta are presented, analyses was perforned using
5 Pre&ﬁra’@ﬁ Rieckyst ems APl A 00 nass spectroneter and

PREPIABIIVESSkaRiA & col um: Al'tech platinum

HN J~g/ BT T HN 3
N N

A mixture of the product from Preparative Example 1 (4.62 g, 15 mmol) and
10  imidazole (25.50 g, 375 mmol) was stirred under N, at 175°C for 20 hr, then it was

cooled to 100°C and poured into stirred ice-cold water (400mL). The mixture was

lallll, or a
sol vatle of said

N

o

|

st

stirred for 15 min, and then filtered. The solid was washed on filter with water (2 x
100 mL) and dried in a vacuum at 100°C. White solid (2.43 g, 77 %) was
obtained.



20 C18, 3 mcron, 33mmx 7/mm | D, gradient flow. O mn
- 10% CH3CN, 5 min - 95% CH3CN, 7 mn - 95% CH3CN,
wQ@2®4026877 10% CH3CN, 9 min - stop. The retentPONUSI0031€29209
and observed parent ion are given. The foll ow ng
sol vents and reagents may be referred to by their
abbrevi ations in parenthesi 80 25 Thin | ayer
chr omat ogr aphy: TLC di chi oronet hane: CH2Cl 2 et hyl
acetate: AcOEt or EtOAc nethanol: MeCH
e:_TEA 30_triethylam ne: Et3N or TEA
PLE 8dcand 3gsc nucl ear magneti c

VB EXOM 3 5
4
93’%%% (RS 8t SaF R polic R chREPRERE e Example o,
cons;pmmdsogmem yn Chlovih 2hof Jlable2dl cdn be prepsared ;i&xm Iconqicmﬁds
liliters: mL mllinmles: nmol 5 mcroliters:

I
S 9“"?" '“g?amé" é mlligrams: ng roomtenperature or rt
(anbl ent): about 25C. 1§ARMMPYES PREPARATI VE EXAMPLE

CH NCONH? Br )/-- TTN=Br NHW N O A
iﬁr&pur ¢ Glumnrfet hyl i i dazpCek@ar ar boxani de (3} 00 g, 24
ERRble 9
3.1
O [\O\/\ O O\(\
g N\ 77NN
oT HN\”);K} Br T HN\”/‘;,\}
o CHs 7 o
3.2
0] O
Ot OJKNO\@
HN :F\’>Br‘ HN :N>

PREPARATIVE EXAMPLE 4:

10 Method 1:
This compound was prepared by essentially same procedure set forth in
Preparative Example 3. LCMS; MH™ = 246.
Method 2:
Pyridinium hydrochloride (378.6g, 3.28moles) was placed in a 2L round

15  bottomed flask and heated under reflux under a gentle stream of nitrogen until all
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15 phenacyl bromde (5.73 g, 29 mmmol) in anhydrous
CH3CN (90 m-) was stirred and refluxed under N2 for
wda2aap268The m xture was filtered, the solid waBCTHES1v031029209
on filter with CH3CN (2 x 30 nL) and dried in a
vacuum Wite solid (5.86 g, 80 % was obtained. 20
PREPARATI VE EXAMPLE 1.1 and31.2: By essentially the
same procedure given in Preparative Exanple 1,
of the mpudeanashayl metted nTi@otitiencothpolunddidm Prepacdinei®xample 2

LA S e A e
79.GnBible S0 48BR A Hggc%empﬁﬁﬁeﬁl@%ﬁﬁ%%zﬁa Nagged in one

PCT/ US2003/ 029209 29 1.1 OB |
portipicasd the mixiupe was Hpated uailer fefihix kil 245 C @0t5 KhiBr Th©hot

so BT RYUBREe5 otk s i, B 880 e
pH W=ecerls ETIRE niktrd Wak Bvapolited b ahyneskrndbeedlin the freezer.
The resulting material was triturated with MeOH (4L), filtered and the solids were
washed with additional MeOH (2L). The combined filtrates were evaporated to
dryness to give a solid (49.75g). The latter was broken up and triturated with
distilled water (250mL.) and then filtered. The filtrate was discarded and the solid
was dissolved in hot MeOH (850mL).and added to silica gel (~800mL) and Sea
Sand (~350mL) and the mixture was evaporated to dryness. The resulting mixture
was introduced as a plug on to a silica gel column (40x9cm) and the latter was
eluted with CH,Cl, (4L.), followed by 1%-2.5% MeOH in CH.CI, and then neat
MeOH, to give the title compound (8.06g, 41%): FABMS: m/z 246.0 (MH");
HRFABMS: m/z 246.0434 (MH"), C12HoCIN3O requires: m/z 246.0434.
PREPARATIVE EXAMPLE 5:

o) Cl

A mixture of the product from Preparative Example 3 (1.20 g, 5.71 mmol)
and pyridine (0.32 mL, 4.0 mmol) in POCI; (6.5 mL) was stirred and refluxed
under Ny for 5 hrs. The mixture was poured into 100 mL of ice, a solution of
NaOH (10 g) in H2O (100 mL) was added, and the mixture was extracted with
CH.Cl; (4 x 50 mL). The extracts were dried over Na,SOy, filtered and the solvent
was evaporated. Column chromatography on silica gel with CH,Clo/EtOAc (2:1)
afforded off-white solid (520 mg, 40 %).
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PREPARATI VE EXAMPLE 3: N1 N HN)rNBr HW N O CH3 O

A mixture of the product from Preparative Exanple 1
W@ 2008826877 15 nmol ) and 10 i mi dazol e (25.50 g, PG76S2003/029209

nmol ) was stirred under N2 at 175C for 20 hr, then it

was cooled to 100C and poured into stirred ice-cold

wat er (400nlL). The mixture W& stirred for 15 min,

and then filtered. The solid was washed on filter with
PREPARATIFEXEXAMPIE b. hadddr2ed in a vacuum at 100C.

V\h e solid (2 43 77 % was_ obtained. WD
y gsagtialpdne %%@@mﬁdg@gwgo in Brenaaitve GxamplepL £

con?iﬁétﬁ) @e@ in @Y) anp%lrw B stP8as %g‘jarepafe%dﬁ%%w@s

rep rative conmpoun given 1 n
givef im@blum2.11 can be prepared from conpounds 5 given

in Columm 1. TABLE 2.1 P ) um 1 Colum 2
Exanple 3.1 0 ~ OYN N MOHNN OCH3I 0 3.2

Breb. O[ICHIAN 1 N_ / N D TColdiih2 BT AN 0 CH

Example
5.1
o} WN O _N
N
j)/ HN\N);N> j)/ W/L
1
5.2
0] O
O/U\N O/U\N

PREPARATIVE EXAMPLE 6:

Cl
This compound was prepared by essentially same procedure set forth in
Preparative Example 5. Off-white solid; LCMS; MH* = 264.
PREPARATIVE EXAMPLE 7:
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15

0 PREPARATIVE EXAMPLE 4: N C HMW ~N O 10 Method

1: This conpound was prepared by essentially sane
w@e@amoeisre set forth in Preparative Exanpl e 3PCTL/ON$)3/029209

M+ = 246. Method 2: Pyridinium hydrochl oride (378. 6g,

3.28nol es) was placed in a 2L round 15 bottoned fl ask

and heat ed under reflux undeéd a gentle stream of

nitrogen until all WO 2004/ 026877 PCT/ US2003/ 029209

31 of the ial had nelted. T itle conpound from
Preparative nple 2 [31.64g c
1-met hylim “\gagboxam de (TOQ,

prepar®@d from
.Qégol es)
essentially as dgscrib in Preparati le 2] was
added i n one port on Mnd the mxture S at ed under
reflux at 215C forcil5 min. The hot 5 sofution was

d to t f d NH4 OH
(Sob o) taas N masodoguc tib sy af S es0 sompnat ed
anfyRirdhy @‘F—E@l\ﬁ(ﬂjnﬁ? Wetadded Beddr r%_'et%eczstlrré_ SolutidH éj'f th dproduct

material was triturated wmth M L [tere
fromHereparatiye xameplevia2a8dmgi, 0 skl nmmydmﬁ—lCQ-QC)\l (5Timé.) and

CHEEEIBTRC 251 B GRa B e 22 E ot R on ant R golven? s then
evapdrateiat Gtromdtbgrbpheic ilidegeMpitie CH.ERMFO a1 1)"@‘fbrded

filtered. The filtrate was di scarded and the solid
whijg sobid 6294 Wed961%hot MeOH (850nL). and added to silica

PREPARAPRATEX A £9%1 angyh (- 3501L) and the m xture

Was— evaporated to aryness. The resulting mxture was
i nt Bp@gsetially the ghg procedure given daPgsdarativel FrRample 7,

40x9 and | atte eluted with CHC 2 &L)
COmBPURREAVED N PR ARIGHTR Act 98 Do AaPRIeEH aTB ompStinds
g,vg/ﬁg—lcdﬁmgqve the title conpound (8.06g, 41 %: FABMEG:

mz 246.0 (MH'); HRFABVB: m z 246.0434 (M),

Cl2HoC NSO r eqU| res: mz TAH.©431. PREPARATI VE

%(r'épﬁ?h C'oluu' TR Column 2
Example
7.1
Br
OYN AN OYN 2N &
oj N%N oW Nﬁ/kN
Cl Cl
7.2
O O
?iL'\O\/\ ?ij\l\[j\'/\ o
27NN = N/\g
Cl Cl
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\ N~V N~ HW NNY-1- NI OC A mixture of the

product from Preparative Exanple 3 (1.20 g, 5.71 mmol)
wQooanzbspyri dine (0.32 nL, 4.0 mmol) in POCl 3 ¥@I/BS2903/)29209

was stirred and refluxed under N2 for 5 hrs. The

m xture was poured into 100 nL of ice, a solution of

NaOH (10 g) in H20 (100 ni - Bd4was added, and the

m xture was extracted with CH2CI2 (4 x 50 nL). The
PREPARKXIIVENEXAMPLLEG: over Na2SO4, filtered and the

sol vent was evaporated. Col umm chromat ography on

silica gel with CH2CI 2/ EtQAc (2:1) 25 afforded

off-white solid (520 ngm 0 % . 2004/ 026877

PCT/ US2003/ 029209 32 | PREPARATI VE EXAMPLE 5.1 and

5.2: By essentially theJsang phNodgdure given in

Preparative Exanple 5, Cd:orms;,%ﬁ given in Colum 2 of

Table 3.1 can be prepared frgm conmpounds given in

Colum 1. 5 TABLE 3.1 Prep. %olum 1 Colum 2

EXWIS @Oﬁlpbuﬂ?ﬂ %%F%pé%d Ny/es%’eﬁlléNseN@pNN:ebuﬁ% Ght forth in
Prenaagawﬁﬁxamolmwmse soliy LSMSyMi* = 342,

PREPARATIVE EXAMPLE 9:
©\(\N \ @/\ /g
Nﬁ/‘;l} \’/l\

A solution of N-iodosuccinimide ("NIS”) (450 mg, 2.0 mmol) in anhydrous

CH3CN (10 mL) was added under N to a stirred solution of the product from
Preparative Example 5 (460 mg, 2.0 mmol) in anhydrous CH3;CN (6 mL) and 1,2-
dichloroethane (10 mL). The mixture was refluxed for 30 hr and the solvent was
then evaporated. Chromatography on silica gel with CH,Cl/EtOac (10:1) afforded

white solid (602 mg, 85 %).

