WO 03/101989 PCT/ US03/ 16900 VPI/02-109 WO | NHI BI TORS OF JAK AND CDK2
PROTEI N KI NASES [ 0001] The present application clains priority under 35
US C 1weanowed U.S. Provisional Application nunber 60/P834]S838:904i | ed
May 30, 2002, entitled "Inhibitors of JAK and CDK2 Protein Kinases", the
entire contents of which are hereby incorporated by reference. TECHN CAL
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useful as inhibitors of protein kinases. The invention also provides
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better understanding of the structure of enzymes and other biomolecules associated with
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diseases. One important class of enzymes that has been the subject of extensive study is
protein kinases.

[0004] Protein kinases constitute a large family of structurally related enzymes that are
responsible for the control of a variety of signal transduction processes within the cell. (See,
Hardie, G. and Hanks, S. The Protein Kinase Facts Book, I and II, Academic Press, San
Diego, CA: 1995). Protein kinases are thought to have evolved from a common ancestral
gene due to the conservation of their structure and catalytic function. Almost all kinases
contain a similar 250-300 amino acid catalytic domain. The kinases may be categorized into
families by the substrates they phosphorylate (e.g., protein-tyrosine, protein-serine/threonine,
lipids, etc.). Sequence motifs have been identified that generally correspond to each of these
kinase families (See, for example, Hanks, S.K., Hunter, T., FASEB J. 1995, 9, 576-596;
Knighton et al., Science 1991, 253, 407-414; Hiles et al., Cell 1992, 70, 419-429; Kunz et al.,
Cell 1993, 73, 585-596; Garcia-Bustos et al., EMBO J. 1994, 13, 2352-2361).

[0005] In general, protein kinases mediate intracellular signaling by effecting a

phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is involved in a
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nodul ate or regulate the target protein biological function. These
phosphoryl ation events are ultimately triggered in response to a variety
of extracwbloaliewvsand ot her stinmuli. Exanples of such sti mairiuSonodooade
envi ronnmental and chem cal stress signals (e.g., osnotic shock, heat
shock, ultraviolet radiation, bacterial endotoxin, and H202), cytokines
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is predomnantly expressed in hematopoietic cells. JAK3 binds exclusively
to t hahZeRawHA 28e8-oki ne receptor ganmma chain (yc) and is activated by IL-2,
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vo OS/S%rg&rg%%bsﬁg’cés%‘??% J]Zélgqgnnly of kinases include the signal transducer and activator of
transcription (STAT) proteins. JAK/STAT signaling has been implicated in the mediation of
many abnormal immune responses such as allergies, asthma, autoimmune diseases such as
transplant rejection, theumatoid arthritis, amyotrophic lateral sclerosis and multiple sclerosis
as well as in solid and hematologic malignancies such as leukemias and lymphomas. The
pharmaceutical intervention in the JAK/STAT pathway has been reviewed [Frank Mol. Med.
5:432-456 (1999) & Seidel, et al, Oncogene 19: 2645-2656 (2000)].
[0008] JAK1, JAK2, and TYK2 are ubiquitously expressed, while JAK3 is
predominantly expressed in hematopoietic cells. JAK3 binds exclusively to the common
cytokine receptor gamma chain (Y;) and is activated by IL-2, IL-4, IL-7, IL-9, and IL-15.
The proliferation and survival of murine mast cells induced by IL-4 and IL-9 have, in fact,
been shown to be dependent on JAK3- and Y- signaling [Suzuki et al, Blood 96: 2172-2180

(2000)].



[0009] Cross-linking of the high-affinity imunoglobulin (Ig) E receptors
of sensitized nmast cells |leads to a release of proinflammtory nedi ators,
i ncl udi ngwe mnameer of vasoactive cytokines resulting in RCOUESOHkd9e0 gi c, or
i mredi ate (type I) hypersensitivity reactions [Gordon et al, Nature 346:
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mediated through the Janus Kinases (JAK 1 & 3) and that IL-4-associated JAK kinases are
expressed in the RA synovium [Muller-Ladner, et al, J. Immunol. 164: 3894-3901 (2000)].

[0012] Familial amyotrophic lateral sclerosis (FALS) is a fatal neurodegenerative

disorder affecting about 10% of ALS patients. The survival rates of FALS mice were
increased upon treatment with a :IAKS specific inhibitor. This suggested that JAK3 plays a
role in FALS [Trieu, et al, Biochem. Biophys. Res. Commun. 267: 22-25 (2000)].

[0013] Signal transducer and activator of transcription (STAT) proteins are activated by,
among others, the JAK family kinases. Results form a recent study suggested the possibility
of intervention in the JAK/STAT signaling pathway by targeting JAK family kinases with
specific inhibitors for the treatment of leukemia [Sudbeck, et al, Clin. Cancer Res. 5: 1569-
1582 (1999)]. JAKS3 specific compounds were shown to inhibit the clonogenic growth of
JAK3-expressing cell lines DAUDI, RAMOS, LC1; 19, NALM-6, MOLT-3 and HL-60.



WO 03/ 101989 PCT/ US03/ 16900 [0014] In aninmal nodels, TEL/JAK2 fusion
proteins have induced nyeloproliferative disorders and in henmatopoietic
cell lineapmnorsducti on of TEL/ JAK2 resulted in activati @eTAfS03/8pA0N1,
STAT3, STATS5, and cyt oki ne-i ndependent growth [Schwal l er, et al, EM BO J.
17: 5321-5333 (1998)]. [0015] Inhibition of JAK 3 and TYK 2 abrogated

tyrosj ho ' , d_inhi bited: 132 €0Si S
fungolli(@g‘g,0 aslgt(}(rﬁ%}{%l% (bzg %iﬁ{é%lgé@cgsﬁ 9{%{%}6%5\% llzﬁgééed rﬂ{gg%fbs irr%pl i cat ed
JAK f gigbddyrslend as @smitopbdibec cahBhdst ifttfodettyoraaft TRIAT A2 3e4GlST AT actpatibmal/ t hat
is present in cosis fungoides [N elsen, et a Prac. Ci .

U s ASTERL, SEARh- 8hads arsSoypiinainiependept ey ischrss o SARMERY. S wer e
denon : constitutively activated in nmouse T cell |ynphona

char aﬁ%]?%%‘é&ﬁ?%@ﬁ ally by LCK over- expression, thus further inplicating

t he JROLSTAT Ipkibhivayofi A K Bnard B Ke 2| dbragatedt tiyrdsing, phesphagylation of sddds) . 159:
5206-5210 (1997)]. In addition, LL-6.-nmediated_ STAT3 activation )

bl ock& Hikied; i grvf Cgfmmé}s %‘E’&B}dﬁ& ?Jg@érﬁ% el e
to appd ste§%1ts[ Eﬁéﬁ&%éd- FRKCORAly Rinadls irl MR8 BodsvindekOactivhied( LORATAT [ 0016]
Cycl i n-dsepen ent ki nases (CDKs)" are serine/threoni ne protein kinases

consi pathway that isspré@nsinevycasisdhngoiilesd Nielsen, aal, PigseNatndead.1SsH §é&s-A. 94

boxy: ' | that ; i Galr ' the 11
cbaohtih & BRbano Mt SEaTE §FAT Ak ghl SRk e dieliERtaYe PO CT
33 t ocstikddvelihadtivh@dl inymehsek Tnasie BympHoneh charadiertbed iGiilly KKDZK o@BK4, and

CDK6, requires phosphorylation at the residue coryespondi to ?KZ Thr1 60
i n or expressipnp ghus dither dmplicasingbe JAK/STAT pathigy te abraray @elf%am fu£t g3.8g

(2000){ + 40017 ) [ J f £ OMeits Wa¥i6h s Subuni t
(e.0., ’gy%]i“g‘rﬁm%&', F%?Z%Z?@F@%? %?8%%59%6aﬁigag&?%ﬁ??%h%nase_ssubuni t
(e. 9. block¥dl by GKhhitiidkdof JARKIcadargdtcCRbB)tizatiarc lof dhydleme rellkitmpeptosis| i n
pair functions to regqulate the di and specific phases of the cell
cycl e [kasnEaeoneng m@m@ﬁdﬁwﬁe{}ﬁg@és [Nigg, E., Nature Reviews, 2,
21-32 1); t | re séXdHhBARAR Prdte IRRMEES Bonsishia

283- 36@@200%%@ ?%Sﬁ%e]nt Qﬁgg%&?%gv%ee Been i npli c?tred1 in cell i

prol i beadg3-lwet dick andes-grmjmi iéheudnar 4 Yarger catanxyeermial lobe thut iis rgalyoh is a

result of the direct or indirect derequlatian the cell division. cycle
and t helieabksths GPKg display the L1 gibdomat h%‘a’Feéla?.N g‘ﬁ P8 618?1“???85 '@ﬁ‘? ?%‘lﬁe 1Bh)a/ts es
of t hi.n?oléé%ff%/rﬁ{lia_lss FRSm 85388 Mg OvBRiP bR kRS OWhith isMaliéncBK 1l €xzmonl y

associ at nunerous human cancer’s incl udi ng breast, col on,

hepat @4, undr CDKGciequiress plaosgheylylatinnsit [ residue porresppading g §IDK2) ThrifPy g

Vet ab?rll IorS er 5) Vci t%ﬂ@ ’act?vze’ [I\/%(gj%_r,?i??D%golggs)igtancy}?p%,%géé &050)?9”1)' ex
[0017] Each CDK complex is formed from a regulatory cyclin subunit (e.g., cyclin A,
B1, B2, D1, D2, D3, and E) and a catalytic kinase subunit (e.g., CDK1, CDK2, CDKA4,
CDK35, and CDK6). Each different kinase/cyclin pair functions to regulate the different and
specific phases of the cell cycle known as the G1, S, G2, and M phases [Nigg, E., Nature
Reviews, 2, 21-32 (2001); Flatt, P., Pietenpol, J., Drug Metabolism Reviews, 32, 283-305
(2000)].
[0018] The CDKs have been implicated in cell proliferation disorders, particularly in
cancer. Cell proliferation is a result of the direct or indirect deregulation of the cell division
cycle and the CDKs play a critical role in the regulation of the various phases of this cycle.
For example, the over-expression of cyclin D1 is commonly associated with numerous
human cancers including breast, colon, hepatocellular carcinomas and gliomas [Flatt, P.,
Pietenpol, J., Drug Metabolism Reviews, 32, 283-305 (2000)]. The CDK2/cyclin E complex
plays a key role in the progression from the early G; to S phases of the cell cycle and the
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plays a key role in the progression fromthe early G to S phases of the
cell cycle and the -4 WD 03/101989 PCT/ US03/ 16900 overexpression of
cyclin E wed3hewss associ ated with various solid tunors. THRETAfSO8/&4900
inhibitors of cyclins 131, E, or their associated CDKs are useful targets
for cancer therapy [Kaubisch, A, Schwartz, G, The Cancer Journal, 6,
192- Z%réﬁﬂé’sg)&r of @?e"l%] FCRKS be&S RESkAtddy withKarioak Slif! @ynads. I ofterdfore,
apoptosi s ‘and T-cell devel opnment. CDK2 has been identified as a key
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Paire rcal Filanments (PHF), associated w th Al zheiner's disease, is
cause0(2p] t helnhydukitigrh os pégmiatinat thencedlf cikde apd aipeptosisy theCORKspa® (instlyer, L.,
Drug Resi stance Update 3, .83-8 2000)]. [0022 r di_nal. here is a
gr eat HOEd1E tt%feRf@‘F‘?ﬁbofﬁ?ﬁsﬁPPtb% %g'ﬁmﬁlﬂkg ﬁﬁ%&%ﬂhﬁr@gﬁgﬁ ﬁor?l%l%fggﬁe%%f) at are
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avai | aplomefgakovitue, hemppo iy, erd tvasisellatzestar darus, [Mepignarky. dlrug HEeSFRFAERTI ON

[0023].,11 h found that conpounds of this invention, and
phar n&@g}q@gﬁg% @@@@ﬁ‘t abl e conpositions thereof, are effective as
i nhi bifper1y of ARG 6f KDRaRESso hseful €61 i Mreattrdnodf mamddegehérete disordasnds ar e

effective as inhibitors of JAK and CDK-2 pratejn _Kkinase Hl;l'hese .cogpounds
have tsheh gefdzhgimer's disgpse- | Thepappeasapcezof Paired Helical Filaments ), associate

with Alzheimer's disease, is caused by the hyperphosphorylation of Tau protein by
CDKS5/p25 [Meijer, L., Drug Resistance Updates, 3, 83-88 (2000)].
[0022] Accordingly, there is a great need to develop inhibitors of JAK and CKD?2 protein

kinases that are useful in treating various diseases or conditions associated with JAK and
CDK2 activation, particularly given the inadequate treatments currently available for the

majority of these disorders.

SUMMARY OF THE INVENTION

[0023] It has now been found that compounds of this invention, and pharmaceutically

acceptable compositions thereof, are effective as inhibitors of protein kinases. In certain
embodiments, these compounds are effective as inhibitors of JAK and CDK-2 protein

kinases. These compounds have the general formula I:
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RNNH Ns -5 W 03/101989 PCT/US03/16900 | or a pharmaceutically

accept abl e derivative thereof, wherein A) Rl, R2, and R3 are as defined
bel ow. Theeesaerwpounds, and pharmaceutical ly acceptabl e c@eEpasos/1On6

t hereof, are useful for treating or |essening the severity of a variety of
di sorders, including, but not limted to, allergic disorders such as

ast hma and at opic dermatitis, autoi ne di seases such as SLE | upus and
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N( R4) R, SLE\il‘LKpﬁ?él)md Dhici2is ReoBifer MHG( @) ddors NHECRRANCHEISTR R diteas (G0 2, or
NHSO2N(R4) 2, provided that: at |east one of RL and R2 is sel ected from
NH( R4Yith mmﬂr@mp}@tatmq O R4, NHCOR2R4, NHSC2R4, NHC(O) N(R4)2, or
NHSO2N(R4) 1; R3 is an optlonally substituted ring selected from (a) a 3-8
menber ed nonocyclic or 8-10 rrenbered bi cycl ic saturated or unsaturated
ring; (b) a 3-7 nemiErAHERDESGRIP] HHEANVENTION het er oat orrs

|ndependentl sel ec om or sulfur; or (c) a 5-6

menbel0884honéde (Fens e §Fscé§lp1’@"r‘?£ﬁ:tﬂ ’(’quﬁl g%l r‘Vé"ﬁ’gf‘er oaryl ring having 1-4
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or a pharmaceutically acceptable salt threof,

wherein:

each A is independently nitrogen or CH, provided that at least one A is nitrogen;

R! and R? are each independently selected from halogen, CN, NO.,, R4, OR4, SR4, N(R4)2,
NH(R?), NHCH,(R*),, NHC(O)R?, NHCO;R*, NHSO,R?, NHC(O)N(R*)2, o
NHSO,N(R",, provided that:

at least one of R and R? is selected from NH(R4), NHCH,(RY,, NHC(O)R4,
NHCO,R*, NHSO,R*, NHC(O)N(R*),, or NHSO;N(R*),;

R? is an optionally substituted ring selected from:

(a) a 3-8 membered monocyclic or 8-10 membered bicyclic saturated or unsaturated
ring;

(b) a 3-7 membered heterocyclic ring having 1-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; or

(c) a 5-6 membered monocyclic or 8-10 membered bicyclic heteroaryl ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R* is selected from R or Ar;



-6 WD 03/101989 PCT/ US03/ 16900 each R is independently selected from

hydr ogen or an optionally substituted C1L 6 aliphatic group, wherein: two R
bound t o wbhe3gexye9 ni trogen atom are optional ly taken togetl@ruses/1dvod he
nitrogen to forma 3-7 nenbered saturated, partially unsaturated, or fully
unsaturated ring having 0-2 heteroatons, in addition to the nitrogen bound
thereto, o (NN <Slphatic; and each
T S R g B S e B e e
nmonocyclgréupywh8reld menber ed bicyclic saturated, partially wunsaturated, or

aryl ring; (b)_ a 3-7 nmenbered heterocyclic ring .having, 1-3 h s

i ndepende an%/I){ depad tathe sppe RiFASER Sﬁgh‘%} © GRUANY q@@%ﬁﬁ%‘?; Wiy t%% ?gt%%%g -6
nenber ed non | £397 m8h ki haueker @FNY uhidafigatb@¥ingg 1- 4
het er oat ons ?ﬁg%#e%a%?%gggﬁg%?%ﬁgpg%ﬁﬁfﬁoE]en, 0X ge%}l_gr 2'lsulfug. [ 0026]
' 2. Conpoundmvimgd-Dhétervatinm $n addigaip tonitogeibowid theret, indepandeddy i ncl ude

t hose descri bed %a erall%/ above, and qﬁg fdﬁrther illustrated by the
cl asses, subcFlE&adrom AHrogRl XYY O e %herei n. As used herein, the

f ol I ogidnordetih BplibRMs sebalthtcaPREXelstb@sonot her wi se i ndi cated. For purposes
of this invention, fthe chemcal elenments are identified in agccordance with

the Peri odia) aPadmemiferedimomayaknoss-10 ormbeegdbigyelicisawapiedpatielltheni stry and
Physics, 75h Ed. Additional,ly, general principles of organic chemstry are
described in "‘&9%@5&8 G lsf%ﬂy Thomas Sorrel |, University Science
Books, Sauggla3-9:mehded BoterotMiicalighaitigans aetefdagan indepeadeslyrsplecte8t h Ed.
Ed.: Smth, MB. and March, J., John Wley & Sons, New York: 2001, the
entire contentﬁoﬁffnltr%ﬁneﬁxiégeé"ﬂ'éﬁugﬁgiqrncorporat ed by reference. [0028] As

descri bed er,e) By, GATROIRGTRIE BES 10 WRANIRMH BBYcIRRtA0AY indRenenibani L ut ed

W th one or ‘nore Substituents, such as are illustrated génerally above, or
as exenpl i fi edhdiproapoaisindegeadentlyasketd fonboitmgesnxygerd ospdlires of t he
invention. It will be appreciated that the phrase "optionally substituted"
is used interchangeably with the phrase "substituted or wunsubstituted.” In

gener %026‘] he 3 epEPnpsuiBlnliBgRirionshet her preceded by the term "optionally"
or not, refers to the replacenent of hydrogen radicals in a given_structure

Wit h t[6e27 adi Cainpotinds ofsthéscinviertdons inshde ttheset describass sensralb ghave. ppthiteat ed,
an opti onal, uhstifuted gro may _h I t :
uber tetpa bhbad it ffsef bl TRy RE G fs R bER, AL uBBbom, e,

following definitions shall apply unless otherwise indicated. For purposes of this invention,

the chemical elements are identified in accordance with the Periodic Table of the Elements,
CAS version, Handbook of Chemistry and Physics, 75" Ed. Additionally, general principles
of organic chemisiry are described in “Organic Chemistry”, Thomas Sorrell, University
Science Books, Sausalito: 1999, and “March’s Advanced Organic Chemistry”, 5% Ed., Ed.:
Smith, M.B. and March, J., John Wiley & Sons, New York: 2001, the entire contents of
which are hereby incorporated by reference.

