WO 2009/ 106443 PCT/ EP2009/ 051758 PYRRCLOPYRAZI NE

KI NASE | NHI BI TORS The present invention relates to the
wais@nbedmdvel pyrrol opyrazi ne derivatives whi CPCHER20J9$51758

and SYK inhibitors and selectively inhibit JAK3 and

are useful for the treatnent of auto-imune and

i nfl ammatory di seases. Protein kinases constitute one

of the largest famlies of human enzynmes and regul ate

many different signaling processes by adding

phosphate groups to proteins; particularly tyrosine

ki nases phosphoryl ate proteins on the al cohol noiety

of tyrosine i
i ncl ﬁdes mﬁm&#‘r@p{& ﬂ\%ﬁr PSE% nI?%nr a%/l on,

and differentiation. Abnornal klnase activity has

The pRE&R inv¥Rtibi AllR6k toRh@udtaTingi ) pRtrolpyRRindi RERSB%s which are JAK and
i ncluding cancers, autoi mune and_ infl ammatory

SYK ighibitaesernd seleptivelypinibili AKG mrdsass useful farBiedreatnacrit f auto-immune and
- of «cell signaling they provide a neans to
mﬂaﬂ&%% g@% ggllular function with small nol ecul e

inhlbltors of kinase activity and thus make good drug
Proteifl ﬁﬁiagé'& doRt@Blene bp t@qgﬂg%ét%‘mflf%s bf R@hAEAzyRics khdASBIate many

medi at ed di sease processes, selective and efficacious
differgn hxgbalt@momssdslhyaa@émamwhaye gpepﬁbmtumefmhlcmaﬂy tyrosine

kmases é’éﬂ%pﬁlPﬂ’jt I?I%gqjiglgsf gtgthﬁ: eaicioggfl | ngf gf{tgfoggltsegg% ues The tyrosine kinase
farml}l inelua@emtnberk Mg cestol cdierobAKSm ol AAS aldl MiBBRS)iatddre Adnormal
fam |y of cytoplasmc protein tyrosine kinases

kinasq g¢éiv ity h@ﬁgbGEAN]}Pllcaﬂm a IARE ey npyidzscages dirleding pracgiaks

e,
autonfbrﬁu elr aglr(]i il (ﬂgﬁ gt rrz %hgg'agsgg/%; oilmlﬁc% r&é{:‘%ﬁ %rgss 5\% e %R@Le@s&ﬁators of
cell sigmtingadhey p?tﬁw(ié.g%&)ans ’lemoﬁﬂae 321B)lar fihetichAKBh srddlémolecule inhibitors
activated follo and hinding and, jnitiate
of king§egRHY g uwﬁ% THE | Fr?jglbW%@% A%M#%fe@b‘toargatmﬁgtof kinase-
medla{%%rdl&%se gesge%vﬁlgctf% ahﬁ‘%fgﬁ ibﬁs f’ﬁhfﬂ)ﬂ%ff‘s cﬁ{fﬁﬂaﬁé btivity Ak Salso useful
phosphoryl atioh creates Ing sites on the
for invesgggpioord célbsigodlherprowises uheé sdctibvatioas f STAT cghddrgamgsts of
th %ﬁ%gnﬁg ransducers and activators of transcription)
CrAPERY 'HE“SShosphor yl at ed JAKs bind various STAT
proteins. STAT proteins, or STATs, are DNA binding
| - - |
The Jz?iggbgﬁgpélg ’Iétg%saéﬁfabﬁ g {Q%lﬁ@@%ﬁ&g%%?gf&%\n (IBI%\'OEIX Qﬁl Fe% 1nclu((1]1ng JAK1,
JAK2} I3 aid PYKAn Haak bbths JARG islpiciforedteillly abﬂoradited \Oltls pgrdhfracstoplasmic
DNA sequences present in the pronot

portiop of ewPrﬁEe PRSP RLOTg ey (?@éo’ﬁ%%ogtw (5998) szé%ﬁﬂz} The JAKs
s ST Lo N TN IO B0 BB ol STB gt

receptatsrthertnpér senare devaie e POESe kma&eracaﬂtyal Thas ghcwho@i}thrm:reates

dOCklI?gg%ﬁ%Iélo e dl ea%grlsof%egzﬂ%lg%(%s/rl%gs gg‘ ? Igsg(rs}g)nal transducers
and admsﬂémwﬁs@[ﬂdah) hicSthe @Hals%éﬁmﬁé&mm sﬁlalvaﬁ&hsesmr $roteins.
and multiple sclerosis, as well as in solid and

STATHentsins) g A FalaigRNAchiading md’ielas adtevatedryaphashorylation of tyrosine
residuleéf E{RH QRFion both as signaling molecules and transcription factors and ultimately bind
to specific DNA sequences present in the promoters of cytokine-responsive genes (Leonard et

al., (2000), J. Allergy Clin. Immunol. 105:877-888).

JAK/STAT signaling has been implicated in the mediation of many abnormal immune responses

such as allergies, asthma, autoimmune diseases such as transplant (allograft) rejection,
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Thus, the JAKs and STATs are conponents of nultiple
potentially intertw ned signal- transduction pathways
W@ @veogeme 19 (2000), pp. 5662-5679), which i neCTYEP289/051758

the difficulty of 5 specifically targeting one

el ement of the JAK-STAT pat hdmy without interfering

Wi th other signal transduction pathways. The JAK
rheunétoid sielsritis, BRkodphic A sclefaisadnd gk tip e clexpise sseell bdin solid and

primary. |l eukemc cells from chlldren with acute

hematplogiorgplignensies $1@bﬁéllﬁ“§emtar?él driyephetBion f or m of

chi | dhood cancer, and studies have correl ated STAT

Thus, ?%to]lﬁ ! it@%’%&?ﬁ%%ﬁ]{l}pﬂﬁ&%é sz l’Ivl\l/.Ill%lh s %n%aﬁ%}n?g‘g% gnal-
transdBbt@In p aﬂﬁwag,rz 10n65geAbind axudey, ppt 5@62—561 Kach nﬁh&@@b the difficulty of
89: 4146 Kaneko et al. %1997 . I'mun.

specificgly g_@getmgg)ne skkaakeahihe AA&—S AT Kallgw w1tlgout Bjt@qfermg with other
ygndgﬁﬁgﬁwa%p?ﬂgﬁgg 8). They are also known to be

nphocyte differentiation, function and
survival. JAK3 in particular plays an essential role

The JAK ktn'ih%esf %dl@%]&lﬁ:i | HERORRMABS ex JIBGEL Qﬁﬁﬁa?ry |@REmIB& s from

G ven the importance of this JAK ki nase,
chlldr@prb @,mtg Iywhp hofplastic lqub@miaaﬂ@ maése cgmmopgfmm\gg/chlldhood cancer, and

N tive f

studicg st Pt od SERT AR GFoh S ein Rl SpanerRRALD wiehgeis

(Demwﬁiwﬁ@py(tle%) Wﬁﬁr(oahmsm :A71078Slurlefddr 3t AIS (umlmadd 89:4146-52;
acz et al. (2004) Am J. Trans | ant 4:51-5

Kanchorsabaip e, (Jiz@d@sp BB c LOOSUS. 5P ARk amucfitl (1 990, 1. /Biol

ChemV\%} IC?%KQ{( nas at%falstopi%oc o a??ﬁrﬂﬁ%ﬂo l&g%@é%%té 8&{69%nt18t10n

ﬁJnctldhOal’Q&sutrheﬁlah@KB luo:p:hrhyulmslﬁﬁyd ari @Séﬂﬂﬁl&];olé muke fdndtion of lymphocytes,
nphoma, 20 transplant rejectio pancr eas
thﬁﬂ#%%km

macrin %’éf» %nﬁéﬁ%sbp%lﬁt Grepdhs inygrtapes@f A%neqIMRAtnds which
moduBRth i@ ﬁrcgrd’lt](ggﬁi§§et sek %f1§é"ﬁ)rh KB, géf&ﬁ?s%bl for treatmg
aut ol nTTU eases i abet es [ 'ammat i on

dlseaséeogco,ndmw Iwﬂla];e th¢ fumcgorcof l@ramhoqmss) mac’mptiagels,ocnsmam calbs is involved

(o5 8ErAADAR. baRn bk o ar: Chieehit AP $5SER LR85 875).

Condlflgﬁsaﬁl'vMﬁélYta%Htﬁg 'O'f MA%Q&E&% Qf‘mgfiuldﬁﬁil-of HAMKRKaNhses,
2, JAK3 has a nore restricted and regul at ed

partlclelmrby é8KBoare CW@mehlﬁedStQIJ@ tbe&mu(lgdkmuseﬁJAu@ludﬁykakermaelymphoma
variet

transp aﬁlf e %C%X]& ;(;? %kpaﬁgg ﬁsé?t("tgagﬁlﬁgrﬁ ﬁrejr ecgpg%net 1?11%11? K%ransplaﬁcf applications

(c.g. @@ﬁ&@%@t%-ho%l@aset) heteihPite ddeayes (gl alaBetes), @nﬂ @KbMenation (e.g.,
f oki nes whi ch receptor was shown to

naling for c
asthrn@], %@rgl@rqgg,gt@qsh é,y@éﬁmﬁ w@gqlma@n drag iy fon inhipitiqn of AK3 arg discussed in
5 and IL-2 1. JAK1 interacts with, anong
gﬁamthﬁgﬂbé$?ﬁe receptors for cytokines IL-2, IL-4, IL-7,
IL-9 and IL-21, while 30 JAK2 interacts with, anong

Howe%rhﬁlr&)’ntrﬁﬁ% HRGEREIMIS ub {lltJ)IL:S'ec;( ?é@ﬁjiof[ OEIAKP hﬁ&KiJE’&f‘T%Ee JAK3 has
b|nd|ng of certain cytokines o their receptors

a mor¢ gesgicted| emdzegqlzp_ted expressipn. Whegeas somg SAKs dJAKL ,2J1§K2 Tyk?2) are used
Qr 2009/ 10 .PCT/ EP 009/ 051758

by a viTERT oS PPt AR i RFRPR PISHE gt dprepag n hei

receptbal JAK Dfth@skesi fpﬁiy@d rd1BKn kitBRBE SighliniOfor byt@klﬁbi whith@cceptor was

proximty and facilitating the trans-phosphoryl ation
showrgip dafa tedise thercoinepieganypa elpan;gf2, IL-4, IL-7, IL-9, IL-15 and IL-21. JAK1

interacts with, among others, the receptors for cytokines 1L-2, I1L-4, IL-7, IL-9 and IL-21, while
JAK?2 interacts with, among others, the receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21), receptor
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ki nase. This trans-phosphorylation results in the
activation of the JAK ki nase. Aninmal studies have
wQwgaeddesl t hat JAK3 not only plays a critical PEDER20091051758

B and T Iynphocyte 5 maturation, but that JAK3 is

constitutively required to mdéintain T cell function.

Modul ation of imrune activity through this novel

oligon@atioh sE0ue fespltidgen trefytdplismit hels bf eaboieiet JAK Kingeh being

roliferative disorders such as transplant rejectio

broug jBtoRIe BN fegikiadagthe traﬁlswa%nhemlaéron OfMSSIH%eS@@éﬁOH the JAK
| [ For
i, T8 S oSy B Sl B 2 Bl o eggs, ©
mast cells induced by IL-4 and IL-9 have been shown to
AnimA&tudld lﬁe@ ﬁbd it JAKS noBdly GRFER cfifléd] Rol8 i Bant MOlymphocyte
( Suzuki (2000), Blood 6:2172-2180 JAK3 al so
rnaturgpogty butéh@tﬂ@éﬂms cppgtisutiviely gHuirediopnontatelic &mctigw tModulation of

1mmu§§%éé1§ﬂ§ %?E%Laﬁg r?o%le o&%&%ﬂ% can(%irn%yuére]ﬁﬁélg& 3%‘9“%61% of T cell

prolifamive dikorbérs iswoh asftrané‘m&ii rijectasmeandasitdig@iuns ixamket.o
prevent type | hypersensitivity reactions, including
anaphyl axis (Malaviya et al., (1999), J. Biol. Chem

In parfiqdar2 78K 8 hay ba®)imphigded inehvdsicty ofbinlagical roctseenFehawmple, the

prohfeir%tlo&etr{dgsﬁy\!l%llpg gwmé 21%6 &1@ .r}q?(ﬁxﬁgcgﬁy hg—rél oa?:lld Ing%r ]%fé(tg geen shown to be
depen&aﬂ Gh JAmKandK gm&g%hﬂassegxﬁhﬁg)(Maﬁ dt AP (2000 B1dod d61E172-2180).
mechani sminvolved in early and |l ate stages of

JAK3 jafse s oiciucaglirpleiin [gF raveptpemedgthdanase eclhdegranuapp)respgnses

oo T 358 PR i, SR SRR AP o
JAK3 (Eﬁfm&lﬂas be2h $hadedn ﬁ)’iﬁrevdneq}pe mhgpér&uﬂbﬁz(ﬁ& rédctighs, ind{dd®@PInaphylaxis

ncer Res. 1569- é sis_ 20 fun oi des,
(Malawélyfa 8‘[. fﬁl] §199P) Je Pi0}4 gh%% 2(7|Q2 124 g%%)e{AIgﬁ 1nh1t(1‘§|}gtgl7§s also been shown
I
to resﬁgﬁg?lnn&?te su 1?8%%61 v&?ﬁ hHo \#ﬁg{ej%ého,ﬁ??i%g%??d% l_)%ﬂlfoﬁr_oc' 33:3268-
3270) 1BK SRD6sCS Ilﬁ@e als@hd:dneinmliﬁa'bd: onthe etechdnism @Iﬂy@%ﬁ in carly and late

oo RS o S L BT3B ot o1y

fammalrmo@ﬁfcqatefa@ 8Qerobik &SR @nl. a@zlogor) ﬂldaﬁeﬁ Blﬂglll}si.eﬁlk§ Commun.

sclerosis, rheumatoid arthritis, psoriasis, Typ '
26724280 dtuksmim@udbs ket al (1829)i GHe. Eangen Ribsabd 6631 582noweosis

oG5 WP 95 e P LIRS Q. s U

94:6764- 61’@))Wﬁfd dHnBiins8 a5 grdva e TcRalan gt e tmids IC 259:9766-5210;
si on woul d be desirabl e.

|nnunosup8£§;
CatletNBﬁlcmtabp@f)%?)i pitedQilBrld?)- JAK3 has al so been
reported, although the functional significance of
be clarified (J. .l nmunol 168 200
JAK3 ﬁ;‘g“gl?zf ¥ %rezlféfé‘; %egé’éf &4 é%‘mu%s%%ﬁé“ﬁ%?%\tﬁ for ] @H%Pi 1its, xeno
transpfa‘ﬁfah@g 1@51% %Ml@%él&%s& Bihe@datd {8 soriRfs, T e 1 dlabetes and
it seens WO 2009/ 106443 PCT/ Epzdo 05175
Comphc‘zatlgnﬁ frck@ldyahem; cafgyi3adtlzma, atapendéralatifis putosomade tiyroid dlsorders

unctions ther tissues,of or Henc
uteera R Eyis iRl AR YIRSl Canteipaicatons where
1mmuﬁ’dsug§r,essﬁd‘r6wbﬁlﬁttfeld@ﬁlﬁﬁ)ledl stribution of JAK3 is
appeal ing. Agents that act on nolecular targets wth
expression limted to the inmune system
Non-hematopoietic expression of JAK3 has also been reported, although the functional

significance of this has yet to be clarified (J. Immunol. 168 (2002), pp. 2475-2482). Because
bone marrow transplants for SCID are curative (Blood 103 (2004), pp. 2009-2018), it seems
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m ght lead to an optimal efficacy:toxicity ratio.
Targeting JAK3 woul d, therefore, theoretically 5 offer
WO povanes4giippr essi on where it i s needed (i.e. OPCTEP1089/051758
actively participating in i nmune responses) Ww thout
resulting in any effects outdi de of these cel
popul ations. Although defective inmmune responses have
unlikehegat s ha@adential N@H fedusdahi Ahctiost ih aithes tléshes bm/@sﬁs glence in
Med, 44 (1996) . 304-311; Curr. Opin. Bi.o
Contraétl@@bythebﬁrg%%f lm@anosmpéesaw Giigsoths r%ﬁtré%t?ci Bléftf}bé}ﬁ%f’f FAKS is
T S
appeal%I eﬁ{AQh%ré@t (trgﬁ]BlngEIe ‘%ag gi?ggg%%ﬁéﬁ 0%11(1)&1@&{&0qu }fﬁflﬁﬁh&system
might Skmﬂltb anopmmall ficatlyitbkit vy stloa$argonig JAKI? edutd thek‘ﬂbre theoretically

ot ERRELEELLSR S5 LA L ! TTUDESUBBLERSLON
resporis¥d) ARt HORt KsHBRg irt 5‘1@1 effe%tseoiﬁﬁdfg bfthedeQt11 Bop@htions. Although defective
activation througﬁ BCR signaling. SYK becone activated

1mmuum@ﬁpcmsmlhwwg been gisospdioinyatieds BORT * astehinsHus/rivestigi dfiedsd4 (1996),

oo 30 SRt AT TB TR0, 7 B P i bution of

STATBufi@tHe fBl@ VRl OR3E8 Mo 1€ NELkeinz AhatidNedt 14t tihf 8o de thBBd with
Turner et al. Nature 378:298, 1995). Therefore

small-meigonic inbibiters IRyRORFBYiRG G hol@pnwelegtigmasde [targpts for
treatnent for autoi nmune di sease
Hnmmﬁﬁﬁgﬁ%ﬁﬁnfs ef fects on autoantibody production. In
addltlon to the role of SYK in BCR signaling and
SYK (@'pfe%h T yRSideViRInh QY is d ﬁo@fe%&)tgff BYSiR K8¥e 1Rk & dsbentHERRB-cell
nmedi at éd nast cell degranul ation and eosi nophi
activagien thyeughdsCR FignglingS YK beqom jqetimated upqn bipding |td eh(g;pboryated BCR

di sor i h
and tnly BB kM Y B BT RY FE 1 Gy Aot icEiae ftienr i SYK
exhibit B¢ efHROSIPEIOMYB-3E 1€ de @RIPIRent (@hdh §<& alFNaRire $7&@303,9 9862l urner et al.

domains and is essential for omnstrean15|gnallng
Naturg T& P 1895 )allhergforre ingiitvition @ HY K eygqugmgactlygggy cellsyyproposed as a

ol bELSD IRl L | ARTRRLANS RGN roducion o,
(Costello et al. Oncogene 13: 2595 1996) This al so

In adéﬁ%n tt%e SRR YoM mrs@%goaid%@e@ RétSvadion lindto plays a key role in
inhibit SYK activity in nast cel ( Yamanoto et J

FceRIphetisted olastiep dTaanuldoen mi?eDsm@Qmig)wtlvaﬂImeélihmexﬂYmm pmplicated in

e BB PR BRSO S hE Bl b pun dpgi Droes 13745
2004) WKftimﬁltb $hd phodphoila e |gamkedhaf o faFEE RIRia (1SIS8TY @¥indihs and is
J I'mmunol 169; 1028, 2002). SYK deficient

essent g GriOpHM TS E0al iU Ik MR S L3 4 19 50reK deficient
s 8 BERESH 1400 APET0  Eholg BOB0on

(Coste:blb cBAKOnicd gend A 3125 98.5K096). Thiw aléd eatbremihoddn for pharmacologic agents

oo TR LS80 Ry 174200
Treat énttv&;lﬁl g’%ﬁ%ﬁﬂ%ﬁs&@l Iﬁlbl@ detshﬁ{lbl?sr t Qlli]tnﬁfﬁ%(?ﬁl?iﬁr?ftf&n of

enef it treat men |nv ving no atlon
cosincghd$ and @ﬂl&ophﬂdmmy@mmal|rmodehuﬁa$|tlanaa(syetaplp efrank Intrhvartol 169:1028,

ounds t ulate J nd/.or . SYK pat ) )
2002) S R PR R o 1 SRE B o B BC S S P PR AR stimulation
(LachSiHIalcamtt al. BIdWRIr el 2o0vs ek dfSrdd gn@u WotteuahhiByrs®f SYK will

patients. Provided herein are novel
be useful for treatment of allergy-induced inflammatory diseases including asthma.
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5 pyrrol opyrazine derivatives for use in the treatnent
of conditions in which targeting of the JAK and/or
w@lped4msvays or i nhibition of JAK or SYK ki naBE&BEP2009/051758

particularly JAK3, and are therapeutically useful for
the treatnment of auto-i munedand inflanmmatory
di seases. The novel pyrrol opyrazine derivatives

In Vle@rdf‘ﬂildj[ﬁdnéifﬁlﬁsﬁddﬂdﬁﬁhﬁ tHat ¥@lcgnichipidoed to%K&"lt&fydr@hﬁent involving

for the treatnent of .aut o-j nmune

and
modul.aﬂ?m aﬁ&bﬁﬂéwn&(oge%@é gathygus ¢ éhlﬁamsﬂd%teldfappﬁénﬁ tHtdlst gynpounds
that m%gl\l/ g{%djla}?% X /%12%}( a?’ét géerglirl(%/ giﬁﬁ\?ggq'{o!@ﬂr %sti'l]l@ uH&seghléluld provide
substaofialabtrapdutinbeecfasth a widecarmmtyarfypaticige d%re'&ded/\lmemlane novel
referr d.co nds se| ectivel i.bit. JAK3. For.

pyrrolgwgﬁﬁ% CHEVED aﬁﬁqlaéL%?reﬁtﬂlany Qf\FQH{ﬂPB’ﬁS g b gting of the JAK
and/oplm% PR aSY Br inhMIG8BH T AK 8f SYKadn&eIMRHRARBIAKS, and are

sel ective'for JAK3 of the JAK ki nases and are useful
theraputically upsfit or tpytreastnens of entovimiungsnd mﬂmatpr}e@smfm

of auto-imune and inflamuatory di seases.

Fu rthernnre t he .conpounds. of the |nvent|on
The nﬁ"Y?Il\ PyirelopwRaing Aeri s pigpiisied |hﬁreﬁ1f wicstively lnféblﬁ»;%ﬁﬁ dgd are useful
for th@ﬁ@a%ﬁ%llteoc‘ftah‘?bgnﬁﬁﬁne‘]d%ﬁ%n@efmﬂlgt%rf At %g \205}1@3&1@% 'o% the invention

use novel pyrrol opyrazine <derivativ
modulateght fdKtandfor MtKopathwayseandrade usefil anonaltpyriplapyseasekrivatives for the

treatmjt%@J &l l ¢ he%%gﬁ@r%ﬁlg&sr}ég&?e}sgg v@%ﬁﬁbﬁ%eﬁén&p%ﬁhgg stelectively
inhibiSEAIETL Fc\(teexfaﬁfble] A orfpoti® e ﬁllveﬁﬁﬁlsma@ﬁlﬁﬁﬁtrﬁxm efdHSYK,
novel pyrrol opyra2|ne derivatives for t’he 20 treatnment

wherenf praferigd |cqmpn1@;1damje sotfctizeniat/ois ofithe S8 kinasghand are useful novel

pyrrolp PYHgERE By S itk % et S TR - R g b ey s

Furthe‘ihbyé thd d@)\ﬁﬁfouﬁdlm}de uﬂbﬁtﬁdﬂ maﬂi)ﬁl'hibiﬂ JAK®BLRT DAY wherein preferred
cycl oal k het er ocycl oal 25 or cycloalkylalk

compagils g Iegt U ARG AR, Kbecropitss Soat oV syrdlopyrazine

derivalf B oS3 it p BBy B o U s Qs B he

compou@ads6f Bei2ineipn maPfdihit JARE A (RK), wherenSfrefred C&npounds are

| ower_al ky| Iomer al kox am do, | ower
selectwgﬁ(g y t'rk}ﬁ kinases, ang are usefu? novel pyrrolopyrazine derivatives for the

treatment of auto-immune and inflammatory discases.

The application provides a compound of Formula I

(0)
R
Q\_ N
\(\I\\?
Z
N R

I wherein:
RisR', R% R®, or RY;
R' is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R'?;
R i{sR"orR';
R'is halogen, oxo, hydroxy, or —CN;
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het eroaryl, cycl oal kyl, heterocycl oal kyl ,
cycl oal kyl oxy, or heterocycl oal kyl oxy optionally

waeegtidd4us ed with one or nore Rd 5 Rid is H Pel/Bpmng/051758

hydroxy, |ower al kyl, |ower al koxy, or |ower
hal oal kyl; Re is H |ower abkyl, |ower alkoxy, -CN,
| oner hal oal kyl, phenyl, heteroaryl, cycloal kyl, or

het er ocycl oRF%yLC(leb)b(Réf) HC(#O}'@IFIZ(RFe&ylS,(lepWS(O)z(le) or -S(=0)
hal oal kyl , en heteroaryl 10 cycl oal k %
het er ocycl ogﬁ YOW G2 o @a@ﬁ RIDgp, jlawver Taloalkyl, phenyl,

i ndependent Y

| ower aIkyIh%eﬁgﬁGfggﬁegg?%§$§%g©b§ ?QSPE§B&§(H
heterocycloh@kykydmdk%bkﬁommymﬂpamkwmnaikyheneprnmneR
optionally subst| one or re Rea;

is R2d or R2e; gldlkf\l\fpgﬁbﬁy 19%%, logFr %%Wﬁ@éyn%ﬂower
-N(R2g) 2, - O)Qal&aﬁ , -A=0 A R2g), - (=0 N(R2g) 2,

- N(R2g) &(=0) ( R2g), =0 2(R2g), -S(OQ2 20 N(R29? 2,

| ower al kyl, | owBr° 1aH< T a owpiadloeryk yCN, fshveamyabloalkyl, phenyl,

heteroaryl, hete X cycl oal kyl . ar .
heterocycloalkylﬁq 8%9&6%80F¢ygﬁﬁ ?%Fﬁ?gaa%fkh one or
nmore R2 each RefRrl'ss Hnerken DHWetham BMEroaryl,

1l
al kyl, I ower al koxy, |ower aloalk l; 5 eac% Reg is
i ndependent ly H, CYCéWélﬁylwWFGTOCFY@W@HWLaI koxy, | ower

or phenyl; R3is -C(=O R3a; R3a is | ower
aﬁkgﬁ &yg%er al koxy, phenyl, or N(R3b)2; each R3b is

mdepeeaiﬁrﬁzf‘)mhti@mdlem@ﬂ{ atRYPL: 30 R4 is -qR4a) Rda
is Hor Rob WD 2009/ 106443 PCT/ EP2009/ 051758 -7 R 4b
is |over al R%ﬂh rﬁelﬁ%pen%w;}werl aélsvérph%lwbapqsgﬂaryl Cycloalkyl

cycl oal kyl, het&%tcﬁrl&gﬁﬁl QIaljléfé%cycth?a'ﬂ%ﬂ Ry Ydne, RINIMABétituted with

substltuted w t h” one or
one or more R

R* is R2d or R*;
R**is halogen, oxo, or hydroxy;
R*is -N(R?®),, -C(=0)( R?®), -C(=0)O( R*®), —
C(=O)N(R™)2, -N(R*)C(=0)( R*), -S(=0)(R™), ~S(O)
N(R™®),, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
optionally substituted with one or more R*;
cach R*' is independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkyl;
cach R*¢ is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl;
R’ is -C(=0)R™;
R* is lower alkyl, lower alkoxy, phenyl, or N(R*);
cach R* is independently H or lower alkyl;
R*is —O(R™);
R* is H or R*;



10

15

20

25

Roo Roc is hal ogen, hydroxy, |ower alkyl, |ower
hal oal kyl, or 5 lower alkoxy;, @B is -OQ@a, -S- @a,

WO g{oe)qagBa) , - O CH2) nC(=0) (@Ba), -S(=0)(QBa), PCT/EP2009/051758
-S(=02(®Ba), - N(@Ba)2, -N(RBa)S(=0)2(®Ba),
-N(Q@a) (=0 (Ba), -C(=0 N(@a)2, or
-N(@Ba) (=0 N(@Ba) 2; each Ba is independently @b or
@c; mis 0, 1,RYris &weiau@sl@hsnyﬂ be@ﬁ losvel auwealkel, leydloalkyl,
| ower hal oal kyl nyl, cycl oal k het er ocycl oal %I
or heteroaryl, %?5??363{%“? @%Q%Wi/GPE@nWtSH bigiged pith one or more
nore Bd; and efg@h @Bd is independently Bd is @Be or
@B e is halogeh or hydroxy; 15 @is |ower alkyl,
lower al koxy, |ower R¥liobdlégdn, hytrenylloweyatydalbolgt haloalkyl, or
het er ocycl oal kyl , heteroaryl, optionally
substituted with onelo?ﬁ’rer?n]%?’éy Q%g and each Qg is

Q'is i@@pe@d@m lcf(%’v)t@@ﬁHO(@M?YQI@H@>(9@“9BLS@JG<>@”> Lsmg) 2Q*), -

al’kyl, | ower
N(Q“‘h pN@%’/rﬁéégb(Q A HN@E d@@@@ B), SEONBF ‘@bt —NfQ Brd= O)N(Q3a)z,

var Lon odinent, Ris R. In one

VS%O acé g?peflﬂeélt%mgr%odi rrent, R is lower alkyl.

