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present invention relates to the use of novel pyrrol opyrazinyl urea

deri vat i We® 204v/osbs3ar e JAK i nhi bitors and sel ectivel y i nirChiEP200M@58ad ar e
useful for the treatnment of auto-immune and inflanmmatory di seases. 5
Protein kinases constitute one of the | argest famlies of human enzynes and
regul ate many different signaling processes by addi ng phosphate groups to
proteins; particularly tyrosine kinases phosphorylate proteins on the

al cohol noiety of tyrosine residues. The tyrosine kinase fam |y includes
menbers that control cell growth, mgration, and differentiation. Abnormal
ki nase activity has been inplicated in a variety of hunman di seases

i ncl uding 10 cancers, autoi mune and inflanmatory di seases. Since protein
ki nases are anong t RYRBOLQRYRAZINYLHREA KINASRANHABITORY provi de a neans
to nodul ate cellular function with small nol ecul e inhibitors of kinase
activity and thus nmake good drug design targets. In addition to treatnent
of ki nase-nedi ated di sease processes, selective and efficacious inhibitors
of ki nas emec%r'ewgt Mvﬁtgnaﬂ_ﬁt@s tbSt]gaé Uéeh(ff@llb?lf-%ll’ll)\yﬁlsfoblg@kihﬂmr@i d&ﬁ/h#ivé&siﬁ@ﬁ@i ar8g
processes_and identifjication of other ce ar targets of. therapeutic

i nt er est . JAth&hibjess nslaglestivgly ik i) Ak3eand ar%%eﬁx} frth& easpr S RO PBIEE n
tyrosi ne Kigasasmhids) U@ JAKL, JAK2, JAK3 and TYK2. Each of the JAKs is
preferentially associated with the intracytoplasmc portion of discrete
cytoki ne receptors (Annu. Rev. Inmunol. 16 (1998), pp. 293-322). The JAKs
are acfti vRbeih kiahdepwdbmgtutd geend thu lagiestdaraitds bhihinamt ez gmgialdiragnldy ni2by

phosphoryl.ating .cytokine receptors that, per se, are devoi f intrinsic
i nace acd RoiREs EXRIRS PRGSOy B B g RIS Srped gk

recept or skih@ks phdighoriRicaible®S ok ARMIcRS] mbidy cmt%to@ﬂné\ seslanbg Ak tirbamnsducer s
and activators of transcription) and the phosphoryl ated JAKs bind various

STAT pr ot ipgs fangitnincdet mpmbers grat gmarps cellbgrewhhmigriatien. gad pifsraaiiadonact i vat ed
by phosph ' f .t EQEE r-esh: - L j.gnal i ng

nDIecuIesgg%%ﬁ%gggggﬁg%ﬁlptlgﬁmfgﬁ%gggfgﬁﬁag${ina%gﬁgdggﬁ S@%mgg’cific DNA
sequen6escapras.antoimmuhélendoindamtetrosy discasyd Skicaerat@s pmasis wee geimeshd kaonar d et

al., (2000),, J. | er adin. Imunol . 105:877- 88 VO . :

2010/ O6ac S heipeAssBomaiss By PEVHES hgn R HE i SIS B i Bl cat o
in the negbrEilemHitdPaRkin a&tiedy ah iMAHR enake g@@m&ﬁg désiilgxhtaﬁg)%tsaid KGR0

ast hma, aut oi mune di seases such as transplant (allograft) rejection,

r heunat oi ‘@cadipeof kingsc-mpdiafed dispase Proagevesascleeiversd pHicagieusinhibjteys f Kigpssr osi s,
as wel | i L i [ ' ]

Ty mphomae 8 o R R TR AR o AR (F RS E ha ey B 6k

pot entlp al ¢eflulantaegatswiitbetagdugnaitenestnsduct i on pat hways (Oncogene 19 (2000),
pp. 5662-5679), which indicates the difficulty of specifically targeting

one element of the JAK- STAT pathway w thout interfering with other signal
¢

t r ansduct { B/t HaBYsKIngie) ar KPRaskeon HaraBioRdh DARAC dpecabaha®st | v
expr essedjAy BKPRY XK GHKETKE . FBEA St the PAKID 8t ARSN Wdht@EWEE the

| ynphobl asti ¢ | eukem a, the most common form of chil'dhood cancer, and
st udi es hiavecytenlasaliapertdosPAdisereteicyioking medentosselnai. Rew elnrgmai. tLh (539§ haips

oo ader 5 BaD! Oh: Jak PRl da PhoyBhne i@ Bhapl aha il sipfhiflppy oS 4780 o

Exp. RomuphosplRyladie d8Xinamrdiiaka it dcete, ale.de(¢di@ 96)ntrinkic IBhak actGHeMTha71:

19483-8). The re al so known to be ortant_to |ynphocyte 15
di ffer entP%Pma?%gﬁﬁt%ﬁ%%g§G?S\RWEQPGC91¥§RY§ f?frPt'Beéﬁlﬁm%%’ﬁ%ﬁ‘“BW%% STAT
essenti al pHRIM (§iBndl MAN{MBGS kRDa@ivatoXBTRARBRon)HBRE (IRAIMBGHSryIAPd  AR$t cel | s.

G ven the inportance of this JAK ki nase, coqpounds whi ch nodul ate the JAK
pat hway, bipé Ve TiHowetegs| dtilvoras, QAR T scame IBEA hawling proigins peteatddng

et oot | & PERPREHERE RO Far b 268 KRR T o R ARIZOET 21

20 ChangetramacritRaFtorSenénitiena8lRbidd bo §28ific DBOAdEdueners prasemttin die prangetsi ng of
t he JAK h or nodul ation of th [ rticularly JAK3, are
Cont enpl LR HRETS Bt ey S abAen oo nniey L kL 1o

transpl angggyej ection (e.g., pancreas islet transplant rejection, bone
marrow transpl ant applications (e.g., graft-versus-host disease),
aut oi nmune di seases (e.g., diabetes), and inflammtion (e.g., asthns,
allergic reactions). Conditions 25 which can benefit for inhibition of JAK3
are discussed in greater detail below However, in contrast to the

rel atively ubiquitous expression of JAK1, JAK2 and Tyk2, JAK3 has a nore
restricted and regul ated expressi on. \Wereas some JAKs (JAK1l, JAK2, Tyk2)
are used by a variety of cytokine receptors, JAK3 is used only by cytokines
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Ani mal studi es have suggested that JAK3 not only plays a critical role in B
and T | ynphocyte maturation, but that JAK3 is constitutively required to

mai nt ai n woceldosBasact i on. Modul ati on of imune acti vityPChHEpPaga/06337$ novel
mechani sm can prove useful in the 10 treatnent of T cell proliferative

di sorders such as transplant rejection fnd aut oi nmune di seases. In
particul ar, JAK3 has been inplicated in"a variety of biological processes.
For exaanPeK/StT %) qmgrralhng basdieen mplredted um thevnaddiagion wﬁmameabmmalomnmglei nduced by
IL-4 and |L-9 ha 0 dependent on JAK3

chai et STRY e SRR e BBt S Ge SR S AR s s i 50
pl ays a Cfe}t@tlad rli@lnextd idh adtigritist aﬁﬁcﬂfc@hmﬂﬁtﬁfaa‘sicﬂﬁoﬂﬁsﬁd weltiplede Braiy a0

responses, Ia a et al 1999) m . BiQ Res. Commun.
257: 807- 81f§)> qRAie IBgie ik nﬂ&kﬁ“‘%%i elﬁ&éﬂﬂ@&ﬁp% to prevent type |

hypersen5|t|V|ty reactions, including anaphylaxis (Ml aviya et al., (1999),
Bi alar 1y ) ‘ :
2L B o5 PR KA AAOTARIR o AR B0, R A0, RS shonn Lo

Transpl . tE!ImductﬁBp%ﬁz&ym@gen&Aﬂ(zzodomme.%éliaﬁ'@%,l\slnclbmdmaiesrﬁieicﬁﬁbeldyi n the

mechani sm nvo d in ear nd a g rheumatoid arthriti

(vl o - Loty oot sftmept 81 AR IS AL poth Sl b8y n it viuf
anyotroph@ﬁmhggﬁfgﬁmg@h@ﬁggmamygT|eu et al., (2000), BlochenlBlophys. Res.
Commun. 267:22-25); |eukem a (Sudbeck et al., (1999), din. Cancer Res.

5:1569-1582); mycosis fungoides, a formof T-cell |ynphoma (N elsen et al.,
25 ( 1997) ThePIPeIé kinkses| incladind JABG| are Mdgﬁﬁﬁ@@ﬂesﬁelﬁgpﬁmmdlealmmip wells foeh |

gromﬂ t al nol 159: 5206-5210; tt-Fal cone, et
1950ttt Trbhelasy B O e BRmPE e LUt ERSERT s

| mrru nosu psmi(ﬁ§§ha\ﬁ@ cagants sfmrr aaﬁgamntuﬁ ad’it‘aﬂi @’tlIlI% wltm@gaﬁlstré@ﬂamlgapb@bw n,

| upus, mul tiple sclerosis, psori asis, dlabetes

and conpl {REBUGAS! ¢ 61H%E)- %‘élt G%ﬂ highn é%fm()a@tlﬁﬁﬁldeé?fc%r 988k ﬁé&th %3934146-
aut oi Mung  GhnE 4 aﬁO(L%‘ﬁ)OCH'ﬁrlﬁp HhAGE 2bbM 8598 dnliRak{hBRE & (HosBase,

Al zhei mer' s di sease eukem a and ot her indications where i munosuppressi on
woul d be BeéiGhebi. 871: Y3201 0hoba6 3BPETH EPROGOINPEES80 lymphocyte

Non- h t i etjc ex| ressi an of. J as al.so 0. 1.en al though t he
funct 1 onat ieeg it frc KREAS SRR AR P BRL RS ool 163
(2002), pmnctﬂﬁﬂ(ff-lﬁﬂ]&ﬂjc cBanaushaengndrist oslst GhRS eanipsrtime oBHiDI A e
curative (Blood 103 (200 . 2009- 2018) ens unllkely t hat _JAK3 has
essent i al KiAgK- ?Oé‘&H?HHéWhIP%H]@fiP%Wéh? HIBPR Wawg%lu@gg BrosoiHyC fndte: in 5

contrast wintde QEMEfHr rBs88lSse@es bITOHIRRMP MhERShY RintidashlyhPifockRst ri cted
di stribution of JAKS is appealin Agents that act on ¥ecu|ar targets with

expr essi oma¢rpphagesd ot mastigelly eé;kgu@lmzrﬁtghx(m%dkmd Arpnsplentredl1-57;
efficagy i i y

of ter 2PmceElin20aisgiend L] AORARHS B iR LELhE bRkl

parti ci pacbnm@lula"nonmﬁ"rﬂmeIAﬂ(eBlpmsqmirtlcwlatrllydAK&;asmbﬁﬂermgla'tdd taby thefdpeaticallput si de
of these cell . | ations. 10 Althou h def.ectivye inmune respons s have been
Gescr: bedt e VTG BusTAR: ymP it FRuHet Fidibnl . PRETS it FIGOBHT pp
304-311; (Gktion, BBhEmafe traBint aSHIk8Hohk (c. EP gra?t%‘rsgﬁ%st (ﬁ&fé@seg R it RHS

di stribution of STATs and the fact that those nol ecul es | ack enzymatic
activity dipegsesdodl dlabete@a@rgiemﬂ@inmmﬂw ©realapthpsl diongie reagtions). tCéméltm%

contr b?Ut\?ch{%Qaﬁ D&l fit AP HnTEGESfIAK Bte KRYuskA fﬂ%{réatér%tah gosuppressi on. 15
In view o & UMBr oUs conditions that are co enplate o benefit by
treatnment involving nodul ati on of the JAK pathways it is imediately

appar ent HbatvanawWcoRROWNRS el diiatly Bl tadcexpisipab vy s JARD anetiyRelgAKf3 usi ng
t hese conpounds shoul d provi de substantial therapeutic benefits to a w de
vari ety ohaspsldmréﬁ%sglctfrdr%re@aat%@@ir%sanewha@a SOBErASISd K AZIAA- Takeare
derivat i v Wgra v 8yloPclibiind FRANGRMAY isGRAU BSybRindheHLchafbetd g of
the JAK pat s 207or 1 nhibition of JAK ki nases, partlcu arly JAK3, and are
therapeutﬂmmk¢yp®seﬂﬂﬂ3ﬁmrdbhepby%aﬁhemﬂwﬁknaumywhmmﬂmeWahmeswhkhnnatory
disea nove rrol o i n urea derivati ro

sel ectpveregaibo Sl e R Bl Rai it 1L HBACH 6 T B arune
and i nf | asmuEtoxly JAKS &@s@sts withCarBenpabidislshofecégirs ifdrvegtikimes I dml-atie-1, he JAK
pat hways and are useful novel pyrrol opyrazinyl urea derivatives 25 for the
treatment of auto-inmune and inflammtory di seases, wherein preferred
conmpounds sel ectively inhibit JAK3. For exanple, the conpounds of the
invention may inhibit JAK3, wherein preferred conpounds are selective for
JAK3 of the JAK kinases and are useful novel pyrrol opyrazinyl urea
derivatives for the treatnent of auto-immune and inflammtory di seases.
FurthernDre the conpounds of the |nvent|on may i nhibit JAK3 and JAK2 30
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R1' is hal ogen, |ower alkyl, hydroxy, |ower hydroxyal kyl, |ower al koxy,

| oner hal oal kyl, amno, -C(=0)N(Ri a)2, -C(=0)0(R a), -C(=0)(R1la),

- S(=0) 2( Rva)o10medg34cyano, sul fonam do, cyc | o al kyl, or PEp/EPR@90YI87$ O

al kyl; 15each Rlais Hor Rib; Ribis |ower alkyl, |ower haloal kyl, |ower
al koxy, lower alkylene, hydroxy |lower alkyl, cyano | ower alkyl, cycloalkyl,
cycl oal kyl | ower al kyl, spirocycloal kyl7 spirocycl oal kyl |ower alkyl,
heterocycﬂo%hmyﬂd2heﬂékdé%@ﬁ@@ﬁkwhmﬂbﬂmpngbﬁwﬁ‘mSﬁWﬁthﬂthc%@hbﬁNEyl or

spi rohet er,0c 0a OIo alk opt i onal | bst ted, wt e or
nore -6 %@h%/gjl Ptnore\ﬁm i %Qéleeﬁtalln y%(l)rl]d eﬁﬁ% tlh Ry CH fqR %galrﬂgegi ﬁ“d%’giéngé]%téfy
sel ect ed fi-ofraddie - thr)qaoepmnﬁlgsltqemwloﬁ otdurd, @tweltmglnkmle ,cyt@pla@tg&naﬂsmfdr oXy,

| ower hydr | oner al ko and | ower I or a
phar maceuts tttftyfg%é@&ﬁeéme@gﬁﬁéwghtWéor%fatmytwﬁ aletﬂ ¢ BRYB et , the
i nvent ko Iﬂfsl%ﬂ @ﬁo@oft‘t%pﬁe RdiRbs tﬁpfheftmﬁ Hlnaswnﬁ{l@trﬁhs ﬂﬂosﬂh%r}hét‘i’tﬁlrreﬁhtgﬂ

cycl oal kyl , oal k | oner al kyl, phenyl, phenyl |ower al
heterocycméaﬁhvﬂonh éﬂéﬁ%@ﬂ@@lkyl | ower aIkyI het er oaryl , heteroaryl
| ower al kyl or splrocycloalkyl optionally substituted mﬁth one or nore

N ox 1 AT KEE R B ﬂ@aﬂ%% PROA B S b BT o 20y (i ).

- S(=0) 2( Fiyﬁa)p afYA108, bud ok PARBTC@nstEMGvdlPrealikdd to rinte i T £Ql BM&ionO
al kyl ; 15each is Hor Rb; Rbis |ower alkyl, |ower haloal kyl, |ower

al koxy, | Madl afa@wﬁ iBwane Bgiiiryrongindys ravelmechayismesan prgye usstihin thacy el oal kyl |
cycl ogpk 1{r @é\ﬁlofﬁ*'c‘étﬁ@mlﬁf&’a %gd f?ét% Ky as ﬁs{gﬁﬁY&lﬂ)&%ﬁXﬂd étf?effﬁ{ e ky'

het er ocycl o rocyc ower a ITo eterocyc oal kyI or
splrohetewﬁwwwloalkyl 20Iomer aIkyI optionally substituted with one or
nmore Rb'; WO 2010/ 063634PCT/ EP2009/ 065878 - 7 - Rib' is hal ogen, hydroxy,
| oner al kyl, Iomer alkox% | ower hal oal kyl, ar hydr oxy

| over al kippartigalarg AR has bgepeimplicgigy in ayyaicty of biglogiggl progggsegd’os prample, the

i ndependepb|ikra®haad @tﬁvaﬁ%ﬁrﬁtﬂﬁlegﬁ&t‘&lﬁ GtRlcsd bi& @fand‘tL b%\&‘erbe%h kidwn 1
hal ogen, hydroxy, |ower hydroxyal kyl, | ower al and | ower hal oal kyl; or

a_phar mackaddpeadenyormbisleptaaligemgal chainkrégnabg ‘ISrmZ@lﬁethal(I(HlOi) dHoat 96:2)}r7r2ul al,

R2 is

o 'S 2 TRSIRREACANARD HlefIRONh ot e o fedibied RaSREMBELANAEN D)

I n one varekmkanMulaviararul. 6(1999)R§10b1$ent-| Bibphys SRdd. @melnind. 1357:867-318), @ﬁ@

variation of Fornula_ l, R5 is In one variation of Formula I, RS is H R4

is H R iGIbijom ) Ak3ikingse ht%toe%éh%tpmvsw 3PS HBMRTEB IHVIYREILOrY ¢ | oal kyl .
including anaphylaxis (Malaviya et al., (1999), J. Biol. Chem. 274:27028-27038). JAK3

inhibition has also been shown to result in immune suppression for allograft rejection

20 (Kirken, (2001), Transpl. Proc. 33:3268-3270). JAK3 kinases have also been implicated in
the mechanism involved in early and late stages of rheumatoid arthritis (Muller-Ladner et al.,
(2000), J. Immunal. 164:3894-3901); familial amyotrophic lateral sclerosis (Trieu et al.,
(2000), Biochem Biophys. Res. Commun. 267:22-25); leukemia (Sudbeck et al., (1999), Clin.
Cancer Res. 5:1569-1582); mycosis fungoides, a form of T-cell lymphoma (Nielsen et al.,

25 (1997), Prac. Natl. Acad. Sci. USA 94:6764-6769); and abnormal cell growth (Yu et al.,
(1997), J. Immunol. 159:5206-5210; Catlett-Falcone et al., (1999), Immunity 10:105-115).

JAK3 inhibitors are useful therapy as immunosuppressive agents for organ transplants, xeno
transplantation, lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes and
complications from diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid

30 disorders, ulcerative colitis, Crohn's disease, Alzheimer's disease, Leukemia and other

indications where immunosuppression would be desirable.



15 In one variation of Formula I, Ris cycloalkyl, R5is H RAis H R2is
Hand R3is H In one variation of Formula I, Rl is cyclohexyl. In one
vari ati orwof20famwsasda |, RL is cyclohexyl, R5 is H R4 i $CHEPRR/I065878 and R3
is H In one variation of Fornula I, RLl' is lower alkyl. In one variation
of Formula I, Rl is nethyl. WO 2010/063634PCT/ EP2009/ 065878 8 - In one
variation of Formula I, R1' is lower alkyl, RL is cyclohexyl, RS is H R4
is H R2 Nen-hempdp#gtid &pression af bide3 h@ralwbe@mr@mﬁbrahm@hlthe fRactiangl met hyl ,

Rl is cycl.ohexyl
vari ati onSI%IPF&%]F ﬁ%mlhasﬁﬁttog ﬁfarl %dglmmu’%%;c%ga{ﬁ) 2 p 7 n%ié\%%?@%:f‘ #%6n of

For mul a IborBZnairﬁml-l;raﬂRﬁlants fdd, SGADChrRurasveC(BroodalOB ¥2004), rppomwmllé%a,tlt @emef
Formul a | iﬁH’ is H. R3is H, a%Rllsccloalkl I n Qne
vari ati onuIH’fke]lfd shInk3h as peseptial pon-peglupdangfunggonsdn pfhepsspes qrorgany Hepeg.dn

cycl oak kYéontrast wdhrbtﬁ’é}%rg@tﬁ bﬁ%lﬁlﬁhd@ﬁpﬂ: &@f{?‘e‘ ladug thBﬂes’trﬁte@Xﬁsjtﬁﬁltl&ﬂlof l RKE s
alkyl. 10 In one variation of Form Rl 1s phenyl |ower alkyl. In one

vari at i onarpralgr Agerds that 41 oq mOﬂﬂ@ehyta&elwwlth pxpromenaicdite the ipmupepYRANA | |
R5 is H, al kyl .

I n one va1r§| h{t %8%0052 ct)l;?nna:lj Ffﬁd%cng ?BI?]% %gét%n %@L&Xﬁhé ‘lgs H, and Rl
i's phenyl thhmm&crallalolﬁfyf unrﬁﬁlel smppnamomwhe&é ltcmn@ﬂed:@remﬂ &lls actREzly Imrﬂrdnpdﬁcﬁgl s H,
R2is H R3is H and S helg?/ et h&/ ffThe at?]@ Tilltl on OVII des a
conpound ﬁflmﬁHP&mSBOWSFS)WIF &P in any gffectipqu F%?a‘ieié PPPURYSpal ky|

| over 1gl kxi thod'gﬁtdee@ﬁ\Yeclhﬁﬁlﬂ‘é)f&s ofifes H@&e%e@ﬁﬁ@cﬁ@édﬁﬁ'vahmT@f %}éltram@l(’}' onal | y
substituted with one or R1'" is hal ogen, |ower al k;/ hydroxy

| ower hydbessyigl Kgd., 44|(é)9&6r) Rﬂ ﬁw114%r0mal%4 Rigl. 9 (B3ATHPp. 23520900
0)0 I kyl ,
0 AT U AT AL 4 o

hal oal kyl that mkfbaathﬂgebegi w11hcsvm1-md>lkgdlemmbmgsdmsmynthmted toathd&iy hon-saj@mion hower

al kyl, cycl oal cl oal kyl I ower al kyl, spirocycloal kyl, spirocycl oal kyl
| ower al mﬁ@%éﬁ& {ReEILS S“ Y0het er ocycl oal kyl | ower al kyl ,
spiroheterocycloalkyl or splroheterocycloalkyl | ower al kyl, optionally

substijsut ;i Bf‘th@ %ﬁm@fou%&ﬁht%n@ thakt §re *'&%h{éﬂl‘fo[h’ted% @5198%‘15{ by kﬁﬂi’ﬁ{enﬁh{ﬁé(ﬂvmlg' oner

al koxy, |ower haloalkyl, or hydroxy |ower alkyl; al kyl ;
and modulation of the JAK pathways it is immediately apparent that new compounds that

modulate JAK pathways and methods of using these compounds should provide substantial

therapeutic benefits to a wide variety of patients. Provided herein are novel pyrrolopyrazinyl

urea derivatives for use in the treatment of conditions in which targeting of the JAK pathways
20 orinhibition of JAK kinases, particularly JAK3, and are therapeutically useful for the

treatment of auto-immune and inflammatory discases.

The novel pyrrolopyrazinyl urea derivatives provided herein selectively inhibit JAK3 and are
useful for the treatment of auto-immune and inflammatory diseases. The compounds of the
invention modulate the JAK pathways and are useful novel pyrrolopyrazinyl urea derivatives

25 for the treatment of auto-immune and inflammatory diseases, wherein preferred compounds
selectively inhibit JAK3. For example, the compounds of the invention may inhibit JAK3,
wherein preferred compounds are selective for JAK3 of the JAK kinases and are useful novel
pyrrolopyrazinyl urea derivatives for the treatment of auto-immune and inflammatory
diseases. Furthermore, the compounds of the invention may inhibit JAK3 and JAK?2,

30 wherein preferred compounds are selective for JAK3 of the JAK kinases, and are useful

novel pyrrolopyrazinyl urea derivatives for the treatment of auto-immune and inflammatory



each of R3, R4, and R5 are independently selected fromthe group consisting
of H, lower alkyl, halogen, hydroxy, |ower hydroxyal kyl, |ower alkoxy, and
| ower halweal2ki/ge3@s a pharnmaceutically acceptabl e salt PREmEPIIDESSIH one
variation of Formula Il, RRis H R3is H R4is H and R5is H 1In one
variation of Formula Il, Ris heterocyc%oalkyl In one variation of Formula
1, Ris heterocycloalkyl RRisH RIisH RAis H and R5is H In one
vari at i ondisfas¢sorSumilarly, the qannprosncbrqﬁeher idvangion mﬁiymmiebl\t/éAKétand)hMéf VAsreml a ||,
Riis piperidine, R2 is H [ i S, H, dR5is I n one
var ati oSS paaindy beaiet® i i b Bt RRAR. b4 B prsti oo ot 11
RL'" is - Siyld(yRizinyl uféd desvatveRdr tiR thatoiht bBauth-immdnd¥md isflémmbtoryone

varlatlon of Formula Il, R' is |lower alkyl. In one variation of Formula
I, R isUPSHer al kyl , RRisH RIisH RiisH and R5is H 5 In one
variatlon of Fornmul a II Rl is pyrrolidine and Rl' is -§(=0)2(R"). In one
vari at ko and Rl' is -S(=0)2(R'"), R2 is H,
R3 is nBEJ p?ﬂﬁ[ﬂéh%dwﬂ%es nd%f%gh\g{éfralqatl on of Formula Il, Rl is

het erocycl oal kyl | ower al kyI In one variation of Formula Il, RL is

het er ocycl oal kyl lower alkyl, R is H R3is H RA4is H 10 and R5is H 1In
one variation of Formula I, Rl ispyrrolidinyl nethylene and R1' is

i spyrrolidinyl methylene
s H and R5 is H The
t he, group consi sting of:

-S(=0)2(R"). In one variation ofQ orpRJIa I,
and R1" is -S(=0)2(R"), RZis H, NS R4
application provides a conpourb-sel ec
1- Cycl ohexyl- 3- (5H pyrrol o] 2, 3- b]{pyra
1- Phenyl- 3- (5H pyrrol o] 2, 3-b] pyrazi
1- Cycl opentyl- 3- (5H pyrrol o[ 2, 3- b] pyr azi n- 2 y ) ur ea;

1- Cycl oheptyl- 3- (5H pyrrol o 2, 3- b] pyrazi n-2-y1) - ur ea;

1- Benzyl- 3- (5H pyrrol o[ 2, 3-b] pyrazi n-2-y1) - urea,;

1- Cycl ohexyl met hy1l- 3- (5H pyrrol o[ 2, 3- b] pyrazi n-2-yl) -urea,;

1- ((I'S, 2Ryvhaeivket hyl - cycl ohexyl ) - 3- (5H pyrrol o[ 2, 3-b] pyrazi n-2-y1) - urea,;
1 (2-Chl or o- phenyl) 3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-y1)-urea,;

1- ((R) - 1- Phenyl - et 5H pyrrol o[ 2, 3-b] pyrazi n-2-yl)-urea;
1- Phenet hBthSCkO\(’@Hl rCD’@lIO@‘éQ @%W&frmﬂwﬁ%ewg&l@yqu alkyl- ((S)-1

P Sy PSR B RSB 1
“y1)-3 (@ttonam;mmmunyihthenmo)enlrea 1-Ethyl-3 -(5H-pyrrolo [2,3

- b] pyrazi n-2-y1) - urea l-tert-Butyl- 3- (5H—pyrro|o [2 3

-b] pyrazi n;2-y1)-urea; 1-1sopropyl-3- gSH- pyrrol o

_b] pyr azi R- Mﬂi()gemle‘érer qliayl. lslepxyy fopwesyr yqrzxeﬂiyl&]la‘yﬁraair%yzwﬂ bylpdkdo] - aceti ¢
acid ethy t e hy, ta 1al a L

- b] pyramélm%éy%)’( ure(lkeag &@eéﬁl%%ﬂgﬁg CS( é 0 Czano %“ylfoﬁl o ldo 2,3

- b] pyrazrmmaﬂvl)or&plmcsldpalbﬂtyrl c acid net hyI ester (S) 3 ,NDi rret hyl- 2-
[3 -(5H pyrrolo [2,3 -b] pyrazin-2-yl)-ureido]- butyram' de;

1-((38 4S) - 3- Met hyl, -t et r ahydr o- pyr an- 4- yl) 3-(5H pyrrolo [2,3 -b]pyrazin-2
-yl -d Pea; 1- (@Ppéy B8R 2,3 -b]lpyrazin-2 -y1)-3 -((1 S, 2R -2,5 ,5
-trinmethyl - cyclohexyl) urea; 1-(1 -Ac etyl-piperidin-3 -yl1)-3 -(5H—pyrro|o

2,3 -b razin- 2 1) olo [2,3
[b] pyr a]z P% 22I yl) - ul%nea IH{I’ga%k’ﬁ'/el%) %?135 @ﬂé&gf?ﬁ =( wﬁlﬁ%}g{ reflél}‘iyg%%g’ [

- b] pyrazi n- 2-y1) - urleagr a1k3(1,(c£|_;&1&f6)we2alll@l‘, bydleatlyyd) @lokxikly) toder §18%E pyrrolo [ 2, 3
-b razin-2-yl)-urea; 1- rroI 2,3 zin-2 -spiro

5 B oet. 5 yry )¢ eap el ShagrRast RueryRY Aeparggito 1 o P2 J

-b] pyraz in-2 -yl) -{ess cﬂ-)alk&lllow%?a]@’laMroﬁét@io)éWloélkﬁ%ﬂ {rBhederodkloa

-(5Hp rroIo [2,3 - b]pyra2|n 2-yl)-urea; 142,2 -Dineth cyclopenty) 3

-(5HBYrrolo [2, 3 -pypiala? 1<rp112nglh>whrtéatedzvﬂ@5mrepympm% £2,3 -b] pyrazin-2
-y1)-3 - [1-(2,2,2-trifluoro-ethyl)-piperidin-3 -yl]- urea 1-(1

- Met hanesul f onyl -pi perigjin-3 -y1l)-3 -(5

_b] pyrazi n- 2-y1) - ur ea: q%_ 1%1@@19_{%%¢)@§(§>?yﬁ0§\ye il%%f)klwe’r alkoxy, lower haloalkyl, or

- b] pyrazi n- 2-y1) - ur ei do]hyptog@ndviragyl- car boxylic acid nethyl ester; 1
-((S)- 1 -Ac etyl-piperidin-3 -y1)-3 -(5 Hpyrrolo [2 ,3 -b]pyraz in-2
-yl)-urea; 1-((1R 3R)-3-Am no-cyclopentyl)-3-(5Hpyrrolo [2,3

-b] pyrazin-2-yl)-urea; 1-(5HPyrrolo [2,3 -b]pyrazin-2 -y1)-3 - [143,3,3
-trifluoro-propionyl)-piperidin-3 -yl]-



- urea; 1-((R-1 -Ac etyl-piperidin-3 -y1)-3 -(5Hpyrrolo

[ 2, 3-b] pyrazin-2-yl)-urea; 3-[3-(5HPyrrolo [2,3

- b] pyr aziwo2ewlde3asrei do] - pi peri di ne- 1- carboxylic aci d ePOYIEPEsMO53874 - (1

- Propionyl -pi peridin-3 -y1)-3 -(5Hpyrrolo [2,3 -b]pyrazin-2-yl)-urea; 1-(1
-l sobutyryl-pip eridin-3 -y1)-3 -(5H—pyé[olo [ 2, 3-b] pyrazin-2-yl)-urea; -
12 - 1 - [ -(3 -Methyl -butyryl)-pip eridin-3 -y1]-3 -(5Hpyrrolo [2,3

- b] pyr azi ®- @lilql)lomﬂlefd IJandCyc | ohexy1-3 - (6-nethyl -5Hpyrrolo [2,3

-b] pyrazin-2 -yl)-urea; 1 -Cyc |ohexyl-3 -(7- rrethyl 5H pyrrolo [2,3

LB B R it SRR SRR Bt

- (Pr opanenadoget! fyinysd) toweP 8drdk 11&% a3k SATdAY e O ol 3
- b] pyr azi n- Zg%yl)}@ur]e% 1e -%’( }l;lﬂlk?y Acetlg/l c;)x%,rrol idin-3 a[ugy'l) 3 -(5Hpyrrolo

[2,3 -Db] pyrazin-2-yl)-ureas,; -((S)-1 -Methane sul fonyl -pyrrolidin-3

-y1)-3 -(mmmnnmeotic[aﬂyaceep]abwsa]zithmZ)f.-yl)-urea; (S)-3- [3 -(5HPyrrolo

[2 3 b] pyrazi n- 2 y1) urei do]-pyrrolidine- 1 -carboxylic acid nethyl ester;
-((3 Acetyl -5 -nethyl-pip eridin-3 (5H pyrrolo [2,3

-b] pyréz.lﬁlazioghﬂemwéme@ the 1nve@mmaweﬁs aa?f@mu%ﬂg Ormu&?eln din-3 -y1)-3

-(5Hpyrrolo [2,3 -b]pyrazin-2-yl)-urea; 1-

- (Propane-| -sul fonyl)-piperidin-3 -yl1]-3 -(5H—pyrro|o [2,3

-b] pyrazin-2-yl)-urea; 1 -((5R 6 S)-6-Methyl-spiro [2.5

]oct-5-y1)-3-(5Hpyrrolo [2,3 - b(]) yrqzln 2 -yl)-urea; 1 -((5

S, 6R)-6-Methyl-spiro [2.5 ]oct-5- 3(N5H-py roIo[23 b] pyrazi n-2
-yl)-urea; 1 -Pyridin-2-yl rret vl fr ¢ [2 - b] pyrazi n-2-yl)-urea;
1 -Pyridin-3 -ylnmethyl-3 - pyHroI 2 pyRAZI N-2-y1)-urea; 1 -(2
-Pyridin-2-yl-ethyl)-3- (5H—pyrro|oR[5 , a2|n 2-yl)-urea; 1 -(2

-Pyridin-3-yl-ethyl)-3-(5H pyrrolo [ 2, 3N - b] p¥razin-2-yl)-urea; 1 -(2 -1Is

opropyl -cycl ohe xyl)-3 -(5Hpyrro lo [2,3 -b]pyrazin-2 -yl)-urea; 1 -((1S

, 2R) - 2-Met hyl -cyc | oheptyl)-3 -(5Hpyrrolol[2,3 -b]pyrazin-2-yl1)-urea; 1

((lR 2R) - 2- Met hyl - cycl ohexyl )-3 -(5Hpyrrolo [2,3 -b] pyrazin-2-yl)-urea; 1
(1 s, 2W§é : Met hyl - cycl ohexyl )-3-(5Hpyrrolo [2,3 -b]pyrazi n-2-yl)-urea;

(R) 3 - % Pyrrolo [2,3 -Db] pyrazi n-2-yl)-ure ido]-pyrrolidine- 1

-car boxyl i c acid nethyl ester; -((R -1 - Met hanesul fonyl - pyrro lidin-3

I A e @W@mﬂm’kﬁ”m‘ﬂ“pmﬁ‘ﬁﬁ?ﬁ%ﬂ D-urea 1-(1

Q/cl\é o%‘é %#q@&wy|hﬁ%f%ﬁlioa‘m1swcwyylshetqrswb§¢?tﬁ&aal lopves ai“

- b] pyr aZIg‘bn%%V] aﬂl%ﬂonéﬂysﬁﬁh‘fﬂ&%&%h%né grl:ﬁoretﬁlpyr azin-2 -yl)-3 -(1

-trifluoronethane sul'fonyl™-piperidin-3 -yl)-urea; 1 -(5HPyrrolo [2,3

-b] pyrazin-2 -y1)-3 -[1 -(2,2 ,2-tri fluoro-ethanesulfonyl)-p ip eridin-3 -

y H - ur ea; RYi és- Ha2ogekf Ibywkr alygd) l?hleo?yL )oml&r h{/dirbkj![myl{yﬂ Adbwerf aZk(B(C}i/, low2r haloall;yl,

- razin-; ; c eridin- -3 .

O by ol SO LA a5 Yo 0. H0Bi® or iy il wir ony 1- 3

- et hyl - pC C%ngl%gplﬂ;yé.]bal 1-(5H-pyrro|o [2,3 -b]pyrazin-2-yl)- ure a; 3

- Met hyl - Hpyrrolo [ b]pyra2|n 2 -yl)-ure ido]-p iperi dine- 1

-car boxyl ic acid nethyl ester -(1 - Met hane

sul f ongl - pyr r odeckiRA-i@ FHydrRet:hy 1 ) - 3 -(5Hpyrrolo [2,3 -b]pyrazin-2-yl)-urea;

1- [1 -(2-Cyc | opropyl-ac etyl) p iperi din-3 -yl]-3 (5H—pyrro|o [2,3

-b] pyrazin-2-yl1)-ureg. 1 -(1 -Methane sul fonyl-az ep an-3 -

-(5Hpyrrolo [2 ,3 R b]5d9W§fza”F3ﬂ lowgn haloglleyl doweralkpyy, %@F@lﬂ&y}eflwhdd{ozw

-b] pyrazin-2-y1)-un %—1 R ey, lpﬁl%‘}\{l 1 | }gﬁé%, ester; 1 -(1

-Ac etyl-azep an-3 Svﬁ %%FE%&%F% ?’ E%UZ (iy%yor%g?gog%-yl urea; 1- [1

- (2-Met hyl - prop an@plchxcmll@brspllc)cyploal;kylellowdratikﬁ hgtdrpeRloallgH- pyrro 1o [2, 3

-b] pyrazin-2 - y1) "hetESbycloalkyl lower alkyl, spiroheterocycloalkyl, or spiroheterocycloalkyl

20 lower alkyl, optionally substituted with one or more R'’;



-(1 -Methane sulfonyl-p iperidin-4-y1)-3 -(5Hpyrrolo [2,3
-b] pyrazin-2-yl)-urea; 1 -(1 -Acetyl-piperidin-4-yl1)-3-(5Hpyrrolo [2,3
- b] pyr aziwo20ryubye3dr ea; 1- [1 - (Butane-2-sul fonyl)-p i pPETIERR2009865874] - 3
-(5H-pyrrolo [2,3 -b]pyraz in-2 -yl)-urea; 1 -((R- 1 -Mthanesul fonyl-p
iperi din-3 -yl1)-3 -(5Hpyrrolo [2,3 -b}jpyrazin-2-yl)-urea; 1- [(R- 1
-(Prop ane- 1 -sul fonyl) R. iperidin-3-y1]-3 -(5Hpyrrolo [2,3
-b] pyrazi n-2-y1)-urea; M if 1&10&651-11}@}7(?@010@6@ 21k31 lyjqnphkazy.dowenhijoallyd or do] -
ip eridin e- 1 -carboxyli aramlWe %:gl ester; -(1R2R 4 S)-Bi cyc lo [2
.2 . 1 ]hept-2-y1-3 -(5 ypyr?’o WF Y b]pyrazin-2-y1)-urea; 1 -(1
R 2S,4S)-Bicyclo [2 .2 .1 Jhept-2-y1-3 -(5Hpyrrolo [2,3
-b]pyra2|n2g1ygamu@ﬁakw1mﬂﬂ1 Met hyl - cycl ohexyl)-3 -(5H pyrrolo [2,3
- b] pyrazi n-2-yl)-urea; -(1 -Cyc | opropyl net hanesul fonyl-p ip eridin-3
-y1)-3 - (SFprrro Io [ 2, 3 -b] pyrazin-2 -y1)- urea; 1 -(( 1 S,3
S) - 3- Hydr RX RiipnkdyR’ awmkiqiwdthl)y-saleete& Fﬂom/the glioup E@sBtinpbpHr lmicnalRyly 1) - ur ea;

Lot o RO T B RSy RV R 4R eSSBS XL 2 oyl -

iperidin-3 -yl)-3 - (SFprrroIo [2,3 - b]pyra2|n 2- yl) urea; 1- [(9- 1

-(Prop ang-, Z(B’Iharrﬁézﬂeﬁ%l’l})ac& ’[anerslalt%ePeo% yl]-3 -(5H pyrrol 0[23 _

- b] pyrazi n-2-yl)-urea; F -(2-Methyl -prop an e- 1 -sulfonyl)-p ip

eridin-3 -yl1]-3 -(5Hpyrrolo [2 3 -b]lpyraz in- 2 -yl)-urea; 1 -(7

- Chl or o- Sk-qayg vadton[of F3rmidh pyR’dg Hi n- 2- yl) 3 -cyc lohe xyl-ure a; 1- [(9)- 1
-(Prop ane- 1 -sulfonyl)-pyrro |i din-3 -y1]-3 -(5Hpyrrolo [2,3 -Db]pyraz
in-2-yl)- - 14 - urea; 1- Sg)- 1 -(2 Met hyl -prop an e- 1

- sul fonylyL%Wﬁmuomstrmgl&][! 8sH5H pyrrolo [2,3 -b]pyrazin2 -yl)-urea; 1-
[1 -(Prop ane- 1 -sulfonyl)- az ep an-3 -yl] -3 -(5Hpyrrolo [2,3

P yéa.z'@@%%&%}%ﬁ?ogm%ﬁwéﬁ HELGPT 0P A0S 1 1Pl QYL agep ane3

-Methyl -1 -(propane-1 -sulfonyl)-p iperidin-3 - y1]-3 -(5Hpyrrolo [2,3 -

b] pyr 33 nrn?0n¥3vllrléz{fo%%fF$rm1|ilﬁ:l3 1BisHd) -5 - Methyl - (2 net hyl -prop ane- 1
-sulfonyl)-p iperidin-3 -yl] -3 -(5H pyrrolo [2 -b] pyraz in-2 -yl)-urea;
1 - ((R - 1 -Ethanesulfonyl- pyrro lidin-3 -y1)-3 -(5Hpyrrolo [2,3
-b]pyraz]mmﬁwyﬂmxmkﬁmenmyHKFﬁ}lR,mGPmmpRémé{Z sul fony1l) - pyrro l'idin-3

-y1]-3 -(5Hpyrrolo [2,3 - b]pyraz in-2-yl)- ure a; 1- [(R- - (Propane-1
-sul fonyl)-pyrro lidin-3 - -(5Hpyrrolo [2,3 -b]pyraz |n 2-yl)- ure a;
1- [(R)- (HF2@%@ﬂWy1FBﬂ@@&BéKISHSUIfonyl) pyrrolidin-3 -y1]-3 -(5Hpyrrolo
[2,3 -b]pyra2|n- 2 yl) urea -(5H-Pyrrolo [2,3 - b]pyraz in-2 -yl)-3 -
((R - 1 -tr|f ug sul$sonyd pyr 2I| -urea 1-(1

- Met hane SJPF3ﬁ§ mn ?I§ #ﬁ%tﬁlﬁqi (@ﬂkpygrolo [2,3 -b]pyraz in-2
-yl)-urea;

In one variation of Formula I, R' is cycloalkyl.

15 In one variation of Formula I, R'is cycloalkyl, R’is H, R*is H, R’isHand R’ is H.
In one variation of Formula I, R' is cyclohexyl.
In one variation of Formula I, R'is cyclohexyl, R’ is H, R*is H, R?isHand R’ is H.
In one variation of Formula I, R"" is lower alkyl.

In one variation of Formula I, R is methyl.



1 -2 -( 1 -Mthan esulfonyl-pyrrolidin-2-yl)-ethyl]-3 -(5Hpyrrolo [2,3
-b]pyraz in-2 -yl)- ure a; 2- {2 -[3-(5HPyrrolo [2,3 -b]pyrazin-2-yl)-ure
i do] - et hyWD 20yo68@li din e- 1 -carboxylic acid nethyl esPemT/EP2009/0@5878
-(5HPyrrolo [2,3 -b] pyrazin-2-yl)-ureido]-azepane- 1-carboxylic acid

met hyl ester; 1 -(1 -Methane sulfonyl-agz ep an-4-yl1)-3 -(5Hpyrrolo [2 ,3
-b]pyraz in-2-yl)-ure a; 1 -[%,;( 1 - Met han esulfonylgp ip4eridi9;3

- y1) - et hylnjong vai8lanwf Fouhga LR 3is 1o} gyatiadi R-igcyclghexyly B” &;H, R3-is H2R" is H
-[3-(5H ﬂJﬁﬂ@}ﬂZ’B -b] pyrazin-2-yl)-ure ido]-ethyll -piperidine-
1-carboxylic acid nethyl ester; 1 -(1 -Acetyl-azepan-4-y1)-3-(5H pyrrolo
[2,3 -b]pyrazin-2-yl)-urea; 1- [1 -(3 -Methyl-butane- 1 -sulfonyl)-p ip

eri di n- 3 myohbvariatloatdrB¥Fh@h © H'2is nctlylI Py i88yd18hekyl R is H, RS H, RF &% and R’
1-(5H—Pyrro|o[2,3-b]pyra2|n-2-y1)-3-[1-(3,§,3-tr|fIuoro-propane-l-sulfonyl)
-pi peri diwdlyl]-urea;

1- (5H Pyrrol o[ 2, 3-b] pyrazin-2-y1)-3-[(R)-1-(3, 3, 3-trifl uoro-propane-1-sul fo
nyl)- pyryolidin-3-yll-urea; 52 1.

1- ((3R?5 -0119/1(8%?%1-%-% %?‘ﬁg‘}I'L-Rbi1%5#%“8%-1%9%‘)3‘11%4-(5H pyrrol of 2, 3- b] pyr azi n- 2-
yl) -urea;

1-[(9) - 1- @ VBl FoRhAR &NE-id 1S Wi ony i 01 iReydighigy 3- Y11 - 3- (5H-pyrrol of 2,
3- b] pyrazin-2-yl)-urea;

1-[(S)-1-(2- Met hoxy- et hanesul fonyl) - pi peri di n-3-y1]-3-(5H pyrrol o[ 2, 3- b] pyr
azi n-2- ymh)onavedgtion of Formula I, R*is H, R? is H, R* is H, and R' is cycloalkyl.

1- (1- Met hanesul f ony1- 5- et hyl - azepan- 4-y1)-3-(5H pyrrol o[ 2, 3-b] pyrazin-2-y1
) - urea; - : : : : :

4- Net hy 1- Bage varptspraf Spanga 3 Ry]inyl R isd. R js il Br siliopd & épasiealivbar boxyl i ¢
acid nethyl ester;

1- (1-Acetyl - piper.i di n=2-yl.methyl )-3- (5 pyrrol o[ 2, 3-b] pyrazi n-2-yl)-urea;

2 L (S PO T AR R G Pt oyt

- pi peri di ne-1-carboxylic acid methyl ester; _

1-[2- 18- Ae&dnklvaRiRErJIr¢bAnda Y R-i€pRshl] rodet akkpyrr ol of 2, 3-b] pyrazi n-2-y1)-ure
a; 2- {2-[3-(5H Pyrrolo[2, 3-b]pyrazin-2-y1)-ureido]-ethyll

pi peridi ne-I-carboxylic acid nethyl ester;

1- ( 1- Acet Il onpivpeationti af FéenydlaitRlyis phdy (B pyrrol of 2, 3- b] pyrazi n- 2-y1) - ur ea;

1- (1- Met hanesul f onyl - pi peri di n-4-yl net hyl ) - 3- (5H pyrrol o[ 2, 3-b] pyrazi n-2-y1
)-urea; 1 -(( 1S3 S -3-N@thqunetpyl-cquohegyui-3 -QSFLpYrroIo [2,3

- b] pyr azi l-opeyayiat Formula I, R”is H,R"1s H, R"is H,R" 18 H, and R" is cycloalkyl lower

1- (1- Acet yl;;5- met hyl - azepan- 4-y1) - 3- (5Hpyrrol of 2, 3-b] pyrazi n-2-yl) - urea,;
1-[ 2- (1- Met'hanesul fonyl - pi peri di n-2-y1)-ethyl]-3-(5H pyrrol o[ 2, 3-b] pyrazi n-
2-yl)- urea;

1- [ 2- ( 1- Apetngvapatp@raf@ommda ¥, R *-ieHhR1]s-FB-RG6HpRF s, ehd R3-idpteyyldaiver kg 1) - ur e
a, 4- {[3-(5HPyrrolof2, 3-b] pyrazin-2-yl)-ureido]-nethyll

- pi peri dine-1-carboxylic acid nmeth L.esggp; 27 L

{[ 3- ( 35+ Pprangiverigtion-of Feymas LR "2s yllé- isrtdiRfay HaBt yHlland R” is phenylethyl.

-pyrrolidine-l-carboxylic acid nmethyl ester;

1- (5H Pyrrol o -b razin-2-y1)-3-1(S)-21-(1-trifluoromethyl cycl opropyl net
nanosul 1 oGP BRI HES S Fti st ol {11 (T Shery T8 (7o o
opropyl-5Hpyrrolo [2,3 -b]pyraz in-2-yl)-urea; 1- [(S)- 1 -(3 -Methyl-o
xet an-3 -yl met hanesul f onyl) - pi pe idiq?S -y1]-3 -(5Hpyrrolo [2,3 -

b] pyrazi n-2-yl)-urea; 1 -(1 -Acetyl -pi peridink3-ylnethyl)-3 -(5H pyrrol o
[2,3 -b]pyrazin-2-yl)-urea; 1 ;(1/- fonyl - pi peridin-3

-yl methyl)-3 - (5Hpyrrolo [2, 8=§] pyr xiurea; 1- [2 -( 1 -Ac
etyl-piperidin-4-yl)-ethyl]-3 -(5FE$ 0 3 -blpyraz in-2 -yl)-urea; 1-
[2 -( 1 -Ac etyl-pyrrolidin-2-yl)-ethylN H pyrrolo [2,3

- b] pyrazi n-2-y1l)-urea;

wherein:



1- [1 -(Prop ane- 1 -sulfonyl)-pyrrolidin-2-ylnmethyl] -3 -(5Hpyrrolo [2,3
-b] pyrazin-2-yl1)- ure a; 1 -[2 -( 1 -Methanesulfonyl-p ip
eri di n- 4-wopoesttegeBk- 3 - (5H pyrrolo [2,3 -b] pyrazi n-2- y1PCTRPR00Q/065848 {2
-[3-(5HPyrrolo [2,3 -Db] pyrazi n-2-y1)-urei do]-ethyl} -piperidine- 1
-carboxylic acid nethyl ester; -(1 -E hane
sul fonyl - pyrrolldln 2-yl meth I) 3 -(5Hpyrrolo [2,3 -b] pyrazin-2-yl)-urea;
1- [1 - (PRoOW Cadealﬁylswdwﬁm)ow pikpl, hdﬁewczclydllkrﬂt pryhictero@cloplpl loyver dkd. [ 2, 3
-b]pyra2|n bH Pyrrolo [2,3 -b]pyraz

2-yl) - rtlé)ll%lo‘gsubytftﬁte?mth OneéFl §| nlgé- -carboxylic acid nethyl ester; 1

(1 - Met hane sul fonyl-pyrrolidin-3 -yl rret hyl)-3 -(5H pyrrolo [2,3

- b] pyrazi n- 2- ygj rsqfaﬁagen J1owér1a1ky1\qu@¥a5&y I@)Wef %dr&ﬁﬂ& %watémﬁx)y Bwek SH-pyrrol o
[2 ,3 -b]pyraz in-2 y)-ur

“sul f ony1) - py rirastallgl snping|- ﬁé‘t%ﬂ\l% Q(SQ)(B()KI?)NQ( Pi(%é)r-s( 0)x(R"), oxo,

b] pyrazi n-2-y o yra2|n2 -yD)-3 -1 1-(2,2
,2-tri §fI uorol%’tﬁ E@f%l}a%lelirklg gl/_tlg%l 1 mg'Erﬁﬁ -(5HPyrrolo [2,3

-b]pyra2|n2 -y1)-3 - -(2,2 , 2tr|

fl uoro-ethyl) - pi perdamnlazigmldimtlhyl] ure a; (1 S,395)-3 43 -(5HPyrrolo

[2,3 -b]pyrazin-2 -yl)-ureido]-cycl ohexanecar boxylic acid dinmethylamde; 1
-(SH-Pyrrolo [2,3 - b]pyra2|n2-y1) 3 -] -(2,2 ,2-tri

fl uoro-ethyl)- p| perl d| n-R3" isypwetabipil ] lawer lailoaﬂﬂyl 1@@9—1‘-@190&3’0109@ gkglend] pyr az

in-2 -yl)-3 - fluoro-et ) i din

ethyl} -urea; V\D 2010/ 8’6’%@§pr§%§66§?@6@§/ rh\éyl C?piogu%’ Cydoan%yl IXW&

{[3- (5H Pyrrol o[ 2, 3- b] pywtlaz,ispirdeyybatkyt, epidalyeimeikkhybiver alkyl, heterocycloalkyl,

-1p3(/r5r (fl@:y?:. Cn)|e0|[ _chr B?)};zlr Iél% e?pcolzrg]}()%ﬁylg)(g\lvereealgﬁrs’piroheterocycloalkyl or

{2-1[1-(2,2,2-trifluoro- %Efﬂ&ﬂe)ce‘r@ééfcfoﬁhéygloﬁlegall@]l Opt%nlabﬂ/ %ub'sﬁ't'h?e@ with one or

(1S, 39) - 343-(5H— Pyrrol of pyrazi h-2-y1l)-urei do]-tcycl opent anecar boxylic

acid net hyl am de; and moreR

(1S, 3S)-343-(5H Pyrrol o[ 2, 3-Db] pyr azin-2- yl) ur ei do] - cycl opent anecar boxyl i c

acid ethylam de. The appli cag%@n ovi a net ho tre tin
ai i

i nfl anmat ory or autoi mune c TFeR ?93¥r §m5§h¥%<%vﬁ? g% VY patient
in need thereof a therapeuti ¢alohkyEbf B&lrd oa@pggﬂ,of t he conpound of
Formula | or the conpound of Fornula I1. The application provides the
above nethod further conprising adm nistering an additional therapeutic
agentléelﬁcﬁéﬂmﬂpWﬁwdkﬁhawbtherapeutlc or anti-proliferative agent, an
anti- inflamatory agent, an inmunonodul atory or irmmunosuppressive agent, a
neurotrophic fagctqr, an agent faor re cardi ovascul ar di_.seas an agent
for treat$45§ Oaﬁg&(}t?é@&cﬂre HIHG%F@‘Q?W 56 C&e{i]g%zm 1HE STRRIABTRINE Of Hn@wea. sorders.
10 The appkyICRiI6LRA, BFdRYyd Rvc hBbRRMN Abwhi Bi8dxyNgh @B wkNEdigMmgat ory condi tion
conprising admnistering to a patient in need fhereof a therapeutically
effective amount of the conpound of Forrmula | or the conmpound of Formula
I'1. The apppheathicentiqilpucapmbl saktheoah{f or treati ng asthma conpri si ng

adm nistering to a patient in need thereof a therapeutically effective
amount of the compound of Formula I or the 15 conpound of Formula Il. The
application provides a nethod for treating arthritis conprising

adm npgt el'n Qvtaﬂat%n%gbﬁif?&lahnlszﬁ@ FNeHeR? isd ta'ﬂﬁrRagseH.“ cally effective
anount of e compoun For mu or the conpound of Fornmula I1. The
appllcatlon provi des a nethod for treating rheumatoid arthritis conprising
adni ni st emi ddg vafatton of Fpahile Mt Ri 3 heeestytibelkelof a therapeutically effective
anmount of the conpound of Fornula | or the conmpound of Formula Il. WO

2010/ 063634PCT/ EP2009/ 065878 5. ;. .. .
In one variation of Formula II, R is heterocycloalkyl, R” is H, R is H, R* is H, and R® is H.

In one variation of Formula I, R' is piperidine.

In one variation of Formula 11, R'is piperidine, R’ is H, R’ is H, R*is H, and R’ is H.



- 18 - The application provides a nethod for inhibiting T-cell
proliferative disorder conprising adm nistering to a patient in need

t her eof awoOheroApaasti cally effective anount of the conpomrqd/ErROPOsI8ES a | oOr
the conpound of Fornula Il. The application provides the above method,
wherein the proliferative disorder is ncer. 5 The application provides a
nmet hod for treating a B-cell proI i ferati ve di sorder conpri sing

adni ni st eljang vedatinsdFoemla lhRnaeS(EABROE a t herapeutical |y effective
anount of the conpound of Formula I or the conpound of Fornmula Il. The

e L L

di abetes, conplications fromorgan 10 transplants, xeno transplantation,

di abet es I aut oi nmune t hyroid disorders,
ulceratlveq%%ﬁ?%?E §%?gﬁ%mg&g?§g%g§&y%%§ﬁelner s di sease, and Leukem a,
conpri si ng adnlnlsterlng to a patient in need thereof a therapeutically

ef f ect i vemasiwatiatih dfffere@apioRitds Riwdrarkgl R id HOR? it e RE P oanddR *af HEor mul a

1. The application provides a nethod for preventing or treating all forns
of organ rejection, 15 including acute alkbg{aft or xenograft rejection and
chroni & a]nIQ@glValfH!th@rOfféﬂ@@jﬂéIﬁR pajpeetidipnandR  #eSEHPRR 2ed or

non-vascul ari zed transpl ants, corrprl sing adm nistering to a patient in need

t hereof the co ound f Fqr a. he C ou f _Fkormul ls.. he
hppl §oat | BiPr R oURE DS orat i o8 Fae- Qe By Tb i i B

adm ni st egiM@nd R&isa@npound of Fornmula | or the conpound of Formula II,
wherein the conmpound exhibits an 20 1C50 of 50 micronolar or less in an in
vitro bi ochem cal assay of JAK3 activity. In one variation of the above

met hod, t heoneorpaimdfErhingi fisRaM He@Beryoloatk§blowandkyll ar or less in an in
vitro biochem cal assay of JAK3 activity. In one variation of the above

met hod, the conmpound exhibits an 1C50 of 10 nanonvol ar,or |lgss in,an in
vitro bi obHRERivaattioqd &gy aHKE sdrefseeyyloalsl oher dlfyl ReitH-&h 1pHob #dh a

met hodf ofhqtggai ng an i nflammatory condition conprising co-adm nistering
to a patient in need thereof a therapeutically effective anount of an anti-
WO 2010/ 063634PCT/ EP2009/ 065878 - 19 - inflammtory conpound | n conbi nati on
with the mampournigionfofFormulkal, R' spytrhBdiagipebyidnadndmor isus@a)lR ' The
application provides a met hod for treating an i nmune di sorder conpri sing
co-admnistering to patient in need thereof a therapeutically effective

anount oflnamewamﬁmmﬁ@pmléélsants Pdﬁﬁb@iﬂﬂdniﬁthyléwdr&t SopERR %Iﬁe igBrpound
of For mul g3 FFVR“Hshﬁ Sonequpd of Fornula 11, The application provides a
phar maceuti cal’ conposition conprising the conpound of Formula | or the
conpound of Fornula Il, adm xed with at | east one pharmaceutically
accept abl €hcaplicaion p@cmdlersia%hqpoﬁncrkieldd&ﬁtfronifhe'ghﬁlpapﬁéi'stﬁ@tdfon provi des the
above phar maceuti cal conposition, further conprising an additi onal
t herapeutic ent selected froma chenot herapeutic or anti-proliferative
agent, an arit yolotekdrettbpyrelg@nt-0 Ipsmzindriilraiesdul at ory or i rmunosuppr essi ve
agent, a neyrgt, , treatl ng cardi ovascul ar di sease,
an agent fo;f @r{l {159{%%%823 gﬂéﬁgﬁfﬁ ylég%enf for treating i munodeficiency
di sorders. 1&ﬁh@ea@pB4(SHtpyfmlqpl mbl]me&lmzq&)eureﬁ t he conpound of Fornula I
cture of a nedicanent for the

or the conpqu a ll
t r eat ment oﬁ @f?l(ﬁ’i‘?ﬂy& i &Y{Folﬂ[gérﬁ@f‘aﬂ% &Vabti cation provides a use of

t he corrpound_lg)é‘nzf @H@Yﬁolg[ngﬁyﬁgﬁmpynqnm Formula Il in the nanufacture
of a nedicanent Tor the treatnment of an autoi mune di sorder. 20 The

appl i cat i on 1grlahgsgmgthybaddtimyretolFérnprezin-2-ylruregther ei n: WO

2010/ 063634R 00! al kyl | ower

al kyl , phenyl SE%\%)O?%%E%Z%&@%Q & gﬁ%*i lﬁ[&%hg@g&%lgyzc?%%k% | ower al kyl,
het er oaryl , lgR-CGldorerphany)- 34(ﬁﬂmyrrald@13 blopiziedalbyesubstituted with one or
more R1*; 1-((R)-1-Phenyl-ethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

1-Phenethyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;



R1' is hal ogen, |ower alkyl, hydroxy, |ower hydroxyal kyl, |ower al koxy,

| ower 5hal oal kyl, am no, am do, oxo, cyano, sulfonam do, or cycloal kyl; and
R2 is H owvolomams3@ikyl ; each of R3, R4, and R5 are i ndepemdrnaiopesses ect ed
fromthe group consisting of H, |ower alkyl, hal ogen, hydroxy, | ower

hydr oxyal kyl , | ower al koxy, and | ower t] I oaI kyl; or a pharmaceutically
accept abl e salt thereof 10 In certain enbodl ments of Fornmula I', R2 is H.
In certain érbodi- Hb@ﬂb’lsefdit’l)ﬁdﬁhhmwollo[2 3Rgpyrezipt2-ylrurser t ai n enbodi ment s of

Formula |, ! rtain enbodi ments of Forrmula |I', R4
is H 15 Inlgéﬁ%HOI(%{g‘gdbc]P%ZIP'z'yl? Pﬁﬁluéear R2is H and R4 is H In
certai n enbodbHemir®laD, 3quwmilﬁ 2I-y1) 3R3tmi$udrbmam§zll-15hféngz1$-ut¢a; In certain

embodi nrents of Formula |' I;F%jp %ISH and R4 is H In certain
embodi nent s dft ﬁoﬂﬁﬁﬁy@lo[z b jpyragin-3-¥DUE% ai n enbodi nents of Formula I°

R2 is H and. B3 Bugyltd- (5226%§,rfblg|?r3tg] Praif0g peAt s of Formula I', R3 is H, and
R5 is H In certain enbo Formula |', R4 is H and R5is H In

certain enbédwmm}é 3P HRrrale (3.3t IpyRani2sylHure®3 is H, and R5 is H In
certain enb nd R5 is H 21 - In
certain enbddi rre%&isroﬁz’%gipﬁzgj}l'%'yl) ‘%dbﬁ ‘{:HC %jde&lyﬁ:mghd R5 is H In

certai n enbodMreit-2-[&4(5 Fpyrmolofl,B- b]pmeSyH-urEiao] sceldmi®t is H, and R5 is H
In certain riagion f 0 above e [ . is cycloalkyl. In
e var it S MaRES 18 Bl AgnB o 2 R RS TR e Soig e ROE o bt 1 on
of the aboveg ggﬂwqﬂ. qzl [R5 Hipyrio®)es b%%é(ﬂln 21yn)- @@moygﬁﬂyaatml@@ of the above

i

enbodi nent , S nmeth In certain enbodiments of Formula |, R2is H In

one vari ati érl(3¥ 43)%3/@3%@@1‘\%@1%#1% YIRS H-oyeldABryIPYREnaryl iyl . I n one
vari ation of I n one
variation of '(FE@D)Z@O e é gﬁgb@%) 3%%2})%5’?&{11&@%&@?%@}4 1?ielgn

enmbodi nent s ldf - A_@tyhplimriﬂinﬁ ﬁa S HpyrRBo[RS-HpyRdini2sylHureand R5 is H | n one
vari ation of RL i.s | oal k ower alkyl. In one
variation of" (%E?D 819'2 C@ﬂgg %5H'??im?lg[z%@mﬁaz‘lngﬂ%lb'uEﬁakyI I>ln one

vari ati on of|. (gn@etapod@mgmﬁmwﬁga | yrrBlJa p) §bﬁﬁ€d&)ﬂ-2i§zl)mfba 15 The application

provi des a corrpound of Formul erein:
1-((IR,2S)-2-Methyl-cyclohexyl)-3- (5H—pyrrolo[2 3-b]pyrazin-2-yl)-urea;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-spiro[2.5]oct-5-yl-urea;
3-Cyclohexyl-1-methyl-1-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[1-(2-Cyano-acetyl)-piperidin-3-yl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(2,2-Dimethyl-cyclopentyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(2,2,2-trifluoro-cthyl)-piperidin-3-yl]-urea;
1-(1-Methanesulfonyl-piperidin-3-yl)-3-(SH-pyrrolo[2,3-bJpyrazin-2-yl)-urea;
3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-piperidine-1-carboxylic acid methyl
ester;
1-((S)-1-Acetyl-piperidin-3-yl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-((1R,3R)-3-Amino-cyclopentyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(3,3,3-trifluoro-propionyl)-piperidin-3-yl]-
urea;
1-((R)-1-Acetyl-piperidin-3-yl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-piperidine-1-carboxylic acid ethyl Ester;
1-(1-Propionyl-piperidin-3-yl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Isobutyryl-piperidin-3-yl)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;



WD 2010/ 063634PCT/ EP2009/ 065878 - 22 - Rl is lower al kyl or phenyl,
optionally substituted with one or nore Rl'; Rl' is halogen, |ower alkyl,
hydr oxy, wowero/degessoxyal kyl, | ower al koxy, |ower hal oal lPgIT/EP20M9/06587&NM dO,
oxo, cyano, sulfonam do, or cycloalkyl; and R2 is Hor lower alkyl; 5 each
of R3, R4, and R5 are independently sel geted fromthe group consisting of
H | owner aIkyI hal ogen, hydroxy, Iomer hydr oxyal kyl , | ower al koxy, and

| ower hal oallkﬂl’r(3 Wthﬂ @Mb‘@d@lﬂlﬂlm&b’ﬂﬁ @étpyprdol e layrezinReyldofeal n” cert ai n
enbodi nent s oé g L zlgb nreclzz?r a )n ghbodi ments of Fornul a
1", R3is H ance f SnﬁdHr]?émP ylu 'R2 is H and RBis H
In certain enbﬂﬂhhmleS(?OlfneﬂE@l’-Sﬂlp@rrbloD 3-|Bﬂlpyr'&1ﬂ'—|2 yll)mre@rtal n enmbodi ments of
Formula 11

and R4 . certa odi nme of Formula II",
R3 is H and- (@Etb@ewlf%l “piReridi Pl hg'Z%%@éiFﬂ@E?tg %W%Z&'Eﬂﬁd“fﬂa}' R is H R3
is H and R‘id['l SPH; aﬁéiz @ﬁ?&r@l)fb ﬁé?mﬂ!%@fﬁ ?S}@by&&lf)[ﬁlﬁ 9]p|ylLaZIn B?l)lu%aH I'n

certain enbo |rren I h cerfain
enbodi nent s lde)FloAﬁm’]ap}rlT01ldHR3-}’i)s3 ﬁH Bﬁ@lp{g 3- é]pliflfalenr‘l2 Eléﬂlr% n enbodi nents of