[0028] As described herein, compounds of the invention may optionally be substituted
with one or more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the invention. It will be appreciated that the
phrase “optionally substituted” is used interchangeably with the phrase “substituted or
unsubstituted.” In general, the term “substituted”, whether preceded by the term “optionally”
or not, refers to the replacement of hydrogen radicals in a given structure with the radical of a
specified substituent. Unless otherwise indicated, an optionally substituted group may have a
substituent at each substitutable position of the group, and when more than one position in

any given structure may be substituted with more than one substituent selected from a

-7



any given structure may be substituted with nore than one substituent
selected froma -7 WO 03/101989 PCT/US03/ 16900 specified group, the
substit uewD oaay198® either the sane or different at every pEIIUSOHNMI00
Combi nations of substituents envisioned by this invention are preferably
those that result in the formation of stable or chemcally feasible

Conpoédﬁgﬁed T%i‘gull}f,eﬂhg‘ SUbLBRER ma§Sb! eRkbrN@ECidMe of RfifEdnt o @g«ﬁ)opmdﬁmt hat are

not substant y altered when subjected to conditions to ow for their
pr odu€oinbinatictest efcubstitperds dnyisiofest b hjs tvention argaveierablythops thahiassly N and use

for opne_or nore of,the purpgses disclosed herein.. I e iLgents, a
st abl e EamBBARAT SrolehPy et b aTo bt " Gl Fes AR LB

subst antri & bompdun@s @sht WReRoke@Bbtamially alfeRIPRRET sUbfectdd #Gnditiohessalléw t he
absence of noisture or other chemcally reactive _conditions, for at |east

a weefor tefopofiuction, deteetionarng preferably gheir wrpysant PuifigaBeny and y&e {5 O8e REr ei n,

nmeans_a stragjght-chain,. (i.e...  unbran ) h i or
neubEers O b AYBFOES istoef st PR lopiadth e ety RORRRIE Rry

cont a'bemi@d]%r QdasiBY @otpohind Gf dheStku A noo rsubstantiallyoaloaryd [when kepdr @car bon or
bi cyclic hydrocarbon that is conpletely saturated or that contains one or
mor e tempetaturef ofuAQHE Laralasynin Bgt abgsnes of smAIIre rBnelhet chemisally dFaVed t o

her ei n "%cycl oal i phatic" or "cycloal kyl"), that has a

s. " car botac#cl e"w o
si ngl 8°'kaﬁlbtf°ﬁ’tg’ OF APPIANERt to the rest of the nolecule. Unless otherwise
speci fooed} alTHehain CagfiRtp? of Oaliphatic gro2)” ads yHed thetein,antrmn asgraight-chdin sone
enbodi ments, aliphatic groups contain 1-10 al i Efgltaﬁ*i &‘ecabbon at ﬁ@;'t ln other
embod(irenpmbrasghegh £t bragehsdp SubBiptes rory vasubstityfpdy hydrocarpen, chaifnhat 11§ gy ||
ot her ' [ Wottlo[g x LBh&t. 1 & £ aoaedyciEoNs,
and iR ygpgg{ gé{r}lta%gngllogﬁ?r%%%lgmglq}%@t Iﬁlgf%raglgspéf gg%t%i n 1-4 ali phg‘}{i c carbon
at ons hydrocaboreoebibpdicriydtaarbohalyat lineinplétatyl saturgted o that antaind ene qyymore

"cycloal kyl") refers to a npnocyclic - hydr ocarbon . or hic j £.nC8-Cl2
hydr o8B Bh vpsatraiiqn, %WE%BI‘? ré’étafﬂné%:d%?(’ %le& © 6?1?1856 a%n‘éarg(r%}}r?ger e units
of Uns%ﬁ{aﬁ haR QUEcyMyaffhSs AP hadh ARSI Doirthert ath@BmentSiongik &reftodMiheof

n

attach o the rest of ~ the nolecul e wherein an_é individual ring in said
bi cycmadecnlengUslpss ethretveise gpezifiedntlinhatic gRwips apntainal 2P phiphaticFatosAto@E| ude,

but are not limited to,.linear or branched, Jg.t un [ tuted
alkyt 15 P RE POyl gh B ko, SRR F2k0, AR’ Chfh Some' A

(cycl gabkdimentkyaliphali€ Y sloaps kesnydin al I8y laliphat{cc yattoal kydnsal kénydtill [@BS0] The
term"heteroaliphatic", as used herein, means aliphatic groups wherein one
or twobodinssts, alipketiar FORPR €pRiATe AT \RIPBATG CBEPBY 2tRS, oag‘dnﬂf &ebotBly gen,

oL AR L TR A RGP cuheiBab! Asbie disisRoity be

“cycloaliphatic” (or “carbocycle” or “cycloalkyl”) refers to a monocyclic Cs-Cg hydrocarbon
or bicyclic Cs-Ci2 hydrocarbon that is completely saturated or that contains one or more units
of unsaturation, but which is not aromatic, that has a single point of attachment to the rest of
the molecule wherein any individual ring in said bicyclic ring system has 3-7 members.
Suitable aliphatic groups include, but are not limited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

[0030]  The term “heteroaliphatic”, as used herein, means aliphatic groups wherein one or
two carbon atoms are independently replaced by one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon. Heteroaliphatic groups may be substituted or unsubstituted, branched

or unbranched, cyclic or acyclic, and include “heterocycle”, ‘“heterocyclyl”,

“heterocycloaliphatic”, or “heterocyclic” groups.



or unbranched, cyclic or acyclic, and include "heterocycle",

"heterocyclyl", "heterocycloaliphatic", or "heterocyclic" groups. -8 WO
03/101989wWB@3NuS88/ 16900 [0031] The term "heterocycl e", 'PoegtEsodespod yl ",
"het erocycl oal i phatic", or "heterocyclic" as used herein neans
non-aromati c, nmonocyclic, bicyclic, or tricyclic ring systens in which one
or mo[o%sq NG THRERA Shékcgdle’, MeRRRIENT, Yhéeloegdlediphede oat Reterotyclisdme
enbodi ments, the "heterocycle", "heterocyclyl”, "heterocycloaliphatic", or
" het eapesediherein greanp nprarerankatic smppocyEbeyr hiekokicy pigicelifodrs sysemiincwhishe or
nore ring nenbers _is,a heteroatom,i I f%ﬁ%h&§¥&§n

sul f uPhe %ﬁ PSR mSVlbﬁﬁoag%%%}naé?eng%@gg%gﬁgeﬁﬁ%%?Erl]ta 'gﬁtssgs ‘émcontains 3 to
7 1i nghemapleeIcselel 003R ockbBI, ElidRrobril@iliphhi! ontigGogolc dgronphas thfeeamygen,
sul fur, nitrogen, phosphorus, or silicon (including, any oxidized form of

ni t r ofwteers GNEURSMpRTS b e Onepr Morg Fing AIemppeas 43,3 Meterasa RdsprRdntly ny
ARG e _ . o . . e oM
oxampraef P HER $ogefy SRS ISR B Bpbladh iSO EKTnL Fortfos TOL e,

(as i o Nrisghsimbers. ed pyrrolidinyl)). [0033] The term "unsaturated", as used
her ei n ans _that a poiety has one or nore unit of unsaturation. [0034]

ne
The t H1032% ol kBhey "termy “hefespaigii eansy OnG s @ TR 0h OFYEPRy SUHH oRIURRRR) |

group ey i , an@t t BEbAC] réd)airn
A e R G b e e

t er s siliceh;0 dek yhéternidedl fabk efiyany hasic "Mitibgeal kox ¢ subsEntable kitrogenl fledy| or
al koxy, as the .case nma e ubst,i e i th one.or re tons. The
term '¥‘ﬁt§¥°6§%lﬁj' nngrefgﬁgx%?@@’l\{ B %Oégﬁaygio%@n?ﬁg) er as.1g&>§}|rr%ﬂ§fs}lg§ ogl one or

as palN:ngsﬁlﬂq@ﬁg@_{tu@pg9ﬁyli(ﬁ§y1))n “aral kyl", "aral koxy", or "aryloxyal kyl",
refers to nonocyclic, bicyclic, and tricyclic ring systens having a total
of fi@033b folhea team "phyagratedhes ysediieesin Heaw th%é‘sm(’lé%{é“aﬁ OR® O MOFHEUSy st em
is argnmatic and wherein each ring in the systemcontains 3 to 7 ring
nmember Pnsfhuéattloéir’m "aryl™ may be used interchangeably with the term"aryl
ring” [00Bag teThe termyialkedyepor ethedatkyl’y ashesedrimaein) reférngo sy sdlieylsgrasp,desf i ned
her ei nbel ow, ([10(_)37] The term "heteroaryl", used al one or as ‘pgﬁrot ,(S;Sf a

| ar gePravigustyy definerdnattached & Higrpginginal cggbon ghaig,t hapigxygen (plpaysd %

oM B fon L) VEL 1116, VEL e hav o toral of Tive to

[0035] The terms “haloalkyl”, “haloalkenyl” and “haloalkoxy” means alkyl, alkenyl or
alkoxy, as the case may be, substituted with one or more halogen atoms. The term “halogen”
means F, Cl, Br, or 1.

[0036] The term “aryl” used alone or as part of a larger moiety as in “aralkyl”,
“aralkoxy”, or “aryloxyalkyl”, refers to monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members, wherein at least one ring in the system is
aromatic and wherein each ring in the system contains 3 to 7 ring members. The term “aryl”
may be used interchangeably with the term “aryl ring”. The term "aryl" also refers to
heteroaryl ring systems as defined hereinbelow.

[0037] The term “heteroaryl”, used alone or as part of a larger moiety as in
“heteroaralkyl” or “heteroarylalkoxy”, refers to monocyclic, bicyclic, and tricyclic ring
systems having a total of five to fourteen ring members, wherein at least one ring in the
system is aromatic, at least one ring in the system contains one or more heteroatoms, and
wherein each ring in the system contains 3 to 7 ring members. The term “heteroaryl” may be

used interchangeably with the term “heteroaryl ring” or the term “heteroaromatic”.



systemis aromatic, at |east one ring in the system contains one or nore

het eroatons, and wherein each ring in the systemcontains 3 to 7 ring

menbers. Wbhe3tierms? "heteroaryl” nmay be wused interchangeablPgTiSodridobe term

"heteroaryl ring" or the term"heteroaromatic”". -9 WO 03/101989

PCT/ US03/ 16900 [0038] An aryl (including aral kyl, aral koxy, aryl oxyal kyl

and tgﬁS{ﬂ Ke) AP ar1 S 0@hY laralkjIN G40 2PAbLY MY 2drdy thealikt) hétt BEte@amil al koxy
e

and t I ke) group may contain one or nore " substituents. Suitable
subst {iteleding heterodralkyinaal haterpaylatisoxyomdathe ke SHP arap catalp @Ne O AMSF  gr oup

lected f I . -R -OR -SR , 2-net hvl i :
G R TR CTyEDR By bertrhy B pnisieg ST R AR orheterp)
ti i 1 -BRe. (iR pe-2 i l1y2- bl d with
R R e e R e R - e S R O R
- NRC( SRyl - (AT GihR)1L; subhRD(eE) NGF) 2R% -(NERDD 28ptionhiRNRetSiRied. NRRIRAR) N( R) 2

R RIS R R SR 0
-S(0) ﬁ?%%&%ﬁ% SRR (O)RARSRRNCR)R?; - NEBAIB)NHYLRINRCEIRUID; N R) 2;

or -( R™Wherein “each i1 ndependent occurrence-of Ris selected
f rom hyRPOQRF; ONRPNRAC{O)RSL DA INR CHOMI(IE),; a-NBRERPCORY uGEEXO)RUt ed 5- 6

L’E{*‘Sﬂcﬁéﬁiﬁﬁiéﬁ%Lc‘?avéxz?ﬁc?bﬁe%é’srké@%ﬂ o B b s GBos HeRBEEor & on’
_ i i N
at o GO IOBIORE) & GORY Roum e R OB SO B Ceyeryi

aryl , NRestEREE 92 -WRSOIR°; AN(ORS); -ORINIE)-R(R Oy, cdroadt Myl ,NHO RV Rgeil- 3

het er oat ons i ndependently selected fromnitrogen, oxygen, or sulfur.
Opt i opadh Bidbpdnidenteotcarencet bieRAlis phiattied fgrmodydodgeR aptiongly evbsitiuted drmeNH2,

O CL4THRNR 1y epih ey b mep oAb O PRSI e b T Fat i c)
hal i > . = . LA
or a'@ﬁﬁlﬁggbdggﬁﬂlgﬁt_a“?‘g%%ﬁ]d&ﬁﬁ{}?&%w&? twb FRRYNdRE: Sdarfh@htRIGHRE & oups

of RisS An al i1 phatic or heteroaliphatic group, or a
non- atensimecsubeti@emogradifferent suipstitagnts clokdnafogethaewih thmatonks)itetwhicke pach,

Sui tabl e substituents on the saturgt ed car?y(in of an aliphatic or 3

het er 8BS EOHRAHS GogRG UIrm g SSrmemheird etragycly napdr Fclrderer g o 3581 ect ed

from S&%%%réd %&(ﬁgalkglbg%% |h{a?1(l})lﬁ;¢1? l‘r@é‘@%tmégt @ﬁgﬁeﬁggﬁf} e Ho¥l E%foggﬁNHR*

het er oar group an y I nclu I"'ow ng: =0 ,
=NN( Rbk ggens bNkH2) RipticnhINdEaR0altk vh Xhe alipNakiSER 1Al df R )are selectbiRfromiNEbe eac

R* is _independently selected from hydrogen or an iopal ly st i tuted
C1_6° ATHShamimhatos t Gneslipsiie olRaRHs Contphgica bl oGk HORCHY ¢
CO,H, CO,(C;.4aliphatic), O(haloCy4 aliphatic), or haloC;.4aliphatic, wherein each of the

foregoing C;.4aliphatic groups of R° is unsubstituted.