In onemvlg()i atdron of the above enbodinent, the |ower

al kyl i% ent - butyl 25 I n another variation of the
above #inent, the lower alkyl is tent-butyl, Qis

QL, Qlasd. : n |

L, ARt RIS, Pl B ATk ey or
enbodi hastoaryt, h@tlbﬁui@rsualsﬂwtedlvath@dﬁr(ﬂrﬁr}:@“ ahd anot her
variation of the,above enbodi ngnt,.the.lower alkyl is

i so-butyl. f# @otsﬁéﬁiel\?ﬁﬁiqnélﬁ’l 150@ h& above

enbodi ment S iso-propyl. WO

2009/ 106443@&?51%0917}{ )167)( 8 In one enbodi nent of

t he corrpoun@ 'of lowor allaylalower Rlkokg, lo@ei0faBha)3, phonybrgcloalkyl,

enbodi ment the ¢ d of Formula,l, s, .
i so-butyl . ?tﬁr%}ﬁcéoag@ nlilFé?{ a ? Ogﬁ%naéléfﬁﬁg%}%‘eéf”“h ONe Of mote
Formula |, &% kgdiso-propyl. In one enbodinment of the

conpound of Fornula |, R is cycloalkyl. 5 In one
enbodi ment of theacdadkrﬁwndewndmlyrh@ﬂ@ena hydroxys lower alkyl, lower

gfet le:g?%lclaofll Kyl h qg }Séaxl?& lower Halg'iﬁﬁ 8; lo%v%?alﬁoglpound

or a pharmaceutically acceptable salt thereof.

In one variation of the above embodiment, R is R'.
In one variation of the above embodiment, R' is lower alkyl.
In one variation of the above embodiment, the lower alkyl is terz-butyl.

In another variation of the above embodiment, the lower alkyl is zert-butyl, Q is Q', Q" is Q'°,

Q'is Q', Q" is Q'%, and Q' is pyrrolidine.
In another variation of the above embodiment, the lower alkyl is -CHC(CH3)s.
In another variation of the above embodiment, the lower alkyl is iso-butyl.

In another variation of the above embodiment, the lower alkyl is iso-propyl.
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In one enbodi nent of the conpound of Formula I, R is
phenyl. In one enbodi nent of the conpound of Fornul a
WO 200R10@84R2. I n one enbodi nent of the conpoundP@Ff/EP2009/051758
Formula I, Ris Wand R2 is NH(R2a). 10 In one
variation of the above enbodBnent, R2a is R2b. In one
vari ation of the above enbodinent, R2b is |ower alkyl.
In ond dml@ydémaraoif éitd @mpotind bEFabaNel, itiodCHENCH: :he | ower
al kyl is iso-propyl. In one enbodiment of the conpound
of Fornula |, R2b is heterocycloalkyl. 1n one
In oneeamiwdimenitof dfe colpovadrpbbierenu L Rorisisbabutyl. R2b i s
cycl oal kyl . 15 In one enbodi nent of the conpound of
Formul a 1, i s he erocycloal yl  al kyl I n one
In one egpbogimery Oéfhet REPeyBY 8t EorhBth }nﬁl:tls ISpHEOPYT
heterocycloalkyl IS pyrroI|d|ne In one variation of

Inoneeﬁlé0§ %’;ﬁ ﬁér%tcogg’%%% tge al k ne Ii?wa@?t hyl eggb '

pyrrolidi ne nethyl ene. In certaln enbodlnents of

In oneg Iuﬂe t’of'iﬂ%eco\?%t&gﬁ%gf e 4&;Pg§ C_l_,?ﬁ%%g)ggﬁ% C' fi Cal | 36

R CB N \' NN HI11 whereln R is |ower aIkyI Iomer

In oncBdrksemeR REME confpRNAY bf Fhiehes RS berzyt| oal Kyl ,
het erocycl oal kyl, or cycloalkylalkyl optlonally

substituted with one or nore R a Rais Rbor Re; 5
In oneRnibadsméretlod ghencongroond hi/Beroxg I &' is pNnyR ei s

C( =QQqR), - O)(CHZ)H(Rle) -QCR2)m(Rie), -S(R),
- OZ(R’) or -S(=0 Ig | ower al kyl, | ower
In oneggrplpyymer if comﬁoa@dof wava hd) b ’kyl , phenyl

het er oaryl , cycloalkyl heterocycloalkyl

monc b3 g S SBhSEE e AP RERLY

hal ogen, hydroxy, |ower alkyl, am no, |ower al koxy, or

In oneI \Qi‘f\f(?t{ioﬁ"8'1L 8 lajégxle; embodiment, R** is R?.

In one variation of the above embodiment, R?" is lower alkyl.

In one variation of the above embodiment, the lower alkyl is iso-propyl.

In one embodiment of the compound of Formula I, R” is heterocycloalkyl.

In one embodiment of the compound of Formula I, R” is cycloalkyl.

In one embodiment of the compound of Formula I, R? is heterocycloalkyl alkylene.
In one variation of the above embodiment, the heterocycloalkyl is pyrrolidine.

In one variation of the above embodiment, the alkylene is methylene.

In one embodiment of the compound of Formula I, R? is pyrrolidine methylene.

In certain embodiments of formula I, the subject compounds are more specifically of formula II:



RI eis H Ilower alkyl, |ower alkoxy, cyano, |ower

hal oal kyl , phenyl, heteroaryl, cycloal kyl, or
whedoenowyx| oal kyl; 15 Rif is H |ower alkyl, |PUEEP2009/051758
hal oal kyl , phenyl, heteroaryl, cycloal kyl, or

heterocycloalkyl; inis 0, ¥9-or 2; and @@ is as
defined herein. In certain enbodinents of fornmula Il
R is lower alkyl, preferablog terf-butyl. 20 In
certai n enbodi nents_of formnul Rt he subj ect

conpounds are noreQ3 EC'N;Fa y of fornmula Ill: O HN
4 N\R2n N N H 111 Tpherd n\\O 2009/ 106443
-1

PCT/ EP2009/ 051758 R2pb s A ndependently | ower

al kyl , phenyl, heteroar N~ cﬁ%loalkyl

het erocycl oal kyl , or heterocycl oal kyl al kyl ene,
optionally substituted with; one or nore Rte; Re is
Rea or R2e; 5 Rea is halogen oxo‘WB@eWydroxy R2e is

-N(R2g) 2, -( O R2 ), 5 , - =0 N(Rzg) 2,
KBAETRN i I EET N G O Sa—
hst SfcRARalk IESBIRAIY bisbsMiut &yt 3hkyt moRIR "

heterocycloq) 10 optionally substituted with one

or nDrBrRQReaE i s independently H, hal ogen, |ower

5 alkyl, 1o m)gkﬁgg ok@%ﬁﬂrﬂ§llauﬁ¥J each R29 is

i ndependent 1 ower ’ al koxy, | ower

hal oal kyl , Rt%phe@:;o)o(aﬁyj 1;5 @ﬁ(om)ngalegeio(@g)nmmeguJm;(le -

IncatwneMmm of formula I i s | ower
alkyl. In caf QiR )e‘be&ﬁl Q%ﬂ%s) W%uaMEHOW%{rmXaeamln0| jamido,
or 111, @B jRye Qé@@yl, p%ny@l{eg%&)ryl, cycloalkyl, heterocycloalkyl,
cycloalkyloxy, or heterocycloalkyloxy optionally substituted with one or
10 more Rld;

R s H, halogen, hydroxy, lower alkyl, amino, lower alkoxy, or
lower haloalkyl;
R'® is H, lower alkyl, lower alkoxy, cyano, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;

15 R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
mis 0, 1, or 2; and

Q’ is as defined herein.

In certain embodiments of formula IT, R' is lower alkyl, preferably tert-butyl.

20 In certain embodiments of formula I, the subject compounds are more specifically of formula III:

m wherein
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Q CH2) n(=0) (Ba), -S(=02(®Ba), _N(QBa )2,

-N(@a) S(=0) 2(RBa), -N(PBa) (=0) (Ba), =0 NBa) 2,
W@e009MIaIBRH) C(=O) N(@Ba )2, wherein in and (Ba aPE&I/EB2009/051758

defined herein. 20 In certain enbodi nents of either

formulae I, Il or 111, Ba i¥-lower al kyl, phenyl or
cycloal kyl, optionally substituted with one or nore
@a In cert R?brlsﬁﬁﬂé @hdﬁﬁﬂiij? wak akiyt, pdenflolioiibag], leyclbilkor,

”SI( OSS( 'Qé aileterow@egkyjl_ )é%r%@log@g@O&g@g,”ocp(nog%ﬂy%gub)smuted with

- N(@a) C( =0) 4LGan O N(@a)2, or _N(@Ba) (=0 N Ba

)2, wherei n&l(ln |soraesfgfzfef| ned herein and Ba is H,

| ower al kyl, phBfiyik R6dror®z?;l oal kyl , optionally

substituted wth one d eg%a The a&gl I cation

provi des a conpound o HeES PXQQr Y944 r om t he

group consisting o Ze _ 28
2- (Cycl opentyl - et hyl Rar%S nI(\)I(RB)I%i- C(r rogf % ?;C(bﬂ))())/(rgz?nze

- 7-carboxylic acid |36(ﬁ=® R&M, dé}(R g)C( 0)(Rg) —S(=0)2(R®), -S(0),

1-[7-(2, 2-D et hyl - b2}

[ 2, 3-b] pyrazin-2-yl]- % gqv’réc%%iﬂ “§>|I lﬁ‘é’ﬁr a]1koxy01110Wer haloalkyl, phenyl,

1-(2-Cycl opent yl oxy- 5hé’t|eﬂbﬁfy1 Heeroaryloxy, cycloalkyl, or heterocycloalkyl,

[2,3-b] pyrazin-7-yl)-2,2-dmet hyl - propan- | -one; )

2009/ 106443 PCT/ Epzoogpt@smlﬁﬁ gubstituted with one or more R™;

N-[7-(2,2-Di met hyl - propi on

[ 2, 3-b] pyrazin-2-yl]- benza%%g%@/(%pgﬁ%)?gx&gﬂ%xylbwer alkyl,

acid lower alkoxy, lower haloalkyl;

[ 7- (2, 2-di met hyl - propi onyl ) - 5SH-pyrrol o[ 2, 3- b] pyrazin

-yl]- amide; N-[7-(2,2-Di mtH - b%rlaeﬁpﬁﬁwy Wfﬂr%kx} lower
[ 2, 3-D] pyrazin-2-yl]-N et % G5 A Ha lkyl or phenyl; and
N-[7-(2, 2- D net hyl - propi ony H pyrrolo

Q’is ds2eBndy hyreimzi n- 2-yl ] - benzenesul f onam de;

b 5 rrol o
In cerfist i ats ph sty AR fopterihanesu! f onani de:
7-(2, 2-D net hyl - propi onyl ) - 5H-pyrro| o[ 2, 3-Db] pyra2| ne- 2
In certaGASRIhbkis af:éﬁle@ﬁrfﬁ{uhh\éllamdml Q’ is —O- Q3a ~C(=0)(

neth - prqpi on rrol o[ 2,.3-b azi ne
OCH e BB o eSS L 111(535>c< B -
t a
o 0{*%52”) FEy MO OGRS hprsinmopd Q7 g dgfncg e
(2 Isobutyryl 5H pyrrol o
yrazin-7-yl) 2-di met hyl s pr opan-

E 2

In CGI"[Z,II‘QQ@ PP DfPltheF iQI(lgﬂaﬁét Hyar THeQ7! d§, fopen, |a|].k|y§, rp,h@lp}é or cycloalkyl,
-

optory SN Epfod pafPer | mone

[2 3- b] pyrazin-7-yl)-2,2-di net hyl - propan- | -one;
(2, 2-Di net hyl - prapi o £ ol 323" ne- 2
In cordbiFiipPTES AL UREISTOE Jrearie: S8 5 hERdHA:
3a\H H- 3 3ay - 3a 3ay
el L e ST M )
C(= O)I‘ﬂ(@- aOpy)r rN(Qe)@—@N@ny]Wh@fﬂnplyrsra@ld@ﬁned hereln andQ is H, lower

alkyl, Ez_ﬁ%rgr_l e&%?/ E%My?pé’zéi}%@;)ﬁ%g&m& V%lth O or more Q™.

[2 3-b] pyrazin-7-yl)-2, 2- d| mst hyl - propan- | -one;
1- (2-Cycl ohexyl oxy-5H p%y
The appdicatis] prpvides i cqmpeyndn f_ogqnmgtlw lectsdl dipamthe|grayngonsisting of:

2-(Cyclopentyl-methyl-amino)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
1-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-2,2-dimethyl-propan-1-one;
1-(2-Cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;



1- (2-1sopropoxy-5H pyrrol o

[2,3-b] pyrazin-7-yl)-2,2-di net hyl -propan- | -one;

WA 2024 &4IdXY - SH- pyrrol o PCT/EP2009/051758
[2,3-b] pyrazin-7-yl)-2, 2- dlnethyl propan- | -one;
2,2-Di et hyl - | -11-

[2 (2- mor phol i n-4-yl - 2- oxo- et hoxy) - 5H pyrrol o

N-[7 K223)1b1]eﬂwt @de’ibn@r-l)yﬂ-]{ -p@fr@k@@llfi H]pyraﬁﬂe yl] -benzamide;
D neth pr Qpoxy)

(1, 2-
Cyclqhgxag‘leﬁirbgpggl aqlds %yq2]2 Qm@t@ﬂmmg,mylb?]éwﬁrolq[2job}§yra21n -2-yl]-
1- (2-1sobutoxy-5H pyrrolo
[ 2, 3-b] pyrazin-7-yl)-2, 2-di met hyl - propan- | -one;
N-[7-82, PDI(IEFIB@MOH%AHHP%H?O@,B ﬂﬂ%}ﬁflmh-%ylifﬂ\%ﬁffﬂybwmhﬁde;

azin -2, 2- -.pr.opan- - e; .

N7 %\%P%ﬂéim@mylz) % pyirglo ﬂ%?ﬁilpYvrﬁ%lg-&-@ﬁ-??mzemuﬁﬁpmdS'
N-[7- gﬁQ-@)lﬁﬂeﬂM ?de'ibn%r VAL E S%@R)D 3- b]p%/razm -2-yl]-N-met

h
Oécl ohé [7-( met h propi onyl ) - gH— pyrrol o
benzefigdy Oltﬁ]npyh:am n-2-yl]-urea; 2, 2 Di met hyl - |

7-(2, % 92%&@9 Wh?ﬁgﬁ%})?&%ﬁ ?p%ﬁﬁyfr)é/zrirgegé-%arboxylic acid dimethylamide;

7-(2, DI ctheLpBpion: 551#3 ® 162, b|pyrazine-2-carboxylic acid isopropylamide;
( py rgm ?1%)7 ?y gidl npeytrhyl pr opany I onep Py

1-(2- /%cezylﬁ plof2.p h]mzza@hanx/lb -3rr tiereg - pyanast loone;

1-(2- %&2\%}&%@#%{1%& b])pgﬁ%@pﬁgp 2 dﬂﬂ&hyl -propan-1-ong;

2,2- D[lﬁetliyblm{amethﬂfbyhﬁo’yb ﬁiqb'yf’fetdw B-tipyapan-7-y1]-prupan-1-one;
pent yl -am_no) - 5H pyrrol o

1-(2- ?%ﬂsybﬁme q4i2§ ‘sglpsjra@nﬂ el hietisrl dpenan- I- Onf‘one WO

7-(2, Z:Z?g:ﬁétﬁgﬁ% 108&} oyt ﬁ%&é@éﬁﬁrf%ﬂeﬁ% I%a;}r%g%/lwc cldr?en ylamide;

2,2-Dimppthyl- 12—,[2—(1D'rr(hltd4§/-lcarbbnyl)-{5H—}@yhﬂc(ld{kﬁeb]pyfa-zm Y}@t]epropan 1-one;
2,2-D:i%::‘%§sgﬂ ‘ﬁ]'l alféeo; carbogglll SIQf oyllo%é[%_3b Lﬁ’) ra%lzn y?] erp;n 1-one;
1-(2-%%6%&!? JZSMSH%)'y[vr%‘lc([@fzb]E&I‘JEBWM‘)@?Q{MWI)W%W L6h&! O

pyrazin

1-(2- @yc@mxa BtyH- pmlmz( >bipyeiane? hil-2 Brcmi by biopsrH pyer ol o

1--8prpo 3 SRS o bt b 2 e s B8y v i
1-(2- Eti’mw ]SHZp;Zroqtb [WWW@E@@D 2| mriﬁethﬁrpiopan 1 one

1-[2 - Met hoxy- pyri di n-2-y Iamnoz1
2,2- qlrzetgyb}ﬁ%%rmqasplmhm yR2-pxetcHioxy b m%@#rﬁ 3I'b]PYT@ﬁ1é 7-yQ-propan-1-
. one aspect, the application provides a nethod for
> treating an inflanmatory and/or autoi mune condition

1-[2- (dgmmmsthplgpraﬁmy)wsﬁ pyirsig[ 2, -bipypadin-ent]-2,0-dieeityi-prepewf -one;

thera eutic effectiv unt f t he compound of
1-2-bopipr - pysmT 2 ety el B R AR tetfiod, the
B R L O B RO P B P £ 1G> 2 imethy - propan-1-
one; chenot herapeutic or anti-proli fer ative agent, an anti -

i.nfla ent, an.i nodu ry or .
- CgRBen B D kB I HEavar b riog e ary v
1- cy@g&@tylfsop ézrﬁaﬁﬁ&gquﬁépibwpsg%ﬁfowta%e@??razﬁnz -908AEa;
for treating diabetes, or  an agent for treating

2,2-Diinvetiib b2 ek yhay semines-SH- pyrr010[2 3-b]pyrazin-7- yl] -propan-1-one;

1-(2-sec-Butoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;

amide

onc

2,2-Dimethyl-1-(2-phenylamino-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one;
1-(2-Cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
1-[2-(Cyclopentyl-methyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
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10 I n one aspect, the application provides a nethod
for treating an inflammtory condition conprising
w@ewpnd@sering to a patient in need thereof a PCI/EP2009/051758

therapeutically effective amount of the conpound of

Formula |, wherein Ris R .-12a one aspect, the

application provides a nethod for inhibiting T-cel
2,2-Dyrirotthiy - E{ﬁ-ﬁ)hMﬁ)x@iiSﬁIergﬂ@dslo[Z;@Mﬂp’yr&hmg yagpiopusl &meng to a

)atient in need thereof a therapeutical lﬁi effective .
2,2- wr l-g2-1fHd- mei%yld%l?ﬁ.*}%ﬁ‘d -¥-phgpiamigo i Hinyrigid 2,3-blpyrazin-7-

e the application provides a nethod for

yU]ﬂQﬁﬂlEF?lng T-cell proliferative disorder conprising

1-Cychdekyli {7 €2, rdinahd-mpapiveyl)-SHapyrede] 2t kjpsoizina2- yl] -urea;

1-Cyclabhd aﬁzﬂ?-é%ﬁ%ﬁw Eﬁwtp'éovn%@a AR S g K.

(! L r
BT E A i

1-[2-(apidthenat 1Dxrrdllpac»dardms)-éHﬁmrm@{2f3ob]pwgaH-N§ -Z2-@gigghyl-propan-1-
proliferative disorder conprising admnistering to a
" patient in need thereof a therapeutically effective
anmount of the conpound of Forrmula I. In one aspect,
the application provides a nethod for treating an
i mmune di sorder including 5 lupus, nultiple sclerosis,
In oneratspe:umho apbleatidn proveles p swtheasios treafingen|iniik radpetoes and/or

autoir RS KR P BT S e AT ST B RGER I G 5t dherspeutially
effecti@@%ﬁfébﬁﬁdﬁhe é’d{h&m@orrhﬂwlm d disorders, ulcerative
colitis, Crohn's disease, Al zheiner's dlsease and
Leukem a, conprising adm nistering to a patient in
In oneneeidtidihef tfhefab@vetrhaha@ehlé almak nyetled f Rethev@ngprenidmihistdidg an
ound of Formula |, 10 I n one aspect, the

addltl(gﬁén?hewpp%a%pb%qué@ %orﬁ@tqh@alofl@yapﬁpt&(grﬁqtlr{gogﬁeratwe agent, an anti-
1nﬂanﬁﬁa6c’&g g?ﬁlt%ﬂ 1n§19ﬁﬂ8§n&fulﬁ5 1mﬁﬁﬂn§ Pégswé lt'dei frotrophic factor,
acut ograft or xenograft rejectron an Tonic
an agealt foygreafing mrdimemg]aaﬂisease,eqnsacgtntoﬁ)r trezitmgahathmtar ozanchgont for
.non-vasgjgﬂrlzed transpl ants, conprising adm nistering
treating Jmmudodelagigncy; dﬁsoﬁ Y thereof a therapeutically

effective armunt of the compound of Formula I. In one
t i ..
In oneaa%ggcg nt e n@ﬂ r(g)t@}dre]g Qé}%{i ofrgﬁtéfe% ggdtrnqgﬂa%étory condition
comptﬁ@h@@drnm[sterinlgab uq;lan@lta@ué@l tatreofd alétapemtloaﬁp effea@fvie amount of the
rejection and chronic allograft or xenograft
Comp‘?“é‘jdé)cftFPHHu adgwhereif %R zed or non-vascul ari zed

transpl ants, corrpr|S| ng adm nistering to a patient in

npound ormyl.a I Inp o e aspect
tn ond 8ty F R i B SRR SRy bR MG Tl pRITRG T Sesoraer
compraiid ¥drhinis€@RItb aipadent &l At t5E06F Nbheta E@ut@ddﬂ? @ﬂB@hv@famount of the
Formul a |, wherein the conmpound exhibits an 1C50 of 50
compaupd it EpRGRAr or |ess in an in vitro biochenical assay
of JAKS3 act|V|ty In one variation of the above

In one(r}}%{)?hcgd fqﬁp 1cat10 I())I‘%gl ese é?ﬂet Iotdsfofa ﬂlh&b%?l?g "?fceﬁ prol&ergtol\rfrg lilgorrder

onc

comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula I, wherein R is R”.

In one variation of the above method, the proliferative disorder is cancer.
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an in vitro biochem cal assay of JAK3 activity. In one
vari ation of the above nethod, the conpound exhibits
W@eooba34»f 10 nanonolar or less in an in vitPGI/EP2009/051758

bi ochem cal assay of JAK3 activity. 25 In one aspect,
the application provides a aethod for inhibiting SYK
activity conprising admnistering the conpound of

In oncF3pent) the bpplishesiepravidesa @I(Hﬂl’ﬁﬁl%dtreatﬁligbli B&el&lprdh&ﬁ@tlﬁf dlg&der
m.cronol ar or less.in. an in vitro biochenical_ ass

compresyipe aipingeripg towe P2HeTS MM desldberpetty therpodicaty ?ﬁsctwefmquat of the

cmnpﬂﬂﬁxM%Bhﬁﬁkqn of the above nethod, the conpound
exhibits an |1 CSO of 100 nanonolar or less in an in
vitro biochem cal assay of SYK activity. In one

In oncV@pbcdtth® ﬁlf)]gﬂfcaﬁ&ﬁpr%bﬁi\éﬁ a Rk HRdor trBRingQMRMMIGe Xk d¥r trfcluding
an 1C50 of 10 nanonolar or less in an in vitro

lupus, ymgiple wrlseasisadhsagnatoid S¥iitise poyiasly. T@ellrdleth%%a@@@;dtcatlons from

e r
organtttlaﬁi @ﬂnﬂa txgl‘;fg frgtﬁﬁga'h%\( og (ﬁ%‘tger‘gr%? «It:ag}ll(a%rg %[fémg ﬁn(%% n?al?ltls atut01rnrnune
thyrma dp;atde&n ulderatine egllitis) ejr(ﬁmfs dHstasd) Wz eithbrtydivdasy, ymd Leukernla

npound . in, conbination with a_ therapeutical]

Compr@%&mwt%%dﬁ@ patient fipnecspeaake berapstiaally effectWﬁ agjpant of the
compARRE Fordflg 12PP! i cation provides a method for treating

an inflammatory condition conprising co-adm nistering

to a patient in need thereof a therapeutically
In onc@fsp&&} thy BpERteH piolidada nkbhodinfot pleRént IR ERENNLANTRME A organ

i n conmbination mnth t he conmpound of Fornmula I. In one
rejectiggpgelnding jeutgphegrafiror spnqerdfy reresion ang elhveaicrae grafteonqpraft

rejectlgg,tdlf{g%?&?aﬁfyﬁg gg Q(STL Vgs%{gglr’lke?'d { mﬁﬁntsagdﬂl@l eﬁq{drﬁgls{e?mg éo a patient

ere an | nosu
in nect mheeeuthi thatpamicsilyt Hffecaive hﬁlbﬁ]ﬁl&lﬂt]llﬁﬁ@jl’h}}buﬁﬂ o€ Ebﬂrmﬂa L
anount of the conpound of Fornmula I. In one aspect,

the application provides a nethod for treating an
In ond aspentethel ppmlicdaen m@mgi@r» g imeghaglofor QEV@dmgmrélteetmgw@l fosma of organ

rejectiﬁﬁ%iiaﬁll,ldlg:g rE]lglﬁte aﬂ :92 8%%%ét geﬁﬁa gg ﬁg(g "é‘lm}{ cr?fllogra‘ﬁ or xenograﬂ
rejectlﬁﬁ ndfivagdull @redot Rot-escaRARLMshsplanfsOEdiprasilg adbiifistering to a patient
plication provides a pharmaceutical conposition
in neeé ébﬁﬁ@qféh%@bmmné@ﬁﬁemda & Formula |, adnixed with at
| east one pharnaceutlcally acceptable carrier,
exc | uent ne, variat.j.on e above ..
In one BB BT AT BIDISY ¢ PSTILIPY PTG S SRR ompriing
admm?s@&iﬂg‘ 808 mpARdlTFOARGI ] @/h&gﬁﬂhe 86t F&IREXhILATLA ICs, of 50
chenot herapeutic or anti-proliferative agent, an anti-

microinatar arrieas wrap ‘agém bioglrenieshansod JAEBHctivity.
|nnunosuppreSS|ve agent a neurotrophic factor, an

gent. for treatln rdlovascular | sease, an_agen
In onep g iatipial t Ag bencaBelhed, he,eRmpgng GEhidts it ICp &AL ﬁ@omolar or less in

an in \Eszb‘éﬁ%icﬁl z?s@&;yoﬂhﬁggﬁfvﬁ I n one aspect, the

application provides a use of t he conpound of Fornul a
[, Il or I'll in the 25 manufacture of a medi canent

In ondf WkiatiBieot the absRYhetBbd, aRe EdthpRMbRKRIbYs 8h RO @EN0 nanomolar or less in

an in vitro biochemical assay of JAK3 activity.

