WO 20101063634PCT/EP2009/065878 PYRROLOPYFtAZINYL UREA KINASE INHIBITORS The
present invention relates to the use of novel pyrrolopyrazinyl urea derivatives which are JAK inhibitors
and selecti\@b‘ iﬂmggﬁl’é‘le and are useful for the treatment of auto-immup@ﬁgmglfa@@gtory
diseases. 5 Protein kinases constitute one of the largest families of human enzymes and regulate
many different signaling processes by adding phosphate groups to proteins; particularly tyrosine
kinases phosphorylate proteins on the alcohol moie"tk/” of tyrosine residues. The tyrosine kinase family
includes members that control cell growth, migration, and differentiation. Abnormal kinase activity has
been implicated in a variety of human diseases including 10 cancers, autoimmune and inflammatory
diseases. Since protein kinases are among the key regulators of cell signaling they provide a means to
modulate cellular function with small molecule inhibitors of kinase activity and thus make good drug
design targets. In additiongQ HRaMEPL ANAserMadiaied HiSQRSPRIPEPPEREs selective and
efficacious inhibitors of kinase activity are also useful for investigation of cell signaling processes and
identification of other 15cellular targets of therapeutic interest. The JAKs (JAnus Kinases) are a family
of cytoplasmic protein tyrosine kinases including JAK1, JAK2, JAK3 and TYK2. Each of the JAKs is
preferentiallyiassestateshwittvinel inisacyteplasoiicoper iorabsiachale extokine feaspiaish(4enu. Rev.
inniunot 16 (19950, 298;322), The JAKKs aigactivated follawing Iqang binding, an initiate signaling
by 20 phosp oryi%l Ing cyf%lf}me receptors Pnat, Pér se, are evoid ot IRtinsic kinase ac%ll\l}ﬁﬁ}. This
plaosphorylatidinfesatesodoékiergssites on the receptors for other molecules known as STAT proteins
(signal transducers and activators of transcription) and the phosphorylated JAKs bind various STAT
proteinss STALBfaliRg. AbRT AT s AN AIDGIRg Araleins ALHVARGBY ARqspRR/aian of trosine
residues, and function both as signaling molecules and 25 transcription-tactors and ultimately bind to
specific DNAIS8HuE pigaslisfentsteify plems RISSALYBRIE- 1@ BRUPIEN @ HEAESITY 83A%RS et al.,
(2000), J. AllgigsGHifvsIMRERLkLR5HE 571888 HMGH2RE04I6363APCTIER20A0RREES - 2 -
JAKSTAT signalin% has been implicated in the mediation of many abnormal i%mune_ responses such

as allergies; il IBRHATS S TSR S comP heet SHBIAnP GG Fafy & EfoM 4% uimatoid
arthritis, amywitophit Haiekahsolaydsis inrd myliipieSolerosiktasiivethasdis aolidiasiddiematologic
malignggeies. such as leuliemia and mphomas. &, Hus, e JAlte and STATS ate corponents of
multiple potenlﬁa y intertwine signaltransduction pa??iways E)E)Oncogene 14 &cg&ﬁgpp g62-5679),
which indicarss erslifficeilty afsdpadificap vidg etimepanio sledniat ofer IpcSTATIpsnrNay without
interfering with QthRr SigRkBRSHHGIR% PRINWAYS. TR JAK KinReeR-iBr luding IAKR:ase gbundantly
expressed in primary leukemic cells from 10 children with acute lymphoblastic leukemia, the most
common formwnaﬁ%faaseém@ﬁ?%asgﬁﬁa@%vé=é8}?@qa€eﬁlgqf§%@em%ﬁ1rﬁr%efﬂgﬁ%||s with
signals regulativigyapopiesisciRiemapliss e alon($008) s MallitiehkoBioles §id Tddne cidandetnet al.,
(21997), .Blood 18{9:4146- 5%; Kaneko et ?I., 997), Clin. Exp. limnun. 109:185-193; andNakamura et
al.,(1996), J?eé%la.r&{%%t{ ﬂ‘?rﬁ%’@g})? ey are also known to be important to lymphocyte 15
differentiation, function and survival. JAK3 in particular plays an essential role in the function of
lymphocyteSimaskoptiages Kamday)ast edlisil@ivery thid amportance ghdkise Jadédkemmsbidbaanpounds
uhich modulale {heRAIGRRDWERY aRlding Rese. SRecl g 0L 0N, can Br sl ft reating

diseases or conditions w e function of lymphocytes, 'macrophages, or mast cells is involved

(Kudlacz et #ittaQoudysnng pPriransgisiel: seagmaouerandeian. Ro0 3y Beiwick 308751878).
Conditions ingyhishtargeting of the.dbkpathivavn.einedwation ehiheidAK diaasespparticularly JAKS,

are contemplated to be therapeutically useful include, leukemia, lymphoma, transplant rejection (e.g.,
pancredd isIRtBAEBIAIR$ SR, BORECRMAOW S ARt ABHIERTORY S hesgraRtiérstRihost
disease), autpirpisBadiscasesd d@kidipbietes) e ifanmatat{molcasthmavallergitAgactions).
Conditions 25 \évhic?écan t%ene it for in ibit%ontofJAFS are .dismg,as%q in rea}gar eta&l J%&ow. However,
in contrast t8 he e 3}yrﬁ Slq‘ﬁ‘iﬁ%%nexaﬁrgfs%snooﬁﬂicﬂg}&fi Ialmc}1 TURBIRR 1§55 3 More restricted
and regulatédnéxprassién AN hereas sOMETIZKE i(RAK B TIAKaF KI N dradisg griojemyvaringtadf cytokine
receptors, J%%Wan Ay &3‘8%5%%' ResatAl SONFIRARY B ‘%}g%'{gﬁ%ﬁﬁgﬁ%léﬁi%? affderefore, plays a

role in cytokine signaling for cytokines which 30 receptor was shown to date to use the common
gamma-éhafiRntcmtipadagiary dgltimatshy hipd tlorpegilik Phete@IsnGAfPTaradHE SRS eceptors
for cytokines tleyRoldrldhs W Q301 0/ 06363 PL BN UIRERTBI m3 M ANUoH:527. While JAK2
interacts with, among others, the receptors for IL-9 and TNFalpha. Upon the binding of certain
cytolcines togﬁffé‘ir receptors (e.g., IL-2,1L-4, IL-7, IL-9, 1L-15 and IL-21), receptor oligomerization
occurs, resulting in the cytoplasmic tails of associated JAIC kinases being brought into proximity and
facilitating the trans- 5 phosphorylation of tyrosine residues on the JAK kinase. This
trans-phosphorylation results in the activation of the JAK kinase. Animal studies have suggested that
JAK3 not only plays a critical role in B and T lymphocyte maturation, but that JAK3 is constitutively
required to maintain T cell function. Modulation of immune activity through this novel mechanism can
prove useful in the



10 treatment of T cell proliferative disorders such as transplant rejection and autoimmune diseases. In
particular, JAK3 has been implicated in a variety of biological processes. For example, the proliferation
and survivad@f sauringgsiast cells induced by M-4 and 1-9 have been showpia:pasiarengent on JAK3-
and gamma chain-signaling (Suzuki et al., (2000), Blood 96:2172- 15 2180). JAK3 also plays a crucial
role in IgE receptor-mediated mast cell degranulatip?_responses (Malaviya et al., (1999), Biochem.
Biophys. Res. Commun. 257:807-813), and inhibition ofJAK3 kinase has been shown to prevent type |
hypersensitivity Feaeli GRS RaRF ShiEPiASSHS VBT AU P e AP Ro B R ImEspEls.
274:27028-2%03esJAKB40kibiER8, has:alsahermsiewnr defesuth s immpnasuppsession for allograft
rejection 20 (Kirken, 2001)t, .Trarglﬁl.. Proc. 33: 26]253227%)1' JAK3 'naﬁtes havle also beerhimplicated in
the mechaniSti Vo NSET B A B AR RE G FIRELIRSTORS ARAAIERKUTEF P B K A (2000), 4.
Immunal. 164 3884s898Mafanpliahahgpetophiodaterkiusclorosid (Trghoatal., (2000), Biochem Biophys.
Res. Commun. 267:22-25); leukemia (Sudbeck et al., (1999), Clin. Cancer Res. 5:1569-1582);

mycosisfungoi -cell. lyn iel i ),.Prac, Natl. Acad. Sci. USA
o 6766 7E) i Ao Lo Shonan (s uERE i AR
Catlett-Falctpeséciion oo ryiniangaizg 9 (X105 JKK3-inhiBiiorsisikéndiesigh the cHBicalsy
Immunosup@f@ﬁ@_&;f&@@ﬁ@@éﬁﬁgﬂ@@%&%@@@Jmmmﬂkﬁwan@mw%&eﬁwﬂgk@iﬁplerosns,
rheumatoid arthritjs, psoriasis, Type | diabetes and complications from diabetes, Cancer, asthma,
atopic dermdfiit SRR ARSI SS disorders, ulcerative colitis, Crohn's disease, Alzheimer's
disease, Leukemia and other indications where immunosuppression would be desirable. WO
2010/06363RG ME R299/06581 8¢ A K Nonchbmatopyietisraxpids samat iz hasdalsotaen reported,
although, the fynctiona| significance, of this has yet to be clarified (J,.Immunol. 168 (2002), pp.
7558052 B S PR AR o G RV G % (oA
2009-2018)sttderhsantikahicth 3T A K8t ivas essertitlmoriisedtind amt] fungtionsgrmotftesitissues or

organs. Heneg, :ganifast wih oibeCargets of nmunosuRRIESSIYe diias, e estisterhglistibution

ofJAK3 is appealing. Agents that act on molecular targets with expression limited to the immune

system mighe s 60 YpthTAl effibacixoxieny ratidorathqodlka @stic tHet£98fe, theoretically
offer immung;sLIPREESSION. WhaS. 4 ITRSEIedi (bR £ RlIB ARHYSPAFICIRAkNG A Immune responses)
without resulting in any effects outside of these cell populations. 10 Although ?fect've immune
responbes HAUEHEEL Y derHied ﬁ’i@/é‘ﬁi‘fh‘@sﬁ*ﬂ?:%‘%ﬁi‘ﬁrm%“!ﬁ]f MRSy KBE'49'¢1898), pp. 304-311;
Cum Opin. EeltiRiokQ(hed)yipR. 2283638 thedibiquitolis. distribtitidmef-Gii& ks duxd/thie fact that
those molecules lack enzymatic activity,that.could be targeted,wjth small-malecule inhibitors has
combuted bR B B S R AR SRS mumerous
conditions then heetsdnldom praet: ilservefitrispndedenseritarpbly fngchdeli tiophof Yivs.,. JAK pathways it is
immediately, appasent.that REW CORRGHAdshaE medulat IR thuay sraRdimetosds ot using these

compounds should provide substantial thera%eutlc benefits to a wide variety of patients. Provided
herein &fe folRIgsHoIBRYFATItHdFeiivaite S o ies it icR s Rtest dBndtfome i wnich
targeting of shendtapashwarsIAK aidalubipan afidAK kikasas ceaitieplady Hs3aaastateally

therapeutically useful f r!h treatrlnen of auto-immune .and inflammatory diseases. il'he novel
oyrrolopyrad I LR e At ) SRR AR L L IO L bt SRR S RIF S0 R for the
treatment ofgutGam rurerandvinflasyhatepp discase & . 3 herdbmpouAdsafithesdventiommradulate the
JAK pathway: u vel razipyl u rivati 1 [ nt of

P éﬁ%e%%‘%naﬁ’ ; el aove dQXHQA%%Yn%ﬁ g@%&%&g, M%%g%%&%ﬁ&’ﬁﬁ%&@%lﬁ

auto-immune an mmatory diseases, wherein preferred compounds selectively inhibit JAK3. For
exampl theleshgsairasibienentibiisnor MSSiaranisomees, ivasrsss driafbbréecompounds are
selective for JAK3 of the JAK kinases and are useful novel pyrrolopyrazinyl urea derivatives for the

treatmem_owgvgﬂqﬂ%t%gtﬂqﬁ@mﬁt@w diseares - kprbesmereate f&@%ﬂ*@'ﬁ&f fhaginvention
may inhibit JAK3 and JAK2, 30 wherejn preferred corgjr%?unds are selective for JAK3 of the JAK

kinases, an8%re MBS/ AYEIeH i, A EFaardSnvER RS 15 1S Hd afe M SPadidhififune and
inflammatonyseddy disgasest Sitila-tapreaTpeiniEs:idtbel irveriokinaashin bilitalAda and JAKL,
wherein pre{grred CO%POJJ $-qre sglective for J 'C%fohn% JAK Kinases, and arc useful novel
pyrrolopyrazw%l/}iﬁ 8 derivatives ot the tréatment of guto-immane in ammat\o’vry iseases. 5 The

application pngﬂdﬁswasodmpmcmdhwftﬁmﬁmtlnIMOMenegmnme@ﬂnﬂeE,allksﬂ, By oyl lleyidloal kyl
lower alkyl, ghienyh phad Igwetalio v nelaracydloalivl.detrasyslankyl loweraliyl heteroan,

or heteroaryl lower optionally substituted with" one or more R1 is haldgen, lower alkyl, hydroxy, lower
hydroxyalkyl, lower alkoxy, lower haloalkyl, amino, -C(=0)N(Ria)2, -C(=0)0(Ria), -C(=0)(Ria),
-S(=-0)2(R17, oxo, cyano, sulfonamido, cycloalkyl, or spirocycloalkyl; 15each RI'is H or R';



Rib is lower alkyl, lower haloalkyl, lower alkoxy, lower alkylene, hydroxy lower alkyl, cyano lower alkyl,
cycloalkyl, cycloalkyl lower alkyl, spirocycloallcyl, spirocycloalkyl lower alkyl, heterocycloalkyl,

heterocyclogiieyl ignesalkyl, spiroheterocycloalkyl, or spiroheterocycloalkyh-2Qipyues slkads optionally
substituted with one or more Rl ; - 6 - R2 is H or lower alkyl; and 12.3; R4, and R5 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 another embodiment, the

application Provideslb-¢biipdada o? Fesmetviareg e Btvsraen feytiodnad dYEtoallcyl lower
?Ikyl, pfllff;ydllﬂﬁ?ﬂ%lﬁwel'bﬁ:mw helat Il@xﬁy@m&b _Még@%%mygfﬁ@%qylégﬁea,aﬂmg E@fﬁmﬁ%l, heter?karlyl
ower alkyl or spirocycloallcyl, optionally substituted with one or more R1'; R1' is halogen, lower alkyl,
rony. Toer AT ks TR ARG TSP RS T SHTR S COPREREA ST Ojo 1)
-C(=0)(R14 xss5¢ =02 (REAinexe, leyanbraghonampdo ieyslaatkfHcitrasipig oy olaalkyl; each Rl is H or Rib;
R'is lower a| ower haloalkyl, lower.al , r.allcyle h r alkyl, cyano lower alkyl,
cycloalcy, B e T T e S SR e

heterocyclodlkyrldigeemfiEiic dp¥oramstocycloallcyl, or spiroheterocycloalkyl lower alkyl, optionally
substituted with one or more Rly; - 7 - Rib' is halogen, hydroxy, lower alkyl lower alkoxy, lower

haloalkyl, orhyermxy laweralkyl Rads 101 javer Al andR3-Réiand RBane imdependently

selected from the group consisting of H, lower alkyl,.ha]o%en, hydroxy, lower hydroxyallcyl, lower
alkoxy, and IBWRREHEIRIEAEP: PHARHICE SR sEREstAb e BMEd e FEdP IR b ASHE Pt Rrere is
provided a cangpud of nptinadivwhaieipR s loweralshsyeloallh wyelealky iawer alkyl, phenyl,

phenyl Jower alkyl, heterocycloalkyl, heterocycloaLkyl lower alkyl, heteroaryl, heteroaryl lower alkyl, or
Cpiroey oAt LB b5 AT UL R U SH B HETRLER et R TSR Skl nyoes,
lower hydrostizalsyk. lower alkoxy, lower haloalkyl, amino, - C(=0)N(R14)2, c(=0)0(Ria), _c(_0)(Ria),
_s(=0)2,,, ia, ) oxo, cyano, sulfonamido, cycloalkyl, or spirocycloalkyl; each Rl is H or Rib; Rib is lower

S, spirocy e e R At e
spiroheterotyeldeiypnongpitohetbpd syrioaagtiowe ity ddach domsnaty sutsshitersdanithione or
more Rib; RiP' 4 balegesh Iy dlowsnalndmlQueiitlkox-iengahanky pasdashorydower alkyl;
R2 is H or lower alkyl; and ) ) ) )
15 2180). JAK3 also plays a crucial role in TgE receptor-mediated mast cell degranulation
responses (Malaviya et al., (1999), Biochem. Biophys. Res. Commun. 257:807-813), and
inhibition of JAK3 kinase has been shown to prevent type | hypersensitivity reactions,
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), . 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-Faicone et al., (1999), Immunity 10:1G5-115).

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.



R3, R4, and R5 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 - 7guIRehgsyayiation of Formula I, R2 is H. In one variation of FgrgadadBddsshs. In one
variation of Formula I, R2 is H and R3 is H. In one variation of Formula I, R4 is H. In one variation of

Foimulal, R4is H, R2is H and R3is H. In one var_i%ti_on of Formula I, R5 is H. In one variation of
Formula I, R5is H, R4 is H, R2 is H and R3 is H. In one variation of Formula I, Rl is cycloalkyl. In one

variation of EeRrREMREIOTRIFE CHEmRIoN WEAK R hpalsolemgpatiedne thar e theiRiafievariation of
Fommla |, Ridsigygiebexylid nanevanatenst&ormmahoR isscedeiexy| 2R 4o RBisddsR2 is H and
R3 is H. In one variation of Formula |, RI' is lower alkyl. In one v @gon 'c_)é{% rmpula 1, RI' is methyl. - 8
- In one varPARSTBF RS FORPIaH 1R MF&‘TI&E%F@&%%&&X@ PH %l“rg@ﬁ&s%e’ﬁsand R3is
H.. In one vaigitiontbitHemiiiad cRénganethytdRidsneyolotieny In RiEeisikdpRbistdaR2Hsdeaind R3 is H..
In one variation of Formula I, R2 is H.and R1 is cycloalkyl. In.one variation isH, R3is
s and 1 o AR T B P SR R e AT R B B otk n
one variationpret g rients Rt iscHyrRoisolaRRriss i WikB g3 esaier Rnig ¢yeibalisynupe sigopariation of
Formula 1, Riseyeloalitd ipwatalionl, ?:&Q%N@%@&%gﬂﬁ 1Rhig Rhenykower alkyl. in one

y

x.7i-ptinn of Formula I, Rl is phenylethyl. In one variation of Fommla I, R5 is H, R4 is H, R2 is H, R3 is
H, and R1 i$he)RIBEAYI AEGRSINIE tHISHESIRiatisr irsadtldiers IR sRA MBS R EERS is H,
aﬂd R1 is phepyhiowespladednvanpvasationeah Ravretiat, R isekf Résisctl] RpusatibrR3 is H, and Rl is
phenylethyl. In another.aspect, there is provided a pharmaceutical compgsition-comprising the
compouhd ﬁ%@ﬁﬁéﬁ%ﬁ&%&%&ﬁﬁ%ﬁsﬁ?ﬁeﬁ F‘é"g@{%ﬂ&%ﬁ%‘? alel i%)ﬁl%g zlc‘&(!:fept%tfﬁleB E(;:zt}r?ier, excipient
or diluent. Theeapplicatiotfioditlesma ¥eriddundrof Goinlula/lBIbl-B(1 R sy Cloailidd).¢heloalkyl lower
alkyl, heterou%&h?%%yc{is%riﬁ%tc?r{%%wﬁ%@%ld%efg&”[ﬁﬂ’those molecules lack enzymatic activity

that could be targeted with smali-molecule inhibitors has contributed to their non-selection as

key targets for immunosuppression.

15 In view of the numerous conditions that are contemplated to benefit by treatment involving
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 mflammatory discases.

The novel pyrrolopyraziny! 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 JAK2,

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

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



optionally substituted with one or more  Ri is halogen, lower alkyl, hydroxy, lower hydroxyalkyl,
lower alkoxy, lower haloalkyl, amino, -C(:=0)N(Ria)2, -C(=0)0(124a), -C(=0)(Ria), -S(=0)2(Ria), oxo,
Scyano, sulfppaglidessgysloalkyl, or spirocycloalkyl; each RI'is H or Rib; Rib-jslouysyalerk lower
haloalkyl, lower alkoxy, lower alkylene, hydroxy lower alkyl, cyano lower alkyl, cycloalkyl, cycloalkyl
lower alkyl, spirocycloalkyl, spirocycloallcyl lower alkyl., heterocycloallcyl, 10heterocycloalky! lower
alkyl, spiroheterocycloalicyl, or spiroheterocycloalkyl lower alkyl, optionally substituted with one or
more Rw; Ridesefal GdieRatdbeap idadihsonsn oy ok tHaBalRy BrRldrbsizivwer alkyl; 15
R2is H or lowaxalleys,ansheRch-akR3iR4ANRS At Ndensndentiv selested figmthe group

consisting of H, lower alkyl, halogen, hydroxy, lower hydroxyallcyl, lower alkoxy, and lower haloallcy1;
ora pharméaam}ewae&w@o%%%ﬁﬁ%%w DhREoBrEE AMLIBHIREYY, R3is H, R4 is
H, and RS igikkalasone variation of Formula Il, 122 is heterocycloalkyl. In one variation of Formula I, RI
is heterocycloalkyl, R2 is H, R3 is H, R4 is H, and R5 is H. In one variation of Formula Il, R piperidine.
In one vgriaﬂgn of Fo&r{nula 11,124 is pi eriginlt_eF R2 i? 'i' R3isH,R4isH,and R5isH. - 10 - In one
variatior” of FOHHUla 3%11_@?;’ EZS(EQFB?)& 1 'Ohe’ valiation of Foamla H, RI' is -S(=-0)2(Rla) , R2is H, R3
is H, R4 is H, and R5 is H. In one variation of Formula Il, RI' is lower alkyl. In one variation of Formula
II, Rlais lower alkyl, R2 is H, R3 is H, R4 is H, and R5 is H. In one variation of Formula Il, Rl is
pyrrolidine and R1l is -S(=0)2(R1a). In one variatli{@n of Formula H, Rl is pyrrolidine and RI' is
-S(=0)2(R1a), R2is H, R3is H, R4 is H, an R%’IS H. In on variation of Formula H, Rl is
heterocycloallcyl lower alicyl. In one variati OTPI‘D is heterocycloalkyl lower alkyl, R2 is H,

R3is H, R4is H, and R5 is H. In one variation of Hormula TR-RE'is pyn-olidinyl mothylenp. and RI' is
-g(=n)2(R"). In one variation of Fonnulal21 isygyfrokgt ¥ethylene and RP is -S(=0)2(12.12), R2 is
H, R3is H, R4 is H, and R5 is H. In another aspect, there i&'provided a compound of the following
formula: 1l wherein: Rl is cycloalkyl, cycloallcyl lower alkyl, phenyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, heteroaryl, or heteroaryl lower alkyl, optionally substituted with one or
more RII; RI' is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower haloalkyl, amino,
amido, oxo,"&J&RB: sulfonamido, or cycloalkyl; and R2 is H or lower alkyl;

R is lower atkyl, eyeloalkyl, eyeloalkyl lower alkyl, phenyl, phenyl lower alkyl,

heterocycloalkyl, heterocycloalkyl lower alkyl, heteroaryl, or heteroaryl lower alkyl,

-
<>

optionally substituted with one or more R';

R is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower haloalkyl,
amino, -CEOMN(R'®),, -CEOOR), -C(=OUR™, -S(=0)(R'), oxo, eyano, sulfonamido,
cycloalkyl, or spirocycloalkyl;

15 each R™®is H orR';

R is lower alkyl, lower haloalkyl, lower alkoxy, lower alkylene, hyvdroxy
lower alkyl, cyanc lower alkyl, cycioalkyl, cycloalkyl lower alkyl,
spirocycloalkyl, spirocycloalkyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, spiroheterocycloalkyl, or spiroheterocycloalkyl