PREPARATIVE EXAMPLE 10:

This compound was prepared by essentially same procedure set forth in
Preparative Example 9. White solid; LCMS; MH* = 390.

PREPARATIVE EXAMPLE 11:
Cl
= N/\g

Cl No =N

Cl



10

15

Cl This conpound was prepared by essentially sane

procedure set forth in 10 Preparative Exanple 5.
w@Rdo4biste sol i d; LCMS, M+ = 264. PREPARATI VEPEXBRIODF029209

7: WD 2004/ 026877 PCT/ US2003/029209 33 Br NN N~/ N

Cl IC A solution of N Bronosuccinimde ("NBS") (180

my, 1.0 mol) in anhydrous38H3CN (5 m-) was added

under N2 to a stirred solution of the product from

Pr eplis gbinyoulbkianps prepared by mgpsedtidliynsarhg procexhing dedfosth in

CH3 (5.M - 2 (3 n). The m xture was
Pr@?f%’@ﬁﬁmﬁggmpﬁg%gand the solvent was then
EXANAAFE aged. Chromat ography on silica gel with

CHZO2TEt Gac (10:1) afforded white solid (294 ng, 96

% . PREPARATHNVE EXAI\/PlrE 7.1 and 7.2 By essentjally
t he sane dure ginven in Prepard e np 7, 10
conpounds gifven ’rnNO/(%urm_Z_of_Iabl ey4. 1’ca
N
1

a
NI
Prep. Columm | |um 2 Exanple 7.1 Br |jNO-

|
~N--\\

prepared from s given in CoClumn BLE 4.1
"N NO
NNONNN C Ccf 7.2 0 O1-N OAN Br N
7
>N

A mixture of the product from Preparative Example 10 (78 mg, 0.20 mmol),
3-(aminomethyl)pyridine (24 mg, 0.22 mmol), diisopropylethylamine (0.5 mL), and
anhydrous dioxane (1.0 mL) was stirred at 90°C under N, for 48 hr. The solvent
was evaporated and the residue was purified by column chromatography on silica
gel with CH,Clo/MeOH/conc. aqueous NH4OH (50:1:0.1). White solid (67 mg, 78
%) was obtained. LCMS; MH" =462, m.p. 173-175°C.

EXAMPLES 11.1 and 11.2:

By essentially the same procedure given in Preparative Example 11,

compounds given in Column 2 of Table 5.1 can be prepared from compounds

given in Column 1.
TABLE 5.1
Example | Column 1 Column 2

11.1




)--1-- NNomi N C ICl 15 WD 2004/026877

PCT/ US2003/ 029209 34 PREPARATIVE EXAMPLE 8: Br N1
w@hoom02687T N Cl This conmpound was prepared byPCT/US2003/029209
essentially sane procedure set forth in 5 Preparative
Exanple 7. Wiite solid; LCV5, M+ = 342. PREPARATI VE
EXAMPLE 9: ~) f NN NJ/\N3RY NCL O A solution of

N-i odosuccininmde ("NIS") (450 ng, 2.0 nmmol) in
1’aﬁhydrcus CH3CN (10 nL) Wwas added under N2 to a

stirred sgjution of the pfo ct from 10 Preparative
Exanpl e /[L460 nmg, 2.0 mpl)ji n anhydrous CH3,N (6 nmb)
and 1, c-OdI (N oet hane_ ( LO he mxt has

refl uxedif or 30 hr _and %h oIven

evapor at ed. to r hy o

cH2Ql 2/|Et Cac (10 r ded V\:hl teN (60‘2 ny, 85
% . PREPARATI VE L 10: P--r NY N C

117

Thi s conmpound was epare:l by essentH Iy sam
procedyre set forth in Preparative Exanple 9 Wite
solid; [LCM5; M+ = 390. 7
N

EXAMPLE 12-25:
By essentially same procedure set forth in Example 11, the compounds

shown in column 3 of Table 2 were prepared.
TABLE 2
Example | Column 2 Column 3 DATA

12 n N LCMS:
= N/\g = N/\g (M+2H)+ =
NYKN Nﬁ/&N 382, M.P. >

Cl HN 205°C.
gj
|
N

13 - B Br LCMS:
,/Nzg //N4§ (M+2H)+ =
Nﬁ/EN Nﬁ/&,\, 382, M.P: 185-

Cl HN 188°C.
3
N




PREPARATI VE EXAMPLE 11: C 9---~-N~ CI N N Y-L 20 Ci

WD 2004/ 026877 PCT/ US2003/ 029209 35 Thi s conmpound was
wpe@parad by essentially sanme procedure set forP€TIUB2903/029209

Preparative Exanple 9. White solid. EXAMPLE 11: | | e

~JI cN N\\ e\ O NNNCI NN C HN el N 5 A

m xture of the product fronBPreparative Exanple 10 (78

ng, 0.20 nmol), 3-(am nonethyl)pyridine (24 ng, 0.22

14mol ), | dibsopropyl et hyl.zgmne (0.5 L), and | [@@MgdmpMus=
di oxane @0 m) weld sed at 908 under N2 for 48
hr. The Sulves N% bvaporgretNand t he redid®de MiRs177-
(Xl | h

[
purified by " omat ogr.a on silica 1]?%0@el
wi th CH2C 2/ Me conc| aqueou NFB OH (50: 1:|0. T) . " Wi te
solid (67 ng, B % was obtldNned. LCMS;, M+ = 462,
mp. 173-175C. EXAMPLES 11.1 and 11.2: By gssentially
the same procedure given in Pre y ve Exanple 11,
15 conpounds gi ven in}{Colum 2 of le 5.1 can be
preparéd from conpoun@ls given in lum 1.| TABLE 5.1

15 LCMS: MH+ =
Br Br
Z N/\> 7 N/\> 394, M.P: 120~
Nﬁ/EN N%N 122°C.
Cl HN
B
=
16 o o LCMS: MH+ =
7 N/\> y N/\> 371, M.P: 145-
N%N Nﬁ/L\N 146°C.
Cl HN\O

NQT/L\N 179°C.

C

17 LCMS: MH+ =
Br Br
7 N/\> z NJ\> 449, M.P: 177-
NYEN
HN
“
N
CF5




Exanpl e Col um |
NN ONN CI HN

it

wW@2004026827 0 0 N 11Br
EXAMPLE 12-25: By essentially same procedure set forth

in Exanple 11,

Colum 2 11.1 Br
N WD 2004/ 026877 PCT/ US2003/ 029209
O NBr NN NN NN C H\CMNUS2003/029209

t he conpounds

Br

o

IN/ NY, O

shown in colum 3 of

Table 2 were prepared. 5 TABBE 2 Exanple Colum 2

Colum 3 DATA 12 Br Br LOMS 6 IN (Me2H) + _ NYN NJIN
1882, MP CI HN 2o'>c = oy- -, - B dNMEEMAN=S
( MF2H) + 382, 185- '
J> 428, M.P: 204-
W/L 206°C.
Cl
“
N
19 I | LCMS: MH+ =
z N/\> ~ NJ\> 428, M.P: 139-
Nﬁ)*N NYL\N 141°C.
Cl HN
=
-
N
20 B N LCMS: MH+ =
7 N/\> 2 415, M.P: 150-
Cl N%N Cl Ny ) 152°C.
Cl HN
=
|
N
21 Br N LCMS: MH+ =
Z N/\> Z NJ\> 415, M.P: 146-
¢l NYL\N ¢l Nﬁ/k\w 147°C.
Cl HN
7
N




N Y C HIN 188C

N WO 2004/ 026877

PCT/ US2003/ 029209 37 14 Br Br LCMS: M+ ININ N 394,
WORM1016877 N N NLIN 179C. . C HN ~15 Br Br PCIVBS20M#29209
N\~ NN394 MP: 120- NI N122C Ny NI C HN N
16 ck Br Br LCMS: M+ _ ~ IN- N- 371, MP: 145- N(/

N N JN 146C. 'Cl HN 17 Br B9 LCVMB: M+ _ IN~ IN
449, MP. 177- N.N.N N 179C. ¢ HN N CF3 WO
220047 076877, PCT/ US2003/ 029209 38 _ LCMS: MH+ =
r r
% N/\> ~ NJ\> 479, M.P: 78-
Ci Nﬁ/\QN Cl Nﬁ)*N 80°C.
Cli HN
\Q\ICOzEt
23 Br o LCMS: MH+ =
z N/\> Z N/\> 578, M.P: 175-
Cl N A= Cl N = 0
j}N ﬁ/LN o, | 177°C.
Cl HN
@
O
24 | | LCMS: MH+ =
z N/\> / N§ 462, M.P: 162-
Cl Nﬁ)*N Cl N%N 164°C.
Cl HN
2
S
N
25 o N LCMS: MH+ =
z N§ ~ N/\> 370, M.P: 127-
ci NYKN ¢l NYKN 129°C.
cl . HN
7
N




18\ I i \ | i LCVMS: M+ _ [N~ 428, MP: 204- N

206C. NJ NN IC | HNN 219\ I I \ | | LCVS: M _
WO Mow/ords’T 428, M P: 139- N~ N N N 141C. C HN\POI/USDIOB029209

\' I Br LCMS: M+ _ N\~ N 415, MP: 150- ¢ N\N O N

\~N 152C. €l HNN 21 Br P--r~ Br LCMS: MH+ _ N N

415, MP: 146- C N \-N O HON 147C. C HN N WO

2004/ 026877 PCT/ US2003/ 029209 39 22 YT Br \ |Br

LCVS: M+ N\~ i N 479, MP: 78 Y NC Ny 'N 80C. O

HN \NCOPEt 23 P---i Br Q-i Br LCMS: M#+ N NN 578,
EXMIPLES RO d angggp-2y A Noml 'N CF3 177C. C HN N

Compounds given in Column 2 of Table 6.1 are prepared from compounds
given in Column 1 by acidic hydrolysis (HCI in H,0), followed by neutralization

5 (KxCO3) and column chromatography.

TABLE 6.1
Example | Column 1 Column 2
25.1
Br Br
TS | T
oW N A=y NQKL\N
HN HN
“ &
N N
25.2
o}
g HN Br
¢ N Br = N/\>
N A NS Ay
Ny SN HN
HN
7
= i N
N
EXAMPLE 26:

Br Br
= N/\g = N/\g
Nﬁ)QN Nﬁ)%N

Cl HN\©\
SO,Me

10 A mixture of the product from Preparative Example 7 (81 mg, 0.20 mmol)
and 4-methylsulfonylaniline hydrochloride (55 mg, 0.32 mmol) in
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-rb 024\ I I V1 | LCMS: MH+ _ N~ N 462, MP: 162-
Cl Nomm NO NN164C. G HNN 25 P--i Cl P---i cl
wo gngo2dsr N~ NN 370, M P: 127 CI NY \N C N NedR8£2003/029209
"Cl . HN N WO 2004/ 026877 PCT/ US2003/ 029209 40
EXAMPLES 25.1 and 25.2: Conpounds given in Colum 2 of
Table 6.1 are prepared fromtonpounds given in Colum
| by acidic hydrolysis (HCI in H20), followed by
dilscﬁm‘cbbm@khylamimﬁ% ARy stivneld abll 1DBC tfdjw@day@gfraafs)olvent was
TABLE 6. ngle Cqum;lCqurmZ 25.1 Br PBr
evaRﬂlraNa@am residyuwag pyrified by eplupw chremgiqgraphy gp SN'CG gel

withBEHNEL/MEOH/ A . MglidoudNENOH (20:1:0.1). White solid (22 mg, 20 %)
was obtained. M. P. 251-254°C, LCMS: (M+2H)* = 445.
EXAMPLE 27:

This compound was prepared by essentially same procedure set forth in
Example above. M. P. 169-170°C, LCMS: (M+2H)" = 367.