In one aspect, the application provides a method for inhibiting SYK activity comprising
administering the compound of Formula I, wherein the compound exhibits an ICsq of 50

micromolar or less in an in vitro biochemical assay of SYK activity.
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In one aspect, the application provides a use of the

conpound of Formula | in the manufacture of a
worewoaemeht for the treatnent of an inflanmmat oPGI/EP2009/051758

di sorder. WD 2009/ 106443 PCT/ EP2009/ 051758 -15 In one

aspect, the application providdes a use of the conpound

of Formula I, Il or Ill, in the manufacture of a

In onelmdiiaﬁ@ifﬁflﬂhe fbsvethethbd,@hd caampoudt caRibav ol BNE00 nanomolar or less in
) dis% ﬁ In ongaﬁgpect the application provides a
an in yi bigchemicakasspio BRcEyBhula | in the manufacture of

a nedlcanent for the treatnent of an auto I nmmune

In onedvldﬁlirlg der f tg]e ﬁveﬁﬁ&g&? pt(?l'% Cbl&l}leI%}dla 131:1 .&al gg?q (ﬁr lt%;/{]lé'lglgmoﬁl‘ or less in

anm\tzfr%tdmahlcafas@aymrﬂmamlqry di sorder or of an
aut oi mmune di sorder. The application provides a

compound of Formula IV OR QNI \ NN H IV
In onewdspece) the appllﬁaﬂbrsptﬁ‘videm meR®d for trRdingfRn ihﬂarhmmry adrdytion
l.ower al ko enyl benz% het roary cycloa XJ’
comprysdpigcasABIBRITRYA 1 2 RoHoRyR et R5eal ey B BT O pbund in
comblﬁakh&{Mtyh%rxpehhcaryeeff&tlv@moﬁt@fﬂ{e’c Cﬁbﬁn&fﬂfbrﬁ{ulﬁ

i s hal ogen, "oxo, hydroxy, or - R eis
C( O)O(R”f) -A=0CH2(Re) -S(Rif), -S(0)2(Rif ),
In onecspech(thOupplicRion pﬂo@i&@ﬁ a alekhdd, fot ﬁwfngailnl{@ﬂ%maﬂ&ﬁ@ondltlon
am do, | ower hal oal k heqy het er oary
COMPIASIRY %ptﬂ({p}mstq{g{gép Wéplﬁd‘l Reqd th§r>¢ef %%eka)ppwlly &#fective amount of an

antl-lﬂfﬁhﬁﬁﬁ&ﬁcdgﬂ%bhﬂ& @%n@&ﬁdtﬁ)ﬂ&uf&lyth% Whs bb‘]tnﬂf &S o‘{*hﬁlﬁ pne or

nor e hal ogen, droxy, | ower
| ower al koxy, or | over 20 hanaIkyI R e |s H | over

In oneddskddt, thé @]}i}ﬂfcaﬁ&kﬁ%yldes EMhethoRMBF trBzﬂln(gaihKﬁﬂmunE kigydyder comprising co-
het eroaryl, cycloal kyl, or heterocycloalkyl; Rf is

adminfisgeiie tg|awtlent|1@wqu mg]eggmkwmutpﬁgmpssam\tgog}pggn@/ in combination with
a theraﬁ%ﬁ 1&@1'}1@%6'0‘[1\96" argoe&n? P ﬁl)écc &%hl% of Formula 1.

In one aspect, the application provides a method for treating an immune disorder comprising co-
administering to a patient in need thereof a therapeutically effective amount of an

immunosuppressant compound in combination with the compound of Formula 1.

The application provides a pharmaceutical composition comprising the compound of Formula I,

admixed with at least one pharmaceutically acceptable carrier, excipient or diluent.

In one variation, the above pharmaceutical composition further comprises an additional
therapeutic agent selected from a chemotherapeutic or anti-proliferative agent, an anti-
inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic factor,
an agent for treating cardiovascular disease, an agent for treating diabetes, and an agent for

treating immunodeficiency disorders.

In one aspect, the application provides a use of the compound of Formula I, IT or III in the

manufacture of a medicament for the treatment of an inflammatory disorder.

In one aspect, the application provides a use of the compound of Formula I in the manufacture of

a medicament for the treatment of an inflammatory disorder.



25 R2 is N(R2a)2; each R 2a is independently H or R2b;
WD 2009/ 106443 PCT/ EP2009/ 051758 -16 each R2b is
w0 pepemdent |y | ower al kyl, phenyl, heteroaryl PCT/EP2009/051758
cycl oal kyl, heterocycl oal kyl, or heterocycl oal kyl
al kyl ene, optionally substitlfted with one or nore
Rte; R2c is Rzd or R2e; 5 R2d is hal ogen, oxo, or
In ondasﬁédécm)gﬁé ?%ﬁ)ag@n pﬁ?gzzg)h ?:?e %ﬁ?ef %rﬁpcRﬁld)So(f F‘Oﬁ(zlt(l-lg)zlq)l OoRAT), in the
- =O N g) 2, -N = v. T g
manufagfugy) @) a Reegyens for taevgrfsatg}eﬂ{/@f,am PHRIPRINR SHPTder ower

hal oal kyl , phenyl, heteroaryl, heteroaryloxy

In one, %B%ﬁﬁkﬁ ¥]§glco iqxﬂﬁ%ﬁ{g%g %lﬁ\g?afl tﬁéﬁérg%%tﬁl E@&jﬁ%rrgula)i in the manufacture of

a medicapeREmRE et thehtibnt BahOgabimhenedisatky! , | ower al koxy,
| oner hal oal kyl ; each R29 is independently H, |ower

al kyl, lower al koxy, |ower haloal kyl, or phenyl; 15
5 In one%p(ws th%ﬁm)cmm pIBQEieS 8 compeundad (il muladyir orallk dyyse in the
M@y ﬁ Ng ea&Q.R 3b.is |nafpe dently H or

treatmep{ @dangpilypm toﬁﬂ ‘iS%rde’dr Y aujAmmuge disgrdRob 20 R 4b

is lower alkyl, phenyl, benzyl, |ower hal oal kyl,

cycl oal kyl , heterocycloalkyl het er oaryl, optlonally
The ap@ﬁ@@@lil Pravides avparpogmeotdiormige & Roo R4a i s hal ogen,

hydr oxy, |ower al kyl, |ower hal oal kyl, or | ower

al koxy; 25 Qis Q1, CQ, @, jor A; QL i s phenyl,

optionally substituted mﬁth er nore Qa, Qais

Qlb or Qlc; Qb is an n, droxy, -CN, -S(Q e),

-5(0)2(Q le), or T ,
N

v

wherein:
10 RisR',R% R’ or RY;
R' is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R'?;
R i{sR"orR';
R'is halogen, oxo, hydroxy, or —CN;

15 R'¢is —-C(=0)O(R'), =C(=0)CH,(R"®), —S(R"), =S(0)(R"), or —-S(=0)
(R"), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R

R'¢ is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower

20 haloalkyl;

R is H, lower alkyl, lower alkoxy, —CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;

R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;

25 R” is N(R™);

each R* is independently H or R*;
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30 or two Q a cone together to forma bicyclic ring
system optionally substituted with one or nore Qb

W@r009106443M0 2009/ 106443 PCT/ EP2009/ 051758 - 17PCJ/8P1089/051758

_AQe), -S(=02(Qe), -A=0N(Qe)2, -S(=0 2(Qle),

- (=0 (Qle), -C(=0 (Qle), -1N(Q e )2;

-N(Qe) (=0 (Qe), N(Qle) (=0 Qle), or

- N( Qle) C( =Q:¥h@e)Zindepeaddntidlewtsalkyldsipent ﬁeﬁefqarﬁl, ®fcloalkyl,
Qle'; 5 each Qle' is mdependentl;ass;ower al

phenyl, ben E?PTO cyqlegiiey! ﬁrahlé‘égpkxg 0d @lkdgﬂnﬁwptlonally substituted with

het er ocycl oglkyl 1%rR2het eroaryl, optionally
substi tut ed vé(thm%ne or more QL Qf is QL9 or Qlh; Q19

i s hal ogen, hydr BXyis Roé%o R%r - 1o (=0 (Qh); Qhis
| ower al kyl, |ower halaa | oner al koxy, phenyl,
benzyl , cycl oal kyl , hetl%F%lB% 8501y hydi9kYhet er oar yi

optional |y substitut R@MN(R@HG—@(EGTPR@) Qa= Ol)Oélﬁng

i s hal ogen, hydroxy, |ower aI Kyl hal

kyl
Ihovver al kloxyl, kQIZ is c(}éﬂFQ)N(Ryﬁ)?, %&(Bfgd{éﬂ@hwg) —S(= O)Z(RZg) ~S(0),
et erocycl oa ; tiona
subst i tﬁt ed wi %/h onep@%@#ﬁ? % g‘ﬁdﬁ‘é’ T é@bl Weréﬁ@aﬂ(yl phenyl,

20 @b is hal ogen, oOXxRetefdMll,deYero xy, &§CId3lkyl, or heterocycloalkyl,
-S(0O 2CH3, or -S(=0 CH3; cis or QRe; or tyo
QRa conme together to Ppiam B‘F‘Qﬁ?@t@dcwﬁhﬁge eymPER

optionally substituted w

@dis O @e), -S(=0 2( @E%thp qg%?gen%% %@(3%1‘? lower alkyl,
2(Qe), - 25 (=0 (Qe), %%@h%@ab)wer (& Rleyl) 2;

_N(Qe) (=0 (Re), - N(Qe) C§1—
-N(Qe) (=0 N(Re) 2;

18 1ndep)endently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl;
R’ is —C(=0)R™;
R* is lower alkyl, lower alkoxy, phenyl, or N(R*);
cach R* is independently H or lower alkyl;
R*is —O(R™);
R* is H or R*;
R™ is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R,
R* is halogen, hydroxy, lower alkyl, lower haloalkyl, or

lower alkoxy;

QisQ', Q% Q% or QY

Q' is phenyl, optionally substituted with one or more Q'*;
Qla iS le or Qlc;
Q' is halogen, hydroxy, —CN, —=S(Q"®), —S(0)(Q"®), or —S(=0)(Q"°);
QlciS Qld or Qle;
or two Q' come together to form a bicyclic ring system, optionally

substituted with one or more Q'° or Q';
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each Qe is independently H or QRe'; each Qe is
i ndependently | ower al kyl, phenyl, benzyl, |ower

whadooadddyd , cycl oal kyl, heterocycl oal kyl, or PCT/EP2009/051758

heteroaryl, 30 optionally substituted with one or

mre @ @f is @g or @h; € is hal ogen, hydroxy,
oxo, or - C(=0 (Q@h); WD 2009/106443 PCT/ EP2009/ 051758

-18 @h is | ower Qal lkyb(Qf mvws( Cﬁt@ﬁ) Iqﬂ( O}Nméf)z, S( O)Z(Q”) -
al koxy, phenyl, t.eroc

b
or heteroaryl, of eqaﬁgh Cy%sg§@“¥:hrﬁ@kawhNﬁﬁeXer&Qh)—
mre @@'; 5 Q' Qh?éﬁg)?@g?k)/%o le @(\A@N@K%’

| ower hanaIkyI oxy
-S-Q8a, _O(=0) ( Qamh,Q" B(in@rcqBally H 8¢ 80):2( QBa) .

-N 2, NHO(=0 1
U QIS0 2 Ut

@Ba; 10 @Bbis H Ba jesvdr ﬁ%ﬁlk? %Xéloalkﬂ’\ﬁétell’é@&lé]@ehkyﬂ or heteroaryl

phenyl, cycloal kyl, heterocycl oal or eteroaryf
optlonally substltutedpmnﬁﬂyeﬂ®Ubnﬂhwﬁb0QBarHQBﬂQls
hal ogen, hydroxyl, |ower alkyl ~14 owen. al koxy, or | ower
hal oal kyl ; 15 Q4 is Aa or Q a‘is H or hal ogen;

and Q4b is | ower al kyl, |ower aQ%agmhb LW Hrodly Kyudy by —
or | ower hal oal kyl ; mnth the proviso t ﬁat when R is

R4, R4 is O(R4a), Rda is H, an@GﬂQXQs)Qﬁa then (a

is not H or a pharnaceutlcal
thereof. 20 The phrase "a" g% ﬁﬁﬁ?&@ﬁ&ﬁgﬁﬁéﬁ%ﬂodkwﬁb“@r

herein refers to one or rmre of alkbag, pﬁamyllbe,nzfrloa:ycloalkyl
exanple, a conpound refers to one or
or at |east one conpound. As suEﬁGKVHQO@%ﬂﬂ%TM%@DMWEPPUOHMB’

“an"), "one or nore", and "at '§ﬁ§ﬁu&9@%n§
|nterchangeably hereln The phrase I ne ereln

above" refers to the broadest defi ni €' dnhdlogengagdroxy, lower alkyl,
group as provided lower haloalkyl, or lower alkoxy;
Q’ is cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with
one or more Q*;
Q% is Q¥ or Q¥
Q% is halogen, oxo, hydroxy, —CN, —SCH3, —S(0)2CHa, or —-S(=0)CHj;
Q* is Q¥ or Q¥
or two Q** come together to form a bicyclic ring system, optionally
substituted with one or more Q* or Q*;
Q™ is ~0(Q™), =S(=0)x(Q*), ~C(=0)N(Q™), —8(0) 2(Q™), -
C(=0)(Q™), ~C(=0)0(Q™), ~N(Q™): -N(Q™)C(=0)(Q™), -
N(Q™)C(=0)0(Q™), or -N(Q*)C(=0)N(Q™);
cach Q* is independently H or Q*°';
each Q* is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q™
Q' is Q% or Q™
Q8 is halogen, hydroxy, oxo, or —

C(=0)(Q™;
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25 in the Summary of the Invention or the broadest
claim In all other enbodi nents provided below,

W@ apstidd4eent s whi ch can be present in each enbRdi/ERI99/051758
and which are not explicitly defined retain the
broadest definition provideel&n the Summary of the
I nvention. As used in this specification, whether in a
transiti onal phrase or in t he b@alylsdﬁwérfaﬁ(ﬂllabvmhdldswkyl lower
ternms "conprise(s)” and "conprising" are to be
interpreted as having an open- eﬁ@@%%r?@ﬁ‘?ﬁln@nzy%eywyl
IS, theterrrs are to belnterpr gﬁ@:‘
t he phrases "having at |east” ofr%é &lé’ng%m Ing at %X\Ag{ %ptlonally
V\hen used |n t he context of a pSLdXSBBlSE}dWMEOIlﬁEG)ITmoreQ

"conprising"” nmeans that the process hncl| udes
the recited steps, but may include a |1§l‘%ﬂ%ﬁf“ gi"ér%y’sloweralkyl’

Wien used in the WO 2009/ 106443 PCT/ 5R208819R}1 38 1owet Alkoxy;
cont ext of a conpound or conmposi tion, the term

" QD iprP-Q hg'S-QBarS(NED ™t hE(TEDNRTUNS (D)@ OpdéRT)0n

d a. Q. reci f EL£S Or conponents,
bﬁ@%@@s)o_(fe(%ﬁm@ el tﬁﬁﬁgl&ﬂ@aﬁﬁr es or
conpon@mﬁfaﬁsm ﬂdm%,@%ﬁor grid; ess specifically
|nd| cated ot herw se word "or" is used in the

"i ncl u3|ve"Q bis§knse of "and/or" and not the

"excl usi ve" f [

" ndependen 5]?0%%6?55 1 Q?%@%t % % Fgl?afyé}fl heterocycloalkyl,
vari abl e i smlmméme@l Iolptlanially@ﬂbstltmﬂmmne\mtrma(fd

regard to the presence or absence of a variable haV|n?

that sane or a dPrEPERECHOVIRY] der o Avetidkagmgr bwer
conmpound. Thus, {5, onpound in which R' appears

twice and i s defined &g i ndependent |y carbon or

nif iso@ &t Q*hot h R's can be carbon, both R's can be

nitrogen,. 0 can be carbon and the ot her
ni trog %%rﬁ‘iorﬁ? iable (e.g., Ra or Bg ) occurs

nore t Qa%s QRPertall VR, lb{i‘ze@ﬂker[?l" 18%¥r é.llkyrfy‘? rdrubRer Iﬁ%)ﬂﬂ@l' ng
and descri bi ng congou ds enpl oy ed or alne in

with tlpfr 1@@@1&0 that wdan Roig R J Rglsd@f(RnD,tR (]33 Hmmd&tclh roélmﬂnr(éné@not H;
de defi.nition at every other

Orap%aéglﬂ?er Zﬁ%@' ac,&F%tOble g%’l er‘i)gtl ons of substituents and/or

vari ables are permssible only if such conpounds

result in 15 stable conpounds. The synbols "*" at the
The pluiggp ‘o o4 “Hordtioe anrsad\hertemr@&‘ghthpr@mdn%aeﬁthateﬂé}ty,tf@r cxample, a

f I 0 (13 ”

compch{?lﬁ rgl%f tg r%nga ﬁltoﬁ‘ea C!Hyi&?&t?]‘gd?% r & léalé{'gﬁe %ﬁJouﬁ% | ég u]]%h tl}e terms
(or “amtb Cﬂme olrirnoirs” anqbéa"ttleasﬂ'dsmﬁ cafh be uexianelehanddatlyHoy o4

wherein R4 = *-< or -i--<J MeC(=0O O< 20 A bond drawn

into ri nfg“mﬁ/stem(as opposed to connected at a '
The plafiasst ian gt hessdlp abondi’ ceitrsgo thydhroadest dddmifebnnfay cdpd group as provided
in the gggl?nagﬁgf {he gtrlvéfltlg{l tﬁglqrg,adea{b claim. e&rrll %lé Ioé e e%gﬁgne%lﬁsg%%\éided
belowS@lﬂ)sﬁtﬁwﬁ@ ihychdis Gk ip&entei @BEh @hbodiink GHLHNE tvaiEiEard ¥t cxplititly

not, occur, and that the descriptiaon includes
deﬁneﬁﬁgtpglrf@@ broaglest defingion provided in the Summary of the Invention.

As used in this specification, whether in a transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least" or
"including at least". When used in the context of a process, the term "comprising" means that the

process includes at least the recited steps, but may include additional steps. When used in the
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event or circunstance occurs and instances in which it
does not. For exanple, "optionally 25 substituted"
wore@pl0d4nt t he optionally substituted noi ety PEE/EP2009/051758
i ncorporate a hydrogen or a substituent. WO
2009/ 106443 PCT/ EP2009/ 051758- -20 The phrase "cone
together to forma bicyclic ring systenmi 'as used
conte@f @icBmpe@itisor] hipobitioh ahetedm "obeytbing” meag tBa;tSheemrnpound or
wherein each ring may be nmade up of either 4-7 carbo
compositiginglpdes_ap leag 65??“5@1 geaﬁgg%qrcp@pmen%Mt ﬁa&y ajsg 1nclude additional
&aﬁwﬁﬂﬁ%%ﬁb%ﬂmﬁ§ unsaturated. The term "about" is used
erein to nmean approximtely, in the reglon of ,
roughly, or around. 5 Wen the term "about" is used in
As us&ORHriAClr 1R spédificadly HbUTBAt b€ SdhefvAly) ehe Word Mo & s AR "inclusive"
range b ext endi ng t he boundari es above and bel ow t he
sense ﬁﬁ r?@fMOé afnd gt @@s"%gltm%r&eﬁse ofn'clbei&ral , the term
"about” is used herein to nodify a nunerical val ue

abqve, and l.ow t he stated val u varla of :
ga ﬁ% Aegne mstance

, tﬁ b
The (SgoTIPRENGRY T erhe B Lo motals e Yishisy
WlthOliitQG%?Q& (i3] fh'%%'i‘és@l@del of a'b%n@é’ @f‘ﬁ vE PR l'i‘éﬁitiﬂgoﬂﬁ% sanilecbrsal{ﬁﬂeréﬁt definition
het er oal kyl aryl," "hal oal kyl het eroaryl,

within'the yarad: kqmmmér Bkgy;g ind compeainid yih W@rqhd%iyapp%ars twice and is defined as
”1ndep[eﬂg61{%§/ycr§{b0§|0|£ﬁtro gyeg'l’ E’th]dﬁ ggclag%g ﬁ? tgq;tlg B:”%é(ﬁennbge Nt gen or one R"
can beda@bdieindttBE Sthed@itrofen. phenyl al kyl , " or "hydroxyal kyl ,

this is intended to refer to an alkyl group, as

defi ned above, being substituted with one to two
Whensup thmeth]l@ﬁig, R#loe € ejlo fousnmoteeharodreeime in any moiety or formula
deplctn%%%:d[ﬁe%qr a pq?rgn%glpgsr ?IB&QP?J %Jrics}f[u%%gidrg ﬁi %eqqgvinﬁgltwﬁelts definition
on eacth‘b CEMGIQZB %ﬂﬁﬁhe}%ﬂ@&{t 'otf “e GE ﬁnltl@l'i] gt éd%%soth&cd déﬁ@@ncl@ engy, .

phenyl et hyl , and bi phenyl al Kyl am noal kyl " is an
combightiigris odj suiuptmatsu ang/oo werlatrbeﬂamp@tmwldﬁpnl@ igsigbtcompennds, result in
Smbb"gﬁgro§%alkyl" i ncl udes 2-hydroxyethyl,

2RVaYs ypropyl, 1-(hydroxynethyl)-2-nethyl propyl,

2- hydroxybutyl, 2, 3-di hydroxybutyl,
el (o] AaNeVAe] 7 rd,
e s kB S0 Spl yAOFRLLR o pim
of attackmenstexf atfondehalngoap sudrbet chomidad etiaatdkipk rept ofifhs mo lecule of which
.. defi edﬂgeIOM/ 20 The term-(ar)al kyl refers to either
nlsaﬁﬂidﬁgﬁ’ FFPYMRS al kyl or an aral kyl group. The term
(hetero)aryl or (het)aryl refers to either an aryl or

ISP Sy, RIS pIf ocmis |

nore interconvertable speC|es Prototropic tautoners

result fromthe mgration of a covalently bonded

ydr en at om bet ween t at ons ner.al |
A vond (TPl RGPS [FiPahisS i Reisg b AERRGRERD ficdies that the
bond mBgby hitedbd tcraty@TRSsuitabiglrlng aigraduce a m xture whose

chem cal and physical properties are consistent with

a mxture of conpounds. The position of the
The teeguiopiidorail’Uen “oipsiotelyé nslestd lercic heancihht 4 ﬁﬂisequestly\ﬂd:shﬁhed event or

t he nDIec or exa
circuriy P PSP o o A5 e G g e ipiancgypigere the

event bPEFBURBABED AL EsndRithfoes ilwRRE M Rs nbNFor example, “optionally

substituted” means that the optionally substituted moiety may incorporate a hydrogen or a

substituent.
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enol form predom nates. Common prototropic tautoners
i ncl ude keto/enol (-C(=0-CH -C( 30 OH)=CH),
wapdodaddidnd dic acid (-C(=O-NH - -C(-OH) =N-) aPdI/EP2009/051758
am dine (-C(=NR)-NH WD 2009/ 106443 PCT/ EP2009/ 051758
-21 C(-NHR)=N-) tautoners. e latter two are
particularly common in heteroaryl and heterocyclic
The plirafgfSoafdo gdikerpd Gsrand blbﬁM&ﬂﬁﬂgCHys‘%ﬁﬁ’maaBMmﬁhheans join to form a
tautoneric fornms of the conpounds. Technical and

bicyclictiingnyypieis wler%e%féléalgrr@%b%m%%p phatheb ari HEPBREBRPY -7
carboyar%re%éreegn@ymfarrﬁafﬁe sabltbde of Dndaifa@t to which the
resent | nvention ‘pertains, ?ess ot herwi se defi ned.
Reference is 5 made herein to vari ous net hodol ogi es
The teRMd'abFBtClsiiRES h&BRD nican bpPoRinetel§kinlthe teRidnl, @ukhly, or around.
St andar d reference wor ks setting forth the genera
Whenghg tgemnph s uptrhinreREmneidsn Wik padecaed dargs. Bmepdifies that range by

extena%% ﬂ%&gﬁn&ra?}% Qcﬁfreﬁ%]ﬁ%l n%lglrrlmglgtc’i 1 V% uelgérf&@? li'& g&‘?e'ral the term

"abou("29 0. heAvily tcsmmb didiph aummaties ivalus abewad/ oxd bRt 0 StkaDwud oy a
. those of skill can be utilized in carrying out the
variange aEgye- i nvention. However, preferred material s and
met hods are described. 10 Materials, reagents and the

| i ke to, whi.c eference are e.in the. follqw n ..
e defirf oo g e A EERS aBPeeT Goplp shilris  P-afiah® combinations
such a8 0H&Eﬂ0@ﬂ<§lar§@”'lﬁﬁﬁlkyﬂf&&§ﬁym hetmiks @b 8 1yl ThelkyRarBonyl,”
erein denotes a group of formula

“a&oxyeﬂey@) Fécwiealkylﬁﬂﬂ andribel sy eV hep the téme ‘allgylcyy usgd as a suffix

el o 0L qal P
o5 LR RSB L0 TRERE L S S SREORY G B8ndtt ey o
alkyl @bk;y,l as alsﬁ@keif dboee] teargesubstitifed withdne@ t6o almshtweﬁﬁ‘seelectb@ from the

C(=O R contain 6 carbon atons. The t
other spgrsgﬁrcalé;r%ﬁw gm&g h8ey foreramplomeptiray kgl oo o an ralkyl group
I t
havmé gﬁer% t@zo%et?l l?gﬁgdﬁ egltse Iargél glﬁis ﬁg}@l’e%{:ger gg%ﬁgnﬁgﬁ%la gﬁ(m)lphenyl. An
“amylmeroelkryl’ﬁs iaB ahﬂybgl;olup hihieg bec m thal dylimae subsgdudres. eTHydroxyalkyl"

wndSS3BL50 S SSIERSS, o1, b nEhed Chekn SRBEELE . ot
2,3- dlﬁy”drgﬁ%uﬁtl v ntciyD, LIRS xy@fdﬁné/l "and8H Q@S Accordingly, as used

strai or branchéd chain hydrocarbon residue
herelnctimtemn h}@rwy@&iys isapdson dafiners subseilof lmtear)a«ﬂyﬁrl greupsgsfoed below.

her refers tao.an alk 10 carbans.
The e F P THTOS R i RG S e TR o m B RGST RG
(heterd)aryl lorarrer)ag}l kofbrsgb eliRg ahneylwde hertdwyyl.grédhyl , propyl,
i -propyl, n-butyl, i-butyl, t-butyl or pentyl
|sopentyl neopentyl hexyl heptyl, and octyl. Wen
Compb e stod ifonmiudd kylay ekbibitsadomerian.s iadtomerfio toropeungs amothgras two or
term as .in "phenylal k " or 25 "hydroxyal kyl ," this
more g EREE B oFBOFSP HOSGT s g e kbRl s Sovalently
bonded ?a@geﬂp loRObSHESH twloti&ids. mtbm@rg ‘:‘%eﬁ&alfly\@xﬁtl{ﬁ hhili¥ERSnd
ected fromthe other specifically-nanmed group.
attemplfh Lrslsolfat@ran ledaardpaletauwpnwualﬂymodu@tem@m@retwi@srb abineighl and
physwg} Rl&plp%rﬁlgs arg &08%562{[ w%lé? Blﬁ)éta ad :;I)%%Illc%sh a]:he éaosmon A ofthe equilibrium

is depértider Gi aragiing fédhats HitBinahé ﬁr(d[@m[& HRicRimSIt, fltany aliphatic
phenyl al kyl noiety will be on the al kyl ene radi ca
aldeh}@@&p@g keeforss, gichjag pq@)‘r,qldelgép,ctgp ketpderny piedomipates while; in phenols, the

enol form predominates. Common prototropic tautomers include keto/enol (-C(=0)-CH- S -C(-

OH)=CH-), amide/imidic acid (-C(=0)-NH- S -C(-OH)=N-) and amidine (-C(=NR)-NH- 5 -
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30 are not |imted to, benzyl, phenylethyl,
3-phenyl propyl. The terns "arylal kyl", "aryl al kyl",
W@Rr00WD6A@D9/ 106443 PCT/ EP2009/ 051758 -22 " ar abKy/EP2089/¢51758
interpreted simlarly except R is an aryl radical.
The terns "heteroaryl alkyl*2ler "heteroarylalkyl" are
interpreted simlarly except R is optionally an aryl
C(-NHR)=-helgsiheas. yThe Beaalo. are pheclilenycomaoaah kstkroand atid Bélerocyclic
here|n denot es .a unbranched or branched chai n al kyl
rings yydghp present dprentiyenonsipassahall &utpmericforms gf thggpgpounds.
hydrogen atons are substituted by a hal ogen. The term
enot.es stra ht orlgran hed