Formula |1 or mul a
', R is Ill,-(%-l swﬁ anaﬁa'é}y?rgﬁﬂn %’11 cer%raé %%qﬁ%gﬁﬂbéflpﬁofgwl al,
is H R4 is($3-f( RByirslo[d.,3-bpyeein-2ivh-uvesiioh ymoihitl ;e df-cararxylit acid hiethyR3 is H
R4 is H and RS is H In certain enbodinents of Formula Il', RRis H R3 is
H R4 is H$d R5 is H WD 2010/ 063634PCT/ EP2009/ 065878 - 23 - In certain

variati ons. of(saf ALl Shivs: BTN, (SFlp RIS bRl Kyl - I
f S

one variation of the above enbodi nent al ogen. In

one vari ati or{ldfyctameorapespEomndiridens- yDﬁl(ﬁ%PXfﬁé@éﬁ -Blngrage-3-¥)jusaier
hal oal kyl . | 1 eaki-Op: A Lreating an
i nfl ammat or lrhgpfoggE%Fgﬁltf%l&%ﬁegfaé%%%]tfgsrfpggﬁr{r%?fisﬁ ]5%% P’é?%erl ng to a
patient in AdER,69)e6-dbfthyd-spingR apetHSiyd pd 4 §H el frelofd, %]mzmmnt-ybfuredge conpound
of Formul a | oun var i on of the above
et hod. t he 1 6SVEREMAIR bR SHosk S +-Cud rxinio R SEEMH ZD e ona

t herapeutic 199@idin- seleahAd- (5qpmraolgﬂzeﬁp]§39ﬁgﬁppy1t)1u§eaor anti-proliferative
agent, an anti-i nflamrator%@g_gent an i nmunonodul atory or i munosuppressive

agent, a nedriofidgphivenerhyls PyIrdpl2agelRyrerdr2-y % ng car di ovascul ar
di sease, an 16(9%1&. % fétﬁ BQ@%@@&J%%]&@E Lagf jo_r treating

i mrunodefi ci en der ect application provides a
nmet hod f or tlr(échylmdgl bdyl ethj/ll)-édﬁﬁwlq{bﬁeb]pyrmnd@d)anﬁeaj ng adm nistering to a

patient in ther r,a i C ffective, anpunt of the conpound
of Formul a ﬁ S(C)lf‘OHIW (%?Jrf) eff?fﬁ @Mﬁ)é% ﬁpyrailg 21 ﬁ) BI& as pect, the
appl i cati on1Uis2RES Metigichadhdpdy)- Bmﬂmyyfrbm)gz Jhgshdzipeol)dres;at i ve di sorder

conprising adm n| sterin thereof a therapeutically

ef fective ardlift-2RF2 Thﬁfégﬂt?ﬁ(ﬁlﬁh?fﬁ’l)oi‘ (%Ipﬂﬁq)lgﬁﬁ -bpyragine? (YBT%%nd of Fornul a
L I'n ongEsPHOL Mct c?&&ie‘x?@%‘ @R RRRY @%Sb]@rﬁﬁh@oﬂ iR i nhibiting

T-ceII prollferatlve di sorder conpri sing a m ni's |ng o a patient in need
t hereof a t KR»-apE(AH-Catrblp[BI-Héyrizire2-ahpureido bpyrgdidirivel -cobpolindcidf Formul a |,

wherein R 'I%t Iesterr] one variation of the above nethod, the proliferative
di sorder s €ancers’ In one aspect, the application pr ovi des a nethod for

treating a B-(cr)-1 Wlﬁﬂnbsflﬂﬁ’oﬁyll-p@erodidﬁldj §Bs3- (csmpyrtcﬁd)[mg -FAgpianinSX-@i-ureg; t 0 a

g?t ::gp';m: 2 it (?% er@gl {EQ‘Hr aﬁ)) i cal I IPF 3] gﬁ)tylra\é% yurgéa of the conmpound
1-(1-Cycloprop anecarbonyl-p1per1d1n-3 -yl)-3 -(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-(1-trifluoromethanesulfonyl-piperidin-3-yl)-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(2,2,2-trifluoro-cthanesulfonyl)-piperidin-3-

yl]-urea;

1-(2-Ethyl-cyclohexyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Acetyl-3-methyl-piperidin-4-yl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;



WO 2010/ 063634PCT/ EP2009/ 065878 - 24 - organ transplants, xeno

transpl antation, diabetes, cancer, asthma, atopic dermatitis, autoinmune
thyroi d dweaptws3e34ul cerative colitis, Crohn's di sease, PATARRIOIO53838

di sease, and Leukem a, conprising adm nistering to a patient in need
thereof a therapeutically effective amynt of the compound of Formula I' or
the conmpound of Formula Il'. 5 In one aspect, the application provides a
met hod for pr@ndethinegulomyt-8eeathyigiperidintoyhs -G -pyredol23ep leptarior2-yliincl udi ng
acute allo rrag_t or xenograft rejection and chronic allograft or xenograft
rejection, F¥vascul ari zed or non-vascul ari zed transpl ants, conprising

adm ni st er i ggMty4-pR{IBpYrrol0[2Beepytdarr-Bof)-vacit dlerippRliid- cahbyxyeicfaet | ve
anount of the conpound of Formula |I' or the conmpound of Forrmula II1'. 10 In
one aspect , MEH¥ SHH i cation provides a method for inhibiting JAK3 activity
conpri sing admmkdiRE:IRGyRpIRAIGERRENIHERYN-Y -(SHLRRl1(8 3 PHRin2Ly1j-BRacOmpound
of Formula 1I' or the conpound of Fornmula I1'. I'n one variation of the above

met hod, t he ldbrpéumidpeonty -gotd)-pincti &6 -di-3 - myteoibb dipyeezin-8sd)-iaan i n

it bi ochemi i Vi j akion.of th b
method, ¢ he  donnenan S B LD RS v Rpt s ARGt SRR " T
vi tro bi ochénBqaH-Rseif2 8fa)pazialtyl)uteydo |-hrepame 1 cambbaglicaidahethleesehove

met hod, the conpound exhi.bi | C5 0 nan lar or less in an in

Ui tro bi oohdih e eegynard ks S aui o o - ARG SHOBREE . ¢ he appl i cat | on
provi des a fll’ﬂlIIQil/Iét@fl-ﬁrBI%%Jlﬂﬁl@ﬂylb-ﬁigbﬁmg-ﬁ-(SH%‘rx?o'lc_ﬁ[@,ﬂﬂpﬁ@ﬂﬁQl sing
co-admnistering to a patient in need thereof an anti-inflammtory conpound
in combi natYlyH#i th a therapeutically effective anmbunt of the conmpound of

Formula 1" qr/t | Jormyl a kL € b, rbhe..application
provi des a ?relr%\gﬁh%%rga ?drﬁgg{’@%%‘ﬁgﬁm% pgfﬂggbr[%)rgrq)]@g%@?ﬁl)tn%%a’
co- adm ni st ér(il retyd-pipepidin-enb)-3i (3 Hpetlo[RSkidpfraain-2d-ylirureas uppr essant conpound

in 25 conbi iQqn with t her.apeuti.c y_effecti nount .of the conmpound
of Formita 10 gPufe Rt RaP B iy Relo o fn 2 Sh-drel

2010/ 063634E@RﬁPMn@ﬁﬁ@ﬁﬁl-pip&ﬁﬁnsfﬂmmb&ﬁ@b[MbWirﬁ Daurea;

phar maceuti cal conposition conprising the conpound of Formula |I' or the

conpound of 1HERnrTropgne: 1-gdfonylaingrid -3yl 13e@ét P08 Bah Inpaan 3 -irep:

acceptabl e gagrkaip b B 1?5& 24 Mo3-plPRriGRE- 1Y @RV iORbid hidfhyRbove
phar maceut i cgttlB (co 0Si til)"oan uerlt e(rj”corrprﬂgéjs%naln ad%?ti grlla?bIS tﬁlgfapeuti C
agent sel ectssdt, from a chenot herapeutic or anti-proliferative agent, an

anti- infla nt i onudul at or r, iJmunosuppressi ve agent, a
neur ot r ophi mfég{%@%ﬁyﬁﬂg:}t1]g%’&l'afyrrf'gé@(fﬁ%%?@ﬁé@gggﬂfl%ﬁg%egase, an agent
for treating-(dRaSeIBBicy@n2.an Jiapedlyl-BasHtpye@id[Dg-4pyranedef)-cicency

di sorders. In one aspect, the application provides a use of the conpound
of Fornul a I(1dylethplecys GG pyfrolebr-siinyr42in-2-yDriehe nanuf acture of a
medi canment fiq#_ 1ninBE b arn@at_er, q;ﬁ,ﬁg . 18_aspect ,

t he appli catliqgné %&gff/(lg esggﬂﬁglgg‘n?’%ﬂep@%%ﬁp%%g%? or %)u(ﬁzl%gabﬂﬂﬂ%zgﬁltg € conpound
of Formul a wka;, in the manufacture of a medicanent for the treatnent of an

aut oi mmune di r, 15 ln o aspect appl i i,on _proyi des a net hod
o Ot ront g B ST el A SRS GRRAC - M R SR B E A b e R e
admi ni st er i ng(R)el -2-PpRitiyePpropanc-naetotynesipaidia 3typs apepyircall, y-oafvient-i ve

amount of the conpound of Fornmula |I' or the conpound of Formula II'. In one
variation of YDA 4bove nethod, the above nethod further conprises

admi ni steri 'TQ((:?)DI-R@ttﬁ@léﬁuﬁﬂ)ﬁ’ﬁ%ﬂip&ﬂ%{-9@91-'}-{59{-?9@616[2§ﬁbﬁ§fa§ﬁﬁ-5-§rl@1ﬁ‘r@;
chenot herapeutic or anti-proliferative agent, an anti-inflammtory agent,
an i mmunonodd(StlofRropanei intulinogirpipcadioidre [ ddéHtnyrlaiedrideyremmiley f-aistor , an

o “an agent o7 LR SR MRl SR DaRRG PR PO b o EERR LA 2 P

appl i cati omphanwe¢ades a nethod for treating an inflammtory condition 25
conprising adpinistering to tient_in need thereof a therapeutically
effective arlrl-{g!r@ﬂ%rp-%@9@9}%&]%y@;mﬁ)—ywrgcFohe)gﬁ-ug% compound of Fornul a
L1, wher ei n.[R)L8(HR3pane-1-sulfonyl)-pyrrolidin-3-yl]-3-(5 H-pyrrolo[2,3-bJpyrazin-2-yl)-



WO 2010/ 063634PCT/ EP2009/ 065878 - 26 - In one aspect, the application
provides a nethod for inhibiting T-cell proliferative disorder conprising
adm ni st ewpregiw3@4pati ent in need thereof a therapeuti earipP2@bieisrs ve
anount of the conpound of Formula I' or the conpound of Forrmula II". In
one aspect, the application provides a nethod for inhibiting T-cell
proliferative disorder 5 conprising admnistering to a patient in need

t hereof a tlh‘rea,apeuti cal | y effecti ve anount of the conpound of Fornula |' or

t he conpoun oRg, vari of .t he above
et hod. "t he B o PeviRbbog SURPL Ry B fe g o
applicati onz-pr)ama;les a met hod for treating a B- ceI I pr oliferative disorder

conpri sing adm ni steri to a patien need thereof a therapeutically
of T 6ct i ve atdut ey Bo%ﬁwf@n%m@ﬁ BErTR PSPyl 2caipbind. of _
Formula |1" 1.[i 2 QR&hASRESne- ltﬁl@foﬁ‘ﬁphieﬁoﬁlw% P Ip9RSIof Sf@]r]ﬂ%é%n{ 9—5131 reating
an i mune di sorder including |upus, nmultiple sclerosis, eumat oi
arthritis, psariasis, Type | diabetes, conplications from or gan

dermati t1's, hb e Db g AR R AR R R AL B

di sease, Al h]bgnamﬁrz gl)dr@gease and 15 Leukem a, conprising admnistering to

a patient t her apeuti c ef fecti. a of the
conpound of qﬁ&%ﬁﬂ?)fﬁ Ei’é’i ?(?\ a‘aﬂﬁ"aeifsu{f XHJPIQe“ 35%5'2%1@ aspect, the
appl i cati onypffyge @pﬁaﬁﬁtzhﬁ?iufe@r preventing or treating all fornms of organ
rej ection, including acute a raft or xenograft rejection and chronic

al | ograft on-(enhbgienesutfepdaiohdingt-yh-d<e traiiordd 3drpyiesindadbuicar i zed

nerapeuti carl S or b Z Rl T S Ao P A PR PRPER 2 ME e °

conpound ofutg@rnula I1'. In one aspect, the application provi des a net hod

for inhibiti act|V| C risi.n i pjster] e co nd of
Fornmula I’ rt%%%gﬁ%%]&dn %’Pyl%g’gﬁ&ﬁédﬁ Fﬁ?g] 'rpé’frﬂlQ[f:gé b@ exhl bits an
| C50 of 50 wgegronolar or less in an in vitro biochen cal assay of JAK3 25
activity. In one variation of the above nethod, the conpound exhibits an

| G50 of 1oo I R rét-Nethil-prapgse-il syuenyiDnp Xrrod idg-$y Boh - Rroleld SabIPyRInK3
activity. gﬁe’laO/ 063634PCT/ EP2009/ 065878 -27 - In one variation of the
above met hod; e conmpound exhibits an I C50 of 10 nanonolar or less in an
invitro bi ddﬁHFﬁymjlo[a,§ddpyrailﬁAI§8) ad (R)vi-trifluokomacaspaglpyrtdiidinappl)i cat i on
provi des a nmethod for treating an inflammatory condition conprising

co-admi ni st¥Ff'ng to a patient in need thereof an anti-inflanmtory conpound
in 5 conbi nat( Metﬁhﬂebulamtyhplrpa@@uizj ﬂﬁie{hyl)eﬂ‘ (seﬂpylv(ﬁo@rmbl]pyra@ﬁl 1-hig-venpound  of
Formula |I' or_the conp For mul a t he apE)I i cation
provi des a rlre{@r(b%ta%new@aﬂ wg”r%hr} %ﬁDrFéhﬁdi %&?@@W@@E?p%b@ywm- 2-yD)

co-adm ni st@lre;lng to a patient in need thereof an immunosuppressant conpound
in conbination with a therapeutically effective anount of the conpound of
Formul a 1" @&r{2t[Re(SHEPyersiqiddrdpwhziFgr yhiheeido]-ethyTihpyreghidinieclatdrboxypic eviddes a
phar maceut i ca Ih £9 osition conprising the conpound of Fornula |I' or the
conmpound of MESYROFE 11 , adm xed with at |east one pharmaceutically

accept abl e Ga[Br(EHrPyn@kqn Piapyrain-2ci }-teiio]- aidibaﬁhﬂﬁ-cﬁt&bkyﬁtcl aanl,méthyél akeve

phar rraceutl ositiop further comprises ddition 15 therapeutic
agent sel ect e(él M? eaulkor‘i‘éfﬂﬁeﬁ%‘?‘ éé’@cﬁt‘f “BYTAIR %%nﬁl%&%’z’fné%'é{&l\?@ agent, an
anti- infl aml(@-rl\)fetﬁegfeﬁﬁlfon§p;[)1b@9fﬂ'lﬂ-@[§?ﬂé'th§‘lt] @[(Xﬁgéyrfdm%%ﬁﬂﬁﬁilﬁisﬁye agent, a

neurotrophic factor, an agént for treating car I"lovascul ar” di sease, an agent
for treati n‘gedl abetes, and an agent for treating inmunodeficiency

R L U L s R e M

medi canment ﬁqemylda;&rireat ment of an i nfl ammatory di sorder. In one aspect,

the applicati vides a u ound of Formula |I' or the
conpound of ! ﬁgrﬁ.ﬁ%fygaiquan- Ay gﬂéﬁ Fé@ggﬁ@’r'ﬁfm' Yeletanent for the
treat nent of|_[@aQ3autRi1I0BRARIE- 104 SRR AR ea&nTjﬂa]Bt(sasleyrm@o[zqrb]pffam@nﬁ)ty as
used herein refers to one or nore ofp that entity; for exa a ‘conpound

refers to one or nore conpounds or at |east one conpound. As such, the
terms "a" (or "an"), "one or nore", and "at |east one" can be used
i nt erchangeabl y herein.



WO 2010/ 063634PCT/ EP2009/ 065878 - 28 - The phrase "as defined herein above"
refers to the broadest definition for each group as provided in the Sunmary
of the |Irnwenpicgmw3ern the broadest claim In all other enpodinPeemsscisrovi ded
bel ow, substituents which can be present in each enbodi nrent and which are
not explicitly defined retain the broadgst definition provided in the
Summary of the Invention. 5 As used in this specification, whether in a
transi ti onawreghrase or in the body of the claim the terns "conprise(s)”

and "conpri si g, ar e inter t havi ng _an open-ended. neani ng.
That Lo L ARl S S b B S P 3 DR Db B S R Bin AL o2

“having at 3gHairéa;or "including at |east". Wen used in the context of a
process, the term "conpri.sing" ans that the process includes at |east the
recited ste é?Hbﬁﬁﬂoi%[gBr@EWaﬂB'zgﬁh?ﬁiRaﬂaba%?'éﬁﬁﬁl}“wfqm%?ﬁ%&%% t he

cont ext of ﬁwﬁpﬂppy?qqg&uconposition, the term "conprising" nmeans that the
conpound or ‘conposifion includes at |east the recited features or

conponent s, 1HAR. MRy 1aicstyl-drindthideipaidin-3ohal-(Sréayuelel. obIpgwapohEhiusea; As used

R s

"ei t her/ or "blp¥azihkeyl)-@ren " i ndependent | y" is used herein to indicate that a

variable is lied in any one jnstance.w th ard e presence or
ebsence of -4 0 -EoMee R RGP MBS A (A IREO D B R it he
same conpoufglyrelhus, in a conpound in which R' appears twi ce and is defined
as "independently carbon or nitrogen", both R's can be carbon, both R's can
be ni t r ogen -(¢MeghancrulfanghS tectidrpenengng)-8 Hel/gyreto (s thivgenn-220)-ween any
vari able (e, 0. < R 20 > DY el 0 L.Ive. iety or
formul a depﬁgvfﬁ % dcggg%é%%FﬁggﬂgnﬁgﬁaSQHQ%%ﬂJ%g 8ﬁ?gﬁ§¥%g%a§§ t he
present i nvenathybesferj ts definition on each occurrence is independent of its

definition at _every other occurren Al so, i nati ons, of substituents
and/ or vari dElACH T Eﬁ}ﬁ"&\?ﬁﬂﬂé‘ﬁbﬁ%l”fme@@i?' BiaIDrBEt ¢ i n stabl o
conpounds. 25([TheHPYFOR|S 3 Hpyr@lin-L i -@8do PhethyBofigertine- -carboxyliéragian t hr ough

a bond each refer to the point of attachnment of a functional group or other
chemical noPethyl ¢&1t he rest of the molecule of which it is a part. Thus,

for exanpl e;_veC(=Q)0! r£Ln = &y - (Y = -Asd WO

2010/ 063634P yﬁ%ﬁ%"%@?‘ ég\ggglsfwfg@}]ﬂA@%ﬁ%‘ﬂ#’%&%&K‘%&r? Zé ‘System (as
opposed to Cef2A8eabHePyatole2dilgbymuin-2vdj-tnexdo [Hetigl jepipesdibdrbtcatbheylivawd! nay be
attached to a&»log the suitable ring atonms. The term "optional" or
"optional | y"4¢ G&d herein means that a subsequently described event or
ci rcunst ance-(MycetydMpipeAa Bt -dtethy@F 845 H-piolof b gy itiesOrirpd; i on i ncl udes

i nstances where 5 the event. or circunstance occurs and i nstances in which
it does not !-(EdYctbanssyfayl-pipghidigrayimpthylnkstSH-nyErl o[ 2msalneragad-yh Heea;
optionally st i d\L ' 1 ' _POEat Iy OB (B stituent.
The phrase ﬁggﬁr??gt)c%gﬁlﬁgghﬁgﬁﬁ?%dg@%%ngg??ﬁ?? %Mg;g@g%}@g u%g%i her ei n
means j oi n tlelfAxcthl@-betbyledzepanc4-nh-sipét-pyrrolol S elpyraziachyl)ureg; may be nmade up
of either 4-7 I at r. 4-7. 10 he t.ons,. and, may be
saturated o oAt PaReAh Rl e EhYES SRR e AR 2oy
approxi mat el¢a; in the region of, roughly, or around. Wen the term "about™

is used in copjunction with a nu ical range, it nodjfies that range by
ext endi ng tﬁdz6gﬁﬁﬁﬁ&?&§“9ﬁ6¥§Sﬁﬂ§hﬁﬁEH#PW% Oﬁﬁ%éPVE%Fbéﬁﬁﬂ@ﬁhset forth. In
general , the._freisn pahews 3 St RBLGERo|-M L i¥erfliMUMRALERAlicWRIdue above
and bel ow the{t[st(atgg v}aﬂ[ue y}}#15 aji@arila?\](;eegl?gz%& 'Il'he defiﬁ}%ltci ons

descri bed heeéyhestrly be appended to form chemically-rel evant conbi nati ons,

such as "hetefo: Iy 5 21 b kyl g oo rary] al - yclyl, "
"aIkyIcarbo%yﬁ?iﬁééﬁﬁ%¥ﬂ%?b&ﬂ%&%ﬁgééﬂggﬁgLﬁ%ﬁ%yﬂmmghgXFﬁ%&¥%£§&Saﬁgn t he
term "al kyl theihgl assed as a suffix foll ow ng another term as in

"phenyl al kyl , " "hydroxyal kyl_, " s 1s Intende o refer to an 20 al kyl
group, as déﬂ?ﬁgémgﬁﬁgéﬂﬁﬁgﬁﬁ Q§Ubéﬁﬁ§ﬂfé&“@?@ﬁ“@ E"to two substituents
sel ected fr@mdphsyh&iBincsnmlyhipERHidr- Ry mAegr oup. Thus, for exanple,
"phenyl al kyl™ reférs to an alkyl group having one to two phenyl
substituents, and thus includes benzyl, phenylethyl, and biphenyl. An

"al kyl am noal kyl" is an al kyl group having one to two al kyl am no
substituents. "Hydroxyal kyl™ includes 2-hydroxyethyl, 2-hydroxypropyl,

1- (hydroxymet hyl )-2- 25 met hyl propyl, 2-hydroxybutyl, 2,3-dihydroxybutyl,
2- (hydroxynet hyl ), 3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term "hydroxyal kyl" is used to define a subset of heteroalkyl
groups defined below. The term-(ar)alkyl refers to either an unsubstituted
al kyl or an aral kyl group. The term (hetero)aryl or (het)aryl refers to

. VAN M NA ] NNy ASNANT | =S ] NS o= ”~



5 chem cal and physical properties are consistent with a m xture of
conpounds. The position of the equilibriumis dependent on chem cal

f eat ur es wot2hionesdse nol ecul e. For exanple, in many al i pRaTiEP2@bdeisysies and
ket ones, such as acetal dehyde, the keto form predom nates while; in

phenol s, the enol form predom nates. ngmm prototropic tautonmers include
keto/enol (-C(=0)-CH -C(-OH=CH ), amde/imdic acid (-C(=0)-NH

- C( - OH) =N-) 14Qycdohdxdmi-ti-weprop BSENRYyr b2, 3-EJpy iRy =)D urdaaut omers. The | atter

prasent | mvent o reiRbR gk A R PR SRR e e

Techni cal abigyseinenyl)furea; t erns used herein have the neani ng conmonly

under stood by one of skill_in the art to which the present invention
pertains, u r%s%ceagwm@é-a@fthgh?-(ﬁéﬂwg Pe?'ib _yi@l‘??gﬁ'g"ﬁ%ei n to various
net hodol ogi @%l%ﬁékhéfﬁ%ﬁ?dn?l-ﬁi KH&M-}Trlﬁle%h"}‘rf)sﬁ(s‘?{-pﬁ!fdlbﬂz,j-B]P&ﬁﬁinaZ-Srl-)-u%a@ndar d
reference works setting ortph t he general princi E)IBes of “ phar macol ogy

i ncl ude Goodriar!ayrdtyGpineaifmst-YirethyHai- by dBal-o oz w-by D) TPies apeut i cs,

10t h Ed., ' [ : r : it abl e

materi al s ﬁ?f g!"%&wgﬁgﬁcﬁgﬁ}%tﬂf%gs(g%y@%zﬁzbgg%%g@w ?'ﬁl:'é%’ed in

carryi ng outl-[t HRropaes il fonyl)gniiotidin-Holweied |-3 05 perrolef 3rdipsrizal-3-yhnd 20
nmet hods are described. Materials, reagents and the |ike to which reference
are made i n"fe fol | owi ng description and exanpl es are obtainable from
conmmer ci al 51C{Qf(@Methéiﬁklﬁﬁﬁlypfgﬂ@ﬁdmﬂ%rm@th?ﬂa-('ﬂqﬁp &2 3airazia-yped herein
denotes a group of formula -C(=0)R wherein R is hydrogen or |ower alkyl as
defined herd@f#. The term or "al kyl carbonyl™ as used herein denotes a group

2,0, S e B L e i

"aryl car bonpbthybsstansed herein nmeans a group of forrmula C(=0)R wherein Ris

| ; t " b | - i "aryl carbonyl "
therern B ahgenRy-parthsp et S E S HRE Rl B SRV btiby anched
or branched |qhaPfopasal 4ildsd.py3QLaRIDyalanl]- Ly sk poas b HRsrUL2 600t ai ni ng

1 to 10 carbon atons. The term "l ower al kyl" denotes a straight or branched
chai n hydr o#&f-bon resi due containing 1 to 6 carbon atons. WO

an al Kyl conpiSee o T bg 1Al ERS R e pPRRRY ARERIE &8 TS, but

are not | i nmnteébgl ¢seer; | ower al kyl groups include nethyl, ethyl, propyl,

ey e

anot her t er m(1 ascetyl-pyfrbediy2ay ¢ thyl)- 305 FBpyrioidR Bk ypkteyin,2-yih ak; i s i ntended to
refer to an al kyl group, as defined above, being substituted with one to
two subst i t&e{ﬂmt(g'l\é%hﬁéld%f%l%ﬁnff‘rloﬁwff’ﬁﬁél)'BYfﬁ‘élfdll%;Bé’ém? ¥3ry mwodelgdoup.  Thus,

for exanpl eb]p%,ggﬁw&%h@él " denotes the radical RR'-, wherein R is a
phenyl radical, and”R" is an al kyl ene radical as defined herein with the
under st andi ngSHytrrold{e.3atlpaetingntl)-pdi 12,2 gtriflheroptted)pipbtdin-2rdinethyllwi | | be
on the al kylllrege radi cal . Exanples of arylalkyl radicals include, 10 but are
not |imited to, benzyl, phenyl ethyl, 3-phenylpropyl. The ternms "aryl al kyl ",
“aryl al kyl '1;(58rPyrai &b Ryl | pyrafie-2iyii-84 pHBELR ecrisludiolatiyl ypipxedEpy -HRnethgl]an ar vyl
radical. The terns "heteroaryl alkyl" or "heteroarylal kyl" are interpreted
similarly e¥€&pt R is optionally an aryl or a heteroaryl radical. The term
" hal oal kyl " (P§,3$5333E§-{S?{-Ph‘i’olg[2[131_5Wa@in@?@%@&ﬁ@%y@foh@iﬁ@&a@&ﬁyﬁ@@di&‘ al kyl
group as 15 defined above wherein 1, 2, or nore hydrogen atons are

subst i t ut eddipyethylanzgiiegen. The term "l ower hal oal kyl " denotes a straight or

12 or e AR R R AR B O B Pt R PR AR ARy C0°ETE

1-fl uorometimgh;,, 1-chl oronethyl, 1-brononethyl, 1-iodonethyl,

1 odon et R8Py 0 3F S b BHEEAS M. | ooty

2-f|uoroetthﬁ%QH&@Ioroethyl, 2- bronoet hyl, 2-iodoethyl,

2, 2-di chl oroet hyl, 3-bromopropyl or 2,2,2-trifluoroethyl. The term
"al kyl ene" as used herein denotes a divalent saturated |inear hydrocarbon
radical of 1 to 10 carbon atons (e.g., (CH2)n)or a branched saturated

di val ent hydrocarbon radical of 2 to 10 carbon atons (e.g., -CHWe- or
-CH2CH(i -Pr)CH2-), unless otherw se indicated. Except 25 in the case of
net hyl ene, the open val ences of an al kyl ene group are not attached to the
same atom Exanples of al kylene radicals include, but are not limted to,
nmet hyl ene, ethyl ene, propyl ene, 2-nethyl-propylene, 1,1-dinethyl-ethylene,
butyl ene, 2-ethyl butylene. The term "al koxy" as used herein neans an



- 32 - alkoxy group with a "lower alkyl" group as previously defined.
"Cl- 10 al koxy" as used herein refers to an-O al kyl wherein alkyl is G _io.
The t er mwbydriey@hkyl " as used herein denotes an al kyl PCadipe@l/oess7srer ei n
defined wherein one to three hydrogen atons on different carbon atons
is/are replaced by hydroxyl groups. S_HQQ term "cycl oal kyl" as used herein
refers to a saturated carbocyclic ring containing 3 to 8 carbon atons, i.e.
cycl opropyl 3-dy<€<iBhytrglo[2,34pdnyosreme i) ureilo|-miathylji-pyren)idingHlegrrhdxylic acid
blcyclohept%ﬁmpf &%clooctyl "C3_7 cycloal kyl"™ as used herein refers to an
cycloalkyl ose of 3 to 7 carbons in the carbocyclic ring. The term
"spirocycl oaL(BMF’erO[ﬂ,SQQpﬁenﬁiznyl) af{ers$-(2 0 2atridlyotocakyly-pyrasdidiessi- bed above
wherein 10 oHe of the ring carbon atons of the cycloal kyl isa a ring carbon
atom of secOR Mg which is cycloalkyl, preferably this second ring is a
cycl opr opyl (13339@[3?18'}3&1»%15 cygjpgﬁa&iﬁyi-yl)%reﬁ@é]r@k}% éltﬁ%%%boxy-m%cfder m
"hal ogen” as used erein means fluorine, chlorine,” brom ne, or
i odi ne. Themﬁévhﬂﬂﬁéﬂ%¢oaryl or "heteroaromatic" as used herein neans a
nnnocycllc CYEl } | east one
aromatic i e a RS SR EreRine APt ATRABIE Al 1 one or
nmore N, O, ﬂhﬂﬁnhﬁteroatons the remaining ring atons being carbon, with
t he understandi ng that the attachnment point of the heteroaryl radi cal will
be on an aromatic ring. As well known to those skilled in the art,
heteroaVYThdI?Q&HQﬁ%@nh&ﬁ%mﬁaﬂﬂﬁkkﬁe&ﬂ@@ﬁQﬁﬁimﬁbégwﬁB@mhnﬁbhe&ﬁﬁh%ﬁ counter
parts. Thus he purposes of the invention a heteroaryl group need
only havecosisingeadpanistgrngiogriativet ie Readaibereef a @R@mtﬁéﬂwffeﬁéy@%@WP
noi eti es QR s having 5 to 6 ring atons
and 1 to4%Qhetg§bato%gxﬁﬁgfudeggﬁ&%&F@Q%§§ %#fed to, pyridinyl,
pyrimdinyl, pyrazinyl, pyrrolyl, pyrazolyl, imdazolyl, oxazol, isoxazole,

t hi azoke, TlhéS@Tpraaﬁ)ﬁ|p@ov1ddslt1@e7-eiﬂokfélﬁ}etlfobl f&dh@zc@h@rl@lﬁg a@ﬁﬁﬂﬁ@t@rﬁ@dn%diﬁbh&lh can
optional |y be substituted with one or nore, referabI% one or two 25

subst i t ueMeRPEEIcage dclpstehitARdr SRothepRAYIC ogaR{HPTolp RN AZC pHant]- ower

hal oal kox

hal ogen, %ﬁ?ﬁgﬁﬁ%%a%%gﬁgﬁgﬁg? bﬁﬁ§§¥kgﬁﬁg§¥%%gkﬁéﬁ%é%?E?Fgﬁ?ﬁ%g kyI, and

di al kyl anfapoalakygnt rﬁmrttre@tlngd:dxdmy@samlbodiwasarad agent iarisyling dhbepdsc ar dnaagont |

dla|ky|Caf$%WQ%ll %1%>&§%Q: Xmmﬂ Ikylcarbonylanlno and arylcarbonylanlno
les © e et 65 PRC ude but are not limted to, quinolinyl,

WO 2010/063634PCT/EP2009/065878 - 33 - isoquinolinyl, benzofuryl,

benzot b Opltfheé’b}‘)hcatf%ﬁ W@eﬁ Ql o thRERZ HreQNR%A |11?ﬂan§ﬁ£i51‘§/tc}6h@1¥1@ﬁ Sordpikin

benzi sot hi az Bi cyclic noieties can be optional'ly substituted on either

ring; howasdpeinistenag mﬁ paticaf inacedidhreeht thempeyiically rsﬁ@twg AmgiHiof geconwpeirdat om

The term gycl yl" or "heterocycle" as used herein

denot es ajgghnﬁggﬁ é%?ks Pﬁ%yﬁﬁﬁ cy%llc radi cal, consisting of one or nore

rings, preferably one to two rings, of three to eight atons per ring,

i ncor por athdppAeRiol provid® althdiBoCRF ﬁ@aﬂm@ta@tﬁﬁla@ﬁﬂlpﬁﬂﬁ @dimﬁﬁ‘i)s"[&lnrglt@g patient

het eroat ons (chosen fromN,0 or S(=0)0_2), wherein th oi nt of attachnent

can be t hmd@@%thérepﬁéﬁheypéwqﬁaﬁ ctfecsirys @riounting thercoamronnd afforummladior dien

optloqgll&nﬂﬁ) ggppﬁﬁgﬁgﬁly substituted with one or nore, preferably one or

two or thre stituents selected from 10 hydroxy, oxo, cyano, | ower

al kyl, | ower al koxy, |ower hal oal koxy, alkylthio, halo, haloal kyl,

hy dlr ox?/ ?I krydl app[ii:etktrolﬁ pr@hdl@gm?t?eahdt})ﬂay{reatlal@iaﬂﬁntlﬁltiﬁyﬂraltﬁgrudrn;aistkm:l%wl afllﬁllﬂylllt,

aryl sul fon a am nosul f on am nosul fonyl , al kyl su ony am no,

aryl sul f dﬁweéﬁlﬁhﬁ’&?‘)f & [NE{APSWEG3E¥ a#f%ws namoamﬁf e seewarRbekfiormula Lor the

al kyl car boaylafl BPForfuyd gar bonyl am no, unl ess ot herw se i ndi cat ed. Exanpl es

of heterocyclic radicals include, but are not Iimted to, 15 azetidinyl,

pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl,

tetrahydr Bmdﬁp@pbmm)yl Iprovadaa zahdthivdhfpl (reamgpheuyhatoit it dodiphiping administering

i soxazQlidin olin erazin eridipyl, tetr 0 nyl ,
e A Nent T R P BRI Wik s A5 nt o pomRod 8P FERRA T
rej ecti ongr thOedrbistnd d€Hbeud f10gr aft or xenograft rejection and chronic
all ograft or xenograft rejection in the setting of vascul ari zed and/ or
non-vascul ari zed (e.g. 20 bone marrow, pancreatic islet cells) transplants.
Commonl y used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile
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5 hexafl uorophosphate acetic acid (HATU), acetic acid (HOAc),

1- N- hydr oxybenzotri azole (HOBt), high pressure |liquid chromatography
(HPLC), iwoO-2proapaasal (1 PA), |ithium hexanet hyl disil azaR€T(HPR0N0OSHS7S

met hanol (MeOH), nelting point (np), MeS02- (nmesyl or Ms)" methyl (M),
acetonitrile (MeCN), mchl oroperbenzoi g acid (MCPBA), mass spectrum (ns),
nmet hyl t-butyl ether (MIBE), N- brom)sucm nimde (NBS), N-carboxyanhydride
10 (NCA), Tin mllmt®9m1¢ﬂsmmmhqd\m5)nhlh¢I@Thyﬂl mlﬁmﬂwerdewdwwmprising
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(TEMPO), T anpiieation eroydestizsdpye pthods wharpin dhaarebierasiva disardems apncer. | 1
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Formula |I. TABLE |I. COMPO UND SYSTEMATI C NAME STRUCTURE Ms Data (Mt1l) -1
1- Cycl ohexgl 3-. (BHpyrrol o] 2, 3- b] pyrazin-2-yl)- urea N
e apphcatlon provides a method for inhibiting JAK3 activity comprising administering the
compound of Formula I or the compound of Formula II, wherein the compound exhibits an

20 ICsp of 50 micromolar or less in an ix vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an ICsy of 100 nanomolar or

less in an in vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an ICsq of 10 nanomolar or less

in an in vitro biochemical assay of JAK3 activity.

25 The application provides a method for treating an inflammatory condition comprising co-

administering to a patient in need thercof a therapeutically effective amount of an anti-



H 260 1-2 1-Phenyl-3-(5Hpyrrol o[ 2, 3- b]pyrazin-2-yl)- urea H 254 1-3
1- Cycl opentyl-3- (5H pyrrolo[2,3- b]pyrazin-2-yl)- urea N H 246 |1-4

1- Cycl ohewOywati@e3q3dH- pyrrol of 2, 3- b] pyrazi n-2-y1)- ur eaPCHEPZeD91063878
1-Benzyl-3 - (5Hpyrrol o] 2,3- b]pyrazin-2-yl)- urea 0 H 282 I-6

-19-
inflammatory compound in combination with the compound of Formula I or the compound of

Formula II.

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
5 immunosuppressant compound in combination with the compound of Formula I or the

compound of Formula II.

The application provides a pharmaceutical composition comprising the compound of
Formula I or the compound of Formula II, admixed with at least one pharmaceutically

acceptable carrier, excipient or diluent.

10  The application provides the above pharmaceutical composition, further comprising 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.

15 The application provides a use of the compound of Formula I or the compound of Formula II

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

The application provides a use of the compound of Formula I or the compound of Formula I1

in the manufacture of a medicament for the treatment of an autoimmune disorder.

20 The application provides a compound of Formula I’

O 2
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N N
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wherein:



1- Cycl ohexyl net hyl 3- (5H pyrrol o[ 2, 3- b] pyrazin-2-yl)- urea H 274
36 - I-7 1-((1 S, 2R -2- Methylcycl ohexyl)-3-(5H pyrrolo [2,3- urea

orki H v YWD 2DO/@B63¢ N H 274 1-8 1-(2 -Chloro-

[2,3- b]pyrazin-2-yl1l)- urea C * HHHNNK O(N\ 288 1-9 1-((R-1
- Phenyl -ethyl )-3-(5H pyrrolo [2, 3- b]_@()r_azin-Z-yl)- urea

10

15

20

R'is cycloalkyl, cycloalkyl lower alkyl, phenyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, heteroaryl, or heteroaryl lower alkyl, optionally substituted with
one or motre Rl’;
R" is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower
haloalkyl, amino, amido, oxo, cyano, sulfonamido, or cycloalkyl; and
R’ is H or lower alkyl;
cach of R?, R*, and R® are independently selected from the group consisting of H, lower alkyl,
halogen, hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyl;

or a pharmaceutically acceptable salt thereof.

In certain embodiments of Formula I’, R?is H.

In certain embodiments of Formula I’, R is H.

In certain embodiments of Formula I’, R’ is H, and R’ is H.

In certain embodiments of Formula I’, R*is H.

In certain embodiments of Formula I, R? is H, and R* is H.

In certain embodiments of Formula I’, R’ is H, and R*is H.

In certain embodiments of Formula I’, R’ is H,R s H, and R*is H.
In certain embodiments of Formula I’, R’ is H.

In certain embodiments of Formula I, R? is H, and R® is H.

In certain embodiments of Formula I’, R’ is H, and R’ is H.

In certain embodiments of Formula I’, R*is H, and R’ is H.

In certain embodiments of Formula I’, R’ is H, R’ is H, and R is H.

In certain embodiments of Formula I’, R’ is H, R*is H, and R is H.

phenyl PC3AP2049/0p3878 Ol O



0 H 282 1-10 1-Phenethyl-3- (5Hp rrolo [23- y, b]pyrazin-2-yl)-
urea lel 0 LL H282 1-11 1-((S)-1 -Phenylethyl)-3-(5H pyrrolo [2, 3-

b] pyr azi wo-29mw)o63assea O H O, NyNH O ( N\ H 282 1-12 PCT(eFRboPs3808 0 [ 2, 3-
b] pyrazi n-2-y1)-3- o-tolyl-urea

221 -
In certain embodiments of Formula I’, R’ is H, R*is H, and R is H.
In certain embodiments of Formula I’, R? is H, R is H, R* is H, and R is H.
In certain variations of any of the above embodiments, R is cycloalkyl.
In one variation of the above embodiment, R' is cyclohexyl.
5 1In one variation of the above embodiment, R" is lower alkyl.

In one variation of the above embodiment, R" is methyl.
In certain embodiments of Formula I, R?is H.
In one variation of the above embodiment, R is cycloalkyl lower alkyl.
In one variation of the above embodiment, R' is phenyl lower alkyl.

10 In one variation of the above embodiment, R' is phenylethyl.
In certain embodiments of Formula I’, R? is H, R is H, R* is H, and R is H.
In one variation of the above embodiment, R is cycloalkyl lower alkyl.
In one variation of the above embodiment, R' is phenyl lower alkyl.

In one variation of the above embodiment, R is phenyl ethyl.

15 The application provides a compound of Formula II”

o 2
’R R3
N N
1 ~N
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wherein:



* HH NNK O( N\ H 268 1-13 1-(5HPyrrolo [2,3- b]pyrazin-2-y1)-3- (2-tri
fl uoronet hyl phenyl)-urea F F 101 HN H 322 1-14 1-Ethyl-3-(5H pyrrolo
[ 2,3- b] pyoariome2e3yl)- urea HH NyN O \ H 206 |1-15 1-t @CTABae0lo6B78

(5H pyrrolo [2,3- b]pyrazin-2-yl)- urea

22
R'is lower alkyl or phenyl, optionally substituted with one or more R";
R" is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower
haloalkyl, amino, amido, oxo, cyano, sulfonamido, or cycloalkyl; and
R’ is H or lower alkyl;
5 each of R’, R*, and R” are independently selected from the group consisting of H, lower alkyl,
halogen, hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyl;

or a pharmaceutically acceptable salt thereof.

In certain embodiments of Formula II’, R’is H.
10 In certain embodiments of Formula II”, RYisH.
In certain embodiments of Formula II’, R%is H, and R*is H.
In certain embodiments of Formula II’, RYis H.
In certain embodiments of Formula II’, R%is H, and R*is H.
In certain embodiments of Formula II’, R’is H, and R*is H.
15 In certain embodiments of Formula II”, R%is H,R Y is H, and R*is H.
In certain embodiments of Formula II’, R’ is H.
In certain embodiments of Formula II’, R%is H, and R’ is H.
In certain embodiments of Formula II’, R’is H, and R’ is H.
In certain embodiments of Formula II’, R*is H, and R’ is H.
20 In certain embodiments of Formula II”, R%is H, R’is H, and R’ is H.
In certain embodiments of Formula I, R?is H, R*is H, and R is H.
In certain embodiments of Formula II’, R%is H, R*is H, and R’ is H.

In certain embodiments of Formula II’, R?is H, R%is H, R*is H, and R’ is H.



H 234 1-16 1 -lsopropyl-3 -(5Hpyrrolo [2,3- b]pyrazin-2-yl)- urea H 220
- 37 - 1-17 [3-(5H Pyrrolo[2,3- b]pyrazin-2-yl)- ureido]-acetic acid ethyl
ester O jWOHEBLONB@G4ii O H [1-18 N Methyl-243- (5H pyrr @CO[EP2®9/065878

b] pyrazi n-2-y1)- ureido]-acetam de \ H

-23-
In certain variations of any of the above embodiments, R' is phenyl or lower alkyl.

In one variation of the above embodiment, R' is phenyl and R" is halogen.
In one variation of the above embodiment, R' is phenyl and R" is lower haloalkyl.

In one aspect, the application provides a method for treating an inflammatory and/or
5 autoimmune condition comprising administering to a patient in need thereof a therapeutically

effective amount of the compound of Formula I’ or the compound of Formula IT.

In one variation of the above method, the above method further comprises administering an

additional therapeutic agent selected from a chemotherapeutic or anti-proliferative agent, an

anti-inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic
10 factor, an agent for treating cardiovascular disease, an agent for treating diabetes, or an agent

for treating immunodeficiency disorders.

In one aspect, the application provides a method for treating an inflammatory condition
comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formula I’ or the compound of Formula II”.

15 1In one aspect, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formula I’ or the compound of Formula II”.

In one aspect, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of

20 the compound of Formula I, wherein R is R
In one variation of the above method, the proliferative disorder is cancer.

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

the compound of Formula I’ or the compound of Formula II”.

25 In one aspect, the application provides a method for treating an immune disorder including

lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes, complications from



1-19 (S)-3-Methyl-2-[3- (5Hpyrrolo[2,3- b]pyrazin-2-yl)- ureido]-butyric
acid nethyl ester H 1-20 (S)-3,ND nethyl-2-[3-(5H pyrrolof2, 3-

b] pyr azi w@-29myos3assei do] - but yrami de N H H 1-21 1-(P8HELD)09D65878

Met hyl -t et rahydr opyran-4-y1)-3-(5 Hpyrrol o] 2, 3- b] pyrazin-2-yl1l)- urea HN

-4 -
organ transplants, xeno transplantation, diabetes, cancer, asthma, atopic dermatitis,
autoimmune thyroid disorders, ulcerative colitis, Crohn's disease, Alzheimer's disease, and
Leukemia, comprising administering to a patient in need thercof a therapeutically effective

amount of the compound of Formula I’ or the compound of Formula IT”.

5 In one aspect, the application provides a method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized transplants, comprising administering to a
patient in need thereof a therapeutically effective amount of the compound of Formula I’ or

the compound of Formula II".

10 In one aspect, the application provides a method for inhibiting JAK3 activity comprising
administering a therapeutically effective amount of the compound of Formula I’ or the

compound of Formula II".

In one variation of the above method, the compound exhibits an ICsy of 50 micromolar or less

in an in vitro biochemical assay of JAK3 activity.

15 In one variation of the above method, the compound exhibits an ICsy of 100 nanomolar or

less in an in vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an ICsy of 10 nanomolar or less

in an in vitro biochemical assay of JAK3 activity.

In one aspect, the application provides a method for treating an inflammatory condition
20 comprising co-administering to a patient in need thereof an anti-inflammatory compound in
combination with a therapeutically effective amount of the compound of Formula I’ or the

compound of Formula II".

In one aspect, the application provides a method for treating an immune disorder comprising
co-administering to a patient in need thereof an immunosuppressant compound in
25 combination with a therapeutically effective amount of the compound of Formula I’ or the

compound of Formula II".



1-22 1-(5HPyrrolo[2,3- b]pyrazin-2-y1)-3- ((1S,2R)-2,5,5- trinethyl-
cycl ohexyl)-urea Hp _ '-/(NL11N1-?4S: N(HO 1-23 1-(1-Acetyl-
pi peri di rW8-291)063634( 5H pyrrol o[ 2, 3- b] pyrazi n-2-yl)- ur @aTHN2009/065878
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The application provides a pharmaceutical composition comprising the compound of
Formula I’ or the compound of Formula II’, 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’ or the compound
of Formula II’, in the manufacture of a medicament for the treatment of an inflammatory

disorder.

In one aspect, the application provides a useof'the compound of Formula I’ or the compound
of Formula II’, in the manufacture of a medicament for the treatment of an autoimmune

disorder.

In one aspect, the application provides a method for treating an inflammatory and/or
autoimmune condition comprising administering to a patient in need thereof a therapeutically

effective amount of the compound of Formula I’ or the compound of Formula IT.

In one variation of the above method, the above method further comprises administering 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, or an agent

for treating immunodeficiency disorders.

In one aspect, the application provides a method for treating an inflammatory condition
comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formula I’ or the compound of Formula II’, wherein R is R'.
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In one aspect, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formula I’ or the compound of Formula II”.

In one aspect, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formula I’ or the compound of Formula II”, wherein R is R%.
In one variation of the above method, the proliferative disorder is cancer.

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

the compound of Formula I’ or the compound of Formula II”.

In one aspect, the application provides a method for treating an immune disorder including
lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes, complications from
organ transplants, xeno transplantation, diabetes, cancer, asthma, atopic dermatitis,
autoimmune thyroid disorders, ulcerative colitis, Crohn's disease, Alzheimer's disease, and
Leukemia, comprising administering to a patient in need thercof a therapeutically effective

amount of the compound of Formula I’ or the compound of Formula IT”.

In one aspect, the application provides a method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized transplants, comprising administering to a
patient in need thereof a therapeutically effective amount of the compound of Formula I’ or

the compound of Formula II".

In one aspect, the application provides a method for inhibiting JAK3 activity comprising
administering the compound of Formula I’ or the compound of Formula II’, wherein the
compound exhibits an ICsy of 50 micromolar or less in an i vitro biochemical assay of JAK3

activity.

In one variation of the above method, the compound exhibits an ICsy of 100 nanomolar or

less in an in vitro biochemical assay of JAK3 activity.



[-25 1-(3 -Methyl-cycl ohexyl)-3-(5Hpyrrolo [2,3- b]pyrazin-2-yl)- urea HN

WO 2010/063634 PCT/EP2009/065878
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In one variation of the above method, the compound exhibits an ICsy of 10 nanomolar or less

in an in vitro biochemical assay of JAK3 activity.

In one aspect, the application provides a method for treating an inflammatory condition
comprising co-administering to a patient in need thereof an anti-inflammatory compound in
5 combination with a therapeutically effective amount of the compound of Formula I’ or the

compound of Formula II".

In one aspect, the application provides a method for treating an immune disorder comprising
co-administering to a patient in need thereof an immunosuppressant compound in
combination with a therapeutically effective amount of the compound of Formula I’ or the

10 compound of Formula II".

The application provides a pharmaceutical composition comprising the compound of
Formula I’ or the compound of Formula II’, admixed with at least one pharmaceutically

acceptable carrier, excipient or diluent.

In one variation, the above pharmaceutical composition further comprises an additional
15 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’ or the compound
20 of Formula II’, 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’ or the compound
of Formula II’, in the manufacture of a medicament for the treatment of an autoimmune

disorder.

25 The phrase “a” or “an” entity as used herein refers to one or more of that entity; for example,
a compound refers to one or more compounds or at least one compound. As such, the terms

“a” (or “an”), “one or more”, and “at least one” can be used interchangeably herein.



1-26 1-((1R 2S)-2- Methylcycl ohexyl)-3-(5H pyrrolo [2,3- Db]pyrazin-2-yl)-
urea HN O \
WO 2010/063634 PCT/EP2009/065878
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The phrase "as defined herein above" refers to the broadest definition for each group as
provided in the Summary of the Invention or the broadest claim. In all other embodiments
provided below, substituents which can be present in each embodiment and which are not

explicitly defined retain the broadest definition provided in the Summary of the Invention.

5 Asused 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.

10 When used in the context of a compound or composition, the term "comprising" means that
the compound or composition includes at least the recited features or components, but may

also include additional features or components.

As used herein, unless specifically indicated otherwise, the word "or" is used in the

"inclusive” sense of "and/or" and not the "exclusive" sense of "either/or".

15 The term "independently” is used herein to indicate that a variable is applied in any one
instance without regard to the presence or absence of a variable having that same or a
different definition within the same compound. Thus, in a compound in which R" appears
twice and is defined as "independently carbon or nitrogen", both R"s can be carbon, both R"s

can be nitrogen, or one R" can be carbon and the other nitrogen.

20  When any variable (e.g., R, R’, or Q ) occurs more than one time in any moiety or formula
depicting and describing compounds employed or claimed in the present invention, its
definition on each occurrence is independent of its definition at every other occurrence.
Also, combinations of substituents and/or variables are permissible only if such compounds

result in stable compounds.

25 The symbols "*" at the end of a bond or " ==="=" " drawn through a bond each refer to the
point of attachment of a functional group or other chemical moiety to the rest of the molecule

of which it is a part. Thus, for example:

MeC(=0)OR* wherein R* = <] or +<] =—=>>MeC(=0)0—<]
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A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that

the bond may be attached to any of the suitable ring atoms.

The term “optional” or “optionally” as used herein means that a subsequently described event
or circumstance may, but need not, occur, and that the description includes instances where
the event or circumstance occurs and instances in which it does not. For example,
“optionally substituted” means that the optionally substituted moiety may incorporate a

hydrogen or a substituent.

The phrase “come together to form a bicyclic ring system” as used herein means join to form
a bicyclic ring system, wherein each ring may be made up of either 4-7 carbon atoms or 4-7

carbon and heteroatoms, and may be saturated or unsaturated.

The term "about" is used herein to mean approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a numerical range, it modifies that range
by extending the boundaries above and below the numerical values set forth. In general, the
term "about" is used herein to modify a numerical value above and below the stated value by

a variance of 20%.

The definitions described herein may be appended to form chemically-relevant combinations,
such as “heteroalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”
“alkoxyalkyl,” “cycloalkylalkyl” and the like. When the term “alkyl” is used as a suffix
following another term, as in “phenylalkyl,” or “hydroxyalkyl,” this is intended to refer to an
alkyl group, as defined above, being substituted with one to two substituents selected from
the other specifically-named group. Thus, for example, “phenylalkyl” refers to an alkyl
group having one to two phenyl substituents, and thus includes benzyl, phenylethyl, and
biphenyl. An “alkylaminoalkyl” is an alkyl group having one to two alkylamino substituents.
“Hydroxyalkyl" includes 2-hydroxyethyl, 2-hydroxypropyl, 1-(hydroxymethyl)-2-
methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl,
and so forth. Accordingly, as used herein, the term “hydroxyalkyl” is used to define a subset
of heteroalkyl groups defined below. The term -(ar)alkyl refers to either an unsubstituted
alkyl or an aralkyl group. The term (hetero)aryl or (het)aryl refers to either an aryl or a
heteroaryl group.



1-28 3-Cyc | ohexyl-1 - nmethyl-1 -(5H pyrrolo [2,3- b]pyrazin-2-yl)- urea
HN
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Compounds of formula I may exhibit tautomerism. Tautomeric compounds can exist as two
or more interconvertable species. Prototropic tautomers result from the migration of a
covalently bonded hydrogen atom between two atoms. Tautomers generally exist in
equilibrium and attempts to isolate an individual tautomers usually produce a mixture whose
5 chemical and physical properties are consistent with a mixture of compounds. The position
of the equilibrium is dependent on chemical features within the molecule. For example, in
many aliphatic aldehydes and ketones, such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common prototropic tautomers include
keto/enol (-C(=0)-CH- 5 -C(-OH)=CH-), amide/imidic acid (-C(=0)-NH- S -C(-OH)=N-)
10 and amidine (-C(=NR)-NH- 5 -C(-NHR)=N-) tautomers. The latter two are particularly
common in heteroaryl and heterocyclic rings and the present invention encompasses all

tautomeric forms of the compounds.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
15 made herein to various methodologies and materials known to those of skill in the art.
Standard reference works setting forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of Therapeutics, 10™ Ed., McGraw Hill
Companies Inc., New York (2001). Any suitable materials and/or methods known to those of
skill can be utilized in carrying out the present invention. However, preferred materials and
20 methods are described. Materials, reagents and the like to which reference are made in the
following description and examples are obtainable from commercial sources, unless

otherwise noted.

The term “acyl” as used herein denotes a group of formula -C(=O)R wherein R is hydrogen
or lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a group

25 of formula C(=O)R wherein R is alkyl as defined herein. The term C;¢ acyl refers to a group
-C(=O)R contain 6 carbon atoms. The term "arylcarbonyl" as used herein means a group of
formula C(=O)R wherein R is an aryl group; the term "benzoyl" as used herein an

"arylcarbonyl" group wherein R is phenyl.

The term “alkyl” as used herein denotes an unbranched or branched chain, saturated,
30 monovalent hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl”

denotes a straight or branched chain hydrocarbon residue containing 1 to 6 carbon atoms.
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"Ci-10 alkyl" as used herein refers to an alkyl composed of 1 to 10 carbons. Examples of
alkyl groups include, but are not limited to, lower alkyl groups include methyl, ethyl, propyl,
i-propyl, n-butyl, i-butyl, -butyl or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

When the term “alkyl” is used as a suffix following another term, as in “phenylalkyl,” or
“hydroxyalkyl,” this is intended to refer to an alkyl group, as defined above, being substituted
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 "aralkyl" are interpreted similarly except R'is an aryl radical. The terms
"heteroaryl alkyl" or "heteroarylalkyl" are interpreted similarly except R' is optionally an aryl

or a heteroaryl radical.

The term “haloalkyl” as used herein denotes a unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. The
term “lower haloalkyl” denotes a straight or branched chain hydrocarbon residue containing 1
to 6 carbon atoms, wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen.
Examples are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl,
difluoromethyl, trifluoromethyl, trichloromethyl, tribromomethyl, triitodomethyl, 1-
fluoroethyl, 1-chloroethyl, 1-bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-
bromoethyl, 2-iodoethyl, 2,2-dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyl.

The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon radical of
1 to 10 carbon atoms (e.g., (CH,),)or a branched saturated divalent hydrocarbon radical of 2
to 10 carbon atoms (e.g., -CHMe- or -CH,CH(i-Pr)CH>-), unless otherwise indicated. Except
in the case of methylene, the open valences of an alkylene group are not attached to the same
atom. Examples of alkylene radicals include, but are not limited to, methylene, ethylene,

propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-cthylbutylene.

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, -butyloxy,

pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an
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alkoxy group with a "lower alkyl" group as previously defined. "C;-10 alkoxy" as used herein

refers to an-O-alkyl wherein alkyl is Ci_io.

The term "hydroxyalkyl" as used herein denotes an alkyl radical as herein defined wherein

one to three hydrogen atoms on different carbon atoms is/are replaced by hydroxyl groups.

5 The term “cycloalkyl” as used herein refers to a saturated carbocyclic ring containing 3 to 8
carbon atoms, i.¢. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicycloheptyl or cyclooctyl. "Cs_; cycloalkyl" as used herein refers to an cycloalkyl

composed of 3 to 7 carbons in the carbocyclic ring.

The term “spirocycloalkyl” as used herein refers to a cycloaklyl as described above wherein

10 one of'the ring carbon atoms of the cycloalkyl isa a ring carbon atom of second ring which is
cycloalkyl, preferably this second ring is a cyclopropyl. Preferably spirocycloalkyl is
spiro[2,5]octyl.

The term "halogen" or "halo" as used herein means fluorine, chlorine, bromine, or iodine.

The term "heteroaryl” or "heteroaromatic" as used herein means a monocyclic or bicyclic

15 radical of 5 to 12 ring atoms having at least one aromatic ring containing four to eight atoms
per ring, incorporating one or more N, O, or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment point of the heteroaryl radical will be on
an aromatic ring. As well known to those skilled in the art, heteroaryl rings have less
aromatic character than their all-carbon counter parts. Thus, for the purposes of the invention,

20 aheteroaryl group need only have some degree of aromatic character. Examples of
heteroaryl moieties include monocyclic aromatic heterocycles having 5 to 6 ring atoms and 1
to 3 heteroatoms include, but is not limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl,
pyrazolyl, imidazolyl, oxazol, isoxazole, thiazole, isothiazole, triazoline, thiadiazole and
oxadiaxoline which can optionally be substituted with one or more, preferably one or two

25 substituents selected from hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy, alkylthio,
halo, haloalkyl, alkylsulfinyl, alkylsulfonyl, halogen, amino, alkylamino,dialkylamino,
aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl,
alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino and

arylcarbonylamino. Examples of bicyclic moieties include, but are not limited to, quinolinyl,
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isoquinolinyl, benzofuryl, benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally substituted on either ring; however the

point of attachment is on a ring containing a heteroatom.

The term “heterocycloalkyl”, "heterocyclyl" or "heterocycle" as used herein denotes a
5 monovalent saturated cyclic radical, consisting of one or more rings, preferably one to two

rings, of three to eight atoms per ring, incorporating one or more ring carbon atoms and one
or more ring heteroatoms (chosen from N,O or S(=0)y.,), wherein the point of attachment can
be through cither a carbon atom or a heteroatom, and which can optionally be independently
substituted with one or more, preferably one or two or three substituents selected from

10  hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to,

15 azetidinyl, pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, oxazolidinyl, azepanyl, thiazolidinyl, isoxazolidinyl, morpholinyl,
piperazinyl, piperidinyl, tetrahydropyranyl, thiomorpholinyl, quinuclidinyl and imidazolinyl.

The phrase “organ rejection” includes acute allograft or xenograft rejection and chronic
allograft or xenograft rejection in the setting of vascularized and/or non-vascularized (e.g.

20 bone marrow, pancreatic islet cells) transplants.

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1 nonane (9-BBN or BBN), tert-butoxycarbonyl
(Boc), di-tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn), butyl (Bu),
Chemical Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z),

25 carbonyl diimidazole (CDI), 1,4-diazabicyclo[2.2.2]Joctane (DABCO), diethylaminosulfur
trifluoride (DAST), dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0Jnon-5-ene (DBN),
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-
propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-

30 iso-propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA), 4-N,N-
dimethylaminopyridine (DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide
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(DMSO), 1,1'-bis-(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene
(dppf), 1-(3-dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (EDCI), ethyl (Et),
cthyl acetate (EtOAc), ethanol (EtOH), 2-ethoxy-2 H-quinoline-1-carboxylic acid ethyl ester
(EEDQ), dicthyl ether (Et,0), O-(7-azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluronium
hexafluorophosphate acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole
(HOB), 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), trimethylsilanyl-ethoxymethyl (SEM), tert-butyldimethylsilyl or ~-BuMe,Si
(TBDMS), triecthylamine (TEA or Et;N), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO),
triflate or CF3SO,- (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 Me;Si
(TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-CcH4SO;- 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 customary
meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney, Nomenclature in

Organic Chemistry, IUPAC 1979 Pergamon Press, Oxford.).

COMPOUNDS AND PREPARATION

Examples of representative compounds 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
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structure, the depicted structure is to be accorded more weight. In addition, if the
sterecochemistry 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 stercoisomers of it.

5 TABLE I depicts exemplified compounds according to Formula 1.
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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
5 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
10 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
uscable 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

15 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 active ingredient
commensurate with the intended daily dosage range to be employed. The pharmaceutical
compositions may be employed as solids, such as tablets or filled capsules, semisolids,

20 powders, sustained release formulations, or liquids 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 (wW/w).
The term "preparation” or "dosage form" is intended to include both solid and liquid

25 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
30 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
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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, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic
acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-c¢thane-disulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-
naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 4-
methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like;
or (2) salts formed when an acidic proton present in the parent compound either is replaced
by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, tricthanolamine,

tromethamine, N-methylglucamine, and the like.

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as

diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
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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

5 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

10 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

15 propylene glycol solutions or may contain emulsifying agents such as lecithin, sorbitan
monooleate, or acacia. Aqueous solutions can be prepared by dissolving the active
component in water and adding suitable colorants, flavors, stabilizing, and thickening agents.
Aqueous suspensions can be prepared by dispersing the finely divided active component in
water with viscous material, such as natural or synthetic gums, resins, methylcellulose,

20  sodium carboxymethylcellulose, and other well known suspending agents.

The compounds of the present invention may be formulated for parenteral administration
(e.g., by injection, for example bolus injection or continuous infusion) and may be presented
in unit dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose
containers with an added preservative. The compositions may take such forms as

25 suspensions, solutions, or emulsions in oily or aqueous vehicles, for example solutions in
aqueous polyethylene glycol. Examples of oily or nonaqueous carriers, diluents, solvents or
vehicles include propylene glycol, polyethylene glycol, vegetable oils (e.g., olive oil), and
injectable organic esters (e.g., ethyl oleate), and may contain formulatory agents such as
preserving, wetting, emulsifying or suspending, stabilizing and/or dispersing agents.

30 Alternatively, the active ingredient may be in powder form, obtained by aseptic isolation of
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sterile solid or by lyophilisation from solution for constitution before use with a suitable

vehicle, e.g., sterile, pyrogen-free water.

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams

5 may, for example, be formulated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an aqueous or oily base
and will in general also containing one or more emulsifying agents, stabilizing agents,
dispersing agents, suspending agents, thickening agents, or coloring agents. Formulations
suitable for topical administration in the mouth include lozenges comprising active agents in

10 a flavored base, usually sucrose and acacia or tragacanth; pastilles comprising the active

ingredient in an inert base such as gelatin and glycerin or sucrose and acacia; and

mouthwashes comprising the active ingredient in a suitable liquid carrier.

The compounds of the present invention may be formulated for administration as

suppositories. A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter
15 s 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.

The compounds of the present invention may be formulated for vaginal administration.
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the active

20 ingredient such carriers as are known in the art to be appropriate.

The compounds of the present invention may be formulated for nasal administration. The

solutions or suspensions are applied directly to the nasal cavity by conventional means, for

example, with a dropper, pipette or spray. The formulations may be provided in a single or

multidose form. In the latter case of a dropper or pipette, this may be achieved by the patient
25 administering an appropriate, predetermined volume of the solution or suspension. In the

case of a spray, this may be achieved for example by means of a metering atomizing spray

pump.

The compounds of the present invention may be formulated for acrosol administration,

particularly to the respiratory tract and including intranasal administration. The compound
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will generally have a small particle size for example of the order of five (5) microns or less.
Such a particle size may be obtained by means known in the art, for example by
micronization. The active ingredient is provided in a pressurized pack with a suitable
propellant such as a chlorofluorocarbon (CFC), for example, dichlorodifluoromethane,
trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon dioxide or other suitable gas.
The aerosol may conveniently also contain a surfactant such as lecithin. The dose of drug
may be controlled by a metered valve. Alternatively the active ingredients may be provided
in a form of a dry powder, for example a powder mix of the compound in a suitable powder
base such as lactose, starch, starch derivatives such as hydroxypropylmethyl cellulose and
polyvinylpyrrolidine (PVP). The powder carrier will form a gel in the nasal cavity. The
powder composition may be presented in unit dose form for example in capsules or cartridges
of e.g., gelatin or blister packs from which the powder may be administered by means of an

inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controlled release administration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutancous 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. The
compound of interest can also be combined with a penetration enhancer, e.g., Azone (1-
dodecylaza-cycloheptan-2-one). Sustained release delivery systems are inserted
subcutaneously into to the subdermal layer by surgery or injection. The subdermal implants
encapsulate the compound in a lipid soluble membrane, ¢.g., silicone rubber, or a

biodegradable polymer, ¢.g., polyactic acid.

Suitable formulations along with pharmaceutical carriers, diluents and expcipients are
described in Remington: The Science and Practice of Pharmacy 1995, edited by E. W.
Martin, Mack Publishing Company, 19th edition, Easton, Pennsylvania. A skilled
formulation scientist may modify the formulations within the teachings of the specification to
provide numerous formulations for a particular route of administration without rendering the

compositions of the present invention unstable or compromising their therapeutic activity.
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The modification of the present compounds to render them more soluble in water or other
vehicle, for example, may be easily accomplished by minor modifications (salt formulation,
esterification, etc.), which are well within the ordinary skill in the art. It is also well within
the ordinary skill of the art to modify the route of administration and dosage regimen of a
particular compound in order to manage the pharmacokinetics of the present compounds for

maximum beneficial effect in patients.

The term "therapeutically effective amount"” as used herein means an amount required to
reduce symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending
upon numerous factors such as the severity of the disease to be treated, the age and general
health condition of the patient, other medicaments with which the patient is being treated, the
route and form of administration and the preferences and experience of the medical
practitioner involved. For oral administration, a daily dosage of between about 0.01 and
about 1000 mg/kg body weight per day should be appropriate in monotherapy and/or in
combination therapy. A preferred daily dosage is between about 0.1 and about 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 per day. Generally,
treatment is initiated with smaller dosages which are less than the optimum dose of the
compound. Thereafter, the dosage is increased by small increments until the optimum effect
for the individual patient is reached. One of ordinary skill in treating diseases described
herein will be able, without undue experimentation and in reliance on personal knowledge,
experience and the disclosures of this application, to ascertain a therapeutically effective

amount of the compounds of the present invention for a given disease and patient.