[0039] An aliphatic or heteroaliphatic group, or a non-aromatic heterocyclic ring may
contain one or more substituents. Suitable substituents on the saturated carbon of an aliphatic
or heteroaliphatic group, or of a non-aromatic heterocyclic ring are selected from those listed
above for the unsaturated carbon of an aryl or heteroaryl group and additionally include the
following: =0, =S, =NNHR", =NNQR"); =NNHC(O)R’, =NNHCOx(alkyl),
=NNHSO,(alkyl), or =NR", where each R" is independently selected from hydrogen or an
optionally substituted Cy.¢ aliphatic. Optional substituents on the aliphatic group of R" are
selected from NH,, NH(C;4 aliphatic), N(C;.4 aliphatic),, halogen, C;.4 aliphatic, OH, O(Cy4
aliphatic), NO,, CN, CO,H, CO,(C;.4 aliphatic), O(halo C;.4 aliphatic), or halo(C;.4 aliphatic),

wherein each of the foregoing C;.4aliphatic groups of R" is unsubstituted.
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selected from NH2, NH(Cl_4 aliphatic), N(Cl_4 aliphatic)2, halogen, Cl.4
aliphatic, OH Q(Cl_4 aliphatic), NO2, CN, CO2H, CO2(Cl_4 aliphatic),

Q hal o Ciwo talibpbatic), or halo(Cl_4 aliphatic), whereinPeadsodiconhe
foregoing Cl_4aliphatic groups of R* is unsubstituted. -10 WD 03/101989
PCT/ US03/ 16900 [0040] QOti onal substi tuents on the ni trogen of a

substl tuted Cl %mal i ha)tgl c ) i t md g he t| %na!nlly
subs tSONE2.- GERIN( Eo bt r% Nglgﬁétgrt EHZF’ ﬁ‘? H"“’&H@F &
subst | tt%%&?ye 5&@@@ %er alip HE' Bgﬁéﬂal/l y subbtutcupirshyt, Gpteraiin subaitutad

unsubgti et er or heterocyclic ri n(g_ havi ng_one to
f our JogPBY, ogjtomally nuibgiiuidd nTH,(Ble), elpttledaliy @nbsmqtgfe n(CHh-e@gknoptismally| f ur

h di he def d f
Re GDEMaIe e et o P r e hGEREL S PieRESHICBRECT Ui
the aljia@gﬁcﬁsérré ® f‘ﬁfﬁ': feRAIMNHdSpRUBNt]Y Sel@iHom! sXygem Hitr8gaie sbsulau, or,

het erocy ary or heteroaryl ring or a 3-8-nenbered , cycloal k I ring
havi rng)tﬁitﬁsthmdmg dhe clefinitiodegwvd.e v o yindeneadens (PCERIGPRCRS tof oﬁeno’fl dhs; gaRe

| t bstit t I i f
P o wbsahen alirpin SiEoRG, e, e B e aBpfRe Uit %"?T‘?“%ﬂ"“%;“%gin
Cl_4 glhfphal F&m P5-8Ndalbcdehieftrytls), arylNG2, heem;argzmhg o@@(ﬁ@lmdmhbnephat ic),
q halo ClL 4 ali phatic), or halo(Cl_4 aliphatic \Sf? each of
for eg@fchgmﬁd g hpviag i0c3 Getstgnonns 11R1F’PP%deﬁH¥ ugﬁkef‘iefi 8. mF@%Fﬁll]OXﬁeé‘ toe rm

"al kyl ' g)t %oﬁ%l%&bsrtﬁlgeﬁﬁssoﬁ ﬁe%llgﬁﬁtﬁn:'oégﬁ%& thi rpﬁé}F}Ji'?ﬂ ARG kel frbtat nay

be fuﬂ ts of unsat uration and has two
IOOI nt NHQI N&I(Cae hﬂﬁphﬁtlc)tN(Glheallmtlc)@I halbgeml e calipbati¢, (OH2 O(Bs4 abiphatichd

mhodi , d oy
2y oAb COaQbh & i Hirytice A REE Her Py s 0k an BSehar s Bbet her
W th E'ﬂ:‘ﬁ(ﬂ @lﬁé)f&é%)ﬂﬁg)cmhﬁﬁhtﬁaﬁguﬁéﬂfﬂﬁ% fndubstagtead to forma 5-8-nenbered

het er ocy et eroar ring or a 3-8-nenbered c cIoaIkyI ring
havi ng0H B hefleroah Saikylidee baid? miety to geiraighter bramrhﬁ@icarﬂoegé n G FAY,  or

sul fu | ar s that are for nces
o R o e 5 B S LR b ARISIAE D aBERbE R

t oget fefhebd: Bf tHRenAtQR.S) to which each vari abI e i s bound include, but are
not lrmted to the following: a) two i ndependent qccurrences 0

or anj0Zher Asdetabedaive lna?fOIIT}S erg@qqm)é@tsh@foemﬁepepﬁgﬁt OGP RITEISES, Slt RS ((grhe caie
tom and t { t t |
NCR) 2R wREADY LBKENJDHRL DRG0 RerlBA AR O I MocBthbd AfbethEP Twitk &iEP! €.

Ehees are en toget r with
atom(s) to which each variable is bound to form a 5-8-membered heterocyclyl aryl, or

heteroaryl ring or a 3-8-membered cycloalkyl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. Exemplary rings that are formed when two
independent occurrences of R° (or R”, or any other variable similarly defined herein) are
taken together with the atom(s) to which each variable is bound include, but are not limited to
the following: a) two independent occurrences of R° (or R", or any other variable similarly
defined herein) that are bound to the same atom and are taken together with that atom to form
a ring, for example, N(R®),, where both occurrences of R® are taken together with the
nitrogen atom to form a piperidin-1-yl, piperazin-1-yl, or morpholin-4-yl group; and b) two
independent occurrences of R® (or RY, or any other variable similarly defined herein) that are

bound to different atoms and are taken together with both of those atoms to form a ring, for
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nitrogen atomto forma piperidin-1-yl, piperazin-1-yl, or norpholin-4-yl
group; and b) two independent occurrences of R (or R+, or any other
vari abl e wormliexoBy defined herein) that are bound to difPemrarsod/at9ons and
are taken together with both of those atons to forma ring, for - 11 WO
03/ 101989 PCT/ US03/16900 OR / o exanple where a phenyl group is '
substituted with two occurrences of OR. OR these two occurte
taken together with the oxygen atons to which they are O bg

; 20Rd that a

fused 6-nenbered oxygen containing ri | t ¢

var i e¢Xpnemle stheey a phenyd SR Beupsithied ‘W%?eﬁw?%cqq?ﬁé ?fg@ﬁt bccurrences of R
(or VEY Ra HRE B Y0 St %Qvﬂ@fkﬁ{& tgget her

W th % t\?(?)% %%Ees Fc%kéeatﬁdﬁmtbggﬂk% ‘gﬁlﬁs boﬁ%‘% and '? t 1 he exarrpl es
detalled above are not intended to be Ilimting. [O ess ot herw se
stated, structures depicted herein are also nmeant td lude all isoneric
(€. 9. pg F QR fsedli6B9LAPERIESygen 20ftadBR BNl C<(OF cONf or makilpbal ) )

forms of the structure; for exanplle, the Rand S configurations for each
asy megpreciateéd et vagidy of wthef Engs darubt ﬁortmd avhies dyve ﬂ@depa N FGCUERBCES of

confo n i SO er.ef. wel |
e enbntrhesr o GiRat Vil ur s g gehepT hE RS CRL R LI BTERS

M Xt Ufe§hh dabe vaiSRERIbdAIRAY fEkS tied @xa\mﬁleﬁl detdifed amoepereqfot tiftendedvebti on.
Unl ess otherw se stated, all tautoneric forns of the conpounds of the

i nvenilmﬁm&re within the scope of the invention. Additionally, unless

ot her o Sfigss hEMAL u£t§t%dd Richlredl afiEl Rorefl GrePhiS nltGRYo heboGlude
conpo tha presence o one or nore 1sotopically
enri Clb@ﬁhe@beHg eEaiitloﬁDeﬁﬂD(ﬂlestelfeompﬁu,rmhd geambtng (Pheorforsational3) founs of s except
for the replacenent_ of h dro deuterjumor tritium e r acenent
of a SEWWEES: BYr gFampleethe, éﬂ? %ﬁ@@%é?%%%gfﬁm%? ﬁe“?ﬂet@ ?31816 &3f this
| nventyhon b‘rfch ounds @Z)e anHS?l)Ulconifo%at?diﬁUWSSmeﬁs anpdrfots; akingleol s or
pr obes |n b0 ogl cal "assays.” [0044] 3. Description of Exenplary Conpounds:

[ 0045 kteRioehemiceld ifRimersn daRowejt oamp snefitidroerivy| diastergomesiel ante gednIHF héﬂfogen

R4, OR4,. SK4, (R4)2, N NHCH2( R4) 2 4
| east CBIPifé’nB?“%f{\l s oLt %‘esgﬁeé?ltté: Pg%islsﬁrﬁﬁi” 1%{1[11&&?25 f\{d tggqﬂhg? éﬂ
More prgdLrduedwist st B @hiterRsic Formd 6F thlcdrpoanids &Eﬂhe(iﬁ\%@ltlf)ﬂi ara whhiar o,

fluoro, hydrogen, net hyI ethyl, propyl, t-butyl,
the scope of the invention. Add1t1ona11y, unless otherwise stated, structures depicted herein

@R°of R are
to forma

are also meant to include compounds that differ only in the presence of one or more
isotopically enriched atoms. For example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
3C- or “C-enriched carbon are within the scope of this invention. Such compounds are

useful, for example, as analytical tools or probes in biological assays.

[0044] 3. Description of Exemplary Compounds:

[0045] Preferred R! and R? groups of formula I are selected from halogen, R4, OR4, SR4,
N(R?),, NHR*, NHCHy(R*),, or NHC(O)R®, provided that at least one of R' and R’ is
selected from NHR®, NHCH,(R%),, or NHC(O)R*. More preferred R! and R* groups of
formula I are selected from chloro, fluoro, hydrogen, methyl, ethyl, propyl, t-butyl,
cyclopropyl, isopropyl, OH, OMe, OEt, SH, SMe, SEt, NH, NHC(O)thienyl,
NHC(O)furanyl, ~NHCH(pheny)CH,OH, morpholinyl, thiomorpholinyl, or 4-
hydroxypiperidinyl.
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cycl opropyl, isopropyl, OH Ow, CEt, SH, SMe, SEt, NH2, NHC(Ot hienyl,
NHC( O) f ur anyl , NHCH2( phenyl ) CH2OH, norpholinyl, thionorpholinyl, or 4-

hydr oxypiwermsddrgd . -12 WO 03/101989 PCT/ US03/ 16900 [ 004@CTRrses/eoned R3
groups of fornmula | are selected froman optionally substituted ring
selected from (a) a 3-6 nenbered nonocyclic saturated or aryl ring; (b) a
5-6 ngoimy] ed Metepld ®RicirbGps éf@rina ge Leldctie fomdah optonaligenbaiiend ing
selected fromnitrogen, oxygen, or sulfur; or (c) a 5-6 nenbered
nmonocelested §pma 9- 10 menber ed bicyclic heteroaryl ring having 1-3

het er oat ons_\i_nd ' en, oxygen, or sulfur. [0047]
Mor e pref g‘ri?)eagg egrﬁgeg%is%gﬁﬂygﬁ%?gafeﬂgrg{%%@ onal |y substituted groups
sel ected f(bus-6yedrofyrabldterocydticapitaying 163 hbtetvaxgths inféyengéntlymeleced| |

thienyl, fur ané_lp, i.soxazolyl, tri az.ol yl, benzot hi enyl, or
benzo[ 1, 3] di oxBPY nitrpgels exyesd. QUPG%ent s on R3, when present, are

sel ect ed ”(&@ﬁﬁe e MmN Rk fie 0939-1@rm§ﬁ)er[:(ﬁ)%2&1icpﬁé@é%ﬁ?rpﬁné Raveie _
enbodi ment," ‘the present invertion relates to a conpound o formula I'l: ~Ri
N' \N R3 NH | I-3 lmteraatphaimdependendgs¢lyctat fropt ritybgend exygeat onsplftther eof |
wherein RL and R3 are as defined above. [0049] Preferred RL and R3 groups
of fornmula Il are as described above for conpounds of fornula I. [0050]
Accor dppt o HRIIDRULFRPY of FRuR E&@NptioAMBNéibeftutRl @bess defected
corrpoﬂggggf l?%?érrﬁ?ge [l WR 3 NH 111 (%)r a %ar maceut%}cgflssl y acceptabl e

der i vetanyecycloprapol,, cyebapenivh RxcletvdyRphensl. oyridet i thisayhbiyvanyl, pogzelyl,
Egﬁ;g[}ﬁgzgol}ﬁ,z bé'inr%gthli%% ,ré)r esnzg[fl ,g]gfo%jllyﬁ &’lréfel%(? SL?DSstigl%ﬁﬁrdnbﬁd, @p&vﬁreg&"t,

are selected from R°, halogen, N(R®),, OR®, or SR®.

[0048]  According to one embodiment, the present invention relates to a compound of

formula II:
R
/ —
N

II
or a pharmaceutically acceptable derivative thereof, wherein R' and R? are as defined above.

[0049] Preferred R! and R? groups of formula IT are as described above for compounds of
formula I.

[0050]  According to another embodiment, the present invention relates to a compound of

T F
sz\l\&(
 NH
N
I
or a pharmaceutically acceptable derivative thereof, wherein R? and R? are as defined above.

formula INI:

[0051]  Preferred R? and R? groups of formula II are as described above for compounds

of formula I.

[0052] According to another embodiment, the present invention relates to a compound of

formulalV:
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of formula I. [0052] According to another enbodi nent, the present invention
relates to a conpound of formula IV: -13 WO 03/101989 PCT/ US03/16900 R1 N
R3 NH NvDW3/10198a phar maceutically acceptabl e deri vati ve PChdrsesigoomher ei n
R1 and R3 are as defined above. [0053] Preferred RL and R3 groups of
formula IV are as described above for conpounds of forrmula |I. [0054]
Represent ati ve exanpl es of corrpﬁunds of formula | are set forth belowin
Table 1. [0055] Table 1. Exanples of Conmpounds of Formula I: CI N-,N NH
Cl N,NNH NNNN-R2 MO Ow ~O 1-1 k-2 NNH NN VNNHYCNN O
NHO O ONH2 1-3 1-4 ~ NNEVH [NC j 0*1-N NH O H2ZN N NYN /

1AY

or a pharmaceutically acceptable derivative thereof, wherein R! and R? are as defined above.
[0053] Preferred R! and R® groups of formula IV are as described above for compounds
of formula I.

[0054] Representative examples of compounds of formula I are set forth below in Table
1.

[0055] Table 1. Examples of Compounds of Formula I:

=N
Ch AN N . { M
Y i
=
NYN N\‘/N
Nz MeO NH, C{
e OMe -0
I-1 I-2
/N‘NH
cl N
Y o Cho~UN NH
O« NH \ W
N\(N
0\5 NH, ?
I-3 1-4
=N
_N NH
O~ NN Rl
T o~ NN
=
S
T, b
I-5 1-6
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Y
N
N
1-

| -
\
O
12

S
N
H

NH2 c 1-5 1-6 -14 WO 03/101989 PCT/US03/16900 , N, H2ZN \ N 'NH /
H~ O Il ON~N/ NYNN NH1-7 1-8 -,Nj-~,, NHNNNHONYN N
N OWIH03/$0ﬂ98£9 1-10 N, H2N NNNH S HNN 1 NH Y NH PET@S0814900 O | - 11
/ISHNNNHf~y) oo OYNN OH

M
HzN N
e o~ q
N.~N Nﬁ/
\g\ _NH
I-7 I-8
N
NH N N
N0 '\T\(%
l\l — 2N
Nx hd
HN._O NH
gs
I-9 I-10
,N.NH C/S‘\rrn ! /\N NH
HoN N = X O—
[E g
0O
I-11 I-12
N
X
O—
Qj
OH
I-13
[0056] 4. General Synthetic Methodology:
[0057] The compounds of this invention may be prepared in general by methods known

to those skilled in the art for analogous compounds, as illustrated by
below, and the preparative examples that follow.

[0058] Scheme I
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1-13 [0056] 4. General Synthetic Methodol ogy: [0057] The conpounds of this
I nvention may be prepared in general by nethods known to those skilled in

the art fwooaned9sgous conpounds, as illustrated by the gemeraiSoscdverne

bel ow, and the preparative exanples that follow. [0058] Schene | -15 WO
03/101989 PCT/ US03/16900 N NH BnN - 2 BN (a) BAN~ NH ~b --- R N Ar Ar
RR G AYA YYIRR A AA R~ ~ 12 31 Reagents and NI ons: (a) i

LDA, ArC(O) CL~N_iLoNH2NK2; (b) A IC, H2 ii 3 [0089] Scheneldl Mbove shows a
gener al et d f or | BEN.CO dsT@‘F‘d’r mul m

4- Oxo- pi peri dine-| - carboxylic ‘aci g bengyl gster (1P~ treat€d with LDA in
the presence of an aryl acyl chloride me resul gi ng i nternedi ate
treated with hydrazine to afford corrpouné‘\?.A The benzyl protecting group
of conmpound 2 is renoved via hydrogenationgiand the resulting amne is
treated with an aryl chloride conpound 3 to afford a conpound of forrmula I.
Conpounds 2 and B8 are useful i ntermedi ated in forni ng a variety of

OO, SeabAI e O, TRORCHRCIRAR e 0 B B o Lt o
enbodi ments are depicted and described above and herein, it will be
ho. TNRNs SEBemE BaBoUEHERE T gersBoVBILS) Fis PP B CA B o b ALY or Lal &
gy E%‘@%P%ﬁ%‘?gﬁﬁé’%ﬁ%%@ hlgnszty? g%&g(%?fs Ratidna#ly LB fnl thé PrebéiRedfn [ 0061]
aryl acyl chloride and the resulting intermediate treated with hydrazine to afford compound 2.
The benzyl protecting group of compound 2 is removed via hydrogenation and the resulting
amine is treated with an aryl chloride compound 3 to afford a compound of formula L
Compounds 2 and 3 are useful intermediates in forming a variety of compounds of formula I
using methods known to one of skill in the art and as illustrated in the Examples below.
[0060] Although certain exemplary embodiments are depicted and described above and
herein, it will be appreciated that a compounds of the invention can be prepared according to

the methods described generally above using appropriate starting materials by methods

generally available to one of ordinary skill in the art.