Technigl it it S s AT 2o b Cprithord 2RGTRGRd by one of

skill i@thRMEBt toWHBEHEThS plesemt, inven@ibn Egrrtﬁnmdre@g@ﬂhe@hmfﬁe@ Reference is
substi tuted by a hal ogen. anpl es ar

made hergin fg varieshiypétho qolegwwdrmmwls kmow émibaeq ehakill m thgart. Standard

refere?c%r@(%%% lrseg‘lc‘reé ﬁ 1'#“’10[[1? lte?f}/ll ring Le'; of Bﬁ r?}ggéllé%%%t}%:h}de Goodman and

Gilmat'sf7ihu @h@ﬁh&t}bVagzda-l Bk op %Wbeutibs Ttorh (Eﬂ)elt/lb@iraw Hill Companies Inc.,
1- |odoetn% 2- quoroethyI 2- chl or oet hyl

New Yok (20]a+ 0y sultgb edaeggqlq,{? pnd/gr l?etfedﬁj]iiwlbtpdg‘?%)ﬂf skill can be utilized
R
Materlals) eageity dndtharizono nadhaaferante are rhalelif tieafollow st dmmnptlon and

oo s AS S RO S0 B L .
-CHMe- or -CH2CH(i-Pr)CH2-), unless otherw se
di
The te\ll;%"g gg&'u ’ég%?alf. %étfbtéshd ro@@éﬁ@?%uﬁg{:@d?ﬁi‘%ﬁ #gth%ﬁﬁfamgen or

lower 3&IyEasaddfﬁﬁbd hbrebx aﬂ’@l tesn Of ”a?ﬂkﬁgldrboflgrl I adised hSreinrttdnUtiS a group of
but are not |Iimted to, nmethylene, ethyle

formublr(é(pﬁ) ergn %@le abflefwdé]ﬁ@m 1T e term C1 5 acyl refers to a group -
1Rl caffolatGRE  TIRULMH ERTicadiofl Y £ medfl f
C-OPSIRHIN LM ERE 1A koL MAROE Tl roup
formulah@&F=€)R \alhdrmh R 5 aasirdefouye theabiow Ebengoigh asisseddictvax yn "arylcarbonyl”
et hox onxy, i - propyl oxy, n-butyl oxy,
g““m‘“ﬁﬁ?éﬁdﬁyﬁ butyloxy, pentyl oxy, hexyl oxy,
including their isonmers. "Lower alkoxy as used herein
n [ p
The 1 BHEE: ST FLH, o Aol or bANEeTHER, publaidPmonovalen
hydrocaescaf &sidoe c@rﬂa@m@l lkeyl 1 Ovdaeboi aforad. kylhe ticfim Clowied alkge” deBOI® a straight
ydroxyal kyl " as used herein denote an al kyl radjca

or bra%%heﬁ & rlslyermrrl?@a IEMBIESPRtAEIRE | & O eHPRBAIYYr o Hk¥nas used
heremqr@fegd tfo &l %{é’l C é%ﬁ o?tl qg‘iO' b@ﬁse £8P ﬁse&‘ l?%‘i@g )ﬁYCllude, but are
erel to

oups. cycl oal ky as use
not hrmtesiabuloa/teedlkyhgrbomlmbllude nietiyl, cointl.airnpylgi-gropwl, 8-buB, i-butyl, r-butyl

rbon tOﬂB . cycl opropyl, cycl obutyl,
Orpmﬁﬁcpﬂﬁz lmepﬁygﬁBﬁ@ﬁ&F?B@y%%dﬁEétyI or cycl ooctyl .
"C3_7 cycloal kyl"™ as used herein refers to an
l.c »C C n e »
WhenJHECER, L S TS BB g o BRP Rerhal 87 phenylali - pr
“hydrdns@faﬁdyln” fre@izsinfehdial torrefer mhdnodlk %rmtp’ ant¢tined @bove Being substituted
WO 2009/ 106443 P /EP2009/051758 -23

with one to two substituents selected from the other specifically-named group. Thus, for
example, “phenylalkyl” denotes the radical R'R"-, wherein R'is a phenyl radical, and R" is an
alkylene radical as defined herein with the understanding that the attachment point of the

phenylalkyl moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but
are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl”, “aryl alkyl”, or
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The term "heteroaryl"™ or "heteroaromatic" as used
herei n neans a nonocyclic or bicyclic, or tricyclic
WO 209aed44df 5 to 18 ring atons having at | eastPOREP2009/051758
aromatic ring containing four to eight atons per
ring, incorporating one or e N, O, or S
heteroatons, the remaining ring atons being carbon,
aralky\lr']' takbthwpﬂefHdQ;:irﬁﬂzﬁrde:mlgpttmlaf arl lit@'l aidical: gy Iﬁerrﬂgo'flfeter@dryl alkyl" or
. t he eteroary ical w be on an aromatic rin
heterparylgdinl” 1R é%ﬁrpr%ef? rigdlarly greape B’ 1Sr?Pf1H’éa”é(r3tn ar}ﬁlé%r@rft%ﬁr%fyl radical.
rings have less aromatic character than the|r

al l.zcarbop, coun rts Ses
The rin HERGRAE: S 30 R Bsbdiss PGt ob BB DR ERL grqup s
defined @B6REWREreRI 1017RS bE nfo Rl A1 &n- atcﬁcﬁ@gﬂalsﬁﬁsti@ﬁtednsy eheRbYh. The term
noi eties include nonocyclic aromatic heterocycles

“lowenbalpallyls deeptes # ptrrgehitos wianghedl chanohyzirodaehasrmesighemepntaining 1 to 6

carborll &Sh%id\gheﬁrg{ﬂtl 125% gg Inrol%/ l@d‘f@% a?mrﬁjy B ;?1552 0‘1lteﬁi by 4 (l}alogen Examples

are 1- ﬂmrdmzmlyy |1-chior@z@thyl,i 1smab@ieehylt hicgioaleehyl, I(ﬁﬂ’lﬁd’fbﬂléﬂﬂyﬁ
riazoline, thiadjazole and oxadi axol i ne

trlﬂuoaﬁmta}ﬁlarrncyl%%mgn%frlltremealeytm Hﬂmemsﬂly}rdr%uora?téﬂe#éﬁloyoethyl 1-
r u 0. any_
bromo%lﬂﬁr)ll,lol’ 10%1}9@%219’9%%}&@5511 (5)2 ngrﬂb fhg/"?j %1%3{6‘6{'1&8 2= 1’6 oetl’%yl, Bo
dichlohadtlnyl, Trafomadpkgpyl or a2i3Argluofaatiypll, al kyl sul fonyl
hal ogen, am no, al kyl am no, di al kyl am no, aninoalkyl
al k Ian1noa|ky| and di al kyl am noal kyl, nitro

The togmg gbkytexgp basrused gpr@mcdﬂn@wﬁwal@t ﬁgﬁp@éqdolgmg,hy({rq_@rbon radical of 1
to 10 ga!ﬁ%lll(ﬁ&%ggg %g@]{—lg?ﬁf y B&E&%’E‘r}éﬁ'rat (?h%%leﬁtaﬁﬁ%%lr%w 1?&)10211 of2to 10

carbon @ohy aje g, t@Hl\/&l‘- er F@IHZGHIQIJP&){IIH Y unkges (b’théﬂv&fisel indicated. Except in the
i.SO |noI|nyI benzof uryl benzot hi ophen ¥
case ofs Bssyens ol OPER HAFRISK a5 alkyisahgmuA R altadhad to the same atom.

| , i
EabpLg S04 Ehalin, R SR o268 K e, oo, 2
methyaprorplytmv,a] Hﬂum@hyluafthylenb dvy‘qzllan@ L-athytaltylemonsi sti ng of

one or nore rings, preferably one to two rings, 20 or

three rlngs of three to eight atons per ring

The tarmcalkpsy at 5iwygd Bereingneans s -Oraley| oo Whﬁteéh%lkﬁlriél apprfingg above

e R PBADL 5145 (SIGRAD LI, P54 P

pentylaxg,dickploxatinetuding ahdiebenast Ohowarudkomy!' @huﬁﬂrherem denotes an alkoxy
optionally be independentl substituted wi th one or

group ms?hea IBW@T dkdbeipuprie Deiqualy dsinehy' et albexY tazanghercin refers to

{)é& ech&dnfangmdydroxy, oxo, cyan, |ower alkyl, |ower

. XY, no\?ﬁm hal 0al koxy, alkylthio, halo, hal oal kyl,
25 hydr oxyal kyl , nitro, al koxycarbonyl, am no,

The te@ﬂnk'lﬁ?'@(ﬂk?ﬂkyla biydeaHofamynot@rar a1 §104l as herein defined wherein one to
al kyl am nosul f onyl , aryl am nasul fonyl ,

three %}fdk%e@@ltqreh% dibicrrat carby stormavgicdnr agsd by hydroxyl groups.
al kyl am nocar bonyl, aryl am nocar bonyl ,

al kyl nyl am car bonyl amj no, unl ess .
The 5Ly LB Aot e in ESiaay 8o UF LRl e solipiges t §
carbort ASH4OEs. c?&&pt@ﬁexa loﬂu!txfﬂ ERIb ety lﬁ%hgiﬂ,yaycloheptyl or cyclooctyl.

pyrrolidinyl dr oazepi nyl ,” ‘oxet any
"Csg Qy@tora&ﬂyjibnsofsgci heryin,re hoammd@alkwbmwbd 063( o7 bE4rlpmsyin the
Cmbog%hégjazolldlnyl i soxazol i di nyl, norpholinyl,
a> era%lnyl plperidinyl, tetrahydropyranyl,
thlonDrphollnyI, qui nucl i di nyl and i m dazolinyl. WO

The te%gg'ﬁélqagéﬁ'do% "RGd ERAQA R heshs ﬂu%f]’ine, chlorine, bromine, or iodine.
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The phrase "organ rejection” includes acute allograft
or xenograft rejection and chronic allograft or
WOoRWoge@#3 rejection in the setting of vascul aPCEERR009/051758
and/ or non-vascul ari zed (e.g. bone marrow, pancreatic
islet cells) transplants. Cedmonly used abbrevi ations
i nclude: acetyl (Ac), azo-bis-isobutyrylnitrile
The teﬁ*pﬁl"BH):roa'@l’abfTH&rﬂﬂ&rmat(lﬁt d¥)used herein means a monocyclic or bicyclic, or
borab| 0 1] nonane (9-BBN or BBN),
trlcycltu‘eriafhcg léirbqﬁﬁ;pm@ B@@?g at lgast pgq;]@rog@p&‘, |r1ng containing four to eight

! (=0 070)
wtomsibtt yI@(I%Q’I?u B AR T SR e s o g e wome
being C4EAGRNyith the nngdretaydiag b e att@Brman pdint of thelboteydaryl radical will be

d||n1dazole I ), 4-di azabi.c 2 tane
on an gigREHENINg %VI%%@&MW@PM ﬁ@n"’I’tdEetE’ k@%mgs have less
arorna@Ib Iéﬁzﬁéd’tIeﬂ AenaRGeN 0N dndR@hter parts. Thus, for the purposes of the invention, a
5-di azabi cycl o[ 4. 3. 0] non-5-ene (DBN), 1,8 10
hetero@ryé gajmpay@(ﬂ ofl5. h4v@§;qméfzg.r€7t‘_ @ﬁ@or@@&gharacter Examples of heteroaryl
cl ah | carbo

moietigh Mch i S B Rt 8T Y e ot g atorp apd o 3

heteroa@@eh if ALY MUt Bindt ﬁl@ﬁéﬂo B?l‘ldlh’f‘rppyrlmldmyl pyrazinyl, pyrrolyl, pyrazolyl,
propylazodlcarbo ate
imidazgilylj @¥pzp |y ispKagakeyit %gmgl,dq}qt@l@qugtgm_ol@p, thjagjagolkand oxadiaxoline

whlch(I:an oéﬁon@@&%?&%%ﬁlwl{@gmg IQI E%Agé %rél’}II%II;IE)/S’I 331% Ii]¥\Iv? I%I\II&B uents selected

from INdNapdfl, Bj&tnbyhlf(pl[ Aok vl ehib Dviver hﬁibﬁlﬂebﬂy lalks/ithfoo Kald ehaloalkyl
( DV bi s 15 (di phenyl phgsphi no) et hane (dp
alkylsylfipyl, BH@ISGHPMeW)%%@mOn #V@H}%@ﬁ@%ﬁ? )arm_w(
I I I
alkyla%I‘IEDCltll%‘S?f agltwhd; ( %{ﬂyo)ag(?% ﬁﬁt?%caggg ?QQM 1‘3{%% ?MQ%@ ah%lﬁllggrbamoyl,
dialky{datt@hoyl, Zlfﬁtatrbmyleﬁkhlﬁyllcmd»bnyiemlﬂo- Mrabyixgﬂbon:ylamm dixiayniples of

blcycl@rpqlegésalﬁg?g%tw (IIIGE Il&ll’[ﬁ{f ‘f ,qgunoﬁnzil isoquinolinyl, benzofuryl,
benzoﬂIch\IBhIéIl It Bdnz8RBh Y betAdkkBIA %ﬁ‘idtlﬁi@i&@ﬁ]ﬁ%@k@thl%% Ic

acid (HATU), acetic acid (HOAC)
1- N- hydr oxybenzotri azol e (FKE%) hi gh pressure 20

The tdringbitt@drozicloatay OgYephycycHPLE) Thetesarypled pangeld hetdiMfenotes a
['ithium hexanethyl disilazane (L|HNEED met hanol

monomb@@s& urghed qycH@ raéiéq tcopﬁﬁ}ng or npﬁ%gggs ar;efq@glyly one to two rings,
I I
or thr&eﬁl%)é of(tMat ’to @1%&8 2o Ct ; L%ngryﬁg}orat}g cﬁIé o? rn{bgﬁ %1?? @%@hﬁ atoms and

one OI(MIBE)D,g h\ﬂtdnoamms (hosen fmodeN, ONBS) ON—zO,a?VIIme;l dlmehyyadmti a’fettachrnent

can begmh e%%@t %I?S Y (?rla:ylr g&gtgr?a&%%%?ddﬁ%i% : h | oIlglIIIy be 1ngependently
SubStlﬁlIEgdo&Kl% Bﬁ@@h@rezﬁrefe?ﬁg’} on®¥F vl cﬁI tHl%Ie gk RIRL Bt R @@o’m hydroxy,

phenyl (Ph) propy I SO- yl (i-Pr), pounds
oxo, cpeo, layeuraikeLlower a(lb@xy) lovmyﬁla@a XY ph}ak})lthlcr,cham aloalkyl,

nydroiTRE Pl ko Sop ot b S BHpRRb SRR, s BEuh

alkylaﬁm?osﬁlf@nﬁeér&ﬁﬁﬁﬁdbﬁlfﬁhﬁ%ﬂqﬁllsﬁl&@i%ﬁb ar{ IS Elamino,

triflate or CF3S2- (T), trifluoroacetic acid (TFA),
alkylaminocagogyh alzlaemeocatrmrryér?émwb@pﬂaéﬁ@o,zarslcaﬁb@ﬁ@ oHBpless
otherv? e%) IedI es %I‘Eﬂ_gﬁi@)’c%l Nagit gﬁt?cmehyﬁt%r?ﬂétl'ﬂﬁl Q% to, azetidinyl,

uoro Ehih ayer chromat ogr ap

yrrol(dﬁh_}ﬂl) hexhbﬁdramﬁfngf oxetanyl Ttdirhhydrd furamst, h@tka&]lyﬂly)lthlopjheh@B Skazolidinyl,
aci d .nonohydr at e

thiazo éwsoxaz IIn%In e ?Ayirplpqgg%}pyl( H—]g):rldmyl tegra%%}Iopyranyl
thiomb¥pHb l%I}II %Mlﬁﬁ‘l@p% ﬁ‘fﬁaé’z‘%ﬁlhyle (UNCA), . Conventi onal

nomencl a i ncludi ng the prefixes nornal (n), iso
(i-), secondary (sec-), tertiary (tent-) and neo have
their
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WO 2009/ 106443 PCT/ EP2009/ 051758 -25 customary

meani ng when used with an al kyl noiety. (J. R gaudy
wae@me4®s Kl esney, Nonenclature in O ganic OPEREB1009051758

| UPAC 1979 Perganon Press, Oxford.). Exanples of

representative conpounds enedpassed by the present

invention and within the scope of the invention are

The piptgytodgsh refectite’ iholuti@vicog allabtad or easgak xeoqlodmindrbronic allograft
preparations .5 which follow are }orow ded to enabl e
or Xenpa@éé%eszﬁm Bdhe pettipgotiyascyleyizeg padior aanvisculReigsdCahgone marrow,

pancr%ﬁglstlé% Ogggﬁ;eaggglﬁaﬁtl?e present invention. They should not

consi imting the scope of the invention,
but merely as being illustrative and representative

Connﬁdhw @Rl abbRevRESES Abludé: hﬁet@@ itz@tblﬁ-@sou&@/@lylhﬂﬂ% fGAﬁBN)
plication is based on AUT Mv. 4. a Beilstein

atmOSPIirPg@s fime, ThenshiceelplBel 11§19§41@rﬁ9f3ﬁNt0ﬁ @Bé@n &riabytexycgfoonyl (Boc),
di-tert. &F@%ﬁy&%% eo‘% b88 1%% glt!}ngOél ‘!l{yl IQI%; ﬂy?( 3 Chemical

pancy etvveen epl
Abstr@ltsﬂ%glithﬁibn lefnlllfet (IEASRNI) ebe@leylb ﬁycﬁﬁboﬁw (L@BZJ bﬁZ) gatbonideliimidazole

(DD} érdé%hlémlglt%%ﬂl%taae (I%B&F&)uﬁhéthdlananwlfw BHlugridg (DAST),
dlbenzéﬁhﬁﬁl’r‘ege%@né bRPY 3-Bid b 3&8@91[2{“3%) ont £kné 1,§,8-bol d or

|ne the str portion of ’t he
diazalg¢yrclog b 61r()e}umck:cﬁee@e(DBU)eNpiﬂ'ehe;cblds:xg]nardmﬁmmsier@m)l 1,2-

R0 AL v A5l 470 SRRl et

propy@XQIWﬂrﬁg(@éﬁjyz%ué Ngiwgn&rﬁ%ii@ F_@[E)(L 20$ D_Ilz%éL -H), di-iso-

propylsjhyyanaine ﬁléIPEA)-Nd& sty asctagiide (DM@pr bPyNahinddylaminopyridine
ovAR) i) BB PR ARt pisg), Mghe?
(diphcA)BhB Y hif)&Rar@Ndppe)ONe"-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOACc), ethanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl
ether (Et,0), O-(7-azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluronium hexafluorophosphate
acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure
liquid chromatography (HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS),
methanol (MeOH), melting point (mp), MeSO,- (mesyl or Ms), , methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl #-butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide
(NCS), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate
(PCC), pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature (rt or RT), fert-butyldimethylsilyl or #-
BuMe,Si (TBDMS), triecthylamine (TEA or Et;N), 2,2,6,6-tetramethylpiperidine 1-oxyl
(TEMPO), triflate or CF5SO,- (Tf), trifluoroacetic acid (TFA), 1,1'-bis-2,2,6,6-
tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-
CsH4SO,- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature

including the prefixes normal (n), iso (i-), secondary (sec-), tertiary (tert-) and neo have their
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1-(2- o Cycl opentyl oxy- 1-3 5Hpyrrolof 2, 3 N "N
b] pyrazin-7-yl)-2,2- dinethyl-prop an-1- ~ -C one WO
WQo®9N403e143 PCT/ EP2009/ 051758 -26 0 N-[7- ( ZPQFEP09/051758
D et hyl - propionyl)-5H N1 N 1-4 pyrrolo[2,3- N
b] pyrazin-2-yl]- H benzani ek-Cycl ohexanecarb O
xylic acid [7-(2,2- HN P dinmethyl- NI v N 1-5
custorﬁz[r@?h@%ﬂﬂg)wlﬁi—us@d with rah(aﬂl@[l &o&ty NJ. hkplydy’ﬂier 2 Wi¢sney,
am de N- 1-
Nomepsygipen I&[@rggmc ((B’]eﬂy%}k JHPéCyl%% r&ergam%el%rﬁvr Oﬁ@ﬁg ani de
N[7-(2,2- Dinmethyl- HP/~ propionyl)-5H [-7

Exarngl%sr of Jegle%én?fétivg c’gmp\ounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereof.

In general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, a
Beilstein Institute computerized system for the generation of [IUPAC systematic nomenclature.
If there is a discrepancy between a depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addition, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

structure or portion of the structure is to be interpreted as encompassing all stereoisomers of it.
TABLE I depicts exemplified compounds according to Formula 1.

TABLE 1.

SYSTEMATIC
COMPOUND NAME STRUCTURE MP
2-(Cyclopentyl-
methyl-amino)-5H-

L1 pyrrolo[2,3-
b]pyrazine-7-
carboxylic acid
isopropylamide
1-[7-(2,2-
Dimethyl- N
propionyl)-5H- NS
1-2 pyrrolo[2,3- LN 188-198
b]pyrazin-2-yl]-2,2-
dimethyl-propan-1-
one
1-(2-
Cyclopentyloxy-
5H-pyrrolo[2,3- {
b]pyrazin-7-yl)-2,2-
dimethyl-propan-1- \=(0—O
one

277-278

\Z_<=ZZ
i
/«o

I-3
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N-[7-(2,2- 0 Dinethyl -
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7-(2,2-Di met hyl -
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11,0

Di net hyl -

PET/AP1009/051758
0

HN

pyrro;.
dnet h%/l2

propi onyl)-5
carboxylic ac
PCT/ EP2009/ 0
[ 2, 3-
-prop

H 1 10 pyrrol o[ 2
%5)' i sopr
a@?rsghylm 0 1t

propiony)ghH-azi nt
pyrrdlo@n® 0 1-
b]pyrazin-2-yl]-
benzamide

2,3- N N 2b] pyr
DpylHa
(2-

7.
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azi ne- 2-
2009/ 106443
HN

HN

I-5
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xylic acid [7-(2,2-
dimethyl-
propionyl)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]-
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I-6

N-[7-(2,2-
Dimethyl-
propionyl)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]-N-
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I-7
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propionyl)-5H-
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I-8

N-[7-(2,2-
Dimethyl-
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1-(2-Ethoxy-5H-
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b]pyrazin-7-yl]-2,2-
dimethyl-propan-1-
one

1-24

1-(2-Isobutoxy-
5H-pyrrolo[2,3-
b]pyrazin-7-yl)-2,2-
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b] pyrazin-7-yl)-2,2- b
1-[2- (Cycl opentyl -

di net hyl

-prop an-1 one
0 net hyt3lam no)-5H HN I-32

pyrrolo[2,3- - b]pyrazin-7-yl]-2,2- NN dinethyl-prop
an-1 N one WO 2009/ 106443 PCH\E 009/ 6p1798 -30 0
2, 2-Di net hyl 1 |- 2(— Npheno rolo[2,3- N
N b] pyrazin; é ﬁ pr opan- N
2, 2-Di net hyl | '8 4 (4t Fazin- |
-yl) proplony
138 pyrrolo[2,3-
blpyrazin-2-yl]-2,2-
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0
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1-39 1-[2-(6-Methoxy- \\—/< —
pyridin-2-ylamino)- H N/
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onc

DOSAGE AND ADMINISTRATION

The compounds of the present invention may be formulated in a wide variety of oral
administration dosage forms and carriers. Oral administration can be in the form of tablets,
coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are efficacious when administered by
other routes of administration including continuous (intravenous drip) topical parenteral,
intramuscular, intravenous, subcutancous, transdermal (which may include a penetration
enhancement agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted according to the degree of

affliction and the patient's response to the active ingredient.

A compound or compounds of the present invention, as well as their pharmaceutically
useable salts, together with one or more conventional excipients, carriers, or diluents, may
be placed into the form of pharmaceutical compositions and unit dosages. The
pharmaceutical compositions and unit dosage forms may be comprised of conventional
ingredients in conventional proportions, with or without additional active compounds or

principles, and the unit dosage forms may contain any suitable effective amount of the
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| - 34 phenyl am no]-5H HN pyrrolo[2,3- b]pyrazin-7-yl}

N propan- | -one N 0 2,2-Dinethyl-I1-{2- HN

WO 20040633 hyl - piperazin-1-yl)- NN~ ~ N 1-35 PCI/EP2009/051758
phenyl am no] -5H pyrrolo[2,3- " Db]pyrazin-7-yl}- N~
propan- | -one ON 0 1-Cycle¥exyl-3-[7- HN
(2,2-dinmethyl- 1-36 propionyl)-5H % //N NO

a:mﬁié ol e@fRerd-comm¥nburate]vostt @z iimteRier| daily GosaLgE: @engd to be employed. The
Cycl oheptyl -3-. HN [ 7- (2, 2-di et hyl -

| -37
Mﬁ@ﬁ?p&) cgmpowlgm/rﬁp e Nnglo g,q, ?.SOS}O&}F% sgch N_t(ablets or filled capsules,

5%119 %g dﬂ) 09/ %‘Jj_%%s é_hsrf%'_'%a%m'_)lgpg&j %pﬁ(ﬁllﬁgl’s such as solutions,

suspensions, emulsions, elixirs, or filled capsules for oral use; or in the form of
suppositories for rectal or vaginal administration; or in the form of sterile injectable
solutions for parenteral use. A typical preparation will contain from about 5% to about
95% active compound or compounds (w/w). The term "preparation” or "dosage form" is
intended to include both solid and liquid formulations of the active compound and one
skilled in the art will appreciate that an active ingredient can exist in different preparations
depending on the target organ or tissue and on the desired dose and pharmacokinetic

parameters.

The term “excipient” as used herein refers to a compound that is useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes excipients that are acceptable for veterinary use as well
as human pharmaceutical use. The compounds of this invention can be administered alone
but will generally be administered in admixture with one or more suitable pharmaceutical
excipients, diluents or carriers selected with regard to the intended route of administration

and standard pharmaceutical practice.

“Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic, and neither biologically nor otherwise
undesirable and includes that which is acceptable for veterinary as well as human

pharmaceutical use.

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer
a desirable pharmacokinetic property on the active ingredient which were absent in the
non-salt form, and may even positively affect the pharmacodynamics of the active
ingredient with respect to its therapeutic activity in the body. The phrase
“pharmaceutically acceptable salt” of a compound means a salt that is pharmaceutically
acceptable and that possesses the desired pharmacological activity of the parent compound.
Such salts include: (1) acid addition salts, formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed

with organic acids such as acetic acid, propionic acid, hexanoic acid,
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%ﬁ%sitions and unit dosages. The pharmaceutica
conposi tions and unit dosage forms may be conprised of

SR B S e R BRI B HeC B! LpBSstoris na
Bispansiblelgeshulandh §d1id daRidr nitgSRAheloR Mite BESt506K WhiBh 8y also act as
suitabl e effective amount of the WO 2009/ 106443

penspioeying3geys solubdizers, lubricants, suspending agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material. In powders, the

carrier generally is a finely divided solid which is a mixture with the finely divided active
component. In tablets, the active component generally is mixed with the carrier having the
necessary binding capacity in suitable proportions and compacted in the shape and size
desired. Suitable carriers include but are not limited to magnesium carbonate, magnesium
stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the like. Solid form
preparations may contain, in addition to the active component, colorants, flavors,
stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, solubilizing

agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation
including emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These
include solid form preparations which are intended to be converted to liquid form
preparations shortly before use. Emulsions may be prepared in solutions, for example, in
aqueous propylene glycol solutions or may contain emulsifying agents such as lecithin,

sorbitan monooleate, or acacia. Aqueous solutions can be prepared by dissolving the active
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active ingredient comensurate with the intended daily
dosage range to be enpl oyed. The pharnmaceutica

W@ 9paaddsd ons may be enpl oyed as solids, such BGI/EP2009/051758

tablets or filled capsules, senisolids, powders,

sust ai ned rel ease fornul atielfs, or |iquids such as

sol utions, suspensions, enulsions, elixirs, or filled

ek etsin fwaitcrandladdisg suieibld ¢olétastsf Mavorhtabilizing, and thickening

suppositories for rectal or vaginal adm njstration; or .

3N H AGUSP ¥ YPPIBIRPS Fan lPGrifréE%r%gPBé dispgpingithsmtingly divided active

PR AR ATy PRl SO S0 pynRE Bl resins,

metiplvaidsse, whdiym citbexymetinylcpHelpsa, and othitr vell kdosmgespending agents.

form' is intended to include both solid and liquid

formul ations of the active conpound and one skilled )

The eamepoands of the Pegspir aeyeatien paytbe dprnadated foringranidpledministration
n . . I . .