The pharmaceutical preparations are preferably in unit dosage forms. In such form, the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it

can be the appropriate number of any of these in packaged form.
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The following examples illustrate the preparation and biological evaluation of compounds
within the scope of the invention. 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

5 merely as being illustrative and representative thereof.

EXAMPLES
Scheme 1.
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Example 1. Representative Example of Synthesis of Compounds in Table 1.

Step 1.
SEM

H /
AL — L0

Sodium hydride (60% in mineral oil, 0.800 g, 20 mmol) was washed with hexane then taken
15 up in 30 mL of N,N-dimethylformamide and cooled to 0-5 °C. 2-Bromo-5H-pyrrolo[2,3-

b]pyrazine (3.0 g, 15 mmol) was added, then SEMCI (3.5 mL, 20 mmol). The mixture was

stirred at room temperature for 3 h, then concentrated. Column chromatography afforded

3.25 g (65%) of 2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazine.

Step 2.
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A mixture of 2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-bJpyrazine (3.25
g, 10 mmol) sodium #-butoxide (0.600 g, 6.25 mmol), and BINAP (0.170 g, 0.27 mmol) in
120 mL of toluene was purged with nitrogen for ca. 20 min. Pdy(dba); (0.080 g, 0.077 mmol)
and benzophenone imine (2.16 mL, 12.9 mmol) were added, and the mixture was stirred at
130 °C for 12 h. The mixture was filtered through Celite and concentrated. The resulting
residue was dissolved in 50 mL of methanol. Sodium acetate (4.93 g, 36 mmol) and
hydroxylamine hydrochloride (2.09 g, 30 mmol) were added, and the mixture was stirred for
45 min. then concentrated. The resulting residue was partitioned between a 0.1 M NaOH
solution and dichloromethane, and the organic layer was dried over Na;SOy, filtered and
concentrated to a residue. Column chromatography afforded 3.0 g (75%) of 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine.

Step 3.
EM
SEM N P
N, N
N
) OV,
| 1) — 2
Z HN N
HN" °N /g
N 0]
A solution of 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine
(0.260 g, 0.98 mmol) in 15 mL of dichloromethane was cooled to -30 °C. Phenethyl
isocyanate (0.21 g, 1.5 mmol) was added, and the resulting solution was stirred at room
temperature for 14 h, then concentrated to a residue. Column chromatography afforded 0.220

g (55%) of 1-phenethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bJpyrazin-2-

yl]-urea.

Step 4.
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A solution of 1-phenethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-
2-yl]-urea (0.22 g, 0.53 mmol), tetrabutylammonium fluoride (1 M in THF, 3 mL, 3 mmol)
and ethylene diamine (0.3 mL, 5 mmol) in 5 mL of N,N-dimethylformamide was stirred at 80
°C for 14 h, then concentrated. The resulting residue was triturated with methanol then ether
to afford 0.040 g (26%) of 1-phencthyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea as an off-

white solid.

The following compounds were prepared in a similar fashion as for 1-phenethyl-3-(SH-

pyrrolo[2,3-b]pyrazin-2-yl)-urea:

1-Cyclohexyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-Phenyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-Cyclopentyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-Cycloheptyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-Benzyl-3-(5H-pyrrolo[2,3-bpyrazin-2-yl)-urca
1-Cyclohexylmethyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-(2-Chloro-phenyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-((R)-1-Phenyl-ethyl)-3-(5SH-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-((S)-1-Phenyl-ethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-o-tolyl-urca
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-(2-trifluoromethyl-phenyl)-urea
1-Ethyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca

1-tert-Butyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-ureca
1-Isopropyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urca

Example 2.
Step 1.
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Phosgene (ca. 20% in toluene, 0.9 mL) was added to a 0 °C solution of 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine (0.300 g, 1.1 mmol) and
diisopropylethylamine (0.6 mL, 3.4 mmol) in 10 mL of dichloromethane. The mixture was
stirred for 10 min., then cis-2-methylcyclohexylamine hydrochloride (prepared as in Knupp,
G. Chem. Ber. 1984, 117(6), 2076-98, using racemic a-methylbenzylamine) (0.249 g, 1.6
mmol) was added as a solution in 2 mL of dichloromethane with a few added drops of
diisopropylethylamine. The mixture was stirred for 40 min., then concentrated to a residue.
Column chromatography afforded 0.25 g (55%) of 1-(cis-2-methyl-cyclohexyl)-3-[5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea.

Step 2.
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A mixture of 1-(cis-2-methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-

Z

pyrrolo[2,3-b]pyrazin-2-yl]-urea (0.3 g, 0.7 mmol), tetrabutyl ammonium fluoride (1 M in
THF, 4.6 mL, 4.6 mmol) and ethylene diamine (0.46 mL, 4.2 mmol) in 5 mL of N,N-
dimethylformamide was stirred at 80 °C for 20 h, then concentrated. The resulting residue
was triturated in methanol, and solid was isolated by filtration, washing with ether, and dried
to afford 0.060 g (30%) of 1-(cis-2-methyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-

urea as an off-white solid.
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Example 3.

10

15

20

25

Synthesis of racemic cis 3-methyl-tetrahydro-pyran-4-ylamine hydrochloride:

NH, CIH

racemic cis
(0]

Step 1: In an oven dried flask equiped with a thermometer, tetrahydro-4H-pyran-4-one (6
mL, 64.97 mmol) was dissolved in THF (150 mL) and cooled down to -65°C. LDA (2M, 39
mL, 78 mmol) was added slowly, keeping the temperature below -60°C. After the addition
was complete stirring was continued for one hour at -50°C. Todomethane (16 mL, 25.7 mmol)
was added and the reaction mixture was allowed to warm up overnight. The reaction was
quenched with saturated aqueous NH4Cl. The aqueous layer was extracted with Et,O. The
combined organic layers were washed with brine, dried (Na,SOy,), filtered and mostly
evaporated (30°C bath, 100 mbar). The remaining material was purified by SiO;
chromatography (200 g SiO», hexanes/Et,0O 0 to 30% Et,0 ) to give 1 g of racemic 3-methyl-
tetrahydro-pyran-4-one as a light yellow liquid (13% yield).

Step 2: Racemic 3-methyl-tetrahydro-pyran-4-one (1 g, 8.761 mmol) was dissolved in DCM.
Benzylamine (1.5 mL, 13.75 mmol) and sodium triacetoxyborohydride (95%, 3.3 g, 14.89
mmol) were added and the resulting suspension was stirred at RT overnight. The reaction
mixture was washed with saturated aqueous NaHCOs. The aqueous layer was extracted with
DCM. The combined organic layers were washed with brine, dried (Na,SOs,), filtered and
evaporated. The remaining yellow liquid was purified by SiO, chromatography (120 g SiO»,
DCM/(DCM:MeOH:NH4OH 60:10:1) 92% DCM) to give 1.8 g of racemic cis benzyl-(3-
methyl-tetrahydro-pyran-4-yl)-amine as a light yellow oil (>95% yield).

Step 3: Racemic cis benzyl-(3-methyl-tetrahydro-pyran-4-yl)-amine (1.8 g, 8.768 mmol) was
dissolved in 3M HCI (4.4 mL, 13.2 mmol). PA(OH), 20wt% (0.6 g) and EtOH (50 mL) were
added and the reaction mixture was hydrogenated in a Parr shaker at 55 psi H; over the

weekend. The palladium was filtered off. HC1 4M in dioxane was added and the solvent was

evaporated. The remaining green oil was adsorbed onto SiO; and purified by SiO,

1-8

3
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chromatography (100 g SiO,, DCM/(DCM:MeOH:NH4OH 60:10:1) 100-55% DCM). The
fractions containing the product were combined and HCI 4M in dioxane was added. NH4Cl
crashed out. The solvent was evaporated. The remaining white semi-solid was taken up in
MeOH/Et,0O and the salt was filtered off and washed with Et,O . The filtrate was evaporated.

5 The remaining oil was taken up in DCM and was evaporated again to obtain 0.58 of racemic

cis 3-methyl-tetrahydro-pyran-4-ylamine hydrochloride as a light yellow solid (43% yield).

Racemic cis 1-(4-amino-3-methyl-piperidin-1-yl)-cthanone was prepared in the same manner
from racemic 1-acetyl-3-methyl-piperidin-4-one. In this instance, 1 atm H, was used instead

10 of 55 psi, and the HCI treatment was omitted.

Racemic cis 1-methanesulfonyl-3-methyl-piperidin-4-yl-amine was prepared in the same
manner from racemic benzyl-(1-methanesulfonyl-3-methyl-piperidin-4-yl)-amine. In this

instance, 1 atm H; was used instead of 55 psi, and the HCI treatment was omitted.

15
Racemic cis 4-benzylamino-3-methyl-piperidine-1-carboxylic acid methyl ester was prepared
in the same manner from racemic cis 4-benzylamino-3-methyl-piperidine-1-carboxylic acid
methyl ester. In this instance, 1 atm H, was used instead of 55 psi, and the HCI treatment was
omitted.

20

Racemic cis 2-methyl-cycloheptylamine was prepared in the same manner from racemic cis
benzyl-(2-methyl-cycloheptyl)-amine. In this instance, 1 atm H;, was used instead of 55 psi,

and the HCI treatment was omitted.

25 Racemic cis 1-(4-amino-5-methyl-azepan-1-yl)-ethanone was prepared in the same manner
from racemic cis 1-(4-benzylamino-5-methyl-azepan-1-yl)-cthanone. In this instance, 1 atm
H; was used instead of 55 psi, Pd/C was used instead of PA(OH), /C, EtOAc was used instead
of EtOH, and the HCI treatment was omitted.
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Racemic cis 4-amino-5-methyl-azepane-1-carboxylic acid tert-butyl ester was prepared in the
same manner from racemic cis 4-benzylamino-5-methyl-azepane-1-carboxylic acid tert-butyl
ester. In this instance, 1 atm H, was used instead of 55 psi, Pd/C was used instead of

Pd(OH),/C, EtOAc was used instead of EtOH, and the HCI treatment was omitted.

5 Example 4.

Synthesis of racemic cis 2-ethyl-cyclohexylamine:

NH

10 A solution of compound 2-ethyl-phenylamine in absolute ethanol was purged thoroughly
with argon for 20 min. 5% Rh on alumina (100% w/w) was added and the reaction mixture
was subjected to hydrogenation at 60°C and 100 psi for 20 h. TLC (20% hexanes/EtOAc
20% EtOAc) showed complete consumption of starting material. The reaction mixture was
filtered through celite and the filtrate was evaporated to give to give racemic cis 2-ethyl-

15 cyclohexylamine (40% yield) which was used crude in the next step.

Racemic cis 2-isopropyl-cyclohexylamine was prepared in the same manner using 2-

isopropyl-phenylamine as starting material.

Example S.
20

Synthesis of (1R,2S)-2-methyl-cyclohexylamine hydrochloride:

NH, CIH
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Step 1: 2-Methylcyclohexanone (4 mL, 32.98 mmol) and (R)-1-phenylethylamine (4.4 mL,

34.63 mmol) were dissolved in benzene (25 mL) and stirred at reflux with continuous

removal of H,O for 3 hours. The reaction mixture was cooled to RT and the solvent was

evaporated. The imine intermediate was dissolved in DCM (150 mL) and cooled to 0°C.

5 Sodium triacetoxyborohydride (95%, 8.83 g, 39.58 mmol) and acetic acid (2.1 mL, 36.3
mmol) were added. After about 20 minutes, the ice bath was removed and the suspension was
stirred at RT overnight. The reaction mixture was cooled to 0°C and aqueous saturated
NaHCO; was added. The layers were separated and the aqueous layer was extracted with
DCM. The organic layers were combined, washed once more with NaHCOs, dried (Na,SO4),

10 filtered and evaporated. 6.5 g of yellow oil were purified by SiO, chromatography (400 g
Si0,, DCM/(DCM:MeOH:NH4OH 60:10:1) 8§7% magic DCM). By TLC only one major spot
is visible. The first and last fractions were evaporated and NMR showed the trans isomer
came off in the first fractions. The fractions were evaporated 3 at a time until 0.66 g of cis (2-
methyl-cyclohexyl)-((R)-1-phenyl-ethyl)-amine as white soft crystals were obtained. NMR

15 showed the presence of about 5% of'the trans isomer. Another unidentified impurity could

not be separated off.

Racemic cis 1-(4-benzylamino-3-methyl-piperidin-1-yl)-ecthanone was prepared in the same
manner from racemic 1-acetyl-3-methyl-piperidin-4-one. In this instance, benzylamine was

20  used instead of (R)-1-phenylethylamine.

Racemic cis benzyl-(1-methanesulfonyl-3-methyl-piperidin-4-yl)-amine was prepared in the
same manner from racemic 1-methanesulfonyl-3-methyl-piperidin-4-one. In this instance,

benzylamine was used instead of (R)-1-phenylethylamine.

25
Racemic cis 4-benzylamino-3-methyl-piperidine-1-carboxylic acid methyl ester was prepared

in the same manner from racemic 3-methyl-4-oxo-piperidine-1-carboxylic acid methyl ester.

In this instance, benzylamine was used instead of (R)-1-phenylethylamine.
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Racemic cis benzyl-(2-methyl-cycloheptyl)-amine was prepared in the same manner from
racemic 2-methyl-cycloheptanone. In this instance, benzylamine was used instead of (R)-1-

phenylethylamine.

Racemic 1-(4-benzylamino-5-methyl-azepan-1-yl)-ethanone was prepared in the same
manner from racemic 1-acetyl-5-methyl-azepan-4-one. In this instance, benzylamine was

used instead of (R)-1-phenylethylamine.

Racemic 4-benzylamino-5-methyl-azepane-1-carboxylic acid tert-butyl ester was prepared in
the same manner from racemic 4-methyl-5-oxo0-azepane-1-carboxylic acid tert-butyl ester. In

this instance, benzylamine was used instead of (R)-1-phenylethylamine.

Step 2: To cis (2-methyl-cyclohexyl)-((R)-1-phenyl-ethyl)-amine (0.65 g, 2.99 mmol)
Pd(OH), on carbon 20 wt% (0.3 g) and EtOH (10 mL) were added and the reaction mixture
stirred at RT under 1 atm of H, overnight. The palladium was filtered off and the solvent was
evaporated (be careful, the free amine sublimes). The remaining material was purified by
SiO, chromatography (40 g SiO,, DCM/(DCM:MeOH:NH4OH 60:10:1) 100-71% DCM).
TLC shows only one major spot. Ten fractions were evaporated at a time. After running
NMR the first 20 were combined and evaporated. The residue was dissolved in DCM and
treated with 4M HCI in dioxane. The solvent was evaporated and the remaining solid was
dried under high vacuum to give 0.075 g of (1R,2S)-2-methyl-cyclohexylamine
hydrochloride as an off-white solid (16% yield). NMR showed the presence of about 5% of

the trans isomer.
Example 6.

Synthesis of (1S,2R)-2-methyl-cyclohexylamine hydrochloride:

NH, CIH

\\\\\\
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Step 1: 2-Methylcyclohexanone (4 mL, 32.98 mmol) and (S)-1-phenylethylamine (4.4 mL,
34.63 mmol) were dissolved in benzene (25 mL) and stirred at reflux with continuous
removal of H,O for 3 hours. The reaction mixture was allowed to cool to RT and the solvent
was evaporated. The imine intermediate was dissolved in DCM (150 mL) and was cooled
down to 0°C. Sodium triacetoxyborohydride (95%, 8.83 g, 39.58 mmol) and acetic acid (2.1
mL, 36.3 mmol) were added. After about 20 minutes, the ice bath was removed and the
suspension stirred at RT overnight. The reaction mixture was cooled to 0°C and saturated
aqueous NaHCO; was added. The layers were separated and the aqueous layer was extracted
with DCM. The combined organic layers were washed once more with saturated aqueous
NaHCOs, dried (Na;SOy), filtered and evaporated. 6.4 g of yellow oil were purified by SiO,
chromatography (400 g SiO,, DCM/ (DCM:Me¢OH:NH4OH 60:10:1) 87% DCM). By TLC
only one major spot is visible. The first and last fractions were evaporated and NMR showed
the trans came off in the first fractions. The fractions were evaporated three at a time until 1 g
of (2-methyl-cyclohexyl)-((S)-1-phenyl-ethyl)-amine was obtained as a light yellow oil.
NMR showed the presence of about 5% of the trans isomer. The other impurities could not be

separated off.

Step 2: To cis (2-methyl-cyclohexyl)-((S)-1-phenyl-ethyl)-amine (1 g, 4.601 mmol) Pd(OH),
on carbon 20 wt% (0.5 g) and EtOH (20 mL) were added and the reaction mixture was stirred
at RT under 1 atm of H, overnight. The palladium was filtered off and the solvent was
evaporated. Be careful, the free amine sublimes. The remaining pale brown oil was purified
by SiO, chromatography (50 g SiO,, DCM/(DCM:MeOH:NH4OH 60:10:1) 100-65% DCM).
The fractions containing the product were evaporated. The residue was dissolved in DCM
and treated with 4M HCI in dioxane. The solvent was evaporated and the remaining solid was
dried under high vacuum to give 0.26 g of (1S,2R)-2-methyl-cyclohexylamine hydrochloride
as off-white solid (37% yield). NMR showed the presence of about 5% of the trans isomer.

Example 7.

Synthesis of 3,3-dimethyl-cyclohexylamine hydrochloride:
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Step 1: 3,3-Dimethylcyclohexanone (3 g, 23.77 mmol) and benzylamine (2.73 mL, 24.96
mmol) were dissolved in benzene (20 mL) and stirred at reflux with continuous removal of
H,O for 3 hours. The reaction mixture was allowed to cool to RT and the solvent was
5 evaporated. The imine intermediate was dissolved in DCM (100 mL) and cooled to 0°C.

Sodium triacetoxyborohydride (95%, 6.36 g, 28.53 mmol) and acetic acid (1.5 mL, 26.15
mmol) were added. After about 20 minutes the ice bath was removed, and the suspension
stirred at RT overnight. The reaction mixture was cooled to 0°C and saturated aqueous
NaHCO; was added. The layers were separated and the aqueous layer was extracted with

10 DCM. The combined organic layers were washed once more with saturated aqueous
NaHCO;3, dried (NaSOy), filtered and evaporated. The remaining yellow oil (5 g) was
purified by SiO, chromatography (300 g SiO,, DCM/(DCM:MeOH:NH4OH 60:10:1) 100 to
87% DCM) to give 1 g of racemic benzyl-(3,3-dimethyl-cyclohexyl)-amine as a light yellow
oil (19% yield).

15 Step 2: To racemic benzyl-(3,3-dimethyl-cyclohexyl)-amine (1 g, 4.601 mmol) PA(OH), on
carbon 20 wt% (0.5 g) and EtOH (20 mL) were added and the reaction mixture stirred at RT
under 1 atm of H; overnight. The palladium was filtered off and the solvent was evaporated.
Be careful, the free amine sublimes. The remaining pale brown oil was purified by SiO,
chromatography (50 g SiO,, DCM/(DCM:MeOH:NH,OH 60:10:1) 100 to 65% DCM). The

20 fractions containing the product were evaporated. The residue was dissolved in DCM and
treated with 4M HCI in dioxane. The solvent was evaporated and the remaining solid was
dried under high vacuum to give 0.17 g of racemic 3,3-dimethyl-cyclohexylamine
hydrochloride as a white solid (22% yield).

Example 8.
25

Synthesis of racemic spiro[2.5]oct-5-ylamine hydrochloride:
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Step 1: 1,3-Cyclohexadione (10 g, 89.18 mmol) was dissolved in MeOH (50 mL) and
concentrated H,SO,4 (0.5 mL) was added. The resulting orange/brown solution was stirred at
reflux overnight. The reaction was allowed to cool to RT before being neutralized by addition
of NaOH pellets one at a time. The solvent was evaporated and the remaining oil was
partitioned between Et,O and H,O. The aqueous layer was extracted twice with Et,O . The
combined organic layers were washed with H,O, then brine, dried (Na,SO,), filtered and
evaporated. The remaining oil was dried under high vacuum overnight to give 7.87 g of 3-

methoxy-cyclohex-2-enone as an orange oil, yield (70% yield).

Step 2: 3-Methoxy-cyclohex-2-enone (7.8 g, 61.83 mmol) was dissolved in Et,O (100 mL)
and titanium tetraisopropoxide (20.1 mL, 68.01 mmol) was added. To the resulting brown
solution ethylmagnesium bromide solution (3M, 60 mL, 180 mmol) was added dropwise over
70 minutes. A precipitate formed over the course of the addition. After 2 hours at RT the now
dark brown/black reaction mixture was carefully quenched with saturated aqueous NH4Cl1. A
dark gray precipitate formed and was filtered off over Celite. The aqueous layer was
extracted twice with Et,O . The combined organic layers were washed with brine, dried
(NaySQ,), filtered, and evaporated. The residue was taken up in Et,O (100 mL) and p-
toluenesulfonic acid monohydrate (0.588 g, 3.091 mmol) was added. The resulting brown
solution was stirred at RT over the weekend before being evaporated. The remaining brown
oil was purified by SiO, chromatography (330 g SiO», hexanes/EtOAc 0 to 7% EtOAc) to
give 2.5 g of spiro[2.5]octan-5-one as a light yellow liquid (32% yield).

Step 3: Spiro[2.5]octan-5-one (0.875 g, 7.046 mmol) and benzylamine (0.81 mL, 7.4 mmol)
were dissolved in benzene (5 mL) and stirred at reflux with continuous removal of H,O for 3
hours. The reaction mixture was allowed to cool to RT and the solvent was evaporated. The
imine intermediate was dissolved in DCM (35 mL) and cooled to 0°C. Sodium
triacetoxyborohydride (95%, 1.9 g, 8.455 mmol) and acetic acid (0.52 mL, 9.16 mmol) were

added. After about 20 minutes, the ice bath was removed and the suspension was stirred at
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RT overnight. The reaction mixture was cooled to 0°C and quenched by addition of saturated
aqueous NaHCOs. The aqueous layer was extracted with DCM. The combined organic layers
were washed once more with saturated NaHCOs, dried over Na,SOy, filtered, and evaporated.
The remaining yellow oil was purified by SiO, chromatography (100 g SiO»,

5 DCM/(DCM:MeOH:NH4OH 60:10:1) 100 to 85% DCM) to give 1.1 g of racemic cis benzyl-
spiro[2.5]oct-5-yl-amine as a light brown oil (72% yield).

Step 4: To racemic cis benzyl-spiro[2.5]oct-5-yl-amine (1.1 g, 5.108 mmol) Pd(OH), on
carbon 20 wt% (0.55 g) and EtOH (20 mL) were added and the reaction mixture stirred at RT
under 1 atm of H; overnight. The palladium was filtered off, HCI 4M in dioxane was added
10 to the filtrate and the solvent was evaporated. The remaining pale brown solid was purified
by SiO, chromatography (50 g SiO,, DCM/(DCM:MeOH:NH4OH 60:10:1) 100-65% DCM).
The fractions containing the product were evaporated. The residue was dissolved in DCM
and treated with 4M HCI in dioxane. The solvent was evaporated and the remaining solid was
dried under high vacuum to give 0.19 g of racemic cis spiro[2.5]oct-5-ylamine hydrochloride
15 as an off-white solid (23% yield).

Example 9.

Synthesis of racemic cis 6-methyl-spiro[2.5Joct-5-ylamine hydrochloride:

NH, CIH

20

Step 1: Spiro[2.5]octan-5-one (2.4 g, 19.32 mmol) was dissolved in THF (100 mL) and
cooled to -75°C. At that temperature LHMDS 1M in THF (24 mL, 24 mmol) was added
dropwise over 15 minutes. The resulting pale yellow solution was stirred 1 hour at -75°C.
25 Todomethane (1.3 mL, 21.26 mmol) was added and stirring was continued at -75°C for
another hour before letting the mixture warm up to RT. The reaction was quenched by
addition of saturated aqueous NH4Cl. The layers were separated and the aqueous layer was

extracted with Et,O . The combined organic layers were washed with brine, dried (Na;SOy),
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filtered and evaporated. The remaining yellow oil was purified by SiO, chromatography (330
g SiO3, hexanes/EtOAc 0 to 3% EtOAc) to give 0.93 g of racemic 6-methyl-spiro[2.5]octan-
5-one as a colorless liquid (35% yield).

Step 2: Racemic 6-methyl-spiro[2.5]octan-5-one (0.92 g, 6.656 mmol) and benzylamine (0.76
5 mL, 6.989 mmol) were dissolved in benzene (6 mL) and stirred at reflux with continuous

removal of H,O for 3 hours. The reaction mixture was allowed to cool to RT and was diluted
with DCM (30 mL). The yellow solution was cooled to 0°C. Sodium triacetoxyborohydride
(95%, 1.78 g, 7.988 mmol) and acetic acid (0.5 mL, 8.65 mmol) were added. After about 20
minutes, the ice bath was removed and the suspension stirred at RT overnight. The reaction

10  mixture was cooled to 0°C and quenched by addition of saturated aqueous NaHCOs. The
layers were separated and the aqueous layer was extracted with DCM. The combined organic
layers were washed once more with saturated aqueous NaHCOs3, dried (Na,SOy), filtered and
evaporated. The remaining yellow oil was purified by SiO, chromatography (100 g SiO»,
DCM/(DCM:MeOH:NH4OH 60:10:1) 100 to 85% DCM) to give 0.92 g of racemic cis

15 benzyl-(6-methyl-spiro[2.5Joct-5-yl)-amine as a light brown oil (yield 60%).

Step 3: To racemic cis benzyl-(6-methyl-spiro[2.5]oct-5-yl)-amine (1.03 g, 4.491 mmol)
Pd(OH), on carbon 20 wt% (0.25 g) and EtOH (20 mL) were added and the reaction mixture
was stirred at RT under 1 atm of H, overnight. The palladium was filtered off, HC1 4M in
dioxane was added and the solvent was evaporated. The remaining pale brown solid was

20 purified by SiO; chromatography (50 g SiO,, DCM/(DCM:Me¢OH:NH,OH 60:10:1) 100-
57% DCM). The fractions containing the product were evaporated. The residue was
dissolved in DCM and treated with 4M HCl in dioxane. The solvent was evaporated and the
remaining solid was dried under high vacuum to give 0.4 g of racemic cis 6-methyl-
spiro[2.5]oct-5-ylamine hydrochloride as a light brown solid (50% yield). NMR showed

25 about 18% of the trans isomer.

Example 10.

Synthesis of 1-((3R,5R)-3-amino-5-methyl-piperidin-1-yl)-ethanone hydrochloride:
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Step 1: To ((3R,5R)-1-benzyl-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester
(prepared as described in W0O2004014893) (0.6 g, 1.971 mmol) Pd(OH), on carbon (0.1 g)
and EtOH (10 mL) were added and the reaction mixture was stirred at RT under 1 atm of H,.

5 After 2 hours the palladium was filtered off and the solvent was evaporated to give 0.45 g of
((3R,5R)-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester as a colorless oil ( >95%
yield).

Step 2: ((3R,5R)-5-Methyl-piperidin-3-yl)-carbamic acid tert-butyl ester (0.422 g, 1.971
mmol) was dissolved in DCM. Pyridine (0.2 mL, 2.56 mmol) was added, followed by acetic

10  anhydride (0.24 mL, 2.56 mmol). The resulting colorless solution was stirred at RT
overnight. 1 mL of MeOH was added and the mixture was stirred for about 30 minutes before
being evaporated. The residue was partitioned between EtOAc and aqueous 1M HCI. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried (Na,SO,), filtered, and evaporated. The remaining oil was dried under high

15  vacuum to give 0.51 g of ((3R,5R)-1-acetyl-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl
ester as an off-white solid (>95% yield).

Step 3: ((3R,5R)-1-Acetyl-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester (0.5 g,
1.971 mmol) was dissolved in DCM (15) and HC1 4M in dioxane (2.5 mL, 10 mmol) was
added. The resulting colorless solution was stirred at RT until precipitation of a solid was

20  observed. The solvent was evaporated and the residue was dried under high vacuum to give
0.45 g of 1-((3R,5R)-3-amino-5-methyl-piperidin-1-yl)-ethanone hydrochloride as an off-
white solid ( >95% yield).

Example 11.

25  Synthesis of (35,5S)-3-amino-5-methyl-piperidine-1-carboxylic acid benzyl ester
hydrochloride:
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Step 1: To ((3R,5R)-1-benzyl-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester
(prepared as described in W0O2004014893) (4.6 g, 15.11 mmol) Pd(OH), on carbon (0.46 g)
5 and EtOH (80 mL) were added and the reaction mixture stirred at RT under 1 atm of H,.

CIHH

"z
=

After 3 hours the palladium was filtered off and the solvent was evaporated. The remaining
oil was dried under high vacuum to give 2.9 g of ((3R,5R)-5-methyl-piperidin-3-yl)-carbamic
acid tert-butyl ester as an off-white crystalline solid (89% yield).

10 ((3S,55)-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester was prepared in the same
manner from ((3S,5S)-1-benzyl-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester.

Step 2: ((3R,5R)-5-Methyl-piperidin-3-yl)-carbamic acid tert-butyl ester (2.9 g, 13.53 mmol)
was dissolved in 70 mL of a 1:1 mixture of dioxane and H,O and NaHCOs (4.55 g, 54.13

15 mmol) was added. To the resulting suspension benzyl chloroformate (2.2 mL, 14.2 mmol)
was added slowly. After 2 hours the reaction mixture was extracted with EtOAc. The
combined organic layers were washed with saturated aqueous NaHCOs, dried (Na,SOy,),
filtered, and evaporated. The remaining oil was purified by SiO, chromatography (150 g
Si0,, hexanes/EtOAc 0 to 20% EtOAc) to give 3.6 g of (3R,5R)-3-tert-

20  butoxycarbonylamino-5-methyl-piperidine-1-carboxylic acid benzyl ester as a colorless oil
(76% yield).

(3S,5S)-3-tert-butoxycarbonylamino-5-methyl-piperidine-1-carboxylic acid benzyl ester was
prepared in the same manner from ((3S,5S5)-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl
25 ester.
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Step 3: (3R,5R)-3-tert-Butoxycarbonylamino-5-methyl-piperidine-1-carboxylic acid benzyl
ester (3.25 g, 9.327 mmol) was dissolved in DCM (50 mL) and HC14M in dioxane (20 mL,
80 mmol) was added. The resulting colorless solution stirred at RT for 4 hours before being
evaporated. The residue was dried under high vacuum ovemight to give 2.89 g of (3R,5R)-3-
amino-5-methyl-piperidine-1-carboxylic acid benzyl ester hydrochloride as a white foam
(>95% yield).

(3S,5S)-3-amino-5-methyl-piperidine-1-carboxylic acid benzyl ester hydrochloride was
prepared in the same manner from (3S,5S)-3-tert-butoxycarbonylamino-5-methyl-piperidine-

1-carboxylic acid benzyl ester.

Example 12.

Synthesis of racemic trans Acetic acid 3-amino-cyclohexylmethyl ester:

NH, CH

e
0]

Step 1: Racemic trans 3-tert-butoxycarbonylamino-cyclohexanecarboxylic acid (1 g, 4.11
mmol) was dissolved in THF (30 mL) and borane dimethylsulfide 2M in THF (3 mL, 6
mmol) was added slowly. The resulting colorless solution was stirred at 40°C. After 4 hours
the reaction mixture was cooled to 0°C, quenched by addition of saturated aqueous NaHCOs,
and extracted twice with EtOAc. The combined organic layers were dried (Na;SOj), filtered
and evaporated to give 0.905 g of crude racemic trans 3-hydroxymethyl-cyclohexyl-carbamic

acid tert-butyl ester as a colorless oil (>95% yield).

Step 2: Acetic anhydride (0.85 mL, 9.012 mmol) was added at 0°C to a mixture of racemic
trans 3-hydroxymethyl-cyclohexyl-carbamic acid tert-butyl ester (1.69 g, 7.37 mmol) and
pyridine (0.78 mL, 9.646 mmol) in 20 mL of DCM. The resulting mixture was stirred at 0°C
to RT overnight and then at 50°C for 4 hours before being cooled to RT and partitioned
between DCM and aqueous 1M HCI. The aqueous layer was back extracted twice with DCM.
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The combined organic layers were dried (Na;SOs), filtered, and evaporated to give 2 g of

racemic trans acetic acid 3-tert-butoxycarbonylamino-cyclohexylmethyl ester (>95% yield).

Step 3: HC14M in dioxane (5 mL) was added at RT to a solution of racemic trans acetic acid
3-tert-butoxycarbonylamino-cyclohexylmethyl ester (theoretically 7.37 mmol) in 10 mL of
DCM. The resulting mixture was stirred at RT for 4 hours before being evaporated to give

1.5 g of racemic trans acetic acid-3-amino-cyclohexylmethyl ester hydrochloride (>95%
yield).

Example 13.

Synthesis of racemic trans-3-methoxymethyl-cyclohexylamine:

NH

0
~ trans, rac

Step 1: Racemic trans 3-tert-butoxycarbonylamino-cyclohexanecarboxylic acid (1 g, 4.11
mmol) was dissolved in THF (30 mL) and borane dimethylsulfide 2M in THF (3 mL, 6
mmol) was added slowly. The resulting colorless solution was stirred at 40°C. After 4 hours
the reaction mixture was cooled to 0°C, quenched by addition of saturated aqueous NaHCOs,
and extracted twice with EtOAc. The combined organic layers were dried (Na,SOy), filtered
and evaporated to give 0.905 g of crude racemic trans 3-hydroxymethyl-cyclohexyl-carbamic

acid tert-butyl ester as a colorless oil (>95% yield).

Step 2: Racemic trans 3-hydroxymethyl-cyclohexyl-carbamic acid tert-butyl ester (0.9 g,
3.925 mmol) was dissolved in DCM and 4M HCI in dioxane (9.8 mL) was added. The
resulting mixture was stirred at RT for 4 hours before being evaporated. The residue was
dried under high vacuum to give 0.65 g of crude racemic trans-3-amino-cyclohexyl-methanol

as white foam (>95% yield).

Step 3: Racemic trans 3-amino-cyclohexyl-methanol (0.65 g, 3.925 mmol) was taken up in
toluene (25 mL) and triethylamine (1.6 mL, 11.5 mmol). Phthalic anhydride (0.581 g, 3.925
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mmol) was added and the resulting mixture was stirred at reflux overnight. The reaction

mixture was allowed to cool to RT before being washed with H>O. The aqueous layer was

extracted with EtOAc. The combined organic layers were washed with brine, dried (Na;SO4),

filtered, and evaporated. The remaining solid was purified by SiO, chromatography (40 g

5 SiO,, hexanes/EtOAc 0 to 40%) to give 0.749 g of racemic trans-2-(3-hydroxymethyl-
cyclohexyl)-isoindole-1,3-dione as a white solid (73% yield).

Step 4: Racemic trans 2-(3-hydroxymethyl-cyclohexyl)-isoindole-1,3-dione (0.37 g, 1.427
mmol) was dissolved in DMF (7 mL) and cooled to 0°C. At that temperature, NaH (60%,
0.136 g, 3.424 mmol) was added, followed by iodomethane (0.54 mL, 8.676 mmol) about 10

10 minutes later. After another 10 minutes the ice bath was removed, and the reaction mixture
was heated to 38°C. After 3 hours, another 6 equivalents of iodomethane were added and the
reaction mixture was stirred at 38°C overnight before being cooled, quenched by addition of
saturated aqueous NH4Cl, and extracted times with Et,O. The organic layers were combined,
dried (Na,SQy), filtered, and evaporated. The remaining orange oil was purified by SiO,

15 chromatography (24 g SiO,, hexanes/EtOAc 0 to 10% EtOAc) to give 0.21 g of racemic trans
2-(3-methoxymethyl-cyclohexyl)-isoindole-1,3-dione as white crystalline solid (54% yield).

Step 5: Racemic trans-2-(3-methoxymethyl-cyclohexyl)-isoindole-1,3-dione (0.205 g, 0.75
mmol) was suspended in EtOH (5 mL) and hydrazine (0.07 mL, 2.25 mmol) was added. The
resulting colorless mixture was stirred at 50°C for 3 hours before cooled to RT. The solid that
20 precipitated was filtered off and washed with EtOH. The filtrate was evaporated to give 0.235
g of racemic trans-3-methoxymethyl-cyclohexylamine as a white solid (50% pure by NMR).

Example 14.

Synthesis of racemic cis 2,5,5-trimethyl-cyclohexylamine hydrochloride:

25
NH, CIH
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Step 1: 3,3-Dimethylcyclohexanone (4 g, 31.7 mmol) was added dropwise at -78°C to a
solution of LHMDS 1M in THF (35 mL, 35 mmol) in 100 mL of THF. The resulting mixture
was stirred at -78°C for 1 hour before adding iodomethane (2.2 mL, 35.33 mmol). The
reaction was stirred at -78°C to RT overnight before being quenched by addition of saturated

5 aqueous NH4Cl, and extracted three times with Et,O. The combined organic layers were
dried (MgSO4), filtered, and evaporated. The crude racemic 2,5,5-trimethyl-cyclohexanone

was used in the next step without purification.

Step 2: A mixture of crude racemic 2,5,5-trimethyl-cyclohexanone (theoretically 31.7 mmol)
and benzylamine (3.8 mL, 34.79 mmol) in 50 mL of toluene was stirred for 45 minutes at

10  reflux with continuous removal of H>O. The reaction mixture was cooled to RT and
evaporated. The residue was taken into 50 mL of DCM and sodium triacetoxyborohydride
(8.1 g, 38.22 mmol) was added, followed by acetic acid (2 mL, 34.94 mmol). The resulting
mixture was stirred at RT overnight before being diluted with DCM and washed with
saturated aqueous NaHCOs. The aqueous layer was back extracted twice with DCM. The

15 combined organic layers were dried (Na,SOy), filtered, and evaporated. The residue was
purified (DCM/(DCM:MeOH:NH4OH 60:10:1] 90% DCM) to give 3.84 g of racemic benzyl-
(2,5,5-trimethyl-cyclohexyl)-amine. NMR showed the presence of about 5% of the trans

isomer.

Step 3:

20 A mixture of racemic cis benzyl-(2,5,5-trimethyl-cyclohexyl)-amine (1.9 g, §.211 mmol) and
Pd(OH), 20wt% on carbon (0.9 g) in 50 mL of EtOH was stirred under an hydrogen
atmosphere (1 atm) at RT overnight before being filtered. The cake was rinsed thoroughly
with MeOH and the filtrate was evaporated. The residue was purified by SiO,
chromatography (DCM/(DCM:MeOH:NH,4OH 60:10:1 50% DCM). The fractions containing

25 the product were evaporated. The residue was taken into 4 mL of a 1:1 mixture of DCM and
HCI 4M in dioxane. The mixture was evaporated to give 0.61 g of racemic cis 2,5,5-

trimethyl-cyclohexylamine hydrochloride (42% yield).

Example 15.

30  Synthesis of racemic 1-(2,2,2-trifluoro-ethyl)-piperidin-3-ylamine hydrochloride:
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Step 1: Trifluoro-methanesulfonic acid 2,2,2-trifluoro-cthyl ester (0.42 g, 1.8 mmol) was
5 dissolved in a mixture of 1.5 mL of EtOAc and 1.5 mL of H,O containing 0.95 g of NaHCO;
(7.5 mmol). The resulting suspension was warmed to 50 C. A solution of racemic piperidin-
3-yl-carbamic acid tert-butyl ester (0.30 g, 1.5 mmol) in 1 mL of EtOAc was added dropwise
over a 30 minute period. The reaction mixture was left stirring at 50 °C for one hour before
being cooled to RT. The organic phase was separated and the aqueous layer was back
10 extracted with EtOAc. The combined organics were washed with brine, dried (MgS04),
filtered and evaporated to give 0.38 g of racemic [1-(2,2,2-trifluoro-cthyl)-piperidin-3-yl]-

carbamic acid tert-butyl ester as a colorless oil which was used in the next step without

purification.

Step 2: [1-(2,2,2-Trifluoro-ethyl)-piperidin-3-yl]-carbamic acid tert-butyl ester (0.380 g, 1.3
15 mmol) was dissolved in 3 mL of dioxane. A 4 M solution of HCI in dioxane (3.3 mL, 13.3
mmol) was added and the resulting mixture was stirred overnight at RT before being

evaporated to give racemic 1-(2,2,2-trifluoro-ethyl)-piperidin-3-ylamine hydrochloride.

Example 15.

20  Synthesis of racemic 1-acetyl-3-methyl-piperidin-4-one:

N

N

Step 1: To a solution of racemic 3-methyl-4-oxo-piperidine-1-carboxylic acid tert-butyl ester

in anhydrous DCM at 0 °C, ethanolic-HCl was added slowly and the reaction mixture was
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allowed to stir at 25 °C for 3 h. TLC (hexanes/EtOAc 40% EtOAc) showed complete
consumption of the starting material. The reaction mixture was evaporated to give racemic 3-

methyl-piperidin-4-one hydrochloride which was used crude in the next reaction.

Step 2: To a suspension of the product of step 1 in DCM at 0 °C, DIPEA (4 eqv) was added
5 slowly and stirred for 30 minutes at 25 °C. The reaction mixture was cooled again to 0 °C
and acetyl chloride (1.1 eqv) was added slowly. The resulting mixture was stirred at 25 °C for
16 hrs before being quenched by addition of saturated aqueous NaHCOs. The aqueous layer
was back extracted three times with DCM. The combined organics were washed with H,O,
dried (Na;SOy), filtered and evaporated. The residue was purified by SiO; flash
10 chromatography to give racemic 1-acetyl-3-methyl-piperidin-4-one (94% over two steps).

Racemic 1-methanesulfonyl-3-methyl-piperidin-4-one was prepared in the same manner from

racemic 3-methyl-piperidin-4-one hydrochloride and methanesulfonyl chloride.

15 Racemic 3-methyl-4-oxo-piperidine-1-carboxylic acid methyl ester was prepared in the same

manner from racemic 3-methyl-piperidin-4-one hydrochloride and methyl chloroformate.

Example 16.

Synthesis of 2-methyl-cycloheptanone:

20

n-BuLi (2M solution) (35.86mmol,17.93 mL) was slowly added at 0°C to a solution of

DIPEA (5 mL, 35.86 mmol) in THF (45 mL). After stirred for 30 min at 0°C the solution was
25  cooled to -78 °C. Cycloheptanone (4.0 gms, 4.2 mL, 35.66 mmol, 1.0 eqv) was added drop

wise and the resulting mixture was stirred for 30 min at -78°¢ before adding methyl iodide

(2.96 mL, 47.4 mmol, 1.33 eq). The cooling bath was removed and the solution was allowed
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to reach ambient temperature and stirred at RT for 15 hours before being quenched with

aqueous saturated NH4Cl. The mixture was extracted with DCM. The organic layer was

washed with 0.1 M aqueous HCI and aqueous saturated NaHCOs,dried over Na,SQOy, filtered,

and evaporated. The residue was purified by short path distillation to give 2.8 g of 2-methyl-
5 cycloheptanone (62% yield).

Example 17.

Synthesis of racemic 1-acetyl-5-methyl-azepan-4-one:

o=
10

Step 1: A solution of compound racemic 5-oxo-azepane-1.,4-dicarboxylic acid 1-tert-butyl
ester 4-cthyl ester (2.5 g, 8.77 mmole) in 10 mL of DMF was added at 0 °C to a stirred
suspension of NaH 60% dispersion in oil (355 mg, 8.77 mmole) in 10 mL of DMF. The
reaction mixture was allowed to stir RT for one hour before being cooled to 0 °C. Methyl
15 iodide (1.37 mL, 21.92 mmole, 2.5 eqv) was added slowly and the reaction mixture was
stirred at RT for 3 h before being poured into cold H,O and extracted with EtOAc (50 mL).
The organic layer was washed with brine, dried, and evaporated to give 2.5 g of 4-methyl-5-

oxo-azepane-1,4-dicarboxylic acid 1-tert-butyl ester 4-ethyl ester desired compound (95%
yield).

20  Step 2: To a solution of compound 4-methyl-5-oxo-azepane-1,4-dicarboxylic acid 1-tert-
butyl ester 4-ethyl ester (2.5 g, 8.36 mmol) in dioxane (20 mL) was added 2 M aqueous KOH
(20 mL) at 25°C. The resulting solution was stirred at 100 °C for 24 hours before being
cooled to RT and extracted twice with EtOAC. The combined organic layers were dried
(NayS0y), filtered, and evaporated to give 1.8 g of 4-methyl-5-0x0-azepane-1-carboxylic acid
25  tert-butyl ester (95% yield).
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Step 3: A solution of 4-methyl-5-oxo0-azepane-1-carboxylic acid tert-butyl ester (700 mg,
3.083 mmol) was dissolved in 10% TFA in DCM (30 mL) and stirred at RT for 6 hours befoe
being evaporated to give 0.74 g of 5-methyl-azepan-4-one hydrochloride.

Step 4: Acetic anhydride (0.437 mL, 4.62 mmol) was added at 0 °C to a solution of 5-methyl-

5 azepan-4-one hydrochloride (0.740 g, 3.08 mmol) in DCM (20 mL) and pyridine (0.25 mL,
3.08 mmol). The reaction mixture was stirred at RT for § hours before being partitioned
between DCM and H,O. The organic layer was dried (Na,SOy), filtered, and evaporated. The
crude residue was purified by SiO, chromatography (100% EtOAc) to give 0.220 g of 1-
acetyl-5-methyl-azepan-4-one (42% yield).

10 Example 18.

Synthesis of (1S,3S)-3-amino-cyclopentanecarboxylic acid methyl ester hydrochloride:

0

HCl HZN:,,,@)(
O/

Acetyl chloride (3.5 mL, 49.3 mmol) was added dropwise at 0°C to 100 mL of MeOH. The

15

resulting mixture was stirred at 0°C for 5 minutes before adding (1S,3S)-3-tert-

butoxycarbonylamino-cyclopentanecarboxylic acid methyl ester (1.192 g, 5.2 mmol). The

reaction mixture was allowed to warm up to RT and stirred for 48 h before being evaporated
20  to give crude (1S,3S)-3-amino-cyclopentanecarboxylic acid methyl ester hydrochloride

which was used as is in the following step.

Example 19.

Synthesis of 3-amino-cyclohexanecarboxylic acid dimethylamide hydrochloride:

25



0\04 OO\ H NHOok?/ \ N 1-112 1-(1 -Ac etyl- azepan-4-yl1l)-3 -

(5Hpyrrolo [2 , 3-b] pyrazin-2-yl)- ure a HN NN HC46JL 1-113
1- El - (3-Wbt2h1o/o63d3at ane- 1 -sul fonyl)- p iperidin-3-yl] PBI/EPZMIOYISIS®I O

[2,3- b]pyrazin-2-yl)- urea HN 0 111-X S

-89 -
NH, CIH

Step 1: DIPEA (1.8 mL, 10.3 mmol) was added at RT to a mixture of racemic trans 3-tert-
butoxycarbonylamino-cyclohexanecarboxylic acid (1.00 g, 4.109 mmol), dimethylamine

5  hydrochloride (0.0.503 g, 6.17 mmol), and EDCI (1.182 g, 6.17 mmol) in 13 mL of DCM.
The resulting mixture was stirred at RT for 16 hours before being partitioned between H,O
and DCM. The aqueous layer was back extracted twice with DCM. The combined organic
layers were dried (Na,SQ,), filtered, and evaporated. The residue was purified by SiO; flash
chromatography (DCM/MeOH 0 to 5% MeOH) to give 0.438 g (39%) of racemic trans 3-

10  dimethylcarbamoyl-cyclohexyl carbamic acid tert-butyl ester.

Step 2: Racemic trans 3-Dimethylcarbamoyl-cyclohexyl carbamic acid tert-butyl ester (0.437
g, 1.62 mmol) was dissolved in 50 mL of MeOH and cooled to 20 °C. Acetyl chloride (1.2
mL, 16.9 mmol) was added dropwise and when the addition was complete the reaction
mixture was allowed to warm up to RT and stirred for 16 h. The solvent was removed under
15 vacuum concentrated to dryness to give racemic trans 3-amino-cyclohexanecarboxylic acid

dimethylamide hydrochloride which was used as is in the following step.

Example 20.

Synthesis of trans-3-(5,6-dichloro-1,3-dihydro-isoindol-2-yl)-cyclopentylamine:

20
Cl

¢ N\Q/NHZ

o

Step 1: To around bottomed flask was added trans 3-(tert-butyl-dimethyl-silanyloxy)-
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cyclopentanol (1.0 g, 4.62 mmol, prepared from W0O2008065021), triphenylphosphine (1.52
g, 5.76 mmol) and 2-methyltetrahydrofuran (120 mL). Diisopropyl azodicarboxylate (1.23
mL, 6.25 mmol) was added over two minutes via syringe followed by 4,5-
dichlorophthalimide (1.35 g, 6.25 mmol). The reaction was stirred overnight and evaporated.

5 The reaction was repeated and the combined material was purified by column
chromatography (160g SiO,, EtOAc in hexane) to give cis 2-[3-(tert-butyl-dimethyl-
silanyloxy)-cyclopentyl]-5,6-dichloro-isoindole-1,3-dione, a yellowish solid (2.0 gm, 52%
yield)

Step 2: To a flask containing HCI (37%, 5 mL) and methanol (155 mL) was added cis 2-[3-

10  (tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-5,6-dichloro-isoindole-1,3-dione (1.7 g, 4.1
mmol). The mixture was placed in an ultrasound bath until all of the solid had dissolved (15
minutes) then evaporated to give cis 5,6-dichloro-2-(3-hydroxy-cyclopentyl)-2,3-dihydro-1H-
isoindole-1,3-diol (1.172g, 95% yield).

Step 3: To a flask was added DCM (40 mL), DIPEA (2.0 mL, 11.48 mmol), cis 5,6-dichloro-

15 2-(3-hydroxy-cyclopentyl)-2,3-dihydro-1H-isoindole-1,3-diol 1.071 g, 3.57 mmol) and
methanesulfonyl chloride (0.6 mL, 7.72 mmol) and the mixture stirred overnight at RT. The
mixture was concentrated in vacuo, EtOAc (100 mL) and H,O (100 mL) added, filtered off
insolubles, separated and extracted the aqueous layer with EtOAc (50 mL). The combined
organic layers were dried (MgSO4) and concentrated in vacuo to give cis methanesulfonic

20 acid 3-(5,6-dichloro-1,3-dihydroxy-1,3-dihydro-isoindol-2-yl)-cyclopentyl ester as a tan solid
(1.5 g, impure as >100% yiceld).

Step 4: In a flask cis methanesulfonic acid 3-(5,6-dichloro-1,3-dihydroxy-1,3-dihydro-
isoindol-2-yl)-cyclopentyl ester (1.32g, 3.49 mmol) was added to DMF (15mL) and sodium
azide (0.24 g, 3.7 mmol) and stirred at RT overnight. The mixture was diluted with H,O (100
25 mL) and extracted with diethyl ether (3 x 100 mL), the organic layers were dried (MgSQO,)
and concentrated in vacuo to give a tan solid (1.6g). The solid was purified four times by
column chromatography (2 x EtOAc in hexane, 2 x EtOAc in hexane/dichloromethane)
followed by preparative TLC (EtOAc in hexane) and then recrystallized from
dichloromethane in hexane to give trans 2-(3-azido-cyclopentyl)-5,6-dichloro-isoindole-1,3-
30 dione (0.727 g, 64% yield).
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Step 5: Trans 2-(3-azido-cyclopentyl)-5,6-dichloro-isoindole-1,3-dione (0.727 g, 2.24 mmol)
and lindlar catalyt ( 0.36 g) was added to a mixture of ethanol and dichloromethane and
placed under a hydrogen balloon overnight. The mixture was filtered and the solid rinsed
with dichloromethane. The organic layers were concentrated in vacuo, dissolved in methanol
and diluted with acetonitrile. The solid was removed by filtration and the filtrate purified by
preparative TLC (dichloromethane/methanol/tricthylamine). The solid and material from
TLC was recrystallized from MeCN/MeOH to give trans 2-(3-amino-cyclopentyl)-5,6-
dichloro-isoindole-1,3-dione as an off white solid (0.145 g, contains also trans 2-(3-amino-

cyclopentyl)-5-chloro-isoindole-1,3-dione)

Example 21.

Synthesis of cyclopropyl-acetyl chloride:

Cl

Oxalyl chloride (1.14 mL, 1.0 mmol) was added to a solution of cyclopropyl acetic acid (1.0
g, 10.0 mmol) in 6.0 mL of DCM. A couple of drops of DMF were added and the reaction
mixture was left stirring overnight at RT before being evaporated to give 1.2 g of

cyclopropyl-acetyl chloride.

Example 22,

Synthesis of 2-methoxy-ethanesulfonyl chloride:

/O\/\S (1
V/7A\
0O 0
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Step 1: 2-Chloroethyl methyl ether (10 g, 0.106 mol) was added at RT to a suspension of
sodium sulfite (13.35 g, 0.106 mol) in 30 mL of H,O. The resulting biphasic mixture was
stirred at reflux for 48 hours before being cooled to RT (clear monphasic solution), and
evaporated. The white residue was turned into a powder and was then washed with 100 mL
5 ofan 8/2 mixture of Et,O and toluene, before being dried to give 22 g sodium 2-methoxy-

cthanesulfonate (129% yield, contaminated with excess sodium sulfite). Used as is in step 2.

Step 2: A suspension of sodium 2-methoxy-ethanesulfonate (5 g, 30.84 mmol) in 16 mL of
phosphorous oxychloride was stirred at reflux for 8 hours before being cooled to RT, and
stirred at RT overnight before being diluted with DCM and filtered. The filtrate was partially

10 evaporated, diluted with EtOAc and poured into crushed ice. After stirring until the ice has
melted, the organic layer was separated, dried (Na,SOy), filtered and evaporated to give 4.88
g of 2-methoxy-ethanesulfonyl chloride (>95% yield).

Example 23.

15  Synthesis of (1-trifluoromethyl-cyclopropyl)-methanesulfonyl chloride:

CI
//S\\
O O F

Step 1: 50 mL of borane dimethylsulfide 2M in THF were added dropwise at RT via an

20 addition funnel to a solution of 1-trifluomethyl-cyclopropanecarboxylic acid (10 g, 64.90
mmol) in 100 mL of THF. The resulting clear solution was stirred at 40°C for 24 hours before
being cooled to 0°C and quenched by slow addition of aqueous saturated NH4C1. The
biphasic slurry was filtered through celite. The organic layer was separated, and the aqueous
layer was back extracted twice with AcOEt. The combined organic layers were dried

25  (NayS0y), filtered, and evaporated to give 7 g of (1-trifluoromethyl-cyclopropyl)-methanol
(77% yield). Used as in the next step.

Step 2: p-Toluenesulfonyl chloride (9.6 g, 50.35 mmol) was added at 0°C to a mixture of (1-
trifluoromethyl-cyclopropyl)-methanol (7 g, 49.96 mmol), triecthylamine (7.7 mL, 55.24
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mmol) and DMAP (0.61 g, 4.996 mmol) in 100 mL of DCM. The resulting mixture was
stirred at 0°C to RT overnight before being washed with aqueous 1M HCI. The aqueous layer
was back extracted twice with DCM. The combined organic layers were dried (Na;SOy),
filtered, and evaporated. The residue was purified by SiO; flash chromatography (120 g SiO,,

5 hexanes/[hexanes/Et,O 8/2] 100 to 0% hexanes) to give 7.26 g of toluene-4-sulfonic acid 1-
trifluoromethyl-cyclopropylmethyl ester (49% yield).

Step 3: A mixture of toluene-4-sulfonic acid 1-trifluoromethyl-cyclopropylmethyl ester (2 g,
6.796 mmol) and thiourea (0.52 g, 6.831 mmol) in 5 mL of EtOH was stirred at 90°C for 3
hours before being cooled to RT and evaporated to give 2.5 g of 2-(1-trifluoromethyl-

10  cyclopropylmethyl)-isothiourea p-toluenesulfonic acid salt (>95% yield).

Step 4: Chlorine was bubbled for 5 minutes at 0°C through a suspension of 2-(1-
trifluoromethyl-cyclopropylmethyl)-isothiourea p-toluenesulfonic acid salt (theoretically
6.796 mmol) in 10 mL of H,O and 2.5 mL of THF. The resulting light green mixture was
warmed to RT and extracted twice with DCM. The combined organic layers were dried

15 (Na,SO,), filtered, and evaporated to give 0.67 g of (1-trifluoromethyl-cyclopropyl)-
methanesulfonyl chloride (44% yield).

Example 24,

Synthesis of (3-methyl-oxetan-3-yl)-methanesulfonyl chloride:

20
—O0

Cl
\S/\vl
7\
OO0

Step 1: A mixture of 3-chloromethyl-3-methyl-oxetane (5 g, 41.47 mmol), thiourea (3.16 g,

41.51 mmol), and potassium iodide in 30 mL of EtOH was stirred at 90°C for 3 hours before

25 being cooled to RT and evaporated. The residue was used as is in the next step.

Step 2: Chlorine was bubbled for 5 minutes at 0°C through a solution of the crude product
from step 1 (theoretically 41.47 mmol) in 30 mL of H,O. The resulting dark brown mixture

was warmed to RT and extracted twice with DCM. The combined organic layers were
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washed with 10% sodium thiosulfate (Na,S,03), dried (Na,SOy), filtered, and evaporated to
give 0.75 g of (3-methyl-oxetan-3-yl)-methanesulfonyl chloride which was 50% pure by

NMR. It was used as is in the next step.

Example 25.

Synthesis of 3-cyclohexyl-1-methyl-1-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea:

HNT N
N o N
SO
/N_<O

10  Step 1: 2-Bromo-5H-pyrrolo[2,3-b]pyrazine (1.98 g, 10.0 mmol) was dissolved in DMF (33
mL) and cooled down to 0°C. NaH (60%, 0.480 g, 12.0 mmol) was added slowly. After the
addition was complete stirring was continued for 30 minutes at 0°C. (2-Chloromethoxy-
ethyl)-trimethyl-silane (2.1 mL, 12.0 mmol) was added and the reaction mixture was allowed
to warm up overnight. The reaction was quenched with H,O. The aqueous layer was

15 extracted with EtOAc. The organic layer was dried (MgSQy,), filtered, concentrated, and
purified by SiO, chromatography (150 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 2.81 g
of 2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazine as a yellow
liquid (86% yield).

Step 2: 2-Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazine (0.328 g,

20  1.00 mmol) was dissolved in DMSO (2.5 mL). A solution of methylamine (33wt % in EtOH,
2.5 mL, 20 mmol) was added and the resulting solution was heated at 150°C in the scaled
tube overnight, then cooled to RT. The reaction mixture was partitioned between EtOAc and
H,O. The aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried (MgSQO,), filtered and concentrated to give a mixture of impure

25 Methyl-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-amine, which
was dissolved in 1,2-dichloroethane (3 mL). Cyclohexylisocyanate (0.38 mL, 3.00 mmol)
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was added and the reaction mixture was heated to reflux overnight, cooled to RT,
concentrated, purified by SiO, chromatography (12 g SiO», hexanes/EtOAc 0-35% EtOAc) to
give 0.110 g of 3-cyclohexyl-1-methyl-1-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urea as a yellow solid (27% yield).

5 Step 3: 3-Cyclohexyl-1-methyl-1-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
b]pyrazin-2-yl]-urea (0.110 g, 0.273 mmol) was dissolved in DCM (3 mL). TFA (1.0 mL)
was added and the resulting solution was stirred at RT for 6 hours, then concentrated. The
residue was dissolved in EtOH (2 mL), and NaOAc 3H20 (0.371 g, 2.73 mmol) was added.
The reaction mixture was stirred at RT overnight, concentrated and purified by SiO,

10  chromatography (12 g SiO,, DCM/MeOH 0-5% MeOH) followed by washing with a mixture
of MeOH:H,O:TEA (8:1:1) to give 48 mg of 3-cyclohexyl-1-methyl-1-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urca as a yellow solid (64% yield).

Example 26.

15  Synthesis of 1-cyclohexyl-3-(6-methyl-SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea:

HN N
N —N
<O
'

Step 1: 3,5-Dibromo-pyrazin-2-ylamine (1.70 g, 6.70 mmol), TEA (1.1 mL, 8.04 mmol),

20  PdCly(PPhs)s (28 mg, 0.040 mmol), and Cul (15 mg, 0.080 mmol) were dissolved in THF (17
mL), cooled to RT and Trimethyl-prop-2-ynyl-silane (1.0 mL, 6.7 mmol) was added at 0°C,
allowed to warm up to RT and stirred overnight. The reaction mixture was diluted with
EtOAc, washed with H,O and saturated aqueous NaHCOs3, dried (MgSQO4) and concentrated,
and purified by SiO, chromatography (80 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 1.66
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g of 5-bromo-3-(3-trimethylsilanyl-prop-1-ynyl)-pyrazin-2-ylamine as a yellow semi-solid
contaminated by starting material (§7% yield, 66% purity).

Step 2: To a solution of 5-bromo-3-(3-trimethylsilanyl-prop-1-ynyl)-pyrazin-2-ylamine (1.66
g, 66% purity, 5.84 mmol) in 25 mL of THF was added a solution of tBuOK in THF (1M,

5 11.7mL, 11.7 mmol) slowly at RT. The reaction mixure was heated to reflux for 2 days, then
cooled to RT, diluted with EtOAc, quenched with H,O, filtered through a pad of celite, and
washed with H,O and EtOAc. The organic layer was separated, washed with H,O and brine,
dried (MgSQy,), and concentrated to give 598 mg of 2-bromo-6-methyl-5H-pyrrolo[2,3-
b]pyrazine as a brown solid (48% yield).

10  Step 3: 2-Bromo-6-methyl-5H-pyrrolo[2,3-b]pyrazine (0.300 g, 1.41 mmol) was dissolved in
DMF (5 mL) and cooled down to 0°C. NaH (60%, 68 mg, 1.70 mmol) was added slowly.
After the addition was complete stirring was continued for 30 minutes at 0°C. (2-
Chloromethoxy-ethyl)-trimethyl-silane (0.30 mL, 1.70 mmol) was added and the reaction
mixture was allowed to warm up overnight. The reaction was quenched with H>O. The

15 aqueous layer was extracted with EtOAc. The organic layer was dried (MgSQ,), filtered,
concentrated, and purified by SiO, chromatography (40 g SiO;, hexanes/EtOAc 0-35%
EtOAc) to give 340 mg of 2-bromo-6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazine as a yellow liquid (70% yield).

Step 4: 2-Bromo-6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazine

20 (0.340 g, 0.993 mmol), benzhydrylideneamine (0.18 mL, 1.09 mmol), Cs,CO; (648 mg, 1.99
mmol), Pd(OAc), (22 mg, 0.099 mmol) and BINAP (62 mg, 0.099 mmol) were dissolved in
THF (10 mL) and heated at 100°C for 64 hr, cooled to RT, partitioned between EtOAc and
brine. The organic layer was dried (MgSO,), filtered, concentrated, and purified by SiO,
chromatography (40 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 158 mg of

25 Dbenzhydrylidene-[6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-
yl]-amine as a yellow liquid (36% yield).

Step 5: Benzhydrylidene-[6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2 ,3-

b]pyrazin-2-yl]-amine (0.158 g, 0.357 mmol), NaOAc (70 mg, 0.857 mmol) and NH2OH

HCI (45 mg, 0.643 mmol) were dissolved in MeOH (4 mL) and stirred at RT overnight, and
30 partitioned between EtOAc and brine. The organic layer was dried (MgSOy,), filtered,
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concentrated, and purified by SiO, chromatography (24 g SiO;, hexanes/EtOAc 0-90%
EtOAc) to give 58 mg of 6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylamine as a yellow solid (58% yield).

Step 6: 6-Methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine
5 (58 mg, 0.208 mmol) was dissolved in 1,2-dichloroethane (2.1 mL). Cyclohexylisocyanate
(0.54 mL, 4.16 mmol) was added and the reaction mixture was heated to reflux overnight,
cooled to RT, concentrated, purified by SiO, chromatography (12 g SiO,, hexanes/EtOAc 0-
50% EtOAc) to give 80 mg of 1-cyclohexyl-3-[6-methyl-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea as a yellow solid (95% yield).

10  Step 7: 1-Cyclohexyl-3-[6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea (56 mg, 0.139 mmol) was dissolved in a solution of HCI in AcOH (1M,
2.8 mL), and heated at 50°C in the sealed tube overnight. The reaction mixture was
concentrated to dryness, dissolved in 1.5 mL of MeOH:H,O:Et;N 8:1:1 and ethylenediamine
(93 ul, 1.39 mmol) was added. The reaction mixture was stirred overnight, concentrated and

15 purified by and purified by SiO, chromatography (8 g SiO,, DCM/MeOH 0-5% MecOH) to
give 12 mg of 1-cyclohexyl-3-(6-methyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea as a white
solid (32% yield).

Example 27.

20  Synthesis of 1-cyclohexyl-3-(7-methyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea:

HNT N
N —N
<O
'

Step 1: To a solution of 3,5-dibromo-pyrazin-2-ylamine (5.06 g, 20.00 mmol) in 100 mL of
25 THF was added a solution of LIHMDS in THF (1M, 24 mL) at RT. The reaction mixture was
stirred at RT for 2 hr, then allyl bromide (3.5 mL, 40 mmol) was added. The reaction mixture
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was stirred at RT overnight and quenched with saturated NH4Cl solution and exracted with

EtOAc. The organic layer was washed with H>O and brine, dried (MgSQOj4) concentrated, and

purified by SiO, chromatography (200 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 3.51 g

of allyl-(3,5-dibromo-pyrazin-2-yl)-amine as a yellow oil (60% yield).

5 Step 2: The mixture of allyl-(3,5-dibromo-pyrazin-2-yl)-amine (3.51 g, 12.0 mmol), TEA (4
mL, 28.8 mmol), sodium formate (204 mg, 3.00 mmol), BuuNH4Br (580 mg, 1.80 mmol),
and Pd(OAc), (269 mg, 1.20 mmol) in 24 mL of DMF was heated at 50°C overnight then
cooled to RT. The reaction mixture was partitioned between EtOAc and brine. The organic
layer was dried (MgSOs), concentrated, and purified by SiO, chromatography (120 g SiO,,

10 hexanes/EtOAc 0-70% EtOAc) to give 0.279 g of 2-bromo-7-methyl-5H-pyrrolo[2,3-
b]pyrazine (11% yield).

Step 3: 2-Bromo-7-methyl-5SH-pyrrolo[2,3-b]pyrazine (0.279 g, 1.321) was dissolved in DMF
(5 mL) and cooled down to 0°C. NaH (60%, 63 mg, 1.58 mmol) was added slowly. After the
addition was complete stirring was continued for 30 minutes at 0°C. (2-Chloromethoxy-

15 ethyl)-trimethyl-silane (0.28 mL, 1.58 mmol) was added and the reaction mixture was
allowed to warm up overnight. The reaction was quenched with H,O. The aqueous layer was
extracted with EtOAc. The organic layer was dried (MgSQO,), filtered, concentrated, and
purified by SiO, chromatography (24 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 340 mg
of 2-bromo-7methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazine as a

20 yellow liquid (77% yield).

Step 4: 2-Bromo-7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazine
(0.346 g, 1.01 mmol), benzhydrylideneamine (0.19 mL, 1.11 mmol), Cs>2CO3 (658 mg, 2.02
mmol), Pd(OAc), (23 mg, 0.101 mmol) and BINAP (63 mg, 0.101 mmol) were dissolved in
THF (10 mL) and heated at 100°C for 63 hr, cooled to RT, partitioned between EtOAc and

25 brine. The organic layer was dried (MgSOs,), filtered, concentrated, and purified by SiO,
chromatography (40 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 158 mg of
benzhydrylidene-[7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
yl]-amine as a yellow liquid (20% yield).