PREPARATIVE EXAMPLE 28:
Br
~ N/\g
NYKN

NH,
Product from Preparative Example 7 (185 mg, 0.60 mmol) was stirred with

conc. Aqueous NH,OH (3 mL) and 2 M NHj3in 2-propanol (6 mL) in a closed
pressure tube at 90°C for 24 hr. The solvent was evaporated and the residue was
purified by column chromatography on silica gel with CH,Cl,/MeOH/conc.
Aqueous NH4OH (20:1:0.1). Slightly yellow solid (138 mg, 80 %) was obtained.
M. P. 215-217°C, LCMS: MH" = 291.

PREPARATIVE EXAMPLE 29:

B B
Br

Br

A mixture of 2-amino-3,5-dibromopyrazine (Aldrich, 6.0g, 24.0 mmol) and
50% aqueous solution of chloroacetaldehyde (Aldrich, 4.8 mL) in 2-propanol (30
mL) was stirred and refluxed under Nz for 24 hr. CH,Cl, (300 mL) and

triethylamine (12 mL) were added and the solvent was evaporated. The residue



HNit N NEXAMPLE 26: Br | Br N NN NN C HN SO2Me
10 A m xture of the product from Preparative Exanple 7
w@ 34m02p870. 20 nmol )  and 4- net hyl sul f onyl ani | | PET/US2003/029209
hydrochl oride (55 ng, 0.32 mmol) in WO 2004/ 026877
PCT/ US2003/ 029209 41 dii sopropyl ethylamne (1.5 nl)
was stirred at 11 OoC for 3%days. The sol vent was
evaporated and the residue was purified by col um
wascsuspeatedrimadBbyl BpOA-prapangé (200w, filtaped, 2nvkeibe/ sadidovas

eous, NH4 0:,1-Q.1). Wijte i 2 .20 9

washad GhHugnet 194 110 Zaaiopanel (KR MOWIEARS Yiefidg 4 waouum
to yllM\NBlEbdde sBlid (4.8Ngly4h. HN This conpound was

pr epar ed essential |y same procedure set forth in
PRERARATEYV E B): 169- 170C, LCVS: (M+2H) + = 367.

PREPARATI VE EXAMPLE 28: Br Br N, ( N~ Nyl-N NN 10 C

NH2  Product E{rrom Preparative Exargr)l e 7 (185 ng, 0.60

. . >

nmmol ) was stlrr\ﬁm\ff? m/r}

Br NH2

A mixture of the product from Preparative Example 29 (1.80 g, 6.45 mmol)
and concentrated aqueous NH4,OH (27.0 mL) was stirred in a closed pressure
10  vessel at 90°C for 24 hr. The solvent was evaporated and the residue was
purified by column chromatography on silica gel with EtOAc. White solid (1.01 g,
73 %) was obtained. LCMS: MH" = 213.
PREPARATIVE EXAMPLE 31:

NH, NH,

15 A mixture of the product from Preparative Example 30 (500 mg, 2.36
mmol), phenyl boronic acid (431 mg, 3.53 mmol), Pd(PPhs)s (277 mg, 0.24 mmol),
and NayCO3(2.50 g, 23.6 mmol) in 1,2-dimethoxyethane (30 mL) and H>O (8 mL)
was stirred and refluxed under N for 24 hr. The mixture was poured into H>O
(500 mL), extracted with CH,Cl; (4 x 50 mL) and the extracts were dried over

20 NaySO;, and filtered. The solvent was evaporated and the residue was purified by
column chromatography on silica gel with PhCH3/7N NH3 in MeOH (10:1). This

afforded a slightly impure product as a pale orange solid, which was used for the

next step.
PREPARATIVE EXAMPLE 32:

25 NH2 NHACc




conc. Aqueous NH4COH (3 nlL) and 2 M NH3 in 2-propanol

(6 mL) in a closed pressure tube at 90C for 24 hr.
wab@4e28veEnt was evaporated and the resi due waBCWES2003/029209

purified by colum chromatography on silica gel with

CH2Cl 2/ MeOH conc. Aqueous NHAOH (20:1:0.1). Slightly

yel low solid (138 ng, 80 %4%as obtained. M P.

215-217C, LCMS: M+ = 291. PREPARATI VE EXAMPLE 29: Br\

~NAMABnmixture of tREZprodtYuctNrorBriPrBpativa Exiaxtple 810210 mg, 1.0 mmol),

acef Aogae. D 2eaL o T e ki L as Ml £l i ) 2

dlcmﬂg@EH% (5'mB) Wak thIFre% dn{dmméd 6&072 Ak) '(FM@me%ﬁJ)réKnﬁH% poured

ef | uxed under
intot 1% tagyieats NaCO2 aﬁd @xtvanted aame@Hz(ﬁld (3 n2Goilyehie axtsacts

werB RRSIE Nos3350 bS5 aek Reliomaie drappratea.

Chrbafitdgrapa @lﬁcélhda?@élvatHEt(DAbtagreﬁ?@ent@lm)rdé‘rPM@'m §61%) of pale
wash (Z%I gnpfllter with 10: 1 H20: 2- propanol (2x10 ( )0) P

yellpw spd. dried in a vacuum to yi el d pal e beige solid
PRéﬁe%ﬁ'; ,E&F%%M#ﬁ@%ﬂ VE EXAMPLE 30: 5 Br N BrYi
NH2 A m xture of the product

from Preparative Exanple 29 (1.80 g, 6.45 mmvol) and

concentr at gueous NH4OH (27.0 HA was stirred in a
cl osed pre e 10 vessel at 90C 24 hr.

he
sol vent was}eVa 3 and the resrdue :N/%urified
by col utm chrongt o L%hy on SiTTca gelnywi t OAC
Wi te soIid(l.O g, " 73 %9 was obtaine LEVE: M—|+:
213. PREPARATI VE NEMAMVPLE 31: Br\ ~ 1 NAYHASN NY "N

NH2 NY

A solution of NBS (72 mg, 0.40 mmol) in anhydrous CH3CN (2.0 mL) was
added under N to a stirred solution of the product from Preparative Example 32
(100mg, 0.40 mmol) in anhydrous CH3;CN (2.0 mL) and CH,CI, (6.0 mL). The
mixture was stirred at 25°C for 48 hr and the solvent was then evaporated.
Chromatography on silica gel with CH2Cl./EtOAc (4:1) afforded pale yellow solid
(41 mg, 31 %). M. P. 163-165°C, LCMS: (M+2H)" = 333.

EXAMPLE 34

ZINTN 77NN
HN

A mixture of the product from Example 17 (85 mg, 0.20 mmol), phenyl
boronic acid (37 mg, 0.30 mmol), Pd(PPhg)s (23 mg, 0.02 mmol), and Na,CO3
(212 g, 2.00 mmol) in 1,2-dimethoxyethane (3.2 mL) and H;O (0.8 mL) was stirred



15 A m xture of the product from Preparative Exanpl e

30 (500 ng, 2.36 mol), phenyl boronic acid (431 ny,
w@2®3/0msot ), Pd(PPh3)4 (277 ng, 0.24 mmol), apdI/NsDCIR9209

(2.50 g, 23.6 mmol) in 1, 2-di net hoxyethane (30 m -)

and H20 (8 m -) was stirred and refluxed under N2 for

24 hr. The mixture was pouredtinto H2O (500 niL),

extracted with CH2C12 (4 x 50 m-) and the extracts
andeefuydd lﬂlﬂ&l\N&jfoﬁQ4N323% mbduifd Was pedredTifg BROVEDD mL),

d fied b I
L R NC A
L0, e, 0 B o O oA 2
chm@agmphym@%@g&l Bizh BtOAC/MSOH (38:1)Noraffdid blorfdsgavaxy

5 solf g 61 ndh g ot 401Gk S e =S8 o 31

EXeA0LPS.35A0D™®l ), acetyl chloride (0.286 ni, 4.0
nmmol ), and pyridine (0.657 nL, 8.0 nml) in 1, 2-

di chl oroethane (5 m-) vvas stirred and refluxed for 72

hr. The m xture was p into 10% aqueou Ccx
and extra ey W|th 2 (3 x 2 The e acts 5
wer e dr|e 28 flltered t h sol/ivent was
evapor at ed Chr aphy on silica é I N Et CAc as

el uent affor dedN (56 % of paleN w sol i d.
PREPARATI VE EXAMPLE 33: Br /" N~ \ NN NN Nomi N 10
NHAc NHAc A solllt§ on of NBS (72 ny, oH mol ) in
anhydrous CH3CN (2J0 m-) was added under) N2 to a
stirred sol utionof jthe product from Prépafative
Exanple 32 (1 O NO.40 nmol) in anhy CH3CN
(2.0 mM-) and CH2C12 (6.0 nL). The

10 35 36
These compounds were prepared by essentially same procedure set forth

in Example 34 above. Compound 35: M. P. 168-169°C, LCMS: MH" = 384:
Compound 36: M. P. 154-156°C, LCMS: MH" = 384.

EXAMPLE 37:
| .
Ny Ny
HN HN
7
15 N XN

A mixture of the product from Example 17 (214 mg, 0.50 mmol),
tributyl(vinyl)tin (174 mg, 0.55 mmol), and Pd(PPhs), (58 mg, 0.05 mmol), in 1,4-
dioxane (10 mL) was stirred and refluxed under N, for 24 hr. The solvent was

20  evaporated and the residue was purified by column chromatography on silica gel
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20

15 m xture was stirred at 25C for 48 hr and the
sol vent was then evaporated. Chromatography on silica
w@edo4mpdshn CH2Cl 2/ Et OAc (4: 1) afforded pal e yel POIUSIN3/029209

(41 mg, 31 %. M P. 163-165C, LCVs: (M+2H) + = 333.
EXAMPLE 34: N N NNNY '"N HNHNI I NN 20 A
m xture of the product fromSxanple 17 (85 ny, 0.20
nmmol ), phenyl boronic acid (37 ng, 0.30 mol),

with MRHEM@M&BnUEAq@e&ES NiFQOH 41)‘!11:0[\13)2%9 yeRa® wlid212®mg,

in 1, 2-di met hoxyet hane and H20 (0.8
75%ﬁw§13\ﬂ§§al%@d rMeB We$-ddd 830'2@ /‘ 03/ 029209 44

E LE f8l uxed under N2 for 24 hr. The m xture was
%nt H20 (100 nlL), extracted with CH2Cl2 (4 x
15 m-) and the extracts were dried over Na2SO4 and

filtered. The ethand t he reS| due

was purifie col utmm! chr omat ogr| on Si ?@ gel
'%to af ford cotorhessN
NG P. ~138- T40C, NA. 2H)+ =

I
with Et QAc/ MO
solid (46 ny, 6
378. EXAWPLES 3 ANd“36 NN M--1--N -I- HN HN N
N 10 35 36 Thesi®. conpounds were prepa
essentially sane procedure set forth in Ex nple 34
above. Conpound 3%~ P. 168-169C, LCME: 384;

Conpound 36: M P 15¢-156C LCMS: Mt :3\84N EXAI\/PLE
37: N\~ N

A mixture of the product from Example 17 (214 mg, 0.50 mmol),
tributyl(ethoxyvinyl)tin (199 mg, 0.55 mmol), and Pd(PPhs)4 (58 mg, 0.05 mmol),
in 1,4-dioxane (10 mL) was stirred and refluxed under N for 24 hr. 5 M HCI (1.0
mL) was added, the mixture was stirred for 5 min, then triethylamine (5 mL) was
added and the solvent was evaporated. The residue was purified by column
chromatography on silica gel with EtOAc/MeOH (10:1) and then triturated with
cyclohexane (10 mL). Pale yellow solid (104 mg, 65 %) was obtained. M. P. 192-
194°C, LCMS: MH" = 344.