R Fah BT SR B R ol EREHEh O RR Ao RARE f Ry be

phsshreica khidbsclormpads anpbeles prehiled eyrigeexaiafivehinic @susion or in

used herein refers to a conmpound that is useful

Brépdase sgntainepathat adderd pssesto s ompogiicar maiygake such forms

%Stasl;t]l englgﬁs',tsglgﬂti&ls?% elglﬁisgoﬁg in @iilfl)loégtl%@l!lsl Weh[t¥s. for eﬁ%r{lple solutions

rw se undesi rabl e, I ncl ud excipients t
araguans epptyabiyéent glycobt Exdnmdesofimly asionsjucoldbeamserbutrants,

har maceuti cal. yse. The conpoynds of .this inventi )
e S hich il g BRGRT My S gt afaly eteDR oils (...
ST I3l ,Sénﬁriﬁjgctiaﬂle JAANKL kS VY. % {]Ttﬁﬁeo 1&te) " EmPES ARh Sormulatory

phar maceutical excipients, diluents or carriers o
agshssueldasyreseryingaveiting cnivdsifymgordaspendingestalilizing and/or dispersing
naceut i

adm nistration , and. standar har cal practice. .
AT AR 6 AR SRR RREETR Pl R ERARL By asepti
feslefiod of dlerfle SPIRT bty 1FoPRIASHBE Froink SHthtion2@r eOMEPiAGIohitefbre use with a
that is generally safe, non-toxic, and neither
pitabls gickisler ¢-gn stcriby REOBRR-ECC ¥isédsi r abl e and i ncl udes
that which is acceptable for veterinary as well as

uman phar eutical. use. A "pharnmaceuti.call. .. .
DCERmaBias SEPE presartimhtan v e T TRGRL Gt PRy miiggtion t
ﬂ(l)lﬁ 'e{;ir(]ié‘ilﬂlik’ a§ Ot REnts, *rAes Jrﬁ!ic%s%s REAKIRSR] Sat . C@%[Sﬂlé’nts and

e active ingredient ich were absent in the .
¢roamsaky, Hoemmpa defoymusted withsintaquedus oabfle besctwigh the addition of

13 odynam cs of .the activye,. ingredignt wth .
B e e e L Brio TR Rl vick ppaaucous o
#Rr @se and phiamnEeetl hisabditaiafpeplcdp hers @ﬂn_hl'sif?fng%gents, stabilizing
congound nmeans a salt that is pharmaceutically
agenEpdialsrEng ALEIEH SESPeBdiBe 3eds, tiHek g qgsats, or coloring agents.

i cal i Vi .

ROARRIRRL PR pRfbick! il RGP Houip BRRHE Rcp gt Smrising
adnioe ggantcinacilasralinke, asudiiyduoniit and ecadfl cadiagacanth; pastilles
hydrobrom ¢ acid, sulfuric acjd, nitric acid, i
Y Hr the agiiednergaignt iR@n ngeebasg sughps gstptingng iglxsega AT gucrose and

&%j;ig,satﬁi%@utﬁ@aﬁﬁ?%ﬁpﬁﬁc{#theWcﬁ@é fﬁglréaie"ﬁ@ il s BG¥RNRIG carrier.
aci d, WO 2009/106443 P EP2009/ 051758 - 33

The compounds of the present invention may be formulated for administration as
suppositorics. A low melting wax, such as a mixture of fatty acid glycerides or cocoa
butter is first melted and the active component is dispersed homogeneously, for example,
by stirring. The molten homogeneous mixture is then poured into convenient sized molds,

allowed to cool, and to solidify.
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cycl opent anepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, nmalic

w@eiod/106¥3 ei ¢ acid, fumaric acid, tartaric aciBCT/EP1009/651758

acid, benzoic acid, 3-(4- hydroxybenzoyl)benzoic acid,
ci nnani ¢ acid, nmandelic aci eB5-net hanesul foni ¢ acid,
et hanesul fonic acid, 1,2-ethane-disulfonic acid,
Phdoahiippayied bixvhe proséinanaon ehay de bemzdmnes Wrivagingl @ehidistration.
4- chl or obenzenesul foni c acid, 2-naphthal enesul fonic
Bespagies fampgisy, §f5881 g% iPastat f%m%ogrmm? SQiMtrgHIEAN gddligon to the
feh%'i@&ﬁérﬁ%ﬁ&l%a@rd&s Iﬁ%o%nqﬂ Biel ar%rtgoa\?g}o'pﬁateac' d,

| ucoltept oni ¢ aci enyl propionic ac
trlnethylacetlc acid, tertiary butylacetic acid,
TiREdthponld oI the pRsé ,m\@nﬂ&ﬁ) Ha§ baGbiehaulgbd FRMasal @@ﬂnﬁnstratlon The
h droxynaphth0|c acid, salic acid, stearic acid,

S O BEDENsI R AT e lipd ﬁ@ectg’rto (t9 nasal qagity by weopteal means, for

) iA, .t
i P%géf q‘l}lésh a?&elr%g&é%@g?er S ?e%’a ﬂlle ofbﬁﬁnﬁgt oqlgtma %%%H{;]ﬂed in a single or
mekiabsd ©fm. Ilaﬂleahﬂﬁéﬂcamf@afrblbpdr @npipette, ahis aialyrheraumevmby the
or, coordinates with an organic base such as
RARBrRSIIaAIString @ épmﬁa@tsmrﬁ%etewm YRAWBF Qhilgeolution or suspension.
I Y R

%ﬁ?ﬁ?%?ggggg?Vons |%y$éée pomggfg%%bg%hﬁahkgﬁﬁd%%ﬂﬂﬁamnnmng
spapsplnes, cachets, suppositories, and 15 dispersible
granules. A solid carrier may be one or nore
subst ances which may al so act as _diluents, flavoring
Tlegeramanousds @it preseny inyonben swnits forsudaed firragroseladiministration,

;gdﬁ%ﬁ& toﬂh@?%é%‘ %rt?e?b't aﬁc%]cﬁtd %fi{r%aﬁzﬂ QE{ Iﬁgtréﬂg)%ntﬁlb compound

ncapsul materi a carrier
ihgonatdlly hiaSG a sibihphryic i sidedod e@@iplaoﬂ\ﬂhb obder 81 Ava{Ntnwit®ns or less.
wth the finely divided active nponent. I n tablets,

U a2l Sige AFEHE PPty ANaps |k§0\"ﬁl stethe\dfts fpreample by’
&%éﬂlﬁtmﬁa“'ﬁh@ Qcttl\QQn%Q ﬁpﬁ@?@%&e&lb%dﬂrgﬁﬁ ﬁﬁl'cf( Yvith™h suitable

sul tabl e proportion acted I'n t ape an
) pdlandas:ihrasd chtémﬂtmlnd)cmrlomr(ﬂFé})sfor nx'xim{nie, d:mzhlomdeﬂutmtmethane
nesi m car bo nesi rate
é(gpet e Podis! lo%g{a[ or él}glng,l ¢ ca 3 e or other suitable
@%l qthb ﬁerotsélefﬂe%ﬁ@ﬁtv@meﬁﬁl zhyd é‘&itz!uﬂ |a@§§acta1§t%gélﬂ£§‘ lecithin. The dose of

car boxynet hyl cel | ul ose, | ow nel ti ng wax, cocoa

dug ey, beamdtrol&@ by ekmetesm vadvef o‘klmrnﬁirx@batﬁlatact@r@smmshents may be
canta ion to j.ve <o

PR Mt & PRy B8 fot i Rbls G o P Bt e compound i a

aithble |p6*w@|3r @@@I smtasn@dto@/\a@ﬁcﬁ N@4rsh deivPRESAIh 35
t hi ckeners, solub|I|Z|§E agents and the like. Liquid.

ekrerpaenydrethsl edulgsea quﬁ‘ﬁpﬁlpﬁ’ﬁph@ﬁ% (PaRi Ticqromaler eprier will
I I
12031?1 ljl%? i th8 )&({h‘%é Eﬁﬁ% e”Igltﬁ lsf {B%(}}ﬁq{tf& u%e Sﬂrg&‘ﬁted in unit dose form
fou sxxem@lé Qneapsﬂlheslecarﬁrﬂgésmfee & opdlatind @rbﬁsm epas ditonondich the powder
gpe int ded to verted to liquid form 30
1&%5%1? %nbsrﬁ%re QSFI%GPS}S %Fse. Enul si ons may be

prepared in sol utions, for exanple, in aqueous

opyil en lyc sol utions. or contai n. enu
BeR AT Rt ed et PP ohaBa, T S G Bl o Sstained or
amaelled roive adifing®latibh 6Nthe aativediagiRERAA BS d¥mple, the compounds of
di ssolving the active WO 2009/106443 PCT/ EP2009/ 051758
the present invention can be formulated in transdermal or subcutaneous drug delivery
devices. These delivery systems are advantageous when sustained release of the compound
is necessary and when patient compliance with a treatment regimen is crucial. Compounds

in transdermal delivery systems are frequently attached to an skin-adhesive solid support.
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-34 conponent in water and addi ng suitable col orants,
flavors, stabilizing, and thickening agents. Agueous

WG o®pansidbns can be prepared by dispersing theP¢i/RR1099/051758

di vided active conponent in water with viscous
material, such as natural or36synthetic gums, resins,
nmet hyl cel | ul ose, sodi um car boxynet hyl cel | ul ose, and
Diid@mpuaind ok ihexsst Sus pRO Bt bEmBed isth Hpchbatmnapumds cof., Azone
the present invention may be fornul ated for rentera
dodpdseeazangyicihente-2gone). b%ustﬁp@cwe@ﬁe %hyﬁrYe%&mS@rwﬁ?}ge
PLEEh Ry tioia e JuRtFpl PP BR0 TRBE. Thp pugormal
mmmmmmmmﬁﬂmmmmmdMM@MMMMWmmmWM&@mmmmm%mom
cont ai th an ad ervative. The
@Bﬁ%%§f LH%’Wﬂﬁyeﬁa?8y§ﬁgﬁ“? rms as suspensions,
solutions, or enulsions in oily or aqueous vehicles,
| | ..
%Lﬁ{ E‘]XI%F@ISU&% alilcgﬂ&o\gﬁh %Qargfracﬁ%%glaéég%egg, %@%ﬁ% aftd] ?xpmpwnts are
dbstritesatia Renﬁ@t&rﬁrﬂf}@ &reny@@chﬁz@ntmyfRMﬁmp@omase Bdited by E. W.
%ﬁy00| Eol ethylene gl ycol , vegetabl e oi
Aitipe hhing ﬁ?’é‘éﬁ%llgthﬁd&% Ea%%é’@m(y(l;vagla AskilJed
Bkﬁﬁlfaﬁ%m sﬁ&glsm fz FLT fo??ﬁ}éh@ﬁ%)fhmqgg gcc’hugéjsc(rf tASspecification
preserving, wet yl ng or suspen
tpadville aumgoan ﬂ)’rmuladlospﬁir sipagicubg entts of Alnbiersration eithout rendering
%ge acti.ve ingredient.my.be in powder form oEtalned
cg@gﬁl 1(&115&%;1@&6% Byye OUS‘{I@HbF orscap}paoralrsm&} eir therapeutic
dyiQphi I i sation fromsolution for constitution before
use With a suitable vehicle, e.g., sterile,
pyrogen-free water. The conpounds of the present
Tiveodifiomidieyf theplesdnigbapethds o6 rdndpi thern rﬁdmsﬂliuslerlﬂbxiam or other
to. the epiderms as ointnents, creans or |otions,
‘aﬁ‘én%e tf?%\%a@#waymeeﬁly ayepmplivhed baﬁ@m%mea%am (Saﬂfor
I
L, Al B M AR TR e QB M e art. 1 o
‘gelll Withgy thg entisary sk li odrlse ma;o Ihedlﬁothmnd)lab eﬁ adwminst@mtion and dosage
ueous. or .oily base ener al so
BERER G il GP R e Wﬁ‘@g e grmagt)lgﬁ?tﬂqszaf iy present
fids for SRRIAIMADAGRMISTeSUaPEACNY agent s,
thi'ckening agents, or coloring agents. Fornulations
suitable for topical adm nistration in the nouth
Tinctettd etheepemngatly e ffogiveintgint "ass tussEhegi@mhenk Bn 8mount required to
fl avored base, usually sucrosgmand acaci a_or

TR BT ERMS b diseass 180 auipdyali Age dne witlhaadiusted to the
1'11?&'1&1‘11 RAbirtAe@Pid &h %gl@ﬁﬁﬁr SHeh oS d&%g%t iy v%ﬁﬂwnhm wide limits

ycerin or sucrose a acacl a; an
dapepding upgn turecracy facers sugh esl ﬂersbverrty af thei lebd;eetolbeqwa@d the age

rrler TT co oungé?of .the prese |nventb qﬁ% be. .
? grFrat keplth spndiind AT e patisrothy m i?ﬁ%ﬁ‘é’ntsc with ddichihe gtient is
E@'ﬁllé 1r&8c V@ roBCMd 38R0 M dthiH sGaQén 4Rk thy f‘h%tgnces and experience of
<£@ycer|des or cocoa butter is first nelted and the

modécatprapidineat invelvdils per @r@badﬁmmsgr@m aslaily dfbsﬂge of between about
| Lri,n eneous
GOTR ol PoflmEls bl %eight PeoRbRPul BT3RS RG S yonotherapy
éi:Hdl/cQViﬁ dobBinaGeN theRPY. A @reredrédlildily. do‘é@e&@@@%&k@ﬁéﬂ&t 0.1 and about
PCT/ EP2009/ 051758

500 mg/kg body weight, more preferred 0.1 and about 100 mg/kg body weight and most
preferred 1.0 and about 10 mg/kg body weight per day. Thus, for administration to a 70 kg
person, the dosage range would be about 7 mg to 0.7 g per day. The daily dosage can be

administered as a single dosage or in divided dosages, typically between 1 and 5 dosages



-35 The conpounds of the present invention may be
formul ated for vaginal adm nistration. Pessaries,

WQ 200podE43 creans, gels, pastes, foans or sprayBCT/EP2009/051758
containing in addition to the active ingredient such
carriers as are known in thed7art to be appropriate.

The conpounds of the present invention may be

pe@rdayl @érechlfyptrenmsad is admtsdi sitithahiatier dobbges vehislohrgti¢sgilsan the

or suspenS|ons are applied directly to the nasa

enfirnyry dpse fdhs eqropasmd) Thaseafir: the ﬂosaész iripreased by ymgll increments
aHih %?gémﬂin? EHL& O thS ﬂ{d?yldua;[ ﬁbﬁté&{? G Al ORshe %@%r(ﬁﬁar skill in
provi in a single or ose form In the {er

iresiag discascd dogpbed berepivpiditlicebld hiithontayndoe eq&hlnmn&clhohymd in

t atient I.Sfering.an appr.opt.i ate, . .

> T R Rt et N e o PR AR LRt stk his prpfication, to
als@etj{ahﬁ a@l?e?@peﬁflcaﬁlyse‘ffe@ﬁ{ve At @Mle%n@@)ﬁhd’svcﬁfﬂhé Plesent invention for a
exanpl e by neans of a netering atom zing 10 spray
puepdischse anbppsohds of the present invention may be
formul ated for aerosol adm nistration, particularly
to the respiratory tract and |nclud|2% |ntranasa

e R eeatic RreprHEIOBD RS GUIRArabY In|ung elostes) fpimn dpesugh form, the
@‘E?Arhtl&?l@ Shii€idsd 7o Bﬁ’ﬁ d %@E@ﬂt?mﬂfg %p fo ‘Plra e(ﬁlgﬁﬂ(itti)gs' offhe active
( m crons or [|ess. a partic i z y be

10 amm@inaed Ty umﬁahsagcrfoxm cambet hpac:kagcd ﬁmpar@xm;rﬂieqoablyagb&ontaining

croni zation.. The active ingr ide in ..
B G R ieS DL i nn g by s e Tbitss P Bl sitrpoufie in vials
&I'Hnﬂfo‘&ie!sugﬂw MLt oSk forh @in ﬁé‘ @E‘%sﬁle tablet, cachet, or lozenge itself,
di chl orodi fI Uor onet hane, trichl orof | uoronet hane, or
@l it eindreghe pprappiikse oemhm,any) of desbrpadkageil dernor ot her
suitable gas. The aerosol may conveniently also
contaln a surfactant such as lecithin. The dos

of
"Hlquj@ Pr‘d}ngkf‘é‘a%}’ﬁs Aldustrate tBS:/ PECPARE IR apd blglqgg:al evaluatlon of compounds
I v

15 t?)irt%l@itgbg%} ?5% bgt %gf?vr%ﬁg?ﬁ.a@gérsg Q%%ﬂm%lggﬁﬁ }gﬁlréﬁ%r?(gor%%hlch follow are
povded taenabkftho deeskdpdpo thediri to reore sicatlp bhdaerﬁtamﬁmd togsectice the
such as | act r.ch starch erivatives suc
b Ry By | ey ORGPt b RRad ah O UR R sycat i ipwention
b YiRkely BOBeiRg WRraG @ drldaepebdrtativbAhdFesy, gel in the
nasal caV|ty The powder conp03|t|on may be presented
inunit dose form for exanple in capsules or
cartridges of e.g., gel aBEXAMPLBSI ster packs from
whi ch the powder 25 may be adm ni stered by nmeans of an

20 ExamplgHal er. When desired, formul ations can be prepared

with enteric coatings adapted for sustained or SEM
controlleg se administration of the ackive /

i ngr edi xanpl e, the conpounds of sent
i nventi formul ated in transderma|| or

g deIiver& devices. Th ger
ageous en sustalned.release of_the

ecé%sary and when patient conpli
wWth a treat reginmen is crucial. Conpoun '
transdernmal délivery systens are frequently attlched
to an skin-adhesive solid support. WD 2009/ 106443
1-[2-bpgame-BR2609rc0F1siB8Yyl-cthoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-

propan-1-one

systens are adv
conmpound 30_is

Sodium hydride (60% in mineral oil, 0.019 g, 0.48 mmol) was added to a stirring solution
25 of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (0.094 g, 0.33
mmol) in 1.5 mL of N,N’-dimethylformamide at 0-5 °C. The bubbling yellow mixture was
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-36 The conpound of interest can al so be conbined wth
a penetration enhancer, e.g., Azone

W@ 200do0iady/| aza- cycl ohept an- 2-one) . Sust ai ned reCEEBM09/051758

delivery systens are inserted subcutaneously into to

the subdermal |ayer by surge¥® or injection. The

subdermal inplants encapsul ate the conpound in a

dtirfedcht G Whioe 1F®iihy, dee ,2-(er.irge1;hyfsily1)aﬁ@@nﬁdﬂbﬁehlorﬂe (@0%5 mL, 0.42
bi odegr adabl e yactic acid. Suit

olyner, e.g., abl e
NI R Wélﬁl@ ﬁﬁﬁgwﬁgwarw%ﬂ wasattipied g RT For 3, then

GRS WAL BY GRLP o Fo il CHCABNSEAR. THPLAGHRaver was

ququltlaHWHvra]shad, wilatoko PUbiLi miriiong covgarand 1090k o€dsati an NaCl
ston nns A skilled fornulation s fist
%i%arlr@ é‘%@fmﬁ#%%ﬁﬁ@ cRnEiatedie 2R QLORe HE gﬂrca gel

érﬁ@m%g%ﬁy Fﬁ)% @EOAQ/hEQan@g)Qa\ffog@edW ey © (%%)%’f"@ﬂgﬁﬂy MPure 1-[2-

for a particular route of ‘admnistration with

bremge’- (%glmftthrelstambc@pt&ymﬁbybﬁﬂ herge @siehlpyrameﬁml]om dimethyl-
unst abl sin the|r th rapeuti ¢ CtIV ity.

WA TRy ALad B B oR % baELhi S RRBEN bl ®Bhncier

thenrnDre soluble in water or other vehicle, for

Exmn@bgnple may be easily acconplished by m nor

ifications (salt 15 formul ation, esterification,
etc.), which ar E [l within the ordinary skill iryﬁhb
art. It ig alsgy well within the ordinary skN( of the
e route of adm nistration fEnd

t he etics of thepr®sent coopgouns
Bﬁuwrﬁ%nefr

maxi effect in patients. The term
"t herapeuti cal fective amount” as used her
nmeans an a required to 20 reduce synptons
di sease in a di vidual . The dose will be adjusted to
the individual requirenments in each particul ar case.

7-(2, 21t hgH R pR@ed ng B VR rimath il dhyWe the x {rh &ty 5- 1, Sl @b t@di- prgrolo[2,3-

upon nunerous factors such as the severity of the

blpyraginsg58e to be treated, the age and general health

&%gfu'r ?f;l{‘]—?-b}%g?% éﬁl{ﬁ:ete lgr%yl eﬁ?oq(b/ﬁ%t gﬁdd-‘ﬂfy\trglo\f%? G[J]'pyrazm 7-

ﬁﬂ-mﬂqdlﬂteﬂ@ﬂ-lpm'paﬁﬂdoﬁd'(ﬁ (or7 @‘ erlenmesl) Ahd ndxpiekaren0d rof water,

oDl o o e 4 TauyBhom i i Gisaorybl g bivheny
@hsabeub k88, iy ﬁ‘&hgroéribfuﬁ(&ﬁ(@ﬁ (ORE8 éj@)ﬁﬁﬁl%}t)% B8caled tube under

appro priate |n nonot h and/ or in conbi nation
Nheragyredat j0ef € foreld I aTlhq/resIldsH@ erange-bkthwextuabeas patitloned

d ab 0 f 0.
e Boo - oL aF RS B0y e P bk b 55 5Pa B paig! added to
r%d@ceaéiﬂllﬁbﬂéﬂﬂﬂe&aqﬁgé&gam Whas \WRIrgdiéd WER 548 of dthiiSacefa®l. The

adm nistration to a 70 30 person, the dosage range

oehigedoer ganio layed wige ﬂﬁe@overg\l 8P diltgredried eRuickytrafeb g orange
? Sl?ga gé”l momﬁﬁgga&gye(?ﬁ >a403/I %c/g %gs a?fror% Od(52\§| dFSq%) of 7-

O sages; ween
@Qﬁ&[nﬂe@l%‘fﬁoﬁ@?ﬂﬁ?@@-@ﬁﬂl@&ﬂ%ﬁﬁnyl ethoxymethyl) 1,5-dihydro-pyrrolo[2,3-

b]pyrazin-2-one as a pale yellow solid.

Example 3.



-37 per day. Generally, treatnent is initiated with
smal | er dosages which are |ess than the optinmum dose
w@Roovhesdednpound. Thereafter, the dosage is i NBCEHEB®A/051758
by small increnments wuntil the optinmumeffect for the
i ndi vidual patient is reachel®- One of ordinary skill
in treating diseases described herein wll be able,
W t hout undue eyperinmentation and in 5 reliance onSEM
per sonal \know £dge, experience and the disclLsgureg of

this a [ fQn, to ascertain a t her apeufji c
ef fect]ve u of the conpounds of the plesest
i nv gi ven di seasg and pati

pharmaceuti cal
dosage forns.

reparations are preferal

guch form the prepas
subdi vi de o unit doses containing @
gquantities he active 10 conponent)
dosage form can be a packaged preparation, the package
1-[2-cydnpaitylpryg S e sumethy lsglamyltdthaxgysmetfyDpdldparmatd[2.8;b]pyre ind/syl]-2,2-
dimet kete tabl ets, capsules, and powders in vials or
methy ks8I0 5o, the unit dosage form can be a capsul e,

A@Bluﬁbn ofaghetdimethyl-p@pRe§1)L3-8etrfmeth@Eildnly1- @@ta;éﬁﬁethp@l 5-dihydro-
appropriate nunber of any of these in packaged form

meole[313- blningme&an@((b@ﬂ .10 2rmame Dt henlpeldpaptadrafraand
I | yat
ggogggtloﬁ&t(ﬂ %‘flﬁ rr;\%ltg rg't ﬁgn C%{’Q?@ygﬁk% ngﬁn%ié ((Y"b%ﬁhh]ﬁ bhs mmol), and

diisepapat éz@ﬂ&aﬂﬂ@kfilhtef(Ol(DO\mI@r(ElO eV dedr dierogsiawhestirred at 65 °C
those skilled in the art to nore cl earl under st and

9Rd7 O themehlwed tpweol p‘}@é@ﬂal Fyslenantagal (rdymkHy &t gmol),
@Bhgﬁ@mgﬁﬂﬁé g% ner e y as (t)lglgﬁg Ialﬁfq?p(}g@ﬁ at de}éeaqgonxa' late (O 040 mL,

0. @p l’mmi)wvatel added, hnad éof soEXANBIESat @0 (Efca? ke The GHiw ddlution
N Br

v_raé[ B bstvrefnérmﬁ&f mpttiepd AyrL of HBx\Aretetry | Hhemugais fayer was

Rhdel %m% PhPYIra%hLN) a& NAd1s8 lu%oﬁ' ([f‘?etdrlyvler N%’S@Q aﬁl’terkd at'®ncentrated
Sodi um hydride (60%in m neral

toragic)lowasl. atidedzdl chwnsito graphydl@%l E}ﬂﬁmﬂmxg@esﬁﬁfforded 0.017 g (51%)

]fplr'gzﬁ%’f??qp%g’y ’%{ 6%&1‘562&%1 @%PY}I/ ﬁﬁém fstﬁﬁ)%lz pﬁgrcg]o[% BWyrazin-7-

WD 2= ghiotwetyypkdpan s a8doldHdds 6. The bubbling yel | ow
m xture was 2009/ 106443 PCT/ EP2009/ 051758 - 38

stirred at 0-5 Cfor 15 min., then
Example@t ri met hyl si | yl ) et hoxynmet hyl chloride (0.075 ni,
0. 42 SEM

YR X4 NN
JiN/ Y JiN/ /

1-(2-cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one

A solution of 1-[2-cyclopentyloxy-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.017 g, 0.041 mmol) in 1 mL of
dichloromethane and 1 mL of trifluoroacetic acid was stirred for 5 h then concentrated to a

yellow oil. Silica gel chromatography (0->40% EtOAc/hexanes) afforded 0.012 g ofa



mol ) was added. The resulting cloudy yellow m xture

was stirred at RT for 3 h, then partitioned between
waoosio@i3 wat er and 10 nlL of ethyl acetate. TheCDER2N$/@51758

| ayer was sequentially washed with two 10 nL portions

of water and 10 nL of a sat:-40ag. Nad 5 sol ution,

dried over MgpSOH4, filtered, and concentrated to an

whigngridoi' H. NGiR dpeatr@ebpy @i icarstthg rtiap nterfrkd94te Was the formaldehyde

EtOAc/hexanes% afforded 0,129 g. (93% . of SlEg
Eiqﬁiff}&tr the eLsnre product. The solid was dissolved in 1 mL o ethanol and the solution

?Esotmpabej% With |3 dlﬁ?ﬁtatﬂ%/t%t%' th@ﬁélﬁe ?{) '@83:( ¥! “@H*ﬂ ¥inks 1?5 Hl"l@é’é& l&llégs mixture

pyrazin-7 =" propan-1-one
vyaﬂ dtmwdcfoﬂ 5 thhiztn ccasentiseed. Wihe hemduefmztstﬁaetnthmd béuw@an |5cmL of ethyl
SEM N~ ON Br N O 10 .
afet i W&ﬁy’rmﬁr CORSANC YoV AS AT I%WP%‘WW%} hay of water
Y HJYJ of* a]sag’ 24 NyErsebh! @ dvér Brgsel,Pk&2d BaPediRBntfited to 0.007

m xture of
9_(5[7%)mfdn@ &clopentyloxet Hipird latdsb-bigtymanty- et hy L2y digithyipropan-1-

7- 2, 2-di hyl - - -
T e TG ERL A Wil % G e, b arnt water, 15
Pd2(dba)3 (0.009 g, 0.01 mmol), o
The fozfl'oq}m% %%HQ%&BBZ% ac%orcﬁn fo'thé § g@ﬂéra%pr&&é_ldﬁké?he

fresh roun

(0.038 g, O. 67 nol) in a sealed tube under N2 was
B{2-OyeidhgitylbRE-5E-H@told 2, hh]pTheil- Bl L, lealﬂnéthﬁln]]gem{-ardﬁe
m xture was partitioned between 5 nL of et acetate
and 5 nL of water, with a few drops of ethanol added
1-62-Oye1dhc:>erlce¢yuﬂ§+’pnyn910[ZZBd)]pyraHnWsleaerdinml@mpaadt-enb
with 5 nL of ethyl acetate. The 20 conbi ned organic

| ayers were dried over Na2SO4, filtered, and

dré?@ﬁfqpaﬁeé&mmb[&%h@éﬂazm-? -y Ridésaethglpropan-1-one
chr omat ogr aphy (20->40% Et QAc/ hexanes) afforded 0.029

?‘é‘gﬁMﬂg’i'pﬁPBb}’)émmﬁé10([%-3tbr]PWé%iﬂﬁ'%lﬂ?a?ﬁWeé'%@W'1'°ne

ethyl)-1,5-di hydro-pyrrolo [2,3- b]pyrazin-2-one as a

PR Frot ok BBl RIS ind7- Y2, 2ARREATEH S Ban-1-0ne

1-(2-sec-Butoxy-5SH-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one

Example 5.
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2-(Cygl@pemtyldﬁetgyl-ammo)-%H

-39 SEMSEM NNN ONXI _WONOO
1-[2-cycl opentyl oxy-5-(2-trinmethyl silanyl - et hoxynet hyl

WO 2@pHpse3 ol o [ 2,3 -b] pyrazin-7-yl] -2, 2- PCT/EP2009/051758

di met hyl - propan- | -one A solution of
7- (2, 2-di net hyl - propi onyl ) - 341¢2-t ri met hyl si | anyl - et hox
ymet hyl ) -1, 5-di hydro- 5 pyrrol o[ 2, 3-b] pyrazi n-2-one
(0.029 gscﬁe9§%lqnnl), 1 nmL of t rahydr of ur an,
cycl opent ano 0. m., 0.11 ), trib phosphi ne
(0.025 m_, 0.1 nmoll) M and I SOpr opyl
azodicarS&ﬁwﬁate 020 nL, 0.10 mmol) ufide
was stirred at 6 Nfor 175 n'then allo
Addi ti onal cycl opehtanol (0.020 n_, 0.22
tri butyl phosphine {0.050 nL, 0.20 mol),
di i sopropyl azodi carboxylate (0.048fTR, 10 0.21 mmol)
wer e added, and the solution stiregari65 C for 2.5
h. The yell ow solution was parti ed between 5 nL
of water SeRi25 nL of* et hy et at & rheBor gani ¢ | ayer
was washed with 5 nL of a sat. aq sol uti on,
dried over MpSO4, filtered and coﬁﬁzﬁisgted to a
yellow oil. Silica gel chromatography (1Q%
Et OAc/ hexanes) afforded 0.017 g (51%
1-[2-cycl opentyl oxy-5-(2-trinmethyl si
)-5H pyrrol o[ 2, 3-b] pyrazin-7- 15

nitrogen
t cool .

yl]-2, 2-djtggghyl - gg opan-| -ang.as a col orll ess bil.
Exanpl e 4.&%EM NN N-- NOO /N\O
1-(2-cycl opentyl oxy-5H pyrrol o

[2,3-b] pyrazin-7-yl)-2, 2-di net hyl -propan- | -one A

- e
-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide
1-[ 2-cycl opentyl oxy-5-(2-trinethyl silanyl - et hoxynet hyl

-5H | o] 2, 3-. 20 .
By r BETRBPRASS Bgirwed i Pph o s plopspsylgmine were
Gs Qe dMBINIP (D mb) Bhd lacedincddcalecanm@ieh alglﬁ sBRioR wik i®ddiated with

trifluoroacetic acid was stirred for h then '
high ordertsitsmaigropg ve at 344 Cdsiupfar 1.5haurs aUpen cooling the mixture was

TP 1 LSS UL bk oo

S0flateChind'tht MVRiISPREEI106008Y ThrddsrtesddubatA,tIoR $ng) was isolated by
intermedi ate was the fornmal dehyde adduct of the

HaSichuer! ytbdlce 60%rrehd epstercw 8o unssyId/EE lfyed Bpeqtroggopic propertics
EBRAR with thd 16pARh Yt Qlie.