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

R'™ is halogen, hydroxy; lower alkyl, lower alkoxy, lower haloalkyl, or

hydroxy lower alkyt;



each of R3, R4, and R5 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. - 10a - In another aspect, there is provided a compound selected from the
group consisting of: 1 -Cyclohexy1-3 -(5H-pyn-olo [2,3 -b]pyrazin-2-y1)-urea; 1
-Pheny1-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 -Cyclopenty1-3-(5H-pyrrolo[2,3-b]pyrazin-2
-yl)-urea; 1 -Cycloheply1-3 -(5H-pyrrol 0 [2 ,3 -b]pylﬁa“z in-2 -yl)-ure a; 1
-Benzy1-3-(BAip¥irrolojpesabiipyiraxin-2-y1)-urea; 1 -Cyclohexylmethy1-3 -(5H-pyrrolo[2,3
-b]pyrazin-2-y1)-urea; 1 -((1S,2R)-2-Methy1-cyc loh exyl)-3-(5H-pyrrolo [2,3-blpyrazin-2 -y1)-urea; 1

-(2 -Chloro-phepy1)-3+(5H-p y IN-g-= rea; 1 -((R):1 -P I-ethyl):3.-(5H-pyrrolo [2
,3 -N pyrazin%’-;%)%éé; eﬁé@%e%%%@%%éﬁrr%ﬁ%ﬁ%%ﬁ%?ﬁrig%g%% )9%?2%1&?\?6{\/ a?kyl’
14(S)-1-PherfpesiniyBsHIpYy oo 2 aibykalziver Agxyraad lower baloalkyl; |
1-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3-o-tolyl-urea; 1 -(5H-Pyrrolo[2,3 -b]pyrazin-2-y1)-3 -(2-tri
quoromethy&-Qﬁﬁﬁ}ggé%ggﬁyld&gbygﬁé(@ﬁ-ﬁg%gp[z ,3-b]pyrazin-2-y1)-urea; 1 -tert-Butyl-3
-(5H-pyrro lo [2 ,3 -b]pyrazi n-2-y1)-urea; 1 -Isopropyl-3 -(5H-pyrrolo [2,3 -b]pyrazin-2-y1)-urea;
[3-(5H-Pyrrolo [2 ,3-li]pyrazin-2 -y1)-ure idol-acetic acid ethyl ester; N-Methy1-243-(5 H-pyrro lo [2,3
-b]pyrazin-2%9%(961@8@%%%&%’)“—%‘%@fﬂ‘ﬂ@?ﬁfgﬁ’@‘?@rﬁ%@@}é@é1pyrazin-2-y1)-ureidokbutyric
acid methyl ester; (S)-3,N-Dimethy1-2-13-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urei dokbutyrami de; 14(3S,4
S)-3-Methyl-tetrahydro-pyran-4-y1)-3-(5H-pyrrolo[2 ,3-b]pyrazin-2-y1)-ure a; 1 -(5H-Pyrrolo
[2,3-b]pyrazin-2-y1)-3 -((1 S,2R)-2,5,5-trimethyl-cyzclohexyl)-urea;
1-(1-Acetyl-piperidin-3-y0-3-(5H-pyrrolo[2,33]pyfazin-2-y1)-yrea; 1 -(3
,3-Dimethyl-cyclohexyl)-3-(5H-pyrrolo [2,3-b iNs8y1)-ufea; 1 -(3-Methyl-cyclohexyl)-3-(5H-pyrrolo
[2 ,3-b]pyrazin-2-yl)-urea; 141R,2S)-2 yl-cyciphexyl)-3 Hipyrrolo[Z,3-6]pyrazin-2-y1)-urea;
1-(5H-Pyrrolo[12,3-bilpyrazin-2-y1)-3-spiro[2.5]9ckR-Y. ; '
3-Cyclohexy1-1-methy1-1-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-wea; 1 -[1
-(2-Cyano-acetyl)-piperidin-3-y1]-3-(5H-pyrrolo [2 ,3-b]pyrazin-2-y1)-urea; 1 -(2
,2-Dimethyl-cyclopenty1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yf)-urea; 1 -(5H-Pyrrol o[2 ,3 -blpyrazin-2
-y)-3 41 -(2 ,2,2-trifluoro-ethyp-pipericl in-3 -ylkurea; 1-G -Methane
sulfonyl-pipesighifrigd-y1)-3-(5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea;
343-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-ureidokpiperidine-1 -carboxylic acid methyl ester; 1
-((S)-1-Acetylip iperidin-3-y0-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 14(1 R,3R)-3-Amino-cyc
opentyL)-a-{oRE BRI . SABrA PRS2 s PRSI S Oz y 113 1 (3334
by e B e oyIele [2 S AIPYTAg oy ek perdne.] carborylic acid ethy
,3-b]pyrazin-2-y1)-urea; 3-[3-(5H-Pyrola - razin-2-y1)-ureidokpiperidine-1 -carboxylic acid ethy
Ester; 1-U -I§P(1)¥8 | %?/?%?’ge%? |(r)11-1‘ ﬁéﬁ%%%ﬂ?gﬁlﬁ%gﬁC,)gn}{f]')s;#aﬂn-z-yl)-urea; 1-0
-Isobutyryl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-1flpyrazin-2-y1)-urea; - 12- 1 -[1
-(3-Methyl-bBtyiybajsigeriding ajiyl3agBipryrioke] Byddxjplimzivpey Alcoxsalower haloaliyl,
1-Cyclohexy]-3-(6-pe yarell yiazi yd )-ureas 1 sG exyl1-3-(7amethyl-5H-pyrro lo
[2,3-b] pyraz%l}%é’l)%%%(f%tﬁgr%su %r@l-%pgaéri{ n%%ﬁ@%‘om }E)%rgr%laéﬁ%-é]g{)ﬁ%zﬁﬁ%-yl)-u rea;
cycloalkyl, or spirocycloalkyl; '

each R®is H or R

R'™ is Jower alkyl, lower haloelkyl, lower alkoxy, lower alkylene, hvdroxy
lower alkyl, cyano lower alkyl, cycloalkyl, cycloalkyl lower alkyl,
spirocycicalkyl, spirocycloalkyl loWer allvl, heterocycloalkyl,
heterocycloalky! lower alkyl, spircheterocycloalkyl, or spiroheterocycloalkyl

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



1-[1 -(Propane-2-sulfonye-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1-((S)-1
-Acetyl-pyrrolidin-3-y1)-3-(5H-pyrrolo [2,3 -Npyrazin-2-y1)-urea; ‘
1-((S)-1-Methanesulfonyl-pyrrolidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; (S)-313-(5H-Pyno lo
[2 ,3-1) Thyrazin-2-y1)-ureidokpyrrolidine-1-carboxylie acid methyl ester; 1 -((3 S,5
S)-1-Acetyl1-5-methyl-piperidin-3-y1)-3 -(5H-pyrrolo |2 ,3-b]pyrazin-2-y1)-urea; 1-0
-Cyclopropanesulfonyl-piperidin-3-y1)-3-(5H- yrrolo-{Z,S-b]p razin-2-yl)-urea,; 1
-[1-(Propane-1—suIfonyl)-piperi@in-?—éiﬁg’@@(’é VRS oY - AoWeDakOHrdawer hgsrleyl, or
S)-6-Methyl-spiro [2 .5]oct-5-y I)y3r(hig BwrEpiaidd; 3-b]pyrazin-2-y1)-urea; 1 -((5 S,6R)-6-Methyl-spiro [2
.5]oct-5-y1)-3-(5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea; 1 -Pyridin-2-ylmethy1-3-(5H-pyrrolo[2,3 -b]pyrazin
-2-yl)-ure a; 1 -Pyrid in-3-ylmethy1-3-(5H-pyrrolo [2,3 -b]pyrazin-2-yl)-urea; 1 -(2-Pyridin-7
-yI-ethyI)-l—Ei:I—'Is SIIPF mﬁ@ﬁﬁﬁﬁ% 1 -(2-Pyridin-3-yl-ethyl)-3-(5H-pyrrol o[2,3-b]pyrazin-2-y1)-urea; 1
-(2-1sopropyl-eyelohexyl)-3-(5H-pyrro lo [2,3-b]pyrazin-2-y1)-urea; 1 -((1
S,2R)-2-MeriyRtyalotre piy irdeibidtpyrialadaad mipyazitodpbnskensbr(@, lower alkyl,

R,2R)-2-Methyl-cyclohexyl)-3-(5H- rrolo[%' - razin-2-y1)-urea; 140 $,2 S)-2-Methyl-eye |
ohexyl)-3-( h%r%?rp%lgg[?é’b p‘é/?%ﬁl?}fm- fégc;ggﬁ%%%?élr?vgo% f’f%y jpyrazin-2-y1)-ure id
oppyrro 1 idine- 1 -carboxylic acid methyl ester; 1 -((R)-1 -Methanesu Ifonyl-pyrro

lidin-3-y1)-3x( 5 HHpyrralajfc3iy] pyrezich B-yd) theeasfl-((R)-1-Acetyl-pyrrolidin-3-y1)-3-(5H-pyrrolo
[2,3-b]pyrazin-2-y1)-urea; 1-0 -Cycl gpropanecarbonyl-piperidin-3-y1)-3-(5H-pyrrolo [2 ,3
-b]pyrazin-2JEGFEE" PTE N BRSO LEEBPAAI IS 5-(1
-trifluoromethanesulfonyl-piperidin-3-y1)-urea; 1 -(5H-Pyrrolo [2,3-b]pyrazin-2-y1)-3-0
-(2,2,2-trifluoro-ethanesulfonyl)-piperidin-3- ylkurea; 1
-(2-Ethyl-cyclokexyl)-3(5H-pyrrola[2,3-b]pyrazin-2-y1)-urea; 1-0 -Acetyl-3 -methyl-piperid in-4-y1)-3-(5
H-pyrrolo [2 ,3-b zin-%—yl)-u a; - 13- 1 -(1 -Methanesulfony1-3-methyl-piperidin-4-y1)-3

ins rea; 3-Methy1-443-(511-pyrrolo
[2,3-b]pyrazin-Zy1)-urdidokpiperi 1 -carboxylic acid methyl ester; 141
-Methanesulfony|-mjri-olejifFr-2- Ewethyl)-S -(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1-[1
-(2-Cyclopropyl-acetyl)-piperidin-3 -y]]-3 -(5H-pyrrolo [2,3-b ]pyrazin-2-y1)-urea; 1 -(1
-Methanesulfonyl-azepan-3-yg)-3-(5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea; 343-(5H-Pyrrolo [2
,3-b]pyrazin-2-y1)-ureidokazepanc-1-carboxylic acid methyl ester; 1-(1
-Acetyl-azepan-3-y1)-3-(5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea;
1-[1-(2-Methyprapane-1-sulfonyl)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2- y1)-urea; 1 -(1

-Methanesulfonyl-piperidin-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;. 1 -(I-Acetyl-p
poricin4.yB- 3SRy IoTo (Z- BBy meBLyE) e ATt phensh bhess o afSh

1-[1-(Butang:2:suifeloyyhipertioySkydka- (Giepyiirol of Sty aziarday foweaale(R)- 1
-Methanesulfonyl-piperidin-3-y1)-3-(5H-pyrrolo [2.3 -h]pyrazin-2-y1);urea;
R (O R BT BBV RS S Byvasin-2-y1)-urea:
4-113-(5H-Ryrintaldetdpisaziniksy] huheidnlipiperty dnextalkgriowdiciciey ety lestaiikgl, amino, -
-(1R,2R,4S):Bi A 2- -(SH-pyrmalo [2,3-)) dawrazin-2-y1)-urea: 1 -(1R,2S ,4S)-Bicyclo
2 .2.1]hept%§/@ig§¥52rﬁp#%%té b p&%f@&yé):ﬁgé)%{iﬁl{’-m{eoth%d&)%%%?e%y : 9(§k’|d-%"€?1r%’ 023
pyrazin-2-y@-spizas ys#i®ylclopropylmeth anesu tfonyt-piperidin -3-y1)-3 -(5H-pyrro lo [2,3-b]pyrazin-2
-yl)- urea; 13&}1%&8%1;’1@ roxymethyl-cyclohexyl)-3-(5H-pyrrolo [2,3 -b]pyrazin-2-y1)-urea; 1-[(R)-1
-(2-Methyl-propane-1 -sulfony1)-piperidin-3-y11-3-(5H-pyrro lo [2,3-b]pyrazin2-y1)-urea; 1 -((S)-1
-MethanesuSnykpise Al dopar damriipir o2 bupyradingg ipwya syl dysycloprradarie- 1
‘SU'fo”y')'pﬁg’%@ﬂﬁ:%ﬁ%ﬁ%%@'%ﬁ'&lﬂ&@éﬁ@a‘&%ﬁ' }%;Hf@%daaugd lower alkyl,

1-[(S)-1-(2-Methyl-propane-1-sulfony1)-piperidin-3-y1]-3-(5H-pyrrolo[2Z,3-b]pyrazin2-y1)-urea; 1
-(7-Chloro-Srtgsgensioptialphsiersrcmalyldcoye sHasysireketaumecionl kpr op spiechetsmtspipripirro lid

in-3-y1]-3-(35BY HRuk 4 k2n 3 sRIRMIRZLD s2r¥kl widfondl 8 @ore R1Y:
R®'is halogen, hydroxy, lower alkyl, lower alkoxy, lower haloalkyl, or hydroxy lower alkyl;
R*is H or lower alkyl; and

R3, RY, and R® are independently selected from the group consisting of H, lower alky!, halogen,
hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyi;

or a pharmaceutically acceptable salt thereof.



1-4(S)-1 -(2-Methyl-propane-1-sulfony1)-pyrrolidin-3-y1]-3-(5H-pyrrolo [2,3-b]pyrazin2 -y1)-urea; 1
41-(Propane-l-sulfonyl)-azepan-3-y1]-3 -(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 -[1
-(2-Methyl-propane-l-suIfonyl)-azepan-3-y1]:37é(_5H-pyrrolo [2,3-b]pyrazin-2-y1)- urea;
1-[(3S,5S)-5-Methyl-1-(propane-1 -sulfonyl)-piperidin-3-y1]-3-(5H-pyrrolo [2,3- b]pyrdzin-2-y1)-urea;
1-[(3S,5S)-5-Methyl-1-(2-methyl-propanc-1-sultbnyl)-pipertdm-3 -yl]-3-(5 pyrrolo
[2,3-b]pyrazin-2-y1)-urea; -((R)-1-Ethanesultonyl-pyrro I i din-3-y1)-3-(5 H-pyrro lo [2,3
-blpyrazin-2-y1)-urea; 1-[(R)-1-(Propane-2-sulfonyl)-pyrro din-3-y1]-3-(5H-pyrro lo [2,3 -b]p
yrazin-2-y1)- ure a, 1 -[(R)-1 -(Propane-1-sulfony1)-pyrro lidin-3-y1]-3-(5H-pyrrolo
[2,3-b]pyradh28SARaiaLet Fqmye W Nikhyl-prop ane- 1 -sulfonyl)-pyrrolidin-3 -y1]-3 -(5H-pyrrolo [2
,3 -1)1pyrazin - 7 -ye-urea; 1 -(5H-Pyn-olo[2,3-b]pyrazin-2-y1)-3 -((R)-1 -trifluoromethanesul
fonyl-pyrrolidiendbjatitieas FénblirMetianesulfonyl-piperidin-2-ylmethyl)-3-(5H-pyrrolo[2,3-1]pyrazin-2
-yl)-urea; 112 -(1-Methanesulfonyl-pyrrolidin-2-y1)-ethy11-3-(5H-pyrrolo[2,3-1)]pyrazin-2-y1)- urea; 2-
{2 43-(5H-Ryrrolo[2,3-1)]pyrazin- -yll{-\J reidoEethyl }-pyrrolidine-1-carboxylic acid methyl ester;
4-[3-(5H-P)¥¥r8115 f%n?tﬂ%ﬁgﬁ) L %%’) 5hagit%?&é&‘utfz{hgésr%ef-1-carboxylic acid methyl ester; 1
-(1-Methanesultbnyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 -42 -(1-Methanesulfonyl-p
iperidin-3-yi-etleyh35aH{srelof2 I3/ pyIRzIn-2-y1)- urea; 3- {2 43-(5H-Pyrrolo
[2,3-b]pyrazin-2-y1)-ureido kethylf -piperidine-l-carboxylic acid methyl ester; 1-(1

-Acetyl-azepan4-yl):3-(5H-pyrro lo [2 .3-1flpyrazin-2-y1)-urea; 1 -[1 -(3-Methyl-butane-1
-sulfonyl)ij)gipoenr?dél{%- Jfl)g) %R{%WB%@%[?%%}?M%%?H 15 - urea; 1 -(5H-Pyrrolo
[2,3-b]pyrazin-2-y1)-341-(3,3,3-trifluoro-propane-1 -sulfonyl)-pipetidin3-ylkurea;
1-(5H-Pyrrétoj2s3-bfpsirazifiFyi)i8 1 (R) 1 H3,3, 3-trifluoro-propane-1-sulfony1)- pyrrolidin-3-ylkurea; 1
43R,5R)-1-Acetyl-5-methyl-p iperidin-3-y1)-3-(5H-pyrrolo [2,3-b]pyrazin-2-yl)-urea; 1-[(S)-1
-(2,2-Dimethyl-pr -1-sulfony1l)-piperidin:3-y1l-3-(5H-pyrrola [2,3- b]pyrazin-2-y1)-urea; 1 -[(S)- |
-(2-Methox%l-ec}t a{r?%%?fl 6%?3%"8%%}%&%% 1§-éﬁ%yrlg)%éf§%)]b zin-2- yl)-urea; 1 -(1
-Methanesulfony1-5 -methyl-azepan-4-y1)-3-(5H-pyrrolo [2,3-1]pyrazin-2-y1)-urea;
4-Methyl-5884Basiatiotof? FRyiayleakiR 25y plordisbkazepane-1 -carboxylic acid methyl ester; L -(1
-Acetyl-p iperid in-2-ylmethyl)-3-(5H-pyrro lo [2,3 -/Thyrazin-2-y1)-urea; 2- [3-(5H-Pyrrolo [2,3
-b]pyrazin-2-y1)-ure idaol- -piper: dinc-1 scarhexyli id hyl ester; L-1) -(1-Acetyl-piperiel
L S e G R R T B B
-blpyrazin-2-y1)-ureidoFethyl 1 -piperidine-1-carboxylic acid methyl ester; 1 -(1
-Acetyl-pipBriehs-vestieniof i SBie- by diccj2ighdgiazin-2-y1)-urea;

In one variation of Formula I R’ is cyclohexyl, R’is H,R*is H,R*isHandR%is H.
In one variation of Formula I, R is lower alkyl.

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



1 -(1 -Methanesulfonyl-piperidin-4-yhnethyl)-3-(5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea; 1-((1 S,3
S)-3-Methoxymethyl-cyclohexyl)-3-(5H-pyrrolo[2 ,3-b]pyrazin-2-y1)-urea; 1 -(1
-Acety1-5-methyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
142-(1-Methanesulfonyl-piperidin-2-y1)-ethyl]-345H-pyrrolo [2,3 -b]pyrazin-2-y1)- urea;
42-(1-Acetyl-piperidin-3-y1)-ethy1]-3-(5H-pyn-olo [2,3-14yrazin-2-y1)-urca; 4- [3 -(511-Pyrrolo
[2,3-14yrazin-2-y1)-ureidokmethyll -pipe[idine-l-carb%kylic ac id methyl ester; 2- 1[3-(5H-Pyrrol o
[2,3-b]pyrazin @ TyinéackRemyli-byolidimenabadoBxyticabillangtR] ssteR” is FER2RyHolo[2,3
-b]pyrazin-Zgsd % BiclS )-1 -(I -trittuoromethylcyclopropylmethanesulfo n yl)-p iperid in-3 -y1J-urea; -
16- 1 -Cyc lohcxy1-3 -(7- isopropyl-5H-pyrrolo [2 ,3-b]pyrazin-2-yl)-urea ; 1-[(S)-1 -
-(3-Methyl-oxetan-3-yimethanesulfony1)-piperidin-3 -y1]-3-(SH-pyrrolo [2,3 - b]pyrazin-2-y1)-urea;
1-(1-Acety Bipefdrgipmedompalidi Rpyrratein B b paglabexyl B e dl R H, R” is H and R
-Methanesulfgnyl-piperidin-3-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2 -yl)-urea;
142-(1-Acetyl-piperidin-4-y1)-ethy1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 42
-(1-Acetyl-pyrrolidin-2-y1)-ethy1]-3 -(5H;pyrrolo [2,3-b]pyrazin-2-y1)-urea; -[1-(Propane- 1
-sulfonyl)-p rB?%W?Pﬁt’yﬂ%%ﬁﬁW%@(&Sﬁf@/#&B i?-ﬁ]ﬁ?ﬁéliffﬁ-z-yl)- urea; 112 -(1-Methanes
ulfonyl-piperidin-4-y1)-ethy1]-3-(5H-pyrrolo[2,3 -b]pyrazin-2-y1)- urea; 4- {2

43-(5H-Pyrialof SabjpisazirFambldnades ket & piped Anecicratkexylic ac id methyl ester; 1 -( 1 -E
thanesulfonyt-pyrrolidin-2-ylmethyl)-3 -(5H-pyrro lo [2 ,3-b]pyrazin-2-y1)-urea; L -[1 -(Propane-2-su

Ifony1)-pyrro din-2-ylmethyl] -3 -(5H-pytro 10 [2,,3 -b]pyrazin-2-yl)- urea; 3-

{[3-(5H-Pyr 8I8f'f§%i%?ﬁa¥£ﬁ°§"§sf)&b idd [&yﬁ %igeiméﬂﬁgg;%ﬁ%@%'methyl ester; 1-(1
-Methanesulfonyl-pyrrol idin-3-ylmethyl)-3-(5 H-pyrro lo [2 ,3-b jpyrazin-2-y1)-urea; |_ -(1
-Acetyt-pyrrinlicin-Paytmethyf Faxthit-p Rirzle{263-bIHYRZIH2RY ) 1uresd R1[E «2Mathyl-propane-1
-sulfonyl)-pyrro idin-2-ylmethy1]-3 -(5 H-pyrro lo [2 ,3- b]pyrazin-2-y1)-urea;

i-(5H-Pyrrolo[2,3-bjpyrazin-2-yI)-3-[l- 2,2-tri{luo o-ethy[)-piperidin-2-ytrnethyljurea; 1
-(5H-Pyn-o%[@%—g%%}épfz%r?é%/%ﬁl}g@[f’% BHYS r?ﬁégrlggé}f%?gu%‘?peridin-4-y|methy|] urea; (1 S,3
S)-3-[3-(5H-Pyrrolo [2,3-b]pyrazin-2-y1)-ureidokcyclohexaneearboxylic acid dimethylamide;
1-(5H-Pyrrdiods3-pipyoazifiE2yiyi 84 R {25 Retrifltarerathyp-piperidin-3 -ylmethyTh urea; 1
-(5H-PyrroLo [2,3-blpyrazin-2-y1)-3- 2 -[1-(2,2 ,2 -trifluoro-ethyp-piperidin-3-yl] ethyll-urea; WO
2010/063634RCT/EP2009/0688T8 | pio oy - 17-