EXAMPLE 39:
OH
COCH,
Ny s

HN HN
/| /I
>~ N N

MeMgl! (3.0 M in Et,0, 0.20 mL, 0.60 mmol) was added to a stirred solution
of the product from Example 38 (51 mg, 0.15 mmol) in anhydrous Et;O (3 mL) and
CH.Cl, (6 mL). The mixture was stirred at 25°C for 3 hr and then poured into H,0
(100 mL) and extracted with CH2Cl; (3 x 20 mL). The extracts were dried over
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25

\\-,-- N NYI-- NNI" HNHN 15 NN A mxture of the
product from Exanple 17 (214 ng, 0.50 mmol),
wa edobazegr{ vi nyl )tin (174 ng, 0.55 muol), and PRI PBRRYP31029209

(58 mg, 0.05 nmmol), in 1,4- dioxane (10 m-) was
stirred and refluxed under N2 for 24 hr. The sol vent
was 20 evaporated and the46esi due was purified by
col utm chr omat ogr aphy on silica gel WD 2004/ 026877

Naﬁ@]’ /fllis2eD ahﬂ 2!9@ 86lveAbwais tdvapblatb@/ N sidune wasqueiiad by

conums 9&'9%@ a@aph monpsm%@ i&li@fé&zﬂa bﬁmb@ %Eﬂmee

o \ 0 f th
yeuogfg%lui'd(:@%ﬁ@'@o @ W6P1j§4g11845 % LC'N/I@* Wﬂﬂi?soo the

PREF?AFBATWEEDW\WVEMH)U n (199 ny, O 55 mmol ), and
Pd(PPh3)4 (58 ng, 0.05 mmol), in, 1,4-dioxane (10 nl-)
was stirred and refl uxed un for 24 hr. 5 M HC
(1.0 10 m -) was added, th tOye was stirred for 5
mn, then triethylamne (5 “Mas added and the
sol vent was evaporated. The pesidue was purified by
colum chromat ography on silica gel with Et QAc/ MeCH
( 1Thik) caamplotiibwas made atearding fo the\lit¢rature amecgduye ) Med.

crers fbefo g8 Sotaes daled G ARG "Gi coarc

ExAeNE AN NN HN HIN N |

Cl HN

A mixture of the product from Preparative Example 40 (50 mg, 0.30 mmol),
2-(aminomethyl)pyridine (45 mg, 0.42 mmol), and diisopropylethylamine (0.20 mL)
in anhydrous 1,4-dioxane (0.50 mL) was stirred under N, at 100°C for 24 hr. The
solvent was evaporated and the residue was purified by column chromatography
on silica gel with CH,Clo/MeOH/conc. aqueous NH4OH (2:1:0.1). White solid (45
mg, 63 %) was obtained. M. P. 125-127°C, LCMS: MH™ = 240.

EXAMPLES 42-48:

By essentially same procedure set forth in Preparative Example 41,

compounds given in column 3 of Table 3 were prepared.
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to a stirred solution
w@0¢H368my, 0.15 mmol )
CH2Cl2 (6 ).
and then poured into H20

CH2CI 2 (3 x 20 nl).

2004/ 026877 PCT/ US2003/ 029209 46 Na2SO4,
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(3.0 Min Et20, 0.20 niL, 0.60 mml) was added
20 of the product from Exanple
i n anhydrous Et20 (3 nlPQT/E82003/029209
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filtered and
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By essentially same procedure set forth in Preparative

Exanpl e 41,

20 conpounds given in colum 3 of Table 3

waweoog/opisepar ed. 25 WO 2004/ 026877 PCT/ US2003/ ORGR0S20031729209
TABLE 3 Exanple Columm 2 Colum 3 DATA 42 M P. 152 N

N-\ 154C, LCM5: Noml N Nomf N I~ | NH+ = 239. C HN
43 M P. 130 N N 132C, LCMB!8 N\~N N \~N M H+ = 254
Cl HN ~44 M P. 104 N rN 105C, LCMS: N N M H+ = 207.

260 ANITOCH3 45 M P 182 N rN 194C, LONVG. P. W86 = 225.
C HN 026877 PCT/ 029209 48 46 M P.
183- ~NN%1N C, LQWVE: ﬁ/L\N 185°C, LCMS:

+
I N MH" = 240.
%j
|
N

47 % M. P. 186-

= =
NK\ NN N(;L\ 188°C, LCMS:
SN N .

! L MH" = 315.

48 M. P. 143-

~ =
N:\/L"'\ D ,\';\/L N 145°C, LCMS:
X N X N
MH* = 240.
Cl HN
7
N

XAMPLE 49:

Br Br
A QI
N%N N%H*N

NH, HN
&
NN

A mixture of the product from Preparative Example 28 (1.16 g, 4.00 mmol),
pyrimidine-5-carboxaldehyde (540 mg, 5.00 mmol), and Ti(OiPr), (4.54 g, 16.0
mmol) in anhydrous THF (20 mL) was stirred under N at 50°C for 3 hr. The
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M+ = 240. C HNN 47 M P. 186 N N 188C, LCMs: M+

= 315. G NH 48 M P. 143 N N 145C, LCM5: N N M H+
wWe2@40268C1 HN N XAMPLE 49: Br ()--/ ~Br () --PCNINS1003/029209

NNNN-"NNH2 HN NN 5 A mixture of the product from

Preparative Exanple 28 (1.16 g, 4.00 nmol),

pyri m di ne-5- car boxal dehyde49540 ng, 5.00 nmml), and

Ti(QPr)4 (4.54 g, 16.0 nmol) in anhydrous THE (20

mixtdre \wagsosibd té 26°CNRaBHYENAH . 2§, 20.0 Brdl) wddadiéd, and the
2004/ 026877 PCT/ US2003/ 029209 49 m xture was_ coal ed

mixiuse YRS stitsaHatRb (G far@Gyninol be misiuye was paied intarxdo eqeieous
NaOh S8 SRl o0 0 s BT S

wasagxteated g@iﬂi CEEOIzr(B)(m@mLa)d d&e, conloinet @xt;ﬁntsunere dviesd over
xtracted with CH2Cl 2 (3x100 mL). T conpi ned .
NaSoy B o selyeh Eas SvRRS id- f i?‘Ptréﬁ'QH_? WARPYIied by
. I |
col B ERomARrENAPOh RS gel RN CRLCHMADR ! b BEoRYNH.OH
(200:0.¢).2/ Rederyetiowssolid d4 ¢ oy, FMYHwasathtained1 M. PaP@1-203°C,

I sQl,.d (410 ngy, 27 %9 was obtained. M
LoME b 5 oe
EXAMPLE 50:

A stock solution of the title compound from Preparative Example 8 (1.2g) in

anhydrous CH3CN (120mL) was prepared and an aliquot (1mL, 10mg,
0.0291mmoles) was placed in each of the wells of an X-Block containing PS-
DMAP resin (77.6mg, 0.1164mmoles). Freshly prepared 1M solutions of a library
of 96 primary amines (0.0873mL, 0.0873mmoles) were added to each of the 96
wells of the X-Block. The unit was sealed and heated at 60-70°C for 26h. The
block was cooled, opened and filtered into a new X-Block containing PS-
Isocyanate resin (35mg, 0.073mmoles) and PS-Trisamine resin (35mg,
0.15mmoles) and the PS-DMAP resin was washed with CH3CN (0.5mL/well). The
X-Block was sealed and shaken at 25°C for 71h. The block was opened, filtered
and each well was washed with CH3CN (0.5mL). The wells were evaporated to
dryness on a Speedvac concentrator. The samples were analyzed by LCMS and
samples that were <90% pure were further purified as needed by preparative
LCMS. The samples were each dissolved in 60% DMSO-CH3CN (1mL) and
0.8mL of each were injected onto the preparative HPLC (using a Phenomenex
Luna 5n C-18(2) column; 60x21.2mm; 5n micron: flow rate of 20ml./min; gradient
elution using water-CH3CN-1% aqueous formic acid) and the fractions
corresponding to the desired molecular weight of the product +/- 1mu were

collected. The final products that were all >90% pure are listed in the Table 4.



LCVS:

M+

383. EXAMPLE 50: 10 A stock sol ution of

the title conpound from Preparative Exanple 8 (1.2Q)

WO poo4amd8ydr ous CH3CN (120nl) was prepared and BEIT/US2003/029209
0. 0291 nmol es) was placed in each
DMVAP resin
Rshly prepared 1 M

aliq

of the wells of an X-Bl ock containing PS-
(77.6ng, 0. 1 164mmoles).

uot (1 nmL, 10ng,

solutions of a library
(0.0873nL, 0.0873mmol es) TABLE ddded to each of the 96
15 wells of the X-Block. The unit was seal ed and

heat ed at 60-70C for 26h. The

of 96 primary am nes

bl ock was cool ed,

opered and filtered i ntjo a newpPefisotk ogntaj ni ng PS-
I socyanatSJR‘éQTHREBSrrg, CMWZB mohes) | PURAS [T sam ne
FestH—(3515; sy—andithePSDMAP Tesi n was
wash L/well}. The |X-Bl ock| was
seal C for 71 h. The bl ock| was
open e $ edlwith
CH3 gZ\zJe {ﬂ;\%gr dt\g% to | dryness
on al- tor. The sanplies were| anal yzed
by L at were <90% pure werge further
puri reparafive LECVS. The| sanpl es
wer e 60% DMBO- CH3CN (1 m -) and
0. 8n] cted omto thejpreparative HPLC
(usi Luna 5n C 18(2) col unn;
60x2{. | gpor7at e3g{ 220nmi/gg n; | gr adi ent
el ut CN-1 9% aqueoug form c{acid) and
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wei g uct #- 1 my were |collected. The
Hha % e—att—*+90% pure—are 1] sted in
t he 004} 026877 PCT/ U$2003/ 02p209 50
TABL MNVLCVS % imz PURITY Br{~ NN C
NH 3 391.7 | 393.2 93