Step 5: Benzhydrylidene-[ 7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
30 b]pyrazin-2-yl]-amine (91 mg, 0.206 mmol), NaOAc (41mg, 0.494 mmol) and NH,OH HC1
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(26 mg, 0.371 mmol) were dissolved in MeOH (2 mL) and stirred at RT overnight, and

partitioned between EtOAc and brine. The organic layer was dried (MgSQy), filtered,

concentrated, and purified by SiO, chromatography (12 g SiO;, hexanes/EtOAc 0-90%

EtOAc) to give 41 mg of 7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
5 b]pyrazin-2-ylamine as a yellow solid (71% yield).

Step 6: 7-Methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine
(41 mg, 0.147 mmol) was dissolved in 1,2-dichloroethane (1.5 mL). Cyclohexylisocyanate
(0.19 mL, 1.47 mmol) was added and the reaction mixture was heated to reflux for 64 hr,
cooled to RT, concentrated, purified by SiO; chromatography (8 g SiO,, hexanes/EtOAc 0-
10 50% EtOAc) to give 38 mg of 1-cyclohexyl-3-[7-methyl-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urca as a white solid (64% yield).

Step 7: 1-Cyclohexyl-3-[7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea (38 mg, 0.094 mmol) was dissolved in a solution of HCI in AcOH (1M,
1.9 mL), and heated at 50°C in the sealed tube overnight. The reaction mixture was

15 concentrated to dryness, dissolved in 1 mL of MeOH:H,O:Et;N 8:1:1 and ethylenediamine
(63 ul, 0.94 mmol) was added. The reaction mixture was stirred overnight, concentrated and
purified by SiO, chromatography (8 g SiO,, DCM/M¢OH 0-5% Me¢OH) to give 7 mg of 1-
cyclohexyl-3-(7-methyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea as a white solid (27% yield).

Example 28.
20
Synthesis of 1-(7-Chloro-5H-pyrrolo[2,3-b]pyrazin-2-yl)-3-cyclohexyl-urea:

AN R Cl

N _Q_O

N
H

25 Step 1: To asolution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (1.8 g, 9.09 mmol) in 18 mL of
DCM and 18 mL of DMF was added NCS (1.46 g, 10.9 mmol) at RT. The reaction mixture
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was stirred at RT overnight, then partitioned between EtOAc and brine. The organic layer
was dried (MgSOs) concentrated to give 2.98 g of impure 2-bromo-7-chloro-5SH-pyrrolo[2,3-

b]pyrazine as a yellow oil which was used for the next step without any purification.

Step 2: impure 2-Bromo-7-chloro-5H-pyrrolo[2,3-b]pyrazine was dissolved in DMF (30 mL).

NaH (60%, 436mg, 10.9 mmol) was added slowly. After the addition was complete stirring
was continued for 30 minutes at RT. (2-Chloromethoxy-ethyl)-trimethyl-silane (1.9 mL, 10.9
mmol) was added and the reaction mixture was allowed to warm up overnight. The reaction
was quenched with H,O. The aqueous layer was extracted with EtOAc. The organic layer
was dried (MgSOy), filtered, concentrated, and purified by SiO, chromatography (24 g SiO,,
hexanes/EtOAc 0-35% EtOAc) to give 2.62 g of 2-bromo-7-chloro-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazine as a yellow liquid (79% yield for 2 steps).

Step 3: 2-Bromo-7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazine
(1.31 g, 3.61 mmol), benzhydrylideneamine (0.67 mL, 3.97 mmol), Cs,COs (2.35 g, 7.22
mmol), Pd(OAc): (81 mg, 0.361 mmol) and BINAP (225 mg, 0.361 mmol) were dissolved in
THF (36 mL) and heated at 100°C overnight, cooled to RT, partitioned between EtOAc and
brine. The organic layer was dried (MgSO,), filtered, concentrated, and purified by SiO,
chromatography (150 g SiO,, hexanes/EtOAc 0-25% EtOAc) to give 992 mg of
benzhydrylidene-[7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
yl]-amine as a yellow liquid (59% yield).

Step 4: Benzhydrylidene-[7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-amine (992 mg, 2.14 mmol), NaOAc (421mg, 5.14 mmol) and NH20OH HCl
(268 mg, 3.85 mmol) were dissolved in MeOH (21 mL) and stirred at RT overnight, and
partitioned between EtOAc and H,O. The organic layer was dried (MgSQy), filtered,
concentrated, and purified by SiO, chromatography (150 g SiO,, hexanes/EtOAc 0 to 50%
EtOAc) to give 202 mg of 7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylamine as a white solid (32% yield).

Step 5: 7-Chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine
(100 mg, 0.335 mmol) was dissolved in 1,2-dichloroethane (3.4 mL). Cyclohexylisocyanate
(0.43 mL, 3.35 mmol) was added and the reaction mixture was heated to reflux overnight,

cooled to RT, and concentrated. The residue was dispersed in 3 mL of toluene,

HNO
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cyclohexylisocyanate (0.86 mL, 6.70 mmol) was added and the reaction mixture was heated

to reflux overnight, and cooled to 0°C. The precipitates were filtered, washed with toluene
and dried under high vacuum to give 44 mg of 1-cyclohexyl-3-[7-chloro-5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea as a white solid (31%
yield).

Step 6: 1-Cyclohexyl-3-[7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea (44 mg, 0.104 mmol) was dissolved in a solution of HCI in AcOH (1M,
2.1 mL), and heated at 50°C in the sealed tube overnight. The reaction mixture was
concentrated to dryness, dissolved in 1 mL of MeOH:H,O:Et;N 8:1:1 and ethylenediamine
(69 ul, 1.04 mmol) was added. The reaction mixture was stirred for 5 days, concentrated and
purified by SiO, chromatography (8 g SiO,, DCM/M¢OH 0 to 10% MeOH) to give 5 mg of
1-cyclohexyl-3-(7-chloro-5H-pyrrolo[2,3-b]pyrazin-2-yl)-urca as a white solid (16% yield).

Example 29,

Synthesis of 1-(7- isopropyl-5SH-pyrrolo[2,3-b]pyrazin-2-yl)-3-cyclohexyl-urea:

HN N
N _N
O
I

Step 1: 5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine (1.32 g,
4.99 mmol) was dissolved in toluene (50 mL). Cyclohexylisocyanate (6.4 mL, 49.9 mmol)
was added and the reaction mixture was heated to reflux for 88 hr, cooled to RT, and
concentrated, and purified by SiO, chromatography (150 g SiO,, DCM/MeOH 0 to 5%
MeOH) to give 2.67 g of impure 1-cyclohexyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urea as a yellow solid (31% yield).

- pi peridin-3-y1]-3-

urea
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Step 2: The mixture of 1-Cyclohexyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
b]pyrazin-2-yl]-urea (2.67 g) and NIS (742 mg, 3.30 mmol) in 12 mL of acetone was stirred
at RT for 4 hr, filtered, and washed with small amount of acctone. The solid was dried under
high vacuum to give 701 mg of 1-cyclohexyl-3-[7-iodo-5-(2-trimethylsilanyl-ethoxymethyl)-
5H-pyrrolo[2,3-b]Jpyrazin-2-yl]-urea as an off- white solid (45% yield for 2 steps).

Step 3: 1-Cyclohexyl-3-[7-i0do-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea (300 mg, 0.582 mmol), 2-isopropenyl-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane (0.33 mL, 1.75 mmol), Cs,CO3 (948 mg, 2.91 mmol), and Pd(dppf)Cl,
DCM complex (47 mg, 0.058 mmol) were dissolved in THF (2.3 mL) and H,O (0.7 mL). The
mixture was irradiated at 100°C using microwave for 1 hr, cooled to RT, partitioned between
EtOAc and brine. The organic layer was dried (MgSQO,), filtered, concentrated, and purified
by SiO; chromatography (24 g SiO,, DCM/M¢OH 0 to 5% MeOH) to give 131 mg of impure
1-cyclohexyl-3-[ 7-isopropenyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea as an off-white solid (52% yield).

Step 4: The mixture of 1-cyclohexyl-3-[7-isopropenyl-5-(2-trimethylsilanyl-ethoxymethyl)-
S5H-pyrrolo[2,3-b]Jpyrazin-2-yl]-urea (70 mg, 0.163 mmol) and Pd/C (17 mg, 0.016 mmol) in
MeOH (1.6 mL) was shaked under 50 psi of H2 atmosphere overnight, filtered through a pad
of celite, and washed with MeOH. The filtrate was concentrated to give crude 1-Cyclohexyl-
3-[7-isopropyl-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea,
which was dissolved in a solution of HCI in AcOH (1M, 1.6 mL). The reaction mixture was
heated at 50°C in the sealed tube for 2 hr, concentrated to dryness, dissolved in 2 mL of
MeOH:H,O:Et:N 8:1:1 and ethylenediamine (0.11 mL, 1.63 mmol) was added. The reaction
mixture was stirred overnight, concentrated and purified by SiO, chromatography (8 g SiO,,
DCM/MeOH 0 to 10% MeOH) to give 9 mg of 1-cyclohexyl-3-(7-isopropyl-SH-pyrrolo[2,3-
b]pyrazin-2-yl)-urca as a pale yellow solid (18% yield).

Example 30.
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: LA
N \Z step 1 step 2 Q
N

R, = protected azacyclic substituent

R,, = deprotected azacyclic substituent

R,; = alkylated, acylated, alkoxyacylated, or sulfonylated azacyclic substituent
R, = non-azacyclic susbtituent

Step 1:

Variation A

(S)-3-amino-piperidine-1-carboxylic acid tert-butyl ester (0.1 g, 0.378 mmol) was dissolved
5 in DCM (3 mL). N,N-diisopropylethylamine (0.23 mL, 1.324 mmol) was added and the
resulting light yellow solution was cooled by a NaCl/ice bath. After about 20 minutes
phosgene 20% in toluene (0.24 mL, 0.454 mmol) was added. After about 20 minutes
(1R,2S)-2-methyl-cyclohexylamine hydrochloride (0.068 g, 0.454 mmol) was added. The

resulting mixture was stirred in the NaCl/ice bath for an hour. 1 mL of MeOH was added and
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the mixture was allowed to warm up to RT before being evaporated. The remaining oil was
partitioned between DCM and H,O. The aqueous layer was extracted twice with DCM, the
organic layers were combined, dried over Na,SOy, filtered and evaporated. The residue was
purified by SiO, chromatography (24 g SiO,, DCM/(DCM:Me¢OH:NH,OH 60:10:1) 100 to
5 83%DCM)to give 0.1 g of I-((1R,2S)-2-methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea as a light brown solid (65% yield).

1-((1S,2R)-2-Methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-

10 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and (1S,2R)-2-methyl-cyclohexylamine
hydrochloride.

Racemic 1-(3,3-Dimethyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-
15 trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 3,3-dimethyl-

cyclohexylamine hydrochloride.

Racemic 1-spiro[2.5]oct-5-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-

20 ecthoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic spiro[2.5]oct-5-ylamine
hydrochloride.

Racemic 1-(3-methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-

25 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic 3-methyl-cyclohexylamine.

Racemic cis 1-(6-methyl-spiro[2.5Joct-5-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic cis 6-
30 methyl-spiro[2.5]oct-5-ylamine hydrochloride.
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Racemic cis 1-(2,5,5-trimethyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-

trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic cis 2,5,5-
5 trimethyl-cyclohexylamine hydrochloride.

1-[1-(2,2,2-trifluoro-ethyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-

pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic 1-(2,2,2-
10 trifluoro-cthyl)-piperidin-3-ylamine hydrochloride.

(3R,5R)-3-Methyl-5-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b Jpyrazin-2-
yl]-ureido} -piperidine-1-carboxylic acid benzyl ester was prepared in the same manner from
5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and (3R,5R)-3-

15 amino-5-methyl-piperidine-1-carboxylic acid benzyl ester dihydrochloride.

1-(2,2-Dimethyl-cyclopentyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2,2-dimethyl-cyclopentylamine

20  (prepared according to J. Med. Chem. 2001, 44, 3764). In this instance, the reaction was run
at -78°C.

Endo 1-bicyclo[2.2.1 Jhept-2-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-
25 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and endo bicycle[2.2.1 Jhept-2-ylamine

hydrochloride. In this instance, the reaction was run at -78°C.

Exo 1-bicyclo[2.2.1]hept-2-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-
30 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and exo bicycle[2.2.1 hept-2-ylamine

hydrochloride. In this instance, the reaction was run at -78°C.
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1-(1-Methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-
2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-ylamine and 1-methyl-cyclohexylamine hydrochloride. In this

5 instance, the reaction was run at -78°C.

(R)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
ureido}pyrrolidine-1-carboxylic acid tert-butyl ester was prepared in the same manner from
5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and (R)-3-amino-

10 pyrrolidine-1-carboxylic acid tert-butyl ester. In this instance, the reaction was run at -78°C.

Racemic trans 1-[3-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-cyclopentyl]-3-[5-(2-

trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the

same manner from 5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine
15 and racemic trans 2-(3-amino-cyclopentyl)-5,6-dichloro-isoindole-1,3-dione. In this instance,

the reaction was run at -78°C.

Racemic 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -
azepane-1-carboxylic acid tert-butyl ester was prepared in the same manner from 5-(2-
20 trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic 3-amino-

azepane-1-carboxylic acid tert-butyl ester. In this instance, the reaction was run at -78°C.

Example 31.

Variation B:

25 THF was used a solvent and the reaction was run at -78°C.

(R)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -

piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-

trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and (R)-3-amino-
30 piperidine-1-carboxylic acid tert-butyl ester.
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(S)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -
piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and (S)-3-amino-

5 piperidine-1-carboxylic acid tert-butyl ester.

3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -

piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-

trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 3-amino-piperidine-
10 1-carboxylic acid tert-butyl ester.

Example 33.

Variation C:

15 No external base was used and the reaction was run at -78°C.

Racemic cis 1-(2-ethyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-ylamine and 2-ethyl-cyclohexylamine.

20
Racemic cis 1-(2-isopropyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared this way from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-isopropyl-cyclohexylamine.

25 Racemic cis 1-(1-acetyl-3-methyl-piperidin-4-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-
pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared this way from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 1-(4-amino-3-methyl-piperidin-1-

yl)-ethanone.
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Racemic cis 1-(1-methanesulfonyl-3-methyl-piperidin-4-yl)-3-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 1-methanesulfonyl-
3-methyl-piperidin-4-ylamine.

Racemic cis 3-methyl-4-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b|pyrazin-
2-yl]-ureido} -piperidine-1-carboxylic acid methyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 4-amino-3-methyl-

piperidine-1-carboxylic acid methyl ester.

Racemic cis 1-(2-methyl-cycloheptyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urcawas prepared this way from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-methyl-cycloheptylamine.

Racemic cis 1-(1-acetyl-5-methyl-azepan-4-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared this way from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 1-(4-amino-5-methyl-azepan-1-yl)-

ethanone.

Racemic cis 4-methyl-5-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b|pyrazin-
2-yl]-ureido} -azepane-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 4-amino-5-methyl-

azepane-1-carboxylic acid tert-butyl ester.

Pyridin-2-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylamine and pyridin-2-yl-methylamine.

Pyridin-3-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylamine and pyridin-3-yl-methylamine.

H
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1-(2-Pyridin-2-yl-ethyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-
yl]-urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylamine and 2-pyridin-2-yl-ethylamine.

1-(2-Pyridin-3-yl-ethyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-
yl]-urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylamine and 2-pyridin-3-yl-ethylamine.

10 Racemic 2-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
urcidomethyl} -piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-aminomethyl-

piperidine-1-carboxylic acid tert-butyl ester.

15 Racemic 2-(2-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
ureido} -ethyl)-piperidine-1-carboxylic acid tert-butyl esterwas prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-(2-amino-ethyl)-

piperidine-1-carboxylic acid tert-butyl ester.

20 Racemic 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
urcidomethyl} -piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 3-aminomethyl-

piperidine-1-carboxylic acid tert-butyl ester.

25 Racemic 3-(2-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
ureido} -ethyl)-piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 3-(2-amino-ethyl)-

piperidine-1-carboxylic acid tert-butyl ester.

30  3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-ureidomethyl} -
piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-



H 1-153 1-(5HPyrrolo[2,3- b]pyrazin-2-y1)-3- {2-[1-(2,2, 2-
trifluoro-ethyl)- piperidin-3-yl]- ethyl} -urea HH NN\v N 1 n NN

| -154 3- Wp3e(0BeBsBar ol o[ 2, 3- b] pyrazi n-2-yl)- urei do] - mPCHyEPRO09/065878
pyrrolidine-1- carboxylic acid nethyl ester HH O NO -NyNy 8kN H 1-155
1- (5H Pyrrol o] 2, 3- D] pyrazin-2-y1)-3-_ig0[1-(2,2,2- tri fluoro-ethyl)-
pyrrolidin-2-yl]- ethyl} -urea
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trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 4-aminomethyl-

piperidine-1-carboxylic acid tert-butyl ester.

3-(2-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -
ethyl)-piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 4-(2-amino-ethyl)-

piperidine-1-carboxylic acid tert-butyl ester.

Racemic 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
urcidomethyl} -pyrrolidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 3-aminomethyl-

pyrrolidine-1-carboxylic acid tert-butyl ester.

Racemic 2-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-
urcidomethyl} -pyrrolidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-aminomethyl-
pyrrolidine-1-carboxylic acid tert-butyl ester.

Racemic 2-(2-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-
ureido} -ethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-(2-amino-ethyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester.

Example 34.

Variation D:

A 1:1 mixture of DCM:THF was used as solvent and the reaction was run at -40°C.

1-((3R,5R)-1-Acetyl-5-methyl-piperidin-3-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 1-((3R,5R)-3-
Amino-5-methyl-piperidin-1-yl)-ethanone

FH



FHHdc.111)NINl N H 1-156 (1S,3S)-3-[3-(5HPyrrol o[ 2,3- b]pyrazin-2-yl)-
ur ei doj -

cycl opent anecarbox ylic acid nethylamde HIN H __,(Nuni N H

HO | - O 200B638%- 3- [ 3- (5HPyrrol o[ 2, 3- b] pyrazi n- 2- y1pCTIPRI00$5878
cycl opent anecarbox ylic acid ethylam de HLN X NH N
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4-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -
piperidine-1-carboxylic acid tert-butyl ester was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 4-amino-piperidine-
1-carboxylic acid tert-butyl ester.

Racemic trans acetic acid-3- {3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-ureido} -cyclohexylmethyl ester was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and racemic trans acetic

acid 3-amino-cyclohexylmethyl ester.

(S)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -
piperidine-1-carboxylic acid tert-butyl ester was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and (S)-3-amino-

piperidine-1-carboxylic acid tert-butyl ester.

(S)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -
pyrrolidine-1-carboxylic acid tert-butyl ester was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and (S)-3-amino-
pyrrolidine-1-carboxylic acid tert-butyl ester.

3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -azepane-
1-carboxylic acid tert-butyl ester was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 3-amino-azepane-1-

carboxylic acid tert-butyl ester.

(3S,5S)-3-Methyl-5-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
yl]-ureido} -piperidine-1-carboxylic acid benzyl ester was prepared in the same manner from
5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-ylamine and (3S,5S)-3-

amino-5-methyl-piperidine-1-carboxylic acid benzyl ester hydrochloride.

N- (



H Num WO 2010/ 063634PCT/ EP2009/ 065878 - 59 - DOSAGE AND

ADM NI STRATI ON The conpounds of the present invention may be formulated in

a w de vawpDedw/oBe3sdr al admi ni stration dosage forns and ®aTEPRIS/06587% I

adm nistration can be in the formof tablets, coated tablets, dragees, hard
and soft gel ati ne capsul es, solutions, Egylsions, syrups, or 5 suspensions.
Conmpounds of the present invention are €fficaci ous when adm ni stered by

ot her routes of adm nistration including continuous (intravenous drip)

t opi cal daﬁeﬂbé}akﬂnﬂﬁHﬁdﬁdsadmamymﬂmuﬂaﬂemmu@hwsﬁHd%tamd@ﬁdﬂpﬂn&n§derwa

nnal at | of R GEpE P RO Py B A ER PR kb bR (Roapsang et fom

admi ni st rau-ﬁﬁnetifﬁammeétﬁ@imtmpmrpyﬁbio@dmbqpﬁézﬁmiywmlhs ageGersy)ly oral
usi ng a 10 conveni ent daily dosing. regi nen which can be adjusted accordi ng
to the’deypride- omefavlrlilp@iqﬂeﬁilaﬁr&% @ﬁsme@aﬂ cgter pulierhddideo the active

i ngredi ent. A conpound or conpounds of the present invention, as well as
their pharnmaceutically useable salts, together with one or nore

of " phar et G wempbe e shieNaRb i F-ouElyes TR Bk Rl iyl T

conposi t i pasbandicubidttclOsgYestéravalpraparedie teaame nk@ferdfong sqent i onal

i ngredients in conventional PQﬁgortions with or wthout addjtional active
conpoundstigretisigrylmthaxymethaDe HEpyme Lo 2458 RyEazings danteg andhming-azeRang i t abl e
ef f ectjpvecAmmunt Al (drhsudchiceye i ngredient commensurate with the intended
dai |y dosage range to be enpl oyed. The pharnaceutical conpositions nay be
enpl oyed as solids, such as tablets or filled capsules, sem solids, 20
powder s, sustained release fornulations, or liquids such as squtions
suspensi OR&cenfdthsl OBSmeBbkythéthyl- @emhu}ﬂ)e}i[&@z@ﬁmieeﬁyiilmhyicdtmxyu&myl)wﬂi n the
form of suppositories for rectal or vaginal adm nistration; in the form
of steri | ®TAléSrByEazignyi- P@ﬁévaﬁarepaagé%fh@rsame gregner Arong, i %ai prepar ati on

Wi cont ginfelyIQRhARAM A D, HROUoI8P4- Bk LA SORRANI e AATRANDIS (W W) .

The term "preparation” osage’ f is’intended to include both solid
and | ilqui eictksxynoethyltcatioberylagfing.he active conpound 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 pharmacoki netic paranmeters. The term exckgkiﬂ as _used herein

refers tolla %&ﬁp@uﬁ%ﬁtmet@li?éléi?}howm%liy(é)p%ﬂipﬁaoa ERZAE 1YElayreidos -

conposi t i QRjopBRRRcaibbY 1&%&3 m@iﬁyrés% Was pRAaAE MELahl RhAg: ¢k y.(nor
ot herw se “30 undesirab ¥ i hcl udes excipients that are acceptable for

veteri nartymws@lfalanyiedﬂnommeﬂlmeﬁﬂ phaelaBcEebipytain-Askemimhandd b duhdint- t hi s

;818?32 @%g%?%%ggg%b?%gggggﬂeﬁggﬁ%rBg%8¥%++$abe adm ni stered in adm xture

wi th one or nore suitabl e pharmaceutical excipients, diluents or carriers
selected with regard to the intended route of adm nistration and standard
phar maceug&alic Qérﬁ%t{ﬁ% (2- tﬁ%’iHWs‘H%H;flle@iﬁwaleﬁi‘}B%@i ﬁ%(ﬁo?@@]ﬂ?ra%ﬁﬁ@ mhich is
useful in preg_ring a pharmaceutic conmposi‘tiont IS generaYIy saf e,
non-t oxi cyreiln cryi@lplneixemecmb@kﬂgi asgl dipnehylantdhwaswrsparethidebe saaiy wanpstfipmc| udes

t hat mhic

use. A puky REERARIAR Gt B ER AR o8 B SRR, BUARERGEHUEE oy
al so Qﬁit3ahﬂm)thmmXMmadﬁswhabhédph@hﬂnmakﬂmé&cMopdmperty on the active

i ngredi ent which were absent in the non-salt 10 form and may even
positively affect the pharmacodynam cs of the active ingredient with
respect to its therapeutic activity in the body. The phrase

" phar macebiep aBogrdepsetediionbl e salt" of a conpound means a salt that is
pharnaceutically acceptable and that possesses the desired pharnacol ogi cal

activit und., Suc S in ci.d ad 'tion
sal ts, iYO d?ﬁ‘f tﬁaﬁﬁ 8h8§y1§{}hﬂ?g f‘iiggebdi’ffegl 36?“ bbr oni ¢
acid, sul; éﬂlcﬁn@mcdrbomﬂcracm t32-bagl EsterRD 939@0(5 ¢ nigd1d) wandssoRRd lin X8 mIor
forned W t ﬁanic aci ds such as acetic acid EHPropionic aci d, hexanoic

aci d, 38y coidientiand spapd trll € dertr! clpyéco0ic® ralei U7 mpyatliviscadded droppasend aci d,
nalonic acid, succinic acid, malic acid, nmaleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoy|)benzoic aci d,
cinnam c acid, mandelic acid, nethanesul fonic acid, ethanesul fonic acid,

1, 2-et hane-di sul fonic acid, 2-



20 hydr oxyet hanesul foni c acid, benzenesul fonic acid,

4- chl orobenzenesul foni c acid, 2- naphthal enesul foni c acid,

4-t ol uenes0l2bwiesds3aci d, canphorsul fonic acid, 4- PCT/EP2009/065878

met hyl bi cycl o[ 2. 2. 2] -oct - 2-ene-| -carboxylic acid, glucoheptonic acid,

3- phenyl pr opi oni ¢ aci d, trinethylaceti_?1 cid, tertiary butylacetic acid,

| auryl sulfuric acid, gluconic acid, glutam c acid, hydroxynaphthoic acid,
sal i cyl i cwhai ¢ addiverr wes ensipdete thegossition agktdre veasclloed fo warm @5todkT @iR) sal ts
formed when I di.C Qtaon present i.n the parent conpound either is

Fopl aced Byl g b 1RGN Bupla? i RAE: SMRIRIRERL N B 1 on,
orhan ?Iwmhmuagﬁbaﬁc@ﬂm&ﬂoodhma@efh%@ﬁhe@nwﬁﬁq&akdt@ﬁseuﬁmahua&mtﬂm

et hanol anj ne, di et hano] ap ne, triethangl am ne, fronetham ne, .

N- et hy| gbﬁga\fﬁs#‘eﬁ u thgﬁlé(aqq% fo givedRyPipgH pﬁ-@p%qf%&-wthymaaﬁe powder s,
tabl ets, &héi@ejﬁ@PﬁWp?ﬁolo?ﬁ, JB?y%azirﬁE'%Qﬁbi Ghy @SechlSMEL WRcH v aPEIaiablsEn
granules. A solid carrier may bé one Or nore Substances which may al so act
as di | uenths followay®steing agents, sol ubilizers, lubricants, suspending agents,
bi nders, preservatives, WD 2010/063634PCT/ EP2009/ 065878 -61 - tabl et

di si nt egrati agents .encapsul atjn i.al. In ers,. th

RO & R L S i RS PGS SR R
finely diyidefy@eth¥edCRINNBRME inlthe AR Bier 6@ (SL3 (Vg5 cnIRANBALILGSNEr al |y
is mxed with the carrier having the necessary binding capacity in suitable
pr opor t i o¢BoamtbhAdyEaloihl Phivragapellaneids} PwcHdissl egrbosylie e ©rts
carrigps &H?k%%ﬁ but are not limted to magnesi um carbonate, magnesi um
stearate, tglc, sugar, |actose, pectin, dextrin, starch, gelatin,
tragacant h, nmet hyl cel | ul ose, sodi um carboxynet hyl cel |l ul ose, a |low nelting
wax, C€ocORipbridih-8ryl-3a3d 2t tHhethylslanyB@ttostyhethi) BB patdas 2GS ppRYyincRl-atda, in
addition to the active conponent, colorants, flavaors, stabilizers, buffers,
artifici atihaHacHerds5s NeReEddp dhessamginagpaeisiipm 8; BrlRr@ tamethylsilaiubi 1 i zi ng
agents, a&ﬂg;&y%_t}i;@)-ﬁljf-‘i‘oyrrbloﬂm-@gﬂy%' b-@fi]‘-&@iﬁoﬁkfp@ﬁ@h@lsdékﬂo%pfi@acfi@fertor al

adm nistration include’liquid formulation including enul siodns, syrups,
elixirs, bvesigs sol utions, aqueous suspensions. These include solid form
preparations which are intended to be converted to |iquid form preparations

shortly befor se. | sions.r b repar in solutions, for exanple, in
caueods TN SRy BRI S R e bRk E PRty TAGEn: <
such as | @&{dBtHleri®Ol A fréfardDR ARl Kk nandbr RGAGL B-[5A0HEREGYRAMMLI ONS can be
pr epar ed bx@dlssoIV|ng the active conponent in water and addi ng suitable

col or ant s¢thyaednd)-SHpaEplol 23 -hdpyrazin2 tyhreRidal npcadiaat] scarheyiiioind Bifspensi ons
can be pr r&g, by dispersing the finely divided active conponent in water
with viscous material, such as natural or synthetic guns, resins,

met hyl cel | ul ose, 20 sodi um carboxynet hyl cel | ul ose, and other well known

suspendi nQ-(Wo‘ﬁdinﬂl?l-gipﬁppﬂﬂﬂahﬂﬁileﬁlgﬁetﬁég@%ﬂﬁylj-m??hbm,M?fp}b&iﬂ-@fymu | at ed
for parenteral adninistration (e,%., y injection or exanpl e bol us
i nj ecPonuisi dbydior OB WATIERISHY hhwnieaatier ipadeht (P2 tiHnethyedaykor m i n
anpoul es, ~fdal Jreeky Syt Iﬁ@ﬁk_ oL i k o] | 4. Se
container?ﬂﬁﬁ?%mggpgggﬁgb% é%g;vatft%&ﬂT gﬁg% %@%%%ngmﬁgx té%gngﬁch forms
as 25 sushsdylsistens, sol utions, or emulsions in oily or aqueous vehicles, for
exanpl e solutions in aqueous polyethylene glycol. Exanples of oily or
nonaqueous carriers i luents, sqlvents or vehicles include propyl ene

gl ycol , péﬁvé{lﬁyﬁén@-értyw ,yfwéﬁvgre&w&ns ya-S¢kpyT 3OB+%-@]@YT&FHH)%-Y (HEFe

i nj ect abl @hEIBENH &SI EsSIrSpat&l i the BhRYhanAbORIE B+ {3qRA2 BN G9RIIAlyL fOrmul atory
agents such” as preserving, wetting, enulsifying or suspending,” stabilizing
and/ o5 di gpetysiotyagdmyyolofh3-Alnyeszia ivleirgidot -Aecpaetl ropeb oxyleg aeall teritbutidy be in
powder fq& obtai ned by aseptic isolation of WO

2010/ 063634PCT/ EP2009/ 065878 - 62 - sterile solid or by |lyophilisation from
solution for constitution before use with a suitable vehicle, e.qg.,

sterile, pyrogen-free water. The conmpounds of the present invention may be
formul at efl;dfah-4tABL BAL- AT Sihk Alet Ry ISl S HE R 1671350 B§rafinDL fRAtS, Creans
or lotions, or das a transdermal ‘patch: O ntnents and creans 5 may, for
exanpl e, ®bydroeHeridevets nignarcdan thepgausanper fm ¢- BaS«2 withpthyldamddi t i on of

sui tabl e thickening and/or gelling agents. Lotions nmay be forrmulated with
an aqueous or oily base and will in general also containing one or nore

enul sifying agents, stabilizing agents, dispersing agents, suspendi ng
agents, thickening agents, or coloring agents. Fornul ations suitable for
topical adm nistration in the nouth include | ozenges conprising active
agents in 10 a flavored base, usually sucrose and acacia or tragacanth;



The conpounds of the present invention may be fornul ated for aerosol

adm nistration, particularly to the respiratory tract and i ncl udi ng

i nt ranasaWvoadmaBestir ati on. The conmpound WO 2010/ 063634 PCT/EHERPRO0EIS0H5878 -
63 - will generally have a small particle size for exanple of the order of
five (5) mcrons or less. Such a partleif size may be obtai ned by neans
known in the art, for exanple by mcronization. The active ingredient is
provi ded ¢thognpttedsihlipredlophadk Imirazin-2-ysluireidbl -pipgridiped] Faarhoxslicriditsria
chloroflug c%{pon (CFC), for exanple, dichlorodifluoronethane, 5

trichl orof i oronet hane, or dichl orotetrafl uoroet hane, or carbon dioxide or
ot her suitable gas. The aerosol may conveniently also contain a surfactant
such as | R&dehtid &is 1Yh%@mez@anwhgsqexzhen@tﬁ%ﬂmyt sfloRym@nyRsAL ed val ve.
Alternatively the active ingredients be provided in a Tormof a dry
powder , fmrrmé@tat%dt]eyranp&m&gm%d@ydfochhede vigppnared m he sune meneer fowdkr base

such as | SE. §$ﬁ% hyl
ceIIuIgsé%%%gﬁﬁé3gg%§§?%?F%€4#1 9@5% ?g%g§H k)dmgﬁgkcarrpgf%tﬁﬁf forma
gel in theepasal- caIMytly acid het-paybester danfpe gistancnthoeyactien pixese wtae dtidred atni t
dose for in sules or cartridges of e.g., gelatin or blister
packs frg%ij&ﬁ¢§? %8@&&53 "be adm ni stered by neans of an inhaler.
When desired, fornulations can be prepared with enteric coatings adapted
for sust agpedhiof. g;lp%naﬁtrﬁ JRidiRAs n@ L easmeAdTlal iRk ARn0h. st RS Ye

i ngredient. For the °c ounds o present vent’i on can be
f or nul at ebi]pt'lrazmﬂayﬂideaarmtlydmchmnidc ortaa pespersd dr thg satet inaeney fiveviacasic 2THekde

delivepy syste re .advant a i ned yelease of the.canpound is
e e T TR T R R et B e T D
ConpoundSmebbﬁﬂmﬁﬁﬁn&m%uQekmMery systens are frequently attached to an

ski n-adhesi ve solid support. The 20 conpound of interest can al so be
conbined with a penetration enhancer, e.g., Azone (1-

dodecy| azRagsyd¢ bipastidin-2ylord)yl- 35{6s(ﬁanmedtytsét@ér@@oaﬁnﬁthﬂstw@{a 3are

i nserted
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sol ubl e neimdetiandlang- e;ghqumethyt)oﬁiepylmdﬂbgra-b]piyraambigqegenadahhel}fmbeyﬂ&re 1 e.g.,
pol yagtic acid. 25 Suitable | ati ons_ al ong wi th pharnaceut

Do T pdbs cialingd BHabaRlsSiepTots TaBecE ot R nGTaH Riner &1 ence
and PraCth&ﬁS§$m5$@ﬂmm&ﬂ&l995 edited by EE W Martin, thk Publ i shi ng
Conpany, 19th edition, Easton, Pennsylvania. A skilled fornulation
scientist may nodify the formul ations within the teachings of the
specification to provide nunerous formulations for a particular route of
adm ni st r Rideartic Wptﬁeﬁdtn z-glmhﬂtymg[st(henﬁethgtsﬂmqe-lethogmethjzl)ﬁHep}proe(s[eﬁt

i nvention unstable or cQ s;n t heir herapeutlc act.i vi

2010/ 063 BRPEH P DBUS BRSO 5A e Dravt P sy BRTGF TEHB RS nt-(5-
corrpoaodS(zttﬁnfeﬁnmkelranﬁf&mX@ﬁle g@mpi.qeolb[rz Me}pstfazmtz 9t]h%1d¢tﬁéth§qt@1peh@fne-
exanpl e, may be easily acconp VIS hed by m nor nodifications (salt
fornulatlbﬁmb@§ﬂeﬂﬁﬂﬁ@ébpﬁhe“@tc ), which are well within the ordinary
skill inthe art. It is also well within the ordinary skill of the art to
nodi fy the route of adm nistration and dosage reginmen of a 5 particular

For  mauxt neBEn AT EPST OB T Oet RO ai B e PRt el SRy

effecti veb]?gxwhtz-ymréamdhﬂahwrﬂe RS Piepafdd 3TYRAME ﬁﬁﬁhdr%n{ RcsBRUCE-(3-
synptoms of the disease in an individual. The dose will be adkusted to the

i ndi v2aualS-ReroreHwhdand-cihoxpmehyptpatial chlpwezmay| lussdgectedh vary

Wi thin w unerous factors such as the severity
of the dl@gggg&%%% eggggg%ggﬁ&%ugﬁgagnand general health condition of the
patient, other nedicanents with mhlch the patient is being treated, the
route and formof admnistration and the preferences and experience of the
medi cal practitioner involved. For oral adm nistration, a daily dosage of
bet ween about 0.01 and about 1000 ny/ kg body wei ght per day shoul d be
appropriate in nonotherapy and/or in 15 conbi nation therapy. A preferred
dai ly dosage is between about 0.1 and about 500 ng/ kg body weight, nore
preferred 0.1 and about 100 ng/ kg body wei ght and nost preferred 1.0 and
about 10 ng/ kg body wei ght per day. Thus, for administration to a 70 kg
person, the dosage range would be about 7 ng to 0.7 g per day. The daily
dosage can be adm nistered as a single dosage or in divided dosages,
typically between 1 and 5 dosages per day. Generally, 20 treatnent is
initiated with snmaller dosages which are |less than the opti num dose of the
conpound Thereafter the dosage is increased by snmall |ncrenents unt|I the
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provided to enable those skilled in the art to nore clearly understand and
to practice the present invention. They should not be considered as
limting wheosawpa4of the invention, but 5 nmerely as bePA@/EPR00MSH658E% | ve and
representative thereof EXAMPLES Schene 1. 1 HNNRHVL O 10 Exanmple 1.
Represent ati ve Exanpl e of Synthesis otl nmpounds in Table |I. Step 1. SEM
H NN Sodi um hydride (60%in mneral oil5 0.800 g, 20 nmol) was washed with
hexane t hinetidikdrylmsthyp3 i hr(BoimdthylfilanyNethoxmmctiyilf- o b 2. dbdb yearon-édlk o 0- 5
C. 2-Bromp-5k.pyrrol ol 2, 3- b azine (3.0 15 s. added. then
Sencr (3, Senot i Bl R A Splnduls rdg AT eenn sl o Tor
h, then cahesmnictales-pEable3-bipyedvat-dgtjapbioatthel; depkridli?b] -garb&oH: aoikl

2- brono-5- (2-trinethyl sil anyl - et hoxynet hyl )-5H pyrrol o[ 2, 3-b] pyrazjne, Step
2. WO 2otféﬁ%‘®é6§arp@yr¢1§p9ﬁ P sEERRSION ture Wik e i RT g4 hourd tsicéd of 2

2- br omg- Spdugs tri met hyl si | anyl - et hoxynet hyl ) - 5H-pyrrol o[ 2, 3-b] pyrazi ne (3.25
g, 10 mml) sodiumt-butoxide (0.600 g, 6.25 mml), and BINAP (0.170 g,
0.27 mml) in 5 120 nL of toluene was purged with nitrogen for ca. 20 mn
Pd2(dba)3 (0.080 g, 0.077 mmol) and benzophenone imne (2.16 nL, 12 9 mol)
wer e addeth2-Bipdritlinet-pii-oth yly-8-[ g3 trivhé th yleithngt-c th3Oynee thydy-SH D yhrolo[hB8-bijp peiii-e  was
filtered through Celite and concentrated. The resulti resi due was

di ssol vedﬁf_ﬁ/ﬁ-w;% Gy PC%&%W@%&N&Fheée@wfa@nffzf.r%‘*gg-{é >#fol ) and

hydr oxy| ainenyi@h Ay hdehy() 2 HBy9010 B3 -BTRtakin e, B- R dede th finPijeRaingi1xt ur e
was stirred for 10" 45 mn then concentrated. The resulting residue was

par t i tPonesbaretigedn teat-utyl afeNaOH sol ution and di chl oronet hane, and the

organi c |l ayer was dried over Na2504, filtered and concentrated to a
resi due. Col um chromat ography afforded 3.0 g (75% of 5-(2-

Lo et ! gL LRy SRR 27 P oL Rhiat LRI AR A Za g St o0 3
b]pyrazin-2-yl]-urea dihydrochloride was prepared in the same manner from racemic 3-{3-[5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureidomethyl} -

15 pyrrolidine-1-carboxylic acid tert-butyl ester.

Racemic 1-pyrrolidin-2-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
b]pyrazin-2-yl]-urea dihydrochloride was prepared in the same manner from racemic 2-{3-[5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureidomethyl} -

20 pyrrolidine-1-carboxylic acid tert-butyl ester. In this instance the reaction mixture was stirred

at RT for 6 hours instead of 2 hours.

Racemic 1-(2-pyrrolidin-2-yl-ethyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b]pyrazin-2-yl]-urea dihydrochloride was prepared in the same manner from racemic 2-(2-{3-
25  [5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -ethyl)-

pyrrolidine-1-carboxylic acid tert-butyl ester. In this instance the reaction mixture was stirred

at RT for 6 hours instead of 2 hours.

1-(R)-Pyrrolidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bJpyrazin-2-
30  yl]-urea dihydrochloride salt was prepared in the same manner from (R)-3-{3-[5-(2-



A sol ution of
5-(2-trinmethylsilanyl-ethoxynethyl)-5H pyrrol o[ 2, 3-b] pyrazi n-2-yl am ne
(0.260 g,wo.208/mB@k) in 15 nl of dichl oronmet hane was co®CEEPR@INBB7TE.
Phenet hyl isocyanate (0.21 g, 1 5 mmvpl) was added, and the resulting
solution was stirred at room tenperaturg for 14 h, then concentrated to a
resi due. Colum chromat ography afforded % 220 20 g (559% of

1- phenet hyimezhyiglaggl- chquﬁyl)sﬁH-amMO@tﬁﬁbkymﬂh?yb’b] -Ws¢idpapyrrolidipe1 3- 13] pyr azi
20|2m?/é]n Ursa. 11955 Btert-butwgs?eglm 063634PCT/ EP2009/ 065878 - 67 -

1- phenethyl 3-[5-(2-trinmethylsilanyl-ethoxynmethyl)-5H pyrrol o[ 2, 3-b] pyrazin
2-yl]-urea (0.22 g, 0.53 nmol), tetrabutylammoniumfluoride (1 Min THF, 3
m, 3 d . | f3b] -

N, N i ot Ry T rarcr S AT ARG cu el S Py o e 2o
The re8ul Yll-utpaddsideneblovids was preparad édtheisathe menea from 1 Hi&5-6-isnethdsikhylor d
0.040 g ( -2-y 1) S an
of £ - uni ¢ Sadoprh R SRR b SR Rl s A SO e R o
as for 1-ghenethyl- 3- (5prrro|o[2 3 b]pyra2|n 2 yl) urea:

101- Cycl ohexyl- 3- (5H pyrrol o[ 2, 3-b] pyrazi n-2-y1) -urea

1- Phenyl- 3- (5H pyrrol o] 2, 3-b] pyrazi n-2-yl) -urea

1- Cycl opentyl-3-(5Hpyrrol o[ 2, 3-b] pyrazi n-2-yl)-urea

1- Cycl ohepey 2-Gbg dprqigationl o[ 2, 3- b] pyr azi n-2-y1) - urea

1- Benzyl- 3- (5H pyrrol o[ 2, 3-b] pyrazi n-2-y1)-urea

1 (2 41 on g BhER Y SR Sr ROV o ST B B MO e E-pyolof2. -
E E g i g%m:n .23 )Ake)lqog_;ﬁgéﬁdwr ¥-g!|ngf)}[2y2h% a@@dﬂiéﬁ@ﬂlaeglleﬁ(mh)g, mf%?%n;ol) and

( 5H Pyrpadlagi y Ig/ chiq?é)z"p An gar an (O3L5R)tip 2§ m[u(p%?éOH was stlrred at RT under

?ét é\?lj__'- gy%(%ﬁéeﬁgr : %‘In)tf}npy %@ﬁ Q@flg%e)zlt?e%n_g‘;f_ I{e%dt r1“hé héﬂ? L PSR ﬁ'ﬁﬁjate% Waﬂoré%@ﬁ)
1l-tert- Buglyd_OEl 6 @5HH AR, i,ﬁlkbﬁ meﬁiyﬂ)-]pmerldml-?ﬂyﬁéy[ﬁ)@ grimathylsilanyl-ethoxymethyl)-

56;8? é%ﬁé?%égggé r0|§%§§% 9@%%5%&'“ Ehgiéeﬁ;e?cay[20@bin t ol uene, 0.9

m.) was added to a O C solution of
5-(2-trinmethylsilanyl et hoxynet hyl)-5H pyrrol o[ 2, 3- b]pyrazin 2-yl am ne

d?cﬁ?grgn%aéane #ﬁaﬂg#@Pﬂﬁgﬁmgﬁy%%§?¥rre Mﬁﬂ dm%ﬂ%ﬁﬂﬂ?%%nbﬁﬂﬂg oo
% i s-2- : ggz h]p%mym%ﬂé;yd;gm; geem;adrlm dtelsenic d@n(lqﬂT fﬂma(ﬁttﬂfe?s3 -Ilngﬁb(hnﬁlﬁﬁ [(5) 4(22 4gh em
T6 ol iR e R S SR SR ABRAT IS T h T ew

added2dr opsb&dylicludis BpiAPYat hyl am ne The mixture was stirred for 40 mn ,
then concentrated to a residue. Colum chromat ography afforded 0.25 g (55%
of 1-(cis-2 -nethyl-cyclohexyl)-345-(2- 10

tri met hyl Step dmglylatipiioxymet hyl ) - 5H pyrrol o 2, 3- b] pyr azi n-2-y1] - ur ea.

1-
1-
1-
2
1

Example 35.

Variation A:

25 Piperidin-4-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urca
dihydrochloride (0.073 g, 0.158 mmol) was suspended in DCM (1 mL) and pyridine (0.045
mL, 0.55 mmol) was added. Acetic anhydride (0.018 mL, 0.19 mmol) was added and the

resulting solution stirred at RT overnight. The solvent was evaporated. The remaining oil was



Step 2. isEmN..,N_ J...) HN N HNLO A m xture of 1-(cis-2

- et hyl - cycl ohexyl )-3-[5-(2-tri net hyl sil anyl - et hoxynet hyl )-5H 15

pyrrol o[ 2vB8-2biogs@ai n- 2-yl]-urea (0.3 g, 0 7 mmol ), tet PEDEPIOARISINI UM
fluoride (1 Min THF, 4.6 nL, 4.6 mmol) and ethylene diamne (0.46 nL, 4 2
mmol) in 5 nm of N Nd| net hyl f ormam de yas stirred at 80 C for 20 h, then

concentrated. The resul ting residue was triturated in nethanol, and solid
was i sol apwificdypyfSiO1 ehaematagrapks di2regSith tIPCEEMePH Giod%d MesH )tto gBkf0dl5d 0. 060 g

irea ag. o O R PR YOS dbr e AR PRSP oRBHET0” Bl e

3. Synt helsfpgragifn- 2rﬁlc}amacasoffavlﬁtd”mmh)(’m%@rididi)hydro pyran-4-yl am ne
hydrochloride: 5 Step 1: In an oven dried flask equiped with a thernoneter,
tetrahydro-4H pyran-4-one (6 nL, 64.97 mmol) was dissolved in THF (150 nl)
and cool ed down to -65C. LDA (2M 39 nL, 78 mmol) was added sl owy, keeping
t he t efipel-at-deetybpipondin 66xd)-3 A5 2trimetbylsitkaiyt-¢thoxymasshyd bhidipatrelod2 Br ri ng was

conti nue 0 ( yas added
and the ?be]gg{alz@h%%jl%% \Béegjgﬁdll}l %% %%\?\%fg% %D% %e?e%ﬁmﬁ%'gn%g (Feaction was
10 quenc h@ﬁqem}ﬂdalaﬁﬁtanmmyﬂﬂt@qtﬁeﬁpmd}lb@%b]p?haeuﬁmmiam& dlaycmjchMEIeext ract ed
with Et20. The conbined organic | ayers were washed with brine, dried
(Na2504), filtered and nostly evaporated (30C bath, 100 nbar). The

remai ning material was purified by 5i 02 chromat ography (200 g 5i 02,

hexanes/ Et -EDAOetvba@o%-EtVP)ﬁ-BS-G%tﬁgieﬁylﬂlagylﬁthcrmthyb -5H-pyrrolo[2,3-b]pyrazin-

3-net hyl t - - i 15
Stop 30 FECARER ARG RSy Ansl Bk S B G G AR A

di ssol vedethoxyXciyl Beipytralo] N&-b{iyrdind-yl [hidea &Ghparothlodded sodi um

triacet oxyborohydride (95% 3.3 g, 14.89 nmmol) were added and the resulting

suspension was stirred at RT overnight. The reaction m xture was washed
wi th saturated aqueous NaHCO3. The aqueous | ayer was extracted with DCM

The conbi h€@)-drigetyloipeidir &yherB-(Rasinsthyldilemy sthogmethy]) Sd- pmemy

filtered Hed b

51 02 chr OB BaR At Aot B9 b A bR R Pt B o2 E0 o
gi ve 158 ginafthyideeyicahaiysmethghz3H-p{iBelofed-hiplyrazei- I-aﬂymemlhydranﬂmdﬁl) am ne as
alight yellowoil (>95%yield). Step 3: Racemc cis

benzyl - (3- et hyl -t etrahydr o- pyran-4-y1) - am' ne (1 8 g, 8.768 mol) was
dissolved in 3BMHCL (4.4 nL, 13.2 mol). Pd(OH) 220wt%%069) and EtOH (50
m) were bPERadcrsatykpivetitia-3-sadtddA timgihylsdanysthayrneheiateyriotold.3Par r

shaker aty, ra%%' dgii &P‘é%cﬁsttpaegoa%%ﬁ{%%aml%nﬁé}' &o@ﬂ?ggb }S‘@%n&h'z»t EEfS L. HClaM

in di oxan? sol vent "was evapor a green

oi |l was aﬁmthquanylt@hcﬁayﬁﬁﬂ@t)eBI—bpynrélo@cB-b}pyﬁizﬁQ2-yM\lﬁrea dlhydrochlonde
2010/ 063634PCT/ EP2009/ 065878 - 70 - chromat ography (100 g Si 02,

DCM (DCM MeOH: NHAOH 60: 10: 1) 100-55% DCM . The fractions containing the

produéf were conbi ned and HCl4M i n di oxane was added. NH4CL crashed out.
The sol veh{(ShdsAeidparatidia:3-sthé-[f ¢ Aaiimpthylsignvi-ethesymetsd)-DH-nyaolaldRen up in

MeOH/ Et 2 vash filtrate
was evapg?]g?gélht%y@ﬁgar\%ﬁni}f aktd%lﬂ% S%lfg n?aﬂgeern up ?QS)’%I nZQ\X/a gS%por at ed
again to mlrrleﬂhyls@nﬂ&ﬂmkymdqud{-pmolaEZ;%b]pyfazheI-wb]hly@brchhmomrﬁleyI am ne
hydrochl oride as a light yellow solid (43%yvyield).

25  1-((3R,5R)-1-Acetyl-5-methyl-piperidin-3-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 1-((3R,5R)-5-
methyl-piperidin-3-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
yl]-urea dihydrochloride.



Racem c cis 1-(4-am no-3-nethyl -pi peridin-1-yl)-ethanone was prepared in
the same manner fromracem c l-acetyl-3-nethyl-piperidin-4-one. In this

i nst ance,wWQ 2atomebi34was used i nstead 10 of 55 psi, and tRETHEMWMOEWISIENt Was
onmtted. Racem c cis 1-nethanesul fonyl-3-nethyl-piperidin-4-yl-anne was
prepared in the sane manner fromrace

benzyl - ( 1- met hanesul f ony1- 3- net hyl - pi peridin-4-yl)-amine. In this instance,
1 at m H2 Reesmis bdl -aensylenpkriohin- E&lm@hyl) arlo-(Ztameiylstlanyheiheymethe)-6H t t ed. 15
eRz‘ng \?\aglg%rFoep[EgnbcﬂngﬁgPh eyligrea a% ;nlé %err%gncqé %%gﬁeg*%&ﬁq racen%l%l lc-iplggrtlcrI 1¥-|

4- benzyl aInyh@etBylm[fSl-“(}ZLtflmeﬂ@[mldmﬁ&ﬂibxméﬁhQK-ySlH pyrado[d, 3Ephakinesyigurcal n this

i nst ance, é c%tgrtngZ was used instead of 55 psi, and the HCL treatnent was
omitted. 9By fide-ci s 2- et hyl - cycl oheptyl ami ne was prepared in the same
manner fromracem c cis benzyl-(2-nethyl-cycloheptyl)-amne In this
instange 1 atmH2 was used instead of 55 psi, and the HCl treatnent was
omtte 1 e S

om L e RRFIEPE PRl PIA BB PL R ARy S s

1-(4- benzyjraﬂm[mg-lﬂpwahhsﬂ -yljaepares praphiedeét hanamne mahfertfonsracaaican@e, 1 atm H2

was used i.nst 5 i sed i nste d of 0 Cc was
used i nst¥8eH! ‘F flpyTE’)aﬁ-ES-{% ”ﬁgﬁ}’\fgéé PY%%S%PWZIH' -yiI-
2010/ 0636@45@[5&@%@@@1%@65878 -71 - Racem cC Cis

4- am no- 5- net hyl - azepane-1-carboxylic acid tert-butyl ester was prepared in
the same manner fromracemc cis

4- benZ9l am no- 5- met hyl - azepane- 1-carboxylic acid tert-butyl ester. In this

i nst ance, Riceatien kKP-avead-pigeidin-hyteatylp8-[5%2 psncthAdilGyhesougedhyipstead of
Pd(OH) 2/ C, E s used jnstead of EtQH, and the HCl treat nent_ was

om tted. @’rﬁi‘?ﬁér liraﬂé%)(lhé%ﬁiaé’*’aéﬂ”qpé%ﬁ’i‘ thesprge mappgy On?:}/éﬁ’lll%?ﬁg%y% amne: 10
A sol ut i opnfRfhyE 9 PRREn&h Py t-BIRBIMhARYINSHLYrRRF OB WS r&liRang|-ugs pur ged
thorough?y1 vmty% Ialmon for 20 m n. %&Rﬁgn al umhfr{la ( 0%\/\//5\%Ij was added and
t he react{iBydraghietife was subj ected to hydrogenation at 60C and 100 psi for
20 h. TLC (20% hexanes/ Et 0Ac 20% Et OAc) showed conpl ete consunpti on of
startégg material. The reaction mxture was filtered through celite and the
filtr evapor at t Lve t i ve racem is 2-ethyl- 15

cycl ohexyl IrRES oo Ar ey e Do sy el b sy PRE TH PERUB2 Racen ¢
cis 2- lSOl@]ﬁoﬁﬂ@m'n = CYIG RSk pAPaRQ iN@R afnd Ranfe ﬂrcﬂntlliﬁpe@ﬁ[ﬁe4 I%Fl uslmg 2-

i sopropyl h')éﬁ: am ne as starting material. Exanp ) nt he5| s of

(1R 2S)- 2mmeﬁ llaeylcqﬂmwwrhaﬁr%pm@lp&%bma@@Q Mﬂruzemhyctrgch
2010/ 063634PCT/ EP2009/ 065878 - 72 - Step 1: 2-Methyl cycl ohexanone (4 ni,
32.98 mmol ) and (R)-1-phenyl et hyl am ne (4 4 nmL, 34.63 mmol) were dissol ved

in benzen 5 m), and.stirred ti nuous, r vaI f _H20 for
O K PV o A AN e BV AN AR R S e

evapor at @ -2-Pl D al wHs @idREHIaH eheWah %a‘ﬁﬁ&'ﬁ/&ﬁill juR W{nlaﬁ 1ah 1@ g- cool ed
to OC. S%Si]gérl umt?lpacgt ox?bd(r)@ohydrlede ( 5%@) 8. 83 (% ) 3)') acetl C

acid (2. 1(2ﬁt1me§w1831amrﬂtboxo@ﬁ@yacﬁa%ayrrqipE2e3r esain- ml]mﬁmﬂ@@roqh 1d|ece bat h
was renoved and the suspension was stirred at RT overnight. The reaction
m xture was cool ed to 0C and aqueous saturated NaHCCB was added. The |ayers

wer e sep at ed ﬂ | a ract d @ rgani c
ayer o WoRE BT HATED ORI e B e TR R g e T 280
25 pyrrolo[2,3 -b]pyrazm-2-yl]-urea was prepared in the same manner from 1-pyrrolidin-2-
ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea
dihydrochloride.

Racemic 1-[2-(1-acetyl-pyrrolidin-2-yl)-ethyl]-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
30 pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 1-(2-pyrrolidin-2-yl-



10 filtered and evaporated. 6.5 g of yellow oil were purified by 5i02
chr omat ography (400 g 5i 02, DCM (DCM MeOH NHACOH 60: 10: 1) 87% magi ¢ DCM . By
TLC onl y woeorjeas34spot is visible. The first and | ast PCAFPR@H638E8
evapor ated and NVR showed the trans isoner cane off in the first fractions.
The fractions were evaporated 3 at a tipe until 0.66 g of cis (2-
nmet hyl - cycl ohexyl )-((R)- 1- phenyl -ethyl)-am ne as white soft crystals were
obt ai ned. ethiiR345-(Sfomedlyls hanypedseyseshy)-SHhpuol G983 dflptrhein £rdherek soner .
Anot her u&kd&géﬂl&%&d impurity could not be separated off. Racem c cis
1- (4- benzy AN no- 3 et hyl - pi peri di n-1-y1)-et hanone was prepared in the sane
manner fromracem c 1l-acetyl-3-nethyl-piperidin-4-one. In this instance,
benzyl am jag, 330 used instead of (R)-1-phenylethylam ne. Racemc cis
benzyl - (1- rre% Eanesul fonyl- 3-net hyl - pi peridin-4-yl)-am ne was prepared in
the sage yaapgnL g.romracem ¢ 1-net hanesul fonyl- 3- net hyl - pi peridin-4-one. In
this instance, benzyl am ne was used instead of (R)-1-phenylethylamne 25
Racem ¢ ci s 4-benzyl am no- 3- net hyl - pi peri di ne- 1- carboxylic acid nethyl
gs ter hWaSPipél@cﬁﬁBeﬂ-j- I3 -(Qhﬁnﬁ&%ilg@m’eﬁfoxilmeﬁﬁgbmgﬁfolo [2,3-b ]pyrazin-2r;yl]-urea

-met hyl1- 4- oxo- pi_peri dine-1-carboxylic acid nethyl ester. In this instance,
benzyl ani Welﬁ%a%ﬁégélan&kw% sobyed iy mL Bﬁaﬁw #hpridincrives addgd (0.120 mL/1.54
2010/ 06363ARBETPRRRAILLIGRR (8.05 nfi3 5:4 RABSW A& aQl& dropwise to the solution and the
benzyl - (2- met’hyl - cyCl oheptyl)-am ne was prepared in the sane manner from
raceni ¢ 2reptingmixdyie Vol epirechovesnightrat RAi €he iectengeixtusewaydimedeithvid Mis ed

i nste of (R.-1- . 1 1

74 B o O By o R R RS B COr The aqpsows doieh ohe. same

manner fromatedentcwilr BCM wid the oembiyikd azepanwdrealnied (MaSOH), Silteird aadce,

benzyl am ne was used instead of. (R)-1-phenyl et hyl am. ne, Raceni

4- be%zyl a?ﬂnﬁel@ﬁﬁefwm %@b%l?%lﬁf&@%{rsb%e FoagEREnY e IBGWiD@\é[f MeQlts

prepared NAL,AH; §61€0:$p78 MUNIEG i IBEEIM C _

4- met hy1- 5- oxo- azepane- 1-carboxylic acid tert-butyl ester. In this

i nstance, benzyl am ne was used instead of (R)-1-phenylethylamne Step 2: To

<F:) Id? (2- rret-hybmgmvb%ﬁem%imégﬂw{51%bhgn®éthygaﬂléf(nyl'géﬂéteﬁ;ﬁmhﬂ95Igld@ygplo%%hmml )
car wt . and Et wer e added and the

rea%&%%@ﬁ?%ﬁ@u etai(;/&%d'lej\q)gm under 1 atm of H2 overnight. The

pall adiumwas filtered off and the sol vent was evaporated (be careful, the

free amne sublinmes). The remaining material was purified by 5i02

chr omat ogy_ap . Sl L%ly! [egyll ; 'Nﬁlﬁgé't- O s 1Pt BEM . TLC
shows onl {/%g%éb%é%é%lpggg%? n [ﬁr actﬁ%ﬁ?‘s\/\e e eh\?% o?%%%gig%&ﬁi’ne. After
runni ng NMBRytahi@-X-yli-stca2gas\pesperadontiicrseche amdnaviapo 1 giEdidinthel-3-¢5{(due was

di ssol ved in and 20 treated, Wt 1 in di gxane,.. The sol vent was
cvapor at I REN R e RSSO Pyl b dm P ARG SR ve

0. 07529 ofkoultiryPPlortenet hyl - cycl ohexyl am ne hydrochl oride as an off-white
solid (16%yield). NVR showed the presence of about 5% of the trans isomner.
Exanple 6. 25 Synthesis of (1S, 2R)-2-nethyl -cycl ohexyl am ne hydrochl ori de:
NH2 Cl1H : 0099 WO 2010/ 063634PCT/ EP2009/ 065878 - 74 - Step 1:

2- Met hyl cir€1-Ghiledrybhaty(y)-piperi@2-398]-Bidi(3-tranchylSjanyl-pthexyhahHyFHm ne (4. 4

m., 34.63 I re dissglved in benzene (25 nL) and stirred at,refl ux

Wt b con PGS hGoan 25 HBE S PSRG0T Lo ShmE rhudlitedhl RPaR-AEY

al  oved t@-Qaghethglsiinyarehokhe®9l)\venpyrvas2evieporaainedyl |-lk@ dilfidahloride
internedi ate was di ssolved 1n DCM (150 nL) and was cooled 5 down to OC

Sodi unrt r ARG SPORYE | de (95% 8.83 g, 39.58 nmmol) and acetic acid (2.1
m., 36.3 nmol) were added. After about 20 minutes, the ice bath was renoved
and the suspension stirred at RT overnight. The reaction m xture was cool ed

to OC and urat ed aqueous NaH dded. The.l ayer.s wer rated and
e aqueolitl Ty B SRR R e B s ¥ R CH R R By OB er < ere
washed ongerdidR 8- iraziaat yil-aica dvas grepated id theNaECeBnndrione 1 HRAGHD-y1-51 | t er ed
and evaporated. 6.4 g of yellow oil were [Duri fied b2y 5i 02 chronatog%éaphy
(400 g 5i GA2-trethystenoEoRy REREP: SEbpytelaly sy ey Z-yisyrepdthysipah maj or
Spot 3§ Virdi BBpropiiechibhiil cAldgidk ASPEN RatUseNss MRE RisRUABAFRaE. and NWR
showed the trans cane off in the first fractions. The frdctions were
evaporated three at a time until 1 g of

(2-met hyl -cycl ohexyl ) - ((S)-1-phenyl -ethyl)-am ne was obtained as a |ight
yellow oil. 15 NVMR showed the presence of about 5% of the trans isoner. The
other inpurities could not be separated off.



Step 2: To cis (2-nethyl-cyclohexyl)-((S)-1-phenyl-ethyl)-amne (1 g, 4.601
nmol ) Pd(OH)2 on carbon 20 wt% (0.5 g) and EtOH (20 nL.) were added and the
reacti on wWoxpuvm3aesas stirred at RT under 1 atm of H2 ov@&CHiEPRe09/0G38e8
palladiumwas filtered off and the sol vent was 20 evaporated. Be careful,
the free am ne sublinmes. The renaining &ﬁfle brown oil was purified by 5i02
chromat ography (50 g 5i 02, DCM (DCM Me NH4OH 60: 10: 1) 100-65% DCM . The
fractions containing the product wer e evaporated. The residue was dissol ved
in DCM anth[t- (Ee@y@dpmpyllfacdﬂyl)l-ﬁ@ieridm Sliythcafe(2-MnetpdiiMeyltctaymethapeitat ed and
the remainin l.i.d was ed under acuumto give 0.26

(15, 2R - 2BtHg PP aRa e e Rirarisain SRS ot i PRiRelinginyr (a7
yield). Mﬁzahﬁmdlshb@ylmmgmm DfstRp@Rtdlo[3%-Blpyiabia-3-yldseal dioRschidexianpl e 7.
Synt hesi s of 3, 3-di met hyl - cycl ohexyl am ne hydrochl oride: WO

2010/ oéseewmﬂpemab@ﬁb%s@l% %%stslseifa W%dy%ﬁnyﬁéwanone (3 g, 23.77
nmol ) and benzylamne (2.73 nm., 24.96 mmol ) were dissolved in benzene (20
m) and stirred at reflux wth continuous renoval of H20 for 3 hours. The

reaction Xt ur nd.the sol Wwas

evapor at eRretiiE Bt AR e e RO R RSN 3%a. cool e
to OC Sord]pymﬁlrz ﬂq-etdaxvég@r@ayddrmde sé%%anﬁer:}ﬁmgracaﬁl&ﬁam 3-yeBqsazetic
acid (1.5 ni, nmol ) were added. After about 20 miputes the ice bath
was renovidnet %leﬁalarlﬂeet%qa%@ﬂ@i)oﬁﬂ Yol BeP-RipyrF ot Hirgtiihydrpchlonideand o

m xtung WasnfembRg.to 0C and saturated aqueous NaHCO3 was added. The layers
were separated and the aqueous | ayer was extracted with 10 DCM The

conbi ned organic |ayers were washed once nore with saturated agueous
NaHCO3, dried (Na2504), filtered and evaporated. The renmining yellow oil
(5 9g) wasi p(th)utAesiyltpyn‘éhaﬁ 33-?1043n[Bt(QgﬁﬂlEihyls(lﬁrQ@-egloﬁylﬁ&hylw RN [VBOH: NHACH
60: 10: 1) 100 to 87% DCM gi ve of race

benzyl - ( 3°1BYdriRet Hhure@mwwgﬂ )m&rﬁSﬁee eganaelr frcgrml BEPYBEAN BB 21 el d) .

15 Step 2 ( t 41 4.601
o) P B e S L B D A e 2 e
react ilon adctd dileride.i rred at RT under 1 atnrof H2 overni ght. The pall adi um
was filtered off and the solvent was evaporated. Be careful, the free am ne
sublinmes. _The remmining pale brown oil was purified by 5i 02 chromatography
(50 g 5i0§’,‘+‘"eé$43@mvrwem NHAOH 60: 10: 1) 100 to 65% DCM). The 20 fractions
containing t he product were evaporated. The residue was dissol ved in DCM
and treat :4M HC1 i n di oxane. The solvent was evaporated and the
remai ning solid was dried under high vacuumto give 0.17 g of racemc

3, 3-di mgﬁiﬂ%%&%ﬁ?{}ﬁfy 4&}11 01) hcl Q[rli"ldﬁ)zfl Igﬁx?u efp%loldmg}-%zgd(@ gﬂnel d.) .

Exanpl e spito nne | ori de:

VO 2020/ O6BGA4REEAH F%Zlﬁlﬁ@hféﬁ@&?ﬁ{ pﬁfr@lp[ll’i-b]byﬁrziﬁﬂ‘rlthﬁe@&dhﬁh@clmbﬁieqo 089. 18

mmol ) was di ssol ve and c centraﬁed H25

added. Th& %%?armpﬁ@ﬁ araaﬁw raﬂhné&mk@& %Oslﬂ mre%i%;tD%SrOS% %,érlm ght .