[0061] 5. Uses, Formulation and Administration

[0062] Pharmaceuticall); acceptable compositions

[0063] As discussed above, the present invention provides compounds that are inhibitors
of protein kinases, and thus the present compounds are useful for the treatment of diseases,
disorders, and conditions including, but not limited to allergic disorders such as asthma and
atopic dermatitis, autoimmune diseases such as SLE lupus and psoriasis, proliferative
disorders such as cancer, viral diseases, and conditions associated with organ transplantation
is provided comprising administering an effective amount of a compound, or a
pharmaceutically acceptable composition comprising a compound to a subject in need
thereof. In preferred embodiments, the disease, condition, or disorder is selected from
cancer, Alzheimer's disease, restenosis, angiogenesis, glomerulonephritis, cytomegalovirus,
HIV, herpes, psoriasis, atherosclerosis, alopecia, autoimmune diseases such as rheumatoid

arthritis, allergic or type I hypersensitivity reactions, asthma, autoimmune diseases such as
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[ 0062] Pharnmaceutical ly acceptabl e conpositions [0063] As discussed above,
the present invention provides conpounds that are inhibitors of protein

Ki nases, wod3tinesd t he present conpounds are useful for thecrresas/n®ne of

di seases, disorders, and conditions including, but not limted to allergic
di sorders such as asthma and atopic dermatitis, autoimmune di seases such
as SLE | upu . NSOL.lAS] i g i ISprders. s 8fal Vviral
di seag%’g&agﬁa%%%h Pt r%fﬁ?egs’sugglﬁéggtcg a%,tﬁgg?gﬂgﬁ@taﬁgﬁg%l %&%?%ttﬁi?pgg@m?s _provi ded
CONPricroxds, A milsipRr ichgosiy) refifodegénemtivaulisurdar$ sachcanBauiiia] awyotgophic
pharmaceutical |y acceptabl e conpgsition C@ﬂinSHn a.co und to aagubject

i n nelatgralispleresst (FAIS o pe et 80 i hrmatalogic fRalghaRcies: SUC R epkeias o

di sor dar léﬁﬁhﬁﬁlla?c,&&%rﬁﬁiﬁﬁg] Hf: AR aspbA N (BB predesti H6&HRON, PREhRABARICALy
angi ogenesi's, glonerulonephritis, cytonegal ovirus, HV, herpes, psoriasis,
at her aseptable sicanpaaitiope cira, pravided, rwiereindibsssa sempesitonsasomprsenaniboiod the

arthritis, allergic or e | hypersepnsitivity reactiaon t
aut oi FRARRANGS saéagf@%m%qﬁlcﬁgrg ’ apgeg%n@@y ﬁ?ﬁ’é’ﬁg Wﬁﬁgﬁﬁ?@gggg & retlarllbé}%l ant
rej ecti ol adfudbhit Sehehiide NASderlinS 8ABEd QU tHRE® compsditivrist difionally Girtiephi

lateral sclerosis, and nultiple sclerosis, neurodegenerative disorders
such asmpidseione ak memy additdial therdpawtas 2gentse| er osi s (FALS), as well as solid

and h l ogj C. i gnanci es e i ; di ngly,
- andORel adheul Ssp BEABFSPREIHEN el SR BRu Rl o RO e B e
CONPOgiiti fNEred TR OV ind@thenVh@! &heret figeepriamdp@si tphamsaceotiqally seceptgblof t he
conpounds as descri bed herein, and optionally

_ . conprise a. gﬂar macetul%li cally
accepderiiative ctheiepbr Aceifingatit the Rrewnt|iBVentigc & PAHHAEAHEA Hre¥CeP e fiese

conpogitions .ot janal {08k 1oC HT%' tRAfy Qbcepibie addi td@Balalts of

t her a%e u‘faﬁgéélgégﬁr'#es%’. &%to%éi I %%ﬁol Ba sgéﬁleﬁglgypr ecc' ated that certain of the
conposuBsestds, i @8 ¢ dthel addet boderdative evhict upan ddngrisfration foor paticehinneasd, or
where appropriate, as a pharmageutjcally acceptable. deriyvative.thereof.
Accor IRARgHTIBof REovishes el P YaRERGH: AcpHaP T BT RET e eaerapraih M o

deri Vﬁfeit%%li{e’}ﬁlré‘s‘i@%th%&f.i s not limted to, pharnmaceutically acceptable
salts, esters, salts of such esters, or any other adduct or derivative

whi ch[0066h adAs nist heaxtinothettorra "pharinancutically) @eeeptable sedip apiees tof theso sl ng,

directly or indirectly, a.conpoun s _otherw ri i a

et b Gy W it 20kpR &f SO RS o Db e RS P PR viin e

" phar gRGRY b Gahhys AkCRRtARMIMakakithout @hens tdxifyhpaatisn) dkrgivhéspbnserand wi t hin
t he scope of sound nedical judgenent, suitable for use in contact with the

ti ssuée ke randarrs commenswaic ailn@Iresanatho denafiaisk i &i tRFA3SerHcYon,

SUGEENE: T N e e T
that, upon administration to a recipient, is capable of providing, either directly or indirectly, a
compound of this invention or an inhibitorily active metabolite or residue thereof. As used
herein, the term "inhibitorily active metabolite or residue thereof" means that a metabolite or
residue thereof is also an inhibitor of a JAK or CDK-2 kinase.
[0066] Pharmaceutically acceptable salts are well known in the art. For example, S. M.
Berge et al., describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
Sciences, 1977, 66, 1-19, incorporated herein by reference. Pharmaceutically acceptable salts
of the compounds of this invention include those derived from suitable inorganic and organic
acids and bases. Examples of pharmaceutically acceptable, nontoxic acid addition salts are
salts of an amino group formed with inorganic acids such as hydrochloric acid, hydrobromic
acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic

acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by

using other methods used in the art such as ion exchange. Other pharmaceutically acceptable
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acceptabl e salt” neans any non-toxic salt or salt of an ester of a conpound
of this invention that, upon admnistration to a recipient, is capable of
provi di ngwoeBtiess directly or indirectly, a conpound of PlirT&Sosv®nsi on or
an inhibitorily active netabolite or residue thereof. As used herein, the
term"inhibitorily acti ve nmetabolite or residue thereof” means that a

met abo t. Lher f ke, 2

ki nase. tg gf)lgéﬁ P’ﬁ {l gﬁ%{)glljlageé %gg&a%? Beﬂ%%#%ﬁlfal{ng%mb@nﬂd%ﬁo\%sl n the art.
For ebfcarﬁml butysate, b’hmpﬁiﬁﬁ@gc&ﬁpmksulfodaspmrhxe @iciopeneeepropiahdty, dgloeptatth| e
salts in detail in J. Phar rragﬁ%utl cal . Scienc

i ncor fsteaylediaier @Ff}?‘nﬁ%)ﬂﬁoé?tér Egate pHEHRERIE ¢ ?Ec&hpg;og%g,e&l}écgfr@%gyl}age, of the
conpo 'ile'o%a%‘ B%uffﬁggﬂ%gs ggdtélc %H%o%i&osl?y&'&ﬁﬂl\fléd of IR By th &k Bl forta@e, gani ¢

and o gani c S an Exanpl es” of” pharmaceut’i cal'l y accept abl e,
nont obacmbamaté hatdite, ilauratesalausyl andate smlatate, ahaleate, analnmtgrmqpanqgulﬁ@rwwzt h

BTN Sk e e Ak R T e A e
acet i rstﬁﬁitéi 3- g?féﬂy'lﬁroﬁi%hﬁe ﬂﬁisﬁheﬁe agithlte, tpavdlae, Sropidhste, Stedrhied sadtithte,

succi |c acid lonic acid or usi ng ot her nethods used in the art
such afateriadsatshthipeyar@tdar tobmﬁ atei safleopnenie eytlerpeesalts,1 dptheplike.01089

PCT/ U 690 salts i nc e adi t .at e,
benz eﬁ%&%%vﬁgtféom 58 REOC?E? Pl CP%%ealka%bor at’ zﬁkaf%ﬁl’?'yr ap %&al %WM&%%
canphggs W{onatigl), Cdatts.at Bhis Gy 0ri0R NA160 @AV B{INS Nthe Et}uaténgtammnait eny basic

dodecyl sul fate, ethanesul fonate, formate, fumarate, gl ucohgﬁ%gﬂ@)le or

gl ycenisiosesporipiaing grawpsreitthe qeamounds dissloseh hewhbatWateR Ok

hydr oj 0 f na eqalkhpUWirat e,
" o138y FOUGE Ry BERBERE BT quhREkipRIoRr o KEpresaith Ntk

napht hikbkmesartf meail galtninclnde sadiem, dithinmt @ptasdieat alcmmlnmga@snpml aid Hiee,

B?Té?hﬁ% %E%ia%q“%@pea SHicAlvarscenii] Sk P T A BARCERe. neReSEanat e
p-tol HlnB Og@e& atNHBRRARA, eandVﬁhﬁfeaéa@ioﬁﬁlféﬁnedaﬁ&hg h@uﬂtbﬂf@s sudhl 4ss

derive om appropriate bases include alkali metal, alkaline earth netal,
armonhaeide, drydravideCIcaflzixylatd, sudfate, phodphiate, i miratat loveralkyl selfuasy epd aHe

guat erni.zati on of any basic nitrogen-containing groups of the conpounds

di scl S¥EM¥ferein. Water or oil-soluble or di spersabl e products may be

obt ai PFE7PY SAS QeftHiBbE APd Ve tHePhariReRuasaRt z&chpt@blabbﬁl!pbsmbns ofl thalpresentear t h
metal salts include sodium |ithium potassiu cal ¢cium ne5| and the
li ke. 1mnnmadcbhamaih/cm@resala ph%@é%ﬁlﬁb‘hé a%{’&p{;glel “‘r?élllfﬂ”dédJu ﬂ(”éﬁ%“%}&rl ate,

nont oxi, ¢ 1,u r t I si ng
count glhil%hs suc nge&h%gg&% %Qgr OXi g&lggr?goxy ézglfse%? 6@%; lgeldgﬁ%lslghat e,
ni t r atdgspedstoneronl kaspessibd aiids, eswafude angtive apdrftgnisotanic agents, thickening or

emulsifying agents, preservatives, solid binders, lubricants and the like, as suited to the

particular dosage form desired. Remington's Pharmaceutical Sciences, Sixteenth Edition, E.
W. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various carriers used in
formulating pharmaceutically acceptable compositions and known techniques for the
preparation thereof. Except insofar as any conventional carrier medium is incompatible with
the compounds of the invention, such as by producing any undesirable biological effect or
otherwise interacting in a deleterious manner with any other component(s) of the
pharmaceutically acceptable composition, its use is contemplated to be within the scope of
this invention. Some examples of materials which can serve as pharmaceutically acceptable
carriers include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer substances such as phosphates, glycine,

sorbic acid, or potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids,
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[ 0067] As described above, the pharnmaceutically acceptabl e conpositions of
the present invention additionally conprise a pharmaceutically acceptable
carrier, wojauexysy or vehicle, which, as used herein, |ine®Crdse3/aewo and al l
solvents, diluents, or other liquid vehicle, dispersion or suspension
aids, surface active agents, isotonic agents, thickening or enulsifying
agent g aePr 63R" YAES1yt0! dublh PAsN GRSt SminleV RiIF£ANHiSod B hh8roker §hodshatd)i ted to
the particular osagey formdesired. Rem ngton's Pharmaceutical Sciences,

Si xt epstadziuiai Hyidoogen Bphospliatdvasadium (dberidePutind s#ltsngotbeidal BHisa.omagesium 1980)

di scl oses varioqus carriers used.in .formulatin r i ceptabl e
corrpo“éﬁsﬁ}cé'ﬁs 4R omrrf’]é‘i?{ﬁi’ ROLLECFYPICR oy QVaX eﬁ%?%ﬁylgﬁgg %P@rby@%ept

i nsof @Bcl@ﬁol?ﬁ)éré} QREE Ml Qpats wRh fab Sdctdtedblubdse antl REGIRA stddtiRs Widthas ¢die
conpounds of the invention, such as by produci natany undesi r abl e bi gl ogi cal

ef f ecstash arst Ipotat sstarcint eellwdesengnd ritsa derayasivey isuels asasasarmysaPorymett ner

compon s) of .t har maceutical Ly a I S| L{:0 I:1.S eis
cont eﬁ‘gﬁiﬁ(sgd eﬁ’gl t?gﬁ%o?% Fﬂ‘ﬂ%ﬁ@‘ﬂg %eoﬁcéet%tF ’ %§ ﬁﬁ%%? nt@ag%igl on. h’éghgelgiig’n%) 8s of
mat er balisiendsedh Ha0cELhMERr aid Phppobkawidxes|dily sactcapnicabiteil, catarisesdsoil;ncl ude,
but are not limted to, ion_exchangers, alumna, alJum pum stearate,

| eci t afflowerseil; sasameopibioiye odyieern £il mdrembasaciinelicaisnsuch arPPEeneselE&lances
such | YLl OLIN1C 1A% i S . adafst 1 al

ol yeep; AEORRGREL Sveof L fich SUBNTIERE dn Sind PhaRE, M- QURERE P61 050
PCT/ Uit/ ds60i@fnesivmt @tydroxadet sndoslumiirani rybyaxéde; atgiih sl pryoegenifee watef;at e,

di sodi um hyd _phosphat e, t 3sSi hasphat di
Chi or 1SHOnIG PGS BT Bololiohcei s rahoh, AaEr e DaEs S Fens: 8 S0 Pui ny)
pyrr Obéhépﬂ&-ocpé?éf g&lﬁﬁéﬂb‘i’é RDricHRX Sifch RAURIN BN RuFRE AT YRR hi@Neardk,0Ck

pol ymers, wo t, sugars such as lactose, glucose and sucrose; starches
such as vedk ms colainghagants, poleasiog siganish coatirlg agante wrpstaning, digvioragiapds such

as sodi um carboxynmet hyl .cellu]ose, .ethyl cellylo cel l .acet at e;
powde PE TS 3E] ersﬁﬁ'laf“,’esg%rf ?f’thc?x@aé’lt%?an 31?& 5i é%f‘%@gﬁctﬁé a‘f?in g%(t)lgﬁ’butter
and sgm%hgqgme\g@dgﬁém@ﬂhgf@mha@ﬁ peanut oil, cottonseed oil; safflower
oil; sesane oil; olive oil; corn oil and soybean oil; glycols; such a

propyl ene glycol or polyethylene glycol; esters such as ethyl ol eate and
et hyl ate;, agar,_ buffer] . I, W hydr oxi de and

al um mjor?#ﬁmydr %&‘133’2? Oé'ﬂ% 8?"?1%&”2%’%%%@516%%?% ea\é\’%%]grﬁl?bk&ﬁgg%oni c saline;

Ri nge006930! Ulni w0 anethfydspadte o hekhodaiod tehiepbralesehing ftbe sevetiot ofondiseas, wel |
as other_ non-toxic conpatible |ubrjcants S&ﬁh as_ sodi um | aur\él Sl.{]t.f ate and
rmagne§isaries: e capdition daclyding allergle) (dgsordgs Sloichles asthgjacang APl At Eoat i ng
208N St BHIHERE BisBikes E&(%Va%rSL@h%ﬁQ ancpﬁgérﬁgﬂsg%oﬁ&%v@dw&%@ kil ds\e@ficeand

anti ox! dants can al so be present 1n the conposition, according to the

j udgneirhl dikedshe dndrammbimioos associated with organ transplantation is provided comprising

administering an effective amount of a compound, or a pharmaceutically acceptable

composition comprising a compound to a subject in need thereof. In preferred embodiments,
the disease, condition, or disorder is selected from cancer, Alzheimer's disease, restenosis,
angiogenesis, glomerulonephritis, cytomegalovirus, HIV, herpes, psoriasis, atherosclerosis,
alopecia, autoimmune diseases such as theumatoid arthritis, allergic or type I hypersensitivity
reactions, asthma, autoimmune diseases such as transplant rejection, graft versus host disease,
rheumatoid arthritis, amyotrophic lateral sclerosis, and multiple sclerosis, neurodegenerative
disorders such as Familial amyotrophic lateral sclerosis (FALS), as well as solid and
hematologic malignancies such as leukemias and lymphomas. In certain embodiments of the
present invention an "effective amount” of the compound or pharmaceutically acceptable
composition is that amount effective for treating or lessening the severity of a disease,

disorder, or condition including allergic disorders such as asthma and atopic dermatitis,
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[ 0068] Uses of Compounds and Pharnmaceutical ly acceptabl e conpositions
[0069] In yet another aspect, a nethod for treating or |essening the
severity wDovidissease, disorder, or condition including ®CTarsgs/e69dé sor der s
such as asthnma and atopic dermatitis, autoi mune di seases such as SLE

| upus and psoriasis, proliferative disorders such as cancer, viral

di seag@gimAnsk GeREsd JueR s QEEQG?@ Al potibsi ) pasiiTeratiad 813batsAuch s tancpr, ovi ded
conprising admnistering an effective anount of a conpound, or a

phar nuicgudiseaaed, yand ceongitipns essasinigb 31ithi oigae drppsplantAO, pRInds Bdsybj ect

in need thereof. ln.preferr ' : i gl L] or

o sor PP aepifs F fEoBaT o Nl o o AE75 pa RGN e

angi ogenasbent a0 AP keikte e plhiridttatiof wies@@abowtatig, orteddening tipesverityafi asi s,
atherosclerosis, alopecia, autoimune djseases such as rheumat.oid .