Step 2. Pyrrolopyrazine A (100 mg, 0.46 mmol) was dissolved in N, N-dimethylformamide
(5 mL) and cooled to 0 Celsius. Powdered potassium hydroxide (67 mg, 1.2 mmol) and
iodine (127 mg, 0.5 mmol) were added in sequence which gave a tan solution after 30
minutes at 0 Celsius. The solution was treated with water, decolorized with 10% sodium
thiosulfate(,q) and the resulting precipitate was filtered. The filter cake was washed with
fresh water and stored in vacuo at 50 Celsius overnight. The tan powder (B, 120 mg)

displayed spectroscopic properties consistent with the proposed structure.

Step 3. The desired amide I was prepared according to step 2 with B (110 mg, 0.32 mmol)
and K,COs (135 mg, 1.0 mmol) by replacing the amine with iso-propylamine (0.08 mL, 1.0
mmol). The amide I was obtained as a solid (35 mg): mp 277-278 °C; ESMS m/z 302
(M™) for MW of 301.
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was treated with sodium acetate trihydrate (0.064 g,
0.47 mmol). The colorless mxture was stirred for 5 h

w0 b@o/1egmtent rat ed. The resi due was partiti oneRCTHEP2OB051758

5 nm of ethyl 5 acetate and 5 nL of water. The organic

| ayer was sequentially washet2-with 5 nL of water and

5 n. of a sat. aq. NaC solution, dried over MSO4,

13 -Mtiedaraind-gparasint fHal-ed-gyerolb [0G b]pgrat e B cadboxylic acid

1-(2- cyclopen | oxy-5H pyrrol o[ 2, 3-b] F yrazin-7- ylz 2,2

iseprepHymids r%%aﬂ%tqlnedobverea cipedy- nﬁmlgyc oty barpietvgth 3-

ol fmidifodRhd o 1cam%389aln@@ﬁ@rea5@oq%m hBGRO Ik Relde
e above gener procedur e:

radtDnCyhuoh apityd exth-dterphutybdioarbonate and 4-dimethylaminopyridine in

e BB RE T S By el st eRRAiograpt tEluant: 20 to 80%
étgylgac@tb@ﬁﬁ Rékdhed - Yh titde QOI%EEJIHBW&S RILARRA-by repl8&ifg B in step 2 with
1-12-1sopropoxy-5H pyrrol

[[12(7@0 d(]) Pk mzrrq-],o fz,%fbbpy@,zm Zj-ry@t-mpq:r;(bn-é @g{hmethy.l-gar@amlc acid tert-butyl
T;I's_ %ﬁ%}]’[B‘% p@ggﬁttol}x%ef ?arrlg(g)ngﬂ(%@tvhaﬁl 6{ gF%Hl trifluoreagetic acid in refluxing
12 (dBchil SO Btbxts O@h!mpﬁfertﬁlermpound as the trifluoroacetate salt: m.p. 54-64 °C;

ragi n-7-yl)-2,2-dnet hyl - propan- | -one 15
1&15(72/233]&2(th LS HaBYr 1 ol o
[ 2, 3-b] pyrazin-7-yl)-2, 2-dnet hyl - propan- | -one

Examég%npl e 5. WD 2009/ 106443 PCT/ EP2009/ 051758 -41

eme 1. ")D7Airy Step 1. NNA Br Step 2. ANBO
NN< NHStep 3. B----- W/ N~

2- (Cycl opent yl - mgjhyl - m no) - 5H pyf Rol , 3- b] pyrazi ne
-7-carboxylic acig i opyl am X0t e .
Pyrrol opyrazi ne \C (13405mg, —4— n@i@ and

d

N- et hyl - cycl opeLﬂﬁaH am ne were ilssolved in NWP (2
m.) and placed inga seal ed tubew sol uti on was
i rradi at ed vvith 5 hi gh i nt ensi tyI m crowave at 240

‘g? ? [?Jlrng hé’ I pBOé)tl @uﬁé\é’t}""ﬁ% 2 g%g?%ggn%cecta{a oxyf’lcrﬁcﬁ\%lmethylamlde
EX2-bagho-SESpyR@as] 2 gvmpyxaﬂlhyﬂpplzsz apslitkyRpropdnf BbRe g,

the volatiles were renoved. The desired adduct (A, 102

Oy 7rnane D ivess | dasselyed i N@é@l@tml&mﬁmw angl the flagoras pyeed with
9&9@&%?116)3&1 @ﬁ%@ﬁ@la@rﬂge &j shhaves. WGQﬁJngiS&QﬁH&) was added followed

proper
by palladlurn bis(diphenylphosphino)ferrocene dichloride, dichloromethane complex

(14mg, 0.0177 mmol). A carbon monoxide-filled balloon was attached and the flask was
stirred in a 100C bath for 48hrs. The reaction was worked up by addition of water and ethyl
acetate. The layers were separated and the aqueous layer was extracted twice more with
ethyl acetate. The combined ethyl acetate layers were washed with water and then saturated
sodium chloride solution, dried over sodium sulfate, filtered, and evaporated to a residue.
The residue was purified by silica gel chromatography(methanol/dichloromethane) to give

16mg (32%) of product. MP = 98-101C, (M+H) = 275.

7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazine-2-carboxylic acid
cyclopentylamide. Substituting cyclopentylamine for dimethylamine. MP = 237.9-241.5C,
(M+H)" = 315.

Example 7.



consistent wth the proposed structure. 10 Step 2.

Pyrrol opyrazine A (100 ng, 0.46 mmol) was dissolved in
woORMIdGe3 hyl f ormami de (5 nL) and cool ed t o OPQEEBI00%051758

Powder ed pot assi um hydroxi de (67 ng, 1.2 mmol) and

i odine (127 ny, 0.5 nmol) wetde added in sequence which

gave a tan solution after 30 mnutes at 0 Cel sius.

The solution wag treated with ter, decoloriged with

10% sodi um .t hi psul fat g( = e resul L itate
was fils®ne ilter ta washe fresh
wat er and vacugzaf, 50/Ce| sj us The
tan powd / osmg. Wi sp ayed—s%&ctN osgopi C
propertie nsi stent with the oposed S .
Step 3. The dgsired am de | prepared ag¥oRding to

step 2 wwth B (110 ng, 0.32/mol /
1.0 mmol ) by replacing the am h i so-prof)
(0.08 nL, 1.0 mol). The am de s obt ai ned\vax

N7 DA Oﬁﬁﬁéﬁ&ﬁoﬁ% %%W&aﬁf%%%l(%fﬁmdgr

Step 3 Nahirpraot ILCPE-Br@IﬁﬁJdemﬁlheﬂi})lmﬁhbllpéthépqlnﬁ)&{tﬁy@SH} odo[2,3-
zi ne-7-carboxylic acid 1sop ro(gilé am de was obt ai ne

bleprager qylld rtpsgthdyeppave hope (b &0 -Qf mod), N-Methyl- benzamide

s R I PPERICO) 0P, Ry, AT 0958 B amt v

]D'rrmhﬁd:thunhhl idianend (b ., 0i1 84 nbosiptretokend was heated under an argon
4- di am nop ridine in 5 rel ux etr hydrofuran
%{ﬂwé@ é@tl@&% §iqveR &t bﬂ] chearﬁg%fo%ﬁﬁ ’(nélt% Km toggperature,
Hhe r&a@%n livte \é‘e?s%ﬁfﬁ%d'bz ASK BN Sn cﬁﬁﬁnattb %xjaﬁh}p&{rﬁﬁ&bﬂgel with

was obt ai ned by repl aci Bin step
EtOAc7in| hedaneS 1O fyto r@%ﬁ@d@nﬁ}m B azmm) 125 gﬂe) thpidpercdgirodi@t (60 mg,

0 Yokatd S TR B By Ve T AP, £ 0F . 1. 705

1.04 {hUSH P33t (s 2HRC B F4i(§ 3HBf 3 8x13M9 (nd 220 di.§ N(LHP§L6928.94 (m,
to obtain the title conpound as the trifluoroacetate
23), 0:(s.1AHD; MM AHT; 467 Bty rlihe geadtal ekt duegs asdeseribed in these

ﬁa%éﬁl% Bt N DB T b o) BBy, Sha s 11D,

TG i t
e A

-propan | -one (50ngy, 15 0.177mmo1) was dissolved in
15 Examplel¥: di met hyl formanm de and the flask was purged with
carbon nonoxi de. Dinethylam ne (0.32ml of a 5.5M

et hanol sol ution) was added f Bl | owed
N/ \N

\=< o]

N
H

and K2Q03 (A8

Cyclohexanecarboxylic acid [7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3b]pyrazin-2-yl]-

amide. The general procedures as described in these Examples were followed. "H NMR

(DMSO-ds): 8 12.7 (s, 1H), 10.4 (s, 1H), 9.05 (s, 1H), 8.43 (d, J =3.3 Hz, 1H), 2.68-2.55
20 (m, 1H), 1.90-1.20 (m, 11H), 1.39 (s, 9H); MS [M+H]: 329.

Example 9.
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by pal | adi um bi s(di phenyl phosphi no) f errocene
di chl ori de, dichl oronethane conplex (14ng, 0.0177

WOornwb)106443 car bon nonoxi de-filled ball oon was aPCHEP®A9/051758

and the flask was stirred in a 1000 bath for 48hrs.
The reaction was worked up B#-addition of water and
ethyl 20 acetate. The |ayers were separated and the
aqueous | ayer was extracted tpice nore with eth
acetate. TRe conbi ned ?ng etate |ayersg,
i atfed [

Wi t[ and then sa odi um chl or

sol ut\o dreds@ver so suffatesertil t eed\

evapof at o aTesidue\_T, e & esi due—as MKZ by
silid | chr omat ogr aphy nol di chl oro to
gi ve (32% of productN 98-101 C, (M

275. 25 B

7-(2,2-Di net hyl - propi onyl ) - 5H p | o[ 2, 3- b] pyr azi

-carboxylic acid cyclopentylam de. Substituting
cycl opentyl am ne for dinethylamne. MP = 237.9-241.5C,

N-[7-@N+Bjmcthy3ardpioExladpl-pyrvalo NG -BpY 8z ir0B4/4]3benzamide.

PCT/ EP2009/ 051758 -43 O O O SEMN SEMN Hk N~ N step
1 N~ Nstep 2 NNO\= Br
Roq grnerzl proopdrsehis d%@r&ﬁdéﬁ theye Exprpples vicks fo llowed.'H NMR (DMSO):

ém ?g(.?a ?tlerps)éFﬁi 1897 L oy, RoBRE Yy, RERARM S 8 F48P1 2L im AH), 1.62 (s) ppm,
17627 B3 3E), (1240 ¢si oMy S $iaaryl328t hoxynet hyl ) - 5H pyrr

ol o[ 2, 3- b] pyrazin-7-yl]-2,2-dinmethyl-propan-I|-one
(0.25 g, 0.61 mmol), N Methyl-benzam de 5 (0.243 g,

Examfle80nmol ), K2C03 (0.185 g, 1.34 nmol), Cul (0.0175 g,

0.092 mml) and N, N - Dinethyl - ethane- 1,2-diam ne
(0.02 nL, 0.184pmml) in tol ee was heatgd der an

ar gon n SEW CRpWaNe” oven Bt 0

over ni ght. ool i ng e\ tsﬂg re,/ Mhe
reaction [y d by flash\col i

chr omat ogr@@% on silicaMR § th Et QAT higxane (10%
to 40% gradi et over 30 m n)N—t- gi ve the dgsrJed
product (60 nmg, 10 21%yi el d) 7SN\g yel |l ow oi | NVR
(CDC13, 300MHz): 6 8.43 (s, 1H) [ 04 (s, 1H)?} 45-
7.24 (m 5H), 5.65 (s, 2H), 3.74(s, 3H), 3.62-3.59

N-[7- (I(\Z/g D%ﬁgthyllpra]élo(@l% SMW(QTI% Bip9thzt -yl]z’c@nze&sﬁ@ona%e

e genera pr ocedures as
Step d r Abmdturﬁ of He[@eBrOE)oaﬁﬁlﬁmmyleﬂﬂmHeﬁmmbﬂhyl&W pyrrolo[2,3-

@Cgrg%%) 72-15 2‘% ggﬁu_étﬁylf‘fé%dn(g -ong f_ng &,_](E%I 1@021?0 O%EZGT\%mfbnamide
(oMuBll gt 0.933mol, 1.5 equiv.), Cul (0.023 g, 0.12 mmol, 20 mol%), N, N-
dimethylglycine (0.013 g, 0.12 mmol, 20 mol%) and KsPO, (0.323 g, 1.53 mmol, 2.5
equiv.) in DMF (2 mL) was heated under an argon atmosphere in a microwave oven at 153
°C overnight. After cooling to room temperature, the reaction mixture was diluted with
H,0O and extracted with DCM. The combined organic extracts was washed with H,O and
concentrated. The residue was purified by flash column chromatography on silica gel with
EtOAc in hexane (15% to 50% gradient over 20 min) to give 0.215 g of product as a pale
yellow foam. 'H NMR (CDCL): & 8.50 (s, 1H), 8.29 (s, 1H), 7.99-7.96 (m, 2H), 7.61-7.47
(m, 3H), 5.67 (s, 2H), 2.64-3.58 (m, 2H), 1.38 (s, 9H), 1.00-0.94 (m, 2H), 0 (s, 9H); MS
[M+H]'": 489.



15 Exanple 8. O HNN \N NO HN __10
Cycl ohexanecar boxylic acid
WO 700020634311 et hyl - pr opi onyl ) - 5H pyrr ol o[ 2, 3b] pRCHEP200R051758
yl]- ami de. The general procedures as described in
t hese Exanples were foll oweed5-' H NVR (DVSO-d6): 6
12.7 (s, 1H), 10.4 (s, 1H), 9.05 (s, 1H), 8.43 (d, J =
Ste 2HEhe ddreral Brda8dideSas ERcrftiad it Hiese ExS@plts 20rd flloddd)H NMR
1.39 (s, 9H); I\/B@I\/H—%ﬁ 329. Exanple 9. WO .
GDI5P1BE4 8 2PET/ EP2BO9/(9315854-747 (SENHIN - 1 BENPEY:SdS IM+HH]
i@ep 2 NN N\==<0\==< H Br H
[7-(2, 2-Di et hyl - propi onyl ) -5H pyrrol o
[ 2, 3-b] pyrazin-2-yl]-benzam de. The general procedures
Exam@ie 19escri bed in these Exanples were foll owed. 1H NWMR
DMSO): 6 12.85 (br s, 1H), 10.9 (s, 1H), 8.96 (S,
1H), 8.50 (s, 1H), 8.14-8.12 (m 2H), 1.62 (s) pp 5

7.765-¢.53f(m 3H), 1.40 ;M5 [ MrH] 5y

[ eYT0NQ"0 0, 'S tef SEMY HNgel, St ep) 2 N
N N Bl — /N

W NN NA
_ —=({ o = 9
=—=( o N—i70
’ RO RS
N-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-N-methyl-benzenesulfonamide.

The general procedures as described in these Examples were followed except replacing

benzenesulfonamide with N-methylbenzenesulfonamide in step 1. '"H NMR (CDCls): &
8.75 (s, 1H), 8.49 (d, J = 3.2 Hz, 1H), 7.56-7.53 (m, 3H), 7.44-7.40 (m, 2H), 3.36 (s, 3H),

10 1.23 (s, 9H); [M+H]": 373.

Example 12.

- jou

N\N
| |/ Q"N
Br” N Ph o)

(o)

2,2-dimethyl-1-(2-phenoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one
15 A mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-
yl]-2,2-dimethyl-propan-1-one (0.051 g, 0.12 mmol), phenol (0.017 g, 0.18 mmol),
potassium phosphate (0.056 g, 0.26 mmol), 2-di-tert-butylphosphino-2'-(N,N-
dimethylamino)biphenyl (0.0041 g, 0.012 mmol) and Pd(OAc); (0.002 g, 0.009 mmol) in 1
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LVO NS NBr H\O H
N-[7-(2, 2-Di net hyl - propi onyl )-5H pyrrol o

WO 20034043/ r azi n- 2-yl ] - benzenesul f onam de St ep BCT/BP2009/051758

m xture of

1-[ 2- Brono- 5- (2- t ri met hyl si Hfayl - et hoxynet hyl ) - 5H pyrr

ol o[ 2,3- 10 b]pyrazin-7-yl]-2,2-di nethyl-propan-1-one

10.oF%olgencOv Blstinmdla) 100N Re N8I tHeaRAM MY for @ Kl 4Bheesulting dark

0.91 mmol, 1.5 equiv é? Cul 60.023 g, 0.12 mmol, 20

PFgNLR MIXYre Nyas cﬂ’F‘WélOH?ﬁl tyesh ) md- efeshy] acgsatg anglfmL ofgwater. The

%Fﬂ% 1@@%%@5’9 §Qrmx §§09 iifer@Badheerfrated 6 QH 'oYan?ge 'oﬂ Column
eate er an argon atnobsphere i’n

ahr@mamgmphp«bao%tEtﬂ)%/he@ms)aaﬁﬁmghd 0.0A2 ge{ﬁz%a)of e 2),2 dimethyl-

[ ERharg Paaethtn Get Babapsere B e Aot eaazin-7-y-propan-

ROHSWN £yl @& tyhi¥R ¥ ayesaadtidut RirflRG@istation.
concentrat ed. The residue was purified by flash col um

chromat ography on silica gel with EtQAc in hexane

Exampfl¢3% t o 50% gr adi ent over 20 mn) to give 0.215 g of

product as a pale yellow foam 'H NWR (CDC13): 6 8.50
(s, 1H), 8.29 (s, 1H), 7.99-7.96 (m 2H), 7.61-7.47
(m 3H). 5.67 (s,SBM), 2.64-3.58 (m 2H)N1 (s,

9H), 1.00-0.9%4 N 2H), 0 (s, 9H); M5 +: 489.
WD 2009/ 106¢ %' EP2009/ 051758 - 45 The

gener al INfUr &s as describedsi n th se anpl es were
fol | oned. pdH NVR SpMS0-d6): 6 8.23 (Bh 1 ~00 (s,

1H), 7.54-7.47 5H), 1.17 (s, 9H); M5 | +:  359.
Exanmple 11. O O’ O SEMP/\ N step 1 SEMN step 2 HN NO
N \NN NOII OO Br INSO /NS

ég@tléjl B?%r?ﬁ%y dinF SN on?flghu)enwng LS i ehidnbethoppmethyD-SH-

Ifsgglrb% @ls. %ggw gg p@épaqleﬁ 6hé gbﬁéiaak&i 4cRERIEoFS %@pérglsprwdgres as

xcept 'aci n zenesul f onam
d¢s¢mbddylh blerse Eresples,d A& (ge“() Wfsmaml’il) in 1 ERINVRIICIDDEEBYthane and 1

%%o%ﬁzﬁ?o(rga%ﬁg%ag I,ﬁu(rd or lé %gleegoh%qﬁafedg%gg?e@%&en oil,
Whikh v&[a%ﬁﬂti‘ﬁ'oné’d?@etween 5 mL of a sat. aq. NaHCOj solution and 5 mL of
dichloromethane. The aqueous layer was extracted with 5 mL of dichloromethane, and the
combined organic layers were dried over MgSOy, filtered and concentrated to a pale yellow
oil. The oil was dissolved in 1 mL of ethanol and treated with sodium acetate trihydrate
(0.103 g, 0.756 mmol). The mixture was stirred for 2 h, then concentrated. The residue
was partitioned between 5 mL of water and 5 mL of dichloromethane. The aqueous layer
was extracted with 5 mL of dichloromethane, and the combined organic layers were dried
over MgSQy, filtered and concentrated to a pale yellow oil. The oil was again dissolved in
1 mL of ethanol and treated with sodium acetate trihydrate (0.101 g, 0.745 mmol). The
mixture was stirred for 4 h, then concentrated. The residue was partitioned between 5 mL
of water and 5 mL of dichloromethane. The aqueous layer was extracted with 5 mL of
dichloromethane, and the combined organic layers were dried over MgSQy, filtered and
concentrated to an off-white solid. Column chromatography (0->33% EtOAc/hexanes)
afforded 0.014 g (65% from impure; 40% 2-step) of 2,2-dimethyl-1-(2-phenoxy-5H-
pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one as an off-white solid.



Exanple 12. H N,, N Ph OPEM PEMNNNNON Br N
Ph O O 2,2-dinmethyl- | -(2-phenoxy-5H pyrrolo
WO 2003A03/r azi n- 7-yl ) -propan- | -one 15 A m xtRCEERF009/051758
1-[ 2- brono-5-(2-trimet hyl sil anyl - et hoxynet hyl ) - 5H pyrr
ol o[ 2, 3-b] pyrazi n-7- yl]-2, 27i net hyl - propan-1| - one
(0.051 g, 0.12 mmol ), phenol (0.017 g, 0.18 mol),
Paingdsildm phosphate (0.056 g, 0.26 mmol),
2-di -tert-butyl phosphino-2"-(N, N-
di met hyl am no) bi phenyl__(0. 0041 g, 0,012 mmol ) and
Pd(OAc)2 (0.002 g, 0.009 nww ) 1| WD 2009/ 106443
PCT/ EP2009/ 051758 - 46 f Yol 'nene was stirred at
100 C for 13 h, then aL\l 4/ h. The resulting
dark orange m xture maé“pawiltl ned between 10 nL of
i
r

ethyl acetate and 10 n wat ey/.~0®he organic |ayer
was dried over JSH4, f red concentrated to an
orange oil. Columm ch tography (0-20%

Et OAc/ hexanes) afforded 0.032 g (62% of inpure
2,2-dinethyl 5

1-[2- phenoxy-5-(2-trd @WthyIS|lanyl e;Efw tMyI) 5H py
n

rrolo [2,3-b] pyrzi § yI] propan- a yel | ow
oi I, which was [us ation.
Exampl e 13. j\ J[ - I N N P O Ph O}Agsol ution
of i mpure

2, 2-di net hyl -1 -[ 2- phenoxy-5-(2-tri hyls I'anyl - et hoxy
met hyl ) -5H 10

-Gl ia?yia%t%ﬁﬁ@aﬁﬁmﬁi&h%? SR gREp PBLER ﬂw?wga L-one

Exanples, (0.032 g, "0.075 mmol ") in 1 M. of
e N

wi-2,2-dimethyl-propan-1-one (0.051 g, 0.123 mmol) and rnethylcyclopentylarnlne (0.050
mL, 0.44 mmol) in 1 mL of N-methyl pyrrolidinone in a sealed tube was stirred at 200 °C
for 20 h. Additional methylcyclopentylamine (0.100 mL, 0.88 mmol) was added, and the
solution stirred at 200 °C for 3 d. After cooling, the dark orange solution was partitioned
between 10 mL of ethyl acetate and 10 mL of'a 10% citric acid solution. The organic layer
was sequentially washed with three 10 mL portions of water and 10 mL of a sat. aq. NaCl
solution, dried over MgSQy, filtered and concentrated to an orange oil. Column
chromatography (0-20% EtOAc/hexanes) afforded 0.030 g (58%) of impure 1-[2-
(cyclopentyl-methyl-amino)-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, which was used without further purification.

Example 15.