393.7 | 395.2 99

395.7 | 397.1 98

405.7 | 4071 100




--~~ NN-JN A HNN 379.7 381.2 90 H3CCH3 Br

CNN

391.7 393.2 93 HN 1 INC HN 393.7 395.2 99 CH3' CH,
WG R004/02831 f Cl
405.7 407.1 100 WD 2004/ 026877 PCT/ US2003/ 029209 51
N NNG H407.7 409.2 93 5N1_J. N C HN 409.7 411.2 99

oL CH'

BrN "

[N 395.7 397.1 98 0, CH, Br

N Cl

407.7 | 409.2 93
409.7 | 411.2 99
419.7 | 4211 100
419.8 | 421.2 94
423.7 | 425.2 100
427.7 | 429.2 99
427.7 | 429.2 9

NP I/ TH 2081029209




HN 419.7 421.1 100 NJ.. N O HN 419.8 421.2 94 5iJ

r,, TY.NO HN 423.7 425.2 100 |II- OYCHs CH, Br N
WO0O-2000/02d87CI N HN ! CHl 427.7 429.2 99 Br N "PeT/BS1003/029209

HN 427.7 429.2 91 WD 2004/ 026877 PCT/ US2003/ 029209 52

arm1\ 437.8 439.2 95 CHBr N NJ NCO "N 441.8 443.2

90 rr/ HN 441.8 443.2 94 ’82J --J ,"N C

437.8 | 439.2 95

441.8 | 443.2 90

441.8 | 443.2 94

443.7 | 4451 100

448.2 | 449.1 91

455.8 | 457.3 99




"" 443.7 445.1 100 r~ 0 CH3 D, C

I 6r C1" "1J ~J~\N\C

HN CHI

WQO®40286877 PCT/ US2003/ 029209 53

FINCH 462.2 463.1 99 C
480.1 100 N, O, _,CH3 O
97 FFTF erg I'- N

"N 448.2 449.1 91

of

~~ N i

Br~N ~/ NN G HN,
Br5?;]=\1 TAN 1 H 481.7 483.3

455.8 457.3 99 WO

PCTZUS2003/029209
~.~ 478. 8

462.2 | 4631 99
478.8 | 480.1 100
481.7 | 483.3 97
503.8 | 505.1 94
517.9 | 519.1 100
4458 | 447.2 98
381.7 | 383.1 99




NC NHNS503.8505194 | (~,aBr NNOGO HN,

517.9 519.1 100 NYN O 445.8 447.2 98 H3C ~.~ NH Br
WOo-DboMo0Ld87881. 7 383.1 99 HN, >CH3 - OH WO 2004/ PRBBF2003/029209

PCT/ US2003/ 029209 54 Br <N~ ; N C HN 394.7 396.2

98 ANCHCH3I Br I . N~i O HN395.7 397.1 92 ~cH3

OH Br ~/ ~NI1 J .NC HN39€8.7 410.2 98 H,C N

394.7 | 396.2 98

395.7 | 3971 92

408.7 | 410.2 98

409.7 | 41141 100

409.7 | 411.2 96

414.7 | 4161 97




Br -NNC N~ OCH409.7 411.1 100 H, CCH, Br~ y NN

fNOHI FINJ 409.7 411.2 96 H3C CH Br -N ,, NC
wORdaN0ZeB47 7 416.1 97 I\ N WO 2004/ 026877 PCT/US2003/029209

PCT/ US2003/ 029209 55 Br N "N 422.8 424.2 98 N "“CHa;

CH NNCOC HN 430.7 432.2. 94 NBra } N~ ri NCHN

431.7 433.2 94 99

422.8 | 424.2 98

430.7 | 432.2 94

431.7 | 433.2 94

434.8 | 4361 100

434.8 | 436.1 100

4348 | 436.2 95

436.7 | 438.1 100




N ~NNCOC HN 434.8 436.1 100 CHILI Br (Il NC

ri HN 434.8 436.1 100 Br N O HN, 434.8 436.2 95 HC
w@edd46Pe87436. 7 438.1 100 O WD 2004/ 026877 PCT/US2003/029209

PCT/ US2003/ 029209 56 NJ'cN C HN 436.8 438.2 98 N

CH3 CH3 Br N C HN 436.8 438.2 98 HC- HCG -CH3 Br

N N C HNC 448.8 450.2 95 &6

436.8 | 438.2 98

436.8 | 438.2 98

448.8 | 450.2 95

450.8 | 452.2 95

462.8 | 464.3 99

463.8 | 465.3 92
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$; N\, VIl NCO HNNL 450.8 452.2 95 CND O JJ
"ly\ 1 C HN 462.8 464.3 99 H3C, N-~N r~YN C

WaoB4026866. 3 92 |, ~N NJ CFlI WD 2004/ 026877 PCT/US2003/029209
PCT/ US2003/ 029209 57 Br NN Cl HN 496.8 498.1 99
PREPARATI VE EXAMPLE 51: Br NBr"-"N N~N NN 5 Br
Br A solution of NBS (1 eq.Y)' i n anhydrous CH3CN (2.0
m) is added under N2 a stirred solution of the
prodyct ; ' PFeparat Exanpl e 29 ip anhydrous
CH3QCN iIxture Js stirfed at 25C for 48

hr ar
496.8 | 498.1 99

PREPARATIVE EXAMPLE 51:

Br\‘/\N/\>

o — "

Br Br

A solution of NBS (1 eq.) in anhydrous CH3CN (2.0 mL) is added
under N to a stirred solution of the product from Preparative Example 29 in
anhydrous CH3CN and CH.Cl, . The mixture is stirred at 25°C for 48 hr and the
solvent is then evaporated. Chromatography on silica gel with CH,Cl/EtOAc
affords the product.

EXAMPLE 52 :

A mixture of the product from Preparative Example 51, 3-(aminomethyl)
pyridine (1.1eq), diisopropylethylamine (3.0 eq), and anhydrous dioxane is stirred
at 90°C under Ny for 48 hr. The solvent is evaporated and the residue is purified
by column chromatography on silica gel with CH,Clo/MeOH/conc. aqueous
NH4OH to vyield the product.

EXAMPLE 53:
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10 solvent is then evaporated. Chromatography on

silica gel with CH2CI 2/ Et QAc affords the product.
WEXAMPRR7H52 © Br Br Br N~ Br\' N N~N N~N Br HMNCT/USN03/029209

15 A m xture of the product from Preparative Exanpl e

51, 3-(am nonethyl) pyridine (1.1 eq),

dii sopropyl ethyl amne (3.0 &§), and anhydrous di oxane

is stirred at 90C under N2 for 48 hr. The sol vent i's

evapor at ed and the resi Bue is purifie by col

chr omat ogr aphy MN a gel wth CH2 onc
aqueous NH4COH t i ¢l d’t he product . 53: WO

2004/ 026877 PCT/ 03N029209 58 Br Br \ N~( Br\ N
NY NNom N HN IN NN A mxture okeN.he product
from Exanpl e 52, acefyl chloride (4.0 eq.), |and

pyridine (8.0 eq.) , 2-di chl or oet hane i irred

and refluxed for 7 hrl The mxture is poured into

10% aqueous Na2CO3 extract ed with CH2CI'27 The 5
eXtA AkRirdof 1Y bl%i'juet’ﬁbm'\@i’a?%be 49 | dc@y f‘éhﬁﬂﬂtet @ g, ), and

'vent 1Is evaporated t og rah on silica
pyrmimeh(EEO ©4c) ias! %tdué‘riomathanedls sturfedtaftu;tjmmxed WbE Bhe
mix%ﬂreE%g po%?ec!\llnto 10% aqueous Na,CO3 and extracted with CHxCl,. The

extracts are dried over Na>SQy, filtered and the solvent is evaporated.

Chromatography on silica gel with EtOAc as eluent affords the product.

" EXAMPLE 54:

AcN OH AcN
=z i Z
N N

A mixture of the product from Example 53, the aminolacohol (1.5 eq.), and
triethylamine (2.0 eq.) in dioxane is stirred and refluxed for 72 hr. The mixture is
poured into 10% aqueous Na,CO3; and extracted with . The extracts are dried over
Na»S Oy, filtered and the solvent is evaporated. Chromatography on silica gel with
CH,Clo:MeOH as eluent affords the product.



10

NL\~ ~ NI\ Nomi N NY "N AcNOHACNI I NN 10 A
m xture of the product from Exanple 53, the
wa@pionot@cohol (1.5 eq.), and triethyl am ne (2. BCEYSI003/629209
di oxane is stirred and refluxed for 72 hr. The m xture
is poured into 10% aqueous 2CC8 and extracted with
The extracts are dried ov Na2SH4, filtered and
the solvent is evaporated. Chromatography on silica
gel with CH2Cl2: MeOH as dIARHE 5af fords the product.

15 / 09 59 TABLE.5 B
a5 B oA B S Sd plek ol G an 8 T atneis Sp Fomining”
interomeliaies gror Mrepamtive Exaniple BORUEP feabiniife S8R cSidmn 1
V\nthwﬁgwe. am.nes given in colum 1, conpounds given in '
corgpPYy S'@Qd”&@'@?’ég_&f@p@e Eg@ﬁﬁ?fé Col um 1 Col umm 2
55 (qb,ﬁwrl\l o '“;{%%‘J'HEIYZ N—ACN+—\—N 56 H Br

H2 C~I -\ HO
55
NH, OH " Br
[ IOH C/ j/\N/\g
Nﬁ/KN
AcN
3
N
56 H Br
X .-
HO  AcN

OH
“
N

2 %N/\g
HO Nﬁ/gN

HO
AcN

7
N




N 57 HBr LINH2 NHOHONY N AcN ~1 \ N 510 WO
2004/ 026877 PCT/ US2003/ 029209 60 EXAMPLE 58: Br Br
WORMN4/02687N om N N AN oml N OH AcN OH HN | | PEI/NS2083/029209
m xture of the product from Exanple 54, and K2CO3 (2.0
eq.) in 1.1 EEOH5 :H2O is stirred at 60C for 2 hr.
The m xture is poured into@®R0O and extracted with
CH2Cl 2. The extracts are dried over Na2SO™4, filtered
EXAMCL It 8- sol vent i s evaporated. Chromatography on
SiTica gel with CH2ClI 2 : MeCH : conc. NHACOH affords the
product. 10 TABLE 6 By essentially the sane procedure
given in Exa 8, star |ngform c ounds gh ven in

Colum 1, co ou s e |n colu 2N repar ed.
AcN
=~ _N N

A mixture of the product from Example 54, and K,CO3 (2.0 eq.) in 1:1 EtOH

5 :H,O is stirred at 60°C for 2 hr. The mixture is poured into H,O and extracted with

CH,Cl,. The extracts are dried over Na;SQy, filtered and the solvent is evaporated.
Chromatography on silica gel with CH,Cl, :MeOH :conc.NH4OH affords the

product.

10 TABLE 6
By essentially the same procedure given in Example 58, starting form

compounds given in Column 1, compounds given in column 2 can be prepared.