ar t hr atdissasa| disordets asrcandiston) inglydines elaeic disergers, gigh 35 AYhma g Yopic

aut oi ne.di s > i i r
T e e S B e T
scl er @sicancenevrHdegens aid venditomsoasderisted wdth egafrarankplantaony oflhe phpa

| ateral sclerosis (FALS), as well as.soljd and henatol.ogic malignancies
such amopRiRewTAsWllNGrY JHophBbicst tq W%i"éF’t P‘?P%é‘}go%&‘ﬁéﬂf%esoﬁg‘?’ ﬁg(ll ERtELent

| VenLEBRAAR of L Sbiole (LR U HDGnHRURE i NG SREUL SRk ot

{ .
accep conposition Is that” anount effective for treating or |essening
t he sewmirityatioh, anddiheeliise The diostpodeds obthedovtition ge ipreferabilynigranlatedgine

di sorders such as_asth nd .atgpic dermatitis -19 9

PCT/ U @/gi6“@6go%ﬁﬂr8???;&@“8?1&%@0@3&“?&8&%‘5@@@93 eugﬁgﬁg&lgés% gigf’a ©
prol i Lghabine a8isQ Hekm MG 19% PRRERIY distiételunti SFeARAs apeoprigefdi teons
associated wth organ transplantation. The conpounds and . conpositions,

accor gatepttio bhdreptethdid Wl henandaratgedyt howsyeht thah therigialpdaikiy #p4gesele d usi ng

any anpunt and a route of I pi QR ef LV, ti
ozserpiiorRE eB{ienByiGyR of B Biskili i iR AP bl Reldlh W B Wihale

al | er ghgsi6iiab Wit Thesdeope a5 s@mid edied Judinuit. CThedepeoitiici etffesti vardoseilevel fier

di seases such as SLE | upus and_psoriasis, prol i&(gtraati ve di ,sordeéigoragrch as

cancerany pritighlag paiieas esoreamamcsliclepprhaposs Eicht ferHnelrging th‘af
trans %leﬂi%;[j ?r%b@@l anﬁhglre]‘,e %‘(ﬁféﬁ?fp JFOMBL gk Skt Rd é@'ti'vity V@& Yhel 58RURbRGEUTO

subj ect, “dependi ng eci es, age, and general condition of the
subj eimpléyed; gR\wpedifiy cofnpbiition afpkiyedithe e body teightagenarpd healthi, sex ansde of

adm nistration,. and the | jke.. The .conpounds,of .the inventjon are.. er abl
F or Idigtiod thepeigat et AaipiReRH RS o Rdii ety Ml L O R & o £y 7

of do FREoRPRURSE ShPloyedOhia dfratidhl of tHeQfdAimds; dagdufaiificombRbgdBot 0 a
physi ztﬁf%ecg%bsgﬁg)?e uni? gf agentraalpproprei ate for the patient to be

t r eat edincidentel | Witth ¢hanpesific sopomshempioyedhand dike feeioss Welli kipwis #ydhcor t he
compoy n%gcael1 nalgts c ?ﬁ%){)e%rlnt“lpg iesnt’o,fas tuQeed &R E Al ars Qg%ﬂh{lﬁ?pﬁéﬂr&b@ G n%%hgl,e thdy the

at t endt
most preferably a human.

[0070] The pharmaceutically acceptable compositions of this invention can be
administered to humans and other animals orally, rectally, parenterally, intracisternally,
intravaginally, intraperitoneally, topically (as by powders, ointments, or drops), bucally, as an
oral or nasal spray, or the like, depending on the severity of the infection being treated. In
certain embodiments, the compounds -of the invention may be administered orally or
parenterally at dosage levels of about 0.01 mg/kg to about 50 mg/kg and preferably from
about 1 mg/kg to about 25 mg/kg, of subject body weight per day, one or more times a day, to
obtain the desired therapeutic effect.

[0071] Liquid dosage forms for oral administration include, but are not limited to,

pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
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physician within the scope of sound nedical judgnment. The specific
effective dose level for any particular patient or organismw || depend
upon a vawpDeBmowBI f actors i ncluding the disorder being tPeatusd3/adot he
severity of the disorder; the activity of the specific conpound enployed,
the specific conposition enployed; the age, body wei ght, general health,

sex and; sfji[ﬁa ta@ioh (I}S tB?t:icﬁ?é 'O %uﬁds[n?heoiiqﬁﬁnﬂ 8¢ 8O thay! Qatfn Bhert
admi nt €Pat’ 6h, "and rate of excretioh of -the speci fic conpound enpl oyed,
t he dginshtsadnfioril @sdd ipatherantsicoay dor axasgld, wateyrdgiotherisolyenis, sobubilivdngient al

wi th the specific¢_conmpound e oyed, and ]Jike fa rs.well wn _in the
medi cegenrand empiidfiers spgh: aﬁtlp)&%koo%o]aésoggo@ai #ee l’ne,%Il AHhongs- "Qﬁﬁr{;ﬁ?t? £,

prefe | BRglyt S0 dietdirmamide,

phar n‘é%%k%@%@@%%@%@ﬁ%?@%@%éﬁ ??%E’sy’gfoumi s TAventi on }gan be

adni nbisd €ine gartioular nectonseed, @rowrdnati co,s geomal dljve, ressionl pyd sgaiencdplal |y,
intracjsternally, _intravagjnall i ntraperitoneal .Lopi ca . by
pondogcersleryieorodinfAGRhet polemy e Mol MR it Lo, Y
li ke, ,0PREAG:D thetidr! B&I RS biYucdfs, iHRrilndogiosdidonb eamgss frehideddjuvants cer t ai n
enbodi nents, the conmpounds - of the invention may be adm nistered orally or
par enswhahd wettingdegenge ¢ravlsifyingfandpeispernling aggnirg Svertembet 1awring/ k§dand
preferabhly from about 1 ng/kg to about 25 ng/kg, of subject body wei ght
per dB?)’?“%Wéaé?m?mre times a day, to obtain the desired therapeutic

ef f ecfoo7RP07 IhjebiaBli prepaaass, ffor raxafple, Gletile dnljettablet aquebon of nd¢agitwusbut are
not limted to, pharnaceutically acceptable enulsj onéﬁ?%g@oenul si ons,

sol ut Pespensienssmen deofpsmulpigd, pecordipg to Abe \kprys, ap 1696 FerRedF*

el ixirs,. | Ik i i PR sy ligh hfhydeoarea fiailes nay
cont aiW%ttlnﬁgarg%qggﬂl g%ﬁégdlég%%ﬁggg%@% t helzﬁéﬁgﬂﬁéh as,y for exanpl e,

vat er imgéctaildeslution, waspensionaridmnilsinn iy a nmgexic paedtesityl ascéptable djueriy ais et hyl
al cohol, isagpropyl  al cohol, ethyl carbonate, eth acet at yl

al coh&PlyelefFyAxamplt; oa_ét%,s‘ﬂ}ﬂ?%y‘/‘%/ érﬁe‘g‘&mfgb‘?tl Af,l@f%{li'f’ﬁcgw abg? 9’8@?% and

di met yl LAk TRIT gy beoédlﬁgﬁléd? aRAG e UR Aloer'C 9611065, €6®. P giflindtualc sabitm, ger m
olive, castor, and sesa oils), glycerol, tetrahydrofurfuryl alcohol,

pol yethiptidasolgtigre dh sdditivnf stetile, fisedioidsare convgntiopally employed A2 §PINERfr Ys

thereof. Besides.inert diluents, the .gr (W Q. AGlL.ude
2l Uy AHRERO DG RO F| 115 BOERES. ertIl (O aes i cns sapsRs “Rehil
sweet ghihstic floA¥.0bi Biglycaides. B RHdiIfon a8y Qidids. subRQF 2)eit npicirabkel in the
preparations, for exanple, sterile injectable aqueous or ol eagi nous
suspepsiparationay injectddesyul at ed according to the known art using suitable
di sperzsi or vy Wett] - orol : i lRjaect abl e
or eB ar@ﬁ}ﬂn ngk}e lélljﬁg:l(t)a eﬁgﬁggagolﬁ?garﬁyesﬁgﬂﬁieﬂgfcﬂ%’ﬁf@le, Py &ighn thﬁ)u'gﬂ{a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid

compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

[0074] In order to prolong the effect of a compound of the present invention, it is often
desirable to slow the absorption of the compound from subcutaneous or intramuscular
injection. This may be accomplished by the use of a liquid suspension of crystalline or
amorphous material with poor water solubility. The rate of absorption of the compound then
depends upon its rate of dissolution that, in turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a parenterally administered compound form is
accomplished by dissolving or suspending the compound in an oil vehicle. Injectable depot
forms are made by forming microencapsule matrices of the compound in biodegradable
polymers such as polylactide-polyglycolide. Depending upon the ratio of compound to

polymer and the nature of the particular polymer employed, the rate of compound release can
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i njectable solution, suspension or enulsion in a nontoxic parenterally
acceptabl e diluent or solvent, for exanple, as a solution in

1, 3- but arw0iodl10198¢ong t he acceptabl e vehicl es and sol venPETiusas/16%ay be
enpl oyed are water, Ringer's solution, U S P. and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally enployed as a
sol ve i | : [ ; 1 sPiahdcan be
R i e L S S R i

aci dspslyGihgdridespi Pepati dnjecteblas fmmulatihe arpr dpar prepaoed oy ienjreppiad| &s.

0073] The injectable forrul ations can be sterjlize for exanple, b
1[i | t r]ﬁ?liﬂB‘l’PnfjH BgIPIEs OS%F’@FP’&?S-“?“@tt%tﬁf%‘ij)n?l?q%’i)krvyﬁlbgb%uﬁsﬁ%sor ggr at i né

ster! derapg Sitidhs 38 EOAMPIvashsl hiBins@tailn £6HRERTbI0BpPbiteiescan be
di ssol'ved or dispersed in sterile water or other sterile injectable nedium
pri or whichuse be [pdpadid hynmixiog thetcomppundsy this dnventier widfsuiatde APOURELEE t he
present .invention, it is often esir.a to sl ow t tJ t he
conpo EREPIFRIS B SAEGt %HfboelfsCOSPa P#%Mg%h?lgpe gfyrgjoiévg ?glﬁﬁg}%ﬁ‘l&g ‘}Vna%)WgIeCh
acconpld sfkiadatambibg taPeRfurd Hut Bl SUSHBNRPeradire Cindsthédefor®enedt in theor phous
material with poor water solubility. The rate of absorption of the conpound

t hen rebtyrearivagina savitsandueleags thejagtvs aomnoynehat . in turn, may depend upon

cryst ize rystalline ; IV d r pt;iien of a
par enﬁgpyl |y agﬁ% (rélllogatggr g& corfr%{)%%] ?d(%!rlﬁrﬁﬁiwsaa&éc@!éur}g? i ﬁgﬁ@%yﬁgﬁ&é gl% 1\!/llg’ng or
suspendivigs! fivl garMesNk dushaolididosagehfonhs,. the npted adrhpoudpistmixédmith ar e made
by form ng m croencapsul e matrices of the conpound in bi odg radabl e

pol yndgast QRfc HeHs PhmAcariGaly-as6sRigs e3FipiFat oﬁéﬁgﬁaisﬁa‘ Golely lglP?eCIﬁﬁttei Y of

conmpougd; r i I QRyed, the
ot e SRc i pROPHIE arBRY < ARcRU s s 0 BEishet, BeylP: {he e

cont r ahdneilol, Bxdsifitie siciolf bpbinders ishadasgfardannplep odrhorymacthyle¢llndese, alginates,

| h t d.. | hydri d . .De injectabl e f i
B s e bfr BuSHEVIRERUABoRY PR aMpatren B hepReaTsch i EVuRhi one ©
that {fi&neQamad hethe Wichhsh@ey-dobs ShiRfim CABERdte, JUTRO Vr tafdbch ifth,rAghRl Or

vagi nal admnistration are pré erably suppositories which can be prepared
by ni xcidgcertan silingouradd sofiuhearbonaiee 8) FIHtion ratarding agsnis suehas parakiiss hg

m ecidgea _ . _
S pposituspy kSl o d & B RS AR oo p B Y R Aol s 1,

t enperfat Bxfnglodcdtiie aRbRsCante klyckidl thidhoste@ita) rh)osbseebghBaduch aasi kaolianshd el ease
t he active conpound. {10076] Solid dosage forns for oral admnistratipn

i ncl udenienite Glays and dbiwhricants; Suply as tHleneRFYM siarals JPAAPEEUM fealdiensdl i d

dosag%oﬁ;%'fﬂﬁenet Q?ccﬂ&tgo\ﬂﬁm? ?Mﬂuﬁﬂfa-{é Al RS e thefdof. In the case of capsules,
tablets and pills, the dosage form may also comprise buffering agents.
[0077] Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed maﬁner. Examples of embedding compositions that can be used include
polymeric substances and waxes. Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar

as well as high molecular weight polethylene glycols and the like.
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| east one inert, pharmaceutically acceptable excipient or carrier such as

sodiumcitrate or dical cium phosphate and/or a) fillers or extenders such
as starchwe,03lie8ose, sucrose, glucose, nmannitol, and si [PCEUSOHTI9) b)

bi nders such as, for exanple, carboxynethylcellul ose, alginates, gelatin,
pol yvi nyl pyrrolidi none, sucrose, and acacia, c) hunectants such as

gl yCergrs) ) Tl 21i0¢ BORBbARY 36 BRbDeSH GHicRReRUBLuIaBI Brm Gh TndBraasbonat e,
potato or” tapioca starch, alginic acid, certain silicates, and sodi um

car boeatigente Jas sokadt atmver Fhasolid dosage forsns af kabdets, phingees.i gapsylys, palls gndt i on

accel erators such as quaternary a I um conpounds tiin Nt s such
as, PEPUIEx SRHPLPERYEY WI ‘i%“’?#/s f’é%ﬁg‘:‘%%ﬁ 8@%’38%?%@%%&%? asﬁ\jcggﬁg@?lge nts
suCh asiaobhd ofaf cofPRIBE WG 0WnAN thé PHarmackutal ERuRinY Gl B sichl slidcal ci um
stearate, magnesium stearate, solid polyethylene glycols, sodiumlauryl

sul f atlesagefiornysi the wctive tompewid. man be dmixesewssh o dgpsupresinertidilyewt SIChAg pi | | s,

t he dosage form may al so.c rise bhufferin ts. 0.77 L .
conpoSiH niac&qseaorét?ﬁcﬁaﬁu&,ﬂggsaﬁgﬁgpss ?%egléﬁ%ﬁgl 21‘ ’E’;lés% llz’i rhrgl(rais lp?ar?ug%ft and
har d- fiditisshl G8badricBs GRS WhASinb® idGesyCH g oXablgtipNudricamtd ant other abletingk sugar

as well as high nolecular weight polyethyl ene glycols and the like. The
sol i daide sadea megpasiumm S@a@teeﬁtnﬁl,ﬁﬂcmcé@é%]é{le el g@,th?)?f}SP of capsplegrtablgises can

be prepar. i th i . . i i at her
coat i ABGPE: e BHaER olrPRaf Blo SOEbIR, HEGHrEAERL TG mEPaI iRy B0t

opt i oBpadifyyinpoateatsrandaai dlyo gofegenthpositivh thanthay seledse tid aciive angredienti(®Hn t hat
they release the actjve ingredient(s) only, or preferentially, in a

cer t aPRlYp@F Preforentially; et iaaart Qfé{!? }I?t‘if’b‘fl?l&%’l Qption II_S" g ﬁgagﬁdnmﬁ_er .
Exanp !Eﬁﬁmgfes Wdﬂﬂlgc jtion®Bat t BT beC AR APRCIHAE PolyAsdriddgibstaRtes Ridi C
subst anceS and wa Sol |1 f I

Xes. conpositions of a simlar type may al so be
enpl oypedes.as fillers in soft and hard-filled gelatin capsul es using such

exci pi as_| actgse or. m |k sugar S || _as.hj.gh | ec r i ght

pol et KT Py e Sons Feroritaler tonssipfoumBiudbopel A it Bheds #oore
The agijeHBof GRPAHO AsineRdhtd| $RteBE chddni¥l AbRo®) Cads Up@idegs, f suliions] spoiye, or
more excipients as noted above. The solid dosage fornms of tablets,

dr age éshalangp oulpatchepi The actived congpenant 48 agdamixese updapsipdls canditioasaWithgs and
shel I s, such _as _enter.i at.i ngs i c ' her
coat i rl?Bgm?ﬁ@F‘Il lﬁgﬁ&/\%c CFﬁa@Ee&ﬁlﬂar arpac{:g}ﬁflq%gﬁi&?ggrsr‘%{v g?%gora?l?ﬁénga'ésﬁ% I%E)I id
dos aggedudedEOphB gt i fvanelana) eaddmopy, 4@ adninspd ami 45o edntémplated aneeinger t

di l uent such as sucrose, lactose or starch. Such dosage forns mag a#so
conpr g8iin g scepeefrthif inymsiop; dditionally; thegrenensipyerti e teH’cH?fé?S hEYR Pher t
dil uerﬁtaﬁsde%ingl' at%l?eg,l g/gdcjﬂ%alvg Rid Q@ciydsa.d@%agé Bleprotv?cﬁﬁf%rﬁﬂ)lleé'déﬁvé?(\(ﬁ &
magnesi um stearate and mcrocrystalline cellufose. Tn the case of capsul es,
t abl etcompametl b ithes bodh eSweth sdogagef farms qwnybeaimmde byndissobdng of fdéspendnadant s.