A/

H
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N _—— N
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whi ch was partitioned between 5 nL of a sat. ag.
NaHCO3 sol ution and 5 nL of dichloronethane. The

w@owenus43 ayer was extracted with 5 niL of PCT/EP2009/051758

di chl oronet hane, and the 15 conbi ned organic | ayers
were dried over MgSO4, filteted and concentrated to a
pale yellow oil. The oil was dissolved in 1 nL of

AtsBRinoh oﬁﬁﬁbdré eé[QG(dydMﬁeht}&QQBthyha&hﬁﬁd)ai—eZ “triith &t glis ddrey1-
03 g, ture was stirred for 2

ﬁhO%yﬁI&ﬁhsébﬁHenWﬁOﬂgé b]wﬁ@zane%w@ez digethydrepan: LARe prepared
o%eﬁéra%ro@@cfu%s a@'agsc'i_’lg% n?t{l]le% En{hlnf I&Uﬁib‘ﬁﬂg O.Jﬂemmol) i

aqueo S ayer was extracte
Himt h fahdrleohettene amdl 1 tnfleo Ctorffobreadetaragahwes dtamedrfer 3vbr then
dried 20 o tered and ncentrated . tq .a
SRReEntiakyd; swsa}awlﬁﬂ%ue&ﬂ towa@ﬂa Hth EHesdby adistovedn gymL of
&flan%ﬁ Q@@@&m@@@nh @@@hﬁ%%&%ﬁ%&r{o 308%:ab 96 Exhl'inP' r "ﬁltleeyellow

0.7 nmol ) . m xture was stirred for
mlxtmh e‘ras cstmr@(é frtrrlétle dlen‘rbhecerner@tedm@ awelowaolid. t Colned chrornato graphy

@Wt% &HP@SU ?f ﬁtgk}% V@Véao? &?@gg@?gge% SF%OIH%N or(%?e tli]lervﬁexanes) afforded

6log4¥ o (VB EbaNignpuad) d 2¢hevocashioTe d 2qE g cht 1 aNEhH-gihe)-SH-
drled over Cﬁi filtered and 25 concentrated to an

OfF W»%@pwm& yood, amdimethy larapagt-aphys ¢ ohigsokd.
Et OAc/ hexanes) afforded 0.014 g (65@6fron1|npure 40%

Exmné%ﬁtep) of 2,2-dinethyl-I-(2-phenoxy-5H

Polo[2,3-b]pyrazin-7-y|)-propan-|-one as an
off-white solid. WD 2009/ 106443 PCT/ EP2009/ 051758

1-(2- etls%?% SEERIRL B plrrdin-Py 1P M fn M prap- Monld M N 1

1-[2- (cycl opentyl - net hyl - am no) - 5H- pyrrol o
[2,3-b] pyrazin-7-yl]-2,2- dquthyl pfopan- | -one 5 A

sol ution of
1-[2-bronv-5-(2-trinethylsﬂla et hoxynet hyl ) - 5H pyrr
ol o[ 2, 3-b] pyrazin-7- yl]o72, I TRet hyl - propan-1 - one
(0.051 g, 0.123 mmol) |a met hyl s¢gl opent yl am ne
(0.050 nL, 0.44 mol )“1n 1 f N net hyl
pyrrolidinone in a seal ed tube/was stirred at 200 C
for 20 h. Additional nethylcyclopentylam ne (0.100 ni,
0.88 mmol) was added, and the solution stirred at 200
Cfor 3d. A ter.ﬁEMIing, t he dark orange soIszpn was

titi
parti |02;j:” | ) ‘/T/[:‘, h

A mixture of 7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-1,5-dihydro-
pyrrolo[2,3-b]pyrazin-2-one (0.080 g, 0.23 mmol), iodoethane (0.018 mL, 0.24 mmol) and
potassium carbonate (0.038 g, 0.28 mmol) in 3 mL of acetone was stirred at reflux
overnight, then concentrated. The residue was partitioned between 30 mL of ethyl acetate
and 30 mL of water. The organic layer was dried over MgSOy, filtered and concentred to
0.075 g (86%) of crude 1-[2-ethoxy-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a yellow oil that was used without further

purification.



10 between 10 nlL of ethyl acetate and 10 nL of a 10%
citric acid solution. The organic |ayer was
wGQewaam4inl | y washed with three 10 nlL porti onSPOFEREDEOS51758

and 10 nL of a sat. aq. NaC solution, dried over

MySH4, filtered and concentrdded to an orange oil

Col um chr omat ography (0-20% Et OAc/ hexanes) afforded
ExamPleQ30 g (58% of inpure 1-[2-

(cycl opentyl - met hyl - am no) - 5- (2-trinmet hyl sil anyl - et hox

ynmet hyl )-5H pyrrolo [2,3 15

b] pyr azi n- 7-y].] - 2,3EMi net hyl - pr opan- I-one whi,eh was

used withou er purification. T&t SEM H

NNNNN 6o Sl O/ND 2009/ 106443 PCT/ EP2Q09/ 58

-48 A sol @i oM of \i nmpure

1-[2- (cycVopentyl hyl - am no) - 5- ( 2- 1tj)met hyl pedanyl -

et hoxynet hyl ) - yrrol o[ 2, 3-b] pyrazifi-7-yl 2-di met

hyl - propan-1-on€, prepared according to gen I

procedures as described in these Exanples, (0.030 g,
071 mmol) in 1 nL of dichloronethane and 1 L of

ArSthg@ pbewde §-62-aidpuy-ad 2-temicthy bstlamdretipxymet itybnS - pyrr010[2 3-

@ﬁg%%ﬁf%?dzd Fﬁ@%ﬁ@% ]EMn 'Q'&r}{ djgﬁ%e%tqw ? h%t r ea ed

Iclilbrosadhandaad etralt, f trifldoyshcaticadi @ wio &uged or 3&0thenebycentrated,
The yellow m xture was stirred for 16 h,_ then

hoNEBRYTPANT. o ot iBuresisue cves GPolNe! BV Bibetisghoaphipd treated
e N T

thog coreentted tcwomside@) Co]hrnn chromatography (0->30% EtOAc/ hexanes)

Syt 65 TP blo e T hobos T haRolng Wprrg a2 2 ety
ﬁlmhéﬁswlhhtesoh@xarml e 16. 1-(2-ethoxy-5Hpyrrolo
3-b] pyrazin-7-yl)-2,2-di methyl -propan- | -one NH
QNJO SEM N SEM ONI/~~~HONO 15 A

ExampleX8ur e of
7-(2, 2-di met hyl - propi onyl )-5-(2-trinethyl sil anyl - et hox

ymet hyl ) -1, 5- di hydr o- -
Ns
oV,
HN™ °N
Ph (o]

SEM SEM

e L/

2,2-dimethyl-1-(2-phenylamino-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one

A mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-
yl]-2,2-dimethyl-propan-1-one (0.206 g, 0.50 mmol), potassium carbonate (0.152 g, 1.10
mmol), copper (I) iodide (0.014 g, 0.075 mmol), proline (0.017 g, 0.15 mmol) and aniline
(0.46 mL, 5 mmol) in 1 mL of dimethylsulfoxide was stirred at 90 °C for 5 d, then allowed



pyrrol o[ 2, 3- b] pyrazi n-2-one (0.080 g, 0.23 mmol),
i odoet hane (0.018 nL, 0.24 mmol) and potassi um
w@200bom@sx (0.038 g, 0.28 nmmol) in 3 nL of acePONEPMAF051758
stirred at reflux overnight, then concentrated. The
resi due was partitioned betwden 30 nL of ethyl acetate
and 30 nL of water. The organic |ayer was dried over
wgsgn , THel thixeure évag pert€ionekindtivech $OmMLAY cbhyd dsetge @BSYY ntf of water,
crude

andythe eraapieyaxsy pvas sk wigh 39 mingh 2 et rex DAt s{%hftjo_mé drissgver
lgl%)b/@% Zand BhEiEHDs 4 786idic2 o &ﬁgﬁ%}ﬂ %%??QO&Z@%GE@AC/MXWGS)

l ow oIl that was used wt
gﬁnd&i@aﬂlgm4$%1bﬂbﬂghﬁﬁﬁﬂ48ﬁPﬁﬁh&E@m@@ﬁGaﬁﬁﬁ&ﬂnAdEnyL

anpl 7. ., SEM H N O A solution f crud
e S I PRy T sy rosim R TS B Satid
rol o[ 2, 3- b]pyrazin-7-yl]-2,2-dimethyl -propan-|-one
ExmnéQ' 75 g, 0.20 mol) in 2 nL of 5 dichl oronethane and
“of trifluoroacetic acid was stirred for 3 h, then
concentrated, chasing with toluene. The resulting
resi due was d|ssoISBM in 3 nL of ethanol andpntreated

wi th sodi um trihydrate (0.270 g
The n1xtu;§ﬁi§s st prred overnight, the
to a resi . chr.omat ogr gphy iy
Et OAc/ hexarhgs) af f ?ed 0.039 g (80% Pif

1- (2- et hoxy-5H rol o[ 2, 3-b] pyrazin-7-yl)-

| - 10 propan-|-one as a white solid. Exanple 18. H
J;NL" HNNPh O | SEMSEM NS N~NN BrIN HN N O Ph

O
A solution of 2,2-dimethyl-1-[2-phenylamino-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (0.102 g, 0.240 mmol) in 2 mL of
dichloromethane and 1 mL of trifluoroacetic acid was stirred for 14 h, then concentrated.
Column chromatography (20->70% EtOAc/hexanes afforded 0.055 g of the formaldehyde
adduct of the desired product. This intermediate was dissolved in 1 mL of ethanol and
treated with sodium acetate trihydrate (0.327 g, 2.40 mmol). The mixture was stirred for
24 h, and solid was isolated by filtration, rinsing with water and ethanol, and dried to afford
0.010 g (14%) of 2,2-dimethyl-1-(2-phenylamino-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-

1-one as a yellow solid.

Example 20.

2,2-dimethyl-1-[2-(methyl-phenyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one

N
®
Z
\l;l N
Ph




2,2-dinethyl- | -(2-phenyl am no-5H pyrrolo
[2,3-b] pyrazin-7-yl)-propan- | -one 15 A m xture of

W@ 2094 0MadD- 5- (2-t ri met hyl si | anyl - et hoxynet hyl P HEPI999/051758
ol o[ 2, 3-b] pyrazin-7- yl]-2,2-dinethyl-propan-I|-one
(0.206 g, 0.50 nmmol ), potassilum carbonate (0.152 g,
1.10 mmol), copper (1) iodide (0.014 g, 0.075 muol),
proline (0.017 g, S nmmol ) and aniline (0. m., 5
mol) in 1 nm of drimethyl sul f oxi de was sNi d at 90 C

for 5 d, the d WO 2009/ 106443 PqT/ EP20p9/ 051758
-50 to cool NT yxt ure—was pagtit en 50 nL
of ethyl Beetd¥e ahd 30 nL of water, I:,hang t hg=gg gani c

| ayer was washe i 30 nL of a sat. ag.

solution, dried er MSH, and concentrat to a
resi due. Col um chr omat ogr aphy (0->45% Et QAc/ hexanes)
afforded 0.102 g (48% of

L

one as a pale orange solid. Exanple 19 SEM N N
K'm&'tu'r'g\'om begn%]S @Eﬁmghﬁ‘lsﬁ%yqle't ethyl) 5H pyrrolo[2 3 b]pyrazm 7-
di met hy -[ 2- phenyl am no-"5- (2-tri meét hy anyl
bﬁ%@nﬁ:ﬂiy)-pﬁ}ﬂan—l -one (0.053 g, 0.129 rnmol) N—rnethylamhne (0. 021 rnL 0.19

Aol M GO O ety RAVAF LATEERS a0 i psiom

éaﬁrﬂ)cfﬂatéC(K)QBQ%f 02586k Va2 Sl 61tBRch®Was dirfed 4t N0 °C in a microwave
concentrate Col utm chr omat ogr aphy (20- >70%

for ke fhisarbhal" GinfomirsewaeoBs 1 §, D BHESG 67 e gishyve for 1 h, then
Uy Blron e85 AR TR OB PRI G ora

@ozt Q(H%mﬂmﬂﬁ&hahﬁ@l B2mghyl2p ey arain )- 5 Deariffctiylsileny]-
s stirred for and solid was | sol at ed @

4t ‘P’EYFIé@cﬂPBEl}T5HrRYﬁ%°il‘?{§ %@]pwamﬂew lpepadr hamots @ WiVl ed
to afford 15 0.010 g (14% of

-di met hyl -1 - (2- phenyl am no- 5H- pyrrol o[ 2, 3-b] pyrazi n
| )-propan- 1-one as a yellow solid. Exanple 20.
2-dimethyl- | -[2-(nmethyl - phenyl-anino) 5H pyrrol o

[2 3- b]pyra2|n 7- yﬁﬁmpropan- | -one N N ICI ~

'\ /I: A~ '\ /I: P

Exarng 1’3 p

A solution of 2,2-dimethyl-1-[2-(methyl-phenyl-amino)-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (0.021 g, 0.048 mmol) in 1
mL of dichloromethane and 1 mL of trifluoroacetic acid was stirred for 1 h, then
concentrated. The residue was dissolved in 0.5 mL of ethanol and treated with sodium
acetate trihydrate (0.065 g, 0.48 mmol). The mixture was stirred for 15 h, then
concentrated to a residue. Column chromatography (50->100% EtOAc/hexanes) afforded
0.009 g (61%) of 2,2-dimethyl-1-[2-(methyl-phenyl-amino)-5SH-pyrrolo[2,3-b]pyrazin-7-

yl]-propan-1-one as a yellow solid.

Example 22.
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N N Ph O WD 2009/ 106443 PCT/ EP2009/ 051758 -51 PEM N
PEM Br NN N O Ph O 2,2-dinethyl- |

wo p@9fieashyl - phenyl - am no) - 5H pyrrol o PCT/EP2009/051758

[2,3-b] pyrazin-7-yl]-propan- | -one A m xture of

1-[ 2- br onp- 5- (2-t ri met hyl si F&ayl - et hoxynet hyl ) - 5H pyrr
ol o[ 2, 3-b] pyrazin-7- yl]-2,2-di nethyl-propan-1-one
(0.053 g, 0.129 mmol)|, N net ilipe (0.021 ni, O0.19
5 mmol ), Pd2(dba)3 (Q.012 nol ), BINAP (0.012
g, 0.019 mmol ) and cesium (0.084 g, 0.258
mmol) in 2 nL of tquenéﬂE?sthlrred at 120 Cin a

m crowave for 1 h, t a mcrowave for 1
h, then at 180 Cin 4 cr Shave 1 h, then
concentrated to a resi Col u r omat ogr aphy
(0->30% Et OAc/ hexanes orded 0.0R1 g (37% of
2,2-dinmethyl-1-[2-(neg - phenyl -am po) - 5- (2-tri net hyl
silanyl 10

et hoxynet hyl ) - 5H pyrrol o[ 2, 3-b] pyrazi n-7-yl ] -propan-1 -
one as a yeIIOM/o§¥ Exanple 21. N PEM Nlirufﬁ N Ph

OPh O As 0
2, 2- dlnethy| | (nethyl-phenyl-anino);Eég/-t i met hyl
si | anyl - N

N
et hoxymnet hyl ) - SH pgygrol of 2, 3-b] pyrazi nd7-yl ] - gan- | -
one (0.021 g, 48 mmol) in 1 15 nBhof Ph
di chl oronethané and 1 nL of trifluoroacetic acrd was
stirred for 1 h then concentrated. The residue was
ssolved in m. of ethanol and treated with sodi um

Cycbh@@'ﬂ -atld-@er qiiwffml ErqreeydsS g-pyyoleg2 Aridpyrazitrieyliiugaur e

was stirred for 15 h, then concentrated to a residue.

gg]ﬁlg'&lng%ép { gfgb)érgqg g%gy@é’ISTg]yISI 2(1)1%? eﬁgo%yﬁ{eﬂleﬁagﬁ %/rrolo[2 3-b]pyrazin-7-
adalﬁﬁmwij;fdpaha - §etonylo-gd D@ yhmen] Moﬁiénmerlhﬁh@{@z@m 1.54

I pyrazin % propan-1-one as a yel | ow sol
Inmh)p Fesiuag carpgnare (0D 112)5424&) mmwl)Ele@@igrrmsqews (0.03bg, ND 14 mmol)

anu ltJHNAP (0.087 g, 0.14 mmol) in 14 mL of tetrahydrofuran was stirred at 90 °C in a
sealed tube for 64 h then concentrated. The resulting residue was taken up in 30 mL of
cthyl acetate and sequentially washed with 30 mL of water and 30 mL of a sat. aq. NaCl
solution, dried over MgSQy, filtered and concentrated to a residue. Column
chromatography (10->25% EtOAc/hexanes) afforded 0.670 g (93%) of 1-[2-
(benzhydrylidene-amino)-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-
7-yl]-2,2-dimethyl-propan-1-one as a yellow oil.

Example 23.

SEM

L 13

A mixture of 1-[2-(benzhydrylidene-amino)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.670 g, 1.31 mmol), sodium
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Cycl ohexyl -3-[7-(2, 2-di net hyl - propi onyl )-5H pyrrol o
WO 20034043/ r azi n-2-yl ] -urea A m xture of PCT/EP2009/051758
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ol o[ 2, 3-b] pyrazi n-7- 5 yl]-232-di net hyl - propan-1 -one
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dectrie (ONOBSI g, 3. lﬁeﬁjnumaﬁ&hbmﬂaylenﬁ& @lizomormeqo 16ug| 2.36 mmol) in 13
pal | adi um acetate (0.0 and BI NAP
b b grethnofwaystiag) fpr | h til&n ﬁ?_ncéﬁtr%té@ Foa%SFé}dé}F uFahnias
0 0
B 0 R R0 R R LR 2 e AP g2
tmimeoliylsiknhlyé¢thacebaby)-aHepysede/8r3-b lalytay invagH 92:12-\dllm¢‘thﬁQ)ropan- 1-one
nmL o&i vvag r and 30 nL of a sat. aq. NaC 10 sol ution,
Brd WD MySo4, filtered and concentrated to a
resi due. Column chromat ography (10->25%
Examﬁ%%” hexanes) afforded 0.670 g (93% of 1-[2-

enzhydryl i dene-am no)-5-(2-trinmethyl sil anyl - et hoxyne
thyl)-5Hpyrrolo [ 2, 3-b] pyrazi n-
7-yl]-2,2-di net hyl -propan-1-one as a yel |l ow oidEM

Exanpl e 23. SEMS N NM N NNH2NNEJ PhOO
15 A m xture | Y

1-[2- (benzh eryl ne-am no)-5-(2-tri AR T anyl - et h
oxymnet hy NG

pyrrol o[ 2, 3- b] pyr On?yl] 2, 2- di metNayTO pr n-?-one
(0.670 g, 1.31 sodi um WO 200906443

PCT/ EP2009/ 051758 -53 acetate (0. 2, 3.14 muol)
and hydr oxyl am ne hydrochl oride (0.4 g, 2.36 nmol)
in 13 nL of nethanol was stirredfor 1 h, then

concentrated to a residue. Colum chromat ogr ap hé '
As0kutis0of EfDavrite i dResinct sdpndati®x3sethy ) Hdutyrrolo[2,3-b]pyrazin-7-

DRt PR R R 5T Sy b pgiohexyl socyanate (0.37 .
1.8.ndndl) BY3 adi 6F dichiblocthare FafBirRad at REMRABr 19 h; ABE corzeSated to a
a white solid. Exanple 24. SEM

residue. Column chromatography (10->50% EtOAc/hexanes) afforded 0.103 g (76%) of 1-
cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yl]-urea as a brown solid.

Example 25.

A solution of 1-cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea (0.102 g, 0.215 mmol) in 2 mL of
dichloromethane and 2 mL of trifluoroacetic acid was stirred for 1 h, then concentrated,

chasing twice with toluene. The residue was dissolved in 2 mL of ethanol and treated with



NEMNNN HINNHINO OOHNG6 A solution of

1-[2-am no-5-(2-trinmethylsilanyl -ethoxynet hyl)-5H pyrr
W@R@®PR0634D] pyrazi n-7- yl]-2,2-di met hyl - pr opan- PEDRR2009/051758

(0.100 g, 0.287 mmol) and cycl ohexyl isocyanate (0.37

mL, 10 2.9 nmmol) in 3 nL of54di chl or oet hane was

stirred at reflux for 19 h, then concentrated to a

Jodfingl u&tat@ahhayﬂmt@ (0. 293¢, Qgrsalmhy) 1)( e xhifarEtveb\etihieix@ne6 h, then

af forded 0.103 (7699 of
CPEFBFESE P asf@fldfue( f@uwpﬁé{mtowﬁpf GRy1807sEPA ¢ herppeypfforded

j 0 | _ .
0,650 Buv PANOIKIRIIN I PIY. - dimethy - propiopyl)-SH-pyrrolg[2,3-blpyrazin-2
}H}(-arqalae afhiteRBEMIH HN N XN HN 0040 O HN 0040 O 15 6

A sol ution of

1-cycl ohexyl -3-[7-(2, 2-di net hyl - proplon¥ % -(2-trinmet
5 G9mBeyrapyppared in simi ar fashion as 1-cyclohexyl-3-[7-(2,2- dlrnethyl proplonyl) SH-

@%ﬁg@g E%E%E§§Eﬁ6{§ylo[2 3- b] pyrazin-2-yl]-urea
in 2 nL of dichloronethane and
2 nmL of trlfluoroacetlc acid was stirred for 1 h, then
@%&&@Eﬁatp;d(z 2 aashy1Hrépbed)-SHL R ridd [Q%D@] yrhBR-2- 2%%&3
was di ssolved in 2 nL of et’hanol "and trea ed wit
2009/ 106443 PCT/ EP2009/ 051758 -54 sodi um acet ate
JAK Agsinirdsmigioh0. 293 g, 2.15 mmol). The m xture was

stirred for 16 h, then concentrated to a residue.
Col utm chr omat ogr aphy (50- >80% Et OAc/ hexanes) afforded

10 Deter%nng}c o f(el%% ﬁ{n}ls(K m%sed Jﬁeﬁ)ﬁi} lbrlJtrl(())npl onyl ) -5H pyrrol of
Emﬁmh$pydgmﬁmkzubyhﬁewméamakmaﬂwhﬂtkn%ol|d 5 Conpound
prepared in sinilar fashi on as
1- cyclohexyl 3-[7-(2, 2- dlnethyl propi onyl ) -
pyr r JOIKol[ f\egomPlgyma{gmmnéq@qs? gmam: from Invitrogen (Cat # PV4774)

SRR e At AR Yot L 00 Yldon SLE AU {248 or preparc.

Det AR ﬂeb@ﬂbmﬁnﬂ Iﬁi&ndcfma];aﬂuﬁlaiﬁl fﬁﬁﬁ&/h(llﬂp%lfé (Cat # 14-640)

i nhibition:. Enzynes .and_peptide substrate used are
15 des Cﬁqb@t@q}e:ﬂ&tgwmally biotinylated 14-mer peptide derived from activation loop of

JAK1 with sequence of the peptide substrate: Biotin-KAIETDKEYYTVKD

Assay conditions_used are described below:

Assay Buffer: JAK Kinase Buffer: 50mM Hepes [pH 7.2], 10mM MgCl,, 1mM DTT,
20 Img/ml BSA. The assay is carried out in this buffer.

Assay Format: The kinase activity of all three JAK kinases is measured using a

radioactive, end-point assay and with trace amounts of >*P-ATP. The assays are

carried out in 96-well polypropylene plates.

25 Experimental Method:

All concentrations are final in the reaction mixture and all incubations are carried at room

temperature. Assay steps are described below:

Compounds are serially diluted in 100% DMSO typically at a 10x starting

concentration of ImM. Final concentration of DMSQO in the reaction is 10%.
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JAK1 : Reconbi nant human ki nase domain from I nvitrogen
(Cat # PV4A774) JAK3: Reconbi nant human ki nase donai n

WO e@mitdd4kd | pore (Cat # 14-629) or prepared. JPKREP2009/051758

Reconbi nant human ki nase domain fromM I lipore (Cat #

14- 640) 15 Substrate: N-ternidmally biotinylated 14-ner
peptide derived fromactivation |oop of JAKL with
sequestaualls ilkerepaibackd withaiziyak€0.5nM JAK3 (commercially available),
Bi ot i n- KAl ETDKEYYTVKD Ass condi tions-used, are

des 1 AABE! BiRpedb Ay VBIAK s nM ARKE) il B - S0

Hep

Tho GraRinds & proie b i o YL P AT AR R JaKD)
The fat hasenuest i vity of all three JAK ki nases is

red usin d|oa lve, .end assa and
oSt S fhiseed G ingaainepor §RecBEL AL ue R e Yutilittes TP and
out ﬁeﬁu&zpﬁeﬁhiednﬁ knePraeXlienRe H%h%;)eﬁl the JARSPANKIBRLRA! ATP and the

concentrations are final in the reaction
mi xtmp‘edfaard usdd aticoueebtrpiionofdriaM and f@M atespagtively. JAK1 assay is

comamas SrebaTY sPhGREr Riel SRR 4050p R Dyssmaionyet soum

at arﬁe%ratoarotﬂtmgass ¢ eAKD ahi QAKSfis 20Minftb)FAK 1 assay is carried
concentration of Oin the reaction is 10% WO

2009t (58 4493nipgtes BFRb e thse paeymespactions siaigeniapted by the addition

prei (comTerC| ally

e E%%%QW%@& pfgté%g% M JAK2, 5nM

JAKD) dlolftelﬁume'aiweasmnmmmmﬁﬁrea tceliiheli afaubith Qd/VWsltlhy of
enzyme (0.5nM JAK3, 1nM JAK2, 5nM JAKl%: for

m nuTERtavignzensteq %?ﬁ%ara$eebqaﬁ$ niMeel- sy ﬁ‘élzszfaulﬁl’élﬁswte Buffered

ac cs%lﬁh@bé)ntgﬁlﬁlg%HMf A ﬁ?é@%egl’&l-rfurﬁ?\ﬁultlg@[@éﬁ @Qf ﬁlter plates.

prem xed I n JAK Ki nase Buffer

assayfsgr aADPmamnutk inbebatipeptht deadaraes weddd ander vacuum w1th the following
con IP rations of 1.5uM and 50uM respectively. JAKL
ass(:h‘l‘ carried out at an ATP concentration of | QuM
and a pePUQM%ﬁfé@%ﬂﬁGOQﬂoPﬁNﬁﬁm The duration of
the assay for JAKZ and JAK3 is 20 mnutes. JAKl assay

is carri ed3 o0 washep avithRAYO0rvil pG2esNa@iynlis Hlol (vivhpbesphoric acid.
enzynes, actﬂo ﬁ are term nated by the addition of
0.5M EDTA t &°% V'R @oncentration of | CO™M 25 ul of

t er nvagea @ ldt&ast dﬁétﬁlnai(ﬂ)OCroarBﬁff(ﬁrHeﬁﬁee&lq t530hddrs. of a

7. 5%(v/v slurry of streptavidin-coated sepharose

beadd ulef MjapscingHyscaydinpon flawl ik pddmdde sheht welbaf filseradates and after
Sal 'a[g agtoﬂ)t ﬁ’é@'teg%f ?r%ﬁ%t?bélf esTd%fg{; ?0@1&1&{1% %&s&é@in a Perkinelmer

Mul t'T Screen
I ncubiatdptene sctditellalmeﬁdSuraEIe washed under vacuumw th the
fol |l owi ng

Representative 1Csq results are in Table II below:

TABLE II

IC50 h—jak2- IC50 h—jak3-
Compound
sf21-c sf21-c
I-1 0.1289 0.0592
1-34 0.47099
1-35 0.49753
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30

buffers: 3 to 4 washes with 200 ul of 2M NaCl. 3 to 4
washes with 200 ul of 2M Nad plus 1% (v/v) phosphoric

W@e00d/106413 wash with water. 20 Washed pl at es arBCUEP2d9/051758

in a 60C oven for between 1 to 2 hours. 70 ul of
M croscint 20 scintillation-38-uid is added to each
well of filter plates and after at |east 30 m nutes

SYK Afsai lefohaitioan, radi oacti ve counts are neasured in a

Per ki nel mer mcroplate scintillation counter. 25
Representative 1C50 results are in Table Il bel ow

Determbgition of, I(?@onb&mlnm Toagire Kinage (YYdspinhihities- sf21-c

e 1-1 592 ~ 1-34 09 35 0..497
; ?'ﬂ)%}ilr%a @ﬁ‘}agbgﬁﬁij’/a@%af teég% %gwglléaé[ FRGP Shis assay is

]%(dﬂfo@ﬁlﬁ@ﬁﬂ QR wR tfigrinibt MR TICONd DérndifRBn af itk bLeFlesT x)(/hféﬁ ir§esented 10
i nase (SYK) inhibition: SYK kinase assay is a

halblng dilatigisrrade Aé)s;slayeaaf@kapw@lm@ 0The aBaywwichsys¢sethe incorporation of

st lsgehi ALY i e KB ﬁ}%ﬁ?@@ﬁ}ﬁ%ﬁﬁ&%@%ﬁ”ﬁ%@%ﬂ from
mat@all ob Qi f)ﬁgsh%‘a%cé}ﬁ&r @dnéists {BaGHk Qﬁlo\(lﬂl uk Dﬁfr

assay neasures the incorporation of radio |abeled
E/HQ‘EPhormaoedamMotsewme miatelcged hipon tamyiratied Oﬁmattmis with EDTA and the
bs r ved f tura occu
té%‘ho aﬁfceB%t 1 RUH ‘i’%ﬂ% @Hﬁseeﬁ%%lv%‘ é‘?SB ??ife n [Tghle I above.
DY*E). Phosphoryl ated products were detected upon

t er g}gg%‘} ?]9{%50% %ﬂ%ﬁlﬁgé‘g%g %5\§Pp Qtets Qﬁ/hlll@gfy éeitoﬂo

reptavidin coate resentative resu
areMADR&bOBlO) above. 10 Assay plates: 96-wel |