Example | Column 1 Column 2

59

HN
=
| = |
N < N
60
H Br “ Br
W/\N/X 2NN
Na \N Nao \N
HO  AcN HO HN
= 72
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50 OHHBr OHHBr N- NN NCNonmi NN\ N ACTIN

HN NN 60 HBr HBr ¢c~xT? C HOAc NHOHNIT | 1N
wORMDO2AB07Z/ 026877 PCT/ US2003/ 029209 61 61 H BPCTHURR003/029209

NN NN HO Noni N HO Noml N Ac INHINI I NN ASSAY:

BACULOVI RUS CONSTRUCTI ONS: Cyclins A and E were cl oned

into pFASTBAC (Invitrogen)otby PCR wth the addition

of a G uTAG sequence 5 (EYMPME) at the am no-term nal

end to alTow purificatjon on anti-QJ uTAG affinity

columis. The expressed| proteins were annr I mately
6146kDa |(cycl ilh E) an Br 5Ok (C%cl in A) si ze. CDK2

was alis 'ﬁ pFA th t he

addi tijon o ae ugpinin pltp@Qe ﬁ t he

car boxlyHCer m n YDVEDYAS) . expr essed

protein was a XI mat el y 34kDa iHN SI ze. 10

7 7
N =~ _N

ASSAY:

BACULOVIRUS CONSTRUCTIONS: Cyclins A and E were cloned into
pFASTBAC (Invitrogen) by PCR, with the addition of a GIUTAG sequence
(EYMPME) at the amino-terminal end to allow purification on anti-GIUTAG affinity

columns. The expressed proteins were approximately 46kDa (cyclin E) and
50kDa (cyclin A) in size. CDK2 was also cloned into pFASTBAC by PCR, with
the addition of a haemaglutinin epitope tag at the carboxy-terminal end
(YDVPDYAS). The expressed protein was approximately 34kDa in size.

ENZYME PRODUCTION: Recombinant baculoviruses expressing cyclins A, E
and CDK2 were infected into SF9 cells at a multiplicity of infection (MOI) of 5, for

48 hrs. Cells were harvested by centrifugation at 1000 RPM for 10 minutes.
Cyclin-containing (E or A) pellets were combined with CDK2 containing cell
pellets and lysed on ice for 30 minutes in five times the pellet volume of lysis
buffer containing 50mM Tris pH 8.0, 0.5% NP40, 1mM DTT and
protease/phosphatase inhibifors (Roche Diagnostics GmbH, Mannheim,
Germany). Mixtures were stirred for 30-60 minutes to promote cyclin-CDK2
complex formation. Mixed lysates were then spun down at 15000 RPM for 10
minutes and the supernatant retained. 5ml of anti-GIUTAG beads (for one liter of
SF9 cells) were then used to capture cyclin-CDK2 complexes. Bound beads were
washed three times in lysis buffer. Proteins were competitively eluted with lysis
buffer containing 100-200ug/mL of the GIUTAG peptide. Eluate was dialyzed
overnight in 2 liters of kinase buffer containing 50mM Tris pH 8.0, 1mM DTT,
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ENZYME PRODUCTI ON: Reconbi nant bacul ovi ruses
expressing cyclins A, E and CDK2 were infected into
WEEB40sIsrs at a nultiplicity of infection (MJPCDUSEHN3/029209

for 48 hrs. Cells were harvested by centrifugation at
1000 RPM for 10 m nutes. clin-containing (E or A
pellets were conbined with containing cell 15
pellets and |lysed on ice for 30 mnutes in five tines

10t @1gei2l 400wl sodiuraforthpyaeadatef dret 2@%rglpdcaroh geBRyive was
Tris pH 8.0, 0.5% NP40, 1 nM DTT and

stored in ehigurtpldsHfiE.ase i nhi bitors (Roche Diagnostics
GrbH, Mannheim Gernmany). M xtures were stirred for

i VI ERE RSV SAYP ERIRE Eins e T e0hah BB A ar Erdepgndent
weréﬁ%%?rhe@l Gn 28 B‘rdtléﬁﬁﬁnéliﬂ@ dd1@eh PRAES aC8Ming ﬁioaIO%ﬁﬁmg, New

anti -G uTAG beads (for one liter of SF9 cells

Yorkye ngzym@was diluted te afinal @oomtrailom@%@fmlé&émass

conf3id R R, TUrGOCET 1y DA RnPltk i gog
b e e B
deriged frinm HigjohO k¥ (frons Aptergham, UKMI bF Subyitateooals hasgsdron ice

andgfIUAgR, knadl B ARosBHlFgr Semmigronds womeaied i Rypisq to
desﬁ‘ébfé“x%ngteﬁﬁ tidiRC: Fdr'ﬂa\{hms'é' RNAshorf 3PN of B 0kidIA® nzyme

assays eIt her cyclin A or E-dependent 5 were
solm@hf(d rugedf emzyrmm) amdm@ lphobihedl plyl Qﬂasimtdz splluaoesvere mlxed
ning Inc, was di l

theé sombinashwite aﬁ)démf dﬁvﬁe@rp%mpcw%'g/@ﬁchu \Melkf%é%%ﬂ%f?'@ kinase
rod88 B s SEEY bFoka0 B o o A AHER I Bt crom

AmbRSSE, [BRE THeNS avisn Wabislibiveultetred frePhbaieat rdeni teptberature.
from Hi stone H1 (from Amersham UK). The substrate was

The teanstidn svas stepped by @ddlﬂgRQ(Uuthf stop kuffar gontaiing Qi riton

x-APfnR R ATF) i oA i, B ol Pl Bo588 TP A ey

(froﬁPAmyreﬂuarﬁn@wmr ﬁsvhqwiut@@ '(He BEACheRIFZWER) th@nd;amxrea onto a

substrate solution were m xed, t

O5-otlhiur Belan phats 4 ek R A e o o ad) S afermate

ool S0P CEAHPEID SR I Sl bRk sonal
wellef gliminafedAnewabhing thiKbeadbéwicearith 2l MaS!| thiehdwesb with 2 M
run_for hour at roomtenperature. The reaction I\”%Slising

1
NaGt wighdde BosRivirk@Ido e rafioactys Bignplwag BRmmeeay
a T&HELURPES well liquid scintillation counter (from Packard/Perkin Elmer Life

Sciences).

1Cso DETERMINATION:  Dose-response curves were plotted from inhibition

data generated, each in duplicate, from 8 point serial dilutions of inhibitory
compounds. Concentration of compound was plotted against % kinase activity,
calculated by CPM of treated samples divided by CPM of untreated samples. To
generate 1Csp values, the dose-response curves were then fitted to a standard
sigmoidal curve and ICsq values were derived by nonlinear regression analysis.

The thus-obtained ICsq values for the compounds of the invention are shown in



X-100, 1nM ATP, 5nM EDTA, and 5 ng/m streptavidine
coated SPA beads (from Anersham UK) for 15 m nutes.
wab@48R87beads were then captured onto a 96- wedT/USHHB029209
filter plate (Packard/ Perkin El ner Life Sciences)
using a Filtermate 20 universal harvester
(Packard/ Perkin Elmer Life 68iences.). Non-specific
signals were elimnated by washing the beads tw ce
Tablet?) Thdsblddasehanivitiesaferel deheZatdd BYagdingcHinlA%r cyclin E
phosphori c a0|% The radi oactive signal was then
USI%H&@%‘&V% e$rgibed assgrount 96 wel | Tiquid
scintillation counter (from Packard/ Perkin El ner Life
Sci ences). 25 1 C0 DETERM NATI ON: Dose-response curves
were plotted from i nhibitTable lata generated, each in
duplicate, from8 point serial dilutions of inhibitory
conmpounds. Concentration of conpound was pIotted

agai nst % Kid@pp activity, caigeul a4 By NG % INH
treated sa (ng di vi ded by CPV?(§ (ﬁhﬁ eated s nrle% @

To 30 generate IC50 val ues, twe dose- re%ﬁ5ug@ner0émg/nﬂ.

wor + ho fi1++ A o ot nnnl H ol armmil-dal

IC50 val ues were derlved by anll ar [regressi or

anal ysis. The tbms-obtained | C50 val yes for thg
conpounds i nvention are shown ijln WO 2004/{026877
PCT/ US2003/ 0292 63 Table 7| These Kinase actijvities
wer e gener My using cyclin A or cyclin E using

% NH @ % NH@ g5ug/ mL 0.5ug{ nL 15|CH3 N NHKIIN O

t he above- cribed assay. Table 7 5|CMPD I C50 (M
CH3 22.5 NI@"'

CH3 22.5

4.18
Br
NW/L




HN N Br 4.18 ck_r~ N ~\, N)/\N HN N WD 2004/ 026877
PCT/ US2003/ 029209 64 0.53 ;TN NHN N Br 0.49 N C N
WOROOMM2ATBr 0.24 47.4 88.6 N \' O NN HN NAT/0S283/029209

\'/ d N~NN \y' HNN

64

0.53

0.49

0.23

|
@%N§
N%N
HN
=
gﬁ
N
Br
= N/\g
cl NY‘QN
HN
gj
|
N
0.24 47.4 88.6
Br
= N/\g
cl NY§N
HN
A
NG
1
cl N%N
HN
“
SN




WO 2004/ 026877 PCT/ US2003/ 029209 65 i | cl 0.43 N O
NyN HN N6.7 \ / NI\ \ Nomi HN N Br 4.551 Ny N

WODION028Z8 OCH3 4.7 1N~ NN HI N N WD 2004/ 02B67¥S2003/029209
PCT/ US2003/ 029209 66 Br 0.2 63.0 92.7 N C NM\~N HN
CH3 "~( OH Br 30.7 71.5 P--6~5 N~

%ﬂ

o -N

6.7

ey

N

Br 4.551
z N§
Nﬁ/kN

HN
7
N

CF3

COCH;, 4.7
= N/\g
N A=y

HN

“

N




A N\~I N HNOCH3 Br 42.2 48.8 C N HN

0] Py--;--NBr 37.529.4 ~d NN HN NC
woR®dr/03877 67.8 N~ C NN HN 0 N~ WO 2004/ 0rGBUS2003/029209

PCT/ US2003/ 029209 67 As denonstrated above by the

assay val ues, the conmpounds of the present invention

exhi bit excellent CDK inhibi@®ry properties. Wile the

present invention has been described with in

above, al t er natf ves, nodilfi cations and ot her

variationg th be apparent tof t hose of

ordi nary skil e art such ajternatives,

nodi fi cati ons dvarlatlons are i ntended to fal

within the spi EQH&I scope af the present inveption.
P

conj unctvmth t/2§4 5 speciflic gpbod] mergsgset [T ordhy
N
n

WD 2004/ 026877 / US2003/ 029209 68 Q.AI M5
OH

Q\/\ 30.7 71.5

Hg

42.2 48.8

37.5 204

W)\
.
@
%
v
T
g\
W

Q\/\ 30.7 67.8
HN\H

U




What is clainmed is: 1. A conmpound represented by the

structural formula: R~ R2Z NY'N _ R3NHS5 Fornula
WO Rdo4/oadseTein: R is selected fromthe group copGI/E51008/029209
of H, hal ogen, aryl, heteroaryl, cycloalkyl,

aryl al kyl, heterocyclyl, heterocyclylal kyl, alkenyl,
al kynyl, -C(OR7, N2 QL-2 @&o and / N (R8)n wherein
each of said aryl, heteroaryl, cycloal kyl, arylal kyl,
al kenyl , heterocyclyl and the heterocyclyl nvieties