They rc‘:%%pggﬁé i%nt Ielp op%? %e%u%. Absorption enhancers can also be used to increase the flux

of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.

[0080] As described generally above, the compounds of the invention are useful as
inhibitors of protein kinases. In one embodiment, the compounds and compositions of the
invention are inhibitors of one or more of JAK or CDK-2, and thus, without wishing to be
bound by any particular theory, the compounds and compositions are particularly useful for
treating or lessening the severity of a disease, condition, or disorder where activation of one
or more of JAK or CDK-2 is implicated in the disease, condition, or disorder. When
activation of JAK or CDK-2 is implicated in a particular disease, condition, or disorder, the
disease, condition, or disorder may also be referred to as “JAK or CDK-2-mediated disease”

or disease symptom. Accordingly, in another aspect, the present invention provides a method
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opaci fying agents and can al so be of a conposition that they rel ease the
active ingredient(s) only, or preferentially, in a certain part of the

i nt esti nawotosaeys optionally, in a del ayed manner. ExanplPe3/usb3/esvheddi ng
conpositions that can be used include polyneric substances and waxes.

[ 0079] Dosage forms for topical or transdermal adm nistration of a conpound
of t hif§r trdMKe W 1&BerdiRE MR vElit TR diSeas®)aDhaBion Coe@iRdIder Whére RSt vagidh or _
powders, sol utions, spr i nhal ants or patches. The active conponent is
adni xede angere efiléyk DECM%&I&W}@&W?W})& digeasersigfeeut i cal | y acceptabl e

carri d eded rvatid v

oot nap L oMt GO L SR ARGl AR i I SDUBT oY LGSR R

bei ng CYK 1) inthytHeenssBRAGn Oftrd, i ﬁzvb Y @nk bam hnAdm vitronasdyy indline 43885 et
invention contenplates the use of transdernmal patches, which have the

added datwameanglbﬁfom%wltﬁr e e@wh@qyﬂaéwnopérwmépy AkPage a%th%’fi’o%EFt’tVBteflhe
bod e i

comyod R P EORZEABIR 3R RNl 6 MU L uBImRPITHAG G 8L
i ncr easeCIDKe2.f | Tukibitof tﬁﬁtﬁng:mayobmdnasmmdsb}t mldkbamngmm imdiletor govidyeto

controlled by either pro n rate rollj nbrane or b

di sperbindige tl%%at%rfb%mlfoﬁﬁ I%%I‘?‘f‘%glfm%ﬁ%né cQpp él gﬁ%’é’@)‘]m Lﬁ@éﬁ’?‘?tbed
gener gl ¥4 Pboaﬁtﬁ CRRRAMNER, Qhnibiter tbmeﬁﬁg Py BE AettBindll BB rurni B tors
of protein kinases. In one enbodi ment, the conpounds and corpositions of
the icowgpetiiiam exp&mmﬂlﬂh ividierconew @iihibiters @re insubated Wil AJE oCGKPE:-2 beind: tus,

w t hoyt vm shé ﬁ bound by any particular theory, the conpounds and
conpost WBH@ 18 %a"aﬁrtl cularly useful for treating or |essening the

severifpygnf aTH: ERAIMmeaSRABlyLiAIBI", Ak uskBIRiEa MRS h eeairablathaigedh JARE or
nore of JAK or CDK-2 is inp i cat ed in the disease, condition, or_disorder.

When acEP%al |a©tmv1t)'r batieen e BRI ComPIiFE isaidh eumpasitionpad; 2 JAKapr GREAse,
condi t,i.on i S be
ot er AU 5 2 SR byl CRFRRE P AR COR™ Kthe o ABLorBer B
Accor djoRfpoyitiohn anot her aspect, the present |nvent|on provides a nethod

-23 WO 03/101989 PCT/ US03/ 16900 for treat Iess t he severjty of
2”0 SdBRST coite 7o, "GPRch Bspuise Gepe it WhCr oo CATEIGRN it st AR

or CD*%ed%mh Smf; f&%@ﬂ loP ofhBE adL R8s E Rl i 1n[\9}9§14-bD-ﬂf'9 i@&hbwh ttéc/:B%fy A
conpound utilize i's Itnvention as an i1 nhibitor of JAK or
be assaleedhenermnd TCDKihmediakdaliseiase"ar¢€DK-Rimediated cmmm@"aaém;nsan uhoaseude

assays. that deter.m ne jnhibition qf either the. t.i.on a t|V|ty or
ATPas edl%f‘éﬁ‘?svf"f 3?%‘#“%‘&% ithAL ARy aﬁlﬁﬂﬁw r Drbfeagneny ‘F’éﬁ %t‘t?“g’

quant i dakiRioh Sncie! Witho®f lithf&idnD BARief, X1 zhGQmt N diséARe; Jré!ﬁen&'lis @Blﬁogenekﬂﬁhl bi t or
bi ndi ng may be measured by radlolabelllng t he |nh|b|tor prior to
glomerulonephritis, cytomegalovirus, HIV, herpes, psoriasis, atherosclerosis, alopecia, and

autoimmune diseases such as rtheumatoid arthritis. See Fischer, P.M. and Lane, D.P. Current
Medicinal Chemistry, 2000, 7, 1213-1245; Mani, S., Wang, C., Wu, K., Francis, R. and
Pestell, R. Exp. Opin. Invest. Drugs 2000, 9, 1849; Fry, D.W. and Garrett, M.D. Current
Opinion in Oncologic, Endocrine & Metabolic Investigational Drugs 2000, 2, 40-59.

[0084] The term “JAK-mediated disease”, as used herein means any disease or other
deleterious condition in which a JAK family kinase, in particular JAK-3, is known to play a
role. Such conditions include, without limitation, immune responses such as allergic or type I
hypersensitivity reactions, asthma, autoimmune diseases such as transplant rejection, graft
versus host disease, rheumatoid arthritis, amyotrophic lateral sclerosis, and multiple sclerosis,
neurodegenerative disorders such as Familial amyotrophic lateral sclerosis (FALS), as well as

in solid and hematologic malignancies such as leukemias and lymphomas.
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bi ndi ng, isolating the inhibitor/JAK or inhibitor/CDK-2 conplex and
determ ning the anount of radiolabel bound. Alternatively, inhibitor

bi ndi ng MY iBaoMer ermi ned by running a conpetition exper PEFAISOM®IE® new
inhibitors are incubated with JAK or CDK-2 bound to known radioligands.
[0082] The term "measurably inhibit", as used herein neans a neasurable

changggggs) J A it SKvE a 9@5?\5&1&%119%%% uS @ EpIEARREdHCAY S&dePtable

conposition and a JAK or ki nase and an eqU| val ent sanpl e conpri sing
JAK ocofipksiBokd ofathe praseithavealior wer befenpdiydd it compbiniatipw ﬂlerf[m831at Théhet er ns

" CDK- 2- edi at ed d ted conditi
roan SRPROMESCRd TSRTORRR Y Sraraat comprareraR RS o

play &id, 9{‘131' to] BEsUbREdt®nt te¥eZor TREe RKIRE delifaaBd apcdtics 6itedicMgalbedasts.
condi tion* al s6 nean those diseases or conditions that are alleviated by

t r eat Mibet patichlan coBbimtionhdhitkarapiesdierapsuiesi of qrrecaduegside, empidoin 2
limtati

di
gl one rcmng)H‘@Bﬁﬁ Ir}%gelglen éxg}flgﬁ% glélll:[% g?ctplll]lﬁte g 3 eR?tlrbﬁstt oF ?f?e aesu%{i] %é%%?eﬂ?lgé and/or

at her @s6de@i@s iafid i QRAEH therafedtic afftal tmwrn@hféwae as ®$11 slsc lbeapptepisbthai d
arthritis. See Fischer, P.M and Lane, rent  Medi ci nal Chem stry,

2000 thfe thepapies ierapoyadamiy achieve g depired effevhfor @e Sweaﬁ'épréer [or gramplpeatt o |

{
Cur r eﬁ ve%@ canﬁX@rﬁf &g’bg%ﬁnﬁggt%regg&n%ﬁé@%lﬁ %gg? ?%glt gtg‘{cg%t ?%art] gql epDr ugs
2000, same4fikoddr), [o@ﬂ&ﬂf]md&fmhte@e i ffelé€-effedis q&.gd cdmtscdaxf ahy adl\sars.wiffbctsérléé n
means any_ di sease or _other _deleterious conditi V\é’l a JAK f
i nas@sed hergi epatipial CAestic A BANTEGOBaly aministescd i v CRAEEGhs
i ncl Uggﬁs drlddbsd b drRbd AN arel Wﬂ%s“’ﬁ;?@@ﬂ@&é YN RSsB] dr&ohilGiof! béiyPe |

hyper itivity reactions, asthmm, autoi mune di seases such as transpl ant
rej ecttreated".graft  ver sus host di sease, rheumatoid arthritis, anyotrophic

| at er | ersi s It| | er osi neur erative di ers
such iboié af e{%ﬁﬁ}@?w g{egﬁgﬁggr@f OF QL 3 ﬁ % eraéwevvg?l?tg II%%fgn solid
and h%&ﬁiﬂi’ﬂé@lﬁl%ﬁh"ﬁﬁé Ic 8&ﬁid§ Sofstﬁﬁmnaénticﬁluﬂ@eﬂﬁéaﬁ%rﬂiférakwé RIQARS - and 2hnWD.

03/ 101989 PCT/ US03/ 169 [0085] It will also be appreciated that the

conpoUfrdenplesdofplrarmelamdterrpaptig cageps dptlude, chyhﬁtﬁsmtl lgpied o, thos expBBient
i nvent | ﬁ @ag\pp %a?r”zg)ntﬁé{nc%r Y. %1#9 ’H?At'}%%% R B8RRI %ﬂt witf thd Rvenfi9gPoOuUNds

and ph |’y racce itions can MmNl st er ed

concuran€ibdcy¥r 2pkith, ofptheOprebedit mverﬁimhsmhﬂatsdrgmy omh@:thempy dgirotbhera fsi red
t herapeutics or medical procedures. The particul ar combi_nati on of

t her apeBpleshsapa giafiationmeyhgp @a%nléé(jw&hsra@m gfpranpeam Rdiptherany: BFPPRgi nen
Wi T takenh Bl atPdRANMiOHdidattifd isbidPed &5 hiRs a ¥R, @REJNE BhedaY, OF

biologic response modifiers (interferons, interleukins, and tumor necrosis factor (TNF) to
name a few), hyperthermia and cryotherapy, agents to attenuate any adverse effects (e.g.,
antiemetics), and other approved chemotherapeutic drugs, including, but not limited to,
alkylating drugs (mechlorethamine, chlorambucil, Cyclophosphamide, Melphalan,
Ifosfamide), antimetabolites (Methotrexate), purine antagonists and pyrimidine antagonists
(6-Mercaptopurine, 5-Fluorouracil, Cytarabile, Gemcitabine), spindle poisons (Vinblastine,
Vincristine, Vinorelbine, Paclitaxel), podophyllotoxins (Etoposide, Irinotecan, Topotecan),
antibiotics (Doxorubicin, Bleomycin, Mitomycin), nitrosoureas (Carmustine, Lomustine),
inorganic ions (Cisplatin, Carboplatin), enzymes (Asparaginase), and hormones (Tamoxifen,
Leuprolide, Flutamide, and Megestrol), Gleevec™, adriamycin, dexamethasone, and
cyclophosphamide. For a more comprehensive discussion of updated cancer therapies see,

http://www.ncinih.gov/, a list of the FDA approved oncology drugs at
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procedures and the desired therapeutic effect to be achieved. It will also
be appreciated that the therapies enployed may achi eve a desired effect
for the swow3di®ey der (for exanple, an inventive conpoun@CraSIPHE5900

adm ni stered concurrently with another agent used to treat the sane

di sorder), or they nmay achieve different effects (e.g., control of any

o g T i S gt A0 MIBIEREULAS spOGRf it o1

condi t1099, th@&kirk BEwENnta 6T Walehraephdrabeincorpotdieal sl méasece. or condi tion, being
treated”. [0086] For exanple, chenpt herapeutsni c. agents or

Dt NE t her .
ant i - PO er Qifiey exarmalt 6F AggnthEe BBIAHPHReRS StlﬁV%IH@ndaﬁébaﬁHB’@ oA
! nven%&%}iﬁlnintcﬁld{er Githol! tgt?&l?tt% Yxﬁn%l@ SRS REnBRErS ANESke subk TR pEf arfgnown
chenot herapeuti c agents 1 nc ucfe, ut are not Ilmteé to, For exgrrpl e,
ot her BxbeloaD esatatensnfirc RakénsoayeDissatehatchmay h®QRAaibidapantsntaasnons, wit h

the inventive anticancer agents of fhe present .invention i.nclude surgery,
r adi of RIPEN PEFTRIDRERLe, r?wgﬁﬁnﬁ?rggl}geg ?ﬁ?eé‘é?’]a??‘gﬂ{naﬂé@f‘?’o%eﬁtéi?ﬁ
radi ot ek ADWinfihRC SERRsRE 7R adlicat herRay int%&bﬂ%e.é.,h@h@ﬁh’x@ hhacRysitfr apy,

and systenic radioactive isotopes, to nane a fe endocrine therapy,
bi ol oglopaxesSoaskmitoxtintione;greatmenss farrasthsa suph as albuteral end Singuiaims pZanéscr osi s

factor, (TNF). to ,.name a few), hypertherm a.and _cryotherapy, ts.to
it endot Gealigs AVEPREeTar Seps ey DGR, AprUecrRare: A SHeREl Aabey
chenmotiies ARG CagdhidOSuch Nl YekiEsteldids, TONF! blocked, o1 RAKydzathidigings ugs

(mechl or et ham 'ne, chl oranbuci |, Cycl ophospham de, Ml phal an, |fosfam de),
ant i nsyelophesphamidve endtsplasplazine; JrmMOMEsHREsH| Bds inaMENHIPPREHY e agents

ant agqni,st - pt L 5- .OuUr acl r api ke " i ne),
Spi ndI’€® o?lgo%gd%)/gﬁo‘ri\%r ag%%llggﬁs’\ﬁI%Eéﬂi{g‘{u?’ne{%%pr?g%%%i ﬁlgl,()%e é’c ﬁlt%%ﬁg’,
podophytticakeidias cydbshuspharide) ddathodemenandlafasdazmn); neumitiophic dadtes such
(Doxorubi cin, Bleonycin, Mtonycin), nitrosoureas (Carnustine, Lgrmsfi ne),
i nor ga?\%ia&etﬁ’l?hglllﬁe@eﬁia aRlyipitorgeh F‘g’tﬂi’lﬁ)r,s’_ igieriorons. ¢ "ﬁg‘r"ﬁéf‘?{é’s@? Chamg

hor mongs eGP e tnd drnfUPLRinkGfan %Féﬁt?;rﬁg@ﬁfzs RBP trelBRe Shid®vhscufdreayasd M
adri anyci n, "dexanet hasone, and cyclFophospham de. For a nore conprehensive
di scusstioras detaspbakars) AGEC ethibhites,agdivetics.euifratebt cacimwiame] bitickergoend a

list of .the FDA roved..oncql o drugs at -25 WD.03/101989 PCT/ US03/ 16900
nt ¢ p: (AN, PRS00 FEGUTY ESCOroRth GUTh S P HBIONS SO RETREr BRE o0l

Seventganhfti-Fial ad B9, adeh® R b RingOBIRA Gs@liewhieh & @oRRBEBIdsNG@tipor at ed
by reference. [0087] O'her exanples of agents the inhibitors of this

i nventlpeenayagaits,oarse geovthi faetars; wing ragents| foe dteaijng Fromunpdaficieaey ghsorders
treatnents for Al th'.rrer' s Di sease such as Aricept(c) and Excel on;
t r eat reft 85 PYP P& % %on' s Di sease such as L- DOPA/ car bi dopa, entacapone,

[0088] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the
amount of additional therapeutic agent in the presently disclosed compositions will range
from about 50% to 100% of the amount normally present in a composition comprising that
agent as the only therapeutically active agent.