3-1[345H-Pyrrolo[2,3-b]pyrazin- T)‘/T)‘-Ur‘e|<§5}kmgfﬁyﬂ’fpyrrolidine-I-carboxyIic acid methyl ester;
1-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3-{241-(2,2,2-trifluoro-ethyp-pyrrolidin-2-ylk ethyl} -urea;
(1S,3S)-343(50¢-Parietiof 2 BEbipyriadirk2 iy B ifeidakey ciaaehtaneicanioxliccaeicsmethylamide; and
(1S,38)-34§ﬁgjﬂ-Pyrrolo[2,3-b]pyrazin-2-y1)-ureidokcyclopentanecarboxylic acid ethylamide. The
application provides a method for treating an inflammatory or autoimmune condition comprising
administering to a patient in need theregf a the{apeutigally effgctive amount of the compound of
Formula | oftRBSCEEHIRS SoramadiRIlisSirRe iapblkaisdh Brovitlesnh& i phenyldtivout Afispiher
comprising administering an additional therapeutic agent selected from a chemotherapeutic or
anti-proliferp{ive.agsitican ARtRliRMMAatory agent an im%qwdﬁlatﬁ%oghﬁn é{ﬁ;ﬂsuppressive
agent, a neurotrophic factor, an agent for treating cardiovascular disease, an agent for treating
diabetes, Olizla Qngt%%”zgs‘;%&tft%%}ér}%%%%ﬁ%%%%%Qg%igéﬁgﬁg(ﬁ%ﬁm comprising the compound as defined

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

The application provides a compound of Formula II
2

N A Y
>—N I
RE—N =
S
]
N
R N q

It

wherein:



10 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 | or the
compound ¢fdammsiadis The application provides a method for treating asthymaseoEsRg
administering to a patient  in need thereof a therapeutically effective amount of the compound of
Formula I or the 15 compound of Formula Il. The a_pj)_lication provides a method for treating arthritis
comprising administering to a patient in need thereof a therapeutically effective amount of the
compound & F%?Pf?ﬂﬂ’é*%r eel eabiuplourd Bk oRsitiacHe oo SppRta R privIHeR e Akthod for
treating rheupiaieityamibsiiia compkisirg-agiministering 20 to a patient in need thereof a therapeutically
effective amount of the compound of Formula | or the compound of Formula Il. WO
2010/063634PCT/EP2Q0 /065378 - ]1,%@ &hg agflacatio%ﬁp({oviq S mnethgﬂ(for irlwhibiting T-cell
proliferative disorder EoMpiEsthg aahfinisteRiig s a patientin need thereof a therdpettically effective
amount of the conipbuaticyoffFmbrm ulE=@INGRE o RiieMABf Foifite@ R The Giplitalfibmprovides the
above method, wherej -proliferati isorder s The application provides a method for
treatingrrgta B-cell pré(}lrl e?é%%\l?gpé%grg e?%%?%@%w%?&ﬁ%@%r%b to a patient in need thereof a
therapeutically effective amount of the compound of Formula | or the compound of Formula Il. The
application provides a mé@ﬁbm&oisﬁ'b@ltﬁﬁlgb;an immune disorder including lupus, multiple sclerosis,
rheumatoid arthritis, psoriasis, Type | diabetes, complications from organ 10 transplants, xeno

transplantation, diabetes, cancgrrasthma.alopicHermatitisyaieipaung threididigesders, ulcerative

colitis, Crohn's disease, Alzheimees disease, and Leukemia, comprising administering to a patient in
need thereof a therapeutically eFEERERHHBHTOIHETSEOMY ofe la sl EEBbund of
Formula H. The application proviggssairoeibiedifer preventingior ieatingiall farmscotioan, rejection,
15inc|u&déng acute allograft or x%lt%graft efjﬁ{%tliin and chronic ﬁ\llto raftlor epograft rejection, of
vascularized or non-vasculariz ansprante, Oawrﬁbrls%gsggﬁwl i ecl}fﬁﬁato%’ﬁatient in need thereof the
compound of Formula | or the com@atrrdegt Balimllavtr Fslapploatiyrsprovides winetlkad for
inhibiting JAK3 activity comprisipg agministering the compound of Formula I or the compound of
Formula Il, wherein the compound exhibits an IC50 of 50 micromolar or less in an in vitro biochemical
assay ofJAK3 activity. In one variation of the above method, the compound exhibits an IC50 of 100
nanornolar or less in an in vitro biochdmidabakeeey. drmxre detaty! il oe srmlktion eie above
method, the compound exhibits an ICEQ£fid9 panemalanardesgin an in vitro biochemical assay
ofJAK3 activity. 25 The application provides a method for treating an inflammatory condition
comprising cg-adminjstering to a patient in need thereof a therapeutically effective amount of an anti-
WO 2010/08363PE PED 5566/885878 - 19 - inflammatory compound in combination with the
compound of Formula | or the compound of Formula Il. The application provides a method for treating
an immune glisprdar’campris RUcobRinstiering leadatienhinnettheiseb a thgrapeutically effective
amount of an.5 jimmunosuppressant campound,in,combination with.the c und of Formula | or the
compound S RrHLT&T: HAEAp AT O BV = B s A0 L5 P PASHSH comprising the
compound of Formula | or the compound of Formula I, admixed with at least one pharmaceutically
acceptable camrigrzrexcipierd!br aideenbld @ltttbeagagdlication 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
diabete¥} arfd e agsntidorct BatingadnRirioHeRiendyRiisoriers! R5iTHe application provides a use of
the compound of Formula 1 or the compound of Formula Il in the manufacture of a medicament for the

treatment 0&&6&9@%%%%%9@% R is heterocycloalkyl.
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 11, R is piperidine. .

In one variation of Formula IT, R is piperidine, R*is H, R is H, R*is H, and R” is H.



The application provides a use of thc compound of Formula 1 or the compound of Formula Il in the
manufacture of a medicament for the treatment of an autoimmune disorder. 20 The application
provides a compound of Formula I' wherein: WO 2010/063634PCT/EP2009/065878 - 20 - Rl is
cycloalkyl, cycloallcyl lower alkyl, phenyl lower alkyl, heterocycloallcyl, heterocycloalkyl lower alkyl,
heteroaryl, or heteroaryl lower alkyl, optionally substituted with one or more RI'; RI' is halogen, lower
alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower Shaloallcyl, amino, amido, oxo, cyano,
sulfonamido, ?IFyEPé]éFP@}F;O@.fYﬁ@W]i%IH RBr I’éwﬁ?‘&’ﬂ@&ﬁ each of R3, R4, and Rs are independently
selected from the group consisting of H, lower alkyl, halogen, hydroxy, lower hydroxyalkyl, lower
alkoxy, and igwat balpalsy b ararRamacedticaliy paceptablg salkthereats J0HNgariein gmbodiments
of Formula I', R2 is H. In certain embodiments of Formula I', R3 is H. In certain embodiments of
Formula I', R2 is H, and R3 is H. In certain embodiments of Formula 1% R4 is H. 15 In certain
embodiment@ SPESARATIAN CRECIIHadhf RA 9T AEErtain embodiments of Foiula I, R3 is H, and R4
is H. In certain embodiments of Formula I', R2 is H, P.3 is H, and R4 is H. In certain embodiments of
Formula I', RB dsd+-dRaceHailnFemhodimerts ofwaramua R2R24si iandiR % ig Hnd & ingggrtain
embodiments of Formula I', R3 is H, and R5 is H. In certain embodiments of Formula R4 is H, and R5
is H. In certain embodiments of Fo ml?{l', R2is H, R3 is H,.and R5 is H. In certain embodiments of
Formula R2 18 eRA&90 82509’3‘%]'5' H: K SpyipdhgiteiodtimietyGr Pormula I, le is H, R4 is H,
and R5 is H. In certain embodiments of Foimla I', R2 is H, R3 is H, R4 is H, and R5 is H. In certain
variations ofiayof ifietaaee embodiyenispRids dvelealleyl iingire yatiaiod pithe ahoye?
embodiment,slﬂ is %yﬁgoh yl. 5 In one variation of the above embodiment, R" is lower alkyl. In one
variation of the above efh odiment, RI" is methyl. In certain embodiments of Formula I, R2 is H. In one
variation of the above embodiment, Rl is cycloalkyl lower alkyl. In one variation of the above
embodimenfaRinis phistiphlofifermiiéy I, R’ is heterocycloalicyl lower alkyl.

In one variation of Formula i, R'is heterocycloalkyl lower alkyl, R%is H, R%is H,R%is H,
and R® is H.

In one variation of Fornmla IT R is pyrrolidinyl methvlene a:

il 223, T I PyL

Tn one variation of Formula II, R is pyrrolidinyl methylene and rRY s -S(=0)R'™), R is H,
R’ is H, R*is H, and R®is H.

In another aspect, there is provided a compound of the following formula:

G /Rz g
| >—'N N\
1 -
lel\i I \ R4
5 = :
R N IT}

H1
wherein:
R! is cycloalkyl, cycloalkyl lower alkyl, phenyl lower alkyl, heterocycloalkyl, heterocycloalkyl
lower alkyl, heteroaryl, or heteroaryl lower alkyl, optionally substituted with one or more RY
R is halogen, Jower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower haloalkyl, amino,
amido, oxo, cyano, sulfonamido, or cycloalkyl; and
R?is H or lower alkyl;
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.



10 In one variation of the above embodiment, R' is phenylethyl. In certain embodiments of Formula ,
R2is H, R3is H, R4 is H, and R5 is H. In one variation of the above embodiment, RI is cycloalkyl
lower alkyl. In one variation of the above embodimgpt, R' is phenyl lower alkyl. In one variation of the
above embodiment,R1 is phenyl ethyl. 15 The application provides a compound of Formula II'
wherein: WO 2010/063634PCT/EP2009/065878 -22 - Rl is lower alkyl or phenyl, optionally
substituted withapseeprsRRECRIE iFloisiRAleaRRolaW s UKy i BYIONY, ?Vgggpggrg yalkyl, lower
alkoxy, lower haloallcyl, amino, amido, oxo, cyano, sulfonamido, or cyc oalﬁyﬁ; nd R2 is H or lower
alkyl; 5 each of R | RA are ind % ntly selected from the group consisting of H, lower allcyl,
halogen, hydroxﬁ,é%@véehréﬁg}%géﬁtm g)&/%grl' ?%%}f%’ C 'H)'Whaloallcyl; or a pharmaceutically :
acceptable salt theveas-n(é&Mrmanibdeimnentsot Kormeala H', R2 is H. 10 In certain embodiments of
Formula II', R3 i iR_grphod t Formula IE, R2 is H, and R3 is H. In certain
embodiments of!ﬁl%cr?l%ég% a cert%flzn’%é%ﬁ 0 |rﬁ}én't3§66‘ﬁ§8;rmula IF, R2is H, and R4 is 14. In
certain embodirieHerPEimdimyRel$ 8- AlnarRdnid i) a6da certain embodiments of Formula II', R2
is H, R 3is H, anB&dyis3siseniaiyemppdiments of Farmula I, RS is H. In certain embodiments of
Formula II', R2 15&-! 1and R5 is H. In certain embodiments of Formula II', R3is H, and R5 is H. In
certain embodim'eﬁ’t%%eﬁﬁgﬁﬁﬁti‘élrﬁf RA®/HO'gh RENEr#iPd-iJosrain embodiments of Formula II', R2

is 14, R3 is H, an(ajuaam)ﬂ-.mmg[taj@L@mbgwm@%%ﬁggw%}%iﬁ_ R4is H, and R5 is H. In
certain embodirﬂ@%gfrg%@gk@%?%is H, R4.is H."and R5 is H. In cert |¥1' embodiments of Formula
I, R2 is H, R3 is H, R4 1S PLANd R “@.‘%%%?@Héé@s%w&wzoog/oasws - 23 - In certain
variations of any-éRiheisoyéehybetifEnterRbis phamtemnlower alkyl. In one variation of the above

embodiment, R{ isjphenyl.andRL i en. In one_ variation of the above embodiment, Rl is phenyl
and R is lower hanaIIcy?.‘ RpIRIBIS DipyR2 T e



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 compouge effRkRyla I' or the compound of Formula II'. In one variatigp-gf#gabeesmethod, the
above method further comprises administering an additional therapeutic agent selected from a
chemotherapeutic or anti-proliferative agent, an antj-inflammatory agent, an immunomodulatory or
immunosuppressive agent, a neurotrophic 10 factor, an agent for treating cardiovascular disease, an

agent for treating @labetedyde iy gdhttavtrelalihg infirbuenelares: disorders. In one aspect, the
application proviges-aymethodisireating.an inflapimatesy condition comprising administering to a
patient in need t?%gf atlh ;?%létic'all §ff?c}$ivg arﬁount of th comi)ound_of Formula I' or the
compound of FEaiTE L5 i QRe &eBect s GpBHEatoRerVRIERYY Misthod for inhibiting T-cell
proliferative disbitibylebplising kiiiinidteriam (- ¢ patient in need thereof a therapeutically effective
amount of the comp of Earmula l' gr.the compaund of Formula II'.  In one aspect, the application
provides a me%b@%%%%iﬁ?%ﬁ%@l{)Efglﬁﬁjl%%\%leggis%? er éon prisingadministering to a patient in
need thereof a tHepapwitidalfHemactod’amderieanZdhessmpound of Formula 1, wherein R is Fe. In

one variation o gL?g}gb?Mglmggp_@gﬂ%@_@lﬁg@@y@ﬂ&g@{@%g ERYL&In one aspect, the application
provides a method for treating a B-cell proliferative disorder comprising administering to a patient in

need thereof a thpectidnly ErediRlelariB IRt Eitne bHpERAdSHRBHSula I' or the compound of
Formula II'. W ROMG&RAG3BHCCDERAZ)9308b848in-24/H) ergan tanghlantd, meme! tassplantation,

diabetes, (i , atopli titi tQimni t id di , ul ti litis, Crohn'
iabetes cancleéé]?gﬁ\_ 1%6%5%5%@3% ﬁ?égégé%%g%n%ﬁ%u&g#é%rs ucgra ive colitis, Crohn's

disease, Alzheimer's disease, Leu Ing a | g }fl%a%lé fént in need thereof a
therapeutically efféSti&-arbuhyletthb chmpound-of Fot iy oo [h8-ttmpoitt gi-Eomula II'. 5 In
one aspect, the applisgtion @evidasameliod [erpspyening. anitgaliog gl dams,of.organ rejection,

including acute or xenograft rejection and chronic allograft or xenograft rejéction, of

0
vascularized oridéngQQ@élﬂﬁ’ﬁ%H’tﬁﬁ AP EBRIHsInY R AStEHNEE® a patient in need thereof a
therapeutically effestiveemauniceiihe sompaLns-olrosmpla-h-a thecempound of Formula II'. 10 In

one aspect, the agplicati n provideia method for inhibiting JAI§3 activity comprising administering a
therapeutically BHEBYARERRSY the EUfp oA o FapHar o Bompound of Formula II'. In one
variation of thelafjpoke Methdcthiie eoohpound-&diibits@of 2G50 ok amtigipaelar or less in an in vitro
biochemical assay 9RJAK3 activity. 15.In.one yariation.of the gbove method, the compound exhibits an
IC50 of 100 nahdér(ﬁp?) r‘oor‘?gé’ i‘h"éﬁ'i‘ﬁ‘i/%ré‘bfoéﬁé%ﬁzl?:s Pé‘sgdy ofJAK3 activity. In one variation of the
above method }he'dohsppluhtestyibltd dhgBoE 36 hamerivolaybrfess in an in vitro biochemical
assay ofJAK3 agfjvity i RNeR8AREH ERRIARPIGAIRSIRFOMGEE-& RIhed for figghng an inflammatory

condition 20 com[a)rlsm_g co-administering to a patient in nee(fzthereof an anti-inflammatory compound

in combination s areanserdSiv e el oA A Berid iRl BF Eormula I' or the compound
of Formula II'. In@reraspest: he jppplicationprovides ametbeddar troaingiamimmisege disorder
comprising co- \nisterin a patient.in need thereof an i osuppressant compound in 25
combination Wi?ﬁg]%%rglﬁ%%[figgﬁig %W%%ﬁ@é%ﬁé%ﬁf%?%‘%%%@ﬁ%%gf%@E}féc"f"or the compound of
Fonnula H'. WB[2016/0636 34 P& MER2008/065871& ]-2heriline-applivatidin proMviceisyh pharmaceutical

composition couprising the compound of Founula I' or the compound of Formula II', admixed with at
least one pharmaceutically acceptable carrier, excipient or diluent. In one variation, the above

pharmaceutical d6rposiesr Ripgietesmpriseyanyadinlidad merapgsiltieragent selected from a
chemotherapeqﬂ@q&m}i@m{{{gm@%@@gﬁpg-@q%ﬁm@m m@@gpyaggﬁplyzgﬂrg&munomodulatory or

immunosuppressive agent, a neurotrophic factor, an agent for treating cardiovascular disease, an
agent for treating UrabSRy A N SR E 1 Bt imm RO SHRIARY HBFEERS 3-¥H one aspect, the

application prasiges a use of the compound of Formula I' or the compound 10 of Formula II', in the

manufacture ofyg medicament ion g YSAMesL LA MmN, JS4eL..
3-[3-(5H-Pyrrolo[2,3-bIpyrazin-2-y)-ureido]-piperidine- 1 -carboxylic acid ethyl Ester;
[-(1-Propionyl-piperidin-3-yl)-3-(SH-pyrrolo[2,3-bpyrazin-2-yl)-urea;
1-(1-Isobutyryl-piperidin-3-yl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;



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. 15 In
one aspectytheappligaiion provides a method for treating an inflammatonycanepesiaigtammune
condition comprising administering to a patient in need thereof a therapeutically effective amount of
the compound of Formula I' or the compound of szfgugla II'. In one variation of the above method, the
above method further comprises administering an 20 additional therapeutic agent selected from a
chemotherapettid & Aftistombrativeig i 2pl ki Aavmdaidsrasrean i omodulatory or
immunosuppressivel agamt. B(Beusaiophie {aeier anagentifor irpatieg cardiovascular disease, an
agent for treating diahetes, .or.an agen g?r treating immunadeficiency disorders. In one aspect, the
application pro%%é’gq‘%ﬁ%( ihsdgffltol}e gé%t% gfan clﬁl?&%’l%%ﬁ)%lggﬁ #f(l)lrrlé/ﬁ’s comprising administering to a
patient in needltfierigbheethErapepifcaiiimeHfebtivd dfmpund d2thd fompodhgl pfifermula I' or the
compound of Form ain Reis R WOQ. 2010/063634P P20 78 -26 - In one aspect, the
application prO\f/)iiir]’ggJ ?ﬁ%ﬂ%ﬁ‘%ﬁiﬁ,g}@{%@?ﬁﬁ%ﬁ%gﬁ% lzgl[é'c’)Qrggé%%%rﬁlpﬁgiﬁgug?hinistering to a

patient in need!tiferebf s thénapelitiatl BifddivE oot dfihetesipodhdret: Formula I' or the
compound of Fg(mwﬁﬁetﬂ@n@ﬂﬁf@@gqﬁﬂsﬁﬁpp@@ﬁm@m@m%mtmﬁ;ﬁ@giﬁoz_gmmuag T-cell

proliferative disgrder 5 comprising administering to a patient in need thereof a therapeutically effective
Emount of the ESIBRU JPFBITIGIA- P B coM BBLHP SPEETHHUTE TECUARAIA 1S O Fe2h one

variation of thesatigve method, the proliferative disorder is cancer. In one aspect, the application

provides a met of freatin -cell proliferative disqrdey,comprisi dministering to a patient in

need thereof a?ggiréééﬁlég‘ﬁg%'e'cﬁi(ééﬁa{?%%ﬁﬁ%f%lﬁﬁﬁé com E?(r)runc‘ji g?' &%’P’rﬁa&%}?_gﬁ%ﬁg%mpound of

Formula I'. In drié ﬁgpmqmgsptﬂ?wﬁohﬁgiéiﬁdeﬁb%ﬁ%nmdmwiiTr?rﬁiDﬁ@@i'sorder including

lupus, multiple eg{erpaisfbsumaial arhuiiasonasis TRl fibgips-comnlgalias from organ
abete

transplants, xeno transéplantatlon, iabetes, cancer, asthma, atogplc dermatitis, aGtoimmune thyroid

disorders, ulcetativB-EohfsMerfoHrmR thEealst-Ahenné areteide -Alnyrag-@ukewita; comprising
adminilstering ;@-amigptsime?@dsqﬂﬁ{@oi}@dhsrﬁpgl{ﬂﬁaﬂy;&ﬁ@gj?@mﬁuo%nﬁ@f@@m pﬁu SCfi of
Formula I' or the compound of Formula II'. In o pect, the ication provides a method for
preventing or t%égﬁﬁgﬁé T%&H?gqg?'éigﬁﬁgg&i@é%jEPGﬁH{jzéﬁﬁfgrgﬁograft or xenografl rejection and
chronic allog-rdftfyrikendgtaft ttejedtoH-ofrvdsCubabipethonAbpbvasetlarized transplants, comprising
administering to_a %Q&H_eﬁgrf_@@ggg;;@mg%f@rgpg&@g@llyﬁﬁg&ggg amount of the compound of

S o

Formula I' or the Comipound of Formula II"."In one aspect, the application provides a method for

inhibiting JAK3ldetbisjdpriptisthyl hdriAstariolg thé-2ompeurdydrmepmula I' or the compound of
Formula II', wh@f@iqﬂg&@mm@g@ﬁ:@p%mgg@%m@gmq}gt&gé}ess in an in vitro biochemical

assay ofJAK3 25 activity. In one variation of the above method, the compound exhibits an IC50 of 100
nanomolar or 1é&$ 2R iF.'Mﬁ%‘?’é}r&fﬂ@H?i%‘é{i)a%éé?'a?mﬂ@é?a%ﬂmﬁaw@"YI)"UT%;

2010/063634P CT/HEE2009/0BERT3 v dhekyipne SErBtiLOL he|phave-methadathe compound exhibits
an IC50 of 10 na r.ar,l in anin.vi igchemi ssay ofJAK3 activity. In one aspect, the
application pror}/i'ggsgjgg%%%e?%ﬁfég Tite gr?fﬁ#?g gﬁ%?{)’f%c'(ﬁ%%zﬁné%ﬁ%}%ﬁﬁ’g co-administering to a
patient in need(BesdHan-dntiridlAmrhaorzicehigpurdliv-Bieorbiradionnhitty scth@dapeutically effective

amount of the campaupg. of Formula I' or the compound of Formula II'. In one aspect, the application
provides a methodfor treating an immune disorder comprising co-administering to a patient in need

thereof an immindSappledeantdbmdount ieomBinatidir- P B thé rApetrreaty éieetve amount of the
compound of Fpymyla-i esihesthcempound-of Aratmsis 1153 -5 heapplicatiprrarovides a pharmaceutical
composition CO{[](QEI {2: 0‘})@(?9%%2&%32}/ —?Jgperidin—B—yi)-3~(5H—pyrrolo{2,3 -bpyrazin-2-yl)-urea;
1-(5H-Pyrrolof2,3-b}pyrazin-2-yl)-3-(I-trifluoromethanesulfonyl-piperidin-3-yl)-urea;
1~(§H-Pyrrolof2,3-blpyrazin-2-y1}-3-[1-(2,2 2-trifluoro-ethanesulfonyl}-piperidin-3-
ylj-urea;
i-(2-Ethyl-cyclohexyl)-3 (5 H-pyrrolof2 3-b]pyrazin-2-yl)-urea;
1-(1-Acetyl-3-methyl-piperidin-4-y1)-3-(5 H-pyrrolo]2.,3-b]pyrazin-2-yl)-urea;



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 fin-ther comprises
an additiong}d dathakapeutic agent selected from a chemotherapeutic or agtirprplfesatisesagent, an
anti- inflammatory agent, an immunomodulatory or immunosuppressivc agent, a neurotrophic factor,
an agent for treating cardiovascular disease, an ageqt for treating diabetes, and an agent for treating
immunodeficienc% disorders.  In one aspect, the applicatiog(provides a use of the compound of