The react gy WaS R hiawedirk® ((992% g,t(PlﬁEm%lf)ﬂ{ EnfeSdMscieyths é'sﬁlﬁﬁgn%r%dd' tion
5 of NaOH pelfets one at a he sol vent was evaporated and

remai ni ngwas stingd 9t BEren 24 lmwdoe@e@ heleg petizionesHtwizn, Ho-Phandd o ke aqwems was

extracted shed with
H20, then1 %%%%b r|e%$%g§§gg§%h%?ﬁprgﬁgcQ%n@&hﬁg%%?§5&8W%%heﬁgenalnlng oi
was debed(Nmsier), fikgéd, uad enapovwe Thghesidiowas meifieddy SgOpﬂasZB-chromatography

met hoxy- cycl ohex- 2- n il, yield (70%yiel Step 2:

3 Nt hoxytt i n R R SES RGBT Bomabie i b LB hs o0 ( Loo
m) and thbaRhimpiREIALS AitARehdRildnyleth Sty 17oapL 2@ 10 the
resultlngﬁbgow%mgdﬁutlon9@?q€qnégngs?unrnghfggnso ut| ﬂydMﬁ% qgﬁﬁfm 180
mol ) was2-aHdeer GeBpislde over 70 minutes. A precipitate forned over the

course of the addition. After 2 hours at RT the now dark brown/bl ack
reaction mxture was carefully quenched with saturated aqueous NH4CL. A 15

dar k ay cipitate forned.anpd |IIer ff over The aqueous
ayer st B B Lbba R et i i e by o er o were
washed W hrdds[Rnes) ﬁrahﬁd {INaR2 Qdbk prdplatctigh &d,saﬁ@ﬂqaﬁﬂemnm%enmes ?18§J due
was taken up in Etgo 100 m.) and ptol uenesul foni c acid nonohydrate (0.588
g, 3.091 mol) was added The resulting brown solution was stirred at RT
over the weekend before being evaporated. The remaining brown 20 oil was
purified by 5i 02 chromatography (330 g 5i 02, hexanes/EtO0OAc 0 to 7% Et OAc)
to give 2.5 g of spiro[2.5]octan-5-one as a light yellow liquid (32%
yield). Step 3. Spiro[2.5]octan-5-0one (0.875 g, 7.046 nmmol) and benzyl am ne
(0.81 nm, 7 4 mol) were dissolved in benzene (5 nL) and stirred at reflux
mnth contlnuous r emoval of H20 for 3 hours The reactlon nlxture was

o 1 v .- o o o o —— ~r—- *



WO 2010/ 063634PCT/ EP2009/ 065878 - 77 - RT overnight. The reaction m xture
was cooled to OC and quenched by addition of saturated agueous NaHCO3. The
aqueous |agepivm3c3extracted with DCM The conbi ned or gamCE/HP2§00/06587%r e
washed once nore with saturated NaHCO3, dried over Na2SO™4, filtered, and
evaporated. The remai ning yell ow oil W?%l purified by Si02 chronmatography
(100 g Si02, 5 DCM (DCM MeOH: NHAOH 60: 1) 100 to 85% DCM to give 1.1 g
of r acem - (@rtgﬁbéwb‘ylm}meﬂ@PizmSi}l@BtSePEPmGl@[ﬁﬁh‘e]pa@Zm -2-ylgtureaishilgidinochirbide 72%

yi el d). S dp ) a%?dsmc ci s benzyl-spiro[2.5]oct-5-yl-amne (1.1 g,
5.108 rrrmn) O@é)bc on'carbon 20 wt% (0.55 g) and EtOH (20 nL) were added
and the reaction mxture stirred at RT under 1 atmof H2 overnight. The

pal | adi ungWasapkizgt ered off, HC14Min di oxane was added 10 to the filtrate
and the SEITeIr)Tt_was evaporated. The renaining pale brow solid was purified
by 5i 02 c&Loaelpafafimid®0 9 5i 02, DCM (DCM MeCOH: NHAOH 60: 10: 1) 100- 65%
DCM . The fractions "‘containing the product were evaporated. The residue was
di ssolved in DCM and treated with 4M HCL in di oxane. The sol vent was

evapor at epipaidin4hg-3-BraitfinRthytlbmyd-cwasy st thed- SEpatolb2Ghb paaiium-yig-ugiave 0. 19

Sor o oy i NG WSl haGNEl i S iaen o v e
6- met hyl @1[%'0?1% gteéﬂy%tmécoyﬂ am @@ ntmdt %Pa&fetl%ethgpcﬂwgfo%ﬁte?ém8 mptep 1.

Spiro[ 2.5]oc - One ) mmol ) was di Ssolved In 100 m.) and
cool ed t a0. 2?/751@m0AlWétStﬁdﬂeCt @wl}jefr @sdtleg &qlma stieil at RHFA {4t hraurs tha scrtmt Wapas

added ro V. u | uti on was
Stirre %ﬁrgtegtfﬁ%% %#lﬁ‘gasn%%gﬁﬁﬁééﬁgﬁﬁﬁé% élgj(lrm:gl%%aﬁas added and
stirring MM/MemH M@dMaOH)?(Sl&alfned oam)gh@n {Bc{ﬁr(zmerhethglsﬂzetyl ethgx grhehyl)-xt ur e
war m up t Eze acti o ga (auenche on ur at eg agueous
NHACL. Th 1%{378#0 pé/raszeb w3 HAPEH na—écﬁ@ ) “a?fé &l Sifentelid w th
Et 20 . ThgocaTHim g m}l c layers were washed with brine, dried (Na2504),
WO 2010/ 063634PCT/ EP2009/ 065878 - 78 - filtered and evaporated. The

remai ning yellow oil was purified by Si02 chromatography (330 g Si 02,
hexanes/ Et OAc 0 to 3% Et 0Ac) to give 0.93 g of racemc

6- met hyl - 398 H{2THhediysilas deehoagmathg i 5bF-p wsdo[2i3gbifipgrag a8y NHuedidh)} - St ep 2:

Raceni c 6-.net - -5-o0ne and ben Iam ne
(078 5 ciborsiesh ORIt CReRESI0RE PRoBen Tuhe U6 ey anor P Prada
reflux w §8-gp5id-auRsRyISERYNEhoBimdid)- 5195y o L8 HipyFaven-b SACkLHN mxture was
al | oned topcog kto }andpdﬁglas djlgylcuted Wlth, D%I 8)py-rr he yel | ow sol ution
was cool e¢ih Y@fodﬂpl‘l@odl um triacet oxybor ohydri de (95% .78 g, 7.988 mml)
and acetic acid (0.5 nL, 8.65 mml) were added. After about 20 m nutes, the
i ce bath was renoved and the suspensi on stirred at RT overnight. The

reactiqn ] re wa d i on. of saturated
neont. ey el Bhar TS Qedeh o bo HaC praoaticRone S e
extract ed] WhbbxyeMc dthah Q@tafw@ﬁp GaDinGhé MRS HaRE BoMAISHRFaRNGL3EHNE W t h
sat ur at ed aqueous NlaHCCBj;L1 dried 2504%b]f| I teerled a?td evag%rg‘?’gdr{p‘lche

renai ni ngmytqthyéwaaylretb@éfnﬁmﬁ)fﬁ%aywoE‘% PYFEZBEY BarearHyydradioriles 02,
DCM (DCM MeOH: NHAOH 60: 10: 1) 100 to 85% DCM) to give 0.92 g of racemc cis
15 benzyl - (6-nethyl -spiro[2. 5] oct-5-yl)-anmne as a |ight brown oil (yield

(1,03 g, 5 R LRRET Tol e 3B RE B oD R o (Bb DB g AR B (20 L)

wer e agddegipaitind- h@aﬂb@fe\ﬂtcla@m dht ebte Bw G Sre Sdrdd inQBk @Ene'?f[aﬂﬁ@ﬁiﬁémjt -FipéAda-3H2
overnight. The palladiumwas filtered off, HCl4Min di oxane was added and

the sol verit3-la@ tevaﬁtyﬂsalﬁeﬂ cthereme R YH-R T8l 263 - Blrswainsbildregas 20 puri fi ed
by 5i 02 cgﬁpg iBLagEaphy (50 g 5i 02, DCM (DCM MeOH: NHAOH 60: 10: 1) 100- 57%
The actions containing the product were evaporated. The residue was
d| ssolved in DCM and treated with 4M HC1 in di oxane. The sol vent was
evaporated and the remaining solid was dried under high vacuumto give 0.4
g of racem)s- Teahdisil 1ét@6>2yn5e]t sBpytR [ Ne-Ueiaehlyoridrops a | i ght
br own solgsc)i ?g/oyl el d iJNI\?SRIIE}S @mabout 18‘£/o of the tra}ﬁIs |sotprser
Exanp B8 1eyrroddienegdrko ilc acid methyl esterwas prepared in the same manner from 1-(S)-

1-((3R, 5R) - 3- am no- 5- net hyl - pi peri di n-1-y1l) - et hanone hydrochl ori de:




WO 2010/ 063634PCT/ EP2009/ 065878 - 79 - NH2 CIH ONINrO Step 1: To

((3R 5R) - 1- benzyl-5-net hyl - pi peridin-3-yl)-carbamc acid tert-butyl ester
(prepar edwe0tassesisbed i n W2004014893) (0.6 g, 1.971 mROMEPREOMOFH828 on
carbon (0.1 g) and EtOH (10 nL) were added and the reaction m xture was
stirred at RT under 1 atmof H2. 5 Aftes, 2 hours the palladiumwas filtered
of f and the solvent was evaporated to gi've 0.45 g of

( (3R, 5R) - Bredidiny3-ypB e« 3-timeBylyilanykethipamiathyd e 5 Id-pyeotol hatbypyrazan-eryl lagea

col orl ess Yoyield). Step 2:

((3R 5R) - %I%Kfem%hlfng% peridin-3-yl)-carbamc acid tert-butyl ester (0.422 g,
1.971 nmmol ) was dissolved in DCM Pyridine (0.2 nL, 2.56 nmol) was added,
foll owed by acetic 10 anhydride (0.24 nL, 2.56 mmol ). The resulting

col or | essp sl iR Iﬂeeyrssm [ﬁg Rl lsQMﬁﬁ;lrUtmkgme&ryﬂLSP% yiNeBf WefpyRdaed_and
the m xture was stirred for about m nut fore being evaporated The
resi dué wasllpuaeits t-hzsnee- be@th@erhca@ﬂmethstaqwmspaIM e savenagaetion | ayer

was extr hed with

b ne, et Kogoa 6 B DL R E AR HESRLS N e

dri ed undgyrdio[Q13-dlpyrdaauyi-ueadiihvdrddhblidg. of

((3R, 5R) - 1-acetyl-5-net hyl - pi peridin-3-yl)-carbamc acid tert-butyl ester
as an off-white solid (>95%yield). Step 3:

((BR 5R) - 1-Acetyl - 5-net hyl - pi peridin-3-yl)-carbam c acid tert-butyl ester
(0.5 g, 1R@;:7em1¢ﬂrﬂ5)[S@mmtbxl@ﬂaneuethnxmwl)lsf)l ravglofC3dipyrazinti2oXlane (2.5 i,

lljgtl I preC| o] ﬁlgﬁlsgnp g%‘?déﬁegﬁfdﬂ%b&g Caglﬁl%%)tﬁgr S%glvg%gg%o @éﬁ% ge\{/\n/zliasﬁ%%vaporat ed

and the rfshdaemias-piferid-Lipidethyh3gh-(2adueytsdargil¢thoRyméthgl)-GH-pyrrolo[2,3-

1-((3R 5 3-am _no eridin-1-yl)-ethanone hydrochl oride as an
of f - V\hltﬁ)’]%‘ialz‘& 2(‘3’@@561%‘@?@‘6@0 ¥fanpl e 11. 25 Synthesis of

(3S, 5S) - 3-am no- 5- net hyl - pi peri di ne-1-carboxylic acid benzyl ester
hydrochl oride: WD 2010/ 063634PCT/ EP2009/ 065878 - 80 - NH2 E St ep 1. To

e T U o R AT ) P

car bon5 ( Ourdklog ethyl)griperidirH -¢80oxyllic avidmectiad detdr @adpreeed mabd $a(n’ﬂ: antketir e

stirred a RTunde at m, of f hour s | | adiu s filtered
of f and ¢ HEndBIDENL- ageBBpor aita-> e runeh s PRonase B SH under i gh
vacuum t NE23- adih- 213 R caRimvardeeioayt - pi peri di n-3-y1) - car bam c acid
tert-but ;./‘Ip}g*esf{er 1tgls)ﬁan of}rﬂivvhl tehy(a:ryst alline solid (89%yield). 10
((35,55)-5-nmet hyl -pi peridin-3-yl)-carbamc acid tert-butyl ester was
prepared in the sane manner from

((3S, 5S) - Radeetizy-X3 EESme-trhyd:thyiisrﬂmnyl elhmﬁnqﬂi;)l)—ﬁl&rﬁy&nlottz Adi) el razm-2 -yt yI ester.

Ste 3 - - i n- 3 carbam c aci rt-but ester

5 30 SRl Pt BB bt i b ST R e i P S e and
H20 and NabieeRechfle qﬁndﬁéls gzr%qelr@m[el()z ti«%@r%th@rﬁld@r@rl eﬂfexyrhahm@s;m pyrRfo[2,3-
suspensi on benzyl | orof ormate (2 nmol ) was added sl owly Af ter

2 hours tW@Y@é@@tY%ﬁK‘rﬁ@@}@F@h@%§1€extract ed vvlth Et OAc. The conbi ned organic
| ayers were washed with saturated aqueous NaHCO3, dried (Na2504), filtered,
and evaporated. The remaining oil was purified by 5i 02 chr omat ogr aphy (150

gut5 io%carzggmf Zénl;hgl% o Wﬁ%g@%@bﬁ?ﬁ%‘ﬁ&@%ﬁp 2 c%(%ll %Wet@:’g ter as a

col or hesspipérdificl 6%mbey1R)acid methyl ester was prepared in the same manner from 1-piperidin-
(3S,5S) - 3- tert but oxycar bon | am no- ﬁ ’I_PI peri di ne- 1-carboxylic acid
benzyl est-¥imead-piSelEdriBgthy ﬂmé eﬁmafemﬁ% oH-pyreHe[2.3-b]pyrazin-2-yl]-urea

((35,55) Qiperidin-3-yl)-carbamc acid tert-butyl 25ester. WO
2010/ 0636%4%%%‘“{5%009/ 065878 -81 -

4-(2-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -

30 ethyl)-piperidine-1-carboxylic acid methyl ester was prepared in the same manner from 1-(2-



Step 3: (3R 5R)-3-tert-Butoxycarbonylam no-5 -nmethyl-p ip eri dine -1
-carboxylic acid benzyl ester (3.25 g, 9.327 mmol) was dissolved in DCM (50
m.) and HOOAMO/m3aitoxane (20 nmi, 80 mmol) was added. The&CTEPAWIONTTS
colorless solution stirred at RT for 4 hours before being evaporated. The
resi due was dried under high vacuum oy?igﬂght to give 2.89 g of (3R 5R)-3-
5 am no-5- net hyl - pi peridi ne-|-carboxylic acid benzyl ester hydrochloride as
a white foamding5%etiybti)s-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-

(35, 5S) - 3{1r @aﬁoar%aﬂ%}ié‘é" - pi peridi ne-1-carboxylic acid benzyl ester

hydr ochl oride nas prepared in the sane manner from
(35,59)-3-tert-butoxycarbonyl am no- 5- net hyl - pi peri di nel0 1-carboxylic acid
benzyl ester. Exanple 12. Synthesis of racem c trans Acetic acid

3- am no- Cﬂﬁdeﬁﬂ@ﬁ{h@-R?—Yﬁm&ﬁ&l@iﬁényﬂ@th%&%-ﬁ{%&n@lo[éﬁ%?p&ézi&%@]m c trans
3-tert-but oxycar bonyl am no-tycl ohexanecarboxylic acid (I g, 4."1I1 mml) was
di ssol ¥edureidomerhy|3ayrrolidingridcasoratie aclil methyy esien wasceeRid in theHRmE3Namer 6

nmol ) was e | : ! ti. A i irred at
200, At ap o R Ly AR nER o R SR BB et SRS °by

addi ti on Wpysaind-alf-@caaliieorchlodlCO3, 20 and extracted twice with EtOAc.
The conbi ned organic |ayers were dried (Na2504), filtered and evaporated to
give 0.905 g of crude racem c trans 3-hydroxynet hyl -cycl ohexyl - carbam c
acid tert-butyl ester as a colorless oil (>95%yield). Step 2: Acetic
anhydr i deR¢®@nBG2+18;[5-2-oimethyisilanyhetboxdarsialy h HOEmol (23 Milxtrarie2ofll-r acemi ¢

7 57 il MR S SRR IRLOE M s R e S ©

resul ti ngfromxiaenec Wasrrslidin2edmathyDE[ 52 -Rimakdsitinghéthanandiignsat 50C for 4

hours before [ cool ed to RT. and rtitioned between DCM and aqueous 1M
HCl. The %géqtﬁBVé%ln%a%ﬁ'B%?ér@ﬂ@Q{%g@’Péﬁl- twice with DCM WD

2010/ 063634PCT/ EP2009/ 065878 - 82 - The conbi ned organic | ayers were dried
(Na2SO™4), filtered, and evaporated to give 2 g of racem c trans acetic acid

HCLaM | R U e D RS SRy PR b B SRl ot PR S

acet i d¢5acurdidd} feehyt)-fyutotiadine d rdasoxlyAcradid neyhyl ediexwds pedpayeld ie geaame manner

(theoretigally 7.3 1)..j.n.1 of 5 DCM The resultin i xf ure was
stirred a O'RTXCFHPC i'(ﬂggﬁréhdd‘é'fzé’?'@ﬂ%@r%bs'@V%W%%@nﬁﬁ%w%ﬁl%'%ﬂ of racemic
trans ac%}irﬁ)l@[g§3d§§y1@ﬂhxyoqu;ﬁfelaqﬂg,>@ydcmay‘l ester hydrochloride (>95%
yield). anple 13." 10 Synt hesis of racemc

t rans- 3- net hoxynet hyl - cycl ohexylamne: NH 2 /)Otrans, rac Step 1. Racem c
trans 3-tert-butoxycarbonyl am no-cycl ohexanecarboxylic acid (1 g, 4.11 15

ol ) WasR aticaBoBV@d5(2riitiEthyI8anyl-}thaxdndioy RHE-pio Rl hg bdprizine yZMirciloTHE ( 3
nm., 6 | ) was added. sl o .. The resulting col orl ess solution was stirred
ot a0l s RS tre e e e FOR R B e e MhsBiched by
addi tion ghpsatyl- BOHE RS NG By nadIgl | PRI b 8w sgaMh I RIRAC. The
conbi ned Qregani-g ?ggg%s V\BII?%I 1de{rﬂ?led (h}l,a2518y4 , iltgirgedwz]i%gaevagofgt ed to
gi ve 0. 90%hydre¢hlesid¢de racenmi ¢ trans 3-hydroxynet hyl - cycl ohexyl - car bami ¢ 20

acid tert-butyl ester as a colorless oil (>95%yield). Step 2: Racenic
trans 3- hydroxynet hyl -cycl ohexyl -carbam c acid tert-butyl ester (0.9 g,

3.925 Mo 1.s50l ved in and 4 1 in. di ne (.9..8 .was added.

The resul G HSC TamyEals Uiy R el be ot P B i s e ah 2 BB

evaponat eghrroliathel I0&drbIE 1iWasid Gidted cstBick@ds HrbhiteVia Gt icnin¥efrén G3RY- Oof crude

racemc trans;S-anlno-ggc[ohexyj-nethanol 25 as white foam (>95% yield).
pyrrolidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2- I]Yurea

dihdrochloride.

Example 39.

30 Step 3. sulfonylation:




WO 2010/ 063634PCT/ EP2009/ 065878 - 83 - mmol) was added and the resulting

m xture was stirred at reflux overnight. The reaction m xture was all owed
to cool twWORMMWSEGHe bei ng washed with H20. The agueous PCaEPRo0gmessext r act ed
wi th Et OAc. The conbi ned organic | ayers were washed with brine, dried
(Na2SO4), filtered, and evapor at ed. Th? ZI_’EITB.I ning solid was purified by

Si 02 chr omat ogr aphy (40 g 5 Si 02, hexanes/ EtOAc O to 40% to give 0.749 ¢
of racemni Bipeniding-y-3¢[3- (ﬁydmﬁylmlamieﬁWMh@XDWi pyoiloldai-elpyragindi-piieras a
white solj.d (73% cemc tra

> (35 hyar SRy EOALEO O gD oy BimeEETH TGN ¢ MG NY: 427 ot ) v
di ssol veddiisnp@!dﬁeﬂlirlalfﬂme @NdmC.o0b & ehnid) ¥4 added tIMahartesuifoarybéHisede (DS ( 60%
0.136 g, 3.424 fol ] owed hy iodonethane 54 nlL, 8.676
mmol ) abol o T it i3y Gbine rap G S HURIOT Rl 0 CRSeh Gl eBat h was
removed, {RdvaPrafc8afitd PMaiMingl MR sYRBwheREBRd tb9 SRECehrdthiBEraphy (@B leSsioanot her

6 equival ents of iodomethane were added and the reaction mxture was

stirred aPCBEMcOIEIHgMicObbsQbtainpé) AGS g@éﬂé&medlﬂélﬁ%lh@wlbiyp@@m tiydr3-bF
vere comny i EH A o8B SBPpLRdaf SRRl e o oRHEAR Y o'

orange oi (88Wagelduri fi ed by 5| 02 15 chromat ography (24 g 5i 02, hexanes/ Et OAc
0 to 10% EtO0Ac) to give 0.21 g of racemc trans 2 -(3 -nethoxyrrethyl-cyc

Iohexyl)-is oindo le-1,3 -dione as white crystalline solid (54%yield).
Step 5: Racem c trans-2-(3-net hox;(g]rret hyl - cycl ohexyl ) -i soi ndol e- 1, 3-di one

(0.2040g, lﬂINeWSylfwB Hpypehde-3-6- %@me(ﬂsylm)lymﬁhpmﬂybr% (0.07 ni,
2.25 50C
For s Mo BTl SR BRSEL LSRRI R

filtered ESi(TZ teimdthybsslaeyd- evhobctmnEﬁl@BJrSHFbmdloﬂzw -lalperavias? - el-apardilieidochtorgle ve
0.235 ¢ of m c t hoxynet hyl - cycl ohexyl am ne as a white solid
(50% pur ey ?\Tﬁﬁ% l@ﬁ%lglﬁ Synthesis of racemc cis

2,5,5-trinethyl-cycl ohexyl am ne hydrochl oride: 25 WO
2010/ 063634PCT/ EP2009/ 065878 - 84 - Step 1: 3, 3-D net hyl cycl ohexanone (4 g,

R e T R e L L A o A

for 1 houpyrtlﬂxﬁ [@3ebagdring -yIp-dmastal @r@a(eﬂ iR thelsamd madsderrfromh ) -pipEhidinr2glci4 on was

Sat ur ot e 24 TBHR L TRIRET oA B el VP e ity (e e

conbi ned @fdggmun@sdlﬁﬁgrcm@mee dried (MgS™), filtered, and evaporat ed. The
crude racem c 2,5,5-trinethyl-cycl ohexanone was used in the next step

wi t hout purlflcatlon Step 2: A mxture of crude racemc

2,5 5-trinmethyl-cycl ohexanone (theoretically 31 7 mol) and benzyl am ne
(3.8 B0, B-ﬂ(l%Qommi;@lfohyﬂ)lﬁ@emﬂine?.-yl]dl-[Lie(ﬁerimthysﬂhnyrlemokmethﬁl){ﬂhut es at 10

reflux wt uous. of H20. reaction X ed to
RT and vAEBISRecb PranT SOFa i 8 Paied i MRCE e o Ater Jfo bLRE A TS S8l i
triacet Oﬁ[%_éb(Qftﬁﬁ]\éﬂfylsﬂ@n)(l%ﬂibxgmet%@)%%l -pyrdid [2wasipadiach-yif| akdamBirdhioreet | ¢
acid (2 34.94 . The resulting mxture was stirred at RT overni ght
before betigtmeyieayaiaiidoom and washed with saturated aqueous NaHCOB. The
aqueous | ayer was back extracted twice with DCM The 15 conbi ned organic

| ayers were dried (Na2504), filtered, and evaporated. The residue was

NS AR D e R e SR R R R e

5% of t hep)h’f(ﬁ(ﬁ[& 3Lis|pymsin- 2sznrea ‘wad PredarbdXh thre@a@é ni’aﬁﬁ@rﬂcﬁn Cip$peridin-3-yl-3-
benzyl - trimethyl -cycl ohex am ne 211 mmol ) and Pd(OH) 2

20wt % on I’c5a(i256metlxylsgla1@)l cApRBOCHYD EYﬁa?me?dylﬂn%Férdﬂb}ﬁl oRprdgen

at mspherﬁld(&ha%gmfoﬁfl JdRlrRuer ni ght bef ore being filtered. The cake was
rinsed thoroughl MeOH and the filtrate was evaporated. The residue
was purified by 5| 02 chromat ography (DCM ( DCM MeOH: NHAOH 60: 10: 1 50% DCM) .
The fractions containing 25 the product were evaporated. The residue was
taken3pnt D(ﬂCWo@fopﬁlnﬂeﬂﬂanéﬂuXﬁ)ﬂﬂ?J11§B(r1dm4yBEBj[W%Mdtﬁylﬁlaﬁ)yqadﬂﬂ)xyfﬂé@lym xture
was evaporated to ve 0.61 racemc cis 2,55

trimet hyl 51&@%#98@31 PiyrarEn-Ry rla%wmra@r%%@o}%lwémed)lammﬁm lgpiperiding-yl-
Synthesis of racemc 1-(2,2,2-trifluoro-ethyl)-piperidin-3-ylam ne
hydr ochl ori de:



WO 2010/ 063634PCT/ EP2009/ 065878 - 85 - NH ClH 02N Step 1:
Trifluoro-nmethanesul fonic acid 2,2,2-trifluoro-ethyl ester (0.42 g, 1 8
nmol ) waswo 2diewadded in a m xture of 1.5 nL of Et0Ac amdTEP200910638f78 H20
containing 0.95 g of N\aHCO3 (7.5 nmmol ). The resulting suspension was war ned
to 50 C. A solution of racem c piperi gl'wS?_-yl -carbam c acid tert-butyl ester
(0.30 g, 1 5mol) in 1 nL of EtOAc was added dropwi se over a 30 mnute
period. ThéS-(2etimndtayisikinxltethexynmthylDeFH-psirplotd vy Iraraz802-gllfwea dhedraderidsef or e
bei ng cool ed RT.. Th [.gani hase was separated and the aqueous | ayer
was back T](ﬁiCé’)%@P?@Y%@e@mal?ﬁ%g%%’i\gaoﬁ%é conbi ned organics were washed with
brine, dried (My504), filtered and evaporated to give 0.38 g of racemc
[1-(2,2,2-trifluoro-ethyl)-piperidin-3-yl]- carbamc acid tert-butyl ester
as a col of j | v ek _in3irbes \ _kfjl cation.
Step 2: [1-“(3_33?%1,8%1]-0 ri flfd}grg-ﬁgﬁﬁlg%)%lg?p[gﬁ% gﬁﬁ&ﬂ?@g%qu g\glﬁlgg}?nﬁeégg{::sg tert-butyl
ester (0. 38®1l¢[2.31b]Byraginnyl]-proaags drapstsive theisamg mannesfirogh bpanseidina3-gl-3

sol ution @Qf 21 A ] ] resul ting
m xt ure é(z'sl_t| ﬁlnre #hggﬂg%%ﬁlﬁ)é(&%eéy H%F'%Oﬁ?@%@ Xé%éﬂggi'ﬁg%a%d%&g}oygﬁr acem c
1- (2, 2, 2- andi dyklopropyBulfily) eldbpids.i di n- 3-yl ami ne hydrochl ori de. Exanple 15. 20
Synthesis of racem c 1l-acetyl-3-nethyl-piperidin-4-one: WO

2010/ 063634PCT/ EP2009/ 065878 - 86 - allowed to stir at 25 C for 3 h. TLC

(hexanes/ Et OAc 40% Et OAc) showed conpl ete consunption of the starting
mat er i al . I-{(Re-1rMgthenesnlionykpineeidinal yBad o dtimdthy sl we thoapmethyl)-3H-

met hyl,»pi per i oy R-4- L ori . in . t
Toact 180, PRS- RaR5 ALRENLAL iR e dBhe RERSHOF IR IEN
DI PEA (4 By)trinathyadlded-cthosyoshyl)shtpgtdls[2edh poraza®-pi-nttaekhalrocd®ride The

reaction mxture coql ed again to O C and acetyl chloride (1.1 eqv) was
added sl oWl .etﬁfﬂ@!‘ﬁ%?ﬁf%l?f °m xture was stirred at 25 C for 16 hrs before

bei ng quenched by addition of saturated aqueous NaHCO3. The aqueous | ayer
was back extracted three times with DCM The conbi ned organi cs were washed

W 120, | 4R 9 dp ARSI o il b BE A AT SYAPOR ARGy TG RS LG RSPUr 11 ed

ro

1- acetly1- Pyprrods[D)3Hbpypeini2dyliurbaorae ptPhad oy e shwe nehe@om Rpgenilm-3-yl-3-

1- met hanesul f any1- 3-net hyl - pi perj di p- 4-qgn s prepared in.the ne _manner
rom I acente SRy R ISR e e mp e B Wi sy

chl ori de. ank-FRGEIHI€nIt EREMIEL- 4- 0X0- pi peri di ne- 1- carboxylic acid nethyl
ester was prepared in the same manner fromracenm c¢ 3-nethyl - pi peri di n-4-one

hydrochl ori de and nethyl chloroformate. Exanple 16. Synthesis of
2- met hyl - cycl ohept anone: 20 & n-BuLi (2M solution) (35.86mpl, 17.93 nL) was

fnl_ ;)V\A X ?duaﬁugaMeﬂcyl-pmpa%esomsum@P-png:eré@EAzl]fS[ﬁQ-tr&&tl&gssimmel)th%xy:nEH&;)e 42

. e STtIT r a e S urilt on was COQl e - .

O oPbnt SRR b et T aits 98 ebSirndin th Sh R yen as bt 30 T se

and the r%ﬂtiﬁﬂ&tlﬁ@léﬂaﬁ?ﬁetﬁ@@n&ﬁﬂyﬂ)ﬂﬁqi-gg!%lo?pﬁ%}]ﬁ}rﬁin-i%ﬁ%@eﬁdiﬁ&&o&ﬂ&ﬁd&g
47.4 ol , 1. eq) .

nmet hyl i1odide (2.96 nL, ) The cooling bath was renoved
and t he s#&ldAdmsthylaspane by épnyl chloride.

1-[(R)-1-(2-Methyl-propane-1-sulfonyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-

25  ecthoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from
1-piperidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-urca
dihydrochloride and 2-methyl-propane-1-sulfonyl chloride.

1-(1-Trifluoromethanesulfonyl-piperidin-3-yl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
30 pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 1-piperidin-3-yl-3-



WO 2010/ 063634PCT/ EP2009/ 065878 - 87 - to reach anbi ent tenperature and
stirred at RT for 15 hours before being quenched with aqueous sat urated
NHACL. Thwonhxrws@4was extracted with DCM The organi ¢ payaP24096383% hed
with 0.1 Maqueous HCl and aqueous saturated NaHCO3, dri ed over Na2SO4,
filtered, and evaporated. The residue _purified by short path
distillation to give 2.8 g of 2-nethyl- cycl ohept anone (62% vyi el d).
Exanpl e 1[A-(28yimecHetsilenydfethoayanthyl) dHapprald25-bipyiagin-2aylépeae-dbysinechlorgle St ep
1. A solutiqnqof ¢ [ m ¢ 5- 0xo- azepane-1, 4-di carboxylic acid
1-tert-bu%?ﬁnggpgpﬁpBg%ﬂgwygéﬁgﬁg(2.5 g, 8.77 mmole) in 10 nL of DV was
added at 0 Cto a stirred suspensi on of NaH 60% di spersion in oil (355 ng,
8.77 mmle) in 10 nL of DWMF. The reaction m xture was allowed to stir RT

for one hpyr -(é?ﬁé@ffrﬁlueﬁj-&Ha&gﬁkﬁgl)lﬁp&id&%-s-Wtjlké-(zltﬁrﬂeﬁfiilﬁﬁnﬁlet&& MethyR1. 92
mol e, 2.5 eqv) was added slowy and the reaction m xture Wwas sftirréd at RT
for 3 A b@Efloyaoleél. sy lpearired-vilntrea wed prepizad mrtbe sanamanmed froimt hpiperdhe-3(80 n) .

The or ganj i by i j . ye 2.5
g of 4ot iy Ete S TR M PR Do S SR, SRR A Bl b e

4- et hyl esidex,2 desilued-cdangpalfoay] cBblyi el d). 20 Step 2: To a solution of
conpound 4-net hyl - 5- oxo- azepane- 1, 4-di carboxylic acid 1-tertbutyl ester
4-ethyl ester (2.5 g, 8.36 mol) in dioxane (20 nm.) was added 2 M aqueous
KOH (20 nmL) at 25C. The resulting solution was stirred at 100 C for 24
hours bef b e(Behneg2-sdEingd-pirerin- Ziyd- el @atinsthylswiaey-ofoxmeth@dSH-The

conbi ngd i . ri | r . ated to

gi ve 105 BRI e M e o T R RS B ARV et er
(95% vyi el @himethyWa2 @1 OG3684PGH-ER2002, D6 PpJRdin-2-§F-urcaStikyalrdchldkideandt i on of
4- met hy1- 5- oxo- azepane- 1-carboxylic acid tert-butyl ester (700 ng, 3.083
mol ) wasPHHEssF g@yrﬁﬂa 6 TFA in DCM (30 nL) and stirred at RT for 6 hours

bef oe being evaporated to give 0.74 g of 5-nethyl-azepan-4-one
hydrochl ori de. Step 4: Acetic anhydride (0.437 nL, 4.62 mvol) was added at

R D S e Sl G e A
and 120, "Tho orqart &1 ayer  wae ar ed (Na504) - 11 LLor bt and evamorated.
'?'Re cr udeMEsdpRianylagh efh%é%y%&eg’\%ﬁﬁdw)&%%ﬁ Llﬁ‘ﬁ‘iﬁ Cg&ﬁg%q‘ﬁ@%%}ldt 0 gi ve
0. 220 g.oﬁmﬁmn@@ﬁ&gﬁcﬁoﬂ&ihyl-azepan-4-one (42%yield). 10 Exanple 18.
Synt hesi s of (1S, 3S)-3-am no-cycl opent anecarboxylic acid nmethyl ester

hydr ochl ori de: 15 Acetyl chloride (3.5 nL, 49.3 nmmol) was added dropw se
at 0OCto 100 nL of MeOH. The resulting mxture was stirred at OC for 5
m nut es be{(G)-e-(Retgang | -sulfonyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-

(1S, 39) - 3-t ert hut oxycar honyl am no- cyc] opent anecar boxyl i c .aci d | ester
(110305 PR e T FACR PR AR REAS Thi MM QR G TG /T and
stirred f@indd1dlaRaf S yRRINY-BY3PR618[26¥b |pyrazin-2-yl-urea dihydrochloride and

propane-1-sulfonyl chloride.

1-[(S)-1-(2-Methyl-propane-1-sulfonyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-

25 ecthoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea prepared the same way from (S)-1-
piperidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2 ,3-b]pyrazin-2-yl]-urca
dihydrochloride and 2-methyl-propane-1-sulfonyl chloride.

1-[(S)-1-(3-Methyl-oxetan-3-ylmethanesulfonyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-
30 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea prepared the same way from (S)-1-



20 to give crude (1S, 3S)-3-am no-cycl opent anecar boxylic acid nethyl ester
hydr ochl ori de which was used as is in the follow ng step. Exanple 19.

Synt hesi swof20B8/@fd3no- cycl ohexanecar boxyl i ¢ aci d di met hyPaXiE®2009/065878
hydrochl oride: 25 WD 2010/ 063634PCT/ EP2009/ 065878 - 89 - NH 2 CH al).rN O
Step 1: DIPEA (1.8 niL, 10 3 mmol) \/vas_?%fj_ed at RT to a mxture of racemc
trans 3-tert- butoxycarbonyl am no-cycl ohexanecar boxylic acid (1.00 g, 4.109
mol ), di mﬁecrﬁﬁmérﬁlﬁ#&ﬁgimlptbwlsilm}ilﬁéloecﬂn@thﬂ(}ﬁngyrEDIQIZ Srinipypzingnyl |-ERE

(1.182 g, mxture was stirred at
RT for dlﬁ %rf)% 4%arngre%glleﬁhmr Oxet IP?M t%%negullflo rYIl E@Bnand DCM The aqueous

| ayer Was back extracted tw ce WI th DCM The conbi ned organic | ayers were
dried (Na2504), filtered, and evaporated. The resi due was purified by 5i02
flash ChrPT@B QQQQ\@MO;(WM%Q% llp(?pél%ld\-@ 2%‘&%&8» §y1€kt1(o3< I&th‘?/f)

racem c trans 3- 10 di'net hyl car banoyl - cyc ohexy carbam c ‘acid fert-butyl
ester. 5SSt @I;erzrromé%éﬁﬂm'raznrahsﬂ]&rm prepdrgd hasbaewwy ﬁ@ynﬂsdﬂaxmrld@aﬁiyém[é acid

cool ea t oA e B ympo 8- TR o B g e o AL 2

when t he h—d(htﬁdxpmthaﬁ&utfmﬂyilchloﬁdé he reaction m xture was aI | owed to warm up
to RT and stirred for 16 h. The solvent was renoved under 15 vacuum
concentrated to dryness to give racenic trans 3-am no-cycl ohexanecarboxylic
acid dinme | am de hydrochl ori de which was used as is in the foll ow ng

st ep. Exah{ﬁéérlgd) Trdipordvesshd-cyélopropylmethanesulfonyl)-piperidin-3-yl]-3-[5-(2-

2010/ aﬁée%ﬁ%@}%ﬁéﬁo@?%%ﬁﬁ%m%ﬁym? Bty T GG BEMIRE e

pr epar ed fr@mr(rS)J‘D@QﬁﬂﬁﬁEi)gll’) [5 -{2- trpditemilmhplsqamxymetwl)éﬂ{@yrﬁlom3 Himtazirand

2-met hyl t r Diso azo rboxyl at e 1 23 i,

6. 56 ol > HaedediBudioGhtacp TRy Sl eeirint dutiopy i

di chl orophthalimde (1.35 g, 6.25 nmol). The reaction was stirred overni ght
and evaporated. 5 The reaction was repeated and the conbi ned materi al was

Daa. (ter U EafORA- PO SRS LETE s B At BdNEREN AR, BoF el 1%
;—I (Cjill o?gg (yap}y‘ﬂﬂd)[m&l-ls]bymrrfel:lﬁg};]lﬂ ﬁre@ pgemareﬂm% gamgxczi%yef?rgp (8)2p§li®olahri -BasR-[64nt ai ni ng
(Cort -but g BT A b D bRy T SUr EHiBr boesidsdetle. 1, 3 ai

one (1.7 ﬁethgnel,ulmaﬂg,“hlor'[&e mxture Was pl aced |n an ul trasound bath unt|I
all of the solid had dissolved (15 minutes) then evaporated to give cis
5, 6-di chl or o- 2- ( 3- hydr oxy-cycl opentyl) - 2, 3-di hydr o- 1Hi soi ndol e- 1, 3-di ol
(1.172g, 95%yield). Step 3: To a flask was added DCM (40 nl), Di PEA (2.0
m., 11.481 l[(SD)ﬂ)(Prdﬁaﬁe-&sﬁ}f(diyd:)hb}@rodldlnl’éyl] 3-[5-(2- trlmethylsﬂanyl ethoxymethyl)-SH-

2-(3 dr ox entyl) - dro- 1Hi soin 3-dio 3. 57
o) SRR B TRt GP e e ey 5 Ry i A B (e
stirred om{em LetidheymE 1) B ECh i 610 RS b 9 Refnt Ilﬁ@ildl df@&ikﬁldeﬁh@AC (100
m.) and H20 nf' ddedﬂgplltgggd %?? |nsolub?ﬂ seg%rated and
extractedmpﬁﬁmahﬂéﬁﬂﬁhﬂ%¥ék with EtOAc (50 ni). The conbined organic |ayers
were dried (My504) and concentrated in vacuo to give cis nethanesul fonic 20
acid 3-(5, 6-dichloro-1, 3-di hydroxy-1, 3- dihydro i soi ndol-2-y1)-cycl opentyl

ester as f—{(éﬁ-lrllté%%:tgyﬁplrbgan%-’l-guni% l?pyrroh n- %fjlyé-%-@-mmetﬁ}asﬂe{nyl n aflask cis

met hanesu

2 (2, 9sd bl -yl h &l | ester
(1. 525, o doomot) S aGebe L LR Yo Pl Sodtumar e 1724 °5

nmol ) andpﬁtqhﬁwe&yla@ [R2-giaethylgitanyl-qt @Xm@ﬂm}wmgomn Bribdryrag -4 YHZ‘EIC{I 100 25

) and SR ARLAG AU Al 20 DYro kRS o chRRigEL) . the organic layers were

1-[1-(Propane-1-sulfonyl)-azepan-3-yl]-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
30 pyrrolo[2,3-b]pyrazin-2-yl]-urea prepared the same way from 1-azepan-3-yl-3-[5-(2-



and concentrated in vacuo to give a tan solid (1.6g). The solid was
purified four tinmes by colum chromatography (2 x Et0OAc in hexane, 2 X

Et OAc i n Wexarnlbsisgéhl or onmet hane) fol |l owed by preparati ve@CTIER2¢0R0658CS i n
hexane) and then recrystallized fromdichl oronethane in hexane to give
trans 2-(3-azido-cyclopentyl)-5, 6-di chggg_o-i soi ndol e- 1, 3- 30 dione (0.727
g, 64%yield). WD 2010/063634PCT/ EP2009/ 065878 - 91 - Step 5: Trans

2- ( 3- azi donwylyllolseyitephoxyBicaydi dhbprelo[2sob pytiz-2-yB-wd¢aadibydrochi@idegnd 2. 24

mol ) and_| i ndl ar talyt.{ 0.36 g) was added to a m xture of ethanol and
di chl or on%rf)ﬂeglr?el %ur%%%ﬁ é%(gl under a hydrogen ball oon overnight. The m xture

was filtered and the solid rinsed with dichloronmethane. The organic | ayers
were concentrated in vacuo, dissolved in nethanol 5 and diluted with

acet oni tfi-|[ﬁ(z-m%éiz{dpgné/-\@%m@&%\!&@pdw3- f]J3Lq'5/a§21tﬂﬂleﬁﬂlfiilﬁﬁBQ-e{ﬂo& h@t’h?l)PU” fied

by preparative TL di chl or onet'hane/ net hano riethylamme). e solid and

mat eri al oI J@dpyraor-yilabick pewpaferldim BTN WO | azgiane’-Yirkbs(2-
2-(3-am “t%%ge\{réhs‘ﬁgﬁ t-éfﬂz)x‘sv?ﬁgﬁ‘gg?‘g‘t}f-%gli%[2',33-8]p§99a%ln@2-171]3ﬁr95 ARS AR BRASq i te

solid (O. ontain

2- ( 3- am nocthgl-popaicyltyulfonghdhdsratei soi ndol e- 1, 3-di one) 10 Exanpl e 21.

Synt hesi s of cycl opropyl-acetyl chloride: 0 15 Oxalyl chloride (1.14 ni,
1.0 mmol) was added to a solution of cyclopropyl acetic acid (1.0 g, 10.0
mmol) in 6.0 nL of DCM A couple of drops of DVF were added and the

reacti on M®EBEISeSwdsthylef-{prepanerli-mdfonylepmieytin-ayl RIS Heftwmnethilsilanyl-evapor at ed

to gi 1 I k / i s of
2 mot Moy B A RSN P08 3 b MRk pinty ESRE i Fon LIS

2010/ 063 634RETH-pRRAODLDGISB B (2~trDthyl Staeyl-ddhox@ZnCitydr Sephgedlofeed-bipyreeididr (10
g, 0.106 I s .added. at to a s ension of sodiumsulfite (13.35 g,
0.106 m)l%P%?agg‘yﬁﬂocgﬁ)r@ﬁ@%ﬁ@al}eé]s'ﬂ’rlffogﬁ]gcshﬂ)‘?r asic mixture was stirred at
reflux for 48 hours before being cooled to RT (clear nonphasic solution),
and evaporated. The white residue was turned into a powder and was then

washed w f ] r bef ore bein
dried to Ig'i 3égg%'g15\4§tggll'h' '?-%ﬁlé%'ﬁ}é)is%%f ﬁgﬁé@&bﬁ%@@ﬁl% '%Qgﬁ?ﬁ?zé d, °
cont and natriacktiwildilan @xcelessne gl )uTH-pulrdlo [263-b |plyse th- 251 Jiusca prejsirapth2 sarst epy 2: A
suspensi op of [ 2- met hoxy- et h fonate (5 g, ,30.84 ) in 16 nL
of phosph%?%déégg’ﬁ'ﬁ}né?tgﬁé” ! %.st gg‘&fmp‘é"&‘y]ﬁﬁanﬁ’g?th@"%‘ﬁ]?m%f ore being
cool ed t lo[2R0h 1p§razinedylftrc HiHyMedcRiogiat amet aicenyRpidpandi lsutie1 whibAdHOCM and
fil tered?p%eo[fi I t]?%lﬂtae1 %}é?—pgrt ilﬂayldl ; 10 e\e;aporat eylclj);9 iIIlut esd (?mg’t h Et 0Ac and

poured into crushed ice. After stirring until the ice has nelted, the
organi c | ayer was separated, dried (Na2504), filtered and evaporated to

gi ve 4. 881l -dfetinomiboyyezepdnahielyBHb a@yimethlybiladé-c{topdetiypSel) pyristaopl e 23.
15 Syghnegy o, A3 L1 o aRE Dl Sk ORTORY R IS DRR UL L Sl G or e
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea dihydrochloride and methanesulfonyl

chloride.

1-[1-(3-Methyl-butane-1-sulfonyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-ethoxymethyl)-

25 5SH-pyrrolo[2,3-b]pyrazin-2-yl]- urea prepared the same way from 1-piperidin-3-yl-3-[5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]- urea dihydrochloride and 3-
methyl-butane-1-sulfonyl chloride.

1-[1-(3,3,3-Trifluoro-propane-1-sulfonyl)-piperidin-3-yl]-3-[5-(2-trimethylsilanyl-
30 ecthoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea prepared the same way from 1-piperidin-



Step 1: 50 nL of borane dinethylsulfide 2Min THF were added dropw se at RT
via an 20 addition funnel to a solution of

1-trifl uowotzhyoocsssel opr opanecar boxylic acid (10 g, 64. 9CCHEEPR)02/0658190 nl of
THF. The resulting clear solution was stirred at 40C for 24 hours before
bei ng cooled to 0OC and quenched by sl oy ?ddl tion of aqueous saturated
NH4C1. The biphasic slurry was filtered"through celite. The organic |ayer
was separ&t»’é&i—[5 é?nd‘imﬁbylsjéﬁmb@tboxmhylmﬂ ptyafolo[éifbﬂmazem’cMWeam th AcCEt.
The conbi n \ Led, 2 Np2504), filtered, and

evapor at e%ﬁ}'(ggglﬁ@rédefnd%gfﬁ Om P%ﬁ%?eolrreslﬁ&ly ‘cycl opropyl) - net hanol (77%
yield). Used as in the next step WO 2010/ 063634PCT/ EP2009/ 065878 - 93 -
nol ) and DVAP (0.61 g, 4.996 mmol) in 100 nL of DCM The resulting m xture
was stirredsay-@8. lﬁﬁhe'ﬁi@l%\‘ﬁiaﬂwf&hlf 1PiBeriEh @gyl]"%gvl@trﬂhétﬁ'y@%?pus 1M HCI.
The aqueous [ayer was back extracted tw ce wth he conbi hed organic

| ayer s35westboxymedy - Napg@alo[2.3-blyeazid2-yindeenmapoedthe damT ey fiogi (ié - was

purified Si:02 filagh,¢ [ s/ Et 20
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t ri fl uor odieydrgthlcyde and Ropyintedtyhyopasd-ersulf@dto yi el d) . St ep 3: A mxture of

tol uene-4-sulfonic acid 1-trifluoronethyl-cyclopropyl nethyl ester (2 g,

6. 796 Mol ) and thiourea (0.52 g, 6.831 nmol) in 5 nL of EtOH was stirred

at 90C for 3 hours before being cooled to RT and evaporated to give 2.5 g

of 2-(1-tRademioeiohdi mdthanwlbwlk%meﬁwyammﬁMH $othirmeatledsilanyl-
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(theoreti 10 nL H2 d 2.5 nL of THF. The resulting
light gr ?f] r%q}?ﬁﬁﬁ%@i@ﬁaﬁqﬂﬁn ?%ﬂﬂcg;&“gﬁct ed twice with DCM The
conbi ned organic layers were dried 15 (Na2504), filtered, and evaporated to
give 0.67 g of (1-trifluoronethyl- cycl opropyl)- met hanesulfonyl chl ori de

g?ﬁ%%;:%& ?ghl %E%ﬁesuﬁ%@lg)sﬁ%@ %?yl 3(55 {2 F }methgman@fl Step 1: A
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was used @fgauﬁyﬂﬂacﬁlbﬁd&%tméihﬁgSu@tngpclgomghI orine was bubbled for 5 m nutes
at OC through a solution of the crude product fromstep 1 (theoretically

41.47 mmol ) in 30 mL of H20. The resulting dark brown m xture was warned to
RT and extracted twice wwth DCM The conbi ned organic | ayers were WO
2010/ 063 6R4demil¢ EJPZ@DMeﬂﬁE&ﬁB‘onyl%eﬂdmlybéthyl]th[ﬂ:(ﬁ%rmmﬂlmmahm osul fate

(Na2S203) rie deva orated to 0.75 g qf
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xyl-1-me -1 - 5H-Errolo 2,3 -b razin-2-yl)-urea: 1 1

2- Br ono- 5¥-pieaddgreet I@fﬁ%@?ﬁhﬁ%es(ﬂfo@%d&m@mo nmmol ) was di ssol ved in DVF
(33 nmL) and cool ed down to OC. NaH (60% 0.480 g, 12.0 mmol ) was added

slowy. After the addition was conpl ete stirring was continued for 30
m nut es

0C.. Chl t A .1.m, 12 0 |
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Et 0OAc. The organic |layer was dried filtered, concentrated, and

purified ByeBiH3- %W?@ﬁh%%(?awtb}ﬂs& nyl- ghwmeﬁé&)a%"ﬁb@@@b?&@lwlﬁﬂﬂc) to
give 2.81,4, dihydrochloride and methanesulfonyl chloride.

1-(1-Methanesulfonyl-piperidin-4-ylmethyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
30 pyrrolo[2,3-b]pyrazin-2-yl]-urea prepared the same way from 1-piperidin-4-ylmethyl-3-[5-(2-



of 2-brono-5-(2-trinethylsilanyl-ethoxynethyl)-5H pyrrol o[ 2, 3-b] pyrazi ne as
a yellowliquid (86%vyield). Step 2:

2- Br onp- Bw020twasaest hyl si | anyl - et hoxynet hyl ) - 5H pyr r ol o[ PC3HPR@YO6SBITHe
(0.328 g, 20 1.00 nmol) was dissolved in DMSO (2.5 nL). A solution of

met hyl am ne (33wt % in EtOH 2.5 nL, 20,mmol) was added and the resulting
solution was heated at 150C in the sealed tube overnight, then cooled to
RT. The rigasthydnlanybathmemethy)pdt-pitroloRettb patasmedryBiudgadibyittodid@ide Bhé aqueous
| ayer was ed wi.th Et 0OAc. The conbi ned organic | ayers were washed

Wi th bri n%g%@e%ugoﬁy&/\é@ %16,‘ filtered and concentrated to give a m xture of

i npure 25

Met hyl -[5-(2-trinmethyl silanyl -et hoxymet hyl)-5H pyrrol o[ 2, 3- b] pyrazi n-2-ylj -
am ne, whi eh MRRhSKBbYRDiHdid-#: 18- 9&{Nalfthds il 1-cthoxymeth
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3- cycl ohexythadesakdrdyy dhldridd- (2-tri met hyl si I anyl - et hoxynet hyl ) - SHpyrrol o[ 2, 3-
b] pyr azi n-2-y1]-urea as a yellowsolid (27%vyield). 5 Step 3: 3 -Cyc

| ohexyl -1 -nethyl-1- [5 -(2-trinethylsilanyl-ethoxymethyl)-5Hpyrro lo [2,3
- b] pyrazi n- 2- yl]-urea (0.110 g, 0.273 nmmol) was dissolved in DCM (3 nL).
TFA (1.0 qummb(hdumn@autfonﬁ@yrrebdunti -Hepedohed-[oR -warcthytliilandd at RT for 6

h mL d
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3-cycl ohexyl -1 -nmet hy1l- 145 (2 trimet hyl silanyl et hoxymet hyl )-5H pyrrol o[ 2, 3-b
] pyrazin-2-yl]-urea as a yellow solid (64%yield). Exanple 26. 15 Synthesis

of 1-cycl - Bf 1al0 -Rl Py azin-2-y1)-urea: Step 1:
3, 5- Di br oﬁ%’-%ﬂcll fr Qn% %ﬁ%lﬁt?élﬁty%é%ﬂgz? h@«_eﬁ}ﬁﬂmﬁﬁ @”%Eﬁ”{%‘?a&%m, 8.04 mol ),
20 PdC12( R%@I&tKyIBSHWyHGLO@A@-bWZ)n 2@/ll]€l,1r€hJ1bre()éIr5d thy saifle @0 friomol-) wer e

di ssolved in THF (17 cqol ed 't Tri e -si| ane
(10" iy e g aegeR Ay ey b5 A SR 2R T r e
over ni gh 1]-hha diBAIchRAdB X HeBaN@alfehyi bhiedd t h Et OAc, washed with H20 and
sat ur at edyaqueous NaHCQO3, dried (Mg504) and concentrat ed and purified by
5i 02 chr omat ogr aphy (80 g 5i 02, hexanes/ Et 0Ac 0-35% Et OAc) to give 1.66 WO

2010/ 063634PCT/ EP2009/ 065878 - 96 - gof 5 -bronp-3 -(3 -trinethyls i
| anyl - pr OKIac-eﬂme ymy-&ﬁlambﬁnmmyl-lpyﬁohqmamlmethy]s) 3a[5y(eLthnwthsrlsﬂanﬁ{ekhodymethyl)
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(1.66 9, g%mﬁﬁfetﬁyma@l%mkﬂlyggfﬁﬁyrfmo[qus -Tphravas mjlqtdee@ d@hyieddutdriae  of

tBulK in ow y at The reaction m xure
was heat e@ildteéh%néf’rqlﬁﬁylfqbior@edays t hen cooI ed to RT, diluted with EtOAc,
guenched with H20, filtered through a pad of celite, and washed with H20
and EtOAc. The organic |ayer was separated, washed with H20 and brine,

dried ( concentrated to
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10 Step 3sthe e@myﬁq ﬁby)2 dfzﬁrpt 2irda PLpat@ e REmE Qap §On D - 1 41 ol )
was di ssol ve)gﬁ' ! @Bﬁ coo g[]domﬂ%g 0C. NaH 6%% , 1.70
mol ) wasPdedn- %wbwﬂyyl 3 @rmm@@}’éﬁdailx icghoxyasthybrpl-ayreo 9&2b31‘]?]PM@ZWa?S

conti nue 2. oxy-ethyl)-trinethyl-silane
(0.30 mdyliﬁf%%% H%/(\)glgea dlggp dztlﬁ:}%In ecglgialdgn m xture was allowed to warm
up overnight. The reaction was quenched with H20. The 15 aqueous | ayer was
extracted with Et 0OAc. The organic layer was dried (M504), filtered,

concent r ag ggmi@ng wbpafnequ&ﬁénﬁy PLrr6iti Rl S8ha Ry 5(@CrithcBiyRany1e X anes/ Et 0Ac
0-35% Et OAc) to give 340

2- br od8- 6eth@tmgﬁ1hy$l %Ii*pwrpkgg%w Insirazéhyyl latrporigpeeh e samBepay fishbl-2, 3- b] pyr azi
ne as a yellow liquid (70%vyield). Step 4:

2- Brono- 6- et hyl -5-(2-trinet hyl sil anyl - et hoxynet hyl ) - 5H pyrrol o[ 2, 3- b] pyraz
ine 20 (0.340 g, 0.993 mml), benzhydrylideneanmne (0.18 nL, 1.09 mmol),
Cs2CC8 (648 nmg, 1.99 mmol), Pd(OAc)2 (22 ng, 0.099 nmmol) and BI NAP (62 ny,
0.099 mmol) were dissolved in THF (10 nL) and heated at 100C for 64 hr,
cooled to RT, partitioned between Et0Ac and brine. The organic |ayer was
dried (My504), filtered, concentrated, and purified by 5i 02 chronatography
(40 g 5i 02 hexanes/ Et OAc 0 35% Et OAc) to gl ve 158 ng of 25
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Step 5:

Benzhydryl i dene-[ 6-nmet hyl -5-(2-tri nmet hyl sil anyl - et hoxynet hyl ) - 5H pyrrol of 2,
3- b] pyr a@Dreeyopig34am ne (0.158 g, 0.357 mmol ), NaOAc ( POTFFP2000/08878 rmol )
and NH2OH HC1 (45 ng, 0.643 mmol) were dissolved in MeOH (4 nL) and stirred
at RT overnight, and 30 partitioned bet@gen Et OAc and brine. The organic

| ayer was dried (My504), filtered, 10/ 063634PCT/ EP2009/ 065878 - 97 -
concent r apysthlidanzty pethylideld- (Byﬁri@ieﬂﬁ’lmhmﬂfﬁit%gmaihw-5@Enyfg)1@i2®2b]ph@xiar1?es/ Et OAc
0-90% Et O

o- met hy 1- A1 QRSP P o Y BT %t by 1 o of 2, 3-

b] pyrazin-2-ylamne as a yellow solid (58%vyield). Step 6:

6- Met hyl - 5- (2-tri met hyl si | anyl - et hoxymet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-yl a
mne 5 (58,dhic P{RP8 m@fﬂ% gro‘ﬁ@l% ﬂ%&l?(ﬂllylﬁ%rﬂoﬂdﬂi Zyldicatyps- ?ﬁﬁ NaRcethdsibnl) -

Cycl ohexyl i socyanate was added “and the reaction

m xt ur & wetbodyemthed)- 5%pweﬂo{1?x3%ommrghtyl] wg@wwpr@mrﬂ‘irm thosmmennanncefiom

gi”\r/'ef '880' ng%ﬁ&%&&Wl&%&ﬂgf[ﬁ@léﬁlﬁ&@y@1&&1%%&%%%%1%)%810?2,3-%?p"érﬁn%c) to
1- cycl oheyy-iircddlryiaeichiotid & af @2 -nfcitiydphoyplass-I anifbéei bioxssidet hyl ) - 5SH-pyrrol o] 2, 3-b
] pyrazin-2-yl]-urea as a yellow solid (95%yield). 10 Step 7:

1- Cycl ohexyl- 346-nmet hyl-5-(2-tri et hyl sil anyl - et hoxynet hyl ) - 5H pyrrol of 2, 3-
b] pyrazi n-2-yl]-urea (56 ng, 0.139 mmol) was dissolved in a solution of HCl
in AcOH (Bagenge 8[h{)-methadeshbonyddyepli&oC-ylhethid-slesP admethytsilansdr ni ght The

veort 180 BN ERLRARGER § BhEhA o HRET g SRS ATNY ARl oo, e

reaction pyrdlidine2 whsthgl)3r[5€d-tomethylsghtyl-cthorgaahyxsedpyardo[2 3 -fpykiined by and

purified 5i 02 chr 0 8 g 510 MeOH 0-5% MeOH) to give 12
my of 1- c\t}iip é‘iﬂ)’fm\?g dﬁ%?ﬂﬂ@lﬁ@ii%@?ﬁ% 13231[)12 B-b] pyrazin-2-yl)-urea as a
white solid (32%yield). Exanple 27. 20 Synthesis of

1- cycl ohexy1-3- (7-net hyl - 5H pyrrol o[ 2, 3- b] pyrazi n-2-y1) - urea: Step 1: To

of *25 T - pugh 22 R R A iaf X AR PRy SR Ty o0

reactilon pyrxde[28- M@graamzryl@dreatwﬁ'lbrémecﬂmhhc sahteanarmket frdmdr@yipdeolidns-nm, 40

mrol ) was ctl on m X 63634PCT/ EP2009/ 065878 - 98
e o YrEl Grir i lgqﬁlfoxgﬁ]&ﬁﬂé{bé%ﬁgaoaaf%#gmaa%% IEACL sol ut | on
and exracyig r%m&h(%tsgﬁgndﬂ}k@gaﬁg@nf&l aysidewas washed with H20 and bri ne,
dried (MgSA4) concentrated, and purified by Si 02 chromat ography (200 g

Si 02, hexanes/ Et 0Ac 0-35% Et 0Ac) to give 3.51 g of

al | y1-(3, 5-di brono- pyrazin-2-yl)-amne as a yellowoil (60%yield). 5 Step
2: The m k—i[(lRl)d-(Metaddeylﬂfoﬁlgl,)@)ydbbdlﬁmylpw[a-ﬁ-Itrﬂﬁety)’ﬂ)sﬂaillyi ohoxyndiylysH12 O
nmmol ), . TEA ,.28. 8 sodium fo 3. 00 _nmo B 4NH48r
(580 78, TSP Ut e R ESACY S NSRS, heseb TGRS fvih By

heat ed at y150G-QviehidiigiNilah V&M xR 881 IH-Rrold263-b L inOnyigidaur € was
partiti oned e?ween @%Acﬁand&grl ﬁlg) Thggror ggﬁz; c [ayer \ngs dried (Mg504),
concent r atiBdrogiierideualt prémeipgnaponyd Khlgree-ogr aphy (120 g 5i 02, 10

hexanes/ Et 0Ac 0-70% Et 0Ac) to give 0.279 g of
2- brono-7-nmet hyl-5H pyrrol o[ 2, 3- b]pyrazine (11%yield). Step

2- Brono- 7- roI 0 a e 3 V\B.S: di ssol ved
in DVF (57 E@;q d:lr&l%é‘B 0’%1%%! Nélﬁg(yéﬁ)gtﬁ é%trﬁ’bet&ﬁsléﬁg'hnol) was added
sl ow h& i -2t 4 Wh GaOtd ShrePfroB0

m nut gg Q{t 0 elﬂ%’l)aﬁ@gtryor@r@tm%%@% etyﬁJ l§fé-{tgvrgl ﬁr?élt)é&@(lisl-nmf]gr%ﬁo 268 (r)n_, 1.58

mmol ) was é@h@m%ﬁw %ﬂb31{éé%ﬁra¢fhh$&%nalr@thws>§neawlb dyirelohdAhlRiEazeeér ni ght .
The react was extracted with
Et OAc. Th%?({}?e\gégﬁ}}g‘{fég%@gﬁs& ri egorf &Qﬁlgg?uﬁwg ﬂé@e{ : concentrated, and
purified by 5i 02 chromatography (24 g 5i 02, hexanes/ Et OAc 0-35% Et OAc) to
give 340 ng of 2-brono-7nethyl-5 -(2- trirrethyls
I(I7$(r)}yl e|t£|L ge(tsmi SrifRidrRpFopend- RstBondl)-prdoBNmaZ N8 -[352 ariklthyRthew | i qui d
oyie

- Br oAB- 7¢t hyél FEyrpioRt hpinsTazind iyl latrerow e pared inghe pyG BRBERIGIL] pyr az
|ne (0.346 g, 1 01 mol ), benzhydrylideneam ne (0.19 nL, 1.11 nmmol), Cs2CC3
(658 ng, 2.02 mmol), Pd(OQAc)2 (23 ng, 0.101 nmmol) and BINAP (63 ng, 0.101
mol ) were dissolved in THF (10 nL) and heated at 100C for 63 hr, cooled to
RT, partitioned between Et0Ac and 25 brine. The organic |ayer was dried
(Mg504), filtered, concentrated, and purified by 5i02 chromatography (40 g
5i 02, hexanes/ Et 0Ac 0-35% Et OAc) to give 158 ny of
benzhydrylidene-[7-nmet hyl-5-(2-trinethylsilanyl -ethoxynethyl)-5H pyrrol of 2,
3-b] pyrazin-2- yl]-amine as a yellow liquid (20%yield). WO
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- 99 - (26 ng, 0.371 mmol) were dissolved in MeOH (2 nL) and stirred at RT
overni ght, and partitioned between Et0Ac and brine. The organic | ayer was
dried (Mp8Q2p10/d6Bd3ter ed, concentrated, and purified by BCOEPeIOSISIDgr aphy
(12 g Si 02, hexanes/Et0Ac 0-90% Et OAc) to give 41 ng of

7-met hyl-5-(2-trimethyl silanyl -ethoxyn %?yl) 5Hpyrrolo[2,3- 5

b] pyrazin-2-ylanmine as a yellow solid %yield). Step 6: 7-Methyl-5

- (2- t ri met-g-pyriolidamyyl-é4[ hré2- f@}'lnethﬂyiﬂ%my’aeﬁlpwm@hyleIﬁza,ygol@ 3-b]pyrazin-2-
] pyrazin- | ami.n 7 S 1.2-di chl or oet hane
(1.5 nm). %&§%%§ﬂ3&ﬂ$$%%@93%gl%ﬁs Q“%ﬁ%¥®%%n%9e?%uﬂlnddﬂo %%ed and the
reaction mxture was heated to reflux for 64 hr, cooled to RT,
concentrated, purified by 5i 02 chromatography (8 g 5i 02, hexanes/ Et0Ac O-
10 50% Et Pﬁ@)) 1t@t1gin‘é§1n%§ 1'5f9y1%11d1m-3%>1]23 Iroexinleylsilan ﬁ&h&%&l Af-Zrtrinmethyl s
i lanyl etho xynmeth Fz 3-b] pyrazin-2-yl]-urea as 'a white solid
(64% ybel m)rrol(théFb]pyrazm -2- yl] urea was prepared in the same manner from 1-(R)-pyrrolidin-3-

1- QIcIoh s | ).- 5H pyrrol o 2, 3-
b] pyr azi n 953‘]% a@%&d}{%@ eﬁo&@@%@&ﬂnﬁwﬁ&&%ﬁ BE%\%@? Plﬂ u)re %ol ution of HCL
in AcOH (diM/dricHornide)saltandlctheakeltbnat clBO@ld. n t he seal ed tube overnight. The
reaction m xture was 15 concentrated to dryness, dissolved in 1 nL of

MeOH: H20: Et 3N 8:1:1 and et hyl enediamine (63 ul, 0.94 mmol) was added. The
reaction m xture was stirred overnight, concentrated and purified by 5i02

chr omat ogt-&{fyl -Peongn&il @Blfofde\/PWEﬂidiIG3Sf%mﬂ)ﬁrmtlgilsi@nm-wxafnemyl)-ﬁﬂ _
cycl o%xl ;3%1%'1@ 3[@?@3%&'52"218%%5 ag %?epﬁreﬁ]uﬁ% D nnd It BRR Ay Rl s solid

(27% yre Si's

1- ('7- Chl oyles-Bi2ptyintedyddi A d-dof qxy mahiyh)-5SH-pirr e I8F203/bpohaeinyl -yl juea: WO
2010/ 063634PCT/ EP2009/ 065878 - 10Q .- sfirred at RT overnight, then
partiti onéaygéf (tﬁﬂiplﬁﬁﬁl%ﬁ?‘ﬁ@nyi?ﬁﬁoﬁiegani c layer was dried (MySO4)
concentrated to give 2.98 g of inpure 2-brono-7-chloro-5H pyrrol of 2, 3-
b] pyrazine as a yellow oil which was used for the next step w thout any

i ssol vea 1B By P D Bl #aGhg g TS Ry Bl Sl O &7 oy

Af t er 115 hecthohdinicitton)- Wapyaolofd , 2bép Ir-mytl]ngMWamloreparMﬁdhé oimc3ammenfib@s at

RT. onet yl-silane (1.9 ., 10. s added

B ¢ e LUREPBEOT S T S B B H B bl 3 PRt  on- s
quenched W]-hfba'd drobARrids YaPMRl J-A¥eN1-YRpaRXL-Lafn9fchibride. Et OAC. The organi c
| ayer was dried (Mg504), filtered, concentrated, and purified by 5i02
chromat ography (24 g 5i 02, 10 hexanes/ Et 0OAc 0-35% Et OAc) to give 2.62 g of
2- bronmp-7-chl oro-5-(2-tri net hyl sil anyl -
et hoxy et Rydejni& B{ pyrietiah euBp Byl 2l gan ez y I8 - [AK 2 ariyethdiladyil-gthotyrhatB9h-§Hel d f or 2
st eps Ste ; . . .
2- Br okﬁ 361%1%?(? -RJpyrazip 5 YR MR PERgTCd 4R WG%?‘HEFHW‘)T feom BYFPI 18P 8B pyr az
i ne (1 3lyIe- 5326t111ﬂé'fﬂ31|1§11,an erth HoBn 1R 3 Az -u%h Mol ), Cs2CC8
(2.35 % 5( Cﬁ g‘éﬁ_ Eﬁ% 9 pdeYﬁIAP(ZZS ng, 0.361
nmol ) V\er@hrﬁf@%@ nﬂrﬁneih?f‘ 0(18163 9deand heat ed at 100C overni ght, cool ed
to RT, partitioned between Et0Ac and brine. The organic |ayer was dried

(NgSO4) %Htﬁ g concentrated, and purified by 5i02 chromatography (150 g
5i 02, hex c 0-25% Et OAC) to give 992 ngy of

benzh ry! i dgne[\ ! 7-chloro-5-(2-trimethylsilanyl -ethoxynethyl)-5H pyrrolof 2,
3-b]p ne as a yellow liquid (59%vyield). 20 Step 4:
Benzhydrylidene-[7-chloro-5-(2-trinethylsilanyl -ethoxynethyl)-5H pyrrol o[ 2,

N 2OH LD GO 528 i) (Radfend 8 Mo SR S BRRR R R 875
RT over ni $Hi-(2- amnhtlp);amany]kﬂhmdqrmdt}&\)eﬁmpﬁrﬂléﬁ h-lbﬂ)ykézﬁh 2 I/t]elreer djapdrocHlaryder was

dried d f 2 h
(150" o' 563 oige hianh Singilhinc UGFE BT BEM T BRONR sk va¥ iy Raier T 09" 2P
7-chl oro- énfui’esuaefom@&dwﬂgsztanﬁﬂu@b&ﬁwﬂﬁm@xb hséifinanh@IﬁoZ) was added. The

b] pyrazin-2-ylanmine as a white solid (32%yield). Step 5:

7- Chl 8P o- Isaqtipniixfee Wed sfirred gy RT oxvpic @fﬁgﬂ t)elmvgmrafed 6@1@ resi@fjepyasazi n- 2- yl a
mne (100 ng, 0.335 mmol) was dissolved in 1,2-dichloroethane (3.4 ni).