[0089] The compounds of this invention or pharmaceutically acceptable compositions
thereof may also be incorporated into compositions for coating implantable medical devices,
such as prostheses, artificial valves, vascular grafts, stents and catheters. Accordingly, the
present invention, in another aspect, includes a composition for coating an implantable device
comprising a compound of the present invention as described generally above, and in classes
and subclasses herein, and a carrier suitable for coating said implantable device. In still

another aspect, the present invention includes an implantable device coated with a
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ropi nrol e, pram pexole, bronocriptine, pergolide, trihexephendyl, and
amant adi ne; agents for treating Multiple Sclerosis (M5) such as beta

i nt erfer owo(0a/1g1989 Avonex(r) and Rebif), Copaxone R, andPgirtuseinispone;
treatnments for asthma such as al buterol and Singulair ; agents for
treating schizophrenia such as zyprexa, risperdal, seroquel, and

hal opefphfebitior Bbinprikiif laddbiEiounyl o diepieseht Giveation as Uewoibte gemkﬂly e,
bl ockers, IL-1 RA, azathioprine, cyclophospham de, and sul fasal a2| ne

i muncwédiol desses aa%dubmﬁb@e@m 9] 4 samige srgable foh caaling, s3id dmslantab

tacrouk 3 rapamyci n, mycophenol ate nofetil, interferons,

corticosteroids, cyclophospham de, azat hi opri ne, and sul fasal azi ne;

neur ot[0og0]i ¢ Vasdulirssteate) forexampley lahe| beeastwedase dvaitobiet castenoditA@re-
inhibitors, interferons, anti-convul sanirI , ion channel . bl ockers, riluzole,
and arﬁaifmlwé\fﬁg(loﬁs@ﬁl wgeselguials aftefq BHN) f o OFE¥ST: | RIGCRAr BiR% T &F WhLease
such g)lP déj&&?&g Rk cl%@?orhﬁﬂb? o} Blailet %Ma%‘bh Cy he%' unAh Rl eft%@tk tayBeChannel
bl ocker statins; agents for treating I'itver disease such as

corti qasteatedi ds mmtgaﬂedsby r@micoeting nherdeeiconsith armhasmadenticallyl a@gpitabb

agents for treatln ggg di sorders U%F as cortico ter0| an%l- ukem c
agent <OTRAUGR GRPRLE nase 4Rk Dl ga g atapls,coprER PR SRRFTALPRER ISR

di sor dehged u%g}%htaﬁﬁa &a/mé@ afl &Qé&ﬁbé@l in BBt h©99r569n5 8%4,0261dhd 530a/121.

t herapeutic agent present in the co ositions of this invention will be no
nor e tTiwncqahegsamLmPlCtﬂllh)alemdeﬁbiom@ffmeflcb@a@dhisrﬁugh @p adhydioge! pelymsbsi ti on

conprisin t ..therapeutic ent a C |y the
amountbSreAR ele: PR pelern bt e bR o R b o ISR
CONMPOSdckiaf) andvhlixtufedB&eof. r'DiB a&mugs ﬁﬁ%opﬁoﬂ@@%eoﬁurthaecmwﬁy agritabld y
present in a conposition conprising_that ent as the only ther a{)eutl cally

act i vetopgpah el ﬂlm%bgvonphaolaﬁﬂ%mﬁ?eep%ﬁtm@@ g%mfﬁh%wcgm&rwa@é% 10R3] | y

accept rated into corrp05| tions
for co%?%eﬁg&?%ﬁgn%hg@gedﬁ% 'ta g%}ﬁtsztgésssiﬁﬂ%uck tasmf)')?ost heses, artificial

val ves[009Es culAanthgr afiiest oftherihgeraiod relateh éd énlsbitidg dAKdoNGDK- Zmbtévitypmefsent

i nvention, in another aspect, ngcl udLﬁ) a co%om ti.on f.or co

i mpl andiglogicalsAmple orcd MIHPY; § RENpRSedng P ‘Eel nﬁ%’r‘i 85
descri &ﬁ@acﬂﬁgezﬁ@b diog%&q% rwdmh ; 051|n Sof faﬂﬁum yRELRSEHSsiNGS &brﬂpns’i

carrier suitable for coatl sal d | antabl e device. In still “anot er
as pectsaid tmnpmmdeﬁlfhel tnnnh‘blodwgwai(shmg]e @msrzdrﬂabm amledqsewnbeutdumt@umw th a

-26 WO Q 1989 PCT/ US0Q3/ 169Q0 th
ot oserfell RUBRES Bh CSEATb ARt aReirer RRp L ABEee Bhg fndpaalBEURh® "
subcl ageRsr;ARA B8i0dd, ilida AurfiR! flc8Y, s&hér, 8k of @ﬁheﬁ@cﬂiyl Mmadsad ed(tﬂaélt@ It}ﬁﬂﬂéoibl e

devi ce.
[0092] Inhibition of JAK or CDK-2 kinase activity in a biological sample is useful for a

variety of purposes that are known to one of skill in the art. Examples of such purposes
include, but are not limited to, blood transfusion, organ-transplantation, biological specimen

storage, and biological assays.

SYNTHETIC EXAMPLES

[0093] Example 1
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[ 0090] Vascul ar stents, for exanple, have been used to overcone restenosis
(re- narrowi ng of the vessel wall after injury). However, patients using
stents orwotkan198® npl ant abl e devices risk clot formation @CTpaiSas/edoet
activation. These unwanted effects may be prevented or mtigated by
pre-coating the device with a pharmaceutically acceptable conposition

conprising a kinase inhibitQr. Suitable coatipgs _and the general
preparation of coate?;ZEFﬁgntab%e—dev%cts afe deés@jy bed in US Patents
6, 099, 562; 5, 886, 026Bn 5, 304LA8ACOGhe Bobijrgs ark typically

bi oconmpati bl e pol yneric mat er iaN§2ch as a hydr ogel_fol yner,

pol ynet hyl di si | oxane, pol ycaprol actone, polyethyl ¢ gl ycol, polylactic
acid, ethylene vinyl acetate, and m xtures theredi/"The coati ngs may
optionally be further covered by a suitable topcoat of fluorosilicone,

pol ysagped) de§aB&ﬂ&ﬂ@kﬂ%&ﬂ@xﬂhﬂ&r@’l}4,B,%9ﬁ£é@fﬂﬂyﬂk&&lpbyﬁdéﬂia{4}3l ions thereof
to inpart ‘controlled release ‘charactéeristics i'n the conposition. [0091]

Anot heslppddiset Tofa it eodled soluti@nofiled gioébenzyl piphiidons (AP umil,dr0 EDikvatekt i vity

in a .biglogjca | e or,.a patient j ch. met hod ¢ ri.ses agdministering
o thepdd Bkt of P Dl A00RNGPL5FEMs O baTkar Samdh Stwiriey BEmuBleRL or
f or nul @isbpRpylamE@ PP tek@lfing QOMRfibiS Wag all Swee Tt CHFTOUDOI midites 4@y 70." Wb ahegi cal
sanpl e”, as used herein, includes, without limtation cell cultures or

extr ac&@thf&lﬁn Bd@ﬁsilsj_r-@dnh@f erpriroydishiarided’ Orsmok h%mwalem)e%@fa@g s
1 agapetifle Rl o The Yol VARG Oant TR, O R0Ro ARY

act i vi éoncéntratedaioainogi edichswapiedissdvadsiaf 20 niloof ehancdahétigated withr padesf t hat
are known to one of skill _ in the art, anngles of fuch ur poses i ncl ude,
Pnl

but ar®9Rsng mancRydrels, apd sHaved dAstiifs HYEh- t Ta JFACHAR apixgyre was

bi ol ogj ' ; bobagl sal EAVRL-ES
(00031 B e PR pR e RS R T BB B R M RIS e
N NH 2EtO¥BNiding@J04ihg of product (1.50 mmol, 28% yield).

5- Benzyl - 3- ( 2- net hoxy- phenyl )-4,5, 6, 7-t et rahydr o- 2H pyr azol o[ 4, 3-
clpyridine. To a ice cooled solution of 1.0 g of benzyl piperidone (5.3

nol , fpodsiequipkamgRd in 20 b of THE was added via syringe 2.7 nL of a
2.0 Msolution o I thium diisoprggylanide. The resulting solution was

al | onel®09@ st 6r[3f(@rMethoxymiensl) 24,6 /tetraaydueepyragolold. Imlnyaidinferdl-3dded 1. 0
mL of

] PSR il e, S R R

(2-methoxy-phenyl)-4,5,6,7-tetrahydro-2H-pyrazolo[4,3-c]pyridine (0.56 mmol, 1

equivalent) in 10 mL of ethanol was added 100 mg of 10% Pd/C. The solution was allowed
to stir for 48 hours yielding 100 mg of the desired amine (0.44 mmol, 78 % yield) that was
used without further purification. Step B: A 25 mL round-bottomed flask was charged with
50 mg of crude amine (0.22 mmol, 1 equivalent), 46 mg of 6-chloro-2-methylsulfanyl-
pyrimidin-4-yl amine (0.26 mmol, 1.2 equiv), 50 mg of K,CO; and 5 mL of dimethyl
formamide. The reaction mixture was stirred at 115 °C for 12 hours and quenched with 10
mL of water. The resulting slurry was extracted with 2 x 20 mL of ethyl acetate. The
organic layers were combined and concentrated to a oil which was purified by silica gel
chromatography (CH,Cl, to EtOAc to EtOH) yielding 23 mg of compound I-7 as a white
solid (0.062 mmol, 24 % yield). "H NMR (500 MHz, CDCl) § 7.33 (1 H, d, J = 7 Hz), 7.26
(1H,t,J=8Hz),699 (1 H,t,/J=7Hz),695(1H,d,J=8Hz),534 (1 H,s),4.83 (2 H, br
s),4.63 (2 H, brs), 3.90 (2 H, m), 3.86 (3 H, s), 2.37 (3 H, s) ppm. FIA MS: 369.2 (M+H)
HPLC: R;=2.731 min. purity >95%.
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concentrated to an oil which was redissolved in 20 nL of ethanol and
treated with 5 nL of hydrazi ne nonohydrate and allowed to stir for 12
hours. ThwoOrogaetson m xture was concentrated and the proaa@tuSesseopuri fi ed
by silica gel chromatography (gradient, EtOAc to EtOH) yielding 470 ng of
product (1.50 mmol, 28% yi el d). [0095] Exanple 2 [0096]

6-[ 3- q %t h%yl) , 4,6, 7-tetrahydro-pyrazol o[ 4, 3-c] pyridin-5-yl]-2-
met hyl sul di n- 4- ylamne (1-7). Step A: To a solution of 180 ngy
of 5- 1je098Y| - 36-[3-(4-Chloro-phenyl)-2,4,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-5-yl}-2-

2-met h I 7-tet 2H I 4 3-C dj.
( rre Oﬁ}{ls e%éiyﬂnqq\n-fovlﬁlﬁll{ﬁa&yéhg}?ﬂp‘%ég Elz(g 2 Jrng ot '&ﬁ/oté’g? °C. The
sol ut 'g@ﬁbr!ﬁ%eﬁbh%‘f%@he&@ 1% lamRer débshaHaRy Yingldit mxa&gmrm 'of NMTe (Stsesi 1 ed

anmne (0.44 nmol, 78 %yield) that was used without further purification.
St ep Bﬂ-IADBI&@.dg)G‘iJhdé KDL bned7.62 3K, bas), 6 B&(HEH shidtdd (230, bry), G 8Tc@He ami ne

ESrF?nba.s}\ 2474}@ B0k ). hsD s Fosl Bora: B 05 013 SRRty BB 05 5 954 mip.

di met ¢yopgami de. The reaction mxture was stirred at 115 C for 12 hours
and quencyhed wth 10 nlL of water. The resulting slurry was extracted with
2 x 200089]1of ethyl acetate. The organic |ayers were conbi ned and

conce 0 a 0|I whi ch was purified by silica gel chromatography
(01420%6@? %é%@%%tm) yielding 23 ng of compound 1-7 as a white solid
(0. 06§0 24 Movd-6! Q-XZ-lﬂéﬂlN‘ﬁﬁ MWui, 7-tedkahy)drb- f}rﬁﬁﬂd{a I Ipsiidih-= 7

(1H 1, J= 8Hz) 99( 1H, t, J= 7Hz% 6.95(1F, d, J=8Hz), 5.34 (1 H, s)
4 83 lhpynmdm-Z-yAarem -3 Gompound3l-50Was prepargy, acgophing 4o pthe §fnerzf 37 (3

0 07838 Bh Roffhs £88 st hun B B ety e 2. Rk (86 oez 26 VO

6- [ 3- (@D>ChH) 87B3heNM] J = 2142)5736'[(191-1 ahyelrsapr@zsqnqm B_c]}mrsépmﬁyu] 2-
met hyl sul fanyl - pyrim di n-4-yl am n (7 %é rrg pr epar e
Rocor dng H, 6AB (L Gbrerhi3 IAHNBIof 754 . AV Hatind 0 428b ik At PaRl y

sim | ) % ) 6 7.66 (2 H, br s), 7.52

(2 H %QA@@SZ“%R{%{W%MAL?%% Z’N{ @56}2 87 (2 H br s), 2.74 (2 H,

br s), 233(3H s) ppm FI A VS 373.2(|VHrH) HPLC. Rt = 2.954 min. purity

>95% Exanpl e 4 [00101]

4- ChI o- [3- E oxy-phenyl)-2, 4,6, 7-tetrahydro- pyrazol o[ 4, 3-c] pyri di n-
[00103] 4-Chloro-6-[3-(3-methoxy-phenyl)-2,4,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-

5-yl]-pyrimidin-2-ylamine (I-4): Compound I-4 was prepared according to the general

n-_O

method of Scheme I in a manner substantially similar to Example 2. 'H NMR (500 MHz,
TFA-D) 6 6.88 (1 H, t, j = 8 Hz), 6.58 (3 H, m), 5.95 (1H, s), 4.58 (1H, br s), 4.26 (1 H, br s),
3.77 (1 H, br s), 3.45 (1 H, br s), 3.3 (3 H, s), 2.52 (2 H, m) ppm. LC/MS: 357.3 (M+H),
HPLC: R; = 2.692 min. purity >95%.

[00104] Example 6

[00105] Furan-2-carboxylic acid {4-chloro-6-[3-(3-methoxy-phenyl)-2,4,6,7-
tetrahydro-pyrazolo[4,3-c]pyridin-5-yl]-pyrimidin-2-yl}-amide (I-3): Compound I-3 was
prepared according to the general method of Scheme I in a manner substantially similar to
Example 2. "H NMR (500 MHz, TFA-D) 8 7.04 (1 H, 5) 6.95 (1 H, m), 6.89 ( H, m), 6.58 (3
H, m), 6.41 (1H,d,j=11Hz), 6.04 (1 H, m), 4.66 (1 H, s),4.37 (1H, s), 3.85 (1 H, m), 3.56
(1 H, m), 3.30 (3 H, s), 2.62 (1 H, m), 2.55 (1 H, m) ppm. FIA MS: 451.3 (M+H), HPLC: R,
= 3.127 minutes, >95% purity.
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5-yl]-pyrimdin-2-ylamne (1-5): Conmpound 1-5 was prepared according to the
general nethod of Schene | in a manner substantially simlar to Exanple 2.
1H NVR (500 oshiz1989 CDC13) 8 7.33 (1 H, t, J =7 Hz), 7.30 @PCTH|S08I16900 = 8
Hz), 7.05 (1 H t, J=7Hz),6.99(1H,d, J =8 Hz), 6.00 (1 H s), 4.83 (2 H,
br s), 4.72 (2H, br s), 3.90 (3H, s), 3.89 (2 H br s) ppm LC Ms: 357.49

( MtH) rodif: armpl€ 7630 min. purity >95% [00102] Exanple 5 [00103]
4- Chl or o- 6- 3%3 %thoxy phenyl )-2,4, 6, 7-t et rahydr o- pyrazol o[ 4, 3-c] pyri di n-

5- yI]{q)jy]JOﬂ]n dTAK Zahibdion dessdyl - 4) : Corrpound 1-4 was pr epared according to the
ener t hqd of heme .l i nner suhlstantia m_L.ar le 2.
TS T e L e S e i O T

(1H, Browf; é&zl(éi&or@rMa) czflz;#@eleztbd)o bbl Sﬁ); %375379111 the Mloﬁl)ng Barhfer 1 H,

br s), 3.3 (3 H s)] 2 (2 H 357.3 (MtH), HPLC. Rt =
2.692 Immdapmrbtglate@@ew@csmw}e@taﬂm wltb P@ls[ (Gluosia, Hyra6r3A- bem washad ¢ aci d
{4-chlaoro-6-[3-(3

t et r a§iHy Bagsyphats da“gf%e%gg%]ﬂﬁ& &tﬁ)? ﬁmé E‘V?enpgyﬁsﬂ)d wias dded 2 YN TP 3 M

COMPOYRLer: shd'® SolufE:P BREAAGAGH BIIRO! TAS RaBRACHA sl 08t OTAKS | in a
manner st ant | y simlar to Exanple 2. 1H NWR (500 MHz, TFA-D) 8 7. 04
(1 H, asd tlﬁie ﬁﬁteé Ind:thbatﬁi foﬁé@ﬁn(nlﬂﬁs m) 30°€. 58h¢ @latdsl war | theﬂil Wésh@d thh HBST

Hz), 6.04 m., 4.66 s), 4.37 (1 (1

H rr) 108 uéd{(ig @nJggate@%lg_ﬂ qofibpdy s aédﬁﬁs aleqthﬂ p)lfm H}sb‘PﬁteCi:fOA 99@1“14@& a%

PCT/ ué@ggig%gfa“’[ 86& Eg‘é»% |Wéﬁ‘7m?§g %’?]Lihj e ‘ﬁ‘?%% %ﬁéek‘gé‘gcgg‘e[%%isoea]

Conpoupnge ifthbRed if&rhrfbtheéé&ﬁﬂaﬁte%ﬁw Mfﬁﬁwam(mgud 85 ¢M)had dadedo R
Brown, et al, Bioorg. Med. Chem Lett. 2000, vol pp 575-579 in the

foll owtquthcrmmaon and theplabixd rsod bt $5Ginmgo optaewtlmo@lslyalcgl@ames for anatysip tch Pol y
(4 u, a, . T 6:3:1 then hosphat e uff 0. 05% and
Tween d?%@@‘ﬂ ‘éahéeff’dgf PﬁﬁA&%ﬂe greﬁ%ﬂq %{f&i 0 WEh gwélof’ulg}ﬂ?)lﬁh%ggconpou%d

in DMSO. The reaction was started with JAK enzyne and the pl ates incubated
for 60 mnutes at 30C. The plates were then washed wth PBST, 100 tL
HRP- CdA91at eBxample &ant i body was added, and the plate incubated for 90

Lt Shgo), SRR AUPLA s 0a b veshed w il POST, 100 L T solut) on
Sul f urfpe1HEgi dCokPouhdsovertMcresnsd doid e@irt ability to inhibit CDK-2/Cyclin A using a
standard coupled enzyme assay (Fox et al (1998) Protein Sci 7, 2249). Reactions were
carried out in 100 mM HEPES pH 7.5, 10 mM MgCl,, 25 mM NaCl, 1 mM DTT and 1.5%
DMSO. Final substrate concentrations in the assay were 100 pM ATP (Sigma chemicals)
and 100 pM peptide. Assays were carried out at 30°C and 25 nM CDK-2/Cyclin A. Final

concentrations of the components of the coupled enzyme system were 2.5 mM
phosphoenolpyruvate, 350 pM NADH, 30 pg/ml pyruvate kinase and 10 pg/ml lactate
dehydrogenase.