Formula I' or thk GBI S6 o BamaiM NPt M e i S s R SR RRTE8Pthe treatment of

an inflammatotyedisorder. In one aspect, the application provides a use of the compound of Formula I

or the compou f Formuladl’, in th nufacture of a medjcament for the treatment of an
autoimmune d%%\é? é@z@éﬁ% p'ﬁyarrsee?qggér Pa’ﬁ"'zénﬁgf% 581GSed hBrain Teters Ii%oér%oa? 1(rgriwore of that
entity; for examplbybesempound refers to one or more compounds or at least one compound. As such,
the terms "a" (Qr /@R s, re..and. 'at e" can {n abl rein. WO
20101063634 BB D g e B R At etere o e broadest
definition for edch YrotrleiRIasEh-Ie Sl e Trdtitoh P Y Broadedicélaim. In all other
embodiments provigeeRelawnsubsitpantspbich ganhe fresenpieach gmbesdiment and which are
not explicitly definegl retain the_broadest de in'?ﬁon %\(ideq in the Sum a%y.%gthﬁgl/gvent_ion. 5As used
in this specificatioh WhetHSIGH & TandRisHAr BAFLSE Yrre RBh6 68 B THA AR THY &3
"comprise(s)" and “soenprizigh argita3be iterpreted dsihaving 2ap pea:ended meaning. That is, the
terms are to be,inferpreted synonymously with t "havipn leasty of.including at least".
When used in t]h'gfé ﬁ%ﬁe%% “éfo r%)é:eeggutlx%%\%é?%&%}:tg%%ﬁgﬂgya}g]z}qﬁ? ﬁwﬁg?f%e %%%ggi includes at least
the recited stepB;wet:may include additional steps. 10 When used in the context of a compound or
composition, the: (eRTHCARBHSING pPEANS-Nal INescemPRING SrGRMRAsHIgN inclides at least the

recited features or components, but may also include additional features or components. As used
herein, unless SpéiFEaHRG ifstrhh Wni&ETRiAhord 1BYaE tidad i HHie "inclusive” sense of "and/or"
and not the "exclusiveit-sense.obreither/endil 3 -The ey indee ndemthyizis Qsgshesein to indicate that
a variable is applied i one instance without r 0 the presence or ahsence of a variable
having that sanﬂef@";"&%géﬁérﬁtq ‘&@f}ﬁﬁgﬂf’ Wi I?ﬁgfﬁg%z{r%%%ﬁ%&g%g ﬁjﬁﬂaszﬁ?g Qburﬁ:ﬁbund in which R"
appears twice ar(Rs définpehad “intfemdirgartidioarhblotditmgetd [ Hdthiszoad-pe-gedon, both R"s
can be nitrogen, r Qped3:. sambe sathon.andiihe.iher aitraen: 20.\han.any yarahle (.., R, R', or
Q) occurs more than one timé in ahy moiety or formula depicting and déscribing compounds
employed or cR&ified in the present invention, its definition on each occurrence is independent of its

definition at every; thRrsasaurense. Algpeompinations et sbstitgentsandiayvardables are
permissible on(l)}/ if such compounds result in_stable com omdi éS The sympols "*" at the end of a
; At ink -

bond or" ------ AP OUGHY DB AP Ferdt t5 BHERtof & fiifietional group or
other chemical moidty iy ithectelstofl e fidlactl Of whjoritis-a-plantrébhus, for example: MeC(=0)0R4
wherein R4 = -1-<1rnl%4eC(=-0)0-41 WO 2010406363 T/ER .8 » 29 - A bond
drawn into ring<f s";eg't%lﬁg?ggogﬁ%égsiéadnt%ucl%ﬁ#ég@%%ﬁééﬁi%b@%g ex Iﬁ%%?aéﬁfﬁzﬁt tzhé ond may be
attached to anyref;the suitable ring atoms. The tenn "optional" or "optionally" as used herein means

that a subsequer E'yssé%%s:ﬂh?%x&méypwmn%mﬁg._m@ypﬁwmeﬁrﬂmﬁwgﬁ%ﬁnqéaat the

description includes instancés where thé event or circumstance occurs and instances in which it
does not. For ekafpit(Copabakin apemsiednisaReitaindloh il phetiBd#fiety may

incorporate a hydroges; or a substituent. The phrase "come together to form a bicyclic ring system” as

used herein means jqin to form a bicyclic ri ste erei h.ring may, be made up of either 4-7
carbon atoms &r"&gﬁ%é%%ﬁugfﬁ& Efﬁl/‘é’tléj%gt%?n's}: f?ar%ﬁm\ypagfy b8 gﬁ&r‘ﬁﬁ@ %%%ﬁé‘geﬂ?’éetdéd. The term
"about" ?s used Il_qgﬁeiﬂ]_~(ﬁrnpaaﬂ§W®xyﬁmthBaﬂ@{dM@m@Bl’;‘/;ldpmhn@hywm;the term
"about” is “Sed1'%(%‘5’.’11.?%‘;3%%%%%@?0%%H‘Sﬂﬁ'&%ﬁ%ﬁeﬁhiﬂ%ﬂﬂﬁ&@%ﬁ%@f% ¥3‘?Bj§§‘g9£’zlﬂ9 the

boundaries above and numerical valtes set forth. Tn general, the tenn "about" is used herein
to modify a nuAwHd#E%¥alue above and below the stated value by

1-(7-Chloro-5H-pyrrolo{2,3-b]pyrazin-2-yl)-3-cyclohexyl-urea;

1-[(8)-1-(Propane-1-sulfonyl)-pyrrolidin-3-ylJ-3~(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-



15 a variance of 20%. The definitions described herein may be appended to fonn chemically-relevant
combinations, such as "heteroallcylaryl," "haloalkylheteroaryl,” "arylalkylheterocyclyt," "alkylcarbonyt,"
"alkoxyalkykieyelaabgmalkyl” and the like. When the term "alkyl" is used@srarspftiosifaiosving another
term, as in "phenylalkyl,” or "hydroxyalkyl," this is intended to refer to an 20 alkyl group, as defined
above, being substituted with one to two substituentg selected from the other specifically-named
group. Thus, for example, "phenylalkyl" refers to an alkyl group having one to two phenyl substituents,
and thus includ&€benzyl, phenylethyl, and biphenyl. An "alkylaminoalkyl" is an alkyl group having one
to two alkylamingsyostituaeds | ygiexyalkytsripgludes] 2ihysisoxg aB ! p2ridysmxy Ao pidin-
1-(hydroxymethyl)-2- 25 methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxyprop37l',y na-so forth. Accordingly, as used herein, the term "hydroxyalkyl" is used to define a
subset of heterbalki¥ groups deffneyl eiovn Brd e H(pyjatkyl2dfe sy aitieyl Anremsubstituted alkyl
or an aralkyl group. 7 1 0)¢ 1 vl-tefars ta el V) tergaryl group.
WO 2010106363 1FET EESDBOI LTS B0 Carmmrab ot s by e A ameriom
Tautorneric coMipbunds can exist as two or more interconvertable species. Prototropic tautomers
result from the mjgyatign ohaaevaleptyheoded RydrprgeaatRm-Dateesn aatpms. Tautomers
generally exist in equijlibrium and attempts to isolate an individual tautomers usually produce a mixture
whose 5 chem{aBlBAd pRY4itE properties are consistent with a mixture of compounds. The position of
the equilibrium is[(#&pEs e MainyhaPricatbfdaturpsevithin ey Hapleocule-Egtleddé@mple, in many aliphatic
aldehydes and kelj[(%g,sg}%ﬁcha%%%e?!grgg_yde, the kcto font predominates while; in phenols, the enol
form predomin%%s. om protot¥ pic tautomers include keto/enol (-C(=0)-CH- -C(-OH)=CH-),
amide/imidic adid(RE{=0haerutfosyiaporlidie-F 40)and dtniginke 2 G (2 NR AL YO (URRIR)=N-)
tautomers. The;laggr \_/gprglggnggr,gg“@,}l,y) SRmOKAM 8- heterearyl arietergoyaliaings.and the present
invention encompasses all tautomeric forms of the compounds. Technical and scientific terms used
herein have th&%feaning commonly understood by one of skill in the art to which the present invention
pertains, unless pthemisslefinedu iRefeygnen iRkS3madebarginrtaoanoppnethadgalegies and
materials known to those of skill in the art. Standard reference works setting forth the general
principles of pﬁ%?ﬁ’lacology include Goodman and Gilman's The Pharmacological Basis of
Therapeutics, I0HREd - MdStahpkillaGomparfiesngrNainBey K- pyumosuididte rraterials and/or
methods knows_te thase 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 thel foWEwiiEp ESSriphBiianRd ekamiiies lare bramebrsr HP BonmAET i sovldces, unless
otherwise notegkc1he term "acyl" as used herein denotes a group of formula -C(=-0)R wherein R is
hydrogen or lower alkyl as defined herein. The term or_"alkylcarbonyl" as used herein denotes a group
25 of formula CELOJHAHErSH PRI BT ARG Hers i, TRETRAR ¢ B REJT Pl tEa group
-C(=0)R contain-geoarbontatesasivh hiepterndl idin satboryll-ag 2i5ed helkdih Widpnszngrolp of formula
C(=0)R wherein gRa,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 hyarGetrdty redidtie -bimtairing-1liontoiehadon apsr i idnhe teamrotolencitkyl" denotes a
straight or branghe ig@@yg hydrocarbon residue containing Ito 6 carbon atoms. WO
2010/063634PCT/EP2009/065878 -31 - "CI-10 allcyl" as used herein refers to an alkyl composed of 1
to 10 carbons. EXABRYEPHIRP fHEuFE R uds SRR FIRO R PRI GRS HGRISS include

methyl, ethyl, propyMi@eapy Bnputvkiautytbuy-prRaoty3 isgpenti, neopentyl, hexyl, heptyl, and

tyl. When the, t "alkyl" i d as.a suffix f ' t in "phenyl alkyl," or 5
ytroyatkyl I 0 HEHLR 3 TOTaP 05 AN S GO S Rt ARo A Ag Sohttted wth one

to two substiments selected from the other specifically-named group. Thus, for example, "phenylalkyl”

denotes the radiee) BT, WhRtEf il el o - angleviensaadical defned

herein with the unders achment point of thé phenylalkyt moiety will be on the
alkylene radicdndasistes of arylallcyl radicals include,

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-yi]-3-(8 H-pyrrolo[2,3-b]pyrazin-2-yl)-



10 but are not limited to, benzyl, phenylethyl, 3-phenylpropyt. The terms "arylalkyl", "aryl alkyl", or
"aralkyl" are interpreted similarly except R' is an aryl radical. The terms "heteroaryl alkyl" or
"heteroarylgdiybiasRdeierpreted similarly except R' is optionally an aryl or-hraieiasniésadical. The
term "haloalkyl" as used herein denotes a unbranched or branched chain alkyl group as 15 defined
above wherein |, 2, 3 or more hydrogen atoms are %u_bstituted by a halogen. The term "lower
haloalkyl" denotes a straight or branched chain hydrocarbon residue containing 1 to 6 carbon atoms,
wherein 1, 2, 36¥more hydrogen atoms are substituted by a halogen. Examples are | -fluoromethyl,

1-ehloromethyl; 1sbromemsthads ibsindonmeiys -pifgarormethytotifueremathivbntrivhipeaidiethyl,

tribromornethy%, ttﬂ'iodomethyl, 1- 20fluoroethyl, 1-chloroethyl, 1-bromoethyl, 1-iodoethyl, 2-fluoroethyl,

2-ehlorocthyl, 2 FSFﬁ%ethyl, 2-iodoethyl, 2,2-dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyl. The

term "aficylene!-#5HiBgddieib i denetas 2 divagR)-dattifated finearhyorocdrboforatical of Ito 10

calbon atoms é%%ﬁ%%ﬁ"&%a branched saturated divalent hydrocarbon radical of 2 to 10 carbon
M -CH2C

atoms (e.g., - e- or Hti-POCH2-), unless otherwise indicated. Except 25 in the case of

methylene, thelofidR. SBiehdest smaikylanecsbin St VAR HEREY S THRYs#ReZatbi @ xamples of
alkylene fadicais[{gﬁﬂi%,;zhbﬁhﬁﬁﬁﬂ%ﬁﬁa%q g, methyieredathyviene. propyienspp2smethyl-propylene,
1,1-dimethyl-ethylene, hutylene, 2-ethylbutylene. The term "allcoxy" as used herein means an -0-alky!l
group, whereil RIS 23 HakRtd above  such as methoxy, cthoxy, n-propyloxy, i-propyloxy,
n-butyloxy, i-buty{l&syi, -t Myieony-30 gentifmgl-hpeyldixy3 indlad g pheislisd heédeytiower alkoxy" as
used herein den)c_)t(%es an WO 2010/063634PCT/EP2009/065878 - 37 - alkoxy group with a "lower alkyl"
group as previ%usﬁy Hefined. "C1-10 alkoxy" as used herein refers to an-0-alkyl wherein alkyl is C1-19.
The term "hydrbxya¥ksiteassueny héreietiidnotpstah dk§i(Pddivarals [Aeréindefinet sWHERSIn one to three
hydrogen atome. o lfferent cathanAIpMSBlE RPIARSHIML VAN 910KRS il hederm eycloalkyr
as used herein refers’to a saturafed carbocyclic ring containing 3 to 8 carbon atoms, i.e. cyclopropyl,
cyclobutyl, cycRfBRt§HEyclohexyl, cycloheptyl, bicycloheptyl or cyclooctyl. "C3,7 cycloalkyl" as used

herein refers to an-eyeigaliytaampogac @l 8-0Z Lahans[Mstheoahacyglicuing. The term
"spirocycloalkyl’ d herein refers to a gycloaklyl as described ahove wherein 10 ane of the ring
carbon atoms of ﬁ%@ﬁfﬂﬁ%&égﬁ%ﬁrﬁg%&ﬁﬂ %P%%@%H’ Wﬁg%ﬁéﬁ%&?@ig%ﬁ& , preferably this
second ring is@adalrgleptwpyl. Preferably spirocycloalkyl is spiro[2,5]octyl. The term "halogen™ or "halo"

as used herein means,flugiing, chlaringy bragHne O iading, 7 he,i5tm, iheleioapl or “heteroaromatic”
as used herein nmieans a mohdcy-clic ot bicyclic 15 radical of 5 to'12 ring afoms having at least one
aromatic ring céntaidigfdline diphtideymasiperfihucidebrserktipigsiier islon o, sids
heteroatoms, tﬁ@t@m@pg ring atoms being carbon, with the understanding that the attachment point

of the heteroar){l radical will be gn an aromatic ring. As well known to those skilled in the art, heteroaryl

rings have less arbmMEi¥ aHEFHARF eRERF A% A b E b tmtB PEEHL THUSYRF the purposes of the

invention, 20 a hetevbaiiyhgiofinygepkanly-hatasopeidedgresobiafdralie charastiérukeaamples of
heteroaryl moieties i nocyclic aromatic heterqeycles havi 1o 6 ring atoms and 1 to 3
heteroatorns |&I§Z§%ﬂgg\¥§ﬁfﬁg§ 0-’0 \p’%]r?féﬁ’f |ﬁ§y§?ny|8% ?O 5%%%y ,aﬁ?r?o%ﬁ %%?ézolyl,
imidazolyl, oxazefth -soxtakbtmcthidzelm asdthixdotdl/tnaroldiie’ tHindiaoleydhdrexadiaxoline which can
optionally be sybstiputer With. one. A1 MpEsdRISlsibleNe AEWO-2RsuBslilients selgeted from
hydroxy, cyano, alkyl, alkoxy, thio, Tower haloalkoxy, alkylthio, Halo, haloalkyl, alkylsuffinyl,
alkylsulfonyl, H&fégen, amino, alkylamino,dialkylamino, aminoallcyl, alkylaminoalkyl, and

dialloylaminoalleyb.nitrQcatkpxysrnaonyljaneepsbameykralkylcaame, dialkytearbamoyl,
arylcarbamoyl, alkylearbgonylamino and arylcarbonylamino. Examples of hicyclic moieties include, but
are not limited 'fg Gfﬁ%%ﬁﬁé%ﬁ&ﬁ%%ﬁﬁé@@%@/@%@ﬁ%@ 33 |S(§’én}|hcoaﬁ)r}§/l, benzofuryl,
benzothiophenykthe@nzaxazole, benzisoxazole, benzothiazo le and benzisothiazole. Bicyclic moieties
can be optionally substity ther.Hing, Bowever dhe point of attagmentison ailing gontaining a
heteroatom. Thge ii%lr%ﬂﬁezr%% c%al%ﬁ%etmcyclygfor "Rﬁéﬁgggycle" as used e‘rein denotes a 5
monovalent safifd@¥silic radical, consisting of one or more rings, preferably one to two rings, of

three to eight aiq ‘s[[p?prgr ngorparating pneesmaieHngd.saERan atoms and one or more ring
heteroatoms (chggen romﬁﬁlz,o o?{ (=ogo-%), wherein_the point of attachment can be through either a

carbon atom of ¥1R8taPsLRsHANEAH WEHPEAT S Brd AN £ independently substituted with one or more,
preferably one or two or three substiments selected from 10 hydroxy, oxo, cyano, lower alkyl, lower
alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl, hydroxyalkyl, nitro, alkoxycarbonyl, amino,
alkylamino, alkylsulfonyl, arylsulfonyl, alkylaininosulfonyl, arylaminosulfonyl, alkylsulfonylamino,
arylsulfonylamino,



alkylaminocarbonyl, arylarninocarbonyl, allcylcarbonylamino, arylcarbonylainino, unless otherwise
indicated. Examples of heterocyclic radicals include, but are not limited to, 15 azetidinyl, pyrrolidinyl,
hexahydroaggpimdwexgtanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxageligipesaaapanyl,
thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl, thiomorpholinyl,
quinuclidinyl and imidazolinyl. The phrase "organ rejection” includes acute allograll or xenograft
rejection and chronic  al lograll or xenograft rejection in the setting of vascularized and/or
non-vascuIarizédcé@.lﬁb?ﬂf}o%ﬁ%'W%@(ﬂ,‘ﬁ’éﬁb’ﬁ@%@@é@ﬂ%ﬁ@“ﬂ%ﬁ@mﬁﬁs. Commonly used
abbreviations ingsde BeeHAGk A PignisabuBMIBILIR (DR M- RHNOSPRRTEEAAUT)3 -
9-borabicyc|o[g 3.1 n.onja\n (9-BBN or BBN), tert-butoxycarbonyl (Boc), di-tert-butyl pyrocarbonate or
boc anhydride (]§ Y- BenZY(Bn), butyl (Bu), Chemical Abstracts Registration Number (CASRN),

benzyloxycarbory&CBY-pipt)i @b Satveryl dirtbdapeten (DB b pdrdiazabioyoia{?.2. 2Joctane (DABCO),

diethylaminosulfur trifluoride ), di ideneac jazahicyclof4.3,0]Jnon-5-ene
(DBN), 1,8-diaié%fééé#&%é?ﬁ?ﬁ@ﬂg’?%gﬁg% %@Nﬁi&ﬁ%@yﬁ% E]hn%d@([ﬁig%), 1,2-
dichloroethaneld3aEyAdertoiorndihdng B3 didthpy meotichideyikite (DEADY;

di-isopropylazodj ), _elich i rid g,l%@ﬁ{__h )IBAL-H), di- 30
iso-propylethy%dn%ﬁ;p%é&}élﬁéiﬁg@%i%%?l%??g?é%%g%é{%%ﬁk,Ndimgﬁ%ﬁopyridine (DMAP),
N, N-climethy forFRER B SR A BT B A2 09 bt 6 b el Pl 1P ESIBe8E 78 - 34 -
(DMSO0), 1,1'-his=diphenylphosphino)ethane (dppe), 1X-bis-(diphenylphosphino)ferrocene (dppf),

1-(3-dimethylaminopr -3-ethylcarbodiimide hydrochloride (EDCL), ethyl (Et), ethyl acetate (EtOAc),
cthanol (E10 L I BN oL ALK ey CiEr (B0 ettn Sther 20y
0-(7-azabenzotriazole-1 -yl)-N, NN'N'-tetramethyluronium 5 hexafluorophosphate acetic acid (HATU),
acetic acid (HQAgL),rkN=hy zptriazole AHQBL.. i ssure: iquid g hy (HPLC),
iso-propanol (I%AAQ {Erlyfj%ny ggam%%% é%l%gér?ég(%?ﬁﬁ%%ﬁ%eﬁ%ﬁgﬁ%&e%%]?&rﬁﬁ%ég%oint (mp),
MeS02- (mesyPéikigpthethyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid (MCPBA), mass

spectrum (ms),; petwkioutnd|therLMEBE.nbremosucainimisletNB 3y M-aarhoxvaphydride 10
(NCA), N-chlorosuccinimide (NCS), N-rnethlr%gmorpholine NMM), N-methgpgj;)rrolidone NMP),

) ( ) |
pyridinium chlotadHfSATERE e I R BIH A (P& PERRI PR B3I 8Ph, iso-propy!
(i-Pr), pounds per:square inch (psi), pyridine (pyr), room temperature (n or RI),
trimethylsilanylethoxymethyl, (SEM), ten-butyldimethylsilyl, or.t-BuMe2Si (TBRMS), triethylamine (TEA
or Et3N), 2,2,6,6-tetramethylpipenidifie 1-oxyl {TEMPO), 15tritlate or GF3S02- (10, triflioroacetic acid
(TEA), 1,1'-bisnd g &tetramethylheptane-2,6- dione (TMHD),

0-benzotriazol-1 1yl MhMed HgHA Qﬁ&ﬁ%wm@ﬁg@ﬂ%H%W&%ﬁI,@E 4hin layer ghgomatography
(TLC), tetrahydrnfiiran (THE), trimethylQilyl or Me3Si (TMS),p-toluenesulfonic acid monohydrate
(TS0 or PO, 2 RRETBHRSEE: 5 SN oy LRGN CBYBERY AR ERte (UNCA),
Conventional npmenchatdigl ipelpdieg therdQ prefresaemmahbyise-(r)7-peaondany (sec-), tertiary
(tem-) and neobrPave their customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P.
Klesney, Nome clatdre i ‘rlé%a’nic Chemistry, IUPAC 1979 Pergamon Press, Oxford.). COMPOUNDS
AND PREPARATIGN Exdoiples pfrepresehidtile(2adpolinds-etfgdrniessto-by thetigrdsent invention
and within the 25 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 practiceltterprasEneivehitgmzirhey $ollld hoLHe ersigddtrechivitirtgiis¥edpe of the
invention, but mejely as being illustrative and representative thereof. In general, the nomenclature
used in this Application is based on AUTONOMTM v.4.0,- a 30 Bcilstein Institute computerized system
for the generatl 3 oF IO S5 EHEA: TBIRGACIAA - HOR Qe PSRRI KEbn  depicted
structure and ainanmhelgivign;that - 35 - structure, the depicted structure is to be accorded more weight.
In addition, if the stereochemistry of a .structure.or rtigh of a structure_is. ngt indicated with, for
example, Bold S B 2s DL S o Koo e e R S IR e
encompassingigthstereoisomers of it. 5 TABLET depicts exemplified compounds according to Formula

|. TABLET. COMBR MNRIGY SHEMAMSG y1)-3.12-[1-(2,2 2-trifluoro-ethyl)-piperidin-3-yi]}-

ethyl}-urea;



NAME STRUCTURE MS Data (M-F1) I-I 1 -Cyc lohexy1-3- (5H-pyrrolo[2,3- b]pyrazin-2-y1)- urea H
cry 0 N H 260 1-2 1 -Phenyl-345Hpyrrolo[2,3- b]pyrazin-2-y0- urea 254 1-3 | -Cyclopenty1-3-

(5H-pyrrolofR$rflpyeagin-2-y1)- urea N H 246 1-4 1-Cycloheptyl-3- (SHpRyEPIQSeizsbs
b]pyrazin-2-y1)- urea

10

15

20

-17-
3-{[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yi}-ureido-methyl } -pyrrolidine-1-carboxylic acid
methyl ester;

1-(5H-Pyrrolo[2,3-b]pyrazin-2-yI}-3-{2-{1-(2 2 2trifluoro-ethyl-pyrrolidm-2-yil-
ethyl}-urea;

(1S,38)-3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-vl)-ureido }-cyclopentanecarboxylic acid
methylannude; and
(18,35)-3-[3-(5H-Pyrrolof2,3-b]pyrazin-2-yl)-ureidoJ-cyclopentanecarboxylic acid
ethylamide.

The application provides 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 Formula I or the compound of Formula IL.

The application provides the above method, further comprising 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.

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 11

The application provides a method for treating asthma comprising administering to a patient
in need thereof a therapeutically effective amount of the compound of Formula I or the

compound of Formula IL.