RSS2 SRR B o BRI of e proen

invehtibA teihibittskolibht COX phibi@RepApeMiLt i es whi ch can be
the same or different, each noiety being independently

seVéitectner preseihiavgnriuphas heps desgried withdaeanjuackgn with the

spe@iﬁ% l&%@é@f ee%eﬁ&gﬁ% ab%grx%ma}g&g? ﬁ%g%%ﬁé& and other
variamr@mwﬂiéﬂeumwﬁ@eﬁéﬁeﬁ%ﬁs?  BEJi4IQ) SR iartdle art. All such
S, al ogen

- N( RS ONR5R6; Rl is .H, of alkyl: 20 R2 is.

aifega(ﬂ@e%sérOfi{}"gﬁP%aa@ yapatsAS 'PF@O@ﬂ tﬁaffalw@wfn fhg spirit and
yl, heteroaryl, heteroarylal kyl,

scoffé § Z{rhoecef:el\%m ﬁ"&r‘b% "alkynyl, cycloal kyl, WD

2004/ 026877 PCT/ US2003/ 029209 69 -CF3, -C(OR7, alkyl

substituted with 1-6 R9 groups which groups can be the

same -(CH2)m N N-R8 or different with each R9 bei ng

i ndependently sel ected, ~--~,
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20

~N R8 (CH26K N-R8 -aryl-N ~N.R8 N aryl and ~-/ ,

wherein each of said aryl, heteroaryl, arylal kyl and
whedoaiosyT| yl can be unsubstituted or optional PgT/US2003/029209

i ndependently substituted with one or nore noieties

whi ch can be the sane or different, each noiety being

i ndependent|y sel ected frombBBhe group consisting of

hal ogen, al kyl, cycloal kyl, CF3, CN, -QOCF3, -OR6,

-C(O R7, -NR5R6, -C(O2)R6CLAIMSO) NR5R6, - SR6,

-S(R) R7 - S(O2) NR5R6, - N(R5) S(Q2) R7, -N(R5) C(O R7 and
WhaN@F@é“@(@ I9R5R6: 10 R3 is sel ected fromthe gr oup

congi st yl,
© i) ol ipdindib e e by B3 b O PRSY e
-S(02)R6, -C(ORG, - S((IZ)I\R5R6,2C(O)(P6 C(O)NR5R6,
cycl oal kyl, -CH(aryl) 2, r\;:}(’%dz li‘\IRS, -(CHR5)n-" N
~(CH2)m \ __ R (CHR5)n- aryI N2, O D and , wherein
each of said aryl, heter =pnd heterocyclyl can be
substituted or optionally spybstituted 15 with one or
more noi eties which can @ the same or different, each
noi ety bei ng mdependen% SF ﬁCt ed fromthe group
consi st ng of hal ogen nula, cycl oal kyl, CF3,
wh&% - OR5, - NR5RS6, C(02) R5, -C(O) NR5R6, -SR6,
02) R6 - S(02) NR5R6, - N(R5) S(02) R7, - N(R5) &O) R7 and
- N( R33 @eke)cmsﬁaem the greup §0HBI§tlng1Dfd7|I, hakgens agi| eiewaryl,

the u onsi n yl ryl
cyalpalin Ay BeGraept. Safiat A e R Sy, o «
4xgggﬁ of said al kyl, heteroarylalkyl aryl, heteroaryl
and arylal kyl can be unsubstituted or optlonally
substiutedw th one or nore noieties whic an be
the slame or {ifferent, e ﬂety bei ng P&

i ndep‘endentl sel e t@g)anm t h RE)n

ha{R§g, n, al c cI oaI 5
Q\r\mé,y )NR5R6 12SR6,5 and

-S( 02) R7, -S(02) NR5R6, -N(R )S( 02) R7. - N(R5) Q(O) R7 and
-N(R5) C( O) NR5R6; WD 200 77 PCT/ US2003/ 029209 70

3

(R%n
wherein each of said aryl, heteroaryl, cycloalkyl, arylalkyl, alkenyl, heterocyclyl

and the heterocyclyl moieties whose structures are shown immediately above for
R can be unsubstituted or optionally independently substituted with one or more
moieties which can be the same or different, each moiety being independently
selected from the group consisting of halogen, alkyl, cycloalkyl, CF3, CN, -OCF3,
-ORS, -C(0)R7, -NR®R®, -C(02)R®, -C(O)NR°R®, -(CHR®),0R?, -SR®, -S(02)R’,
-S(02)NR°R®, -N(R®)S(02)R’, -N(R®)C(0)R” and -N(R®*)C(O)NR°R®;

R'is H, halogen or alkyl;

R?is selected from the group consisting of halogen, R®, alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, alkenyl, alkynyl, cycloalkyl,
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R7 is selected fromthe group consisting of alkyl,
aryl, heteroaryl, arylalkyl and heteroaryl al kyl,
wob@reea7each of said al kyl, heteroaryl al kyl, BCWHIUS2003/029209
heteroaryl and arylal kyl can be unsubstituted or
optionally substituted with one or nore noieties
whi ch can be the sanme or dif®erent, each noiety being
[ ndependent ly 5 selected fromthe group consisting of
-CHiah-GgOIR’, alikyt Isubstityted witls |1O@H9)drou;§§:3/hlc®f%§ups GBn be the same
-OR5, -NR5R6, -CH20OR5, -C(02)R5, - NR5
-S(02)R7, -S(02) NR5R6 - N( R5) S( 02) R7, %N?ﬁ@ Q(WN——RB
or @fi8renNWRP) £4P AR |ﬁ§el\r>énd%$ltl? t6¢ 0 group/ ,
c(%35|st| ng of Rg) ) R5R6 -S 02) NR5R6, C(OI)R7t .
~ an/Z\CHZ QRO is selecte
%t rom @"@up?cor@f' Mog Arfha g ry:,\ PNFE‘;B% :
-C(02) R6, -C(O) NR5R6, - OR®, -c? R7 -S - s¢ Wigrgin each of
said 86 2h&i8pderyl, IRS) SPR1BFoc | RBh B ﬂtuted or opt
- N?EF}QS) c(O NR5§agWém§sOt 04 n )lrd'si( 1-4; and Lﬂj1%5 g fonally
indepenggntlysraistifed with epeywrnmoy mettewh@hmném th@ $aroemor

ity S BBV 858 B0 e B8 o

halbgerralkyly tydealkie CHasONs tOCH sORE, -cw)R?naNR?R -C(O2)R,

cGRNBRRESRHY Yo RANRY Wt R Slo P K EBISHR? o

-N(ﬂéq adRipeRdent |y selected fromthe group consisting of
ogen, alkyl, CF3, CN, - OCF3, and -OR6; RL is H or
| ot lSaﬂ;elwted Feorh $he grasipt @Jnsﬁs’cm afttd, arylo hpte{roals/i,sl"[eite@cyclyl,

AR ey, LG, SR
S(OBRRPRAr YI( @IRﬁbﬁc@;ﬁ)NmR@b@ydléaJkﬁd (ﬂ‘l(a@ﬂ‘)j a(@HLm-NRS

[ ndependent I y supst ituted with one or nbre noietie

whi ch can be(FHB ox dif gr(eﬁg)mhear&h rrgl ety be| ng
IR, e g ST g
salﬁ gbg ?Fa%%}rﬁér?f‘%@ﬁg@r@é%lﬁ Q87 'b%t %ﬁ%&%@ﬁg{ gpggrr\a;/l‘y, substituted
with ow%)m@nﬁletleé:(vib)mﬁcanbeltbalsbme or diffemmy,| 9ath moiety being
mdgé@@%ﬁt& éeéll%(aed (from he group—conSIs(t)ng of haY\hg%%eEH(y ,%?y, of
cycloalkyl, CF3, CN, -OCF3, -OR®, -NR°R?, -C(0,)R®,
-C(O)NR°R?, -SR®, -8(0,)R?, -S(02)NR°RE, -N(R®)S(02)R’, -N(R®)C(0)R and
-N(R°)C(O)NR°R?;

R%is H or alkyl;

R® is selected from the group consisting of H, alkyl, aryl, heteroaryl,

arylalkyl and heteroarylalkyl, wherein each of said alkyl, heteroarylalkyl, aryl,
heteroaryl and arylalkyl can be unsubstituted or optionally substituted with one or
more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, aryl,
cycloalkyl, CF3, OCF3, CN, -OR®, -NR°R®, -CH,0R?, -C(02)R?®, -C(O)NR°R®,
-SR?, -S(02)R’, -S(02)NR®R®, -N(R®)S(0,)R’, -N(R%)C(O)R’ and
-N(R®)C(O)NR°RS;
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heteroaryl can be substituted or optionally

substituted with one or nore noieties WO 2004/ 026877
wEOMANSRO03/ 029209 71 which can be the sane 0oPCT/US2003/029209

di fferent, each noiety being i ndependently sel ected

fromthe group consisting of hal ogen, alkyl, aryl,

CF3, CN, -C(2)R5 and -S(2)Mb; RS is Hor |ower

alkyl; mis 0to 2; and 5 nis 1 or 2. 3. The

cowpzé'umslelebtedlfacbrmtﬁeg ebmsistingsotthlkd; a@ﬂ%é%@ma@ymgrylalkyl
of claim2 wherein i s unsubstltuted phenyl

and hetrrear/alkyle WhieAsin caghax spid atkyls h@'f@éﬁ@fﬂylaﬁ&bﬂsﬂiﬁ}’i lheé@' oaryl

s SPGB 200531 b0y 4 o

maiétied whmh&an/ﬁsetlm sarka gqshf;ére_ﬁ}]h eabh ,mcblethIIf’ig ||r?dependently

2- e conpound of claim
selgtbebivBe aro ConSigingsat hgldon, alkﬂ”gawbrﬁwswyafCFs, OCF,
CN3| BRP ZI\JRWQ@'V@'H;O'&§ '(?I(EOQ%R? “H(BHIR %" %ﬁd R’,

enzyl’ (pyrid-2- yl)
-S(QINRIRE-NRAR(BIR’, Nawmm’gaod W(RSD@GO m‘% 15

(1 B AR be SRR cousnn SLRAHIPR an be
-S(OWNRSRP t-aegrRO-CPOLRENalg(D, \A}]F(Vdmn(tgqq; Létd?;lsUbSt i tuted

wth 4Qne or nore noieties can be esame or

di f Rereaelectagiomdhe ujourrensistinglefhalogen. GNsNREBP ed

G RO R T IR 8 RO & SN Boune

-N(@ts)ssm)ﬁf SN(RAKS (€)R’ &3 J—N(Fb%@(@ NRIRS: The conpound of
claim8 wherein R3 is (pyrid 2y|)rrethy| 11. The
conpbi¥ rQJIOO‘f' claim8, wherein R3 is (pyrid-3-yl)methyl.
12. hTbe. und of claim8, wherein R3 is
(pyri d- 4 'vI)nethyl. 13. The conpound of cl aim 8,
whepd$ B-R3 is 2- yI propanol 25 14 The conpound of

2. §5° Tk Sopitiinel AT ahrsi RS Selerideifod thRuighb Sopsisting
of ﬁhﬁaﬁgﬁﬁoélpdtr@te@aﬂﬂ n&l@enWé%"ciei@(d‘)R"@wﬂerenJréacﬁof said aryl and

ound he fo
heteroaryl can be unsubstltuted or optlonally independently substituted with one or

more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, CF3, CN, -
OCFj3, and -OR®;