[00112] An assay stock buffer solution was prepared containing all of the reagents listed
above, with the exception of CDK-2/Cyclin A, DTT and the test compound of interest. 56 ul
of the test reaction was placed in a 384 well plate followed by addition of 1 ul of 2 mM
DMSO stock containing the test compound (final compound concentration 30 uM). The
plate was preincubated for ~10 minutes at 30 °C and the reaction initiated by addition of 10
ul of enzyme (final concentration 25 nM). Rates of reaction were obtained using a BioRad
Ultramark plate reader (Hercules, CA) over a 5 minute read time at 30°C. Compounds

showing >50 % inhibition versus standard wells containing DMSO, but no compound, were
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stop the reaction and the plate is read at 450 nmto obtain the optical
densities for analysis to determ ne | C50 values. Conpounds of the present

i nventi orwaesao®bkown to i nhibit JAK3. [00109] Exanple 8 [PQOAKN0}/163DK2

I nhi bition Assay [00111] Conpounds were screened for their ability to
inhibit CDK-2/Cyclin A using a standard coupled enzynme assay (Fox et al
(1998}t Re@t8H NCSE deformiedVsingRe ahil @NFoMvesle CompourRld dIlthisi iveion MértlEPES pH
7.5, 10 MM MgC12, 25 MM NaCl, 1 mM DIT and 1.5% DMSO. Final substrate
conceshavat fodnkibit"PRe. assay were 100 M ATP (Sigma chemicals) and 100 M
pepti de. Assays were carried out at 30C and 25 nM CDK-2/Cyclin A Final
concentrations of the conponents of the coupled enzyne systemwere 2.5 nM
phosphoenol pyruvate, 350 gM NADH, 30 g/m pyruvate ki nase and 10 g/ m

| actate dehydrogenase. [00112] An assay stock buffer solution was prepared
containing all of the reagents listed above, with the exception of
CDK-2/Cyclin A, DIT and the test conpound of interest. 56 Al of the test
reaction was placed in a 384 well plate followed by addition of 1 | of 2 nM
DMSO st ock containing the test conpound (final conpound concentration 30
M. The plate was preincubated for -10 mnutes at 30 C and the reaction
initiated by addition of 10 | of enzyne (final concentration 25 nM. Rates
of reaction were obtained using a BioRad U tranmark plate reader (Hercules,
CA) over a 5 minute read tine at 30C. Conpounds show ng >50 % i nhibition
versus standard wel |l s contai ning DVMSO, but no conpound, were -30 WD
03/101989 PCT/ US03/ 16900 titrated and 1 C50s determned using a simlar
protocol. Conpounds of this invention were shown to inhibit CDK2. -31 WO
03/ 101989 PCT/ US03/ 16900 CLAIMS 1. A conmpound of formula l: R \AR3 RN
NH N |
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or a pharmaceutically acceptable salt thereof, wherein: each Ais

i ndependently nitrogen or CH, provided that at |least one Ais nitrogen; Rl
and R2 arwosaamosndependently sel ected from hal ogen, CN, ROZ/USR#169@R4, SR4,
N(R4)2, NH(R4), NHCH2(R4)2, NHC(O R4, NHCO2R4, NHSO2R4, NHC(O) N(R4) 2, or
NHSO2N(R4) 2, provided that: at |east one of Rl and R2 is selected from

NH( R4), NHCH2(R4) 2, NHC(O R4, NH%% NHSO2R4, NHC(O) N(R4) 2, or
NHSO2N(R4) 2; R3 is an optionally uted ring selected from (a) a 3-8
menber ed nonocyclic or 8-10 menbered bicyclic saturated or unsaturated
ring; (b) a 3-7 nenbered heterocyclic ring having 1-3 heteroatons

i ndependently selected fromnitrogen, oxygen, or sulfur; or (c) a 5-6
nenbelded nénesesnrouné obforguled: nenber ed bicyclic heteroaryl ring having 1-4
het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur; each
R4 is selected fromR or Ar; eacliy Ris independently selected from hydrogen
or an optionally substituted C | i phatic_, group, wherein: two R bound to
t he sane nitrogen atom are opt }\ana y takerBtogether with the nitrogen to
forma 3-7 nenbered saturat(ﬁi i aturated, or fully unsaturated
ring having 0-2 heteroatons, in addijtion tiNHhe nitrogen bound thereto,

i ndependently selected from nitrogen; n, or sulfur; and each Ar is an
optionally substituted ring selectedifrom -32 WO 03/101989 PCT/ US03/ 16900
(a) a 3-8 menbered nonocyclic or 8-10 menbered bicyclic saturated,

part i &F pphapsertically aesepigplegaljthereqfy: (b) a 3-7 nenbered heterocyclic ring
havi ngvh%fe:%n.het eroat ons i ndependently selected fromnitrogen, oxygen, or

sul fur; or (c) a 5-6 nenbered nonocyclic or 8-10 nenbered bicyclic

het er eactyA ig indgpdndsntlyonifroden dreaCHy matidnd thahaldpash demAliy ndwigewt ed from

L I e A M L I e e
N(R4) 2, NHR#Y), NHCH,(R),, NHC(O)R?, NHCO,R*, NHSO;R*, NHC(O)N(R*),, or
NHSO,N(R*),, provided that:
at least one of R! and R? is selected from NH(R?), NHCH,(R*),, NHC(O)R*,
NHCO,R?, NHSO;R*, NHC(O)N(R*),, or NHSO,N(R*)2;
R? is an optionally substituted ring selected from:
(2) a 3-8 membered monocyclic or 8-10 membered bicyclic saturated or unsaturated
ring;
(b) a 3-7 membered heterocyclic ring having 1-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; or
(c) a 5-6 membered monocyclic or 8-10 membered bicyclic heteroaryl ring having 1-4
heteroatoms indgpendently selected from nitrogen, oxygen, or sulfur;
each R* is selected from R or Ar;
each R is independently selected from hydrogen or an optionally substituted C;.¢ aliphatic
group, wherein:
two R bound to the same nitrogen atom are optionally taken together with the nitrogen
to form a 3-7 membered saturated, partially unsaturated, or fully unsaturated ring
having 0-2 heteroatoms, in addition to the nitrogen bound thereto, independently
selected from nitrogen, oxygen, or sulfur; and

each Ar is an optionally substituted ring selected from:
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NHCH2( R4) 2, or NHC(O R4, provided that at |east one of RL and R2 is
selected from NHR4, NHCH2(R4)2, or NHC(O R4. 3. The conpound according to
claim 2, woasadrsd R3 is an optionally substituted ring selcaatsestidonom (a)
a 3-6 nenbered nonocyclic saturated or aryl ring; (b) a 5-6 nenbered

het erocyclic ring having 1-2 heteroatons independently selected from

ni trogen, 13, : : } 5 fpgaol Wa a 9-10
menber ed bic%g%??cmﬁ{é‘?ezf?%%w}%lﬁ%?ﬁal? ﬁ%‘ﬁb%&gpﬁgtagcr oat g%%&nﬁael%rendent |y
sel ected from nhtatwged, oracylgéng; or sulfur. 4. The conmpound according to

claim3, wherejin R3 js tional ly substit dwith 1-3 roups

i ndependent(glla é‘g I @Wéﬁegﬁﬁtﬁ{%}’c AR }ng\t%)%ger@@mg}ndgpgndgp&yrﬂe%%ound
according to claiMido m%@%& oR3ulfus; @ optionally substituted ring

sel ected fromcyc oprgpy’l , “¢yclopentyl, cyclohexyl, phenyl, pyridyl,
thienyl, furpn§6,mémborad olopbeydlicioadelOphembend bicliclenbdteroaryl ring having 1-4
benzo[ 1, 3] di ox %}él ..6. Aco OUT}QT%%%%M fromthe rouppﬁonm sting of:

33 WO 03/ 1019880 RHSFREE0 R OEFQCRY ORYEELQTRIIUINYN N i N 2 N
MO OV NH2 ~OO 1-11-2 N 'NHN NNHC N ONHo NN O N

2. The compound according to claim 1, wherein:

R! and R? are each independently selected from halogen, R4, OR4, SR4, N(R4)2, NHR4,
NHCHZ(R4)2, or NHC(O)R4, provided that at least one of R! and R? is selected from
NHR*, NHCH,(R*),, or NHC(O)R".

3. The compound according to claim 2, wherein:
R*is an optionally substituted ring selected from:
(a) a 3-6 membered monocyclic saturated or aryl ring;
(b) a 5-6 membered heterocyclic ring having 1-2 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; or
(c) a 5-6 membered monocyclic or a 9-10 membered bicyclic heteroaryl ring having

1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur.

4. The compound according to claim 3, wherein R? is optionally substituted with 1-3

groups independently selected from R°, halogen, N(R®),, OR®, or SR®.

5. The compound according to claim 3, wherein:

R? is an optionally substituted ring selected from cyclopropyl, cyclopentyl, cyclohexyl,
phenyl, pyridyl, thienyl, furanyl, isoxazolyl, triazolyl, benzothienyl, or

benzo[1,3]dioxolyl.

6. A compound selected from the group consisting of:
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1-31-4 ~ NHC N~NHHNNNNNiIiNN/\ NH2 C 1-51-6 NN HN N NH N
~NH 2 NO-ON O\ NH1-71-8 NN ~NHNN- NHO NN~ X\ NH HNOg
1-9 1-10 wo34/1v@893/ 101989 PCT/ US03/ 16900 , H2N N N NH / pETHISBB/Nidoo N O 6 \
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1-13 7. A conposition conprising a conmpound according to claiml1, and a
phar maceutically acceptable carrier, adjuvant, or vehicle. 8. The

conposi tiwpoagesdi ng to claim 7, additionally conpri singpran/dsiddnonal
therapeutic agent selected froman a chenot herapeutic or
anti-proliferative agent, a treatnent for Al zheiner's D sease, a treatnent

for Parkinson's Diseasgy an agent for tre 'sngHI\/UIti < erosis (M5), a
anNaint i - i nfl ammat or N AN ARy pdul atory or

treatment faor,asthneg &

innunosuppre%SWVEﬁ/ @-neur ot rophi ¢ factbr,ll aj agent\ f g~treating

car di ovascul ar Ndibkease, agent for treating |i di s¢asg, an agent for
treating a bl oodydi sordeL,” or an agent for tr ILNg an i munodefi ci ency

di sorder. 9. thod of inhibiting JAK or ébKZ ki nase activity in a

bi ol ogi cal sanp or a patient, conprising the p of contacting said

bi ol ogi cal sampl@ with or admnistering to sai atient: a) a conposition
according to claim7; o b) a conpound accordi bﬁo claim1. 10. A nethod
of treating or Iessenih%11he severity of a disegg condition, or disorder
selected fromallergic disorders, autoi nmune diseases, proliferative

di sorders, viral diseases, and conditionsg, associated wth organ
transpl antati on conpri sing Ai steri’ng [ patient a -35 WD 03/101989
PCT/ US03/ 16900 therapeutlgggﬁyN%Pk%eN vesamoynt of a conpound according to
claim1l or a conposition accqu,bg4¢o cl apm 11. The nethod of clai m 10,
wherein the di sease, condition, orjdisordé s selected from an allergic
or type | hypersensitivity reacti Ny asthnm& transpl ant rejection, graft
versus host disease, rheumatoid arthritis, amyotrophic | ateral sclerosis,
multiple sclerosis, Famlial anyo Bophic | ateral sclerosis (FALS),

| eukem a, or |ynphoma. 12. The net Hod according to claim 10, conprising the
additional step of adm nistering tol-I8aid patient an additional therapeutic
agent selected froma chenot herapeutic or anti- proliferatic agent, a
treatnment for Al zheiner's Disease, a treatnent for Parkinson's Disease, an
agent for tf E%P&QCIMC #%Céo% fothd atdPding %o EIaRAY NBIa pHRAEmASUREALy an
agent for treat renia, an antl-lnflannatory agent, an
|nnunammﬂmmﬁﬁmmymoadeMUHmsmbpkes3|ve agent, a neurotrophic factor, an
agent for treating cardiovascul ar di sease, an agent for treating |liver
di sease, an agent for treating a blood disorder, or an agent for treating

an i grunodgfel hposivio a8 RS to Mg ) dliditionally comprising an additional therapeutic

agent selected from an a chemotherapeutic or anti-proliferative agent, a treatment for Alzheimer's

Disease, a treatment for Parkinson's Disease, an agent for treating Multiple Sclerosis (MS), a
treatment for asthma, an anti-inflammatory agent, an immunomodulatory or immunosuppressive
agent, a neurotrophic factor, an agent for treating cardiovascular disease, an agent for treating liver

disease, an agent for treating a blood disorder, or an agent for treating an immunodeficiency disorder.

9. A method of inhibiting JAK or CDK?2 kinase activity in a biological sample or a
patient, comprising the step of contacting said biological sample with or administering to said
patient:

a) a composition according to claim 7; or

b) a compound according to claim 1.

10. A method of treating or lessening the severity of a disease, condition, or disorder
selected from allergic disorders, autoimmune diseases, proliferative disorders, viral diseases,

and conditions associated with organ transplantation comprising administering to a patient a

-35-



said additional therapeutic agent is appropriate for the disease being
treated; and said additional therapeutic agent is admnistered together
wi th sai owoesposseion as a single dosage form or separat @Cy/tsoynsai d
conposition as part of a nultiple dosage form 13. A conposition for
coating an inplantabl e device conprising a conpound according to claim 1

d .t abl e f
ool AL CHRH T Srbe o ATOLPESRENE L AN Bl S ERd 13 a6
according to claim 7.

11. The method of claim 10, wherein the disease, condition, or disorder is selected from
an allergic or type I hypersensitivity reaction, asthma, transplant rejection, graft versus host
disease, theumatoid arthritis, amyotrophic lateral sclerosis, multiple sclerosis, Familial

amyotrophic lateral sclerosis (FALS), leukemia, or lymphoma.

12.  The method according to claim 10, comprising the additional step of administering to
said patient an additional therapeutic agent selected from a chemotherapeutic or anti-
proliferatic agent, a treatment for Alzheimer's Disease, a treatment for Parkinson's Disease,
an agent for treating Multiple Sclerosis (MS), a treatment for asthma, an agent for treating
schizophrenia, an anti-inflammatory agent, an immunomodulatory or immunosuppressive
agent, a neurotrophic factor, an agent for treating cardiovascular disease, an agent for treating
liver disease, an agent for treating a blood disorder, or an agent for treating an
immunodeficiency disorder, wherein:

said additional therapeutic agent is appropriate for the disease being treated; and

said additional therapeutic agent is administered together with said composition as a

single dosage form or separately from said composition as part of a multiple

dosage form.

13. A composition for coating an implantable device comprising a compound according to claim

1 and a carrier suitable for coating said implantable device.

14.  Animplantable device coated with a composition according to claim 13.
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