The application provides a method for treating arthritis comprising administering to a patient
in need thereof a therapeutically effective amount of the compound of Formula I or the

compound of Formula 11,

The application provides a method for treating theumatoid arthritis comprising administering
to a patient in need thereof a therapeutically effective amount of the compound of Formula |

or the compound of Formula II.



,5€,IN110 \ 274 1-5 | -Benzyl-3-(5H- pyrrolo[2,3- b]pyrazin-2-y1)- urea \'11 282 1-6
I-Cyclohexylmethyl-3-(5H-pyrrolo[2,3- b]pyrazin-2-y1)- urea IN it 274 -36 - 1-7 1-((1 S,2R)-2-
Methyl- pyrigly JAddodalayrazin-2-y1)- urea PCT/EP2009/065878

- 18-
The application provides a method for inhibiting T-cell proliferative disorder comprising
administering to a patient in need thercof a therapeutically effective amount of the compound

of Formula I or the compound of Formula 11,
The application provides the above method, wherein the proliferative disorder is cancer.

5 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.

The application provides a method for treating an imntune disorder mcluding lupus, multiple
sclerosis, theumatoid arthritis, psoriasis, Type 1 diabetes, complications from organ

10 transplants, xeno transplantation, diabetes, cancer, asthma, atopic dermatitis, autoinymune
thyroid disorders, ulcerative colitis, Crohn's disease, Alzheimer's disease, and Leukeniia,
comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formula I or the compound of Formula I1.

The application provides a method for preventing or treating all forms of organ rejection,
15 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 the compound of Formula | or the compound of Formula Ii.

The application provides a method for inhibiting JAK 3 activity comprising administering the
compound of Formula I or the compound of Formula I, wherein the compound exhibits an

20 1Cs of 50 micromolar or less in an in vifro biochemical assay of JAK3 activity.

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

less in an in vifro 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.

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

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



*6-Y 274 2741-8 1-(2-Chloro- phenyl)-3-(5Hpyrrolo [2,3- b Thyrazin-2-y1)- urea a 11 288 I-9 1-((R)-1
-Ph enyl-ethy1)-3-(5H- pyrrolo [2,3- b ]pyrazin-2-y1)- urea 0 282 1-10 1-Phenethy1-3- (5H-pyrrolo

[2,3 - blpyragindivksddiga 282 1-11 1-((S)-1-Phenyl- ethyl)-3-(5H- pyrrelergiuitipyEazin-2-y1)- urea
H "N

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

Formula 11

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 I

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 1}

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

20 The application provides a compound of Formula I’

0 2
’R R3
I N\
RN
H I = > R
5.
R N
N H

Il

wherein;



0..."llcs.st,..1.1 2821-12 1-(5H-Pyrrolo [2,3- b]pyrazin-2-yD-3 o-tolyl-urea iS N H 268 1-13 1
-(5H-Pyrrolo[2,3- b]pyrazin-2-y1)-3- (2-trifluoromethyl- phenyl)-urea F \ 322 1-14 1-Ethyl-3-(5H-

pyrrolo [2,3x/lpyiasiasasy!)- urea H \ 206 I-tort-Butyl-3- (SH-pyrrolo[2,3plpyisindsssky urea 1-15
H N 234

-20 -
R' is cycloalkyl, cycloalkyl lower alkyl, phenyl lower alkyl, heterocycloalkyl,
hetérocycloalky! lower alkyl, heteroaryl, or heteroaryl lower alkyl, optionally substituted with
one ormore R’ ;
R' is halogen, lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, lower
5 haloalkyl, amino, amido, 0x0, cyano, sulfonamido, or cycloalkyl; and
R?is H or lower alkyl;
each of R*, RY, 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.
10

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.
15 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 ceﬁain embodiments of Formula I, R is H, 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.
20 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 T’, 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.



I-16 1-lIsopropyl-3-(5H- pyrrolo [2,3- IThyrazin-2-y1)- urea Ni 220 - 37 - 1-17 [3-(5H- Pyrrolo[2,3-
b]pyrazin-2-y1)- ureidoFacetic acid ethyl ester 0 , 1-18 N-Methy1-2-13- (5H-pyrrolo[2,3-

Npyrazin-2-h~sgidekacetamide \H 1-19 (S)-3-Methyl-2-[3- (511-pyrip {2s3¢0 RERYs@ZIN-2-y1)-
ureido]-butyric acid methyl ester NN N, n

-2 -
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 In one variation ofthe 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 Iower alkyl.
In one variation of the above embodiment, R is pheny! lower alkyl.

10 In one variation of the above embodiment, R’ is phenylethyl,
In certain embodiments of Formula I’, R¥is H, ¥ 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 phenyt ethyl.

15 The application provides a compound of Formula IP

3

2
N A R
N N,
RbwmN SN
H l >—r
R’ O
N R

Ir

wherein;



1-20 (S)-3,N-Dimethyl2-[3-(5H- pyrrolo[2,3- h]p}Tazin-2-y1)- urcidol-butyramide NHH 1-21
1.43SAS)-3- Methyl-terrahydro-pyran-4-y1)-3-(5H-pyrrolo[2,3- b]pyrazin-2-y1)- urea HN NO
1-(5H-Pyrrolg{2sdreldsagazin-2 -y1)-3- ((1 S,2R)-2,5,5- trimethyl- cyclohexyh1ugshiaNess AN
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R' is lower alkyl or phenyl, optionally substituted with one or more R';
R is halogen, lower allyl, hydroxy, lower hydroxvalkyl, lower alkoxy, lower
haloalkyl, amino, amido, 0x0, cyano, suifonamido, or cycloalkyl; and
R’ is H or lower alkyl;
cach of R®, RY, 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 II°, R® is H.

In certain embodiments of Formula IT°, R%is H, and R’ is H.

In certain embodiments of Fornmula IT°, R* is H.

In certain embodiments of Formula 7, R% is H, and R*is H.

In certain embodimments of Formula I, R%is H, and R*is H.

In certain embodiments of Formula 1T, R?is H, R 3 s H, and R* is H.
In certain embodiments of Formula IT°, R®is H.

In certain embodiments of Formula IT, 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 II’, R* is H, and R® is H.

In certain embodiments of Formula II°, R® is H, R* is H, and R®is H.
Tn certain embodiments of Formula I R%is H, R*is H, and R is H.

In certain embodiments of Formula 117, R is H, R* is H, and R’ is H.

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

1-22



1-23 1-(1-Acetyl p iperidin-3-y1)-3- (5H-pyrrolo[2,3- b]pyrazin-2-y1)- urea HN -38 -1-24
1-(3,3-Dimethyl-cyclohexy0-3-(5H-pyrrolo[2,3- b]pyrazin-2-y0- urea HN
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In certain variations of any ofthe above embodiments, R' is phenyl or lower alkyl.

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

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

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

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 thercof a therapeutically effective amount of

the compound of Formula I' or the compound of Formula 11",

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 1T,

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

the compound of Formula ¥, wherein R is 1
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 I’

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

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



-.d H 1-25 1 -(3 -Methyl-cyclohexyl)-3-(5H-pyn-olo[2,3- b]pyrazin-2-y1)- urea HN

0 csH 1-26 1-((1R,2S)-2- Methyl-cyclohexyl)-3-(5H- pyrrolo[2,3- b]lpyrazin-2-y1)- urea \
$S 1-27  wo 2010063634 PCT/EP2009/065878
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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 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 preventing or freating 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 I,

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 IT".

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

in an in vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an ICss 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 iz vitro biochemical assay of JAK3 activity,

In one aspect, the application provides a method for treating an inflammatory condition
comprising co-admmistering 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 11",

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

compound of Formula II”,

'LICN-1( H N

O Niue H



1-(5H-Pyrrolo[2,3- b]pyrazin-2-y0-3- spiro[2.5]oct-5-y1- urea HN N HO.{1 1-28 3-Cyclohexyl-1-
methyl-1 -(5H- pyrrolo[2,3- b]pyrazin-2-y1)- lureaHN NN\ O NH
WO 2016/063634 PCT/EP2009/065878
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The application provides a pharmaceutical composition comprising the conpound of
Formula I’ or the compound of Formula IT’, admixed with at least one pharmaceutically

acceptable carrier, excipient or diluent.

In one variation, the above pharmaceutical composition further comprises an additional

Lh

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
10 of Formula Il 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 treafment of an autoinumune

disorder.
15

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 17 or the compound of Formula IT7.

In one variation of the above method, the above method further comprises administering an
20 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
25 comprising administering to a patient in need thereof a therapeutically effective amount of

the compound of Formuld I’ or the compound of Formula II’, wherein R is R'.



-39 - 1-29 111-(2-Cyano- acetyl)-piperidin-3- y11-3 -(5Hpyrrolo[2,3- Npyrazin-2-y1)- urea TIN
"....4INuci)N N--' HO 1-30 1-(2,2-Dimethyleyelopentyl)-3- (5H-pyrrolo[2,3- hipyrazin-2-y1)- urea N N
1-31 115H-Rysrplds3salpyrazin-2-y1)-3- [112,2,2-trifluoro- ethyl)-piperidig-graginasamsNg\
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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 1P,

In one aspect, the application provides a method for inhibiting T-cell proliferative disorder
5 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 thercof a therapeutically effective amount of

10 the compound of Formula I’ or the compound of Formula IT°,

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

amount of the compound of Formula I' or the compound of Formula I,

In one aspect, the application provides a method for preventing or treating all forms of organ
rejection, including acute allograft or xenografl rejection and chronic allograft or xenograft
rejection, of vascularized or non~vascu1aﬁzod transpiants, comprising administering to a

20  patient in need thereof 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 inhibiting JAK3 activity comprising
administering the compound of Formula I’ or the compound of Formula IT’, wherein the
compound exhibits an ICs of 50 micromolar or less in an in vitro biochemical assay of JAK3

25 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.



1-32 1-(1- Methanesulfonyl- piperidin-3-y1)-3- (5H-pyrrolo[2,3- b]pyrazin-2-y1)- urea HN N O /17 NN
N H 1-33 313151-J- Pyrrolo[2,3- b]pyrazin-2-yl)- ureidokpiperidinel-carboxylic acid methyl ester HN
N1 WO 2010/063634 PCT/EP2009/065878
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In one variation of the above method, the compound exhibits an ICsp 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 I’

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 Fornmula 1.

The application provides a pharmaceutical composition comprising the compound of
Formula I” or the compound of Formula IT”, 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 imnmnosuppressive 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', m 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 I, 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.



1-34 1-((S)-1-Acetyl- PiPeridin-3-y1)-3- (5H-pyrrolo[2,3- b]pyrazin-2-y1)- urea HN N N4
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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.

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

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

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.

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.

The symbols "™*" at the end ofa 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 +<] ==2>MeC(=0)0—]



/H  Nioll -40-1- 35 | -((1R,3R)-3- Amino- eyelopenty,1)-3 - (5H-pyrrolo [2,3- bipyrazin-2-y 1)-
urea HN 11 N ma CIS

WO 2010/063634 PCT/EP2009/065878
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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

5 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 bicyelic 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

10 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 valuc by

15 avanance of 20%.

The definitions described herein may be appended to form chemically-relevant combinations,
such as “heteroalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyt,” “allcylcarbonyl,”
“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

20 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, I-{(hydroxymethyl)-2-

25 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 -(arjalkyl refers to either an unsubstituted
allcyl or an aralkyl group. The term (hetero)aryl or (het)arylrefers to either an aryl or a
heteroaryl group.



NH2 1-36 | -(5H-Pyrrolo[2,3- b]pyrazin-2-yl)-3- [1-(3,3,3-trifluoro- propionyl)- piperidin-3-ylkurea HN
NN FFOFN
WO 2016/063634 PCT/EP2009/065878
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Compounds of formula ¥ 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 attempfs 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- & -C(-OH)=CH-), amide/imidic acid (-C(=0)-NH- = ~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(=0)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(=0)R wherein R is alkyl as defined herein. The term Cy acyl refers to a group
-C(=0)R contain 6 carbon atoms. The term "arylcarbonyl” as used herein means a group of
formula C(=0)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 Ehain, saturated,
30 monovalent hydrocarbon residue containing | to 10 carbon atoms. The term “lower alkyl”

denotes a straight or branched chain hydrocarbon residue containing 1 to 6 carbon atoms.



1-37 1 -((R)-1 -Acetyl- piperidin-3-y0-3- (5H-pyn-olo [2,3- b]pyrazin-2-y1)- urea -..... HN W "lid N"--%
HO 1-38 3[3{5H Pyrrolo[2,3- b]pyrazin-2-y1)- ureido}-piperidine- 1 -carboxylic acid 1 ethyl ester I .....
HIN.- Ns- wo 20¥o/08d634 PCT/EP2009/065878
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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, Jower alkyl groups include methyl, ethyl, propyl,
i-propyl, n-butyl, i-butyl, r-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
5 “hydroxyalkyl,” this is intended to refer to an alkyi 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 radicai. Examples of arylaliyl radicals inchude,

10 but are not limited to, benzyl, phenylethyl, 3-phenyipropyl. 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 & heteroaryl radical.

The term “haloalkyl” as used herein denotes a unbranched or branched chain alkyl group as

15 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, wherem 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, triiodomethyl, 1-

20 fluoroethyl, 1-chloroethyl, I-bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-
bromoethyl, 2-iodoethyl, 2,2-dichloroethyl, 3-bromopropyl or 2,2, 2-triflucroethyl.

The term "alkylene” as used herein denotes a divalent saturated iinear hydrocarbon radical of
1 to 10 carbon atoms (e.g., (CHa)n)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
25 in the case of methylene, the open valences of an alkylene group are not attached to the same
atom. Examples of aikylene radicals include, but are not limited to, methylene, ethylene,

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

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

30 pentyloxy, hexyloxy, including their isomers. "Lower alkoxy"” as used herein denotes an



[-391 11 -(1-Propionyl- 1 piperidin-3-y1)-3- (5H-pyrrolo [2,3- b]pyrazin-2-y1)- urea --_, HN N -0- N H
[-40 1 -( 1 -Isobutyryl- piperidin-3-y1)-3- (5H-pyn-olo[2,3- b]pyrazin-2-y1)- urea, HN N N-O-- N H 1-41
1 41 -(3-Mefhylbutysyigzpiperidin- 3 -y1]-3-(5H- pyrrolo [2,3- b]lpyrazin-2-ypetigasasdddé 7N HNC o

-41 - 1-42
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alkoxy group with a "lower alkyl" group as previously defined. "C-1p alkoxy" as used herein

refers to an-O-alkyl wherein alkyl is Ci.q0.

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.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicycloheptyl or cyclooctyl. "Ci.7 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 deseribed 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 monocycelic 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 mclude monocyclic aromatic heterocycles having 5 fo 6 ring atoms and 1
to 3 heteroatoms include, but 15 not limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl,
pyrazolyl, imidazolyl, oxazol, isoxazole, thiazole, isothiazole, triazoling, 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,
alkylcarbamovl, 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”, "heterocyelyl" 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).2), wherein the point of attachment can
be through either 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, alkyisulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arvlcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to,

15 azetidinyl, pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, oxazolidinyl, azepanyl, thiazolidinyl, isoxazolidinyl, morpholinyi,
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[3.3.1nonane (9-BBN or BBN), tfert-butoxycarbonyl
{Boc), di-fert-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 (DABCQ), diethylaminosulfur
trifluoride (DAST), dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN),
1.8-diazabicyclo[5.4.0Jundec-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-dimethy! 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
(dpp®), 1-(3-dimethylaminopropyl}-3-ethylecarbodiimide hydrochloride (EDCI), ethyl (Et),
ethyl acetate (EtOAc), ethanol (EtOH), 2-ethoxy-2H-guinoline-1-carboxylic acid ethyl ester
(EEDQ), diethyl ether (Et;0), O~(7-azabenzotriazole-1-y1)-N, N.N'N’-tetramethyluronium
hexaftuorophosphate 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), rert-butyldimethylsilyl or --BuMe,Si
(TBDMS), triethylamine (TEA or Et;N), 2.2,6,6-tetramethylpiperidine 1-oxyl (TEMPO),
triflate or CF3S0,- (T1), trifluoroacetic acid (TFA), 1,1'-bis-2,2,6,6-tctramethylheptane-2,6-
dione (TMHD), O-benzotriazol-1-yI-N,N,N',N'-tetramethyluronium tetrafluoroborate
(TBTL]), thin layer chromatography (TLC), tetrahydrofuran (THE), trimethylsilyl or Me;Si

AN

(TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-CgH4SO;- 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 Himiting 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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stereochemistry of a structure or a portion of a structure is not indicated with, for example,

bold or dashed lines, the structure or portion of the structure is to be interpreted as

encompassing all stereoisomers of it.

5 TABLE I depicts exemplified compounds according to Fornula L

TABLEL

COMPQC

SYSTEMATIC
NAME

STRUCTURE

MS
Data
(M+1)

i1

1-Cyclohexyl-3-
(5H-pyrrolo[2,3-

blpyrazin-2-yl)-
urea

260

i-2

1-Phenyl-3-(5H-
pyrrolo[2,3-
blpyrazin-2-yl)-
urca

1-Cyclopentyl-3-
(5H-pyrrolo]2,3-
blpyrazin-2-yl)-
urea

246

1-Cycloheptyl-3-
(5H-pyrrolo[2,3-
blpyrazin-2-yl)-
urea

274

1-Benzyl-3-(5H-
pyrrolof[2.3-
blpyrazin-2-yl}-
urca

282

1-
Cyclohexylmethyl-
3-(5H-pyrrolo[2.3-
blpyrazin-2-yl)-
urea

274

0
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1-7

1-((18,2R)-2-
Methyl-
cyclohexyl)}-3-(8H-
pyrrolo[2.3-
blpyrazin-2-yl)-
urea

N
\I;\> 274

I8

1-(2-Chloro-
phenyi)-3-(5H-
pyrrolof2,3-
bipyrazin-2-yl)-
urea

288

I-9

I-((R}-1-Phenyl-
ethyl)-3-(5H-
pyrrolo[2,3-
blpyrazin-2-yi}-
urea

282

I-10

1-Phenethyl-3-
(5H-pyrrolo]2,3-
blpyrazin-2-yl}-
urea

282

1-((S)-1-Phenyl-
ethyl)-3-(5H-
pyrrolof2,3-
bipyrazin-2-yi)-
urea

12

1-(5H-Pyrrolo[2,3-
blpyrazin-2-yl)-3-
o-tolyl-urea

268

I-13

1-(5H-Pyrrolof2,3-
blpyrazin-2-y1)-3-
(2-trifluoromethyl-
phenyl)-urea

322

I-14

1-Ethyl-3-(5H-
pyrrolo[2,3-
blpyrazin-2-yi)-
urea

206

I-15

1-tert-Butyi-3-
(5H-pyrrolo[2,3-
blpyrazin-2-yl)-
urea

234

I-16

1 -Tsopropyl-3-(5H-
pyirolof2,3-
bipyrazin-2-yl)-
urea

fy N, N,
\g/\[\ N 220
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[3-GH- oL
Pyrrolo[2,3- N ,J-L\/N N N
117 | blpyrazin-2-yl)- 0 hg \“i *I’\>
ureido]-acetic acid 0 ey
ethyl ester N H
O
| N-Methyl-2-[3- JL\,H H
Lig | GH-Dpymolo[23- N NTN\[NI‘\)
blpyrazin-2-yl)- H I
_ ureido]-acetamide 0 N/ E
(S)-3-Methyl-2-[3- O i H
(5H-pyrrolo[2,3- ~ ' N N

I-19 blpyrazin-2-yl)- 0 \ﬁ/ \[ TN
O

urcido]-butyric acid
methyl ester N H

(S)-3.N-Dimethyl- o
2-[3-(5H- ~ N N N

120 | pyrrolo[2,3- N A A
blpyrazin-2-yl)- G o

ureido]-butyramide N H

HNT R
1-((35.48)-3- =
Methyi-tetralydro- N N
pyran-4-yl)-3-(5H- S/
121 O

pyrrolo[2.3- N

blpyrazin-2-yl)- q

urca N O

1-(5H-Pyrrolo[2,3-
blpyrazin-2-yl)-3-
1-22 ((1S,2R)-2,5,5-
trimethyi-
cyclohexyly-urea

1-(1-Acetyl-
piperidin-3-yl)-3-
1-23 (5H-pyrrolo[2,3-
blpyrazin-2-yl)-
urea
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AN R
1-(3,3-Dimethyl- —
cyclohexyh)-3-(5H- N N
I-24 pyrrolo[2,3- 2\ /< o
blpyrazin-2-yl)- N (<
urea H
N
H
HN N
1-(3-Methyl- _—
cyciohexyl)-3-(5H- N N
125 pyrrolo[2.3- 1\ /< o
blpyrazin-2-yl)- N q
urca o\
H

cyclohexyl}-3-(5H-

H
N W
I-{(1R,28)-2- —
Methyl- : N
W /(

26 rrolof2 3- ’ (0
blpyrazin-2-yl)- H N
urea H
HN; \Z
1-(5H-Pyrrolo[2,3- —
) blpyrazin-2-vl)-3- N
1-27 spiro{2.5Joct-5-yl- \_% O
urca N
oy
H
HN; \Z
3-Cyclohexyl-1- N
methyl-1-(5H- ;\\ /’< o
1-28 pyrrolo[2,3- N
blpyrazin-2-yl)- /

urca
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-39.
N
1-[1-(2-Cyano- N o W
acetyl)-piperidin-3- _—
y1]-3-(5H-
1-29 pyrrolof2,3- N\\ /<N H N
blpyrazin-2-yi)-
urea ﬁ s

_ AN X
1+(2,2-Dimethyl-
cyclopentyl)-3- —

1-30 (5H-pyrrolo[2,3- N N H
blpyrazin-2-yl)- u N
N

urea N
H G

1-(5H-Pyrrolo[2,3- N

blpyrazin-2-yi)-3- —— .
I-31 [1-(2,2 2-trifluoro- N HN ‘

ni= 5 o N 1] N
ethyl)-piperidin-3- \\.Jk \kF
yl]-urca ;‘11 o F
R

1-(1- HN Ost]

Methanesulfonyl- g ~g—
: piperidin-3-y1)-3- N N /
B32 | (sHopyrrolo[2 3- N\ /( H

blpyrazin-2-yl)-

urea lﬂ <

O

3-[3-(3H- HN \Z o/

Pyrrolo{2,3- e 0O

blpyrazin-2-yl}- .