R'is H or lower alkyl;

R?is selected from the group consisting of halogen, alkyl, aryl, heteroaryl,
alkenyl and —~C(O)R’, wherein each of said alkyl, aryl and heteroaryl can be
unsubstituted or optionally independently substituted with one or more moieties
which can be the same or different, each moiety being independently selected
from the group consisting of halogen, alkyl, CF3, CN, -OCF3, and -OR®;

R’ is selected from the group consisting of H, aryl, heteroaryl, (CHR®),-
aryl, - (CHR®)q-heteroaryl, (CHR®),-OR®, -C(O)R®, cycloalkyl, -CH(aryl),,
'(CHRs)n——)N:> 7.'77/(CH2)m CN_Rs

o] and , Wherein each of said aryl and

heteroaryl can be substituted or optionally substituted with one or more moieties
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WD 2004/ 026877 PCT/ US2003/ 029209 72 CH3 1CH3 CH3

N\~ N\~ CH3 CHN- NNNNNN- NV 3N N HNHN~N
WORG04/02d87HN N HN % H N C OCH s N CH3 CH3 CHCBUSI003/629209
Br N3 ~N~MN/ N , / NN-NN~NN NN N N~N
YHNHNHNHN NHN\V ~-N\V N Br Br Br \" \ / NI 1
_~V NV VNV NY N NNZINNHN S HN HN

which can be the same or different, each moiety being independently selected
from the group consisting of halogen, alkyl, aryl, CF3, CN, -C(02)R® and -S(0,)R®;
R® is H or lower alkyl;
mis 0 to 2; and

nis 1or2.
3. The compound of claim 2, wherein R is H.
4. The compound of claim 2, wherein R is unsubstituted phenyl.
5. The compound of claim 2, wherein R is phenyl substituted with one or more

moieties selected from the group consisting of F, Cl, Br and OCFs,.

6. The compound of claim 2, wherein R?is F, CI, Br, I, methyl, ethenyl, or
-C(CHj3)2-OH.

7. The compound of claim 6, wherein R? is Br, | or methyl.

8. The compound of claim 2, wherein R® is H, 2-ylpropanol, phenyl, benzyl,

(pyrid-2-yl)methyl, (pyrid-3-yl)methyl, (pyrid-4-yl)methyl, 2-[(pyrid-3-yl)]ethyl and 2-
[(pyrid-4-yl)lethyl wherein each of said phenyl (including phenyl of said benzyl) and
pyridyl can be unsubstituted or optionally independently substituted with one or
more moieties which can be the same or different, each moiety being
independently selected from the group consisting of F, Cl, Br, CF3, lower alkyl,
-S(0O2)CHs, methoxy and CN.

9. The compound of claim 8, wherein R® is benzyl.

10.  The compound of claim 8, wherein R? is (pyrid-2-yl)methyl.

11.  The compound of claim 8, wherein R? is (pyrid-3-yl)methyl.

12.  The compound of claim 8, wherein R%is (pyrid-4-yl)methyl.

13.  The compound of claim 8, wherein R? is 2-ylpropanol.

14 The compound of claim 8, wherein R® is 3-yl-propyl-1-pyrrolidin-2-one,

15.  The compound of claim 2, wherein R®is phenyl.

16.  The compound of claim 2, wherein m is 0.

17. A compound of the formula:
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N I/ I NHO NNNO Br \ / N1\ 0---~N COC H3

IN- NY-,-- A\ HNNNNY "NHNHN NCF3 NN OH
WORMW04@6877~- N 1 ~/1'"N HN N Br Br Br \ | / N \P@¥/Us2093/629209
\' NNNN z~- d NO NN\ yl~ NHNHN ciBr ~~ d

NN HN HN CH3 N N
73

& ©Y© ““p &
@P@f@?

HN HN
7

NG Y N A
CF3 N N



5 OH O CH3 N WD 2004/026877 PCT/ US2003/ 029209 74 Br

\' N \~Br OHHBr HBr CI NNNN\ N ~ N-I\\ HN
WORG04/0268K~N NY "N OH HN HN HO HN ON N N N H@®r/Uu32005/029209

~/1\ HONHNN 5 or a pharnmaceutically acceptable

salt or solvate thereof. 18. A conpound of the

formula: Br | Br Br NY N\ ™\ HNHN N--1- N HN N

N SO2CH3 WD 2004/ 026877 PCT/ US2003/ 029209 75 Br Br

N NAN C NG NBr HNIT NN
N Br OH II:I’ Br H Br
S iyt S ot
N%N Nﬁ/&N Nﬁ/L\N
HN

A
z
¥

5 or apharmaceutically acceptable salt or solvate thereof.

18. A compound of the formula:
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HNHN NN/ I NN / N NNOCF3 Br OHHBr HBr H

Br N\ N N\ N N N AN NN NNNNHONN OHHN HN HO
woRookeReds71 / 1 / 1 i t N N NN or a pharnacepeT/us1003029209

acceptable salt or solvate thereof. 5 19. A nmethod of

i nhibiting one or nore cyclin dependent ki nases,

conprising admnistering a7mherapeutically effective

anmount of at |east one conpound of claim 1 to a

patient in need of such inhibition. 20. t hod of
treating one or nore di seases associ ate h cyc
o pende cBmprisi ng adm ni steri /ék

' er gpeu ff ctiye anmount of 10 at st
Kou f cI t nt in nged of su

ctlreﬁ TN 21. ClThel wher ei mNsai d
cycl dependent ki hase |s 2\ The met hod| of
cl ai 0, wherein Y cyclin nt ki nase
m t oge activated pr tein Ki nase ( MAPK/ ERK) . he
nmet ho cl ai m 20, rein said™ | n depende
ki nas Bt gl ycogen I\Synt hase k| nase 3 (GSK3be

The net ho f claim20, wherein said disease i s

S 'ect ed om e{igroup %fonsnst“ng of B'anc r blf the
el N @ NSO I 0 aryN /g
pancrgas, stommach, Ccg&rvi yr prd*!@ate

OHsKi rkINJ ncI udi ng squélhus ceII I‘CI ma,
2004/ 026877 PCT/ US2003/ 029209 76 | eukem a, acute
| ynph i ¢ | eukem a,~~asut e | ynphobl i c | eukem a, B>
cell homa, T- cell Ilynmphoma, Hodgkiyps |ynphoma, S ‘N

non- Hodgki ns | ynphomma,

or a pharmaceutically acceptable salt or solvate thereof.
19. A method of inhibiting one or more cyclin dependent kinases, comprising
administering a therapeutically effective amount of at least one compound of claim
1 to a patient in need of such inhibition.
20. A method of treating one or more diseases associated with cyclin
dependent kinase, comprising administering a therapeutically effective amount of
at least one compound of claim 1 to a patient in need of such treatment.
21.  The method of claim 20, wherein said cyclin dependent kinase is CDK2.
22.  The method of claim 20, wherein said cyclin dependent kinase is mitogen
activated protein kinase (MAPK/ERK).
23.  The method of claim 20, wherein said cyclin dependent kinase is glycogen
synthase kinase 3 (GSK3beta).
24.  The method of claim 20, wherein said disease is selected from the group
consisting of:

cancer of the bladder, breast, colon, kidney, liver, lung, small cell lung
cancer, esophagus, gall bladder, ovary, pancreas, stomach, cervix, thyroid,

prostate, and skin, including squamous cell carcinoma;
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hairy cell |ynphoma and Burkett's |ynphoma; acute and

chroni c nyel ogenous | eukem a, nyel odyspl astic syndrone
waea4/0268pT onyel ocytic | eukenia; fibrosarcona, PCT/US2003/029209

rhabdonmyosarcoma; astrocytoma, neuroblastoma, gliona

and schwannomas; nel anonma, sem noma, teratocarci noma,

ost eosar coma, xenoderoma piggrent osum

ker at oct ant homa, thyroid follicular cancer and
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profRysigeyticiekeiasancer agent: wherein the anounts of _
the IBHO"séPcd?Ré'pr‘ﬂ oﬁ?ﬁ}g %%9&‘ second compound result in
i ey

erapeuti c e "The nmet hod of claim 25,

f ur aﬁemcyto:mnar neum@laa@mat bliomé kedagghwahhomiee met hod
im25, wherein said anti-cancer agent is
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tretdi2, lressa, Tarceva, antibodies to EGFR GI eevec,

intros, ara-C, adrianycin, cytoxan, genctitabine,
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26.  The method of claim 25, further comprising radiation therapy.

27.  The method of claim 25, wherein said anti-cancer agent is selected from
the group consisting of a cytostatic agent, cisplatin, doxorubicin, taxotere, taxol,
etoposide, CPT-11, irinotecan, camptostar, topotecan, paclitaxel, docetaxel,
epothilones, tamoxifen, 5-fluorouracil, methoxtrexate, 5FU, temozolomide,
cyclophosphamide, SCH 66336, R115777, L778,123, BMS 214662, Iressa,
Tarceva, antibodies to EGFR, Gleevec, intron, ara-C, adriamycin, cytoxan,
gemcitabine, Uracil mustard, Chlormethine, Ifosfamide, Melphalan, Chlorambucil,
Pipobroman, Triethylenemelamine, Triethylenethiophosphoramine, Busulfan,
Carmustine, Lomustine, Streptozocin, Dacarbazine, Floxuridine, Cytarabine,
6-Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, oxaliplatin, leucovirin,
ELOXATIN™, Pentostatine, Vinblastine, Vincristine, Vindesine, Bleomycin,

Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin, Idarubicin, Mithramycin,



10

15

20

25

30

77 Deoxycoformycin, Mtonycin-C L-Asparagi nase,

Teni posi de 17a-Ethinylestradiol, D ethylstilbestrol,
w(de®uosdser one, Predni sone, Fl uoxynesterone, PCT/US2003/029209
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hosphat e, Pentostatine, Vinblastine, Vincristine,
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BIoGBU SR SRS IR RO e B ———
MithPr&{iA SDEoxRBTE NS i) Mitomycin-C, L-Asparaginase, Teniposide 17a-

Ethinylestradiol, Diethylstilbestrol, Testosterone, Prednisone, Fluoxymesterone,

oy

Dromostanolone propionate, Testolactone, Megestrolacetate, Methylprednisolone,
Methyltestosterone, Prednisolone, Triamcinolone, Chlorotrianisene,
Hydroxyprogesterone, Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, Leuprolide, Flutamide, Toremifene, goserelin,

Cisplatin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,



Ci splatin, Carboplatin, Hydroxyurea, Ansacrine,
Procar bazi ne, Mtotane, WO 2004/ 026877
wWEOASRO03/ 029209 78 Mt oxantrone, Levanm sol BCT/US2003/029209
Navel bene, CPT-11, Anastrazole, Letrazole,
Capeci t abi ne, Rel oxafine, Drol oxafine, or
Hexamet hyl el ami ne. 30. A coffhound of claim!l in

purified form
Mitoxantrone, Levamisole, Navelbene, CPT-11, Anastrazole, Letrazole,

Capecitabine, Reloxafine, Droloxafine, or Hexamethylmelamine.

30. A compound of claim 1 in purified form.