Cycl ohexyl i socyanate (0.43 nlL, 3.35 mmol) was added and the reaction

m xture was heated to reflux overnight, 30 cooled to RT, and concentr at ed.
The residue was dispersed in 3 nL of toluene, WO

2010/ 063634PCT/ EP2009/ 065878 - 101 -



cycl ohexyli socyanate (0.86 nL, 6.70 nmpl) was added and the reaction

m xture was heated to reflux overnight, and cooled to OC. The precipitates
were fil twoedio/osdshed with toluene and dried under hi ghPCRERMINGSSTE ve 44
ng of 1-cycl ohexyl-347-chl oro-5-(2-

trimet hyl sil anyl - et hoxynet hyl ) - 5H pyrr%é)[z 3-b] pyrazin-2-yl]-urea as a
white solid (31%5yield). Step 6: 1 -CyCT | ohexyl-3 -[7-chloro-5

- (2-tri mepurified bWISa@yﬂaSétChmnerWb’)tO EHeW}SB@ng of r?@ﬁﬁc-l [lb-](b?ﬂamﬂm@-yl] -urea

(44 ny, S d i 1 ti M 2.1

and %ﬁqﬁgﬁ’erltﬂ%\o@ eﬂly @ e f%‘nUlveér"n"’iymr?%h Bﬁﬁ PYed c?q?.%n m xt ure
was concebipyatiad j/lﬂ)-ufkra)(ﬁl%%ueld])l ssolved in 1 nL of MeOH: H20: Et 3N 8:1:1 and
et hyl enediam ne 10 (69 ul, 1.04 nmol) was added. The reaction m xture was
stirred for 5 days, concentrated and purified by 5i 02 chronmat ography (8 g
5i 02, DCM MeOH O to 10% MeOH) to give 5 of 1 -cyc |ohe xyl1-3 -(7-ch loro
- 5H pybr oRbagn{iQ]-Bl (D2 éyﬁ&mm£ﬂ1y91)31)ipezrtce1a3ggmathw\ﬂ13t[é (§6nmdth(y$6%>9ﬂ el d).

Exanpl e 2 M
Csopr opy! < B sRt AFBY Bo B b2y uns: pisks s g ran rong pipeding
-Tri net hy]s srlmeﬂh;amyﬂs-(etthmeﬁwtmlhﬂn}yle)ho&yhlpmyr)@H pyrtof3, %lb]bpmmazz -PH-Araal am n e
(1.32 ﬁ]) ol ) was dissolved in toluene (50 ).

%Qt@?ﬂ%ﬁ

Cycl ohexy % (6.4 nL, 49 9 nmmol) was added and the reaction m xture
was heated to reflux for 88 hr, cooled to RT, and concentrated, and
purified by 5i02 chromatography (150 g 5102, DCM MeOH 0 to 5% MeOH) to give

2.67 )
1-cycl ohexyé%Rgé E {%il % %T%etpﬂi}? ﬁﬂgn%/]i)lpertldhl yn*le%tﬁt/’} 3@#{%4?1@8 hgﬂsélfl%xlb] pyr azi n-
2-y1] - ur eah@snathyd)- 5 idyysolo| 13 -b3khAti- ety@n)ureamaed@ve@aaem?mmepogl 065878

- 102 - Ste The cIo 1-3 hyl s i

| anyl - et heﬁ%ﬁétﬁﬂl)eﬂe -%B%—&otrmtf]w% nyl- %1} - 425’ ptt]tg'a Ze% aélﬁ gYland
NI'S (742 i¥ga dByS@ciBBRE). in 12 nL of acetone was stirred at RT for 4 hr,
filtered, and washed with small anmount of acetone. The solid was dried
under hi gh vacuumto give 701 ng of

1-cycl ohexyl-347-i 0do-5-(2-trinethylsilanyl-ethoxynmethyl)- 5

SH pyrlSoI R{c2nide b] py2,22itrifl2erg Lihyljr@pcrakin-arylmtthyl | BHSt(@-tsSmkihgls(145% yi el d for 2
st eps) 3: . Y

1- oycl ohe%ﬁ(gfwefhwlt-%%r@ygow Py Irgr peptrd s sEph ey fiom pipeutisg 2, a-
b] pyr azi n3 2tnyckhylLy- B2 (AR tHYMkilay] 28R x 1-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urca
2-i sopropeﬁyl 4)7 ga% t et rﬁg%et hyl [ 1, gmwh%j’l)oxa or ol [ane ]%r n{] 1.75 mol),
Cs2C0B (9@9y¢rgchlqr1 1 mol ), and Pd(dppf)ClZ DCM conpl ex (47 nmg, 0.058 mmol )
were dissolved in THF (2.3 nL) and H20 (0.7 nlL). The 10 m xture was
irradiated at 100C using mcrowave for 1 hr, cooled to RT, partitioned

bet we OAc .a i ) e or ic |ayer S dr 504 ered,
concegﬁ r Efﬁ\%tﬂ’ml%tﬁ'g}mr@ &1’2' B?FOBQ%% 0@ %Wﬂ ?gﬁQ ] "MeOH 0 to
5% MeOH) &tRogegh IH g rrelo[d 508 zin-2-yl]-urea re ared the same wa froml 2-

1- cycl ohexyl- 347%&0?2 en[ W(y@atrlr}r,e]th |I;I ¥I-ethox }r,reth I)(-5H-pyrrolo

[ 2, 3- b] pyrEptidm-2yiq yt)ﬁe[é (&ﬁfllalﬁthﬁtsflawheﬂ@xg@ﬁhﬁl éﬁzto)ﬁrsqlenzé)b]pmemet%p 4:
The m xt qpexyl-3 47-is oprop enyl-5 -(2 -trinethyls

il anyl - et 1 )%féfrarggwdﬁéﬁloél-g yrrol o[ 2, 3-b] pyrazi n-2-y1] -urea (70 ng, 0.163
nmml ) and Pd/C (17 ng, 0.016 mmol) in MeOH (1.6 nL) was shaked under 50 psi
of H2 at nosphere overnight, filtered through a pad of celite, and washed
with MeOHstedhe filtrate was concentrated to give crude 1-Cyclohexyl3 - [7
-isopropyl -5 -(2 -trinethyls ilanyl-ethoxymethyl)-5Hpyrro lo [2,3

- b] pyrazi n-2-yl] -urea, 20 which was dissolved in a solution of HClL in AcCH
(1M 1.6 ExAmpleHd. reaction m xture was heated at 50C in the seal ed tube for
2 hr, concentrated to dryness, dissolved in 2 nL of MeOH H20: Et 3N 8:1: 1 and
et hyl enedvadidtioga A:0. 11 nlL, 1.63 mvol) was added. The reaction m xture was
stirred overnight, concentrated and purified by 5i 02 chromatography (8 g

51 02, DCM MeOH O to 10% MeOH) to give 9 ng of ' '

I cycl ohekyB)3-@2: E@tﬁ&ﬂdmpaaﬁlﬁy&@wlbtylpeedmﬁsvlb]‘W%ﬁimethylylimhr ea as a

pal e ygl | E b ¢ I

Subst P Puchlo R AR, o SRR S1rlee (s BORR PRl o

acyl at ed, al koxyacyl ated, or sul fonyl ated azacyclic substituent 122 =
non-azacycl ic susbtituent Step 1: Variation A (S)-3-am no-piperidine-1
-carboxylic acid tert-butyl ester (0.1 g, 0.378 muvl) was dissolved 5 in
DCM (3 mL). N, N-diisopropylethylamne (0.23 nL, 1.324 nmmol) was added and
the resulting Iight yellow solution was cooled by a NaCl/ice bath. After
about 20 m nutes phosgene 20%in toluene (0.24 nL, 0.454 mol) was added.
After about 20 m nut es (1R 25) 2 rret hyI cycl ohexyl am ne hydrochl ori de

PN NSO - I T T L Y T I T




- 104 - the mxture was allowed to warmup to RT before being evapor at ed.
The remaining oil was partitioned between DCM and H20. The aqueous | ayer
was extr awoedivossese with DCM the organic |ayers were coaibiEree9/odisied over
Na2SO4, filtered and evaporated. The residue was purified by Si02

chromat ography (24 g Si 02, DCM (DCM Me©H; NHAOH 60: 10: 1) 100 to 5 83% DCM
to give 0.1 g of 1-((IR 2S)-2-nethyl-cycl ohexyl)-3-[5-(2- trimethylsilanyl -
et hoxy et IYIHCI5ptapaticragldd 2, 8L bindystiered a6 1A fierrleaheuss thelsplybnt iasown sol i d
(65% vyi el

1-((1S, 2R3‘)a§°rﬁ}ee9r‘i‘n? they & Sk dried vpder ke yarwup pi P PARE A B EBARYT) - 5H- p
yr E ol o [Zw?}llaﬂmlyEaiFn Q&yﬁﬂq}ﬁmaﬁaeth\gﬁ%ddimm‘ ({)ob2|9lrml[tme4$)aﬁmr)wn@adde‘dr ;)m
5-(2-trinethylsilany 10 et hoxynet SH-pyrrol o] 2 razi n-2-yl am ne
and (1S, 2R ezelwsa&tloe%qr%%? ‘f?i“H%ﬁ/th %ﬁ%?éwﬂnbww%vapﬁa@gﬁ%he residuc was

1-(3, 3sDi ﬂ’éﬁ'by@(@i &ﬁ@fﬁﬂtbkraﬁh& &4 $id! rIb@M Mébﬂ 0 B9k, wmgwerm)s-gg&ﬂoyr rol

O 2 3- b g‘lram n- 2- -urea was prepare in the same manner

trimet hyI LSy 2 lmsbyhpltomne)l qu@ylr)fme@{dm 3yht3pptEpyielolya b}m&’ﬁélna}rd
3, 3-di net or| de. Racemc
1-spirof Zg;\g}’ge\ét% g#Sf}‘X%[ﬁFEB?% t r| yI si | anyl - et hoxynet hyl ) - 5H pyrrol o[ 2, 3-

b] pyrazi n-2-yl]-urea was prepared in the sane manner from
5-(2-tri ﬁR&d&Mh@lJ(ﬁm-)p oldR2, Bbiiexaried RYLI- [15Hﬁ3/%1ﬁﬂ11&cﬂgao%mliﬁ P¥ &Iy 2- Y| am ne
and racem c ficgl ro b ] oct-5-yl am ne hydrochl orid

1- ( 3- met hipe RTW yagpregared in the g ypeier S/ L- éifhawweE%b}py@wnp%rr rol o[ 2
,3- b f
5 o B R & A e ) byr azi n- 2-y1 ami ne

and racem c 3- rret hyl - cycl ohexyl am ne. Racem c cis

1- (6- met hyJt- §33Meﬁ{y2b5ﬂaﬁl§—ﬂ -sﬁ}fyﬂlylhﬁpé@lﬁg }fl] mﬁaipyﬁsno[zamnpyﬁzhoxwaﬁml) ngy

rrol o[ 2, 3-b] pyrazin-2-yl]-urea was (3 manner. fromb5

trimet hyl ¥M %fﬁmre%mmwrﬁwnfr %mnply[rlr rIBfftbylémmnﬁ;Ar%\&mylirpmeaﬁmrﬁéylalﬁd
racemc cjs b etiRVneheh) SR IR PR RAYAygail.or i de. WO

0507 08305 AR ey L CRR e Sk Afrclo 0 2Bl VT RaR

1-(2, 5, 5-trimethyl -cycl ohexyl )-3-[5-(2-trinmethyl silanyl -ethoxymet hyl ) - 5Hpyr
rol o[ 2, 3-b] pyrazin-2-yl]-urea was prepared in the same nmanner from 5-(2-

tri metiBy| s{(1-aoytyt-edcharyypt hydn)-phirblppe:3-Blpeta2in32- tal])@lydaazasrpraaayddamtmesaﬁmd
racemc cis 2, ycl ohex%/}‘I am ne %tgchl orj de,

1-[ 1- (2, 2mouney ?rfmh]oaoaféfxllwﬁ)pa&‘*pvéwdw Ipqtilyléﬂins’l O%W‘?%thWm | any! - et hox
ymnet hyl )Wé[QQLHb%ﬂﬁanﬁYﬁﬁl n-2-yl]-urea was prepared in the sane manner
from 5-(

trimet hyl sil anyl - et hoxynet hyl ) -5H-pyrrol o[ 2, 3-Db] pyrazi n-2-yl am ne and

racem c 1li{R h&t&neshﬂ)fohylra‘zhmwbylem(ﬂl)p}momz J3dj]pyr32iy42ayﬁ oeza kwed peephtediin de.

oo 1ty Sy ks b 1 RgitbfenslrarsTrun har - SRR BE abi o beney!

est er 20aSctRé SRk SHphREloSRIB Ijmmag 1[@33 5 -(2 -trinethyls i

| anyl - ethoxyrrethlf/s?i)) 5 Z—pyrro o0[2,3 b] pyraz in-2-ylamne and (3R 5R)-3 -
15 am no- 5- net hyl - pi peri di ne-1-carboxylic acid benzyl ester

di hydr och4-63- (i‘H}Pyrrolo[2 ,3-b]pyrazin-2-yl)-ureido]-azepane-1-carboxylic acid methyl ester was

1-(2,2-Dineth cl opent ( | .si| anyl.- et hox t hyl ) -5H pyrr

ol o2 3 DEBYTLIHE SR Pl B R SR P St B el o1

5- (2-tri nefbodysic haaylethyebhigxy met hyI ) -5H pyrrol o] 2, 3-b] pyrazi n-2-yl am ne and
2-di met hyl - cycl opentyl am ne 20 (prepared accor di ng to J. Med. Chem 2001,

44, 3764). In this instance, the reaction was run at -78C. Endo

1- bi cycl o}-B3- @H}’W@@b[&3 D IpyBz[i52-yR-ureidedepingriding- bugrboxtlisacidrash i ¢$ - 834 pyr r ol o

[ 2, 3- p f4rom

5o 0 RS i el RSP PR P bRl DT TRERNIIET o ) i e
and endo Ihyrﬁyqlzgflﬂpﬁaz’h}lmejdﬂ-uﬁeu}d}qﬂpe‘tﬁhﬂeyﬂba}bdwtm|adld etHyhedtéri s i nst ance, the
reaction was run at -78C. Exo

1-bicyclo[2.2.1] hept-2-y1-3-[5-(2-trinmethyl silanyl -ethoxynet hyl)-5H pyrrol o
[2,3- Db]pyrazin-2-yl]-urea was prepared in the sane manner from
5-(2-trinethylsilanyl- 30 ethoxynethyl)-5H pyrrol o[ 2, 3-b] pyrazi n-2-yl am ne
and exo bicycle[2.2.1] hept-2-ylam ne hydrochloride. In this instance, the
reaction was run at -78C.



WO 2010/ 063634PCT/ EP2009/ 065878 - 106 - 1 -(1 -Methyl-cyc |ohexyl)-3 -[5
-(2 -trinmethylsilanyl-ethoxynethyl)-5Hpyrrolo [2,3 -1) ]pyrazin2-yl]-urea
was prepawoeaoinnesdse sane manner from PCT/EP2009/065878
5-(2-trinmethylsilanyl -ethoxynmethyl)-5Hpyrrol o] 2, 3-b] pyrazi n-2-yl am ne and
1- net hyl - cycl ohexyl am ne hydrochlorlde13§n this 5 instance, the reaction
was run at -78C. (R -3- {3- [5 -(2 -Trinethyls i |anyl-ethoxynethyl)-5

H- pyrro | G)P2A3ISHEywyple2 3iipprazigiZtyl)- u@ﬂ@]@@ﬁplydln@ﬂ1Carbneyli0®aim©thyl| dsteraci d

tert-buty] &ester epared ip the nner

B B L e G T BN
(R) -3 - amth@xynikthypysH-@lyirdiofE3 bipardoyllaeaci d tert-butyl ester. In this

i nstance, the reaction was run at -78C. Racem ¢ trans

1-[3-(1, 3-di oxo-1, 3-di hydro-i soi ndol-2-y1)-cycl opentyl] - 3-[ 5- ( 2-

trimet hyl 5{(Skh y‘hﬂeé‘stlmy?’/@ﬂh”yﬁ) 34 Hpyrobi [P D IR ridliiga vay piepyed i has

pr epar ed o e

B ot 71 ey T P i P ey B e oS i e 15
and r acendid-pyrrak$2, 2-b(B+r@um-Aglleyred.opent y1) - 5, 6- di chl or o-i soi ndol e- 1, 3- di one.
In this instance, the reaction was run at -78C. Racem c 3-
{3-[5-(2-trinmethylsilanyl -ethoxynet hyl) yrrolo[2,3-b razin y1l] -urei
dol - azepHA8.SS)- éal%%xlyf/(?cmﬁ&wbp%me bﬁ@lwnygg%uéqﬂ%% YHr%L?pf{BHT(Plﬁ[zt%e sanme
manner fr 2

i et hyl Py e s pregeddn s sams mapger i LGS SSESmem 1 g
racemic %ahhvhmpwalnmﬂbn&ﬁmmylm LYHS-d- (annwmﬁsylhnﬂﬁﬂmxymbirhyt)mfb
instagﬁ [5§q§ |oqn$@%7r&p at -78C. Exanple 31. Variation B: 25 THF was
used Jent PYRESAENSn was run at - 78C.

(R -3-{3- [5 (2-Tri et hyl sil anyl - et hoxymet hy1) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-y1
]- Ur?'d0|pﬂBS%B@BQ@aﬁﬂCﬁﬁQ&&%kHCmﬁ@hﬂ)bﬁkhd@QﬁMﬂ3Q§Hﬁﬁm&@ﬂ2@ﬂﬁﬂﬁ&ﬁg21h'S
way from 5

trimethyly) Iumawas erdpaseyrietheyshine Branpsrrirosh of G SIHPpyetyl hizoydnart-ywefonyldt

A BLEEEL LDl 054012 e

(S)-3-{3-[5-(2-Tri net hyl sil anyl - et hoxynet hyl ) -5H pyrrol o[ 2, 3-b] pyrazi n-2-y1
]-ureidol - piperidine-I-carboxylic acid tert-butyl ester was prepared this
way frem phif.e- Methyl ropane 1- sulfonyg azepan-3-yl]-3- (5H olo[2,3-b]p razm -2-yl)-urea
trimethylsilanyl- oxynet yl) pyrror % pyrazin- % yl am he and
(S)-3-am W@&prqu@%@rth@swma@ar Bosayr ﬁlc(2an¢thy1tr§¢manbdtwf0@§ﬂ -azcpag3-yl]-3-

bor L7 LR Rl AR SR TR o1 PN L L2yt uRpY T a2 e 2V 2 - el
fromb5-(2-
trimethyl sil-gmy dﬂ)aneilh@%ﬁéﬁﬁi) aydp)mékﬁpww g@fr&o@z @LM% D-yB= Mk@%ﬂlﬁep&@h

|

3-am no-pi peridine- 10 1-carboxylic acid tert-butyl ester.
Vari at i onin¢he smeNganset &pmdr- [lt{ﬁg@awaé H@@H’l)afﬁép%nh%ylr]éa@t@dﬁmﬁ/ﬁlé’lsﬂﬁwlat -78C.

Racenh ctﬁ,éme 1) b \.P},a P -(2-trimethyls i lanyl-
ethoxyget y? § pyr?% PE¥?3%§E%§% ég%n 2-yl]-urea was prepared this
way from 5-(2-trinethylsilanyl-ethoxynethyl)-5Hpyrrolo [2,3

- b] pyr azi n{®yy @amieylaidpate- 1eduliphylgyorrblidie- 3N |- uF Mg yrro R, RB {B Mz -2iyH)-
1-(2-isopropyl - cyclohe<%l) 3-[5-(2- trlnethiIS|Ia%ﬁl-ethox neth¥l) S5Hpyrrol o

[ 2, 3- b] pyYaz Vs Efepfil]? oy 95%%1115?%&9%1 H(Ri-4-Quanethy prgpanc-1-sultonyl)
5- (2-tri npthyias- t? t@%ﬁﬁﬁigmaﬂy@kﬂio&yﬁq@m?glsﬁ éyrpdlemraag]pgragmyj 21@3119& and
exy ac efyl

2- |sopropyl cyclo anlne 25 Racemc Cis yl-pip
eridin-4 -yl1)-3 - -(2 -trinethyls

|Ian¥l eth@ﬁYﬂﬂPhxhh&BFDM?BQH?@?ﬁHHDJpﬂﬂaﬁmhgﬁﬂyﬂp3dﬂﬁﬁamﬁ82ﬂﬁﬁﬂﬁh@ﬂ this
way fr ri si |l anyl e

]pzraz n-B° ’7%¥HEE panney 1 QW1n@§g??W€¥ﬂGr 1&%8 PYHP&£E y]’]}é)ﬁé@hanone
WO 2010/ W@hﬁ%&&%{éﬁ%@{ -pyrrolo[2,3-b]pyrazin-2-yl]-urea.




- 108 - Racemc cis

1- (1- met hanesul f onyl- 3-net hyl - pi peridin-4-y1)-3-[5-(2-trinethylsilanyl-
et hoxymetWol2progiegyr r ol o[ 2, 3- b] pyrazi n-2-yl1] -urea was pPEpaPeeINhIsss way
from 5-(2-

trimethylsilanyl-ethoxynethyl)-5H pyrrg [2 3-b] pyrazi n- 2-yl am ne and
1- met hanesul fonyl- 3-nethyl-piperidin-4-ylamne 5 Racemc cis 3 -nethyl-

{3- [5 - (B®Al rfét:ﬂhyrlesuhﬁbrafhpyﬂoleilmé }ék)yhﬁfh*plyt)rolﬁ[-l PpPiyezin2{yd;gea wis

in2-yl box
L oo eq ke fagng S maRsPRobil 08T AR ob AR R FE e %5%3’?‘3 (2,3
-1) ]pyrml@&ylaamdnlﬁ)@nﬂth@})aﬂﬁ porrdof2@®d Ipytapinpdyi]dircee- 1 - car boxylic acid

met hyl ester. 10 Racemic cis 1 -(2-nethyl-cyc Ioheptyl) 3 -[5

-(2-tri rret:ﬁ&/l s il anyl - et hoxynet hyl ) - SHpyrrol o[ 2, 3-b] pyrazi n- 2-y1] - ur eawas
prepar ed S 1W@Methyrrapane:lrsulfeyhrpipsriflian, VdBHSL: Pp-Epmpgineally [ 2, 3

-1) ]p a&’e&‘w% é{e épeéi‘ﬁltﬂé‘g H%J%}ého (?Q?R JMe t[l}g?p;aﬁe RaGRm.cls 1 -(1

- acet y azep an-

ilanyl - ethIQmmEBFW] 3-[SprnnfﬂhyiE11%1;[131—h]lqnwmezhyh)—ﬂim&]relo{lasrb\}mazm-égﬂmeda.t hi s
way from 5-(2-trinethylsilanylethoxymet hyI) S5Hpyrrolo [2, 3 1)

] pyrazi n- Zéeélamne and 1 -(4-amno -5 -nethyl-az e anl- - et hanone. 20
Racemi ¢ clCx] Brapgne-&: sulfqnyl) I{IBefld(l123tYr1] %é‘ifhwpmolp[ ]pyra@trh )urea was

xymet hyl ) r 1R i 1

N Papane, o RaR iy i el b D e ol Dt I 5% om s2-
trimethyl fslmdﬂm@lanﬁtdﬁl@mfmﬁéwﬁ;ﬂﬂ pmlp@'} blpyez{22-31]-utda. | pyr azi n- 2- yl am ne
and 4-amno-5 -nmethylaz ep ane -1 -c arboxyllc acid tert-butyl ester.

di n- 2- t f th | th t hyl o[ 2, 3-b
ARRTETR IR G AR Y PR ek e R S A S
5-(2-tri 2&5 @ inl BRO¥mEhRgeY B (3 y- Pihddnt Qi Bh @ piperRiRY y#Zi-[5-@-y| am ne and

pyri di n- met hyl am ne.

Pyri di n- 3tynatistsilanyithayppthybi epnyolei2 mhipyragithdylimeedy| ) - SH pyrrol of 2, 3- b]
pyrazin-2-yl] - urea was prepared this way from

5-(2-trinethylsilanyl -ethoxymet hyI) 5H—pyrro| o[ 2, 3- 30 b] pyrazin-2-ylam ne

and pyridin- 3- 063634PCT/ EP2009/ 065878 - 109 -
1-(2- pyr.%rﬁffiY Wr%lp% iﬁi?gra[zgl -4l turr?l fmyffrgqﬂveahwﬁ@f SATHEPHYYYESSEVBY 1 r ol of
2, 3- bl BYr ggpdted@im thd bt BB EoRILPASS 1§12 W p §ra 2 -y1 d idi

5-(2-tri rrlzfté Iesll-nltanyai_ et hoxym%t hyIPa(r gﬂ?}pyr(ﬁo O[;z)i,/r'é_ b] }pl)g/}lgeélo] pzpe§1| g.lﬁ‘l ne and
2- pyri di nl-gan %PXBélC idangthy es®r.
1-(2-Pyridin-3-yl-ethyl)-3-[5-(2-trinethylsilanyl -ethoxynethyl)-5H pyrrol of

. (2ot 1) nbE G s R B S Bt BB 5y | ami ne and

2- pyr i di nprdpatd Ritthy b8 Mgnned BoMaCH b tade-2-sulfonyl)-piperidin-3-yl]-3-[5-(2-
{3-[5-( 2tr31|)rrethe/IS|Ian | - et hox nﬂ? -5H yr};olljo[z b}ipyrazm 2-y1] -
a

ur ei donet Hyaathylss B@rqﬂmxaﬁwrhyeaﬁr%amlp %E]Péfra?@r% é’HIPF% ester was prepared
this vvay fromb5-(2-

t t h I d
AP (A fﬂ?{%neewlﬁonx T S P G G B R B it A e
2-(2- {3- 1n[tlie saﬁr%thﬁﬂnﬁﬁfrhml 1s[(i eih&ﬁbéhl-for@ﬂﬁ@p@’rﬁtﬁﬁbﬂl}-3$5 -k2-pimhdtBylbitany R, 3
- b] pyraz | 'ﬂl/é)s ureidol -eth - pi_peridi ne-1-carboxylic acid

tert-but y"i’ 5%&”@‘6%"&3”@{]}’?%% HIrBra-5- ( 2-
tri methylsilanyl -ethoxynethyl)-5Hpyrrolo [2 ,3-b]pyrazin-2-ylam ne and

2-(2 -am nQ -ghik i slioh P plpelifS y-3: (‘Bﬁr&ﬁl@&’é[b% AfyrafAn LSRN, ester. 20

Racem c 3-
{3-[ 5- (2- prepared Mmyths sdnanyibnret ﬁomylnﬁtdpydp)anésﬂ-l-sp}fm}d)j mb&icﬁnb}yﬂ)}ﬂ;-@i—(m- 2-y1] -
L el 09et LRSS SRR B b Er S Sl ester was prepared

trimet hyl sil anyl - et hoxynet hyl ) - 5H pyrrol o] 2, 3- b] pyrazi n-2-yl am ne and

3- am nonet hyl pi peri di ne-1-carboxylic acid tert-butyl ester. 25 Racem c 3
-(2- {3- [5 -(2-trinethyls i lanyl- ethoxymethyl)-5 Hpyrro lo [2,3
-b]pyraz in-2 -yl] - ureidol -ethyl)-piperidine-I|-carboxylic acid
tert-butyl ester was prepared this way from5-(2-

trimet hyl silanyl - et hoxynet hyl )-5H pyrrolo [2 , 3-b] pyrazin-2-ylam ne and 3
-(2 -amino -ethyl)- p iperi dine -1 -carboxylic ac id tert-butyl ester. WO
2010/ 063634PCT/ EP2009/ 065878 - 110 -

trimethyl silanyl - et hoxynethyl)-5Hpyrrolo [2,3 -1) ]pyrazin-2-ylam ne and
4-am nonmethyl p iperi dine -1 -carboxylic acid tert-butyl ester.
3-(2-{3-[5-(2-Trinethyl silanyl -et hoxynet hyl )-5H pyrrol o] 2, 3- b] pyrazi n-2-y1]
-ureidol - 5 ethyl)-piperidine- 1-carboxylic acid tert-butyl ester was



Racem c 2-(2-
{3-[5-(2-trinmethylsilanyl -et hoxynet hyl)-5H pyrrol o[ 2, 3-b] pyrazi n-2-yl1]- 20
urei dol -wolrglojoepagar ol i di ne-1 -carboxylic acid tert-but PCTEPRE@/06E838
prepared this way from 5-(2-
trinmethyl sil anyl - et hoxynet hyl ) -5H pyr[%?[ 2, 3-b] pyrazi n-2-yl am ne and
2-(2-am no-ethyl)- pyrrolidine- 1-carboxylic acid tert-butyl ester.
Exanpl e Sklr[l-@FIOMﬁtQa&tulbnleBPimﬂd_inﬁ -yl -Rt(GHepyofol T bipiFazing -yl segaags sol vent
and the reacti un .
1- ((3R, 5F8r611ar9xcé1ttﬁ€5%m m%“hneffr ‘.nge[rl [Py Py eRipF 4R PRl 13641 anyi - et hox
ynet hyl ) - Wﬂﬂ]aﬁfli’et&x@]@ﬂﬂ@?ﬂI-Dp?ﬂ@llﬂnl},ilbﬁ)&ra\zm}pﬂm ed in the same manner
from5-(2-
tr| met hyl si | anyl - et hoxynet h 5H-p rrol o[ 2, 3-b] pyrazi n-2-yl am ne and

( (3R, SR BACgY!-RpPHbD 5= yﬁsgﬁgﬂ 2 &bﬂpyxazm?- Brwawyh%premd in the same

B e T

dol - pi pgyrado[@8-blpparindxyll-urcaaci d tert - butyI ester was prepared in the
same manner from 5-(2-

trimethylsilanyl -ethoxyneth 5H-p rrol o[ 2, 3-b] pyrazi n-2-yl am ne and

4- ani no- plﬂeﬁicar/h@pe@lunéaxlbg@ﬁhpdﬂa 13- 0dpraziire pi)-wed was Dirparehindhe paies
acetic ac 5 thyhs rrolo [2

, 3- b] pyrﬂgg?%rg{)élll]- puarlc&ﬁgwegg@ %ﬁ% Sr‘gtqﬁl;leﬁlgste@\%ggg é%glrﬁggyl n the same
ma_nner f rmmcﬁ@[@_z-b]pyrazm -2-yl]-urea.

trimethyl silanyl -ethoxynet hyl ) 5H pyrrol o] 2, 3-b] pyrazi n-2-yl am ne and
racem 5 trans acetic. 10 acid ' ter

cycl et h {3-

- (2- TP et RMethanesytfopyl- Rél”t’q’i@%%ﬂ%rglh’y %Hsmpla@# E]pm%lﬂg uasqapwa%enafﬁdz yI]
-ure i1 do i the Qn&%hrﬂl'ef‘ﬁoﬂn lcfltﬁ@t}iéﬂekﬁfcﬁl?l 91p%ﬁdi1¥14b§d 31[5—Q§-tt1%he gilfyepared in
t he sane manner from 5-(2 ri met hyl silanyl - et hoxynet hyl ) pyrfolo [2,3
-1) ]pyr a@h@ﬁ}@leyh}é)ﬁfrﬁ@ygﬁl@[?(@?}m’rﬂah?ﬂﬂ urgs p iperi dine -1 -carboxylic
acid tert-butyl ester. (S)-3- {3- -(2-Trimethyls i IanyI

oyt ol tai e B Ee{ﬂio%@r@%%@? UG BRI ¢ eretare

manner frQm Hrepaded ﬁlrthm&mh&inleaﬂmh 1eftt t(Q&Méfﬁ&lt]Mbl)anél‘ﬂ‘ @Yﬁﬁﬁk)@lp&ﬁdlﬁ -3-1)-3-

] pyrazin- 2 | am ne and -3 -amno- 20 pyrrolidine-I|-carboxylic acid
tert - Bat yl> -@stigethybilagyd- etl{%ym(:tbywmrm}@ J-bIpyiagin-2-giwesey net hyl ) - 5SH pyrro
lo [2,3 b]pyraz in-2 -yl] -ure ido } -azep ane - l1l-carboxylic acid

tert-buty t re

r1 et hyl SO SRRty b 3@"’%‘"@5%%0 oS PR b 7D yramihe and 3

2 gg gg) aé@ewga%T-t%e ?a%&[rg@r?febﬁesml 1i- «%&fjsﬂll-h@d’tfld—ﬁ)ﬂlﬁﬂﬂyl ﬁﬁ)&ﬁdl}lf %1)H3 [5-(2- o[ 2,3-b
rimet hyl sil any etoyrrety - pyrrol o| 2, 3-

] pyr azi n-@m ]&Piélleélﬁxyﬁ}eé“é(blﬁ Hlémlo[?a}g A2 é(éluﬂe%enzyl ester was

prepared in the sane manner from

(35 59 . FOgBIElAR AR N RCORK oI BN BELE sk alVe =

hydr ochl opnept&ed i %ﬂfﬂhﬁlﬁﬂﬁﬂéﬁ(ﬁé’ddﬁﬁ@&@&/ D@BBIE&oxyIﬁéIByPC}(CBﬁcQFR)%{BS Kbt hy1- 5-
3- trine i ho x 5H— roIo 2,3 -1
}pyram n- télme;‘;‘?ﬁ“@?ih %@Xfme%bésf‘ Oﬁmﬁ%‘%%%? sU%di d Lenzyl 2ast er was

prepared in the sane manner fromb5 (2 -trimethyls i |anyl-ethoxynmethyl)-5
H I
0. 5- {2 U Pa e g TG S el Tl o paspropprpdinthe

{3 -[5 (szlnilérmacrmtmjrd)m 1H(1 B Diy)-2- nmtﬁydrxymmdxyl))}ﬁl-{-zpylmedlyﬂwaﬁﬂ eﬁloxpl]npghybz in-2

-yl] - do 1 t d
7 U he s el IVERINEE PR 2GR AR G R Gl ARG R oy Poro
[2,3 23) dﬁwhazymszsmlp@zﬁbw %%ﬂaz@@%@é@@aﬁ&@amﬂedfﬂe%th@@ﬁe@@%ﬂ isémaci d

tert-butyl este
by preparatlve Supercritical Fluid Chromatography performed on a Berger MultiGram 11

(TharSFC) Chiralcel OD-H preparative SFC column (30 mm x 250 mm ID, 5 micron



Racem c trans-1 -(3 -nethoxynmet hyl-cyc | ohexyl)-3 -[5 -(2-trimethyls i

| anyl - et hoxynet hyl )-5 Hpyrrolo [2, 3-b] pyrazin-2-yl]-urea was prepared in

t he sane wanawvoede3em 5- (2- tri net hyl sil anyl - et hoxynet hy PCTAIHR@0658® [ 2, 3
-1) ]pyrazin-2-ylam ne and racemc trans-3 - 15

met hoxynet hyl - cycl ohexyl am ne 138 -
(1S,3S)-3-{3-[5-(2-TrinethylsiIanyl-et%oxynethyl)-SFprrrolo[2,3-b]pyrazin-
2-y1] - ur epagbing), 78YcTOpsRfo Mel2ldr 4 oxthomi reteandi7@ nabe'triy.| Thessmateriglas piseplacdn i n

t he sane

tr|nethylgﬁﬁgﬁgfﬁ{fﬁ%%ﬁée?ﬁ§F?K§?Em§?f% OP§$§Pb]pyrazin-2-y|anine and
(1S,35)-3-am no- 20 cycl opentanecarboxylic acid nmethyl ester hydrochloride.

Racem ¢ t[@1$-PJrrofo 3% yrdzén-2 51 )Lﬁgslm(ig {@whreﬁmgme@ﬁﬁehﬂﬂm%hn@yrro lo

[2,3 -1) ]pyrazin-2- - urei o exanecar boxyl i c acid di met hyl am de
was pr epamé@eif ffoﬂh]esmmﬁ%ﬂ@ﬁhﬁr&- 15 cthisilany]-prexpeshyl)-SH-pyrrolo[2.3-

| anyl - hg% HE&QY%@ F o+ pyrrolo [2,3 -b]pyraz in-2-ylam ne and racenic
trans 25 m no- ohexanecar boxyl i c acid di net hyl am de hydrochl ori de.
Step 2, Boc-deprotection:

(R) - 3-{ 3-Tfan{ 2T HyaRixpink gl ag&ydheeylblgxyﬁqiybmﬂd[z 5%]@51@12@[1)21,1@51 h’h@iﬂfe@iﬂeﬁl 2-yl
] - ureidol pi peridine-l-carboxylic acid tert-butyl ester (0.238 49

ol L) wal$ g e et fom, t@nmceye agifl IniSel- (aﬁaH@@dISéanxlﬁt@X@netA&QtSﬁ

chloride 2Ry IpPrai A ek IRV SEr 3NHingWR final step of step 4
50107 Ooseitsia? SrptafinRBl el ARRAEAARORM SR St} fnal step of sp 4, |
reacti on e xtagtien magurgWasheded © 488¢ nverpighttoRPmatetely hydrokyde thorac@ath.  The

sol vent was renoved under vacuun1and the residue was treated with tol uene

d t d t t d at
e L TS oSt I BB b3R5, 0
1- (R) - pi p@ﬁé ﬂh rgﬁ Mkh@éh%ﬁe(rgaﬂn%f wehhyl(§)-1 @Metho@y-ethanesulfonyl iperidin-3-yl]-

et hoxynet hyl’) rrol o[ 2, 3-b] pyrazi n- -é - urea hyd roc%?orlde mhlch was
used as i%[3- E?-trhi@et 3d$11a@y\]|-¢1@0)§1@§1y1)15H-@$)r0 [ %rbhqyrazm AyB-wga-3 - [5
-(2-trimethyls i lanyl- ethoxymethyl)-5Hpyrrolo [2 ,3 -b]pyrazin-2 -yl] -

urea di hydr hI ri de.was. e r in the same m from

(522" o, PEST RasmRiP SR S hb RS P aghoy -1 [ paenagy in the

] pyrazin- s’anié%adﬁéﬁfrbmqo((g) t- 9¢d@y1 qbéiiidli}% yi-3-pRpbexeiysiRayc iy hrethlH- but vl
ester. eridin-3 - ?f rimethyls 1 lanyl-etho

xymet K| )5I§1H-YH9¥0{%31bJPYFaZHBz Yll])ul’ffbyram n-2-y1]-ure a di hydrochl ori de was
prepared in the sane manner from 3- {3-[5-(2-trimethylsilanyl-

et hoxynet -5 rr.ol o in:2-yll-ure i do 1 erjdine -
- car boxyl Pi(lkécllg_ {%lrp[l?ﬁﬂcw 5: é’bt eﬂE)H kg% Qe?’ Pﬁ%y? h"%}iﬁ?rea[‘%as p(r‘i‘%f% eyl s |

| anyl - et hemeym@indy frdmIE( R} fabetlopipetidin 3:1531) 3-prBi@inietiZyl ¥ khyludtBodmethyl)-

di hydrochl ori de was prepared in the sane manner from 4-

{ 3- 5- ( 2- P PHBPIY-SOIRFA -2 MRS et hy ) - 5H—pyrro|o [2,3 -1)
]pyrazin-2-yl]-ure i do 1 -pip eridine -1 -carboxylic acid tertbutyl ester.

"ol oy ant R PEEBE bR R LIRS b P R Y bR B D

from 20 same manner from 1-(1- proplonyl-plperldln -3-y1)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-
(S)-3-{345- | si | | et hoxynet hyl) - 5H pyrrol o[ 2, 3-b] pyrazi n-2-y1] -
ur ei dol - P’HP ﬁ@/ el?&’r'gﬁiﬁr% acid tertbutyl ester.

Azepan- 3-y1l- 3-[ 5- (2 trimethylsilanyl -ethoxynethyl)-5H pyrrol o 2, 3-b] pyrazin
% :2)) 4%1]( 2“[ r??l rrglt EXt?\??—?QJﬁgP!ndggﬂ\@S(SH[ﬁgﬁaﬁ(ﬁg,3LB]p§1Qﬁn§2@yq?uf5§%@ brdphRiBthe

et hoxynet fapie)mbidepfromd@ FiRotByy oyl pariim3 24 3] 5-(B-gindohylsikngpethedynedniox yl i ¢
acid tertzbutyl o

Azepan- 4- 1p§¥f)]§’f2(s’%'%jpryfrar?§{'%9’i]élfriaaanyI - et hoxynet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazin
-2-yl]-urea di hydrochl ori de was prepared in the sanme manner from 4-

(3. [ 9262 LALIRA TR SR pipellh 20404 963GIARTS ERZA0S/ 0688 hea wdhropored

et hoxynet hyl ) - 5H—pyrroo f pyrazin-2-yl]-u pip eridine -1
- car boxy| inghagsint mmbﬁ@mll [és(ﬁenethﬂstmémld -pafregidin-3-yl]-3-[5-(2-trimethylsilanyl-

1- (4- et hé/dl%azee%?jl )ral%ﬁi§b§ﬁ2§’ﬁtzm' T %I si | anyl - et hoxynet hyl) - SHpyrrol of 2

, 3- b] pyr azi ydr oride”Was prepared in the sanme manner
froma4- 5
met hyl -5-{3-[5-(2-trimet hyl sil anyl - et hoxymet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2
-yl]-ureidol - azepane-Il-carboxylic acid tert-butyl ester. In this instance

the reaction mxture was stirred at RT for 16 hours instead of 2 hours.
Racem ¢

1-pi peridin-2-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxynethyl)-5H pyrrolof2,
3 b] pyra2| n- 2 yl] ur ea di hydrochl ori de was prepared in the same nmanner



10
(2-trimethylsilanyl-ethoxynet hyl)-5H pyrrol o[ 2, 3-b] pyrazi n-2-y1] -urei doneth
yll -pipewbdbnmmaﬁarboxylic acid tert-butyl ester. RaceRCE/EP2009/065878

1-pi peridin-3-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxynethyl)-5H pyrrolof2,
3- b] pyrazin-2-yl]-urea drhydrochlorrde yas prepared in the sane manner
from3- {3-[5-(2- trinethylsilanyl- ethoxynethyl)-SFprrroIo [2,3

- b] pyr azi h(lszqlppn@pmed@hemmmperldm i}é}r)13d(i5i[ﬂep}ﬂl’r01<llg Sellppoxipt2-v)-attadvaser t - but yl
ester. In this instance the CF{I mxture was stirred.at, R _&gr 16 hours
i nst ea d O?I’C]éarﬁolﬁlr ac C manner -Cyclopropanccarbony p1per1 y) 5

1- pi peri dmm%}ydlnﬁylkbjﬁoxMeﬁry()ZiH pieib[2yd-b]plyeaain-2-gtlhweyy met hyl ) - SH pyrrol of 2,
3- b]pyrazin-2-yl]-urea dlhydrochlorlde was prepared in the sane manner
fromracemc 2-

( I2I trimet h{d Ptlnleaﬁl;@[£ étbﬂrzyr@,zrrez AP Cskiflwgronsthanesubfopylyipeiidin3 zl)ylt.r]:a Weki donmet h
(2 bP pa TR GPLAR s 850 SO S ooy BRI E DS Gy by e o

o[ 2, 3- b]qnmedzylmtaﬁylyﬂliommyﬂri}ydymmm} b pherames2yllepar ed in the sarre manner

fromracemc 3-(2- {3 25 [5-(2-trimethylsilanyl-ethoxymethyl)-5H pyrrolo

[2,3 -b]pfra2|n 2- -ureidol -ethyl)- piperidine-I|-carboxylic acid
tert-buty (ﬁitPérrolo b1 3631 BctR: oshgresulfony]spiperidin-3-yl]-urea

Pi peri di ng 4 pﬂ%ﬁ@w{s{ﬁhfsadeﬁnax{ngr by 1”[@(?&'?nlﬂtﬁwéth%egﬁwgﬁtﬂ}yé&dlé yrro o

[2,3 -b]pyrazin-2 -yl1]- urea dihydrochliofide was prepared’in the s

manner f ri}lﬁﬁ (- tr{nﬁf—ﬂE}BSl(aZyltfrthWtrmhyé)rﬂérﬂvytreltom)%wmrdzm J-yHHrgrrro lo [2,3 -b

] pyrazin-2-yl]-ure i donethyl 1 -piperidine-I-carboxylic acid tert-butyl

ester. In this instance the reacti on m xture was stirred at RT for 4 hours

instedfl of 2 5 hours. 1 - -Pip eridin-4-yl-et 3 -[5-(2 -trimethyls

i lanyl- bl hEkGHEepoPyl @Ftyamecsldrwtﬁj %(SIbpqﬂWaBp fpy@]zmu% -gh-urea was

dlhydroc _NE qﬁgﬁ

tr| met hyl si ?Agﬁ(sm\-/vg? ag%(esrgn‘%?ﬁgﬁbﬁ ll—Pe(z 8@?%&}“?5&@2& ?nﬁlgﬂ@}i -ure i do
- et hyl )trlrtilqﬂpéﬁﬁanﬂrqﬂwxymeml) ﬁ&pm}@dy[z Tbhpotadin-2yil-uses yl ester. Racem c

1-pyrro|id|n -yl methyl1-3-[5-(2-trimethyl silanyl -ethoxymethyl)-5H pyrrolof 2

,3- b r urea di rochl ori de was pr red i e sane nmanner
from 1 g%;/ e )31-M%%1&gesulfony pliq e%dm- -y8 (%H pyrrol(?[2% bpyrazin- -ylg] -urea was

(2- trusetlmébaed ANK s@tdAXHEE EBW! ﬂ((ﬁﬂi@ﬂétﬁé?ﬂeﬁh%n?l’ﬂb&yd@%l -2q¥.4-- ur ei domret h
yII - 15 pyrrolidine-|-carboxylic acid tert-but ester. 'Racem c

1- pyr r ol i @inetipylsplapetdiyorymefhyl)¢H-pyirete2m3,b Bivraay yﬂﬂﬁ@uynethyl) 5H pyrrol of 2
, 3- b] pyrazin-2-yl]-urea di hydrochl oride was prepared in the same nmanner
frontrace i - {345- D .
(50T ot R bRt e ok PP Ry gy o Lhd BT 2 3 DT WS domet h
yll - 20 pypdred intth® @mhe B aRORYMI 1C[(Rr.tttprogaﬂe~ bytlvdnygsiﬁ@erndld Byll8-p-f2nst ance

the reaction mxture was stirred at RI f 6 hours instead of 2 hours.
Raceni c tnmethylsﬂanyl ethoxymethyl)-5H-pyrrolo[2 3-b]pyrazm -2-yl]-urea.

1-(2-pyrrolidin-2-yl-ethyl)-3-[5-(2- trrnethylsrlanyl et hoxynet hyl ) - 5H pyrro
lm(;[nﬁ’e?f) b%—ﬁliy %‘%/fee %)p%%eu {%glfonél pdqr)eorf: h-3 Il](-j?-(élﬁ yteolo&a’jr gﬂ)yrazm-?-yl)-urea

[ g] (2-tri W’ﬁ]b’l'ylie]&d:d anyd saﬁidlﬁaﬁm@ﬁfrhrw 1)[15(E||=Iﬁt}tht]1qir@%e{n21 13sut1)fonyll)-p1per1d1nd3 -yl]-3-

- pyrazrn- -y ro ne- -carboxyl i c aci

tert-butyl éstrlgtethytsrtatﬁ e&quweeérr@ ée{%@%@& PR eHas stirred at RT

for 6 hours instead of 2 hours.

1-(R) - 3 3 t - I | o[ 2, 3
bl pyr et R CAY R £ BEHIR ) S AN R 2 SR b PR L 2 1
manner froep4r&) m&hé Smpbmrzher D 12@1@/5&63 63 4HET MiAR0-PI DI 8F-31)-3-[F1B- -

e R R B g s 01 e

1- azepan- 3-yl- 3- [5 (2 trrnethylsrlanyl et hoxynet hyl ) - 5H pyrrol o[ 2, 3-b] pyraz

in-2- 5y Sal r 3-
(5[5 (2 T HeRats Wr&%t A (- RPER A P BB i
ol -azepamehdymanhmxwtﬁcmacﬂdnmhmwmdﬁmybpesn@mﬁsfﬂéﬂszznﬁbmhgbbmqtection
10 A m xture of

(3R, 5R)-3-nmet hy1l-5-{3-[5-(2-trinet hyl sil anyl - et hoxynet hyl ) - 5H pyrrol o[ 2, 3-
b] pyr azi n-2-y1] - urei dol - pi peri di ne-1-carboxylic acid benzyl ester (1.04 g,
1.93 nmol ) and pal | adi um hydroxi de 20% on carbon (0.15 g) in 20 nL of EtOH
was stirred at RT under hydrogen (1 atm for 2 hours before being filtered.
The dark brown filtrate was evaporated to give 0.76 g of

1- ((3R 5R)-5-net hyl - pi peridin-3-y1)-3-[5-(2-trinmethylsilanyl -ethoxynethyl) -
15 5H pyrrol of 2, 3-b] pyrazin-2-yl]-urea (>95% .



1-((3S,59)-5-Mthyl-piperidin-3 -y1)-3 -[5 - (2 -trinmethyls

il anyl - et hoxynethyl)-5 Hpyrro lo [2,3 - b]lpyrazin-2 -yl] -ure a was

prepar ed Wo 20to63@ae manner from (3 S, 5S)-3-net hyl-5- {BCT[EF2¢02/63878 net hyl s
ilanyl -etho xynmethyl)-5 Hpyrro lo [2,3 -1) ]pyrazin-2 -yl]-ure i do} -p
ip eridine -1- 20 carboxylic acid ben %d ester. Step 3, acylation: Exanple
35. Variation A: 25 Piperidin-4-yl-3- -(2 -trinmethyls i lanyl- etho
xymet hyl ) etBexypyatird)-$i&-pyro®[2,3-p Iypapira 2 ivhl-wrea. il encdiaminti Wasdmoitthd grthele (0. 073
g, 0.158 i Ld)sgvas suspended in DCM (1 nL) and pyridine (0.045 nL, 0.55
mol ) was o ecti.p'Aceti c anhydride (0.018 ni, 0.19 mml) was added and the
resulting solution stirred at RT overnight. The sol vent was evaporated. The
remai ni Ng3.p3{SH@$rrolo 2%313]pyraQHf-Q-gl)Qﬁ‘ein!]-&P&?diﬁ?é?[-@%E)@}gfcaa@m’métﬁ?l GteBWEL,

DCM MeOH 0 to 5% MeOH) to give 0.053 g o ,

1- ( 1- acet piePgEp@rtheipamemger 3019151-(%L%&-mqml%ianﬁrwmwmﬁwyrﬁé{-hyl )-5H pyrro

lo[2,3z b iaN=122 Y L] -AUr @, of-f-white (. 78% yi 5

1-(1- A?:et -Ogl égﬁ]éwﬁ%bzﬁf%%q{@ermengf %g?’&ll{ségﬁgée@hg%%et hyl ) -5H pyrro
| o[ 2, 3- DbEthylcazdimmide ywh} omnited imds speedatepd i n t he sane manner from

1- pi peridin-3-yl1-345-(2-

trimethyl sil anyl - et hoxynet hyl ) -5H- pyrrol o] 2, 3-b] pyrazi n-2-yl] -urea

di hydr ochl-6Hi-&arrolo[2,3-b aZAb2é4)y%-L1aée?p3- upro-propignyl)ppperidin-3yHr et Wil s

il anyl - t = 3 / [

pr epar edel?lﬁﬂ%%(gﬁs} gér/rgéa)mrfcgdr_}%rg%éf ??%% 112(3?5’3 Hﬂdo?é’fn%idﬁ}ﬁ p%pe)ﬁ%ﬂn SHHS-PRe

1- ( azepantridcjitylsiBaB-atizoxymethat FH-piiralnf2, b pyrazimel-iljiress Bthylane dibmife2y3 - 1)
]pyra%n- 2-%{111-.utrhe a di h%droch | ori de .
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-trimethyls i |anyl - o xymet b ]pyrazin-2 -yl]-ure
a di hydroch lori de and et hanesul fonyl chl ori de.

2010/ 063634PCT/ EP2009/ 065878 - 125 - 3- [5 -(2 -tr|nethyls i lanyl- etho
xymet hyl )-5Hpyrro lo [2,3 -1Apyrazin-2 -yl] -urea di hydro chloride and
cycl opropyl - net hanesul fonyl chl ori de.

1- (1- Cycl opropyl sul fonyl - pi peridin-3-y1)-3-[5-(2-trimethylsilanyl-ethoxynet
hyl )-5H 5 pyrrol o[ 2, 3-b] pyrazi n-2-yl]-urea was prepared in the sane manner
from 1-piperidin-3-yl-3-

[ 5-(2-trinethylsilanyl-ethoxymet hyl)-5H pyrrol o[ 2, 3- 1Apyrazi n-2-yl] -urea

di hydrochl ori de and cycl opropyl sul fonyl chl oride.



1- ((R) - 1- Met hanesul f onyl - pi peridin-3-y1)-3-[5-(2-trimethylsilanyl -ethoxynet
hyl )-5H 10 pyrrol o[ 2, 3-b] pyrazi n-2-yl]-urea was prepared in the sane
manner f rwo2atopicp@ni di n- 3-y1- 3- PCT/EP2009/065878
[5-(2-trinethylsilanyl-ethoxymet hyl)-5H pyrrol o[ 2, 3- 1Apyrazi n-2-yl]-urea
di hydrochl ori de and nethanesulfonyl chigride. 1- [(R)-1 -(Propane-1
-sulfonyl)-pip eridin-3 -yl] -3 -[5 -b -trinethyls ilanyl-etho

xymet hyl ) etBamids. byhhémm@&eshﬁﬁ@yﬁaQOﬁhQd%&?w@hEGWMHBnﬁnéﬂ@m&dnﬂﬁmﬁﬁé same
manner frp 1- @lperldln 3-yl-3-

[5-(2-trine RyIS|IanyI et hoxynet hyl ) - 5H pyrrol o[ 2, 3- 1Apyr azi n-2-y1] -urea
di hydrochl ori de and n-propyl sul fonyl chloride. 1- [1 -(2-Methyl-propane-1
- sul fony 1Rad%ﬂ1@trﬁ{s|3dﬂ3f(5ﬁ pytidlo[3,3:U]pyrakid 2L 1h-IREdOYlc§clbhaydcaoRplicasiet hyl ) -

20 5H-pyrrol of 2, 3-b] pyrazi'n-2-yl]-urea was prepared in the sanme manner from
1- pi peri dqhmegl.ymlde was prepared in the same manner from racemic trans 3-{3-[5-(2-

3-[5-( t | X [0 yrazin-2-yl]-urea
dlhydrgch orlanxbﬁgfggﬁéyﬁgﬁﬁprog négngﬁpgﬁny i%hﬁ%%? 1- [(R-1

-(2- Met hy¢ycp1hemnamr‘eex]yhe scill fdongthylagidepharthis diastan8e -tlyelﬂiPsﬁsteﬂ &f th¢ Qeftrotecminhyl s i
| anyl - 25 et ho | o[ 2, 3- 1Apyrazin-2-yl]-urea was prepared in
t he sare ?g%(?#s Pnsteal_&gylgﬁo rg

1- piperldln 3-y1-3-[5-(2-trinethylsilanyl-ethoxynethyl)-5H pyrrol o[ 2, 3- 1Apy
razin-2-y f [ l ori de.
VO 2010/ 0%%%%%%#@%@%@ gm %&gQ%WMB T e Wa%?‘ élﬁl arﬁ}lﬁ{y et ho
xynethyl)%@HJpganﬁMmrﬁznﬁz1132ﬁpyﬁhzhmmzmmyy@édﬁd2anmmﬁwbﬂmoh lori de and

triflypo hane .s n

11 B R PR RSB YW B8 di -3y 1) - 3- [5- (2- tri methyl si f
nyl - et hoxynmet hyl )- 5 5H pyrrol o] 2, 3-b] pyrazi n-2-yl]-urea was prepared in
the sane AL (phdpRMR-2=sRIFRRNY-SYr51d i d-y11-3-(SH-pyrrolo[2,3-b -2-yl)-

3-[5-(2- tgﬁﬁgtﬁylIﬁ]anil-@f“%@&net% y]S (p ?¥%?2& émﬁfzmraggﬁﬁng?]-urea
di hydr ochirepargkinghelsgnemanner fromuol(B ét(h@n@mﬂ-ﬁldﬁyllyl)myrro ldmé -yl]-3-[5-(2-

1-[1- (But 0 r 1 r t hyl si | anyl - et hoxynet
hyl ) - 5SH %%%p@rroi]{')l @%&ﬁtﬁﬁgﬁh%&o ’jQB 3%‘%%5@ dr ‘"the sane way from

1- pi peridin-3-yl-3-[5-(2-

trimet hyl sil anyl - et hoxynet hyl ) - 5FprrroIo[2 3-b] pyrazi n-2-yl]-urea

di hydrech . -

(191 A S D A R I 2 AN M hoymet h
yl)-5H 13cpared ol th¢ sanm Wep fioar} E(Rz-lyrmyﬂlmeédquépm@uim Relkube(Grvay from

(S)-1-pi ;
trimet hyl %eﬁﬁlén 033?4[@1[%%%)5%?!“010 Cﬁ b][pé/raémb% wruéezal n-2-yl]-urea
dlhydrochlorlde and nethane sul fonyl chloride. 1- [(S)-1 -(Propane-1
-sul fony1)- (ﬂ{JPprrslroFZjBJBjﬁ%/raZYd 2-yhB-(RP1 ‘tﬁﬁuo&fﬂeﬂﬁﬁ&&ﬂ@nyl- yrrolidin-3-yl)-urea
il anyl - et hoxynet h -5H 20 rrol o 2 yrazin- 2fy -urea prepared the
sane way YAOPFERasy 1n ﬁlierg@tpi: Wﬁﬁ%‘gnl),lr(( -[lgrltlgoromethanesul onyl- pyrrohdln -3-y)-3-[5-
tri mebhyl si 2- yl] urea
di hydtrzgch R ‘e’ﬂ%nhf?%?%ﬁ? ?%Iﬁsﬁﬁ‘gﬁz el 9&%&&[ (S)-

-(2- Met hyl - propane-1 -sulfonyl) pip erldln 3 -yl]-3 -[5 -(2- trinethyls

| anyl - 25}(-@(RbQXEﬂHaidQMEdtryﬁbk’r@M[d’l@BQ{lﬁ}%fbbpﬂbl@p Sbhyyakjr-Hybaurgy e@par ed t he
same way from(S)-1-
pi peri di nprspa;rié m thesame vy Fndyi(R)-1 sipnesstfapdypraridinP-gi3d913ol of 2, 3-b] pyra
zi n- 2- y1] pigr@d1diahyicdisdhe esm So[P3-DipyrR RN &nda; SUl fonyl chl ori de.
1-[(S)-1- ?%fﬁgi ; -oietan 3yglne anggﬁ%fonyl) p?gegfhln 3-y1]-345-(2-trime
t hyl si | anyl 30 et hoxynet hyl ) -5H pyrrol o] 2, 3- b] pyrazi n-2-yl] -urea prepared

t he sane W)ﬂr(@mﬁaﬁé-&%ulﬁ@lﬂ@;ﬂrﬁflﬂﬁﬁﬁ&mmﬁﬁﬁﬂ@yz%sﬁﬁ&zm 2]:23 ureapvdsper i
din-3 1- t I | -eth t hyl 2,3 -1
RPREE A T Ty K S AR AR e AR A A R

- y1) - met hginetisuifagydth &hRtyBESH-pyrrolo[2,3-b]pyrazin-2-yl]-urea
1-[(S)-1-(2- dgg%oggyethanesgpfong%) pEperFﬁTn 3- y£ -3-[5-(2-trinethylsilany
| - et hoxymet hyl)- 5 5H pyrrol o 2, 3-b] pyrazi n- 2- yl] urea prepared the sane
way from (S)-1-piperidin-3-yl-3-[5-
(2-trimethylsilanyl-ethoxynet hyl)-5H pyrrol o[ 2, 3- 1Apyrazi n-2-yl]-urea

di hydrochl ori de and 2- et hoxy- et hanesul fonyl chloride.
1-[(S)-1-(1-Trifluoronethyl -cycl opropyl net hanesul f onyl) - pi peri di n-3-y1]-3-]
5-(2- 10 trinethylsilanyl-ethoxynethyl)-5H pyrrol o[ 2, 3-1Apyrazi n-2-yl]-urea
prepared the sanme way from (S)-1-piperidin-3-yl-3-
[5-(2-trinethylsilanyl-ethoxynethyl)-5Hpyrrolo [2,3 -1Apyrazi n2-yl]-urea
di hydrochl oride and (1-trifluoronethyl-cycl opropyl)-nethanesul f onyl

chl ori de.




1- ((S)-1- Met hanesul fonyl -pyrrolidin-3-y1)-3-[5-(2-trinethylsilanyl -ethoxyne
thyl)-5H 15 pyrrol o[ 2, 3-b] pyrazi n-2-yl]-urea prepared the sane way from
1-(S) - pyrwol2otvm3a4y1- 3- [ 5- ( 2- PCT/EP2009/065878
trinmet hyl sil anyl - et hoxymet hyl )-5H- pyrrol o[ 2, 3- 1Apyrazi n-2-yl] -urea
di hydrochl ori de and nmethane sul fonyl c ride. 1- [(S)-1 -(Propane-1
-sul fonyl)-pyrro li din-3 -yl1l]-3 -[5 -(2Z-trinethyls

| anyl - et hb}k@ﬂﬁt (ﬁyM)fﬂlsl-prOQ@eplywlmw Z)ymbc}ipyiﬂdkﬁf(ﬁz -pytrplai .éd Iprepaed)-t he
sanme way f S .
e et ny1 $EF Sy PeBtRER LS T Lhbby tst-oiS et ayenans-d o - pyrfiin-
di hydr och3-gtide- (andmrmllaamﬂ ethbxysaihfy D -patdlof2ide]lpythzinfA-H) -uiea.

-(2-Met hyl - propane-1 -sul fonyl)-pyrro I| din-3 -y1]-3 -[5 -(2 -trinethyls
ilanyl - 25 ethoxyneth% )-5H rrolog - 1Apyr azi n- 2- ylﬂ urea prepared the
sane way HYMPysplof2,3-b]pyrazin- -yl) 3-[(R)-1-(3.,3 3-tr1ﬂuoro-propane- -sulfonyl)-pyrrolidin-3-

pyrrol kdi t , 3- LApyr
azi n- 25y ]§¥%§”§Ph§ﬁ%§c I%%F 231%pﬁgﬁﬁlngéggggﬂ%%%-éﬁ%ﬁ% ‘ﬁh%h oride.
1- [1 - (Propldme3-yi- 3—ﬁu@ftunyeﬂh)ylsa]znydf@tlwxyﬁleﬂlyl)]SH—ﬁyrtkﬂoE2(32b]p§/1rammel-m-luseai

| anyl - et hoxynet hyl )-5 H30 pyrrolo[2 3-b] pyrazi n-2-yl]-urea prepared the
sane way from 1-azepan- 3- 3-[5-(2- WD 2010/ 063634PCT/ EP2009/ 065878 - 128
- tri met RS Bl Paé’fq%@&%@pwm}l =S¥ pigiddtyrphdige-1 sprbogyligacidmgthylesteryr e a
di hydro f }
2 Vet ny AL ATA SERR R Ron IR ESHD PR A EF eogmeSH |
ilanyl - etMﬁHﬁMﬁéﬂﬁyW?EHSZﬁ}mﬁykﬁdb@@kd®£ﬂhwvwawhﬂa@dyEﬂBdmﬁ@a prepared the
same way from 1l-azepan- 3- y1 345-( 2-

trimethyl nyl - et hox th 3- b] |n 2-yl]- urea

di hydﬂechf&d&?c}eA%ﬁﬂ "PAITo r%v%é g}s‘%@@%@&z‘ﬂaﬂw Shilbhrcaaial flepwégl Bieg) -5

- Met hyl - %an(e%@pfr&}ﬁ@ ((1%) t ﬁé@t;tl%yr%)ldﬁ 3- ﬁzfst[@!l(Q-témeﬁh%isﬂélyﬂeﬁloxﬁr%eth yhBeLhyl s i
l'anyl - 10 et hoxynet hyl )-5H pyrrol o[ 2, 3-b] pyrazi n-2-yl] -urea prepared the
same way Pyreie[23¢@syBg)-2- ﬂ]-llfﬁét hyl-p iperi din-3 -y1-3 -[5 -(2-trimethyls i
| anyl - et hoxynet hyl )-5Hpyrro o [2,3 -b]pyrazin-2 - yl]-urea

di hydrochl ori de and propane-| - sulfonyl chloride. 1- [(3S,5 S)-5 -Mthyl -

-(2-met hyl-pro 1 -sul fonyl)-p iperi n- -yLb -3 - 5 - %2 - 15
trimethyl 8#4 @f-?le-ﬁ yﬁy F(éb‘yrrmlﬁ -@DH}% .2a>§ [ W3g faped hr epar ed
the sage %Xatﬁé ® from racemic 1-(1-acetyl-azepan-3-y1)-3-[5-(2-trimethylsilanyl-ethoxymeth
1- (35,595 -5-neth % peridin-3-y1-3-[5-(2-trimethyl silanyl™- ethoxyneghyl) 5H
pyrrolo[25@{W?p¥f%%1hn@ﬁyk?yﬂﬂéﬁldlhydrochlorlde and
2- met hyl - propane-1-sul fonyl chlori de.