1-33 ureido]-piperidine- N\\ /<}\ %O
I-carboxylic acid

methyl ester H

'HN; \Z o

1-((S)-1-Acetyl- >

piperidin-3-yt)-3- -

1-34 | (SH-pyrrolof2,3- N\ /:N 0 D
blpyrazin-2-yl)- N

urca N
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-40-
1-((1R,3R)-3- BN N
Amino- e
X cyclopentyl}-3- N N 7
1-35 (5H-pyrrolo[2,3- W\ /< }Nima
blpyrazin-2-yl)-
urea E < NH,
‘ O

1-(5H-Pyrrolop2,3- | P Ny Q F
blpyrazin-2-yl)-3- =

I-36 [t —(3_,3 ,3-trifluoro- N\ /N u N
propionyl)- N
piperidin-3-ylj-urea N—<

H O

1-{(R)-1-Acetyl- S

piperidin-3-y})-3- HN N
|37 (5H-pyrrolof2 3- =N
blpyrazin-2-yl}- N i BN

urea %/l\

H O
3-[3-(5H- AN o -
Pyrrolo[2,3- S }._0
138 blpyrazin-2-yl)- » N N
ureido]-piperidine- \ ..,</ %_O
1-carboxylic acid N—<
ethyl ester H N
1-(1-Propionyl- ==
piperidin-3-yl)-3- HN N /O
1-39 (5H-pyrrolof2,3- f N ogn N

blpyrazin-2-yl}- N\;’»L\

urea ¥ o

O
1-(1-Isobutyryl- e
mm | O
I-40 (3H-pyrrolo[2,3- SN ax 4 }rj\
G

blpyrazin-2-yl)- \\:’/’l\

urca ?{

1-[1-(3-Methyl-

O
butyryl)-piperidin- BN D
3y1]-3-(5H- Ny
141 ’ N
pyrrolo[2,3- Nl\,ﬁL

blpyrazin-2-yl}-
| urca

4
Z
v
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[-Cyclohexyl-3- N R
{6-methyl-5H-
1-42 pyrrolo[2,3-

: N N
blpyrazin-2-yl)- N H
urea <N N

HNT R
1-Cyclohexyl-3-
(7-methyl-5H- -

1-43 pyrrolo[2,3- N\ /N H
blpyrazin-2-yl)- L( N

urca N
H O
1-(1- BN X 0
Ethancsulfonyl- Q 0:-_;§_/
: piperidin-3-yl)-3- N N N
l-44 (5H-pyrrolo[2,3- W\ /( }NI

blpyrazin-2-yt)- X 4

urea @

H
1-[1«(Propane-2- HN R | (l;{
sulfonyl)-piperidin- — 0..,~.-_;S__<
) 3-yi]-3-(581- N N N
143 pyrrolo[2,3- W\ /< g
bipyrazin-2-yl)-
urea [Nf_ﬁ
HNT N
1-((S)-1-Acetyl- 0
pyrroiidin-3-yl)-3- o J\
1-46 (5SH-pyrrolo[2,3- N\ /N ¥ N
blpyrazin-2-yl)- \—-< N m.o

urea N
H 0
L(S)-1- Sy
Metha'nc?sulfonyl— e 0.,:. ]
a7 | pyrrolidin-3-yl)-3- N N 5

0
(5H-pyrrolo[2,3- \\__{ %m. N
blpyrazin-2-yl)- g
urea §
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(S)-3-[3-(5H- BN R
Pyrrolo[2,3- — j)L
148 b}_pyrazm—.’?.?yl.)-. N N N O/
ureido]-pyrrolidine- S /< W“C'
1 -carboxylic acid
N g
methyl ester H
O
1-((38,5S)-1- NN Q
Acetyl-5-methyl- —= }-—-—
: piperidin-3-y1}-3- N N N
149 (5H-pyrrolof2,3- W /< gml
blpyrazin-2-yl)-
urea 11?1:{
' O

1-(1- BN R Q
Cyclopropanesulfo S 0-'.'.:3_4

” nyl-piperidin-3-y1)- N N N
1-30 3«(SH-pyrrolo[2,3- \\____( i
blpyrazin-2-yl)-

¢
urea H

1-[1-{(Propane-1- HN R
sulfonyl}-piperidin-
3-y1}-3-(5H-
pyrrolo[2,.3-
blpyrazin-2-yl)-
urea

I-51

1-{(5R,6S)-6-
Methyl-
spiro[2.5]oct-5-y1)-
3-(5H-pyrrolof2,3-
blpyrazin-2-yl)-
urea

I-52

1-((5S,6R)-6- HN R
Methyl-
spiro[2.5]oct-5-yl)- N N
3-(3H-pyrrolo[2.3- Y4 N
blpyrazin-2-yl)-
urea H

1-53
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1-Pyridin-2- N
ylmethyl-3~-(5H- /N § g N

154 | pymolof2.3- = Y \[ Y
blpyrazin-2-yl)- O N/ N
urea H
1-Pyridin-3- N
yimethyl-3-(5H- 7 N N B

1-55 | pymolo[2.3- = hd \]I *j:'\>
blpyrazin-2-yl)- O N/ N
urea H
1-(2-Pyridin-2-yl- , 4 um
ethyl)-3-(5H- R\ N MMy

1-56 pyrrolof2.3- — T N
blpyrazin-2-yl)- © N
urea H

[-(2-Pyridin-3-yl-

N H .
ethyl)-3-(5H- 7 N\ N SNy
1-57 pyrrolof2,3- — \[ D
blpyrazin-2-yl)- 0 NP N
urea

I-(2-Isopropyl-
cyclohexyl)-3-(5H- H i
I-58 pyrrolo[2.3- N N.\[NM
— |

bipyrazin-2-yl)- | \

urea O ’)\‘N)
N 3

1-((18,2R)-2-

Methyl- -

: cycloheptyl)-3- N. _N. .N

159 (5H-pyrroiof2,3- \n/ \[ SN
bipyrazin-2-vi}- O N/ N
urea H
1-{(IR,2R )-2- HN R
Methyl- 2
cyclohexyl)-3-(5H- A %,

I-60 -
pytrolof2.3- — H
blpyrazin-2-yl)- .
urea

H O
14(18.28)-2- AN X
Methyl-
cyclobexyl)-3-(5H- 7N

I-61 N H
pyrrolo[2,3- — M
blpyrazin-2-yi)- .
urea u
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(R)-3-[3-(5H- HY N
Pvrrolo[2,3- p—— Q
3 blpyrazin-2-yl)- N
1-62 ureido}-pyrrolidine- I\ /< 113 N (f
i-carboxylic acid
methyi ester g %
O
L(®R)-1- YN
Methanesuifonyl- o= ({\ ,})
} pyrrolidin-3-y1}-3- N PNy
63 (5H-pyrrolo[2,3- \ /< § N
blpyrazin-2-yl})-
urea g
' O
HN R
I-({R)-1-Acetyl- O
pyrrolidin-3-yl)-3- - J\
I-64 (5H-pyrrolo[2,3- N /N I N
blpyrazin-2-yl)- \“—< N"'CJ
urea h
H O
1-(1- o)
Cyclopropanecarbo H
165 nyl-piperidin-3-yl)- N N
3-(SH-pyrrolof2,3- \ < 11;1
bipyrazin-2-yl)- V—wé
urea B Y
1-(3H-Pyrrolof2.3- HN X -
blpyrazin-2-yi}-3- — Oz
66 | & N . FF
trifflnoromethanesul \_f( IE\II
fonyl-piperidin-3- N S
D-urea -
¥h BN
O
1-(SH-Pyrrolof2,3- Ol
blpyrazin-2-yl)-3- /S_\!<F
I-67 [1-(2,2 2-trifluoro- AR N 4 F
cthanesulfonyl)- N—Q
piperidin-3-yl]-urea E—-—{
O

N H
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1-(2-Ethyl-
cyclohexyl)-3-(5H-

I-68 pyrrolof2,3- N.
blpyrazin-2-s1)- g \[NI\\)
urea O e

1-{1-Acetyl-3-

- i methyl-piperidin-4- " H

| s3G5 - R H o~

1-69 pyrrolof2,3- o \['r \[ TN

blpyrazin-2-yl)- O

urea H

1-(1-

Methanesulfonyl-3- 0

methyl-piperidin-4- i} H %

I-70 yh)-3-(5H- it : : Ty
pyrrolo[2.3- O T \[ N

blpyrazin-2-yl)- N N

urea

3-Methyl-4-[3- /

{(5H-pyrrolo[2,3- 4]

‘ blpyrazim-2-yl)- N N, N N,

71 ureido]-piperidine- ()}_ \[r |\ N

1-carboxylic acid o \N'/ ~

methyl ester : H

1-(1-

Methanesulfonyl- [

pyrrolidin-2- H H

172 | ylmethyl)-3-(5H- <i7/— NTN Na N
pyrrolo[2,3- I D

0 # §

blpyrazin-2-yi}-

urea
1-[1-(2-

Cyclopropyl- HN: \Z Q
acetyl)-piperidin-3- =

i-73 y}}"SW(SHM . \ /N H_O
pyrrolo[2,3- "—'< N
blpyrazin-2-yl)- ?I-—vé
urea 0

1-(1- YN Bl
Methanesulfonyl- Owﬂ-?"—
N

azepan-3-yl)-3-

i N, N
74 (sHopyrrolo[2,3- \ /< I
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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, emuisions, syrups, or
suspensions. Compounds of the present invention are cfficacious 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, mhalation and suppository administration, among other
routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted according to the degree of affliction

and the patient’s response to the active ingredient.

A compound or compounds of the present invention, as well as their pharmaccutically
useable salts, together with one or more conventional excipients, carriers, or difuents, may be
placed into the form of pharmaceutical compositions and unit dosages. The pharmaceutical
compositions and unit dosage forms may be comprised of conventional ingredients in
conventional proportions, with or without additional active compounds or principles, and the
unit dosage forms may contain any suitable effective amount of the 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,
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 (w/w).
The term "preparation” or "dosage form" is intended to include both solid and liquid
formulations of the active compound and one skilled in the art will appreciate that an active
ingredient can exist in different preparations depending on the target organ or tissue and on

the desired dose and pharmacokinetic parameters.

The term “excipient” as used herein refers to a compound that is useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and includes excipients that are acceptable for veterinary use as well as human

pharmaceutical use. The compounds of this invention can be administered alone but will
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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 hydrochioric 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, cHric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-
naphthalenesulfonic acid, 4-toluenesulfonic acid, canmiphorsulfonic acid, 4-
methylbicyclo[2.2.21-oct-2-ene-1-carboxylic acid, gluccheptonic 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, dicthanolamine, triethanolamine,

tromethamine, N-methylghucamine, and the like,

Sold 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
carboxymethyicellulose, 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 liguid form preparations
shortly before use. Emulsions may be prepared in solutions, for example, in aqueous

15 propylene glycol solutions or may contain epnulsifying 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.
Agueous suspensions can be prepared by dispersing the finely divided active component in
water with viscous material, such as natural or synthetic gums, resins, methyleellulose,

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
agueous polyethylene glycol. Examples of oily or nonaqueous carriers, diluents, solvents or
vehicles include propylene giveol, 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 Alernatively, 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 aquecus 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 inchude lozenges comprising active agents in

10  aflavored base, usually sucrose and acacia or tragacanth; pastiiles 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 is first melted and the active component is dispersed homogeneously, for example, by

stitring. 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, dichlorodifiuoromethane,
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 subcutaneous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is
necessary and when patient compliance with a treatment regimen is crucial. Compounds in
transdermal delivery systems are frequently attached to an skin-adhesive solid support. 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, e.g., silicone rubber, or a

biodegradable polymer, e.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, efc.), 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 admunistration 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,
freatment is initiated with smaller dosages which are less than the optinmim 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 dc;sage 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 foliowing examples illustrate the preparation and biological evaluation of compounds
within the scope of the invention. These examples and preparations which foillow 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
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Example 1. Representative Exampile of Synthesis of Compounds in Table L.

| N\ II% N\ N’SEM
AT — 00

Sodium hydride (60% in mineral oil, 0.800 g, 20 mmol) was washed with hexane then taken

Step 1.

15 up in 30 mL of N N-dimethyiformamide and cooled to 0-5 °C. 2-Bromo-5H-pyrrolof2,3-
blpyrazine (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)-S H-pyrrolo[2,3-b lpyrazine.

Step 2.
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A mixture of 2-bromo-3-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-blpyrazine (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. Pdx{(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 munol) 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)-SH-pyrrolo[2,3-bipyrazin-2-ylamine.

Step 3.
sEm . NISEM
o DV,
. N/EN}I} §i N
2
N O

A solution of 5-(2-trimethylsilanyl-ecthoxymethyl)-5H-pyrrolo[2 3-bpyrazin-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)- SH-pyrrolo[2,3-b [pyrazin-2-

yl}-urea.

Step 4.,
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A solution of 1-phenethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-
2-yl]-urea (0.22 g, 0.53 mmol), tetrabutylammonium flueride (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

5 °C for 14 h, then concentrated. The resulting residue was triturated with methanol then ether
to afford 0.040 g (26%) of 1-phenethyl-3-(5H-pyrrolo[2.3-h]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-blpyrazin-2-yl)-urea:

10 1-Cyclohexyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea
[-Phenyl-3-(5 H-pyrrolo[2,3-b]pyrazin-2-yl)-urea
1-Cyclopentyl-3-(5H-pyrroloi2,3-blpyrazin-2-yl}-urea
1-Cycloheptyl-3-(5H-pyrrolo[2.3-bjpyrazin-2-yi)-urca
1-Benzyl-3-(5H-pyrrolo[2,3-b Jpyrazin-2-yi)-urea

15 1-Cyclohexylmethyl-3-(SH-pyirolo[2,3-b]pyrazin-2-yl)-urca
1-(2-Chloro-phenayl)-3-(3H-pyrrolof2,3-0 lpyrazin-2-yl)-urea
1-((R}-1-Phenyl-ethyl)-3-(5 H-pyrrolo[2,3-h]pyrazin-2-yl)-urca
1-({S)-1-Phenyl-cthyl)}-3-(5H-pyrrolo[2 3-blpyrazin-2-yl)-urea
1-(5H-Pyrrolo[2,3-blpyrazin-2-yl)-3-o-tolyl-urea

20 1-{(5H-Pyrrolof2,3-bpyrazin-2-yi)-3-(2-trifluoromethyl-phenyl}-urea
1-Ethyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea
1 ~tert-Butyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yi)-urea
1-Isopropyl-3-(5 H-pyrrolol2,3-bjpyrazin-2-yl)-urea

25 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-blpyrazin-2-ylamine (0.300 g, 1.1 mmol) and
diisopropylethylamine (0.6 mL, 3.4 mmol) in 10 mL of dichloromethane. The mixture was

5 stirred for 10 min., then cis-2-methylcyciohexylamine hydrochloride (prepared as in Knupp,
G. Chem. Ber. 1984, 117(6), 2076-98, using racemic o-methylbenzyiamine) (0.24%9 g, 1.6
mmol} was added as a solution in 2 mL of dichloromethance 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-

10 trimethylsilanyl-ethoxymethyl}-SH-pyrrolol2,3-blpyrazin-2-yl}-urea.

Step 2.
SEM
Bos OV,
» N N
PRS-
H% 0 HN™ ™0

nil

%
‘\\\ \9 .
O‘ O““\ (racemic)

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

I5  pyrrolo{2,3-blpyrazin-2-yl]-urea (0.3 g, 0.7 mmol), tetrabutyl ammonium fluoride (1 M in
THEF, 4.6 mL, 4.6 mmol) and ethylene diamine (0.46 mL, 4.2 nmmol) 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)-

20  urea as an off-white solid.
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Exampie 3.

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

NH, CIH

racemic cis

O

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. Iodomethane (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 EtyO. The
combined organic layers were washed with brine, dried (Na;S04), filtered and mostly
evaporated (30°C bath, 100 mbar). The remaining material was purified by Si0;
chromatography (200 g SiOz, hexanes/Et,0 0 to 30% Et20 ) to give 1 g of racemic 3-methyl-
tetrahvdro-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;SOy), filtered and
evaporated. The remaining yellow liquid was purified by SiO; chromatography (120 g 510,
DCMADCM:MeOH:NH,OH 60:10:1) 92% DCMj 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 ¢is benzyl-(3-methyl-tetrahydro-pyran-4-yl)-amine (1.8 g, 8.768 mmol) was
dissolved in 3M HCI (4.4 mi., 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. HCI 4M in dioxane was added and the solvent was

gvaporated. The remaining green oil was adsorbed onto SiO; and purified by SiO;
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chromatography (100 g SiO;, DCMADCM:MeOH:NH,OH 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;(O 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-methyi-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 HCl 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

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

and the HCI treatment was onutted.

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-vi)-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 instcad
of EtOH, and the HCI treatment was omitted.
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Racemic cis 4-amino-5-methyi-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, | atm Hy 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.

Example 4.

Synthesis of racemic cis 2-ethyl-cyclohexylamine:

A solution of compound 2-cthyl-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% FtOAc) 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-cthyl-

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 5,

Synthesis of (1R,28)-2-methyl-cyclohexylamine hydrochloride:

NH, CIH




IS
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Step {: 2-Methyleyclohexanone (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.
Sodium triacetoxyborohydride (95%, 8.83 g, 39.58 mmol) and acetic acid (2.1 mL, 36.3
mmol)ywere 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 NaHCO,, dried (Na;S04),
filtered and evaporated. 6.5 g of yellow oil were purified by SiO; chromatography (400 g
Si0,, DCMADCM:MeOH:NH,4OH 60:10:1) 87% 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
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)-ethanone was prepared in the same
manner from racemic [-acetyl-3-methyl-piperidin-4-one. In this instance, benzylamine was

used instead of (R)-1-phenylethylamine.

Racemic cis benzyl-{ I -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.

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.



h 1-94 | -[(S)-1-(Propane- | -sulfonyl)- pyrrolidin-3-yl]-3- (5H-pyrrolo [2,3- b]pyrazin-2-y1)-
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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.

5 Racemic |-(4-benzylamino-5-methyl-azepan-1-yi)-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
10 the same manner from racemic 4-methyl-5-oxo-azepane-1-carboxylic acid tert-butyl ester. In

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

Step 2: To cis (Z-methyi-cyclohexy[)-(’(R}E—phcnyl~cthy])~amim (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

15 stirred at RT under 1 atm of Hp overnight. The palladium was filtered off and the solvent was
evaporated {be careful, the free amine sublimes). The remaining material was purified by
Si0; chromatography (40 g Si0;, DCM/ADCM:MeOHNH,OH 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

20  ftreated 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,
23

Synthesis of (18,2R)-2-methyl-cyclohexylamine hydrochloride:

NH, CIH

2

u\“‘\
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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
5 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

10 NaHCO;, dried (Na;S0O4), filtered and evaporated. 6.4 g of yellow oil were purified by Si0»
chromatography (400 g SiO,, DCM/ (DCM:MeOH:NH4OH 60:10:1) §7% 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.

15 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-ethyt)-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 was stirred
at RT under 1 atm of H; ovemight. The palladium was filtered off and the solvent was

20 evaporated. Be careful, the free amine sublimes. The remaining pale brown oil was purified
by SiQ, chromatography {50 g Si0,, DCM/ADCM: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 HCl in dioxane. The solvent was evaporated and the remaining solid was
dried under high vacuum to give 0.26 g of (15,2R)-2-methyl-cyclohexylamine hydrochloride

25 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:



Nr
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NH, CH

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,0O for 3 hours. The reaction mixture was allowed to cool to RT and the solvent was
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
DCM. The combined organic layers were washed once more with saturated agueous
NaHCQ;, dried (Na,SQy), filtered and evaporated. The remaining yellow oil (5 g) was
purified by SiO; chromatography (300 g SiO,, DCM/A(DCM:MeOH:NH4OH 60:10:1) 100 to
87% DCM) to give | g of racemic benzyl-(3,3-dimethyl-cyclohexyl)-amine as a light yellow
o1l {19% yield).

Step 2: To racemic benzyl-(3,3-dimethyl-cyclohexyl)-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 stirred at RT
under 1 atm of Hy 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 Si0,, DCMADCM:MeOH:NH4OH 60:10:1) 100 to 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 0.17 g of racemic 3,3-dimethyl-cyclohexylamine
hydrochloride as a white solid (22% yield).

Example 8.

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 mbL) and
concentrated HoS04 (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 Et2O and HyO. The aqueous layer was extracted twice with Et,O . The
combined organic layers were washed with H,Q, then brine, dried (Na;S04), filtered and
evaporated. The remaining oil was dried under high vacuum overnight to give 7.87 g of 3-

methoxy—cyclohex-2-eﬁ0ne as an orange oil, vield (70% yiceld).

Step 2: 3-Methoxy-cyclohex-2-enone (7.8 g, 61.83 mmol) was dissolved in EO (100 mL)
and titanium tetraisopropoxide (20.1 mL, 68.01 mmol) was added. To the resuiting 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 mixturc was carcfully quenched with saturated aqueous NH4Cl A
dark gray precipitate formed and was filtered off over Celite. The aqueous layer was
extracted twice with Etz0 . The combined organic layers were washed with brine, dried
(Na,SQy), filtered, and cvaporated. The residue was taken up in Et,O (100 mL) and p-
toluencsulfonic 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 spirof2.5]octan-3-one as a light vellow 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. Scdium
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,SQOsq, filtered, and evaporated.
The remaining vellow oil was purified by SiO» chromatography (100 g SiOy,
DCM/(DCM:MeOH:NH4OH 60:10:1) 100 to 85% DCM) to give 1.1 g of racemic cis benzyl-
spiro[2.5joct-5-vl-amine as a light brown 0il (72% vield).

Step 4: To racemic cis benzyl-spiro[2.5]oct-5-yl-amine (1.1 g, 5.108 mmol) PA(OH), on
carbon 20 wt% (0.55 g) and EtOH (20 mL) were added and the reaction mixture stitred at RT
under 1 atm of H; overnight. The paliadium was filtered off, HCl 4M in dioxane was added
to the filtrate and the solvent was evaporated. The remaining pale brown solid was purified
by Si0; chromatography (50 g Si0,, DCM/(DCM:MeOH:NH,40H 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[2.5Joct-5-ylamine hydrochloride
as an off-white solid (23% yield).

Example 9.

Synthesis of racemic cis 6-methyl-spiro{2.5]oct-5-ylamine hydrochloride:

NH, CIH

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.
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 aquecus NHCl. The layers were separated and the agueous layer was

extracted with Et;O . The combined organic layers were washed with brine, dried (NaySOs),



/ N 1-100 1-((R)-1 - Ethanesulfonyl- pyrrolidin-3-yl)-3- (5H-pyrrolo[2,3- bipyrazin-2-y1)-
urea HN 0"S
WO 2010/063634 PCT/EP2009/665878

- 78 -
filtered and evaporated. The remaining yellow oil was purified by Si0; chromatography (330
2 510, hexangs/BtOAc 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 mi, 6.989 mmol) were dissolved in benzene (6 mL) and stirred at reflux with continnous

removal of HyO 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 ovemight. The reaction

10 mixture was cooled to 0°C and quenched by addition of saturated aqueous NaHCOQs, 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. The remaining yellow oil was purified by SiO:; chromatography (100 g SiOs,
DCMADCM: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 ol (yield 60%).

Step 3: To racemic cis benzyl-(6-methyl-spiro[2.5loct-5-yl)-zmine (1.03 g, 4.491 mmol)
Pd(OH), on carbon 20 wi% (0.25 g) and EtOH (20 mL) were added and the reaction mixture
was stirred at RT under 1 atm of Hy overnight. The palladium was filtered off, HCI 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:MeOH:NH,OH 60:10:1) 100-
57% DCM). The fractions containing the product were evaporated. The residue was
dissolved m DCM and treated with 4M HCI 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 16,

Synthesis of 1-((3R,5R)-3-amino-5-methyl-piperidin-1-yl)-ethanone hydrochloride:



‘0 1-101 1 -[(R)-1 -(Propane- 2-sulfonyl)- pyrrolidin-3-y1]-3- (5H-pyrrolo [2,3- b]pyrazin-2-y1)-
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Step 1: To ((3R,5R)-1-benzyl-5-methyl-piperidin-3-y1)-carbamic acid tert-butyl ester
(prepared as described in WO2004014893) (0.6 g, 1.971 mmol} PA(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. I mL of MeOH was added and the mixture was stirred for about 30 minutes before
being evaporated. The residue was partiiioned between EtOAc and aqueous IM HCI. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried (Na,S0,), 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 HC14M in dioxane (2.5 mL, 10 mmol) was
added. The resulting colorless solution was stirred at RT until precipitation of a solid was

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

Examnle 11,

25  Synthesis of (38,58)-3-amino-5-methyl-piperidine-1-carboxylic acid benzyl ester
hydrochioride:
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Step I: To ((3R,5R)-1-benzyl-5-methyl-piperidin-3-yl}-carbamic acid tert-butyl ester
(prepared as described n WO2004014893) (4.6 g, 15.11 mmol) PA(OH); on carbon (0.46 g)

5 and BEtOH (80 mlL.) were added and the reaction mixture stirred at RT under 1 atm of H,.
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 ({(38.,5S)-5-methyl-piperidin-3-yl)-carbamic acid tert-butyl ester was prepared in the same
manner from ((3S,58)-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,0 and NaHCO; (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 (NazSOy4),
filtered, and evaporated. The remaining oil was purified by SiO, chromatography (150 g
Si0s, hexanes/EtOAc 0 to 20% EtOAc) to give 3.6 g of (3R,5R)-3-tert-

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

(38,55)-3-tert-butoxycarbonylamino-5-methyl-piperidine-1-carboxylic acid benzyl ester was
prepared in the same manner from {((35,55)-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 HCI 4M 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 overmight to give 2.89 g of 3R, 5R)-3-
5 amino-3-methyl-piperidine-1-carboxylic acid benzyl ester hydrochloride as a white foam
(>95% yield).