Mil tj S ree f|| pl (M1l jpore Cat

MAD n S?*F%‘E@n “F?Pta&ifl%g HRLERSS: Tll\@t %“élbﬁtné\‘,’iﬂé"'\@"i’ in 50mM
Sep*m@mlamlhﬁé@ 1) C(%n%r% daP PMM_5 H3I6Y)PBS

di luted (1:100) Aner'sham Cat'. No.: 17-5113-'01)

chr@mmmndadOrmM in 100¥didicthydsulbsidk DM, (DNBONG.: compound
ey W ORI BEANS0” (' uncat ed construct of -
Spl eapyhyr OSYRRI pasBe@Srud@ed construct of Spleen Tyrosine Kinase aa 360-
635, stock solution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 uM.
Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor-
acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB,
stock solution 20mM, final conc.: 5.0 uM.
ATP: Adenosine-5’-triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final
concentration: 20uM
Buffer: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma , Cat. No.:
H-3375) final concentration: 50mM HEPES pH7.5
BSA: Bovine Serum Albumin Fraction V, fatty acid free (Roche Diagnostics GmbH,
Cat. No. 9100221) diluted to a final concentration of 0.1%
EDTA: EDTA stock solution 500 mM, (GIBCO, Cat. No.: 15575-038) final
concentration: 0.1mM
DTT: 1,4-Dithiothreitol (Roche Diagnostics GmbH, Cat. No.: 197777), final conc.:
ImM
MgCl, x 6H,0: MERCK, Cat. No.: 105833.1000, final concentration: 10mM
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635, stock solution 1 ng/nL, MAN 31.2 KDa, final
conc.:0.0005 M Peptide 1: biotinylated peptide is

waleeosed43 rom a natural ly occurring phosphor- BCT/EP2009/051758

consensus sequence (Biotin-EPEGYEEVLE), speci aI or der
fromQCB, 20 stock solutio20nmV final conc.: 5.0 M

ATP: Adenosi ne-5'-triphosphate 20 mM ( ROCHE Cat No. :
93202s62PPilufidmnBLfferc@IBBN G0 ANMANEPRS M. BulAf EGTAL'EH’E&I Na Vanadate,
2- Hydr oxyet hyl pi perazi ne- 2-et hanesul f oni ¢ _aci d

(51 QirHmMOelycRmhosBISE HEgM Mgkl doRYERA a0 SrBS S0 7.5
HEP 2 |

ot 03 Aot P s BB B fhinc B R e 14
910%agphod1clamued to a final concentration of 0.1%

EDTA: EDTA stock solution 500 M (G BCO Cat. No.:
15575-038) final concentration: 0.1 nM DTT:

- Dih h Rl reitol (Roche Di agnostics GrbH, Cat. No.:
Expe%@ég%g\{i‘é ﬁl)ﬁl

I'nal conc. 30 1nM MgCl2 x 6H20: MERCK,
LatOu I Nelumd, @638 D f: WD dilbiicd apurifed ¢ egvinttaiidn® humh OSVIKAB0-635 [0.5
2009/ 106443 PCT/ EP2009/ 051758 -57 Assay Dilution
B wes mixByith 4 olnaVi 1QEPrgcegratinn eltiatesbeampaungs, [usually 100uM-

PR Fiy o5 SO TSI TR Brter o Mt s
(Phosphate buffered saline) wth 2M NaC1+ 1%

'gl%fl%g s%k%)%tlgﬁ Iw%ts 1 dtlgx #I{gsa td%lonM‘aftIB HE 4tX bs‘h%lre go%mrﬁec’ontaining

reconbi

R 1536067 ﬁle[sgbératen['[m A(ﬁd [ V1] ﬂ‘nd—”quA'TP% Cl/I‘XIl] After
P ra he t es LlL

concen tions of conpounds [usual |y
c@dBivh at 30[A ﬁ%j 1 SBMSQIE nelactibe watk xdronieatedlsy tho mhﬂbleozlf 25ulL pf'the
for 10 mn at 0 The kinase reaction was initiated

I§9Ctione B teiactd wﬂ 4.0brumMi[ippye M B VOYR mgmibrane/plate containing

TR P13 B A5 PGPS O B i Bhar on at 30
Cforf15 n}n the reaction vvals term nated by the

B PRl SSARALPIRLA L 3 Bogtebhe a2
%%%LL SN EEHA apish sgRS S i At a3 oqumﬂz@ Oﬁﬁ&dh@ﬁétd@asihr}nembrane/

. 15 The unbound radi onucl eoti des were washed under
Mates Wwaﬂsfezreﬂl taamadawmrma@b,,hezt dricd250 13 n2MVAINGOC T [agel SO ulL

M@Eﬁ% ;cocck?al was ail'dd)e(d 059a|6h |_v!zzeﬁ anﬁf4t he[atetr I"El?e allrnount W?1r21|'(]110act1V1ty was

counted in a top counter.
The percent inhibition was calculated based on the uninhibited enzyme rate:

% Inhibition= 100 / (1 + (ICs¢/Inhibitor conc)")

The 1Cso was calculated using a non-linear curve fit with XL fit software (ID Business

Solution Ltd., Guilford, Surrey, UK).
The foregoing invention has been described in some detail by way of illustration and
example, for purposes of clarity and understanding. It will be obvious to one of skill in the
art that changes and modifications may be practiced within the scope of the appended
claims. Therefore, it is to be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention should, therefore, be determined

not with reference to the above description, but should instead be determined with



pl ates were transferred to an adaptor plate, heat
dried for 15 mn at 60 C, and 50 L scintillation
W@ owki&i4k3 was added to each well and 4 h | at erP€TEP2009/051758
amount of radioactivity was counted in a top counter.
20 The percent inhibition we-cal cul ated based on the
uni nhi bited enzyne rate: % Inhibition= 100 / (1 +
eFeeSidk ltd ticlib llow ingappgnded Thgms, Gthgwaish thelfelllk@tpe df Bguingents to
a non-linear curve fit with XLfit software (ID
whish sedsclaigysarg s¥ileflt . | cuilford, Surrey, UK). The

foregO|ng |nvent|on has been described in sone det ai

Iustr tion an . exanp| e, ose
R ey R b APt FTRLE s SpafigtpE Aoy
dtorpltatdd Byrefdiéhce &k Ihehrrb@flre‘i'?i'1 a8 puided®dhd b $:088 as if cach
may be practiced within the scope of the appended
I@ﬁa{ilcw@l Pafpiér AR @ppliqatips of pullisatieiieeistsoderiv Wally drnoted.
above description is intended to be illustrative and
not restrictive. The scope of the invention should,
therefore, be determined not with reference to the
above description, but should instead be determn ned
with WD 2009/ 106443 PCT/ EP2009/ 051758 -58 reference
to the foll ow ng appended clains, along wth the ful
scope of equivalents to which such clains are
entitled. Al patents, patent applications and
publications cited in this application are hereby
i ncorporated by reference in their entirety for al
purposes to the sane extent as if each 5 individua
patent, patent application or publication were so
i ndi vi dual 'y denoted. WD 2009/ 106443 PCT/ EP2009/ 051758
-59 dainms 1. A conpound of Formulal OR @ N\ N
N Hwherein: 5 Rs R, R, R3, or R4; R is |ower
al kyl, | ower al koxy, phenyl, benzyl, heteroaryl,
cycl oal kyl, heterocycl oal kyl
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or cycloal kyl al kyl, optionally substituted with one or

nre Ra;, Rais Rbor Re; RDbis hal ogen, oxo,
Whoweassss3 or -CN;, 10 Reis -C(=O QR ), -C(=0BRERI08Y/051758

-S(R), -S(O2(R), or -S(=O (R ), lower alkyl,

| ower al koxy, anino, am do, -3%wer hal oal kyl, phenyl,

heteroaryl, cycl oal kyl, heterocycl oal kyl,

cycl oal kyl oxy, or heterocycl oal kyl oxy optionally

substituted with one or nore Rd; Rd is H hal ogen,

hydroxy, |ower al kyl, |oweClahioxy, or |ower 15

hal oal kyl; Re is H I|ower alkyl, |ower alkoxy, -CN,
1. Iomexc@@b@ghkﬁmbnﬁﬁgnyl het eroaryl, cycloal kyl, or
het erocycloal kyl; Rif is H |ower alkyl, |ower

hal oal kyl , phenyl het er oar

heterocycloalkyl; 20 R2 is N(RRZa)2; each R 2a is

i ndependently H or Q b is independently

| ower al kyl, phenyl, tergarWwy, cycl oal kyl,

het erocycl oal kyl, or ¢ oal kyl al kyl ene,

optionally substituted WwWth agpne or nore Rte; 25 Rte

is Rzd or Rte; Red is hal ogen, oxo, or hydroxy; R2e is

-N(Rzg)z -(=0( R ), -CIFQ A Ragoin- (=0 N(R2g) 2,

)A=0 ( Rz ), -S(=02(R2g), -S(02 N(R2g) 2, WO
RlsRZ(RfQR%@@MB PCT/ EP2009/ 051758 -60 | ower aI kyl, 1 ower
halo etero

glé(o %‘QFW lower @Fg}qeﬁé/%g{, Elf:tga;l@( o ci&ﬂkyl heterocycloalkyl,

or cycRPikyeNRY1l Uptlo?num EﬁHstiﬁ@é‘ii With BnOBEmOFc ROy € R2f; each R2f
i's independently H, hal ogen, |ower aIkyI 5 | owner

aIkoxyR?HﬁﬁeﬂHﬁhToalkyl each R29 is independently H,
| ower aIkyI nﬁg@@g §94¥€F0X\MQ'(ﬁqualkyl or

phenyl ; 571 ower alky | ower
al koxy, phenifhs —Ot= oyomlf) 2C(=0)CH,(R"), =S(R™), =S(0)(R"), or —-S(=0)

(R"), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl,

ycl oal kyl, or

heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy
optionally substituted with one or more R'Y;
R'¢ is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower
haloalkyl;
R is H, lower alkyl, lower alkoxy, —CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
R” is N(R™);
each R* is independently H or R*;
cach R? is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or
more R*;
R* is R*or R,
R**is halogen, oxo, or hydroxy;
R*is -N(R?®),, -C(=0)( R?®), -C(=0)O( R*®), —
C(=0)N(R™)2, -N(R*)C(=0)( R*®), -S(=0)o(R*®), -S(0)> N(R*).,



10 each R3b is independently Hor lower alkyl;, R4 is

-OR4a); R4a is Hor Rob R 4b is I ower al kyl, phenyl,
wWh20024t06443 ower hal oal kyl , cycl oal kyl , PCT/EP2009/051758

het er ocycl oal kyl, heteroaryl, optionally substituted

with one or nore R4a; 15 R4H-is hal ogen, hydroxy,

| oner al kyl, |ower haloal kyl, or |ower alkoxy; @B is
- g( Qé)a( (1-385 @as b@(er—@)k@@@)/er aﬂﬁx@kﬁﬂéﬁheﬂ@)ﬂ(@ @henyl, heteroaryl,
- a -

- N(Qa) S(=0) 2( thﬁtemawé‘éefaml@@fﬁ(l@fé)etem@(“l‘@lwé qdippally

or -N(@a) (=0 a.ndependently Bb
or Ba; 20 mi s'\l%)lgét%l?edWl‘ﬁ‘?‘c}}ﬂ3 Ollea{ ‘QBa is | ower

al kyl, | ower hal oal kyl, pheermIRfosyndapahd@pﬂyH halogen, lower alkyl,

het er ocycl oal kyl, or hete oaryl

S substituted with one awe%l%goaglé@h Qd is
i ndependently QBd is QBe oéacgi{zg %an@%)%nﬁecntl@fﬂ Q8&Er Akyl, lower
hydroxy; @is |ower alkyl, |ower al koxy, |ower

haI oal kyl , phenyl, cy@lleaY, gWer halmﬂlefrlomp@bmsdl kyl, or
EerQ?F 3aoptionally substituted with one or nore
ath @Bg i s independently hal ogen, hydroxy,

Iovver RPKY lowdr QUEH, 16y e Qx5 Kihbny 1I@fm$R hgl oal kyl, or
y a

| ower al koxy; 3 ‘or a phar maceut i cal ccept abl e

10 sal t ther eofachR™ Tadepsaganind] of logyeaiplyk, wherein Ris
Rp# 1%@@@9/ 106443 PCT/ EP2009/ 051758 -61 3. The
conpoun f claim2, wherein R is |ower alkyl,
preferably RéantkbcmBz“lb 4. The conpound of cl ai m 1,
wherein Ris R2 g IS FRZa) and R2a is
preferably R2b Rs iy @\)O@Faglyk)l? enys, bgnzy, @@f?ﬁ@%%l@%ﬂdoaﬂ(yl

formula Il hetépoalclcgﬁ(ﬁ‘! ﬁeteroaryl, optionally substituted with one or more R*;
15 R* is halogen, hydroxy, lower alkyl, lower haloalkyl, or
lower alkoxy;
Q' is -0-Q™, -8-Q™, -C(=0)(Q™), “O(CH)nC(=0)(Q™), -S(=0)(Q™). -S(=0)(Q™). -
N(Q™)2: -N(Q™)S(=0)(Q™), -N(Q™)C(=0)(Q™), ~C(=0)N(Q ™)z, or -N(Q™)C(=O)N(Q™):;
cach Q™ is independently Q" or Q*;
20 mis0, 1, or2;
Q' isH;
Q*is lower alkyl, lower haloalkyl, phenyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more Q*; and
ecach Q*is independently Q*¢ is Q* or Q*';
25 Q*is halogen or hydroxy;
Qis lower alkyl, lower alkoxy, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q°%; and
cach Q’® is independently halogen, hydroxy, lower alkyl, lower
hydroxyalkyl, lower haloalkyl, or lower alkoxy;

30 or apharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein R is R'.
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4.

NN HHwerein R is |lower alkyl, |ower alkoxy,
phenyl , benzyl, heteroaryl, cycloalkyl,

woedenoayx| oal kyl, or cycl oal kyl al kyl, opti one¢T/EP2009/051758

substituted with one or nore Ra; 10 Rais Rb or
Re; Rb is halogen, oxo, hydroxy, or -CN, Reis
-A=0QqR), -A=0(CH)mMRe), -QCH)mMRe), -S(R),
- S(TBe2oRppund6f clSaED)wiidrein R liowever alklyy Iprefbiavlizers-butyl.
al koxy, am no, ami do, |ower haloal kyl, phenyl,

het eroaryl, cycl oal kyl, heterocycl oal kyl, 15

Cy ARSI oPliaie! SIRRYE FORINHLORY (PRHRPAIIR™ i R,

subst | t ut one or nore R ogen
prefertiylsl RXis lowevakylal kyl , ami no, |ower al koxy, or | ower

hal oal kyl; Re is H, lower alkyl, |ower alkoxy, cyano,

| oner hal oal kyl, phenyl, 20 heteroaryl, cycl oal kyl,

or hetempsuikeakdiulam f is H Iower alkyl, |ower

hal oal kyl , phenyl, heteroaryl, cycloal kyl, or

het erocycl oal kyl; in is O, or 2; and @@ is as

und of forrmula II1:
58 -62 OH N M4 N
is independently | ower
oal kyl,

| oal kyl al kyl ene,

defined in claim1.,25 6. Ac
WD 2009/ 106443 PCTR 0

\R2b \' N NH 111 wh [
al kyl, phenyl, hetero
het er ocycl oal kyl, or het®roc
optionally substituted with

n wherein
R' is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R'?;
R i{sR"orR';
R'is halogen, oxo, hydroxy, or —CN;
R'¢is —-C(=0)O(R'), —=C(=0)(CHy)m(R"®), —O(CHp)m(R"®), —-S(R"), -
S(0)(R"), or —S(=0) (R"), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl,
cycloalkyloxy, or heterocycloalkyloxy optionally substituted with one or
more Rld;
R s H, halogen, hydroxy, lower alkyl, amino, lower alkoxy, or
lower haloalkyl;
R'® is H, lower alkyl, lower alkoxy, cyano, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;

mis 0, 1, or 2; and

Q’ is as defined in claim 1.

A compound of formula III:
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one or nore Rte; 5 Rte is Red or R2e; Red is hal ogen
oxo, or hydroxy; R2e is -N(R2g)2, -C(=O0( R2 ),

WO g{oe@ddi3 R2 ), - C(=O N(R2g) 2, -N(R2g) C(=0) ( R2r/EP2009/051758
-S(=0 2(R2g), -S(O2 NR2g) 2, |ower alkyl, |ower
al koxy, |ower hal oal kyl, phe®yl, 10 heteroaryl,
het er oaryl oxy, cycl oal kyl, or heterocycl oal kyl
optionally substituted w t@onegor nore R2 each R2f is

i ndependently H, hglogen, N@hbyl, | ower al koxy,
| ower hal oal kyl ; @agh I nddpendently H, | ower
al kyl, lower 15 al kdy, hal oal kyl , or phenyl;
and B is as defined il 7. A conpound
according to claim1l o , erein R is |ower alkyl,

preferably tert- butyl. 20 8 A conpound according to
any one of the clains 1 tq,7, wherein @Ba is |ower

al kyl, phenyl or cycloal Kyl, opti oWBf¥®P substituted
with one or nore QBd , wherein Bd is as defined in
claim L. 2568 AR S SrbiA R8I Whoatiyt,
2- (Cycl openhtbroa®dibaikylasi medroSfddieyl alik@iche JofioRXIPAIREtuted with
- 7-carboxylic acid isopropyl am de;

1-[ 7- (2, 2- DPPe@yPedy Gpi onyl ) - 5Hpyrrol o

[ 2, 3-b] pyrazi n- 2p¥ ] n24 get hyl - propan- | -one;
1-(2-Cyclopentylgxf¥§’ﬁgggfrolo

[ 2, 3- b] pyrazi n- 7- yl ) - R?3s Bategdry bx@roepadroxl; - one; WO
2009/ 106443 PCT/ EP2009,051758, - 63 2 2
N-[ 7- (2, 2- Di met hyl - pr Bpiton){B = B+dyiPoRo), ~C(FO)O(R™), -

[ 2, 3- b] pyrazin-2-yl ] - ppngAlRAS;, N ORLYNARESAIRORYIRE), —S(0),

acid

[ 7- (2, 2- di met hyl - pr opNéR¥F) ), iGkermikyd,dbwfi2alBexy], powatialwalkyl, phenyl,
-yl]- amde; N[7-(2,2-D ne | - propi onyl)-5H-pyrrol o

[ 2, 3-b] pyrazin-2-yl]- ﬁ?tﬁ@@ﬁ@ﬂ%ﬁégﬂﬁﬂjé’c?oaﬁyh or heterocycloalkyl,

N-[7-(2,2-Di met hyl - pr gpigapl satRHuRY §8h 8ne or more R™,
[ 2, 3-b] pyrazi n-2-yl ] -benzenesul f onam de;
N-[ 7- (2, 2- Di met hyl - pr opi onyach-RsHispydapendently H, halogen, lower alkyl,

[ 2, 3-b] pyrazin-2-yl]-Nnethyl benzenesulfonam. de;

7-(2, 2-Di nethy!-prppionyI)E%ﬁfﬁ@??%ﬂ8rﬁf%ﬁ%ﬁ$9razine-2

-carboxylic acid di methyl apicHerR?® is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl; and

Q’ is as defined in claim 1.

7. A compound according to claim 1 or 5, wherein R' is lower alkyl, preferably tert-
butyl.
8. A compound according to any one of the claims 1 to 7, wherein Q** is lower alkyl,

phenyl or cycloalkyl, optionally substituted with one or more Q*, wherein Q** is as defined in

claim 1.

9. A compound selected from the group consisting of:
2-(Cyclopentyl-methyl-amino)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
1-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-2,2-dimethyl-propan-1-one;
1-(2-Cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;



7-(2, 2-D net hyl - propi onyl ) -5H-pyrrol o] 2, 3- b] pyrazi ne-2
-carboxylic acid isopropyl am de;

wa2¢24%a¢s yl - 5SH pyrrol o PCT/EP2009/051758
[ 2, 3-b] pyrazin-7-yl)-2, 2-di net hyl - propan- | -one;
1-(2-1sobutyryl-5H pyrrol o -63-
[2,3-b] pyrazin-7-yl)-2,2-di nethyl -propan- | -one;
N-[7 22 2{Iﬂmﬂiyhlﬂopldnyi)ﬁ%@%mnylﬁmﬁﬁ%?li5bhzwﬁ¢1@I 0
Cycloil_e{(glegggg ' a}ZCI agp;i_ [ﬂy@ﬂoﬂlglethyl -propionyl)- SH pyrrolo[2,3-b]pyrazin-2-yl]-
amlGle[Z 3-b] pyrazin-7-yl)-2,2-di net hyl - propan- | -one;

7- (2, 2-Di net hyl - propi onyl ) -5H pyrrol o] 2, 3- b] pyrazi ne- 2
N-[7« 2 211 boweiHyi-praptong | )ejtdipope o] 3, ij}pﬁezm -22y1PNoingdhtyhptrzainide;

N By i Do Dtk o R d-yiy bonspesgt gymide:
N-[7- Ej @ﬂ1%fﬁﬂb%1 ;/af)as’f%wbﬁo{% @rtbgy{rgﬁlé{z -yl]-N-methyl-

b] pyr azi n-
bmuemwgﬁbmymﬂgheptyloxy 5 FprrroIo

7-(2, il%zrﬁet@f) r{gﬁ@t&% ) é){—ypiq;ezlgég hﬁTEt a@fne P rcgt%oxyhc acid’ &]i%iethylarnide'
7-(2,4- Elrﬁethllpyrbﬁﬂnm)-gﬂé?}rr@lo& bRt die- PeoPaRylid acidPBEpropylamide;

| sopro

1-(2- zﬁzetsL ﬁjlwyrragw[%g h]ymzm 72y1é+ﬂr¥e@1ﬁ3¢rhy;§1pmﬁ 1-pne; one;
- gl STV By o dimipamen--og

2,2- D2m2t-h§11 IHEI-IQZ/-ImetHyl benzoyl) 5H- pyrrolo[2 3 b]pyrazm 7-yl]- propan 1-one;
0x0- et hoxy) - 5H pyrrol o

1-(2- ]F@zgyb?lémyg? q{2-} tg]pqra%}pgpél}ﬂ - dlme(gtgyénpropan I-one;
7-(2, %Igl%?t&%lﬁér EIZ Iﬂﬁf_) ?ﬁypf\?@l’e @%—?ﬁ)@ﬁzﬁg fb ?%Iggﬁyhc a01d c;?lclopentylamlde

2,2-Dim¢thy 1 50D yoidmsHepponyl)-GH- pyrrolo[2 3-b]pyrazin-7-yl]-propan-1-one;

7=yl < ;
22Dy P VLR ftacl oyt K- T M2 b RGP bl ey fone:
1-(2- (ff?ol&ie?}ﬂé({ﬁgﬂ-lgfyﬁ'ol’d[b ‘32b]§y1‘aklﬁef— MJ2 RERRAY]-PropanPNBic;
2-di net hyl - propi onyl )-5H pyrrol o
1-(2- @ch@hdgﬂ@yygﬁﬁ pymoly[q 3-bmyaazm 7-y1)-2,2-dimethyl-propan-1-one;

1SRRI g Byt 7L Rl Pehey ot o

1-(2- Et[haxf HHtMO‘kS{Q@ﬂMb Hinmll})ﬁ‘ﬁ-ﬁﬁﬁé’tﬂjll%ropan 1-one;

LE razin- ﬁro pan-
2,2- Dlmetjl_zyg ojlpq_ yH2-oKe- ethoxy) 5H pyrrolo[2 3-b]pyrazin-7-yl]-propan-1-

[ 2, 3- b]pyra2|n 7-yl)-2,2-di met hyl -propan- | -one;
2,2-Dinmet hyl - | -(2-pheny|anino-SFprrroIo

1-[2- ([122 Bﬂb&thyll‘-p?mpdibcy')éﬁ ))yrmdsloml-b]ﬂyrazﬂmé yl]-2,2-dimethyl-propan-1-one;
| open

1-(2- {S?b%om E)Iglrpé’ilio y%%yblyWQ212 %wﬁ@e%ghm%m@éﬂpanrl “OBfe;
1-[2- ]1 légnzg ﬁl[‘? Iejrﬁr}ﬁlzoﬁglgyfjH g?ﬁgﬁ 2 rﬂ%{ﬂéé{u&) L70yl] 2 )2 dlrne%l-propan-l-

pyraz pan-
one; 2009/ 106443 PCT/ EP2009/ 051758 64 2,2-Di mst hyI

Cyal S P SR L SloBid b O BE Mp%?%%&&afﬁreai

1- Cycl&ﬂl@ptﬁﬂeméz?lrhﬁﬂthﬁlﬁ@m&ﬁﬁ SHLRrHIHLBYE RFHaRM2-yHlukea;

propan

2 2- Dol DA ish blrebarpingi-fét nyrolpfobblnydzji- Bilpyrpret-bone:
1S5 S AR 2 by Rl 2 2ol BroRa- RS £ 1 o1

2,2- Iiui’let:ﬁyl- DY pyphédildmidoydH-pyris 162, 3- b]pyrazm 7-yl)-propan-1-one;
(2,2-Di nethyl[groplonyl) rrol o[ 2, 3-Db] yrazin

1-(2- Czdwqmﬁow airyrieal2 gripwinzin: 7olﬁ]é +2 %’xﬁ@nethyl -propan-1-one;
1-[2-(Cyclopentyl-methyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;

one;
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1-[ 2- (6- Met hoxy- pyridin-2-yl am no)-5H pyrrol o
[2,3-b] pyrazin-7-yl]-2,2-di nethyl -propan- | - one. 10.
wao\omtib@ads f or treating an inflanmmatory or aut oOPOTYEPE09/051758
condition conprising admnistering to a patient in
need t hereof a therapeuticalddy effective amount of the
conpound of claiml. 5 11. A nethod for treating an
2,2- Ulméﬂhgmz@hyno&grﬂﬂ bmﬂlommqﬂﬁémmdﬁbﬂmipsﬁ&rdmg to a
ient in need thereof a therap eutlcallﬁ:effective ,
t@ﬁkldﬂ [#H{d- r%f‘ébadma@n-ldﬂ&phwlaq@h -Darieial hddblpyipzin-7-
} Ibhi-ng T-cell proliferative disorder conprising
yn’mh@%%ﬁlé%erlng to a patient in need thereof a

1-Cyctdhex gl [it- (z;wdimethyltmopmm)ér@pmol@ﬂz 3 h]@ymnpmﬂmred-
1-@%{@%&@%{7—%3 @«ﬁpw @&%%H@rgér{%@ﬁat' ¥Tlepsgai,

1-{7- DD e TRRUBRINS £ Bfroto T8 SATERLD-{A12 1 BndFAZFIRAL1-one: and

of an inflanmmatory di sorder” or an aut oi nmune
1-[2- (&M@th@er pyrld4n-2€sdmpmobrdHalmsa‘ml@[ﬂrﬁgblparaanyhyﬂé fdim¢thbyl-propan-1-
clains 1 to 9 for use in the treatnment of an

one. i nfl ammat ory di sorder or of an autoi mmune di sorder. 20
15. The invention as described herein above.
10. A method for treating an inflammatory or autoimmune condition comprising

administering to a patient in need thereof a therapeutically effective amount of the compound of

claim 1.

11. A method for treating an inflammatory condition comprising administering to a
patient in need thereof a therapeutically effective amount of the compound of claim 1.

12. A method for inhibiting T-cell proliferative disorder comprising administering to a
patient in need thereof a therapeutically effective amount of the compound of claim 1, preferably

wherein the proliferative disorder is cancer.

13. Use of the compound of claim 1in the manufacture of a medicament for the treatment

of an inflammatory disorder or a of an autoimmune disorder.

14. Compound according to any one of the claims 1 to 9 for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.

15. The invention as described herein above.