1- (1- Met hanesul aze -4-y1 2- t hyl si | anyl.- et.hox t hyl)-5H
Loyt ol of Bt T PESTALL S e T b Se Ry S gt
1- azepan- &tdt vad pkdpaked it e RBHO WS Iﬁloﬁﬂ&ib@ﬁlbQX?@?’BT—?Mhﬂreﬁﬂyﬁsﬂyﬁﬂ@ﬂ@&?m&h?ﬂ)pyr azi
n-2-yl]-urea dlﬁ drochl ori de_and net hanesul chloride. 1- [1
- ( 3- Met hy?PHtrale 31bllgfme%%vﬂ)M@dpbé%qpa%l@arm}yl@-aqdenethyl ester.
-(2-trimethylsilanyl- ethoxynethyl)- 25 5FprrroIo[2 3-b] pyrazin-2-yl]- urea

d h .
T PR R P LR bR g RO T3 S M3 Brolla S Blovrpzin 2 -ureg sy
SOy ggggﬁgﬁ?gagggﬁneom@gﬂ@fgg@ P"“‘eﬂ“hm‘f“yl@?éz@f AT
il anyl - Y)eé¥WB§ﬁW9ﬁ81P@“@°pﬁs%b??%gi%ygln?i] -ure é

dihydrochlorlde and 3 ,3 ,3 -tri fluor -prop ane -1 - sulfonyl

1-[(9)-1- -

[5-(2-trine él?qohrfﬂ P?B[Ir%q “Hémaﬂ%@ﬁ&?q?&éﬁ%‘g% o%"g ug %%Jp za’irer%11 yel] -urea
prepared tane \sagmaomaydo‘ r-bivy¢l8)2-2L1 Jhept-2-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pi peridin- 3- 2-trimet hyl sil anyl - et hoxynet hyl ) - 5H pyrrol o[ 2, 3-b] pyra
zi n- 22 g ]Pﬂﬁi 2§‘h98§6€ﬁﬁ8?§ﬁ@ and 2, 2-di net hyl - pr opane- 1- sul fonyl . Racenic
cis 1-(1-nethanesul fonyl-5-nethyl-azepan-4-yl)-3- [5-(2-trinethylsilanyl-
10 et hoxynet hyl)-5H pyrrol o[ 2, 3-b] pyrazi n-2-yl]-urea prepared the sane way
fromracemc cis 1 -(5 -nethyl-azep an-4-y1)-3 -[5 -(2 -trinmethyls i lanyl-
etho xymethyl)-5Hpyrro lo [2,3 -Npyrazin- 2 -yl]-ure a di hydrochl ori de and
nmet hanesul fonyl chloride. Racem c

1- (1- et hanesul f onyl - pi peridi n-2-yl nethyl)-3-[5-(2-trimethylsilanyl- 15

et hoxymet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-yl]-urea prepared the sane way
fromracemc 1-

pi peridin-2-yl methyl-3-[5-(2-trinmethyl sil anyl - et hoxynet hyl)-5H pyrrol o

[ 2, 3-b] pyrazi n-2-yl1] - urea di hydrochl ori de and net hanesul f onyl chl ori de.



Racem ¢ 1-[2-(1-nethanesul fonyl -piperidin-2-yl)-ethyl]-3-
[5-(2-trinmethylsilanyl- 20

et hoxymetWol2progiegyr r ol o[ 2, 3- b] pyrazi n-2-y1] - urea prepalP€l/FPR@IHETSES way
fromracemc 1- (2 -pip eridin-2 -yl- ethyl)-3 -[5 -(2 -trimethyls

| anyl - etho xynethyl)-5Hpyrro lo [2,3,;Npyrazin-2 - yl]-ure a

di hydrochl ori de and net hanesul f onyl chﬂoride. Racem ¢

1- (1- et hlémlsbi%'dnm 2.pihpetrd-gi réBi-pymelo A3 -pp3rqzii-7-gh tur¢areashybparddainghe 25
feJ; g(r)nx?'/gg:r:] VAN V_VLay|_ﬁ‘(PrX L9 [cybl%[? 13 'i’}ffe&zi-yf-? -_[él-a-tnmeetlﬁylg) [angj)laetﬁgx;n?e y%)agﬁ way
pi peri di npy@ropd[aBtiyiradin{25yl(-drcar i met hyl si | anyl - et hoxynet hyl ) - 5H-pyrrol o

[ 2, 3-b] pyrazi n-2-yl] - urea di hydrochl ori de and net hanesul fonyl chloride. WO
2010/ 063634PCT/ EP2009/ 065878 - 130 - ' '

tri met hyl 5i(1-AehylsydebarirBtihtr parelply Srialpprapin-23yl)-pyea)wig pacharedan thespmgr e

di hydrg c e fronyl . 4.de;

T L3 MR A TR R A s T A A S et RS 1 - et
oxynet hyl Dlpplzin®-ply+uraal o[ 2, 3- b] pyrazi n-2-yl]-urea prepared the sane way
from 1-(2-piperidin-4-yl-ethyl)-3-[5-

(2-trimethylsilanyl-ethoxynethyl)-5H pyrrol o[ 2, 3- 1Apyrazi n-2-yl]-urea

di hydr ochE¥mple 42nd net hane sul fonyl chloride. Racenic

1- (1- met hanesul f onyl - pyrrolidin-3-yl met hyl)-345-(2-trinmethylsilanyl- 10

et hoxymet MgiiatioBB:pyr r ol o[ 2, 3- 1Apyra2|n 2-y1]-urea prepared the same way
from1l- pyrro lidin-3 -ylnmethyl-3 -[5 -(2-trinmethyls i lanyl- etho

)r(%,[nﬁ; Why&-ltﬁt@gy 8-pypgélcéé% é?[%l- -trlmeﬁly]sﬂany aethc(l)lxh dlilyﬁ @lHolg}llngo 0 ong
1-(1- rret ?s)mzhhfzowiur Y0085 gcb 6 Rnwlmésmmhﬁena&ﬁm(ﬁemIaﬁ@bm&cﬁadml09c 15

et hoxynet hy 5H pyrrol of 2, yrazin-2-yl]-urea prepared the sane way

from 1- péfthat temgergtupe thy P%YIWMe (9.4 mIyovas aildask Hftesthp afddifgn wapegyaplete

xymet hyl ) g, ?Hfalﬂ)éé 1.116?1 \L% ﬁ&a @R&’&% £ #d ikka 4 ARCUVEXHH? S Qb IVES AR
thanesu ony forid cemc

1-(1-et hampoﬂafedraydi tlmyem@lhu@ snk@wyd detdyidpr 1845 v{@utr Theotypsiolidwas chektehoxyme

AN 1 e RS R T s R R T R A

[ 2, 3 - D] piehzing Sfyhite 461QBwEH dhyhibed bht Sideandnshrigit b sl chediydto ghprgr(ide.

Racenlc

1- [ 1- ( pr opaitd PCMIMpesyREMyY QO Nt @H0 47} Gk Gy A ﬁ%@(@bt@mp‘%%%@f Figny| -

25 et hoxy KYy: me way
e i e R R G e R

xynet hyl ) sobidk ygldr 2% 0 [2 3 1Apyra2|n 2- yl]-urea dlhydrochlorlde and
propane- 2-sul fonyl chlori de. Racemc 1- [1 -(prop ane -1

-sul fonyl)-pyrro lidin-2-ylnethyl]-3 45 - (2-trinethyls il anyl 30

ethox§ t hyl )-5H pyrrol o[ 2, 3- 1Apyr azi n-2 ¥@] urea repared t he sane may
from 1- v@@m‘ow@gé@&ﬁﬁ/ -ERHyH Oy DYBEVIE3=( lod% rigpyresip2 2y gty 1- 3- [ 5

-(2 -tr| rd
VLT~ ur e Rl Y e ok B KRR |
- (2- et hy¢th@iympﬁr}é)-ﬂ_H~ps'ublf0&1§/ D)pypazin-g-yl raesn- @pydpmtihg'&]lpe@cm{cal Fluid

B R e R

1-pyrpeeli ﬁmqm e iny2S)3- {néﬂl&Qc;tcnomymyl(SHLp@nyslo{EBhi}lx}ymny;ll))m‘éw[ayr rol o[ 2
Cﬁl gf\lpéreae% Iﬁggléglﬁ{ey 1']‘heupruef‘1%cgtllorrllyvge{s%cePflolQngeldd(gl e? g(ejrggr_ Multh?/ram I (T%%PS%(J) Cshlflrlalcel y!

1-[2-(1- ”@bb{%?e%ld atl%lgtcemﬁlml (lehﬂn ,%zxé)nn@myslﬂnc%m{&ach% J, Wb%‘%@%ﬁ@%' anyl -
10 et hoxynet hyl yrrol o[ 2, 3-1Apyrazi n-2-y1 ]-urea p re ared the same way
from 1- (2MeOH ata ﬂow rate of 70 mL/min. The material was dissolved in 1000 methanol to an

pyrrolidi I i met hyl si | anyl - et hoxynet hyl ) - 5H pyrrol of 2,
3- 1Apyra£%ﬁ- ¥dc %a%h%M§Hh%€5%% "oride and met hanesul fonyl chl ori de.

1-[ (R - 1- (Propane 2-sul fonyl)-pyrrolidin-3-y1]-3-[5-(2-trinmethylsilanyl-eth
oxymeghyl ) -5H 15 pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea was prepared in the sane
manner from 1-(R)-pyrrolidin-3-
y1l-345-(2-trinmethylsilanyl-ethoxymethyl)-5H pyrrol o[ 2, 3- 1Apyrazi n-2-yl]-ure
a di hydrochl oride salt and propane-2-sul fonyl chloride.

1-[ (R - 1- (Met hanesul fonyl)-pyrrolidin-3-y1]-3-[5-(2-trinethylsilanyl -ethoxy
met hyl ) -5H 20 pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea was prepared in the sane
manner from 1-(R)-pyrrolidin-3-

y1-345-(2-trimethyl silanyl -et hoxynet hyl)-5H pyrrol o[ 2, 3- 1Apyrazi n-2-yl]-ure
a di hydrochl oride salt and net hanesul fonyl chloride.



1-[(R) -1-(Trifluoronethanesul fonyl)-pyrrolidin-3-yl]-345-(2-trinethylsilany
| - 25 et hoxynet hyl)-5H pyrrol o] 2, 3- 1Apyrazi n-2-yl]-urea was prepared in the
sanme nmango 2DT0dIsB634 PCT/EP2009/065878

1-(R) -pyrrolidin-3-y1-3-[5-(2-trinethylsilanyl -ethoxynethyl)-5H pyrrol o[ 2,3
- 1Apyrazin-2- yl]-urea d|hydrochlor|de1$§It and trifluoromethanesul f onyl

chl ori de.

1-[(R) - 1- K@eml@cw 1 #(fHuoriolgh? étbéméaZlnéml)f 1 p-tpynethyl-Exdilohe8yly-ujcadvegss- (2-tri m

et hyl sil an etho y rrol 27 urea was

pr epar ed ?%p?% lgﬁ%mnangér(#é @%f%ﬁ%@%@gié@¥?éﬁ 8§¢%%%%78 - 132 - 1
- (R) - pyr r @hdstyneittnd B5SHp¥rer8lofd,5-blyZazin-2-yl]-urea.
-trinmethylsilanyl -et hoxynethyl)-5Hpyrrolo [2,3 -1) ]pyrazin-2 - yl]-ure a
di hydrochl oride salt and 3,3,3 -tri fluor -prop ane -1 -sul fonyl chloride.
1-[ (R -1- (Et hanesul fonyl) -pyrrolidin-3-y1]-3-[5-(2-trimethylsilanyl -ethoxym
ethyl)s 5|—Ra®1rp®/h(ﬁﬂm[mol@{23}~bimamm2 2)y3t}2-Uh- é?a2 Wdisflynregtybepiparidithd-ytlame

i 3a5. (N AR b o g oy 3 0P SOy RADITGTS 1) e

a di hydr o&lyl]wth}d}evsé[ai(l tlandhﬁsﬂml@esuhbiﬁnmhylpm@yndﬁ)[z A-bhrkdin-2- -iReadane- 1

1 10 pyr Pl .ty By s Al Bt o bRier e TSpu rrefh SEheanner 11 om

1- (R) - pyrrolidin-3-
y1- 345-( 2- trlnethyIS|IanyI et hoxynet hyl ) - 5H pyrrol o[ 2, 3-b] pyrazi n-2-yl]-ure

a d|h o] n r

ey TRk i ARG e D RSB A Pt S i oy
|Ianyl- lﬁeemhoxymmimphj}SWh@wﬂqm&m@ﬂLthﬁmyﬂazqﬁ{zﬂyﬂﬁhﬂmamyMas pr epar ed
in the sa rom . .
1- (R) - pyr ¢t W&?@ﬂi@ -3HPETPBIR-SDinyrariR-hyllsirra Ay thisinpaasenite i S8l Bigr r ol of 2, 3
- b] pyr azi tedtibh vidk @dh ik BE RGNk IoHe s3RdlEs. and 2- met hyl - propane- | - sul f onyl
chl ori de. cemc
1- (1- et hanesul fonyl - azepan-3-y1)-3-[5-(2-trinethyl sil anyl - et hoxynet hyl ) - 5H
- 20 pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea was prepared in the sane manner from
racemls 1i-az Mm{&nasulfonyl p1per1d1n 4 -ylmethyl)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urca was

1-345-(2-tr I | an th rroI 2-v1 re
AR e e R e i B S S A

al kyl ati gﬁmeﬁlﬁsﬁlﬁngl%tﬂ&(yfﬂethyg -SEBRyioB[2)3 wﬁ@ra@ﬂﬂg%aﬁeaohﬁhisqnﬁa&usm@ ﬁ%t on of
1- pi peri di me

3-[5-(2- tSrtm@ftt?;«yﬂ@qr@taﬁwm@smmmwm)m%%dp)fﬂrSOh%I[rsz 3-b] pyrazi n-2-y1] -urea
di hydrochl oride (0.080 g, 0.198 nmmol) in 10 nL of DCM The resulting
m xture was stirred at RT for 15 m nutes before addlng 2,2,2-trifluoroethyl

triflate 0 , .0 reaction xt.yre S

SRR NP R ES R i NG Ry TR e S AT A
2010/ 063634RGEs 5&%@@8&@@@@3& mahR3 fromPULr(B b 2L eyic Sy 10anky|-a@bbxaheRyTRERYT aphy
to give 0. 053|£% of racemc

141- ( 2, 2, rgole dﬂpﬁ’é?élﬁgzl yl-progdomediiog metlﬁaﬁt:ﬂ;Aa}hogylp%acectmqufywhlﬁ anyl -
thoxyneth Y i 5 Racem ¢
1-[1- (2, 2‘)659“‘?% A g[‘)ﬁﬂ% deE?OE%Fl?‘é.“ﬁ% n fﬁ’l 3 Hﬁﬁ?] {@(g b, >, hyl si | anyl
ethoxynethyl) 5FprrroIo[2 3-b] pyrazi n- 2- yl] urea prepared the sanme way
from 1-pi peri di n-

3-yl mes hy L(34PSrrb Rt 3 bptd-si l)aﬁyﬂ (zez Mm@hmlyb papdrid-4 9ld iRyl RuRRhpyr azi n-
2-y1]-urea di hydrochl ori de. g

{2-] 1- (2, vaspprepgred mdh%saéwwu)nepfr@@rh Hr(ﬁ,232 {rifjuog-pipyl)-piperidin-4-ylmethyl]-3-
-3-[5-(2- t 2 y ]-urea
or epar ed [ts e@%ﬁﬁﬁy\%&%@é 1{%&?8%196 S briatb 26 T Ha2in2- 1 RERY Indhis Bstankd,

pi peri di nthgfiydt seep Imjth)ed@pl[oﬁc(ldn was ptfonyd kouramyicadohlox ows.hyl ) - 5H pyrrol o[ 2, 3
- b] pyrazi n-2-yl1]- urea di hydrochloride. 15 Racem c
1-[1-(2,2,2-trifluoro-ethyl)-piperidin-3-ylmethyl]-3-[5-(2-trinethylsilanyl
et hoxynmet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-yl]-urea prepared the sane way
from 1- pi peri di n-

3-yl methyl1-3-[5-(2-trinmethylsilanyl-ethoxynet hyl)-5H pyrrol o[ 2, 3-b] pyrazi n-
2-yl] -urea di hydrochl oride. 20 Racem c 1-
{2-11-(2,2,2-trifluoro-ethyl)-pyrrolidin-2-yl]-ethyll
-3-[5-(2-trinethylsilanyl ethoxynet hyl)-5H pyrrol o] 2, 3-b] pyrazi n-2-yl]-urea
prepared the sanme way from 1-(2-
pyrrolidin-2-yl-ethyl)-3-[5-(2-trinethylsilanyl-ethoxynmethyl)-5H pyrrol o[ 2,
3-b] pyrazi n-2- yl]-urea di hydrochloride. 25 Step 4: Exanple 41. Variation
A



WO 2010/ 063634PCT/ EP2009/ 065878 - 134 - 1M HCl1 in acetic acid (0.9 nL) and
stirred at 60C. After 1.5 hours the solvent was evaporated and the residue
was dri edwOndayoobisgh vacuum The remaining oil was takeRCHEPRIVINGSH H20: Et N
8:1:1 (0.9 nL) and ethyl enedi am ne (0.029 n, 0.429 mmpl) was added. The
yel | ow sol ut| on stirred at RT overni ght1 The sol vent was evaporated and the
residue was 5 purified by Si02 chromatography (8 g Sio2, DCM MeOH 0 to 5%
MeOH) to bil3rel Acﬁg]{;plgemﬁm 4-yl)-ethyl]-3-(5H-pyrrolo[2,3-b]pyrazin- 2-y1)-urea was prepared in

1-[(S)-1- 2d|rreth sul £.an H pyrrol of 2,
3-b] pyr az‘i(hﬁseﬂne mi‘?neﬁ oL 'aceflyfl Plpsriet “y“lgp e&%ﬁﬂﬁg'@'é n%lf)%ﬁyl“la&gléem c

1- (5H pyretbég{rrﬂeﬂ%fl)af}fﬂaplsrﬁaiomﬁb}p]y)razﬁh-[z dA)qBed, 3-trifl uoro- propane- 1-sul fony1l)
- piperidin-3-yl]-urea was prepared in the sane manner from

1- (5H pyrrol o[ 2, 3-b] pyrazi n-2- 10

yl)-3-[1-(3,3,3-trifluoro-propane-1-sul fonyl)-piperidin-3-yl]-urea. 1- [1
- (3 - Met hid2- blut\/btﬁ@nesmfosyl+pﬂmmﬁm1)4ﬁl)rqd®d] 3 Hpgrrolpf.3 B]Ily(@wﬂbrur@a wes [ 2, 3

-b raz r
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| anyl - et hmmeyhmlayyl)eﬂ‘idﬁypmhyt) I pii2e13[ 23 [pypipindZiyl]-u2ea: y1] -ure a. 15

1- (1- Acetyl -azepan-4-yl)-3-(5H pyrrol o 2, 3-b] pyrazi n-2-yl)-urea was
prepared in the sane manner from

1-(1-acetyl -azepan-4-y1)-3-[5-(2-trimethyl silanyl - et hoxynet hyl ) - 5Hpyrrol of 2
, 3- b] pyr a&-i{ﬁ.[?—(@}i]Pyupé& 3- b]pyrazm -2-yl)-ureido |-ethyl} -piperidine-1-carboxylic acid methyl

1-(1- gt h@s‘t‘g fpfq@ﬂed%%%%Qm“n%%ergrr%ﬁr?ﬂ(?){ﬁ-r[é’- Phinr ALY AZhSk iy ur ea

was prepare ane nmanner

1-(1-net hm@strb]fo{m&%{lmzzapaﬁ-ym wrdifle B4thyl)Diparidinet Inydrisoxdydinytid nfhyl ester.

et hoxynet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-yl]-urea. 4- [3 -(5HPyrrolo [2,3
-1) ]pyrazin-2 -yl)-ure i do]-azepane-1 -carboxylic acid nethyl ester was
prepar ed Example dare manner from

4-13-(5H pyrrol of 2, 3- b] pyrazi n-2-y1) -urei do] - azepane- 1- carboxylic acid

met hyl ester.

3-[3-(5H ggr r ol (i|2 3-b] pyrazi n-2-y1)-ureido]-piperidine-1-carboxylic acid
et hyl est 5 prepared in the same nanner from 3-

{345- (2-trinethylsilanyl -et hoxynet hyl ) -5Hpyrrol o] 2, 3-b] pyrazi n-2- A-urei dol -

Pi FljgrSil_gi NErd 3 SRR LL ForR &) 153 §5 Y krinSth G i1any VAN QUL RS RARTH 32009/ 065878
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b] pyr azi nmatyrd prad dated w1t11 2-1thll S}“H;O 'aﬂ@ b&difyd iyt Bt NdO1dli I gk yeyl&\)v-pﬁempltate
-(5Hpyrrolo [2,3 -1) ]pyrazin-2 -yl)-ure a was preparedlnth 5
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-tri n@thJuﬁl' sltlﬁréé( ht' Iﬁ“ lﬂﬁxlmtr hDﬂe)tmxtﬁl'r'& S ERbBed Entd Si %anh%hﬁ%ﬁﬂ y8ioyll-ure a.
1- [(3 S) - hyl -1-(2-nethyl -prop ane-Il-sulfonyl)-p iperidin-3 -yl]
- (5H pghr@mhtggr[aghﬁ(ll godipy.rREMmagic (NGMylvle OB M Ol ﬁérl@rlé@ -35f whgicktame

manner from 3S »ormet hyl-1-( 2- | - 1

"per o e S0 9704 131 PR AR ST TELER HReeA Ty D 4

pyr r ol o[ZQMItpyolaZ(3ﬁW2y1ym}.-urea. 1- [(3S,5 S)-5 - Met hyI -(prop ane -1
-sul fonyl)-p iperidin-3 -yl]-3 - (5Hpyrro lo [2,3 b]pyra2|n 2- yl)-ure a

was prepared in the sanme manner from1 &gB S,5 S5)-5 -nethyl - é prop ane-1
- sul f ony 1Racepi¢ pé3-ethyl-eucipheyl)-3+ 3‘5Hfmrnolq[ -bpyravén-Apilsurca Waﬁmepare n the

et hox t ro,
Vet hy Ty ngE R0 Reo e BLBE ST e pedhlin e Sloxhral-4k- 5

-b] pyr azi pyrdlef23-hipgazindsylpospar ed in the sanme manner from
1-[ 1- (2- et hyl - propane-| - sul f ony1) - azepan 3-y1] - 3-
[ 5-(2-trinethylsilanyl-ethoxynethyl)-5H pyrrol o 2 3-b] pyrazin-2-y l ur ea.
1- [1 - ( PRefsaRecs L iimeahipeyuiandphmeduy pzepass G3H-DyIefo[2,3-b|pyrazin-2-yl)-
[ 2, 3- b] py I SRRy r I75.(2-
1-[1-(pr o%lgiggi&ggé%%%ﬁaﬁ%gnﬁ%? %}ﬁ&he’%ﬁlf&g@?% tri rlner‘rltg Iﬁs4| {’lany (2
et hoxy net typethydHapylratiad xgfre {31 Bjbyymelo 2. 2bipyiazin-2-al -utea. p(@)smstance the

2- Met hyl - propane-1 -sul fonyl)-pyrro |li din-3 -y1]-3 -(5Hpyrro lo [2,3
- ) ] pyrazin-2-yl)- urea was prepared in the sanme manner from
1-[(S)-1-(2-net hyl - propane-|-sul fonyl)- pyrrolidin-3 -y1]-3 -[5 -(2
-trimethyls ilanyl-etho xynethyl)-5Hpyrro o [2,3 -1) ]Jpyrazin-2 -yl]-ure
a. 1- [(S)-1 -(Propane-1 -sulfonyl)-pyrro Ii din-3 -y1]-3 -(5 Hpyrro lo
[2,3 -b]pyraz in-2- yl) ure a was 25 prepared in the sanme manner from1 -
[( ) 1 -(prop ane -1 -sulfonyl)-pyrro lidin-3 -yl] -3 -[5 - (2- trlrrethyls

A NS



4- [3 -(5H-Pyrro lo [2,3 -1) ]pyrazin-2-yl)-ure i dO]-p ip eridin e-1

-carboxylic acid nethyl ester was 15 prepared in the sane nmanner from4 -
[3 -(5 HWorow/deds3t2, 3 -b] pyraz in-2-yl)-ure i dO0]-p i p@cirdirae@/o63sas b

oxylic ac id nmethyl ester. 1- [1 -(Butane-2-sulfonyl)-p ip eridin-3 -y1]-3
-(5 Hpyrrolo [2,3 -b]pyraz in-2 yl)1 ea was prepared in the sane manner

from 1-[ 1- (but ane- 2-sul fony1) - pi peri di n-3-y1] - 345- ( 2-

trimet hy|1§a¢tmymxe1tr¢mwmrhmeﬁ U g EyiM QQWO[IQNQOHII)ISK}qdwféM andxhg giudeire a. 20
1-[1-(Et h1% lrﬂ&&x%‘l%vafeﬁr%cte theEt&A]c 3-(5H pyrrol o[ 2, 3-b] pyrazin-2-yl)-ure

a was pr epar &8 h ranner

1-[ (1- et hanesul fony1) - pi peri di n-3-y1]-345-(2-trinethyl sil anyl et hoxynet hyl) -

SH pyrrol @Le%nﬁc bik I@Mﬁe’%ﬁ 1r5- B- @Mpyﬁ&@p 3-bIpyrakib b= {A5-ARi@N[zephn& WL chARYHlc P

i peridin-3 %h H pyrrolo [ 2, bpra2|n-2- 1)-urea was prepared in

the sane #hmetayt ¢S(§ﬁﬁ“f@s Pnepevdétpaﬁ/@yim fr@ﬂyijl {ér[ée(21t@mﬁﬂ131531%!]}’1'3 [5-(2- 25
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[1-(Pr opaemBarZIﬂshnb firsrandd, -t rpmtlodlmnxﬁfq/ﬁzil&rﬂeuﬁlhiepyasmg lad M aqueous NaOH
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met hyl si | anyl - et hoxynet hyl ) - 5FprrroIo[2 3-b] pyrazi n-2-y1] - urea.
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var od ?(lrl]ce?iﬁééﬁ é a%é Nt 131131pe31d(n5 #%P)Yétﬁﬁﬁ 8l(ZnFyRbRYS 8 AR iy 3 )y iR whe

1- acetlythpqzrﬁcp@rthdsamemngm)er Bofg-[22( tacetykpipgtidini 3aylykthet[i3eldy@et hyl ) - SHpyr r ol

AL PR oSG -y Pt BIPrging s I B NG e s
par ed teBctioRnisum@waBaeRd b DRdurs instead of 1.5 hours, it was neutralized using 2M
1-acetyl -piperidin 3-[5-(2-tri rewgt hyl si | anyl et hoxynet hyl ) - SHpyr r ol

3- b] p%ﬂuﬁgqsﬁ\lap@, 1I]stq§g@§%M1@nd was extracted with EtOAc.
(1 Met hanesul f onyl - pi peri di n 4-y1)-3-(5H pyrrol o[ 2, 3-b] pyrazin-2-yl)-urea

was prepa e Rans f 2 }
1-(1- et h%%%lsﬂu gmﬁe- pI pstlalﬁlB yar 0[@‘9]33}’1{1?}](}’9 3{ 5Hn8¥1ﬁ01f)g231 aﬁx}’f %lx)met hyl ) -
5H pyrr ol @k2w3s bl]epglre@.m the Ranydinanirog om racemic 1- (l-methanesulfonyl pyrrolidin-3-

21 - 215 1) Vet DR G B 0 s S e e P bzt b b v ) PV

1- [ 1- (2- m@fshindtaRe OR8 R tionSl X8 Ywhd stﬂlr&ﬁbfgihau@méﬂehd 3f 1. 3%ours, it was
[5(2tr|math]>1/IS|1an yl - et hoxynet hyl ) - rrol of 2, 3-b] pyrazi n-2-y1]-urea. 1

((3 S , snegprahzed pgmg M %mﬁ@%NWHpnst@érqf 9 ﬁn@,wag/qétrasted@sﬁ%%% lo [2,3
-1) ]pyrazin-2- yl) ure a was prepared in the same manner from1 -((3 S,5
S)-1 -ac ]E | -5 - hyI-p iperidin-3 -yl1)-3 45 -(2- trinmethyls ilanyl-etho
xymet hyl) lo [2,3 -1) ]pyrazin-2-yl]-ure a. Racem c trans 1 -(3
- Met hoxynet hyl -cyc | ohexyl)-3 -(5Hpyrro lo [2,3 -b]pyraz in-2-yl)-ure a
was 20 prepared in the same manner fromracemc trans
1- (3- Mgt | -cycl ohexyl)-3-[5-(2- trinethyls ilanyl-etho xynethyl)-
(5 Hggr?gér%% ﬁj/ 3 -blpyraz in-2 -yl]-urea. 1 -((1 S
,2R)-2-|\/bthy|-cyc|ohexy|) 3-(5Hpyrrolo [2,3 -b]pyraz in-2-yl)-ure a was
prepar ed i46-Mughy$-apieo[DBNReS-yil - D3-12-trinfcth ysiladR) etRoxymethy)- SH-p‘yrrblfb[Bi;Xyl) 3 -[5

-(2 -trlrrethyls il anyl - et hox methylz- 5Hp rroI OL 3-b] pyrazin- 2(%/ 1Murea
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maj or cis isonmer by preparative Supercritical Ffm d Chr omat ogr aph
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5 b] pyrazin-2-yl]-urea. Trans
1- (3- Hydr Bxies s Ixoyaer bl eseppiptise TEEHREM:HIcS]TR S 3-Mp @i dnally 20.019 g of eth was
prepared in the sane manner fromtrans acetic acid
3-{345-(2-trinethylsil anyl - et hoxymet hyl ) - 5SHpyrr ol o[ 2, 3-b] pyrazi n-2-y1]-urei
dol - cycl ohexyl net hyl ester. During the final step of step 4 the reaction

m xture was heated to 45C overnight to conpletely hydrolyze the acetate. 10
1-[(S)-1-(2- Met hoxy- et hanesul fonyl) - pi peri di n-3-y1] - 3-(5H pyrrol o[ 2, 3- b] pyr
azin-2-yl)-urea was prepared in the sane manner from
1-[(S)-1-(2-nmet hoxy- et hanesul fonyl) - pi peri di n-3-y1] -
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1- (1- Cycl opr opanecar bonyl - pi peri di n-3-y1) - 3- (5H pyrrol o[ 2, 3- b] pyrazi n-2-y1)
- urea waswprepawdeé4i n t he sane manner from PCT/EP2009/065878

1- (1-cycl opropanecar bonyl - pi peri di n- 3-y1) - 3 [5-(2-

tri methyl silanyl -ethoxynethyl)-5H pyrr %9 3- b] pyrazi n-2-y1] - urea. 1-(5
HPyrro lo [2,3 -bJpyraz in-2 -yl)-3 - -tr| fl uoronet hane sul fonyl-p

i peri di neigcnaptipmens ¢l %/6(831@ @JB éfﬂéﬂmﬂhylﬁpltfﬁé Sdentré }fhah*lﬁéﬂ piyrrolel2,3-

1-(1-tr|fluoro nesul eridin- 3
Lo et hyt SPPESTE-ORRES WA G BLBPRE P bk Coromaogmaphy, o o 4
-( |5f H Pyr peaformed an 3B€fﬁepMu|&tZGﬂaﬁ1—12 (TbaiSFCB) Cl[lﬂalce( OD2H, pﬁeﬁar’atlvé SBO I’coh,lﬁiﬂf”l ane
sul fony1) eridin - -ur p in.the same nner from
1-[1- (2, 2(35 @5.&%586?18 Wy H %P‘l‘%ﬁ&ﬁ%oﬁp S@a@é@%&jﬂ 2 flgw ratfg@ 70

-(2-trk nﬁﬁthﬁ 'Thl: %Yérraﬁvﬁ@d1§s)6'1‘&‘éhhﬂh()0°/§ e b0t laf ebtfmated wnrayﬂt@azlbﬂ o2 ]
-urea. 10 1- -(2-Cyc lopropyl-ac etyl)-p ip eridin-3 -yl]-3 -(5Hpyrro

lo [2,3 -1g ra2|n 2-yl)-ure a was prepared in the sane manner from
1-[1-(2-cycl opropyl -acetyl)-pi peridin-3-yl1l]-3-[5-(2-

[
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] pyr azi n- gaydrkpdtéRindhdesnelRardeLpamhad 1L S pSBRRhdRANRhy L HipERdin-3-y1)-3-
1-((R) - 1- rret%ra%esulfonyl pi peri din-3 d( d%’tog? yhH0 o

t
[

ri met hyl Br@aryethed SHélaogl ymyﬂlsb%wml@p[32b]3yra5m]2pylﬂ~&zqanmzhgs mstce a. 1-
(R)- Yo- (ﬁég&%ﬂézsé? V\;pﬁﬂﬁé%)tloﬁv&;agns{ Oﬂngﬂ yll -3 -(5Hpyrro lo [2,3
b] pyrazi n-2-y1l)-urea
-(prop ane -1 -sulfonyl)-piperidin-3 -y1]-3 45 -(2- trinethyls ilanyl-etho
xynet hyl ) t+ sHCpyop@phlesdlBdngl-piPerfddy- B%l) (5 piq}rolkb[z%-@]py?&nﬂ& -yD)durea was
-(2-Methyl -pro ane | -sul fonyl)-p ip eridin-3-y1]-3-(5H pyrro | o
2, 3-b] pyI?TSEEFFFP B the ame ipgrpe gmplr(elp%w@@rqpaﬂwﬁ%n% @ﬂ@ﬂﬁﬁnmﬁ -Stloddr
Jyt (2- ngthyily1 0 ﬁgaéﬁ?omm i) Qﬁyf)%rr&b&ef bRz Ry u?»ea Irthidigsthdde gL hyl s i
! ,

S prepared I1n the same nmanner from1 - [(R)-l

| - et ho xynethy yrro lo pyrazi h-2-yl]-ure a.
3R, 5Ryccandadet ofthGpuritchation whpertipdifern®dy 1) - 3- (5H- pyrrol of 2, 3- b] pyr azi n- 2-
1)-urea was prepared in the sane manner from

L s R AR ey S BR P R i By R kb a2 Yyrinand- wo

2010/ 0636@1‘@5’ Grkd E{g Q@@ﬁﬂﬁé&ﬁﬁe maﬂiﬂ:@froml ER) 1 (2 -methyl- propane 1-sulfonyl)-

et hoxynet hyl ) rroIo 2, 3-Db] P yrazin- -urea. Eth ¥ enedi am ne was
omtted i mp@m;ng@d rdio-63- ggnethylm anyl ethoxymethy) -5H-pyrrolo[2,3-b]pyrazin-2-yl] -urea.

3L (5 RAn bl InbLBU AR5 Any Al b Ohs RirRgrine- 1- car boxyl e aci d
nmet hyl ester was preepare me manner m 3-

{345- ( 2- trlnethyIS|IanyI ethoxynethyl) 5H 5

pyr r ol of 21 -&Shl gy maethfi=ceybh] 3-ihRittabsuPbRay- p@leﬂ@mls- ﬁ%t(snyﬂyln@m:@sd et hyl
ester Ethylenedi amine was omtted in the secon e Pyrro lo [2,3
-b] pyP8z PlRymzingryl)-greapwas prepared in he_sppg mqnﬁ@rﬁ%ﬂﬂ@%rlo@y@?thﬁl -9%5EN3-di n- 3

) %H)pulr gﬁgﬁ@%ﬁ%ﬁg&?ﬁ%?&&ﬁ% %ﬁ?gﬁs F?Mlﬁéth{zl&%yﬂeth&%me(tﬁlg%l @gologt 3f I uor
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10 omtted in the second step.

1] -ur cn e graRr LR bl Gt e Loy finiors mdhdncBUR G
1-11- (2, Zpigeddin Bl ?ﬁ@a %b%ﬂe})aﬂaﬂ REfhE e %aﬂti]e}'ﬁ%ﬁ{ﬁ 6F1(1- trlﬂuoromethyl

trlnethyIS|IanyI hoxyme pyrrol o -b]pyra2|n- -yl] - urea.

Et hyl éﬁed¢>®zlﬁpﬁ@ng@th%mdfﬂnwge@qmdnriﬁl]s%b%@drlgméwlsﬂmd@ﬁmymethyl) 5H-
1-(1-acet r -yet hyi ) rea
vas prep a@/}e dﬁ’l g,%t W@&@grﬁrglm%egr fnftgf'g #ﬁ(s?dfk:&%ef L0l Pt HRY SR Biid WA i

1- (1- acetpdrfopmper i di n-2-yl met hyl )-3-[5-(2-trinethyl silanyl -

et hoxymet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-yl]-urea. In this instance, the
first step of the deprotection was run for 5 hours instead of 1.5 hours. 20
Racem c 2- {[3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-yl)-ureido] - net hyl

- pi peridine-1-carboxylic acid nethyl ester was prepared in the sane manner
from
2-{3-[5-(2-trimethylsilanyl et hoxymet hyl)-5H pyrrol o[ 2, 3-b] pyrazi n-2-y1]-ure
i donet hyl | - pi peri di ne-1-carboxylic acid nethyl ester. In this instance, the
first step of the deprotection was run for 5 hours instead of 1.5 hours. 25
Racemc 1 -(5 Hpyrrolo [2,3 -b]lpyraz in-2 -y1)-3 - [142 ,2 ,2 -tri fluor
-ethyl)-p iperi din-2 - ylnmethyl]-urea was prepared in the sane manner from
1-[1-(2,2,2-trifluoro-ethyl)-piperidin- 2 -ylmethyl] -3 -[5 -(2 -trinmethyls

[
1-
| an
1-(
y



Racem c
1-[2-(1-acetyl-piperidin-2-yl)-ethyl]-3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-yl)-ure
a was preganrew/issedtthe same nmanner from PCT/EP2009/065878
1-[2-(1-acetyl -piperidin-2-yl)-ethyl]-3-[5-(2-

trinmet hyl sil anyl - et hoxynet hyl ) - SFprrr f[z 3-b] pyrazin-2-yl]-urea. In this
instance, the first step of the deprotection was run for 5 hours instead of
1.5 hoursRac@nﬁza@ieﬂri(%-enhyl F@lol(exybﬁe(ﬁﬁammmérhﬂpyrpzmﬁ ¥i-igiamag propaied ghihy 1] - 3
- (5Hpyrro - Yk a uf-e are Nt manner
from 10 L2 es it B PR e S S R R b B B R o Ty
i lanyl - eprl (R 3et|pyiazin D1 pyrea olnl this [iRtadce, hdyecad stepofithd purificadon was idii S

i nst ance, r%@nﬁ%rst step of the deprotection was run for 5 hours instead of
1.5 hour sP® cemc 2-

{2-[3-(5H pyrrol o] 2, 3-b] pyrazi n-2-y1)-ureido] -ethyll

. fi)ﬁ]er 5 di ReschiiE AL PRI dpFopIBbibi IRk MY 5- (GRS 3 RERALES Y1kl §raS BiBaidBNNET

2- (2- { 3- [ this(\2ayt frormedcayniicséib aii3isebropxlseset dingkyl)-B45 1(3-tmiobtbfIRilBwb] pyr azi n- 2- y1] -

urei dol - ridin r box aci th este

i nst ance, tb%ém%ﬂf§ﬁﬁg?¥ﬁogii%ﬁi)ﬁgﬂfgﬁﬁdFﬁbﬁlgﬁgn%@%mfﬁ?ngﬂaﬁFgofﬂftead of
1.5 hour spurifeafRCREY kot performed.

1-(1- acetyl pi peridin-3-yl nethyl)-3-(5H pyrrol of 2, 3-b] pyrazi n-2-yl)-urea
was prepared in the sane manner from

1- ( 1- acet Rhcepiipes ildilﬁcayly?p -methypipe8diB-4-21)-8 k(5 Hetymplof 2 B drjgyrazin-2-yl)-urea was

Fi ot 10t epeated M PR skt P sl BR oAy Badsuf™ 175 “hour o

Racem ¢ trimethylsilanyl- ethoxymethyl) -5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea. In this instance, the
1- (1- met hanesul fon r|d|n 3-yl nmet hyl )-3-(5H pyrrol of 2, 3- b]pyra2|n 2-yl
) -urea 205HRRd Sﬁ?peﬁﬁél% IratipReWasial PRI f r om

1- (1- net hanesul f onyl - plperldln 3-yl nmethyl)-3-[5-(2-

trimet hylsj t I t hi
st ance, Ry i S BRSOk Bl AL B S AR oY e 2t 0ot
1.5 hoursﬂ)Enﬂenm@ﬁ$mﬁﬁm&s&5ﬁﬁpynmaﬁmk2mas@hmmmaxmmmﬁmyiﬁnmhﬁuﬂmimmﬁ4hyII
PP el R PO R P S TEt D) SR S5 1815 SR PR it R mRnner

ethOXynEtHWéﬁaﬁﬁb@Mﬁhﬂk@b%fﬁm@bﬁﬁéﬁﬁmﬂwﬁnbﬁkw%hﬁhﬂo"Ethy'|-plperldlne 1-car
boxylic acid nethyl ester. In this instance, the first step of the

deprotection was run for 5 hours instead of 1.5 hours. Racemc
1- (5H pyrrol o[ 2, 3-b] pyrazin-2-y1)-3-[1-(2,2,2-trifluoro-ethyl)-piperidin-3-
yl met hyl | Raveeadc wia 3 -nxtieydal- Bd SHAp trivgo [2 2rEp yrann - ylj-neid o] pdenid te- 1 - carboxyhc

1-[1-(2,2,2-trif] uoro- VIO 2010/ 063634PCT/ EP200 8 - 142 -
ip[eri (di ndcyd hﬁL ﬁasﬁfglgfgdtltlﬁwaY ORERASNS CfS IRRPYL- é?ﬁg%g
xynet hyl )tri@l‘é‘tt@b@ifaﬁyl'—&h({x%mearymﬂ{/ [3?1%16[223 b}f)%}azﬁf 23] ulrad@}hp@eﬂldlﬁé ance, the

first step of the deprotection was run hours instead of 1.5 hours.
Raceni ¢ 3carpqxylig s¢id pyetybpeer2inghisipyangs. the 2&0911@ stgip @f the puriiqatign was not
-pyrrolidinesl-garboxylic 5 acid nmethyl ester was prepared in the sane
manner fromracemc 3- {3-[5-(2-trinethylsilanylethoxynethyl)-5H pyrrolo

[ 2, 3-b] pyrazi n-2-yl]-ureidonethyl| -pyrrolidine-I|-carboxylic acid nethyl
ester. | nrRidehic tinst(@meghylichelohdptdl-3 S5EPyabIANS- bqkﬁmz@ﬁ Qf‘yﬂ)l m@a W@§pﬂ’epﬁe(ﬂ or 5
hour s |nstead of 1.5 hours o b] pyr az

in-2 -y1)thifre %nracr%@ﬂww (2ﬁWIrYé1Cv@P1%?@t>ﬂl%i$ b%%wqtb,yl&&nal %@Weﬂ@é)(er was
pr epared I

T - T AR TE: R L ARy ey the seqopd psp g thg puification vas
-y1] - ur e notgerfeiedl 1 -pyrrolidine-I-carboxylic acid nethyl ester. In this
instance, the first step of the deprotection was run for 5 hours instead of
1.5 hours. 15 Racemic .

1- (1- acet §R<PYs et iR IR hHTOPa> OBy PETBIOR SO BYRALZ Y- B4 95 ur ea
was pr ep%@garb@thﬁma @&ﬁ 1@ @rzl B Ium 1@5 Q4-yl)-3-[5-(2-trimethylsilanyl-
1-(1-acetyl-pyrroli 2-y yl)-345

trimethylsilanyl - ethoxynethyl) 5FprrroIo[2,3-b]pyrazin-2-y1]-urea. In this
i nstance, the first step of the deprotection was run for 5 hours instead of
1.5 hours. Racemc

1-[2-(1-acetyl -pyrrolidin-2-yl)-ethyl]-3-(5H pyrrol o] 2, 3-b] pyrazi n-2-y1) -ur
ea was 20 prepared in the sane manner fromracemc
1-[2-(1-acetyl-pyrrolidin-2-yl)-ethyl]-345-(2-

trimet hyl sil anyl - et hoxynet hyl ) -5H pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea. In this
|nstance the first step of the deprotection was run for 5 hours instead of

a = -~ =



10 this instance, the first step of the deprotection was run for 5.5 hours
instead of 1.5 hours. Racemc

1-[ 1- ( pr oparreroocsasdf onyl) - pyrrol i di n-2-yl met hyl | - 3- ( 5H p¢TEPR@PR¢B7S] pyr azi
n-2- yl)-urea was prepared in the sanme manner from

141- (propane-| -sul fonyl)-pyrrolidin-2- 152 -

ylmethyl ]-3-[5-(2-trinmethyl sil anyl - et hoxXynet hyl ) - 5H pyrrol o] 2, 3- b] pyrazi n-2
- y1] - ur eacthoxymeithiyd)-Frpyanlo2 3-binyrdzin-gtylsirep Iinthis instarispthosetonil siep wather un f or
5.5 hours,_j hour,s. 15 Racemic 1- [1 -(2-methyl-prop

ane- | -sulgugn%fas?&vgsr%& ? 1%9 yl methyl1l]-3 -(5Hpyrrolo [2,3 -

b] pyrazi n-2-yl)-urea was prepared in the sane manner from

1- [ 1- (2- npgrhvh 2@1@@@9@3 ﬁ%&@&%?s B}fy’y‘f&iﬂ @yf)‘&ea%kré%r@’ah&d‘tﬁrs[@ay(f?mﬁ nimethyls

il anyl - etho met hyl rrolo pyrazin-2-yl]-urea. In'this

st ance, pms%n Sk L G e s ad e oislo b bmoms 2l Inst ead
of 1.5

(1S, 3s§ 252 (I%ﬁ@?vynr“ra% [ B P S S DA G4 A LS het AR boxyl i ¢
acid met hytbdlmtdxasmshenweﬂﬁreaalnasmt@lﬁ\e S¢aE®Amanner from
(1S,39)-3-{3-[5-(2-trinethylsil anyI et hoxymet hyl ) - 5H pyrrol of 2, 3- b] pyr azi n- 2
-yl] -ureidol -cycl opentanecarbox %’nl c acid nethylam de. In this instance,

the fi rst Pyidigy 3pfimethel-HePF-syeele[ZohbinygzingtryPorcawigierpredigisewry fsgm 1- 5
hours. idjn-3-ylmethyl-3-[5-(2-trimethylsilanyl-ethox thlSH 1o[2,3-b -2-yl]-

(1S, 39) - z?:? (m5l-|-ym$r}c’)l OEZ(SHg]lep rséltza}l}r’l-e -Oy )~ ) ]"yré?/é’[ c’)pe]rlljlyglrzllélca l}oxyl iC
acid et hylllraanlnl@nsr\mstameeﬂarse@ndrstepw@tlsalmﬁnammemasmot)mrfonned but the final

(1S, 3 -[5-(2-Tri,nme e t hyl )-5H pyrrol o[ 2, 3- b] pyrazi n-2
y1]- T yiic agwé‘ﬁheﬂ i3 %AS%ﬁ%jrAec\/\o 2010/ 063634PCT/ EP2009/ 065878
- 144 - ethyl amde. In this |nstance the first step of the deprotection

was run fpgo ﬁyMHQSylle'ﬁ%Ilﬁﬁ@S I@-‘by&ol%?‘?—ﬁ]p@razﬁ@@ %/mlﬁee{ Wadrepared this way from

3-[3-(5H pyrrol o[ 2 I'pyrazi n-2-y1l)-uréido]-c¢ycl ohexanecar boxyl i"c acid

di et hyl aha(l}eymvhw@rl@ﬁafbeﬂ[ﬁ -2- trtmeeﬂssémnﬂmimﬁfeﬂty&brﬂé@ﬁmb[m hipyregin-2-
{3-[5-(2-

11 ot iyt ST P RIS N Bt o PR D T
cycl ohexaptedlamMXWasltedamtlﬂledamm;tEh@Aam’/dEtOAm this |nstance the first step
of the deprotection was run for 3 hours instead of 1.5 hours. 142,2 -D

i met hyl opent y1) - 3- (5H pyrrol of 2, 3- b] pyr azi n-2-y1)-urea was prepared in
t he Siﬁe ﬁ%ﬁg@dlp%o;hqt / -pyrrolo[2 3-b]py]rag)1/n 2-yl)-urea \Xlas) prepared this weg/ fropm

1- (2, 2-di tyiy (}’Jbﬁn% : -

et hoxymet h ?y‘%ﬁ%& gﬁ@[%ﬂ%(pbﬁriﬁ%rtﬁ z?lfr?glgl[@ﬁ -urltﬂaﬁ\)n%h pi/%%)o[“bp&?aégl %me 2
-sul fony lyl]-pgaarlnthls ahstrnge -tlyels]ec@ld-s(tﬁ) cbf—tpeypurd'lclamt[ Ragnot ppymed, builR final ) - ur e
a was pr in the sa nmann (R -1 -(prop ane -2

- sul fony1§) B rgs e eﬂ‘%‘%"fﬁesé{to 5% %tOA‘{rl net hyl s il anyl - et ho
xymet hyl )-5Hpyrro lo [2,3 -b ]pyra2|n 2 -yl]-ure a. 15

1- ((R - 1- MRLhan F-%P-hfeﬁﬁﬁésuﬁ%ﬁﬁ%ﬁe@fdﬁ § yﬁﬂéthﬁ) 8 REHRNEORI 2B 1Ry [yazhRa 2- ¥ 1)

-urea was prepared in the sanme way f
1-[ (RRO1- mmm@dmhfsow frgyyp racomiai -aL- Breghz]les:alf{)@l(pmerldm -2-ylmethyl)-3-[5-(2-

1 (5 Py ParBPE U A EBb by SStoinet RR T SRARHETDe - oy o1

di n- 3- y1)segoebsteyas the ppétcatdon wad e psdommeday from

1-((R)-1-trifl uoronet hanesul fonyl pyrrolidin- 3 y1) 345- 20
(2-trinethylsilanyl -ethoxynet hyl )-5H-pyrrol o 3-b] pyrazi n-2-y1] - urea.

1- ((R) - 1- Brdsane 511 baythapgsp Hemyl aineridi ;‘/y Dat |-$ OYH-PpirelP 2. Bbymzmazivh= 2- y1) -
urea was m

1- ((R) 1. @%%anegg}oéony ﬁ% 3&?1?%1‘11% ﬁ’l 2- Iflgt_h'(ube_sulfonyl-plper1d1n-3-yl)-ethyl]-

tri mebyl 3i3- @qyimfﬁhyimlaylyle&thwﬂy)neﬁfﬂ)pﬁ/fﬂmgﬁol[og Bbhlymzie2iyti-ea I thix i@stance, 1-
[(R)l-roael ro | in H-

T byt o e i s SR AR s S Ryt bR R purtick
1-[(R) - 1- @wm@g@oﬁn@ulfonyl) pyrrolidin-3-yl]-3-[5-(2-

trimet hyl sil anyl - et hoxynet hyl ) - 5H pyrrol o] 2, 3-b] pyrazi n-2-yl]-urea. WO
2010/ 063634PCT/ EP2009/ 065878 - 145 - 1- [(R-1 -(2 -Methyl-prop an e-1

-sul fonyl)-pyrro |li din-3 -y1]-3 -(5Hpyrro lo [2,3 -1) ]Jpyrazin-2 -yl)-
urea was prepared in the sane way from

1-[(R) -1- (2- net hyl - propane-| -sul fonyl)-pyrrolidin3 -y1]-3 -[5 -(2
-trimethyls i lanyl- etho xymethyl)-5Hpyrro lo [2,3 -b]pyrazin-2 -yl]

- ur ea.

1-(5H Pyrrol o[ 2, 3-b] pyrazin-2-y1)-3-[ (R -1-(3, 3,3-trifluoro-propane-1-sulfo
nyl)-pyrrolidin-3- 5 yll-urea was prepared in the sanme way from

1 [(R) 1 (3 3 3 tr|fluoro propane- I sulfonyl)

T T Y 1T Y rFrAN M~ LT



15 the sane way fromracemc 1 -(1 -acetyl- azep an-3 -y1)-3 -[5 -(2
-trimethylsilanyl-ethoxynethyl)- 5Hpyrrolo [2,3 -1) Jpyrazin-2 -yl] -ure
a. RacemwoO2010/@363¢5H pyrrolo [2,3 -1) ]pyrazin-2 -yl)- RCE/EHP2@)0j06583& ep
ane-1 -carboxylic acid nethyl ester was prepared in the sanme way from
racem c 3- {345-(2-trinethylsilanyl- etyﬁgynethyl)- 5H pyrrol o

[ 2, 3-b] pyrazin-2-yl]-ureidol -azepane- carboxylic acid nethyl ester. 20
Racenm ¢ Racemic 3 {2-[3- (5H-pyrrolo[2 3-b]pyra21n -2-yl)-ureido]-ethyl} -piperidine-1-carboxylic

1-(1- nethan su azen: SH r ol | nN-2-yl)-urea
was pr epar cadgm, hy ?%er W are 1¥t]h) f_ug mangéé from S)Rg {§ [?](i”! Zth}r/l51?an¥l]-'

1-(1- et hﬁh@@ﬂieﬁh}lﬁ)’$H<’p§’zﬁpl@fE— %}p@}azﬂﬂBw(]&:reldo} -cthyl)-piperidine-1-carboxylic acid

trlnethyIS|Ia I-ethox nmet h 5H—p rrol o azin 1] -urea Endo
15 bi cycl opsths! fardpid l@lwngey { &%F‘?‘L%‘f %r E%/Bé&rr Hlstga@@ ipih Sbee
prepar 6d {clodd oSt TEe 1cfaf1&mrv§sn1g:9 erformed.

1-bicycl o[ 2. 2. 1] hept - -y1-3-[5-(2-?r|nethyIS|Ianyl-ethoxynethyl)-5H25
pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea. WD 2010/ 063634PCT/ EP2009/ 065878 - 146 -
Exo 1 -b Rayemid l}([-ihetlﬁneshlf])nyiqmroﬁdiﬂyziylﬁqeﬂ(yﬁk]; (BH-pwrrdlo[2,Rb Byraaing3yBzi n- 2

-yl)-ure a was prepared in the sa exo

Thebr -2°- §ret 55 PBRES Hn: Pyras BoR BT RrlEY eBRai Rt pytrSlyeiahiyf-3

- b] pyr azi 3=2- tnﬁélhywﬁrenﬁethoxgqnéthymy%&mI%g«ﬁé&ﬁa ﬁyrgﬁkéapmrth@h@sta[&e

-b] pyrazin-2-yl)-urea was prepared in the sane rom1l -(1 nethyl cyc
| ohe™ xyl )ﬂlsreaptsonw&&tmeﬁré@mi oyrs jngiepd oB3 h@lrmmﬁbtﬁlﬁywnéﬂepyfﬁhé lo[2,3 -

b] pyr aai ﬁ&ﬁﬁgle 42. Variation B: 10

1-(3- %étﬂ@ 1¥%€%lﬁ ro- pyran 4-y1)-3-[5-(2-trinethylsilanyl-ethoxynethyl)-5
H pyrrolo [ 2, 3- b]pyrazrn 2-yl]-urea (0.065 g, 0.16 mmol) was suspended in
MeOH and EenhgK 4down to OC. At that tenperature the acetyl chloride (0.4
m.) was added. After the addition was conplete the orange sol ution was

al | oned tgaiompdp and stirred at 40C overni ght. The sol vent was evapor at ed
and the remaining solid was dried under high vacuum The orange solid was
taken 15 up in MeOH H20: Et 3N 8:1:1 and stirred at RT for 1 hour. The

sol vent WAsni@maqo@ﬁlaﬂe(d cyin@acemyﬁ}pipieﬁ@incﬁ‘ jﬂ]MB{(étmnbnhgﬂsMHl-athsmymﬁUylmnt o]

S 02 d Si 02 t Si

oot 1B TR0 RSP s Dot & Oy S s gpibroborat
CI S 1 (3- @t izl 1 67 atiiydly @2 df a 47 lyrhixtde 65&@&%&@ @rhaiz@\b&srmh@a hig2cyl) -ure
a as an off-white solid, yield: 52% 20 Racem c

1- (( 1R 25pr 24 hewmpeforshaingheopiadyto BT(@,WO@WQ %ﬂlYﬁ[ane@) Bljh;sy%ﬂ%mxty@)wr ea was

pr epar ed

D (TR 2o M DE Py RN ORBE §Msctopils 4rd ;e iens mine (WSO 513 - 4.y
rrol o[ 2, 3mbkﬁywazﬂdazﬂwlyeU$GMngnmmpmepmmanﬂbaﬂshﬁmBdmumﬂmﬁneBmugd

S‘"‘hreo ) %}egsg@rgvg@éer\ggsrga%tﬁg &SN ERSA SRl A5 RO QTRIREH 2R and

141S, 2 S) aﬁl-uﬁaishw'er oS badkexxythgte Brw(ibdvil EXOAO[The Iomb iy d azdanicdayely were @éicihas

al so isolated. The purification was perfornmed on a Berger, Multi Gzam ||

( Thar SFC) (NS P BEarsbpnd eyiperisdat pe Birspeslehle ryidus oanadsorbedonipnlies, 5
i cr on_ pagiiaby ST9YACREhAadRA, ARy [bOVURORNLHA Ao noThg TRt er |

009% met hanol to°an estimated concentration of 20
WD 2010/ 05(3894@@/6 B8 @065 BB cyand4zetyl) Rawedine3-pi]$3-(SH-pyrrolo[2.3- b]pyrazm-
1- (5H- 2gyr%§ @4ghﬁéﬁfzin-2-y1)-3-(2,5,5-trinethyl-cyclohexyl)-urea was
pr epared nrra em-c C
1-(2,5,5-trinmethyl-cycl ohexyl)-3-[5-(2-trinethylsilanyl et hoxynet hyl)-5H pyr
rol o] 2, 3-RlAMpRaeN- 2-y1l]-urea. 5 Racemc 1 -(5 Hpyrrolo [2 ,3 -b]pyraz
in-2 -yl)TS_TﬁT_TT- [1-(2,2 ,2 -tri fluoro-ethyl)-p iperi din-3 -yl]-
ethyl} -urea was prepared in the sane manner from 1-

{2-11-(2, if

-trinmet hy?yn%ﬁ [S f %03%%5; Lz‘ ?#Bgﬁ'_yﬂh&ﬁd e?ﬁ&{l&&gﬁy f%‘ IT%})} gi3nt(]§yr ZIE]

a. I n30hi E—yl]nsd:ldcm}ceyclctmetahwaﬂioxymceqmcbmeﬁllykandﬁpr otection was run for 5 hour S
instead of 1.5 hours. 10 1 -(1 -Ac etyl-piperidin-4-ylmethyl)-3
-(5Hpyrrolo [2,3 -1) Jpyrazin-2 -yl)-ure a was prepared in the same nmanner
froml -(1 -ac etyl-pip eridin-4-ylnethyl)-3 -[5 -(2 -trinethylsilanyl-

et hoxymet hyl ) - 5H pyrrol o[ 2, 3-b] pyrazi n-2-yl]-urea. In this instance, the
first step of the deprotection was run for 5 hours instead of 1.5 hours. 15
1- (1- Met hanesul f onyl - pi peri di n-4-yl net hyl ) - 3- (5H pyrrol o[ 2, 3-b] pyrazin-2-y1
)-urea was prepared in the sane nmanner from

1- (1- et hanesul f onyl - pi peri di n-4-yl net hyl ) -3-[5-( 2-

trinmethyl sil anyl - et hoxymet hyl )-5H-pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea. In this
|nstance the first step of the deprotection was run for 5 hours instead of

a =



4- {2 -[3 -(5HPyrro lo [2,3 -b]pyrazin-2 -yl)-ure ido ]- ethyl 1 -p iperi
dine-1 -carboxylic acid nethyl 10 ester was prepared in the sane nmanner
from 4- (2W03e0{0B6634t ri met hyl si | anyl - et hoxynet hyl ) - 5H pPCT@EPROPAFBTS 1)
]pyrazin-2 -yl]-ure ido 1 -ethyl)-p iperi dine-1 -carboxylic acid nethyl
ester. Exanple 43. Variation C 15 154

1- (3, 3-Di met hyl -cycl ohexyl )-3-[5-(2-trinet hyl sil anyl - et hoxymet hyl ) -5Hpyrro
lo [2,3- b]pyrazin-2-yl]gurea (0.095 g, 0.227 nmmol) was dissolved in 1M HCl
in acetic acid (2 nL, & mmol ) and the resulting yellow solution stirred
at 50C for 1.5 hours. THe reaction mixture was diluted with 2 nL of H20 and
basified with 3M NaOH. Light\yellow precipitate forns. The sol vent was

evaporated. The yellow solid taken up in MeOH H20: Et 3N 8:1:1 20 and
stirred at RT for 1 hour. The nixt was absorbed onto Si02 and purified
by Si 02 chromatography (12 g Si 02N magi ¢ ( DCMm I\80—|: NHACOH 60: 10: 1) 0-35%

magi c) to give 0.023 g of
1- (3, 3-di net hyl -cycl ohexyl )-3-(5 pyrr | o[ 2, 3-b] pyrg
off-white solid (35%yield). 3 H

1- (3-ethyl -cycl ohexyl )-3-(5H pyrro 3-b:ﬂy -2-}1)-urea was prepared

il\?/z-yl)-urea as an

in the 25 sane manner from

1- (3-net hyl -cycl ohexyl ) - 3-[5-(2-tri net Hyl
3-b] pyrazin-2-yl]-urea. Racemc cis

1- (1- net hanesul f onyl- 4- net hyl - azepan-5-y1)-3-(5H pyrrol o[ 2, 3-b] pyrazin-2-y1
)- urea Was prepared this way from

1-(1-neth u f - n 34

trimet hyI nﬁl}ln%e%(l% Jﬁ%’??}%@ﬁgg%lﬁ%&%‘i@? %g)ﬁ aezt%lw'ﬁﬁipf’fr-otljorpe’gf In this

i nst ance, blphezin\¥oy1201d0d 636 BHBETHchDORIQGRIBVBhY] (0494 ¢, 0.28aincd)N and KiIQH e was
i i eous. NaCH i nstead of 3M an crude reacgtion

nme)l{: L?lél 5@20 gSI Bgéa . a%mﬁqﬁ{é{F @él&[eﬁfléz%agd 05mLo MeQ)H was stirred at RT

4- et hy 1- By p3hiakHRrERkish didukl WK Rdpdtadd wldivdls %Qpaomz qRaRfmd sGR Waxyl i c
acid methyl ester was prepared this way from 3-neth

{345- (2- tmnrfeneﬁw@ﬂzé}m(u eslselsmﬁgdmwiwl pesde pyhe wsnen[smmgvas concentrated to
-b t hi
st ance, Syfe FLat B P PRR Pl AR o AR B Bl °

i nst ead ol-yBMradaol -C}l’lxiaop@ntadﬁ:ar‘tmaylhq aid which wras umswmnmfoﬂdmgémpEt OAc.
Racem c 1

2 e e S e AL B ST PY LSl el 2 SRR e D e

tlr |[ rzre'g m@ﬁ%ﬂ@ﬂq{aﬁﬂéé@’ﬁ%’%ﬂ‘wﬂ?%yr 2315?%(%1%%8% azin-2-yl]l-urea. In this

i nst ance, urbide}mhmtmtatmcmbmxlchCMQ 059 |gr® & frmol}smdlytmlnmby@a@ﬂcoﬁdel 5
h i I f
eg?; Zé:t L;(Omﬁ I’IEIL'J% 4 I Pr&q ((?M mnqlgl i | mit c?ﬁf’cﬁ Tgelvllesﬁﬂgg was

1-(1- et h@n@@ekﬁa@@uﬂremﬂmfotdﬁ no@shbm&tﬁtyﬂg)pasnt{&babweai Bb@ ad DY e n- 2-y
1)- urea was prepared in the sane manner fromracenc

1- ( 1- fret h3INE_UH lpyshas Byskretipeipthtvgee wgh DCM. The combined organic layers were dried
yl net hyl )(’1\34 {)(ﬁlietréd ARy E‘yalpéfa'te@nYhe Rl yae iU p3didY ﬂﬁsﬁlcﬁogna%oé?]qﬂlx/r azin-2

-y1] -urea. hi's iAstance, the reaction mxture was stirred for 5 hours
i nst ead OG‘DQMB\/IMHrOStO 10% Ma©Hneugivap 0g gL (5 5Y)-218 {ailt(?etmlseﬂh\jd@rﬁlnylﬂst ead of

3M and extr

1- (6- NEt\rA]? O"symeﬂb‘/pzﬁg]péi“%)gﬁ %ﬁ’yéa 35@ %r?lﬁﬂ}ef’% i anec bOX?ﬁ%%%}%et hyl ) - 5H p
yrrol o[ 2, Bethblapydea@ot-ydelil] -urea (0.1 g, 0.233 mml) Was di ssolved in
tetrabutyl amonium fluoride IMin THF (4.6 nL, 4.6 mol) and

et hyl enedi am ne (0.31 nL, 4.6 nmml) was added. The resulting sol ution

stirrél atlSZeE3f {3’>r[55(2H@me§1ylsniaﬂ@fl-§610mmthm§metqlgﬁe’vlﬂpmaamehyl] Treeddiesi due
25 tracted
ox it n el ARG BEIIRER i AR M Hepaili ARNEAL R AN SLinfBA YT act ©

filtered mndaccodior kinddOMFhest¢adrodiDdiNg sol i d was puri f| ed by Si02

chromat ography (23 g Si02, DCM MeOH O to 5% MeOH). NWR of the off-white
foam showed -18% of the trans isoner. The major cis isonmer was separated
fromthe trans isonmer by preparative TLC (DCM MeOH 5% MeOH). Finally, 0.018
g of both WD 2010/ 063634PCT/ EP2009/ 065878 - 150 - cis enantioners (51%
yield), cis 1-(6-nethyl-spiro[2.5]oct-5-yl1)-3-(5H pyrrol o[ 2, 3-

| anyl - et hoxymet hyl ) - 5Hpyrrol of 2,



b] pyrazi n-2-yl)-urea, were isolated by preparative Supercritical Fluid

Chr omat ogr aphy perfornmed on a Berger MultiGram |l (TharSFC) Chiralcel ODH
prepar at iwe 2800@6s@GHkunMm (30 nm x 250 mMm I D, 5 m cron packCREP20090858C2/ 30%
MeOH at a flowrate of 70 5 nL/m n The material was dissolved in 100%

met hanol to an estinmated concentratlonlgg 20 nmg/ L. . -(1 -¢yc

| opr opyl met hane sulfonyl-p ip eridin-3-y1)-3 -(5 Fprrro lo [2,3

- b] pyr azi Bxpmple#y. urea was prepared in the same manner from

1- (1-cycl opropyl net hanesul f onyl - pi peri di n-3-y1) - 3-

[ 5- (2-1tri Sgpitinglssif kramy/1-¢ 2 Alnoxg-opd dpeh iyl JHpyodlo[2[ b Bytakjmy2-gbiunea2- y 1] - ur ea.
In this instance, 10 the second step of the purification was not perforned.
1- (1- Cycl Hﬁ??@@ulfonyl pi peridi n-3-y1)-3-(5H pyrrol o] 2, 3- b] pyrazi n- 2-y1)
-urea was prepared in the sane manner from

1- (1-cycl opropyl sul fonyl - pi peri di n-3-y1)-3-[ 5¢( 2-

rimet hyl sil anyl - et hoxynet hyl ) -5 pyrrolo[2 3 b]pyra2|n 2-yl]-urea. In this
nst ance, the second step ofIf rificdt not perfornmed. 15 1-
(R-1 -(2-Methyl-prop an e- 1 ony1) peri~din-3 -y1]-3 -(5 Hpyrro
0[2,3 -b]lpyraz in-2 -yl)- s prepared in the sanme manner from
-[(R)-1-(2-net hyl - propane-1| - Nulfomyl) p i perjNdin-3 -y1]-3 -[5 -

2 I

u

e

rimethyls i Ianyl-ethoxyneﬁhx&% 0[2,3 -b]lpyraz in-2 -yl]
rea. In this instance, the second st p o e purification was not
rformed.
-0 S)Sl-(3-NhthyI oxet an- 3- ylnethg%esu)fonyl) pi peridi n-3-yl]-3-(5H pyrro
[2,3-720 b] pyrazin-2-yl)-urea was prepared in the sanme nanner from

[ (S)-1-(3-nmnethyl -oxet an- 3-
| met haneStap fl oifrydy) eyenpleicd disk Basyatile®S {(Br{idethylsitmtyhythsxnanlyyly-8tihoxymet hyl ) - 5

Yol ol ot AR Fat i e, .5 bhich, DAL RS Srs hE% SEGRRY Shep O
1- ( SH Pyr il oE M, adid Bl P¥dsR 2bdle@uivde) N3id 4 Sy-ide 4cbtdnk bhihU o VBt HMtiorcyC! opr opyl me
t hanesul f onyl) - piperidin urea was prepared in the sane manner from

1-[(9) - 1- Q@sgqﬁeﬂm tqy;e@ﬁ-@taﬁyqidedgé 284 mL, 0.54 mmol) and the purplish red solution was

cycl oppop &%ﬂﬁg 3 tRi | - et hoxy
nethyﬁ? 5 %5@&5|o[ H%,g?%%%%gkﬁﬁé Qzuééémﬁﬁ% %ézﬁﬁéggﬁggyﬁﬁtﬁQ§Econd
step of tHhe-dutarbiiatdobml \aﬂisomait) lm fearOnﬁenhmol \mﬁ)xture with monochloro

2010/ 063634P

1 ( 2- et hyfer 1@%&% o TS8P s a3 LR B Fibise: guepeh Wit MeQEE™r epar ed

this way édn@éﬂtfa@eﬁiﬂmvﬁc%l Phe residue was mixed with MeOH, filtered and the solid rinsed with
1-(2-ethyl -cycl ohexyl )-3-[5-(2-trimethyl silan I-ethoxynet | )-5Hpyrrol o[ 2,3
- b] pyr azi Me@ dtmeéal V4CHO {hgiye frast lacd 3-figsod ScdRyretwin d@i/

purifijgat nots_BE 3 IR 5

Pt L St LRSIl 3 AR RSy IRl ]ME'EE%%%;%%% this
way fron1«bb%emﬁﬁ%nm®dn -(2 -isopropyl cycl ohexyl) - 3- -(2 -trinethyls i

| anyl - etho xynethyl)-5H pyrrolo [2, 3-b] pyrazin-2-yl]- urea In this

| nstance. gL 32501953 Lo CaRUL L SV ER 21 S faed. Fecer ¢

1-(1- acet%%xeaiﬂﬁiaﬁyltalﬂwﬁfet@l)rsfﬂpy&am% ﬁjﬁy&\éﬁmyghﬁea?(o@]smgr 630 Rmdoly 1) - ur ea

was 10 prepared this way fromracemc

1- (1- acetyas qlgss@b{eﬁyrlﬂlﬁmp‘@ng 1@|DME.(¥,(]_ynL3arﬁc‘l5p1@@d ina 45°C 011 bath The flask was
trimetRyl t X%l e nthis
i nst atrzlge &jaﬁ%%sde%n?n %ﬁﬂ‘%ﬂ%ﬂ‘%{ %’%él%ur i cat 5%21% ’per n)e‘ggS %éie(li

Cis via syringe. After 30 minutes AcOH (O 6 mL) was added and the mixture heated for 30

b et e oDy S T B LRt R ! B8 Py

1- (1- met hangsiict 0By d-win AR Fittee@8Rd fhe Mitfate Was evaporated, The residue was
y1l)-3-[5-(2-trinmethylsil anyl - et hoxynet hy I)-SFLp rrol o[ 2, 3-b] pyrazin-2-y1]-u

rea. |n thirEicdhytreyess phmewbe@bﬁnore@fegraghy CRS0FuMeOFEmtl. B agrgoup GeOH)
erfo
et Ry - 8P TER G bine gystopentyl 1 Cuuiperhyisilans Lethoiymettyl-stprojolg 3 Fboxy)

|c aC|d n@@hmkméhﬂ¢mmmae1ﬁ4gpﬁwegmkh1s way fromracemc cis 3-nethyl-
{3-[5-(2- 20

trinmet hyl sil anyl - et hoxymet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-2-y1] -ureido

- pi peridine-1- carboxylic acid nethyl ester. In this instance, the second
step of the purification was not perfornmed. Racemc cis

1- (2-net hyl -cycl oheptyl)-3-(5H pyrrol o] 2, 3-b] pyrazi n-2-y1)-urea was
prepared this way fromracemc cis

1-(2-nethy| cycloheptyl) 345 (2 trlnethyIS|IanyI ethoxynethyl) 25

e o - . Y

t
i
[
lo [
1-[(
(2-t
-ure
per f
1-[(
o]

1

y



WO 2010/ 063634PCT/ EP2009/ 065878 - 152 -

et hoxynet hyl ) -5H pyrrol o[ 2, 3-b] pyrazin-2-yl]-urea. In this instance, the
second stwp 20fo/asbe4purificati on was not perfornmed. PCT/EP2009/065878
Pyridin-2-yl methyl-3-(5H pyrrol o[ 2, 3- b] pyrazi n-2-yl)-urea was prepared this
way from 1- 156 -
pyridin-2-ylnmethyl-3-[5-(2-trimethyl si Ilanyl - et hoxynet hyl ) - 5H pyrrol o[ 2, 3-b]
pyrazi n- 2Stgn B- Irsa daskerans hr(3-mnmoraystopends)-3t[Ad2 semothllsganapedibxythethyl)-SH-

ﬁg;ia‘;ieg ?Efg%%&é’@%@% %ﬁfzf-ﬁﬁ-lqree%’( oY o BS2F Ll RNodUse MagotraPES Mk

Pyri ]gi N- 3haatedeh Iay‘gj- St 6eﬁllrlfq332r1roﬂksoﬂﬁn39m }ﬁ()tl’l@ﬂinﬂnlﬂe%ri;ﬁelnu:bﬁ@:nmd prepased this
way from1- pyri din-3 -ylnethyl-3 -[5 -(2 -trinethyls :

i 1anyl - et F%Wﬁ%%%wy@aﬂﬂﬁ%{wéﬂé npky), on 15)(15&}%%\429%}1& digpethylamipe {4 s

i nst ange, i Neises Nd6s hERutef aniRendlrhbd GAYdc0n P@SHdAYn r@@é’r%e%hﬁé%ol@ﬁﬁ the

f
final 10 product was washed wi th hexanes/Et 0Ac 5% Et OAc. - o
- Pyri di n-chrgmategiaphy MeOl % 0H-ggpequs Ac®H)2¢e@certitagsdria xague-apd puyitigd agagn wills

prepared thi f A\ 2 Pyl din _ﬁy--e_ - i% =it hyl s i

gt - ot hRs L T Aol e S Y s Pl L S GIOBLEE, 1Y

i nst ance, blphazisecoirattafluobcddie(Qaidi f, 2e%tyidd). was not perfornmed, but the
final product was washed with hexanes/ Et0Ac 5% EtOAc. 15 1 -(2 -Pyridin-3

-yl-ethyl)-3 -(5 Hpyrro lo [2,3 -b]pyraz in-2-yl)-ure a was prepared this
WayfromiLLéL‘q;J&fglf_@%!xﬂ_feK Sa) -yl-ethyl)-3 -[5 -(2-trinmethyls i
| anyl 4gt hoxynet hyl ) -5H-pyrro lo [2,3 -b]pyrazin-2 - yl]-urea. In this

i nstance, the second step of the purification was not perforned, but the
final probeermvadionas hed o aimshHieinased/AIK)dnkibdtenEt 0Ac. Raceni c

e SOPRRE PR BN SR o Py o2, 3 blpyrazine 2oy

1- (1- et hanesul fonyl - pi peri di n-2-yl nethyl)-3-[5-(2- _
trimethyl silanyl ygikhoxysRivieh héﬁ&nﬁ&iﬁe[s_@'delﬁl_gin?{S&]-PW@%‘oﬁfI%vﬁ{rjelgéry(&@# In this
i nstance, the second step of the purification was not perforned. Racem c
1-[ 2- (1- met hanesBNV#@M)I - pi peri di n-3-y1) - et hyl] - 3- (5H-pyrrol o] 2, 3- b] pyr azi n-
2-yl) - .urea was ed i r. fooq .