(3S,55)-3-amino-5-methyl-piperidine- 1 -carboxylic acid benzyl ester hydrochloride was
prepared in the same manner from (38,5S8)-3-tert-butoxycarbonylamino-5-methyl-piperidine-

10 1-carboxylic acid benzyl ester.

Exampie 12.

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

NH, CH

O\Tr/
15 o
Step 1: Racemic trans 3-tert-butoxycarbonylamino-cyciohexanecarboxylic 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,
20  and extracted twice with EtOAc. The combined organic layers were dried (INazSOy), 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

25  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 HCL The aqueous layer was back extracted twice with DCM.
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The combined organic layers were dried (Na,SQOy), 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

5 DCM. The resulting mixture was stisred 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,

10  Synthesis of racemic trans-3-methoxymethyl-cyclohexylamine:

NH

O

~ trans, rac

Step 1: Racemic trans 3-tert-butoxycarbonylamino-cyclohexanecatboxylic acid (1 g, 4.11

15 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,SQOy), filtered
and evaporated to give 0.905 g of crude racemic trans 3-hydroxymethyl-cyclohexyl-carbamic

20 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 HCl 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
25  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 (0.381 g, 3.925
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mmol) was added and the resulting mixture was stirred at reflux ovemight. 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 Si0; chromatography (40 g
S10s, hexanes/EtOAc 0 to 40%) to give (.749 g of racemic irans~2~(3~hydroxymethyl~
cyclohexyl)-isoindole-1,3-dione as a white solid (73% vield).

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 mimol) was added, followed by iodomethane (0.54 mL, 8.676 mmol) about 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 NH:Cl, and extracted times with Et,0. The organic layers were combined,
dried (Na;SOs), filtered, and evaporated. The remaining orange oil was purified by SiO;
chromatography (24 g 510;, 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
precipitated was filtered off and washed with EtOH., The filirate 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 2,3,5-trimethyl-cyclohexylamine hydrochloride:

NH, Cif
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Step 1: 3,3-Dimethylcyclohexanone (4 g, 31.7 mmol) was added dropwisc 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,0). The combined organic layers were
dried (MgS04), filtered, and evaporated. The crude racemic 2,5,5-trimethyl-cyciohexanone

was used in the next step without purification.

Step 2: A mixture of crude racemic 2,5,5-trimethyl-cyclohexanone (theoretically 31.7 mmuol)
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 HyO. 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 aquecus NaHCOs. The aqueous layer was back extracted twice with DCM. The

15 combined organic layers were dried (Na;SQy), filtered, and evaporated. The residue was
purified (DCM/(DCM:MeOH:NH4OH 60:10:1] 90% DCM) to give 3.84 g of raceniic 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, 8 211 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/ADCM:MeOH:NH4OH 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-rifluoro-ethyt 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 (.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-ethyl)-piperidin-3-yl]-
carbamic acid tert-butyl ester as a colorless oil which was used in the next step without

purification.

Step 2: [1-42,2,2-Trifluoro-ethyl)-piperidin-3-yt}-carbamic acid tert-butyl ester (0.380 g, 1.3
15 mmol) was dissolved in 3 mL of dioxane. A 4 M solution of HCl 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)-pipertdin-3-ylamine hydrochloride.

Example 15,

20 Synthesis of racemic [-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, cthanclic-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-

meethyl-piperidin-4-one hydrochioride 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;SQy), 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 [-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.

Exampie 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 numol) 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 HC! and aqueous saturated NaHCOs,dried over Na;SOs, 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:

2

Step 1: A solution of compound racemic 5-oxo-azepane-1,4-dicarboxylic acid 1-tert-butyl

10

ester 4-ethyl 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

I5  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,Q 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-3-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
(Na,;S0y), 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-ox0-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 mlL,
3.08 mmol). The reaction mixture was stirred at RT for 8 hours before being partitioned
between DCM and H,O, The organic layer was dried (NapSOy), filtered, and evaporated. The
crude residue was purified by Si0O; chromatography (100% EtOAc) to give 0.220 g of 1-
acetyl-5-methyl-azepan-4-one (42% yield).

10 Example 18,

Synthesis of (15,3S)-3-amino-cyclopentanecarboxylic acid methyl ester hydrochloride:

o

HCl H,Nu, _
0

Ommaconmsld

15
Acetyl chloride (3.5 mL, 49.3 mmol) was added dropwise at 0°C to 100 mL of MeOH. The

resulting mixture was stirred at §°C for 5 minutes before adding (18,35)-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 (18,35)-3-aminc-cyclopentanccarboxylic acid methyi ester hydrochloride

which was used as is in the following step.

Example 19.

Synthesis of 3-amino-cyclohexanecarboxylic acid dimethylamide hydrochloride:

25
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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,SOy), 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 frans 3-

10 dimethylcarbamoyl-cyciohexyl carbamic acid tert-butyt 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. Acety! 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 wvacuum 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

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 WO2008065021), triphenylphosphine (1.52
g, 5.76 mmol) and 2-methyltetrahydrofuran (120 mL). Diisopropyl azodicarboxylate (1.23
mi., 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 Si0, 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 ali of the solid had dissolved (15
minutes) then evaporated to give ¢is 5,6-dichloro-2-(3-hydroxy-cyeclopentyl)-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), ¢is 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 overnigbt 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% vield).

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 (MgSQ.)
and conecentrated 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 BEtOAc in hexane/dichloromethanc)
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

Lh

and diluted with acetonitrile. The solid was removed by filtration and the filtrate purified by
preparative TLC (dichloromethane/methanol/triethylamine). The solid and material from
TLC was recrystallized from MeCN/MeOH to give trans 2-(3-amino-cyclopentyl)-5,6-
dichlore-iscindole-1,3-dione as an off white solid (0.145 g, contains also trans 2-(3-amino-

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

10 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.

20  Example 22,

Synthesis of 2-methoxy-ethanesulfonyl chloride:

/0\/\S,Cl
P/
O O
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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-

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

Step 2: A suspension of sodium 2-methoxy-ethanesulfonate (3 g, 30.84 mmol) in 16 mL of
phosphorous oxychloride was stirred at refiux 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;SQy), filtered and evaporated to give 4.88

g of 2-methoxy-ethanesulfonyl chloride (>95% yield).

Example 23,

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

Clw

F/AN
0 0O F

Step 1: 30 mL of borane dimethylsulfide 2M in THF were added dropwise at RT via an

20 addition funnel to a solution of 1-trifluomethyi-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 addifion of aqueous saturated NH4Cl. 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 (NapySQy), 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 mumol), triethylamine (7.7 mL, 5524
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mmeol) and PMAP (0.61 g, 4.996 mmo}) in 100 mL of DCM. The resulting mixture was
stirred at 0°C to RT overnight before being washed with aqueous 1M HCL The aqueous layer
was back extracted twice with DCM. The combined organic layers were dried (Na:xSOy),
filtered, and evaporated. The residue was purified by SiO; flash chromatography (120 g SiOs,

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-cyciopropylmethyl 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-triftucromethyl-

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»0 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 (NaySOy), 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 chioride:

0

Ci
V/A\)
O O

Step 1: A mixtore 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 mmotl) in 30 mE 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 (N4;S,03), dried (Na;SQy), 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-(5H-pyrrolo[2,3-bpyrazin-2-yl)-urea:

HY R
NoON
=0
P

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,0O. The aqueous layer was

15 extracted with EtOAc. The organic layer was dried (MgSQ.), filtered, concentrated, and
purified by Si0O; chromatography (150 g Si0», hexanes/EtOAc 0-35% EtOAc) to give 2.81 ¢
of 2-bromo-5-(2-trimethylsilanyl-ethoxymethyl}-3H-pyrrolo[2,3-b Jpyrazine as a yellow
liquid (86% yield).

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

20 1.00 mmol) was dissolved in DMSO (2.5 mL}. A sclution of methylamine (33wt % in EtOH,
2.5 mL, 20 mmol) was added and the resulting solution was heated at 150°C in the sealed
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 (MgSO,), filtered and concentrated to give amixture of impure

25 Methyi—[S—(Z-Himethylsiianyl-ethoanethyl)~5H~pyrr010[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-blpyrazin-2-yl]-urea as a vellow solid (27% yield).

Step 3: 3-Cyclohexyl-1-methyl-1-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo|2,3-
blpyrazin-2-ylj-urea (0.1 10 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;
chromatography (12 g SiOs, 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-trimethylsiianyl-
ethoxymethyl)-5H-pyrrolo[2,3-bJpyrazin-2-yl}-urea as a yellow solid (64 % yield).

Exampie 26.

Synthesis of 1-cyclohexyl-3-(6-methyl-5H-pyrrolo{2,3-bpyrazin-2-yl)-urea:

N X
NN
<O
'

Step 1: 3,5-Dibromo-pyrazin-2-ylamine (1.70 g, 6.70 mmol), TEA (1.1 mL, 8.04 mmol),
PACl(PPha)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 ovemight. The reaction mixture was diluted with
EtOAc, washed with H,O and saturated agueous NaHCOs, dried (MgSQ4) and concentrated,
and purified by SiO; chromatography (80 g Si0;, hexanes/EtOAC 0-35% EtOAc) to give 1.66

1-129
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g of 5-bromo-3-(3-trimethylsilanyl-prop-l-ynyl)-pyrazin-2-ylamine as a vellow semi-solid
contaminated by starting material (87% yield, 66% purity).

Step 2: To a solation 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,
11.7 mL, 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 (MgSQOs), and concentrated to give 598 mg of 2-bromo-6-methyl-5H-pyrrolo{2,3-
b]pyrazine as a brown solid (48% yield).

Step 3: 2-Bromo-6-methyl-SH-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-sitane (6.30 mL, 1.70 mmol) was added and the reaction
mixture was allowed to warm up overnight. The reaction was quenched with H,O. The
agueous layer was extracted with EtOAc. The organic layer was dried (MgSQOy), 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-pyrrolof2.3-blpyrazine
{0.340 g, 0.993 mimol), benzhydrylideneamine (0.18 mL, 1.09 mmol}, Cs,COs (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 orgaenic layer was dried (MgSQu), filtered, concentrated, and purified by Si0;
chromatography (40 g SiO,, hexanes/EtOAc 0-35% EtOAc) to give 158 mg of
benzhydrylidene-[6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-blpyrazin-2-
yl]-amine as a yellow Hquid (36% yield).

Step 5: Benzhydrylidene-{6-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2 3~
blpyrazin-2-yl]-amine (0.158 g, 0.357 mmmol), NaOAc (70 mg, 0.857 mmol) and NH20H
HCI {45 mg, 0.643 mmol) were dissolved in MeOH (4 mL) and stirred at RT overnight, and
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%
HtOAc) to give 58 mg of 6-methyl-3-(2-trimethylsilanyl-ethoxymethyl)-5 H-pyrrolo[2.3-
blpyrazin-2-ylamine as a yellow solid (58% yield).

Step 6: 6-Methyl-5-(2-trimethylsilanyl-ethoxymethyl)-SH-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)-SH-pyrrolo[2,3-
blpyrazin-2-yl]-urea (56 mg, 0.139 mmol) was dissolved in a solution of HCl in AcOH (1M,
2.8 mL), and heated at 50°C in the scaled 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 (§ g Si0z, DCM/MeOH 0-5% MeOH) to
give 12 mg of I-cyclohexyl-3-(6-methyl-5H-pyrrolo[2 3-blpyrazin-2-yl)-urea as a white
solid (32% yield).

Example 27.

20 Synthesis of 1-cyclohexyl-3-(7-methyl-5H-pyrrolo[2,3-blpyrazin-2-yi)-urea:

HN R
O
"

Step 1: To a solation 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 bromude (3.5 mL, 40 mmol) was added. The reaction mixture
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was stirred at RT overnight and quenched with saturated NH4C! solution and exracted with
EtOAc. The organic layer was washed with HyO and brine, dried (MgS0O4) concenirated, and
purified by SiO; chromatography (200 g SiQ),, hexanes/EtOAc 0-35% EtOAc) to give 3.51 ¢
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), BusNH4Br (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 (MgSQ,), concentrated, and purified by SiO; chromatography (120 g SiOs,

10 hexanes/EtOAc 0-70% EtOAc) to give 0.279 g of 2-bromo-7-methyl-SH-pyrrolo[2.3-
blpyrazine (11% vield).

Step 3: 2-Bromo-7-methyl-5H-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 ethyb)-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 HyO. The aqueous layer was
extracted with EtOAc. The organic layer was dried (MgSQy), filtered, concentrated, and
purified by Si0; chromatography (24 g SiO», hexanes/EtOAc 0-35% FEtOAc) to give 340 mg
of 2-bromo-Tmethyl-5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolof2 3-blpyrazine as a

20 yellow liquid (77% yield).

Sten 4: 2-Bromo-7-methyl-5-(2-trimethylsilanyl-cthoxymethyl)-3H-pyrrolo[2,3-bJpyrazine
(0.346 g, 1.01 mmol), benzhydrylideneamine (0.19 mL, 1.11 numol), Cs2CO; (658 mg, 2.02
mmol), PA(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 EtQA¢ and

25  brine. The organic layer was dried (MgSQy), filtered, concentrated, and purified by Si0»
chromatography (40 g SiO», hexanes/EtOAc 0-35% EtOAc) to give 158 mg of
benzhydrylidene-{7-methyl-53-(2-trimethylsilanyl-ethoxymethyl)-5 H-pyrrolof 2,3-b]pyrazin-2-
yl}-amine as a yellow liquid (20% yield).

Step 5: Benzhydrylidene-[ 7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
30 b]pyrazin-2-yl]-amine (91 mg, 0.206 mmol}, NaOAc (41mg, 0.494 mmol) and NH,OH HCl
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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 {(MgSQuy), 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)-5SH-pyrrolo[2,3-
5 blpyrazin-2-ylamine as a yellow solid {71 % vield).

Step 6: 7-Methyl-5-(2-trimethylsilanyl-ethoxymethyl)-SH-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-bipyrazin-2-yl]-urea as a white solid (64% yield).

Step 7: 1-Cyclohexyl-3-[ 7-methyl-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
blpyrazin-2-yl]-urea (38 mg, 0.094 mmol) was dissolved in a solution of HCl 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 Si0; chromatography {8 g Si0,, DCM/MeOH 0-5% MeOH) to give 7 mg of 1-
cyclohexyl-3-(7-methyl-5H-pyrrolof2,3-bipyrazin-2-yl)-urea as a white solid (27% yield).

Examplec 28,
20

Synthesis of [-(7-Chloro-5H-pyrrolo[2,3-bipyrazin-2-yl)-3-cyclohexyl-urea:

25 Step 1: To a solution of 2-bromo-5H-pyrrolof2,3-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 (MgSO4) concentrated to give 2.98 g of impure 2-bromo-7-chloro-5H-pyrrolo[2,3-

blpyrazine as a yellow oil which was used for the next step without any purification.

Step 2: impure 2-Bromo-7-chloro-3H-pyrrolo[2 3-blpyrazine was dissolved in DMF (30 mL).
5 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 HO. The aqueous layer was extracted with EtOAc. The organic layer
was dried (MgS0,), filtered, concentrated, and purified by SiO; chromatography (24 g SiOs,
10 hexanes/EtOAc 0-35% EtOAc) to give 2.62 g of 2-bromo-7-chloro-5-2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolof2 3-b]pyrazine as a yellow liquid (79% yield for 2 steps).

Step 3: 2-Bromo-7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pymrolo(2,3-b]pyrazine
(1.31 g, 3.61 mmol), benzhydrylideneamine (0.67 mL, 3.97 mmol), Cs;CO, (2.35 ¢, 7.22
mmol), PAd(OAc), (81 mg, 0.361 mmol) and BINAP (225 mg, 0.361 mmol) were dissolved in

15 THF (36 mL) and heated at 100°C overnight, cooled to RT, partitioned between EtOAc and
brine. The organic layer was dried (MgS0,), filtered, concentrated, and purified by SiO»
chromatography (150 g Si0Os, hexanes/EtOAc 0-25% EtOAc) to give 992 mg of
benzhydrylidene-[7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-blpyrazin-2-
yl]-amine as a yellow liguid (59% yield).

20 Step 4: Benzhydrylidene-[7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-
blpyrazin-2-yl]-amine (992 mg, 2.14 mmol), NaOAc (421mg, 5.14 mmeol) and NH20OH H(l
(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 (MgSOy), filtered,
concentrated, and purified by SiO; chromatography (150 g SiO», hexanes/EtOAc 0 to 50%

25 EtOAe) to give 202 mg of 7-chloro-5-(2-trimethylsilanyl-cthoxymethyl)-SH-pyrrolo]2,3-
blpyrazin-2-ylamine as a white solid {32% vield).

Step 5: 7-Chloro-5-(2-trimethylsilanyl-cthoxymethyl)-5H-pyrrolof2 3 -bIpyrazin-2-ylamine
- (100 mg, 0.335 mmol) was dissolved in 1,2-dichloroethane (3.4 mL). Cyclohexylisocyanate
(0.43 mL, 3.35 mimol) was added and the reaction mixture was heated to reflux overnight,

30 cooled to RT, and concentrated. The residue was dispersed in 3 mL of toluene,
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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)-5H-pyrrolo[2,3-blpyrazin-2-yl]-urea as a white solid (31%
5 yield).

Step 6: 1-Cyelohexyl-3-[7-chloro-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
blpyrazin-2-yl]-urea (44 mg, 0.104 mmol) was dissolved in a solution of HCl 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:EtsN §:1:1 and ethylenediamine
10 (69 ul, 1.04 nmol) was added. The reaction mixture was stirred for 5 days, concentrated and
purified by Si0; chromatography (8 g Si0,, DCM/MeOH 0 to 10% MeOH) to give 5 mg of
1-cyclohexyl-3-(7-chloro-5H-pyrrolo[2,3-bjpyrazin-2-yl)-urea as a white solid (16% yield).

Example 29.

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

HN R

NN i
<N—{ ©
H %

Step 1: 3-(2-Trimethylsilanyl-cthoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine (1 32 g,
20 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 Si0,, 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).
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Step 2: The mixture of [-Cyclohexyl-3-[5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-
blpyrazin-2-yil]-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 acetone. The solid was dried under
high vacuum to give 701 mg of I-cyclohexyl-3-[7-iodo-5-(2-trimethylsilanyl-ethoxymethyl)-
5 5H-pyrrolo[2,3-b]pyrazin-2-yl}-urea as an off- white solid (45% vield for 2 steps).

Step 3; 1-Cyclohexyl-3-[7-iode-5-(2-trimethyvisilanyl-ethoxymethyl)- SH-pyrrolo[2,3-
blpyrazin-2-ylJ-urea (300 mg, 0.582 mmol), 2-isopropenyl-4 4,5 5-tetramethyl-
[1,3,2]dioxaborolane (0.33 mL, 1.75 mmol), Cs,CO; (948 mg, 2.91 mmol), and Pd(dppHCl,
DCM complex (47 mg, §.058 mmol) were dissolved in THF (2.3 mL) and H>O (0.7 mL). The

10 mixture was irradiated at 100°C using microwave for 1 hr, cooled to RT, partitioned between
EtOAc and brine. The organic layer was dried (MgSQy), filtered, concentrated, and purified
by Si0; chromatography (24 g Si0,, DCM/MeOH 0 to 5% MeOH) to give 131 mg of impure
1-cyclohexyl-3-[7-isopropenyl-5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-
blpyrazin-2-yl]-urea as an off-white solid (52% yield).

15 Step 4: The mixture of 1-cyclohexyl-3-[7-isopropenyl-5-(2-trimethylsilanyl-ethoxymethyl)-
3H-pyrrolo]2,3-blpyrazin-2-yil-urea (70 mg, 0.163 mmol} and Pd/C (17 mg, 0.016 mmol} m
MeOH (1.6 mL) was shaked under 50 psi of H2 atmosphere overnight, filtered through a pad
of celite, and washed with McOH. The filtrate was concentrated to give crude 1-Cyclohexyl-
3-[7-isopropyl-3-(2-trimethylsilanyi-cthoxymethyl)-5H-pyrrolof2,3-b]pyrazin-2-yl}-urea,

20  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:EtaN 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-5H-pyirolo[2,3-

25  blpyrazin-2-yl)-urea as a pale yellow solid (18% yield).

Exampie 30,



1-146 1-(1- Methanesulfonyl- pyrrolidin-3- yimethyt)-3-(5H- pyrrolo[2,3- b]pyrazin-2-y1)- urea 0
---S--. O Hti H 1-147 141-Acetylpyn-oLidin-2- ylmethyl)-3-(51-/- pyrrolo[2,3- b]pyrazin-2-y1)- urea

FEH NN [l GhigFg th/ekst48 PCT/EP2009/065878
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R, = protected azacyclic substituent

R,, = deprotected azacyclic substituent

R,, = alkylated, acylated, alkoxyacylated, or sulfonylated azacyclic substituent
R, = non-azacyclic susbhtituent

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-diisopropvlethylamine (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,285)-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



1-[1-(2-Methylpropane-1- sulfonyl)- pyrrokdin-2- ylmethyl]-3-(5H- pyrrolo[2,3- b]pyrazin-2-y1)- urea
0=S=0iN TH 1-149 1-(5H-Pyrrolo[2,3- b]pyrazin-2-y1)-3- [1-(2,2,2-trifluoroethyl)-piperidin-2-
yimethylkur@a 24AbtosidesN H NNy PCT/EP2009/063878

10

15

20

25

30

- 104 -
the mixture was allowed to warm up to RT before being evaporated. The remaining oil was
partitioned between DCM and HzO. The aqueous layer was extracted twice with DCM, the
organic layers were combined, dried over Na;SQy, filtered and evaporated. The residue was
purified by SiO; chromatography (24 g Si0O;, DCMADCM:MeOHNH,OH 60:10:1) 100 10
83% DCM) to give 0.1 g of 1-({1R,2S)-2-methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-
ethoxymethyl)-SH-pyrrolo[2 3-b]pyrazin-2-yl]-urea as a light brown solid (65% yield).

1-((18,2R)-2-Methyl-cyclohexyl)-3-{5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2.3-
b]pyrazin-2-yl}-urca was prepared in the same manner from 5-(2-trimethylsilanyl-
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)-5SH-
pyrrolo[2,3-blpyrazin-2-yl]-urca was prepared in the same manner from 5-(2-
trimethyisilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 3,3-dimethyl-

cyclohexylamine hydrochloride.

Racemic I-spiro[2.3]oct-5-y1-3-[5-(2-trimethyisilanyl-ethoxymethyl}-SH-pyrrolo[2,3-
blpyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethyisilanyl-
ethoxymethyl)-5H-pyrrolo[2 3-b]pyrazin-2-ylamine and racemic spiro[2.5]oct-5-ylamine

hydrochloride.

Racemic 1-(3-methyl-cyciohexyl)-3-[3-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
blpyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-

ethoxymethyD)-SH-pyrrolo[2 3-bjpyrazin-2-ylamine and racemic 3-methyl-cyclohexylamine.

Racemic cis 1-(6-methyl-spiro[2.5Joct-5-y1)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-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-
methyl-spiro[2.5Joct-5-ylamine hydrochloride.



1-150 1.-(5H-Pyrrolo[2,3- b]pyrazin-2-yl)-3- [1-(2,2,2-trifluoro- yirnethyl]-urea ethyl)-piperidin-4- il N s,"
HIill I -58-1-151 (1 S,3S)-343-(5HPyrrolo [2,3- b]pyrazin-2-y1)- ureido]- cyclohexanecarbox

ylic acid digethydaypidesiiN / PCT/EP2009/065878
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Racemic cis 1+2,5,5-trimethyl-cyclohexyl}-3-[5-(Z-trimethylsilanyl-ethoxymethyl)-SH-

pyrrolo[2,3-blpyrazin-2-ylj-urca was prepared in the same manner from 5-(2-

trimethylsilanyl-ethoxymethyl}-5SH-pyrrolo[2,3-blpyrazin-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)-5SH-

pyrrolo[2,3-b]pyrazin-2-yi]-urea was prepared in the same manner from 5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ytamine and racemic 1-(2,2,2-
10 trifluoro-ethyl}-piperidin-3-ylamine hydrochloride.