112 15 et nanes i Ra s T ploRsb BB 90k T2 made inouse by Roche
3-[5-(2-trimet hyPsloldny! - et hoxymet hyl ) - 5H pyrrol o] 2, 3- b] pyrazi n-2-y1] - ur ea.

In this instance, the reaction was stirred faq rs instead of 5 hours
and the second st@fpZdkeq© l%a?hwmaeﬂa}%lvﬁﬁda@glnr(%981-§@% Ry Tipagp(Cat # 14-

2010/ 063634PCT/ ER26§09/ 065878 - 153 - Racem c 3-

{2-[3-(5H pyrrol of ,3-b&pyrazi n-2-yl)-ureido]-ethyll o

- pi peri di ne-| - caPhppic N-taanigalivebinimylaed &4-mgagenide deried from adivatiemieopranner
from : . CRinti

3 (2- £5- 15 (2-t r CREYRY PP P ERT &t H kS PR RS Y s B iy P s TR oY T ¥ o 22 y 13 -
urei dol -ethyl)-piperidine-I|-carboxylic acid nethyl ester. In this

i nst ance, ,t he redficti on s .stiqred for 16 hours instead of 5 hours and the
5 second St%)°8} 1?%_%%(?9%5&{1{) IXE not performed. Racenic

1- (1- met hanesul fonyl - pyrrolidi n-2-yl met hyl )-3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-y

1)- urea was prepareds it e Wﬂ% H 7.2], 10mM MgCly, ImM
1- (1- met hanesulfogér/ -pdyfég'o%?g{%e-%t (3)/ -3-pes[p 721,10 gCh, Im

[ 5- (2-trinmet hyl sDTdnynganlisSdy.nidichagday 16¢drpsd ow irofhs, BL6}.pyr azi n- 2- y1] - ur ea.
In thi,s instance,, the reactjon was stirr or .hours instead.of 5 hours
and (RS second. SPSIGPTERE OB ETEa TR DR AR Skt L o 5.
Variation E: A nmradidiic@ve®End-point assay and with trace amounts of **P-ATP. The assays are
1-[1-(2-cyano-acetyl)-pi.peridin-3-yl]-345-(2-trinethyl silanyl -ethoxynet hyl)
- 15 5H pyrr ol of sa8et PP 29iellnofypronyleas ptateso9 g, 0.197 nmol) and Iithium
tetrafl uoroborate (0.184 g, 1.967 mml) in 2 nL of a 9/1 m xture of
acetonitrile and H20 was stirred at 85C for 24 hours before being cooled to
RT (al nosExprrimenitab¥ietliodf t ). The reaction m xture was diluted in 2 nL of a
9/1 myxtu of acetonitrdle. and H20 et hyl enedi am.n 0. 066 . 0.983 nmol )
was adbed d eI R LGP Y FRFLL AT S Beh s 25rb o Sotier or
bei ng 20 ewppatat.clssaybepy @sideksebybiscigpartiti oned bet ween Et OAc and

sat urat ed agueous NaHCO3. The aqueous | ayer was back extracted twice with
Et 0OAc. The conbined organic | ayers were dried (Na2SO4), filtered, and
evaporated. The fairly insoluble residue was adsorbed onto silica purified
by Si 02 flash chromatography (DCM (DCM MeOH: NHAOH 60: 10: 1] 90% to 0% DCM
to give 0.008 g of (1- [1 2-yl)-urea (14%yield). Exanple 46. WO

2010/ 063634PCT/ EP2009/ 065878



- 154 - O L NNHN'" O N Step 1: A mxture of
(1S,39)-3-{3-[5-(2-trinethylsilanyl-ethoxynethyl)-5H pyrrol of 2, 3-

b] pyr azi rw@-29mjosse3ei dol - cycl opent anecar boxyl i c aci d net R¢I/EPR082458g8 0. 75
mml) and LiOH 5 (0.036 g, 0.92 mmol) in 2 nmL of THF, 2 nL of H20, and 0.5
mL of MeOH was stirred at RT for 24 hours. The reaction m xture was
evaporated to give a waxy solid. The crude solid was triturated with H20
and then suspendé&dmpaumisiayd scaiglty difwed MHAOEURNSASIypIvalhag acldrotmtineat ed to
dryness to give . e

(18, 3S) - 3- { 3- [ 5- (R EPTHOPY 1 OM-LA0A! CARBIIBARPY SR W5 735181 8. 197%] pyr azi n2
-y1] - urei dol - cycb@p@nﬁr&lsa&aplbmwwtad\aﬁh ch2ptieq . 1 weis] AKSE d nRBJAIS2 i SaM heK 1)
following step. 10 Step 2. DIPEA (0.02 ni, 0.11 mml) was added at RT to a
m xture of (1S, 3%‘) n{ﬂﬁuff%' (2-

trimethylsilanyl R%admﬁya@tnhﬁa&a Hé)ﬁ'aﬂi@ibﬁ’[)?a &&ld@lydf% t’@vo%‘uBéltllaTesl{A?qul

cycl opent anecar boxylic acid (0.0 g, nmol ), net hyl am ne

hydr ochl ori de (Opﬂﬂﬁe@ﬁmmxg58¢hth§Fﬁ@%éBEﬁtD?@O QMK Y, JAKZ2BeK frsskys. in 1 il
of DCM The resul tI' n«%ggﬁ@;é]gﬁ %ﬁsﬁ(ﬂtfé{?%n@&tlon ongul‘éIaanH%H% e@ e%'ﬁ@el ei ng

partitioned betmeen aqueous Tayer was ted
twice with DCM Thedmﬂnmi@mﬂemmqaﬁndAKamﬂdSAKBne2&MunmmsLMHQBaﬁaymf|Itered,

and evaporat ed. e i sl dup, vas, RULLL 54 Y 2102, 11ash, oL QL 09I ARNY

(1S, 39p-3-{3-[5- ﬁé’mﬁéﬂ@i&imlmm'fwé Bhd) QYR ErYdn) oI bbRXA. " Ol of 2, 3- b] pyr azin-2
-y1] -ureidol -cycl opentanecarboxylic acid methyl am de %76@6 yi el d).

(1S, 3S)-3-{3-[5-¢2u @ﬁtmlhé}%rep@tmﬁa@ttmﬁfyﬁe@Pwlﬁ)o w8 pif py S olva) 21wty pyra2| n-

2-yl reidol- c n the
saﬁe]n;nngr u5|n%%ﬁﬁgﬁﬂﬁ%Q%%gﬁgﬂé¥kbéaa$h§ﬂ§§2ylnsEgg@ﬂ@f %%ﬁﬁﬁﬁﬁg)l
2010/ 063634PCT/ EBﬁ&B@ﬂ Gebis/@ntairlibd SOMMXATHIN A 47 96-B¢ht haeh MudfiSdrecardV

1-(3-Anino-cyc|o?§naéé) 3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-y1)-urea
trifluroacetate: °NH2 Step 1: In an oven dried flask was added

5- (2-y5i met hyl si lagayh 3ehfiigxy RUBMoh; BEbLENE LR WisBeBuiicPYi@awidh thkam ne
(0.118 g, 0.45 mmuol ), DI PEA (0.275 m., 1.58 nmml) and 5 nL DCM and t he

flask cool ed und&llongng buferydry i ce acetone bath. A 20% sol ution of phosgene
in toluene was added (Qtgﬁ%mmkm\QﬂéﬁmqﬂBkibﬁﬁ%bﬂhe purplish red sol ution

was 10 stirred for 20 mnutes then warnmed to -20C. A solution of trans
2- ( 3- am no- cycl opent y1B-to 8 vé@slisohthor09-ul 962 Mdedd-plys3-"a (\enephpdphbtiBgeidest 0 5
nol , m xture with non?ch
was w1th water.
20 Washed plates are dried in a 60°C oven for between 1 to 2 hours.
70 ul of Microscint 20 scintillation fluid is added to each well of filter plates and
after at least 30 minutes of incubation, radioactive counts are measured in a

Perkinelmer microplate scintillation counter.

25 Representative ICsg results are in Table I below:

TABLE II.
1c50 h-jak3-
Compound sf21-c: no
additive (uM)
1-1 0.5834
4 0.1422
v 03264
7 0.1155




deriviative) in 8 nL DMF was added and stirred for 60 mnutes, quench with
MeOH and concentrated in vacuo. The residue was m xed with MeOH, filtered
and the swbi2diwdesesed wi t h MeOH and dried in vacuo to gi PETIRP201S/065878

143- (1, 3-di oxo- 1, 3-di hydr o-i soi ndol1-2-y1)- 15

cycl opentyl] - 3- [5 (2-trimethylsilanyl - ?ggoxynethyl)-5k+pyrrolo[2,3-b]pyrazi
n-2-yl]-urea (0.196 g, 75%yield). Step 2: Trans

1-[3-(1, 3-Di oxo-1, 3-di hydro-i soi ndol-2-yl)-cycl opentyl]-3-[5-(2-
trinethylsiIanyl-ethoxynethyl)-SHHbyrrol)[Z,EPﬁmpyrazin-2-y1]-urea (0. 288
g, 0.50 mml) was dissol ved w thl-heating|in DMA4(10 |mL) and placed in a 45C
oil bath. The flask was 20 evacugﬂgd and refbhbgﬁ W ith nitrogen three
times. Hydrazine (0.16 nL, [5 I nygy) was auuggSyja Syringe. After 30

m nutes AcCH (0.6 nlL) was added ﬁga the—mxt §§2P6dled for 30 m nutes nore
bef ore bei ng evaporated. MOH WS dded, g—and the filtrate was
evapor ated. H20 was added, (i was evaporated. The
resi due was purified by reverse IpH8se co unnoé%Q%natography (20- 80% MeOH i n
0. 1% aqueous AcOH) 25 to gilve [I-109 0.1016

transl- (3-am no-cycl opentyl)-3-[I5t132-t ri et hglos4d any| - et hoxymet hyl ) - 5H pyrr
ol o[ 2, 3- b]pyrazin-2-yl]-unea (O-334 g, 60% yopeld). | WO

2010/ 063634PCT/ EP2009/ 065878 - 1/fs StEp 3 01Tg& | Hask
transl-(3-anino-cyclopenty_)-S-[ﬁ;§f-tri et |ﬁ1Tg¥any|-ethoxynethyl)-SH—
pyrrol o[ 2, 3-b] pyrazi n- 2- y1]—u¥ 0 & 27#—+mpl) in 1 MHCL in AcOH
(1.3 nm.) was heated in 65Cloil bt for hnﬁ@493fhnn 80C for 100 m nutes,
then concentrated i n vacuo| To thB% esidlie wdladded MeOH (2 nl), H20 (1ni)
and 2M aqueous di et hyl am ne (2 I5148L) , siirr@ﬂ2%br 165 m nutes and
concentrated in vacuo. Purified on reverse phase columm chromat ography
(MeOH / 0.1 aqueous AcOH), concentrated in vacuo and purified again with
(MeOH / 0.1 aqueous TFA) to give trans

1- ( 3- Ami thQ:S@qu@p)@ntlw)wrgh{ssﬁelpwsmb%i[12 sgme gptai) by Hiap of illpstyatipneagd
trifluroagg i

Det erm nat i hﬁﬁeeF&r%ggj]O éesqu\f an r?géma}l@iﬁﬁ)pﬁ blﬁl% P?lg{r?{o goﬁg(sﬂlg}]t epept i de
substr at earuﬁledclmngesdtaé quﬁ'@dndmltm;y be praAKted Rﬁhmrtm stapt ofﬂherappdndﬂheiatrdo mai n

866- 1154 | PVA774) 15JAK3: t.h Ki
comni n°( B36T8) A PO HBOLL by AR OA BTGNS 2 AR B bt D
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Substrate: N-termnally Blotlnylated 14- mer tide derived fromactivation
| oop 200f [FAKANCGQ the §Bﬁ%§@l%®n{% showkt maféa%leﬁdiqt@rav@d vethoefeiRIRAIENOKEY Y TVKD

Assay Conf%uFbv pg?ﬁgd BanISRELARINORNQE TS ra%wﬁeﬁtg% nitAudfl diaRR oRUT fer:
50MM Hepes [pH™7 10mv NgCl 1mM DITT, A. e assay Is carried
out in thégitlhdf fer. 25Assay Format: The klnase activity of all three JAK

ki nases i s neasured using a radioactive, end- point assay and with trace
anount s of 33P- ATP. e assays are carried in 96-well pol ypropyl ene

pl at ed0 ERP pichimagnt leﬁa%onsgeg RIS GHed H R BEEEoR PRIPTPR ¢ he
reaction ma&bwaeedqy@qe@{elncé ROHORLARES & £ RAFIsbER (RL sanRQTdnEAPIRERALUr €. Assay
steps are described below. WD 2010/ 063634PCT/ EP2009/ 065878 - 157 -
Conpoundsindivédugbpatenti nptast prnlisetianror oblieapNBBCrepiledividyalhtdeactedx starting
concentration of 1mM Final concentration of DMSO in the reaction is 10%
Conmpounds are preincubated with enzyne (0. 1nM JAK3, 1nM JAK2, 5nM JAK1l) for
10 minutes. 5Reactions are initiated by the addition of a cocktail of the
two substrates (ATP and peptide prem xed in the JAK Kinase Buffer). In the
JAK1/ JAK2/ JAK3 assays, ATP and the peptide are used at concentrations of

1. 5uM and 50uM respectively. The duration of the assay for JAK2 and JAKS
is 20 mnutes. JAKL assay is carried out for 45 mnutes. Wth all three
enzynes, reactions are termnated by the




10addition of 0.5M EDTA to a final concentration of 100mM 25 ul of
termnated reactions are transferred to 150 ul of a 7.5% (v/v) slurry of
strept avivoOnromams@d sepharose beads in MyCl2- and CaCl2PCma®2002/06480% phat e
Buf fered Sal i ne contai ning 50mM of EDTA in 96-well, 1.2um Milti Screen-BV
filter plates. 15After a 30-m nute incybation, the beads are washed under
vacuumw th the following buffers: 3 t0"4 washes with 200 ul of 2ZM Nad . 3
to 4 wash®HAT IhCPAMED I6f 2M NaCl plus 1% (v/v) phosphoric acid. 1 wash
with water. 20Washed plates are dried in a 60C oven for between 1 to 2
hours. 70 ul of Mcroscint 20 scintillation fluid is added to each well of
filter plates and af tenpaindlogdstnddI m nutes of incubation, radioactive
counts are measured in a Perkinelmer mcroplate scintillation counter. 25
Representative 1C50 results are in Table Il below TABLE Il. Conpound 160
h-jak3- 021-e: no additive (jtMgl-1.0.5834 1-4 0.1422 1-6 0.3264 1-7
0.1155 WD 2010/ 063634PCT/ EP2009?\§§5NS‘€8 - 158R- 1-8 0.456 1-10 0.144 1-13

) _ N
0.7988 1-77 0.0527 1-86 O. 6321%1_}NI I A N\ "

5 ~
R N
N H

wherein:
R'is (1)lower alkyl optionally substituted with one or more R", (2)cycloalkyl optionally
substituted with one or more R'", (3)cycloalkyl lower alkyl optionally substituted with one or
more R", (4)phenyl optionally substituted with one or more R, (5)phenyl lower alkyl
10  optionally substituted with one or more RY, (6)heterocycloalkyl optionally substituted with
one or more R", (7)heterocycloalkyl lower alkyl optionally substituted with one or more R,
(8)heteroaryl optionally substituted with one or more R', (9)heteroaryl lower alkyl, or
(10)spirocycloalkyloptionally substituted with one or more R":
R" is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower
15 haloalkyl, amino, -C(=O)N(R'?),, -C(=0)O(R'?), -C(=0)(R'®), -S(=0)»(R"?), oxo,
cyano, sulfonamido or cycloalkyl, or spirocycloalkyl;
cachR™is H orR'";
R is (1) lower alkyl optionally substituted with one or more R'”, (2)
lower haloalkyl optionally substituted with one or more R', (3) lower
20 alkoxy optionally substituted with one or more R"™’, (4) lower alkylene
optionally substituted with one or more R'’, (5) hydroxy lower alkyl
optionally substituted with one or more R™, (6) cyano lower alkyl
optionally substituted with one or more R™, (7) cycloalkyl optionally
substituted with one or more R™’, (8) cycloalkyl lower alkyl optionally
25 substituted with one or more R'™", (9) spirocycloalkyl optionally
substituted with one or more R'’, (10) spirocycloalkyl lower alkyl
optionally substituted with one or more R™, (11) heterocycloalkyl
optionally substituted with one or more R™, (12) heterocycloalkyl
lower alkyl optionally substituted with one or more R™, (13)



1-87 0.0361 1-108 0.1205 1-109 0.1016 1-113 0.0546 1-135 0.0415 1-136
0.1184 1-137 0.1119 1-138 0.2493 1-139 0.312 1-140 0.0299 The foregoing
i nvent i orwbasiodissass4descri bed in sone detail by way of i PCugPe@viocis7and
exanpl e, for purposes of clarity and understanding. It will be obvious to
one of skill in the art that changes grﬂgo_rmdi fications may be practiced
within the scope of the appended clainms.”5 Therefore, it is to be
under st ood that the aboweireetaedystoabinyl ppsionalerdesiduted wth dnklongtoraRi ver and

not restrictive. The sc of the invention shoul d... therefore, .he
fotermned not cui ther of aPDslroddioBENN) BURRRM ShiohAN ShHiEira 8l ortst eac

be determined with referenae RE:the foll owi ng appended cl ains, along with

the full scope of equivalents 0 which such c|ains_ ar ent'tleg. 10 Al
patents, patent applications Rand Klggen F%‘ﬂsl"(‘i"lef@}iya]if leﬁ’“feﬁ? OXpptW€ation are

her ebysi ncorporated by ref er gaggihnof BRirbxyaBktf gkyt; for all purposes to the
sane extent as if each individual patent, ‘patent application or publication

wer e so iRdisw edawesaligdnatded. WO 2010/ 063634PCT/ EP2009/ 065878 - 159 - WHAT
IS CLA NEQ,&K%: an%l'[f}'R a?eoﬁegﬁéﬂgen?lfy sgl%t%l k‘rgml the grloup consisting of H, lower alkyl,

halogen, hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyl;
or a pharmaceutically acceptable salt thereof.

10
2. The compound of claim 1, wherein
R' is lower alkyl, cycloalkyl, cycloalkyl lower alkyl, phenyl, phenyl lower alkyl,
heterocycloalkyl, heterocycloalkyl lower alkyl, heteroaryl, or heteroaryl lower alkyl,
optionally substituted with one or more R';

15 R" is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower
haloalkyl, amino, -C(=O)N(R'?),, -C(=0)O(R'?), -C(=0)(R'®), -S(=0)»(R"?), oxo,
cyano, sulfonamido, cycloalkyl, or spirocycloalkyl;

cachR™is H orR'";
R is lower alkyl, lower haloalkyl, lower alkoxy, lower alkylene,

20 hydroxy lower alkyl, cyano lower alkyl, cycloalkyl, cycloalkyl lower
alkyl, spirocycloalkyl, spirocycloalkyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, spiroheterocycloalkyl, or
spiroheterocycloalkyl lower alkyl, optionally substituted with one or
more Rlb’;

25 R is halogen, hydroxy, lower alkyl, lower alkoxy, lower

haloalkyl, or hydroxy lower alkyl;
R?is H or lower alkyl; and
R’,R*, and R’ are independently selected from the group consisting of H, lower alkyl,
halogen, hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyl;

30 orapharmaceutically acceptable salt thereof.

3. The compound of according to any one of claims 1 to 2, wherein R? is H.
4. The compound of according to any one of claims 1 to 3, wherein R’ is H.

5. The compound of according to any one of claims 1 to 4, wherein R* is H.



wherein: R is (1)l ower alkyl optionally substituted with one or nore R1',
(2)cycloal kyl optionally substituted with one or nore Rl', (3)cycloal kyl

| ower al KD 20pwGeda3al | y substituted with one or nore R1' PCTAPRINQI0YISTS
optionally substituted with one or nore Rl', (5)phenyl |ower alkyl 10
optionally substituted with one or ', (6) heterocycl oal kyl optionally
substituted with one or nore Rl (7)he?erocyc|oalky| | ower aIkyI

opti onal | §. subst|tuﬂwwommpmubWEw@ndm@ﬂ@mﬁmnwctskh@tbﬂn%nvmﬁmpR|@dél|y
substituted with o hetero

(10 spi T obycl oal kyl HiseBharTy oot dRF Tt L (b Pt Novelpatkgt

hal ogen, ﬁmﬂmﬂﬂﬁkabythﬂWny | ower hydroxyalkyl | ower al koxy, | ower

15hal | kyl 0 O(Ri 0)2(R
oxo? 2§an sﬁm gﬁé‘?ﬁeggmBP f&@fﬁ%}ém@&n %meg? ?%1@§/é|t<ba4\%@§ﬂrelg§adﬁ q(weé).g Hag)r

Rib; Rgb 4gvi(1) |ower alkyl optionally substituted with one or nore Rib',
(2) lower haloal kyl optionally substituted with one or nore Rib', (3) |ower
20al koxy ®pt i onal | yThesoappuns asdordingro epeomsrofipiims Rio § Ayhdrgindy lalrl@ﬁl}’éne

optional l SUbSt I uulﬁh%gtowp%)ﬂ)(f)&gor(afngr{g ey%eﬁof’cla%%% lf{u(ygr% eln%BE al kyl

optlonally ‘substit one or yano omer aIkI
optlonalI%mkmnqikmm%emyMAth one or more Rib', (7) cycloalkyl optlonally

substituted with o nore, Ri b’ 8) cy cIo r al kyl,.optional l'y
Soubst it hed it DICOBPOGHSCPpEs by Ol Pﬁ)aé‘g%‘éll PRUSTHER dridiens)
subst ijput Relealk, PR&r&Yly q@ngpﬁ%pkﬂbﬂlo) splrocycloalkyl | ower aIkyI

optional |y substituted mnth one or nore Rib', (11) heterocycl oal kyl
opti onal | {2-subst i t uh eempund agersdiag tnelpian R of Fompulpdk er ocycl oal kyl 1 ower
al kyl optionally substituted mnt on zor nore Rib', (13) - 160 -

spi rohet er ocycl oal kyl optlonally b tituted Wth one or nore R or (14)
spi rohet erocycl oal kyl |ower alk ubstituted with one or nore
Ri b' is hal ogen, hydroxy, IomBr‘ IkyI pxy, |ower 5hal oal kyl, or
hydroxy | ower alkyl; R2 is Hor [owe ~.4And R3, R4, and R5 are
i ndependently selected fromthe grSﬁp cohsi stg ng of H |ower alkyl,
hal ogen, hydroxy, |ower hydroxyal kyl, |ower al koxy, and | ower hal oal kyl; or
a pharmaceutically acceptable salt thereof ml0 2. The conpound of claim1,
wherein Rl is |ower alkyl, cycloal kyl, cycloal kyl |ower alkyl, phenyl,
phenyl | oWBF B kyl heterocycloalkyl het erocycl oal kyl | ower al kyl,
het er oar yR} 1SQ§{CIB é’}%‘[déllkyll QRS a@(!ykxbtem@pélbapﬁl érme%ﬂ&%lofam&%we& mpylone or
nore R1' hal ogen, | ower yl, hyd y | ower hydroxyal kyl, | ower
MkwﬁIWMWWWWWWW@WWWMGE)Mﬂm2 -C(=0) O(Ri a), -QOMHa)
-S(=0) 2(Ri a), px Y, | kyl ; each
% %Fgag&’gi@m?wéllﬁlﬁﬁﬂﬁﬂk&% 10%?Lﬁcﬁ{>)§>épw Bwi?ﬁﬂilﬁo‘?& LR

Ria is H or ower koxy Iomer

al kyl ene, 20hy1da|1®>k1§»yllaﬁm<b @(ﬂ)IN(R Yart= owmla)am(yo)(Ré?csm)mla) eycl oal kyl

| ower al kyl, roc Ioalk ocycl oal ower al kyl
heterocycloal Pnoﬁ @%F%ﬁP@bYl d@ﬂ?q@ﬁﬁbﬂéﬂspiroheterocycloalkyl, or

splroheterocycloal&Malkbwgﬂxngyl optionally substituted with one or nore
R, 25Ri b is hal ogen, hydrgx | ower al kyl, | ower al koxy, |ower hal oal kyl,
or hydPoxy | ower al kyl ; Hazlsﬂ@wwélfyhll@werrhaé@aklwl lowgrcplkoxy, lower alkylene,

hydroxy lower alkyl, cyano lower alkyl, cycloalkyl, cycloalkyl lower

alkyl, spirocycloalkyl, spirocycloalkyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, spiroheterocycloalkyl, or
spiroheterocycloalkyl lower alkyl, optionally substituted with one or
25 more Rlb’;
R is halogen, hydroxy, lower alkyl, lower alkoxy, lower
haloalkyl, or hydroxy lower alkyl;
R?is H or lower alkyl; and



R3, R4, and R5 are independently selected fromthe group consisting of H,

| oner al kyl, hal ogen, hydroxy, |ower hydroxyal kyl, |ower al koxy, and | ower
hal oal kylwo02010a063@&4phar maceuti cal | y accept abl e salt t heP€®EP300FI0e58¢OHNPOUNd
of according to any one of clains 1 to 2, wherein R2 is H 4. The conpound
of according to any one of claims 1 to;3, wherein R3 is H 5.The conpound
of according to any one of claims 1 to 4, wherein R4 is H WO

2010/ oesm@ﬁREﬂo&@ll@a&a #glepenglgntly selegted Froan dergpowrmdnsistingod dt.dowe alylany
one of cl l%{l(grsenlh td?o S loWhe?flecirHX)E& ilsl wH'ralk7' Thned IC\())V Oa omﬂT ?‘Ccor ding to any
one of cl &t s 1678, WHErETH R TS Ve 0al Ry 1" B er &F4bPy Ris cycl ohexyl .
8. The cosqmophacmacatdatly ageccpabhiyit aieecodf clainms 1 to 7, wherein RF is | ower
5 alkyl. . 9. The conpound accordi.ng to any one of.clains 1 to 8 wherein
Rt is nmethyl. 107 r?@ﬂwew%qfﬁgﬂl@geowa?rﬁ g8 Hnf brid Toris Eh a1k 4 Ho 6 |
wherei § Rilyis cycl oglckshpb@yeicedddingto claim 1230 13 ReeRONMRONMEARGABAKPY O any
one of claims 1 to 6, wherein Rl is phenyl 10 |ower alkyl, preI‘era ly Rl is
phenyl et hid.. 12, Ahesepwaw sccedimgitngny onctfglamy 12 &f 14 ohepimRIB 0IR2 |, -N
Il wher eij@'e idine. RL 1's cycloalkyl, cycloal kyl Iower alkyl, heterocycloal kyl,
or heter ycriloaﬁi'kyl | ower al kyl, 15 optionally substituted with one or nore
RF; Rl isléal ogen, Tewempabikidccotajrtoxyy oncovetaimy d?2 axiamiytein Rbwer al koxy,

| ower ha::é)(g_l kygla amno, -C(=0)N(Rla)2, -C(=0)0(Ria), -C(=0)(Ri a),

- S(=0) 2( ,)2( x?), cyano, sul fonam do, cycloal kyl, or spirocycl oal kyl; each
Ria igoH pr. Rib; 20/ieRohpotiREoidMb any OMEST a9 k6, whersl R alikxyy | ower
al kyl ene, hydroxy | ower alkyl, cyano | ower al kyl, cycloal kyl, cycloal kyl

| ower al klkyl- spi rocycl oal kyl , spirocycl oal kyl |ower al kyl,

het er ocyc|pal kyl , r I r . i rocyel gal kyl, or
spi r ohet eirgc)icycl oal Eﬁﬁl@%}é&ﬁ%ﬁéﬁngj&g}ﬁﬁ%ﬁ ﬁ@asntl}%g% Fofgsteggle%ﬁ%lﬁ 1gne or
25nmor e Ri tyrrdligineahd Gens -$yM0%Y). | ower al kyl, |ower al koxy, | ower

hal oal kyl , . or hydr | ower alkyl: R2 js H. or_ lower .alkyl: and
VEp0101 D6baapCr B bR R g oy Sb S R R Y Sgpaty
i ndepepdentkyalk@l ected fromthe group consisting of H Iower alkyl,

hal ogen, gﬁdroxy, | ower hydroxyal kyl , | ower al koxy, and | ower hal gal kyl; or
a phar mac#lt i cal | y Heceppamdofciin idhwherigi R is pyrrolidinyl methylene and R is -
S(=0)(R™).
21. A compound according to claim 1, selected from the group consisting of:

1-Cyclohexyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Phenyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Cyclopentyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Cycloheptyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

1-Benzyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Cyclohexylmethyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-((1S,2R)-2-Methyl-cyclohexyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(2-Chloro-phenyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-((R)-1-Phenyl-ethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Phenethyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-((S)-1-Phenyl-ethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-o-tolyl-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-(2-trifluoromethyl-phenyl)-urea;
1-Ethyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;



13. The conpound of claim 12, wherein R2 is H R3is H R4 is H and RS is
H 5 14. The conmpound according to claim12 to 13, wherein Rl

i shet er ocwoOl20®ldegd34 15. The conpound according to any ®QE/EPR009I6ISHE 12 to
14, wherein Rl is piperidine. 16. The conmpound according to any one of
claims 12 to 15, wherein R1' is - §(=0)2(Ria). 10 17. The conpound according
to any one of clainms 12 to 16, wherein fais lower alkyl. 18. The conpound
accordi ng t b-rempubid-Gf-pirwletd 3¥Ppyrezins- yl%h@lael n RLis pyrrolidine and Rl'
is -S(=0)2( al.k S(=0)2(Ria). 21. The
conmpound ac?olr%)r?@dtgo( o %?Qié’g\cl)bﬁp}ﬁzm)i )rlérleer‘f Rl is heterocycl oal kyl The
conmpound of [(5#H-Ryddo[AMhe]petaainRlyl) sirgyls Faekiidadiy tthpiistkyl ene and R1' is - A

Compount eS8l afh 6 2l BFSRLE LGSMATE ALayp. conot St of:

1- Pheny1- 3- (S MeiyRbqB 25 3-RBWI BB yRa kb =i §&ido]-b d methvl st
1- Q/dopenty% 3. (5|_y|?- )E/[I’%OIO [ I]]If’yg% - 2‘1‘)' 181e1étyr1cac1 methyl ester;

1- Cycl ohept 9&) %N(@meﬁlﬂ 2&316@12 parrb}qbiﬁézmymazzn gm/})w]@la -butyramide;
1-B 1- 3- :
1 Gyel ohexyl TRt PR R PE ekl Ry 3 - pvsein 2 purge

, 2R) - 2- Met hyJ(SHmyrﬂowﬁE,xw]pyr&m{Z@&)—w(ﬂSgﬂRQ 2[,25&1mé1hplyayakjhaxﬂ)—mka urea;

CR - 1 PR BN o PR s S ST 2B o ea

- Phenet hy 1133 6 Tyl Q%&&I%x?l’)@]-(@ﬂ%dl‘%@ SYHpyHsifd-yl)-urea;
-((S)-1-Phenyl -et hyl) rolo pyrazi n-2-yl)-urea;
-(5H Pyrr onrsg Mthdjwylphgxmy(ﬁpy@d@%%b agieyl)-urea;

Erhy 5 (AR o DR e sl A oSO BRE PRy ) - ur e
Mt s gy

3- (SEI- Pyrr 8%’}23’11%’?%]1&?@&‘2}1%%9%% lﬁﬁe?éﬁﬂ%%byﬁg U g ethyl ester:
N- Met hyl - 243-( 1@1'10%{156 @de@ﬂ?plﬁe@dlﬂﬁtyﬂme5@p¥/ﬁbfdﬂl Sinekramcelyaniee;

(S)-3-Methyl-2-[3-(5H pyrro razi n- -ureido]-butyric acid
net hyl est et ~(2.2-Dimethyl- cyclopenty) 3 (5H- pyrrolo[2 3- b]pyrazm -2-yl)-urea;

S)-3,NDi d
11 (3549 "H AR SRR PRl o 0o
)-ure 1-(1-Methanesulfonyl-piperidin-3-yl)-3-(SH-pyrrolo[2,3- b]pyrazm -2- yl) urea;
15H— - in-2-y1)- 3- 2R-.55t h 1) -
L T o B RN s B TS Pt BRI sy onesy ) -
(3, 3- Di medstyy] - cycl ohexyl ) -3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-yl) -urea,;

3- Met hyl - | oh 1)-3-(5H I 2-yl

(1R, 29) - B0 ng o MG R ) L S AP ot P o] BYNEEE ne 2- Y1) - ur ea:
(5

| -

|]‘-|- _Pyr yir ﬁ'&ll(?h% 33R)b31 Mlﬁ& 'c?clgpe)ﬁ%r)l) §'(§f@'8§1?g1§|[223 gﬁ}ﬁa@llﬂ ngd%@a 3 -Oyc | ohe
2-

TRRRPERRRRERE

(2- Cyanol d@@thqu @d){]mdamn 3 }3})];?} -[ B43.5.Brtpfinerotpgopionyl)- p1per1d1n 3-yl]-

3- ]pyra2|n -yl)-urea;

2, 2-Di net ﬁyl cycl opentyl)-3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-y1)-urea,;
5

1-
1-
1-
1-
Xy
[1-
[2,
1- (
11]( H— Pyr r oll §({RD); BAb¢tpypipaiidin-3=-WiL} (ﬁH{pgzrrb&{Zs%}ﬁyﬁazﬁﬂ pgtyoured;hyl ) - pi peri di n- 3-
urea
3{ (1- Met hanéiaﬁ%ﬁyrml&[%)érbﬂla'r%@@wpyursldelsmpsw%|1 SPPosYl W%{Eﬂrﬁ%‘:ry 1)-urea
3
i

1-

43- (5H- Pyxy @Ir&;{@nﬁ paieﬁufnaazyﬁtﬂ(swlﬁyﬁw @Q]]pﬁbﬂﬁfz'- J ﬁl%a - car boxyl i ¢

d nethyl ester; (S - ip erid y1l)-3 -(5Hpyrro lo
, 3-b] pyr éﬂ-ﬂsobutyy}z]l)plmr@al 3 -yl)- 3 (SH pyrrolo[2 3 b]pyrazm -2- yl) urea;

1

ALl TR it s R

N O

Pyrro

, 3, 3- t tidylclobe oyl Br@phnethyliy Hpypelo[ 23 b}p&feyzﬂxi 2-y)reed;
R) 1- Acetyl - pi peridin-3-yl)-3- 0 yra2|n 2-yl)-urea;
- (5H Pyr?&%/yﬁfo% gﬁ & %@Y‘Tﬁ%‘pﬁé E}fé% H{%é{ﬁl% SE -carboxylic acid
y| Est er ]-(1-Ethanesulfonyl-piperidin-3-yl)-3-(5H-pyrrolo[2,3-bIpyrazin-2-yl)-urca;
1- Pr opi onél pi peri dl}l’,l p3py1) SY)SH-( py%)%’ol o[ ]pl%,r ] pyr agl)n 2-y1)-urea;
1-I'sobutyryl - pi peridin-3-yl)-3-(5H pyrrol 0[2 3-b] pyrazi n-2-yl)-urea; 1-
3- Met hyl - butyry1) - pi peridin-3-yl1]-3-(5H pyrrol o

b] pyrazi n-2-y1) - ur ea;

cl

cl

H
NN m/‘\
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ohexy1-3-(6-nethyl-5H pyrrol of 2, 3-b] pyrazi n-2-y1l) - urea;

- (
, 3-
Q/
- Cycl ohexy1- 3- (7-met hyl- 5H pyrrol o[ 2, 3- b] pyrazi n- 2-y1) - ur ea;

PRRTT R RO W TR R D

- (1- Et hanesul fonyl - pi peri di n-3-yl)-3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-y1) - urea,
- 164 - 1- [1-(Propane-2 -sulfonyl)-p iperidin-3 - yl] 3 - (5H—pyrro|o [2,3
-b] pyrazin-2-yl)-urea; 1-((S)-1- Acetyl -pyrro I | d| n- yl) (5H— pyrrol o

~



1-(2- Et hyl - cycl ohexyl)-3-(5H pyrrol o [2, 3 -b]pyrazin-2-yl)-urea;

1-(1- Acetyl-3-nethyl-piperidin-4-y1)-3-(5Hpyrrolo [2,3 -b]pyraz in-2

-y1) - ur eavodo(olosBBtthanesul f onyl- 3- net hyl - pi peri di n- 4- y1 pC3HEP20490938r®I 0 [ 2, 3
-b] pyrazin-2-yl)- ure a; 3 -Methyl-4- [3 -(5Hpyrro lo [2,3

-b] pyrazin-2-yl)-ure ido]-p ip eridine; é— carboxylic acid nethyl ester;

- 165 - 1-(1- Met hanesul fonyl - pyrrolldln% | met hyl )-3-(5Hpyrrolo [2,3

- b] pyr azi n- 2-[{-{Fropansal- Slllfon[ylj) pél@“@ytﬁ-b’ﬂrﬁr 6|é§fpyre£d0[ét3ylﬂpylpzmp?eyh) ughian-3 -yl] -3

-(5H pyrrol Vet h | fonyl -az ep an-3
-§/1) 5 (SH?;Sésﬁr oﬁ*%ew(lz‘y dﬁl]g;%ﬁ')“ %[?(3 FgyigAna Shgica o o P OTD D3
- b] pyr azi n- 2-(§SI))1=Mre&1an@k0]fe@a@prran@nl3=yaﬁ8Q@Hyﬁynolo@Bda]pmﬁzhny|2 -yegiires;,;

[1 ((1 v KL g"p%%%ﬁrﬁéﬁ%lwrfylnpzy v‘é§¥q?%$]my§oilgff Zt(%vfcp%}?@ Befglt o, 5

1
- b] pyr azi n- e%teyl) ure a; 1-(1-Methanesul fonyl -piperi d| n-4-yl)-3-(5Hpyrrolo
[2,3 -b]pyraz in- -ure a; 1-(1-Acetyl-piperidin-4-yl)-3-(5Hpyrrolo

[2,3 -Db] pyréi(&&@);lio\cqiyleiamemyl piperidint3ayie3 25 FulytoyA.$-Oipyrgrieeiydi-wed - yI] -3

bert P noa! S periphRXLASL B R bl B aaRS SRR 1P
) E) iDr Ofaginﬁ- Ilj[ism]’njop:rﬁyel]) sfidélpB{pllﬁhrlldﬂBfS-y%ﬂB] (S%prr((ﬁb-[Qp}jb]pyﬂamn[ﬂylﬁ}-urea
bl by azt n- SRS ERuErips Finekeo D g ke R Mg e st e
L1255 ) kot ML SRR L
-(5H pyrrol & %’Zd@ 2 mnpﬁ}b}é%r(ﬁflszO[aﬁeldpyrazm 2-yl)-urea;

opt opy| met hadadnl At st ST RGeS el Pl SRR BTy g (e

- b] pyr azi n- 2«9-Pyridine2ylagthy #3845 B-pyBo®) 2,3-Hpyyario2xyprety| - cyc | ohexyl ) -3

- (5H | 2- Met hyl
anor | PSuL ol Beine - B kS o B Bt Pl {58 b pyt a2

1 1 i 1) -3 -(5H |
[% %3 u[)ea raziﬁ(r[]% %@Jﬁ%ﬁﬁi‘sqi&h Oid{%?f)b]ﬁ}pargeh? }g)ulu?‘éo%]yl) E) ngyrrglg 3
-yl] - (5#(9@&&%%%6@@31%?1}?9 kﬁfz}py@lo[?r%é PYRZIT-2-8)-Ureq: 2- Met hyl - pr op
- ufii;f OB DBl cfeidhodls GH oI RIL PR gl 2y durg] PYA21 12
l?gﬁfyl urflaclsQS)ﬁMmeQMMXﬁmé (BHmhbmﬁM)b]wamwrﬂ) mres; -y1]-3

rro ra rea

S Y MR b BB A R wln) S o Thomigliing-Logpryorylic peidmsiid o) o
[2,3 - b] pyr@fdrnz -yl)-urea; 1- [1-(Prop ane 1 -sulfonyl)- az ep an-3 -yl1]-3

5H | o i
[(1 (me ﬁyﬂ (é%)dp%ﬂ@éllaﬁyélfféflﬂwﬁé@épyléﬁ (éH Wolﬁw(bémawﬂdﬂbw[ez 3

-b] pyrazi n- 2-pb) r. Acetyll]%ﬁ'ro'hdﬂf ?%l) 3- ﬁH £)§1§01§[2 351%]§§ra§1n - Vo Riyda: 1- (prop ane-1

-sul fonyl)-p |per|d|n rrolo ] pyrazin-2-yl1)-urea; 1-

[(3S,50Y9) Mlﬂvetomdpauec@@onﬂtmmndm 613'1)a3’ré’iH pmmwn%f&mzmpkwl)dmms -yl] -3

o SRR AR RS by og o s
-yl)-urea; 1-(5H{F}rolo[2 6 ReaAne-2)341 (Z}IL}ZJtl)lﬂWbIeﬂlahbsﬂllfbn)a) ptp&l]ldlﬁ 3-
-(5H pyrro [2,3 -b]pyraz in-2-yl)-ure a; 1- [(R-1 -(Prop

|
ane-| - squo’ﬁ ‘P)ea yrro lidin-3 -y1]-3 (5H—pyrro|o[23 b] pyr az

in-2-yl)-ur onyl)-pyrrolidin-3
-y1]-3 - (SH? (@Ert%ylg&él&ex%b 3(%;/%§M6[22j %{ﬁgﬁ 2 le?%ff (5HPyrrolo [2,3
- b] pyr azi n- 2- (13AE)3t}’l}3 D(l‘(twl mmndurf -fybr o the- hm‘i@lgﬂﬁ’r b]@ytazmyiir yofureh n-3 -y1)- ure

R e L R T R TR e

- (SH-pyrro drea[ 2, 3 - b]pyra2|n 2 -yl)- ure g; 2 {2 43 -(5HPyrrolo [2,3

eg][ 2¥r az | n3 %\/Igtl]igrl étj 3 (5 oﬁo[By3 ))]py1p gllilr2oy15 ({Illreqc?o]lpqg:e?:1rdPn%XIy rlgoxyflc ac1rclﬂEt hyl

methyl ester;



4- [3 -(5HPyrrolo [2,3 -Db]pyrazin-2-yl)-ure ido]-azep ane-|-carboxylic
acid nethyl ester; 1-(1-Methane sulfonyl-az ep an-4-y1)-3 -(5H pyrrolo [2
, 3 -b] pyrsi® 20m/@3681) -ure a; 1- [2-(1-Methanesul fonyl-p POTEPREV6BTS
-yl)-ethyl]-3 -(5Hpyrrolo [2,3 -b]pyrazin-2-yl)- ure a; 3- {2 43
-(SH-Pyrrolo [2,3 -b]pyraz in-2-yl)- ur?édo] et hyl |

- pi peridine-1-carboxylic acid nethy ?

1- (1- Acet yl 1dt@@@hama;lfp)lytapxrsmdpyzwbneshﬁflEHSHb)]ywko@,BMmar@;dr) 2iphearca; 1-
1-(3 -Meth | 2,3
by not 30yt A0 S LRSS %2

3( 3 -tri Fl(uM@hme%nfoameazlepauBinrw@H pyrrqle[IQl,};lb]pyraBm-Afyl]) ufaalg ea;

1-(5H Pyrro 2,3 3 ,3-tri or o-

ane-1 - sul fé?@%ﬁl PWPW P 23211)}11%%55262%6(%&@ Bp3yylif aﬂ‘éé’il%}{’ﬁl $¥CFat hyI

ip eridin-3j4 y@ceﬁylaﬁe%lahgyﬂw(m &%ol%[zblb aaz;ﬂ@y% uré’al) urea; 1- [(S)- (
, 2-D i met hyl - prop "ane- )p ip eridin -yl] - gSH-pyrroIo[23

- 167 - b] pyil&ti-Hicghy} p)ropgln@—é su fg_nyl) -piperidin-3-yl1]-3- (SH pyrrolo[2 -b]pyrazin-2-yl)-

(S)-1-(2- hoxy- et hanesul f ony1) - pi peri di n-3-y1] - 3- (5H pyrrol o

2, 3-b] pyrazin-2- yl)-ure a;

( 1- Met haneg iHMamyntsiBfongl-piptridiz-dpan3 45 §-byrdto( Bhbipyrazad-dyDBed] pyr azi n-2-y1
urea; 4-Mt yl-5 -. 13 ,-( yI. | o . '

2581 pyr AT gty AL AR o R A R 2 Moot byl est er ;

( 1- Acet yl ﬂ{lJ@Bﬁt‘aﬁ’é Q"s@kfd&iy'ﬂ)eélbéﬁ&n 3-}(1 ﬁ(ﬂ-ﬁo&ﬁbl@[@, 3]11@/}2{234{ @-%l)fhré’a* yl) -urea;
- {[3 (5I—|—Pyrro|1(>)fg}E yrazi n- 2¥ - ureido] - z/ eridine-1

car boxyl i cld@)d IW'PF ehgrpiperttlin-3-yl)-3-(5H- pyl‘r010[2 3- ]pyrazm -yD)-urea;

[ 2-(1-Acety Haz{ N2
-yl)-urea; ﬁiﬁi)?%@g%%ﬁ% r O?E)P éa'lﬁa]%gl agler{@nly%[@’u r@?ﬁ%ﬁ%ﬁﬁbﬁﬂeg’

- pi peridi ne44[3¢éﬁﬂ?&mpld[h3é@}daﬂm&ﬂh&) -ureslb gpiperidine-1-carboxylic acid methyl
1-(1-Acetyl - Plper|d|n4ylmethyl) 3-(5H pyrrol o[ 2, 3-b] pyrazi n-2-y1) - urea,
1- (1- Met han€"&ul f onyl - pi peri di n-4-yl met hyl )-3- (5Hpyrrol o [ 2, 3-b] pyrazin-2

{)1)] urea; 1. 11@(21{4%),133(:}8)0[@2 @ﬂzmt(Bmm[@B%yﬁhmﬁz(ﬁrb&yrr0| 0[23
pyrazin

1- Acet)J( azep yl1l)-3-(5H pyrro
lo [2,3-b] p%(bliﬂé 45) Bmclq[.%% hept-2yb ((in &E%é@ﬂﬁw ﬁ’l)i'lﬂféﬁ‘l di n-2

1 t hyl
[)2/- % l-eAc)étll %{1\?@? EBh&}h% §Iﬁ~b%&gﬁﬁ{zﬁgyﬁn02 qu’fz 3- b] pyrazi n-2
-yl)-urea; 14i- qypta)p(@ty%nﬁb}lnm$m{oﬁyl3plbf}m-ézyﬂh3 25 i-pyrroiogl, o] pyreediigyl)-

-pi peridine-1 -carboxylic acid nmethyl ester; 2-
{[3- (5H Pyrtofo[ 2, 3- b] pyr azi n- 2- y1) - ur ei do] - net hyl |
-pyrrolidi n@-({l—SQ}B’)QOHydrbﬁyIﬁ&hﬁ d?ElfohMlyl)eE&(ﬂ pyoloBhs- P}ﬁymml D-yl) urea;

[ 2, 3-Db] pyra2| @‘yM % -trifluoronethyl- cyc ropyl nmet hane
sul fony1)-p 19%%-% eﬁlyypmalaeeéﬂul Qn@@d”l’?ﬂi’é‘kﬁ’l]? ! f#pvgoleBr%Blpyram pyrrol o
[ 2, 3-b] pyr azzmugeayl) urea; 1-

[ (S)-1-(3-Methyl -oxet an-3-yl met hanesul f ony1) - pi peridin-3 -y1]-3

- (5H pyr r ol &-({2; 13MethshgpyHamilpifRriginy3-yh Sa(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

 atvaet ot Dl T B e T R L e g
-y1) -urea; 14(J)2-QIMAGSL-ylop@icpBkilttingt) $ijyctiined §y 353+ fiatb1p[RI3-Blpl @zin-

2, 3-b] pyr ‘SZ -yl)-urea; 1-

2-(1- Acet V5%l i di n-2-y1)-ethyl]-3-(5H pyrrolo

gulg)f lo)]ns)l/; agwt;cgl?cleé)smg 10[2-3 ];]??razm 21y1%-hjc 6lrp?ol o] 213 - b] pyrazi n-2-y1)-
ure a: 1-[(S)-1-(Propane-1- sulfonyl) pyrrolidin- g -yl]- 3p (5H- pyrrolo[2 3- b]pyrazm -2-yl)-urea;

[
[
1-
) -
[
1

[
[
[

1-[(S)-1-(2-Methyl-propane-1-sulfonyl)-pyrrolidin-3-yl]-3-(5 H-pyrrolo[2,3-b]pyrazin-
2-yl)-urea;

1-[1-(Propane-1-sulfonyl)-azepan-3-yl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

1-[1-(2-Methyl-propane-1-sulfonyl)-azepan-3-yl]-3-(5H-pyrrolo[2 ,3-b]pyrazin-2-yl)-



1- [2-(1- Met hanesul fonyl-p iperidin-4-yl)-ethyl]-3-(5H pyrrolo

[ 2, 3-b] pyrazin-2-yl1)- ure a; 4- {2 -[3-(5HPyrrolo

[ 2, 3- b] pyWaz1/@3681) - ur ei do] - et hyl | - pi peri di ne- | - car boRgriEP2@i06ssaet hyl

ester; 1-(1-Ethanesul fonyl-pyrrolidin-2-ylnethyl)-3-(5Hpyrrolo [2,3

-b] pyrazin-2-yl)-urea; 1- [1-(Propane; g6 sul fonyl)-pyrrolidin-2-yl methyl]
-(SH-pyrrolo [2,3 -b]pyrazin-2-yl)- Ure a; 3- {

[3 (5H Pyrrwba| 2, 3- b] pyrazi n-2-yl)-ureido]-nethyll -piperidine-1

- b i : o
10 Wt nand SEASE T P BT aneal s oy pimerigin ST 6P BI85 pyr azi - 2-y
1) - lt.)Ii’ ea; 1- l(]ﬁyré@ﬁtZyjrl) -pyeay 0 | di n- ZZyL/EnFLh?/I ) - 3- (aﬁle—l- pyrrol o [i) .
razin -] -
i ne B g1 RSV by e prossnesy Sy Ao by SR AL ( B Pyrrolo
[

[
2,3-b raﬁlnr@) . .2, 2-tr| fl uoro- ethI i peridin-
yl met ]hph - - 1c?f2‘3¥b]]byr§z1n 2I—fl) {u%?ol o] 3-b] pyrazin-2 }ly)l) I03p- [ 1- (2 2,2
-tri fluor olé(Rf)yll Eﬂq@n@@kfmlmyzrogmhnérﬁw1(5Hmyéroh>[2 3{biryszan-gyyl)gureq:3- (5H— Pyr ro
lo [2,3-Db u m de;
1 (514 pyrr of GD3 B2 k) pRSH ARSI RSE I BGI £3 B ol 25 2
f | uor o- et hyll )[R p@rbpetina-13sH fiphyipphydljdin-3 -yl &-(BH-pyie loBER -Biptyrazim2-yl)-urea;
[ 2, 3- b] pyrazi rif ridi.n-3-yl]-
behyt ) or kRO Ve g b Dbl o Pl e de bty
- pyrrolidi neyl)-ygaF boxyl iC aC| d nethyl ester; 1-(5HPyrrolo
[2,3-b]pyrazin-2 -y1)-3 - 2- [142,2 , 2- trlfluoro ethyl)-pyrrolidin-2 -yl]
- ethyl} - ul daH- Py(tpl@ g bj;)yrgzm-@gdx @,{(Rjyqurlélup@methanesulfonyl pyrrolidin-3-yl)-
[ 2, 3-b] pyr atgré 2-yl)-ureido]-cycl opent anecar boxylic acid nethylam de; and
(1 S,359)- {S(SH-PyrroIo

[ 2, 3-b] pyr a:h(h—Meﬂym)esulfoeyﬁmperdxynﬁqﬂmaﬂlahéc(éﬂam;dl@[@ 3alglpgrazi-yl)-urea;

e

patient in gpegd thereof a therapeutically effective anount of the conpound
of any one of claims 1 to 21. 5 23. A nmethod for inhibiting T-cell

prol i f erat i vei2dP o derrotd Fdraleyrarn-Zdom-wicklodeihyl -Rysrodidipst I @ﬁl@oxiyhc Aded

thereof a trﬁ%tﬁ?i%% fically effective amount of the conpound of any one of
claims 1 to , preferably wherein the proliferative disorder is cancer. 10
24. Use of t hé%ﬁ)ﬁihﬂytmm[hﬁ bdryyazome-ybfureidai-ampinet be@boxyhictabd mahylfestet;ur e of a

e e 08 S BLRB A B A A e oL 3o o
f or use i n the-(1-nealkdeat foall-@peridid -8 amp@h @l-3-(HSBH@B&IT2,81b | BfraAf-2ad)- 0i mMune
di sorder. arc:
3-{2-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-cthyl } -piperidine-1-carboxylic acid
methyl ester;
1-(1-Acetyl-azepan-4-yl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[1-(3-Methyl-butane-1-sulfonyl)-piperidin-3-yl]-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-
urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(3,3,3-trifluoro-propane-1-sulfonyl)-piperidin-
3-yl]-urea;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[(R)-1-(3,3,3-trifluoro-propane-1 -sulfonyl)-
pyrrolidin-3-yl]-urea;
1-((3R,5R)-1-Acetyl-5-methyl-piperidin-3-yl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[(S)-1-(2,2-Dimethyl-propane-1-sulfonyl)-piperidin-3-yl]-3-(5 H-pyrrolo[2,3-
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blpyrazin-2-yl)-urea;

1-[(S)-1-(2-Methoxy-ethanesulfonyl)-piperidin-3-yl]-3-(5 H-pyrrolo[2,3-b]pyrazin-2-
yl)-urea;
1-(1-Methanesulfonyl-5-methyl-azepan-4-yl)-3-(SH-pyrrolo[2,3-bJpyrazin-2-yl)-urea;
4-Methyl-5-[3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-azepane-1-carboxylic acid
methyl ester;

1-(1-Acetyl-piperidin-2-ylmethyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
2-{[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido ]-methyl} -piperidine-1-carboxylic acid
methyl ester;
1-[2-(1-Acetyl-piperidin-2-yl)-ethyl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
2-{2-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-ethyl } -piperidine-1-carboxylic acid
methyl ester;

1-(1-Acetyl-piperidin-4-ylmethyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Methanesulfonyl-piperidin-4-ylmethyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-((18,3S)-3-Methoxymethyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Acetyl-5-methyl-azepan-4-yl)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[2-(1-Methanesulfonyl-piperidin-2-yl)-ethyl]-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-
urea;

1-[2-(1-Acetyl-piperidin-3-yl)-ethyl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
4-{[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido ]-methyl} -piperidine-1-carboxylic acid
methyl ester;

2-{[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido ]-methyl} -pyrrolidine-1-carboxylic acid
methyl ester;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[(S)-1-(1 -trifluoromethyl-
cyclopropylmethanesulfonyl)-piperidin-3-ylJ-urea;

1-Cyclohexyl-3-(7-isopropyl-5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[(S)-1-(3-Methyl-oxetan-3-ylmethanesulfonyl)-piperidin-3-yl]-3-(5 H-pyrrolo[2 ,3-
blpyrazin-2-yl)-urea;

1-(1-Acetyl-piperidin-3-ylmethyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Methanesulfonyl-piperidin-3-ylmethyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[2-(1-Acetyl-piperidin-4-yl)-ethyl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[2-(1-Acetyl-pyrrolidin-2-yl)-ethyl]-3-(5 H-pyrrolo[2,3-b Jpyrazin-2-yl)-urea;
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1-[1-(Propane-1-sulfonyl)-pyrrolidin-2-ylmethyl]-3-(5 H-pyrrolo[2 ,3-b]pyrazin-2-yl)-
urea;

1-[2-(1-Methanesulfonyl-piperidin-4-yl)-ethyl]-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-
urea;

4-{2-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-ethyl} -piperidine-1-carboxylic acid
methyl ester;

1-(1-Ethanesulfonyl-pyrrolidin-2-ylmethyl)-3-(5H-pyrrolo[2,3-bJpyrazin-2-yl)-urea;

1-[1-(Propane-2-sulfonyl)-pyrrolidin-2-ylmethyl]-3-(5 H-pyrrolo[2 ,3-b]pyrazin-2-yl)-
urea;

3-{[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido ]-methyl} -piperidine-1-carboxylic acid
methyl ester;

1-(1-Methanesulfonyl-pyrrolidin-3-ylmethyl)-3-(5 H-pyrrolo[2,3-b |pyrazin-2-yl)-urea;

1-(1-Acetyl-pyrrolidin-2-ylmethyl)-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

1-[1-(2-Methyl-propane-1-sulfonyl)-pyrrolidin-2-ylmethyl]-3-(5H-pyrrolo[2,3-
blpyrazin-2-yl)-urea;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(2,2,2-trifluoro-cthyl)-piperidin-2-ylmethyl]-
urea;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(2,2,2-trifluoro-cthyl)-piperidin-4-ylmethyl]-
urea;

(1S,3S)-3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-cyclohexanecarboxylic acid
dimethylamide;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(2,2,2-trifluoro-cthyl)-piperidin-3-ylmethyl]-
urea;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-{2-[1-(2,2,2-trifluoro-cthyl)-piperidin-3-yl]-
ethyl}-urea;

3-{[3-(§H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-methyl} -pyrrolidine-1-carboxylic acid
methyl ester;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-3-{2-[1-(2,2,2-trifluoro-ethyl)-pyrrolidin-2-yl]-
ethyl}-urea;
(1S,3S)-3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-cyclopentanecarboxylic acid
methylamide; and

(1S,3S)-3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-cyclopentanecarboxylic acid
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ethylamide.

22. 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 any one of claims 1 to 21.

23. A method for inhibiting T-cell proliferative disorder comprising administering
to a patient in need thereof a therapeutically effective amount of the compound of any one of

claims 1 to 21, preferably wherein the proliferative disorder is cancer.

24. Use of'the compound of any one of claims 1 to 21 in the manufacture of a

medicament for the treatment of an inflammatory disorder or a of an autoimmune disorder..

25. Compound according to any one of claims 1 to 21 for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.

26 The invention as described herein above.
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