(3R,5R)-3-Methyl-5-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bpyrazin-2-

ylJ-ureido} -piperidine- 1-carboxylic acid benzyl ester was prepared in the same manner from

5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2.3-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-pyrroloi2,3-
blpyrazin-2-yl}-urea was prepared in the same manner from 5-(2-trimethylsilanyl-
ethoxymethy))-5H-pyrrolo{2 3-blpyrazin-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 I-bicyclo{2.2.1 Jhept-2-yi-3-[5-2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
blpyrazin-2-yl]-urca was prepared in the same manner from 5-(2-trimethylsilanyl-
25  ethoxymethyl}-5H-pyrrolo[2,3-blpyrazin-2-ylamine and endo bicycle[Z.2.1 Thept-2-ylamine

hydrochloride. In this instance, the reaction was run at -78°C.

Exo 1-bicyclo[2.2.1]hept-2~y1-3-[53-(2-trimethylsilanyl-cthoxymethyl}-SH-pyrrolo[2,3-
blpyrazin-2-yl]-urea was prepared in the same manner from 5-(2-trimethylsilanyl-
30 ethoxymethyl)-SH-pyrroio[2 3-b]pyrazin-2-ylamine and exo bicycle[2.2.1hept-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-cthoxymethyl)-5SH-
pyrrolof2,3-b]pyrazin-2-ylamine and I-methyl-cyclohexylamine hydrochloride. In this

nstance, the reaction was run at -78°C.

(R)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)}-SH-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-

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)-5H-pyrrolo[2.3-b]pyrazin-2-yl}-urea was prepared in the
same manner from 5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2 3-blpyrazin-2-ylamine
and racemic trans 2-(3-amino-cyclopentyl)-5,6-dichloro-isoindole-1,3-dione. In this instance,

the reaction was run at -78°C.

Racenic 3-{3-[5-(2-trimethylsilanyl-cthoxymethyl)-SH-pyrrolo[2,3-bIpyrazin-2-yl}-ureido; -
azepane-1-carboxylic acid tert-butyl ester was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-3H-pyrrole]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.

THF was used a solvent and the reaction was tun at -78°C.

(R)-3-{3-[5-(2-Trimethyisilanyl-ethoxymethyl}-5H-pyrrolo[2,3-blpyrazin-2-yl]-ureido} -
piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrroto[2,3-bpyrazin-2-ylamine and (R)-3-amino-

piperidine-1-carboxylic acid tert-butyl ester.

1-152 1 -(5H-Pyrrolo [2,3- b]pyrazin-2-y1)-3- [1-(2,2,2-trifluoroethyl)-piperidin-3-



ethyl} -urea H N N N FFii 1-154 3- {[3-(5HPyrrolo[2,3- b]pyrazin-2-y1)- ureido}methyll -
pyrrolidine-1- carboxylic acid methyl ester HH NN i N H 1-155 1 -(5H-Pyrrolo[2,3- b]pyrazin-2-y1)-3-
{241-(2,2,2ypysiRlidingadaylk ethyl] -urea trifluoro-ethyl)- F I1A; HH PCT/EP2009/663878
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(S)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)}-5H-pyrrolol2.3-bipyrazin-2-yl]-ureido} -
piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2.3-bjpyrazin-2-ylamine and (S)-3-amino-

piperidine-1-carboxylic acid tert-butyl ester.

3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-bJpyrazin-2-yl]-ureido} -
piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsitanyl-cthoxymethyl}-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 3-amino-piperidine-
I-carboxylic acid tert-butyl ester.

Example 33,

Variation C:

No external base was used and the reaction was run at -78°C.

Racemic cis 1-(2-cthyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
blpyrazin-2-yl}-urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-bJpyrazin-2-ylamine and 2-ethyl-cyclohexylamine.

Racemic cis 1-(2-isopropyl-cyclohexyl}-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolof2,3-blpyrazin-2-yl}-urca was prepared this way from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 2-isopropyl-cyclohexylamine.

Racemic cis 1-(1-acetyl-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)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and I-(4-amino-3-methyl-piperidin-I-

yl)-ethanone,



oy st 1-156 (1 S,3 S)-343-(5HPyrrol o [2,3- b]pyrazin-2-y1)- ureidol- cyclopentanecarbox ylic acid
methylamide HNn - NN \ /H NMiI [-157 (1S,3S)-343-(5HPyrrolo[2,3- b ]pyrazin-2-y1)- ureido]-
cyclopentanggaih@nsdigacid ethylamide N T H-no WO 2010/063634Ped-{zip2f9R(260R878
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Racemic cis 1-(1-methanesulfonyl-3-methyl-piperidin-4-y1)-3-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolof2 3-b]pyrazin-2-yl}-urea was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bJpyrazin-2-ylamine and 1-methanesulfonyl-
3-methyl-piperidin-4-ylamine. '

5
Racemic cis 3-methyl-4- {3-[5-(2-trimethylsilanyl-cthoxymethyl)-SH-pyrrolo[2 3-b]pyrazin-
2-yl}-ureido} -piperidine—1«carb0xy1ic. acid methyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-ylamine and 4-amino-3-methyl-
piperidine-1-carboxylic acid methyl ester.
10

Racemic cis I-(2-methyl-cycloheptyl)-3-[3-(2-trimethylsilanyl-ethoxymethyl)-SH-
pyrrolo[2,3-blpyrazin-2-yl}-ureawas prepared this way from 5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolof2 3-blpyrazin-2-ylamine and 2-methyl-cycloheptylamine.

15 Racemic cis 1-{1-acetyl-5-methyl-azepan-4-yl}-3-[ 5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo{2,3-bipyrazin-2-yl]-urea was prepared this way from 5-2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo]2,3-blpyrazin-2-ylamine and 1-(4-amino-5-methyl-azepan-1-yl)-

ethanone.

20  Racemic cis 4-methyl-5-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolo|2,3-b Jpyrazin-
2-yll-ureido} -azepane- 1 -carboxylic acid tert-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-b Jpyrazin-2-ylamine and 4-amino-5-methyl-

azepane-1-carboxylic acid tert-butyl ester.

Pyridin-2-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo{2,3-blpyrazin-2-yl}-
25 urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyi}-SH-pyrrolo[2,3-
blpyrazin-2-ylamine and pyridin-2-yl-methylamine,

Pyridin-3-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolof2,3-bpyrazin-2-yl}-
urea was prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-
30 blpyrazin-2-ylamine and pyridin-3-yl-methylamine.



- 59 - DOSAGE AND ADMINISTRATION The compounds of the present invention may be foimulated
in a wide variety of oral administration dosage forms and carriers. Oral administration can be in the
form of tablets, waairdstablets, dragees, hard and soft gelatine capsules, s@lutipassoagratsions, syrups,
or 5 suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intrayggous drip) topical parenteral, intramuscular,
intravenous, subcutaneous, transdennal (which may include a penetration enhancement agent),
buccal, nasal, inhalation and s sitory administration, among other route inistratjon. The
preferred map &%’%Hﬁ%\?ﬂ%ﬁﬂfﬁrﬁ% éﬁ?@?‘éﬁ?’ 8@&@%@%@&%’6’&%@%‘?@8@%@ 'Pfﬁf‘?g’g"%hen which
can be adjugtpdrecearding io:thieidegpeieoat affHetinmr tugt itheybattenyspdspphbBieptoriie] adtve
ingredient. A.compoL ')c,il I E?ﬁ thepr ;jnvention, as well as their pharmaceutically
useable sa@?’ﬁ%&%ﬁ vﬁ?ﬂ%ﬁgr%ﬁc? orﬁ?ri}gﬁ%%%%ﬁ({e%xmpients, carriers, or diluents, may be placed
into the form of pharmaceutical compositions and unit dosages. The pharmaceutical 15 compositions
and unitdosage forms may be comprised of conventional ingredients in conventional proportions, with
or without atidRiBxe active-edmpunds-srpeihzlpllesy betboarenstiy Bodagerfohs ridyseartain any
suitable eff%ﬁﬁ%‘?e@%%ﬁeﬁ&%&ﬁﬂ%@ﬁy iRgredientcAsMyRNSM AW be Jntendas drily flosage range
to be employed. Thezoharmaceutical compositions may be employed as solids, such as tablets or filled
capsules, sCAMEBRTs: 2 PERSArs: QEdimad F&ix @B mulations, 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 parcntcral use. A typical
preparation Rdlepointai(s f{ont aboath¥ ko dbohit Obhetadinseigomphihd-bipseanjpalnts (w/w). The term
“preparation, o, dosade formis ntended fo inclyde, hoth solid gndliguid 25 formulations f the active
compound and one skilfed ]fnrfﬁe art wil aﬁ’p’rema e {ﬁaP n Activeingradient can exist in different
preparationsriegenidibg distive ey bigdmordsElid-birdrorinie dosirsdubsemngphdrhacokinetic
parameters. Ja {61 "ExCIRIGRT 283 Wsedigreipsefers 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 WO
2010/0é%63&?“@@#’%@é7§6§8t7‘8n9@@15%ﬁé@?@/‘ﬁ@ﬁﬁﬁlﬂﬁg@ﬁ@mﬁ%ﬁFﬁﬂ?ﬁ(f?é”(}\iﬁﬁ’ghe or more
suitable pharraideewied) pxsipianis] dilnentsioncdniarsaelested withgegardio he indensiert route of
administration and standard pharmaceutjcal practice.,"Pharmaceutically acceptable” means that which
5 Uselul in SPEDATY A A EE R S LB LR o bR ST S R S mettner
biologically ppentherviiserongdsirablecardripchstes 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 phaunacokinetic property on the active ingredient which were absent in the

non-sal10 form,ang _%g,@%wy%ﬁg%%e%@mmgg] {,It%ag_tgﬁlingredient with

respect to its therapeutic activity in the body. The phrase "pharmaceuticz%l)é acceptable salt" of a

compound r@iastERl PiReT R AnrARR Ny hECEPHED 185 KR o th Af et db ¥ tHdredsired
pharmacologigal: HHM#@@H&?@@WI?@W%@E{5,@@]@&Qﬁﬂmﬁﬂﬁiﬁémm%@lﬁiﬁ&@aﬂ& formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 15 acid,
phosphoric B&Id QAE ﬁ‘éa"iﬁ?éﬁyg? &1 éedti%ﬁﬂ’llo?g%ic 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-hyzfoxReeomay Bk zdic(Qcidnethplaiiucybeitly xyandslip Hdidymétiadddpifenic-26id; ethanesulfonic
id, 1,2-ethang-disulfoni id, 2-.2 ged [ i.aci Ifoni I
acl CNAnaR: %ﬁﬂkﬁgﬁ%ﬁ@ﬁg?ﬁ{%ﬁgﬁ ‘%E‘L%%‘dl%%'ﬁc??w s ffe&ﬁf&&%ﬁ% fonIGARIS

4-chlorobenzenesulfoRic a p onic acid, 4-tolu onic acid; camphorsulfonic
acid, 4- methyisigydiding-2ihosypedngSthos e acidp pirrepReponiecdeid 3 S pmampsiapibnic acid,
trimethylaceﬁii aRitheletiannbutylacetic-agigyilaueyl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; 25 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 ign, an qlkaline earth jon, or an aluminum jon; or coordinates with an organic base such as
ethanofnints TEHAHGIEIRIHE S RS BIARIFEY oN@UER e NIMERGTIAT TG BB e T,

Solid form ppépeiitienscabiigdpzoddersuigbtats; pillsyeppsildss caghiets; Syppositories, and 30
dispersible granules. A solid carder may be one or more substances which may also act as diluents,
flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives, WO
20101063634PCT/EP2009/065878 - 61 - 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,
nectin devirin ctarch aelatin tracacranth methvleealliiloece <enditim carbovyvmethvilecalliilnece a low



10like. Liquid formulations also are suitable for oral administration include liquid formulation including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form
preparationg:whigh:@siptended to be converted to liquid form preparationg-ghediydeiera use.
Emulsions may be prepared in solutions, for example, in aqueous 15 propylene glycol solutions or may
contain emulsifying agents such as lecithin, sorbitapy jonooleate, or acacia. Aqueous solutions can be
prepared by dissolving the active component in water and adding, suitable colorants, flavors,
stabilizing, ZHEPHERIANY SRRREe AUt 8 SRS B BT e RS- 8 sy ARLpRrSiRg the finely
divided actiyépefitiponeatio:wiatacidrwiseausaterial, 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 fomiulated for parenteral administration (e.g., by injection,
for example balus injegtion or cqntinuous infusi ma lr ented in, unjt dose,form in
ampoules, p?rﬁflijﬁ%e”éy %if&lensﬁﬁg%é&ﬁn \ygiﬁmoé( n ﬁ%%ﬁ%g’. “r%{ﬁ %ﬁ%%g@lﬁggﬁg}%e vl\}‘/fﬁ%agh added
preservétivetThepcmmigositiormheryicakeldsadioyhesteisas sesprdsions)aoitiondZor emulsions in
oily or aqUe%e@&i%lf@hsm?lﬁgk@%18[Q‘SE{??B%BQly%tﬁi‘fl%{&eaﬁéy&%éﬁ%l@lﬁﬁpf oily or
nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, polyethylene glycol,
vegetable ol EE g coliv@BANYHAAS &St Fy8hic esters (e.g., ethyl oleate), and may contain
fonnulatory 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 WYERRHG63634RGTIERAIOGESYSB/)-Stefilasaiid, ernlysiwephiisgtion from solution

for constjtution. efor{gﬂs_e wit 2 sy*tnabl ve icleidet. .,_gtgriile,té) ro en-f£1e_% ater. The campounds of
the presént it VERtth S\I}%EO ofhuratéd or 8|5’ﬁ:al Sdmimstration toth e?m &mis’as Gintments,
creams or |gfieris)ctnas lanybetdepmefhydtch-Qimtrivghts Hnsrorsaind Bomappfod -examplehipe
formulated éy'ggoﬁlraﬁg_qg &W&"X&@&W@I@ﬁ@& ddition 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 #egvalisgehtd In A triagivbrdayadbongusily dudtosaralilitatatiaetitragdanth; pastilles
comprising the;astiveingissdisndinancingskbasecauehasgelatin aadpalyeriinios susress and acacia;
and mouthwashes comprising the active in%:edient in a syitable liguid carrier, The .“on]%?ugds of the
present inveRHEA AR BETSFHERAEE s 'WP&?%Q%%%%@&%‘W&?%W%Iﬁﬁ@‘ 2%, such as a
mixture of fatyyraididnglyearictes i aacoatbutt@rektis 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 formyulated for yaginal inistration,; P ' r ls,. pastes, foams or
sprays con%%?%%lfngé%ﬁéﬁ 't@t @gﬁ:ﬁ&%ﬂ%@ﬁgﬁ%@%@fﬁ%@%%Oﬁgrsoi%%%%%\%aﬁﬁhe art to be

appropfiite IMhéot orifybunas b e lppaberyhnvasadishitrivaly bnstes mias ESE RSy thissat wlpinistation. The
solutions Or%&&Eﬁ@i@éﬂ%@ﬁ&%ﬁ&%@@%ﬁbmg,@ﬂ?%&r?&‘{ﬁtﬁ Ryasopventional meanssigy. example,
with a dropper, pipette or spray. The formulations may be provided in a single or multidose form. In the
latter case dPAAVGBSet-67BRYEHE 2aidHRMBL S Hieved by the patient 25 administering an
appropriate, predetermined volume of the solution or suspension. In the case of a spray, this may be
achieved forgyaipRIgy means of a metering atomizing spray pump. The compounds of the present
invention may be fommilated for aerosol administration, particularly to the respiratory tract and
includirig intkeanasahddtministration. The compound WO 2010/063634PCT/EP2009/065878 - 63 - will -
generally have a small particle size for example of the order of five (5) microns or less. Such a particle
size may be optpled, by mERTS KARANIINE ANIOLEAT Ale. B mistoNzaion fhe active ingredient
is provided in a pressurized pack with a suitable propellant such as a chlorofluorocarbon (CFC), for
example, dichlorodifi uoromethane, 5 trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon
dioxide or othéBBLitable fasy Theethybpaandy -cophrénierilyraisshotniain @tboravednt 56Eh as lecithin.
The dose of diig fpay ﬁgﬁmlﬁiﬁ%M@}ﬁéﬁ%@'ﬁm@&tﬁﬁ@@gﬁmt@&@gttﬁe 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 a8 TRekSEI BreeRostEreR UV RTVES oA B HYEI VBB REthy GEhaIosd-and 10
polyvinylpyreotichiaes (VB - he-pewdsnicanigswill 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 15 controlled release
administration of the active ingredient. For example, the compounds of the present invention can be
formulated in transdennal or subcutaneous drug delivery devices. These delivery systems are
advantageous when sustained release of the compound is necessary and when patient compliance

with a treatment regimen is crucial. Compounds in transdennal delivery systems are frequently
attached to an ekin-adhececin/e enlid crinnart The



20 compound of interest can also be combined with a penetration enhancer, e.g., Azone ( -
dodecylaza-cyc loheptan-2-one). Sustained release delivery systems are inserted subcutaneously into
to the subdeypallaxgsdly surgery or injection. The subdennal implants engapgiiaie hesggmpound in a
lipid soluble membrane, e.g., silicone rubber, or a biodegradable polymer, e.g., polyactic acid. 25
Suitable formulations along with pharmaceutical c_a]rEli rs, 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

formulationg vttt ey wE RS HeAkioH Ry précide himversus Bhnidons for a particular

route of admpipisitation-wiheuleadeirgihe I0compositiens of thespriesaatiayation.gnstable or
compromisi? tht ir tk eragetgtic actitgit?’?. }[}{O 20}%06_‘?; 34PCT, _Elf2009/0 %@78.- 64.- The modification
of the preseRPABIBEURYSTE TERdEr thath ThoTS Shiubtd i Wit oF BifieFie it 5P B ETe, may be
easily accompilished by aviinertrhogificegions (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 5 particular compound in order to manage the

pharmacokipeliga afie resereamRaUNds farmaKN Enelnial affset inpatipnts. The term

"therapeutically effective amount” as used herein means an amount required to reduce symptoms of
the disease MPar#HRAdlrarcHRe-ensdenqin Be thngsterars prenma iatha yeyemsesAlar é4eh particular
case. That d@sRae LA RHViR W it deie ndigy &2 MPon AHMesaY SsRsie srauchag the
severit%quf the disease to be trea&eﬂd% th a#e and general health condition of the patient, other
medicallenfS VAR MBI YRS IANERE Y b 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

monotherap@S}aad/iom:ﬂ&.ﬂmmbjmaﬂmp}t%m%%ﬁ@dM@,ﬁ@W&i&b@W@ﬂ@bout 0.1 and
ahout SO0 IRARAY vsiant et HRTEIGHQ 30 Aol Amalka bedkaighisand most

preferred 1. out y weight per , for administration to a 70 kg person, the
dosage randgenedtitsiba dissungmegtd) 6 g yperleldys Tiverdaity dpsayes ¢an Ge-administered as a single
dosage; or in,ghviged dosaess 1y RisaIMDeIWeER.1 and 5 dosages per day. Generally, 20 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 reliarféd on -bEr<onHIRABWIRIGE - e HER LY AnF e SIS oS Y Hitrs Y bBTrddtion, to ascertain
a therapeutigaltyleffectvendd-amoarid efrthacdnre und prepihel prebe phirveniian fonasgilen disease
and patient. The pharmaceutical preparations are preferably. in,unit dosa rms. In such form, the
oreparation 1 BB IHEA I S HoLbe LN e antdee R A8 (SIS component
The unitogagefdme-dagvibexylpankadutt prepertation, the package containing discrete quantities of
preparation, such as packeted tablets, capsules, and powders in vials or 30 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 theseyinpackaged, (i ﬂa@e&[&sﬂmﬁwsw b,siﬂy@%%bleyﬂtﬁ%a@gi%@%biological

evaluation of compounds within the scope of the > hese éxamples and preparations which
follow are profiiBiIerEPKTHILE SRITEYIMRKEUFEH MdFEBITAMP eSS tald and to practice the

present invesligah ey shanla et e CoRsigame as inpiingithe eepe ehiedmventiomabet 5 merely
as beingsillustr%tivel.and.re rese atit\/e thereof EXAMPLES Scheme |. 10 Example 1. Representative
Examplé of (§L§ s sagﬁ‘déonﬁ[‘)'l Nasin Table |. Step |.

(35,55)-3-Methyl-5-{3-[5-(2trimethylsilanyl-ethoxymethyl)-SH-pyrrolo{ 2, ,3-b jpyrazin-2-
yl]-ureido} -piperidine- 1 -carboxylic acid benzyl ester was prepared in the same manner from
3-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolo[2,3-b]pyrazin-2-ylamine and (38,55)-3-

30 amino-5-methyl-piperidine-1-carboxylic acid benzyl ester hydrochloride. )



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-dimethylforrnamide and cooled to 0-5 C. 2-Bromo-5H-pyrrolo[2,3- b]pyrazine (3.0 g, 15

mot) was ag@led, isnRSEN4CL (3.5 mL, 20 mmol). The mixture was stirrgg-aigpRns igmperature for 3
h, then concentrated. Column chromatography afforded 3.25 g (65%) of

2-bromo-5-(2-trimethylsiIanyl-ethoxymethyl)-SH-pygrﬂq[Z,3-b]pyrazine. Step 2. WO
2010/063634PCT/EP2009/065878 - 66 - A mixture of

2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5F1-pyrrolo[2,3-b]pyrazine (3.25 g, 10 mmol) sodium
tbutoxide (3BT GRS oL Bt SRS 7015 o iiON H S IR SHRsRiE e was purged

with T)itrogeﬁlfﬁér&go?@iﬁiﬂdﬁ&g(652@)&3(@@@8@dge&We?stiﬂfﬁ@%IﬁﬁEﬁb&ﬁﬂiW@ﬂwl@dfﬂ%ﬁ:@d 1.;]16 mIF], 129
mmol) were_added, and the mixture was stirred at 1 12 h, The mixture tered throug
Celite and coi AT PR LA et 4 WA s ID T B0 LA T it S acetate
(4.93 g, 36 amiat)amdthydpineridiminke dayelroditerdiebt2 40 g3 dydmdi)ondre added, and the mixture

was stirred for 10 45 mm. then concentrated. The resulting residue was partitioned between a 0.1 M
NaOH solution and dichloromethane, and the organic layer was dried over Na2S04, filtered and

concentrate resigll. I . % 240! -azenane-
trimethylsiIa%'&ggﬁgﬁnﬁg?@yﬂ%%%%o%i2(,%?%{ 2}%%1%@%%%%%%’%% _%%dsod Iutig% %?
5-(2-trimethyt&AEeyMBESIS FREAYYISEICH D IIER B By e e yiaiigie @802, 0.98 mmol) in 15 mL

of dichloromgthangwassealedia-B0 GEpanst vl Isopyanate (Qadith 4 Mmmathwagasded, and the

resulting solution was stirred at room temperature for 14 h, then concentrated to a residue. Column
chroma’%&grﬁ%?’%’%ﬁféﬁ@ﬁ?ﬁﬁﬁﬁef%%) of
I-phenethy1-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-p)m-olo[2,3-b]pyrazin-2- y1l-urea. Step 4. WO
2010/063634PCT/EP2009/065878 - 67 - isEm rsIxN) -lab NNAN A Phril O

Racemic trans-1-(3-methoxymethyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5SH-

pyrrolo[2,3-blpyrazin-2-yl]-urea was prepared in the same manner from 5-(2-
trimethylsilanyl-cthoxymethyl)-5H-pyrrolof2,3-b |pyrazin-2-ylamine and racemic trans-3-
15 methoxymethyl-cyclohexylamine.

(18.35)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-blpyrazin-2-yl]-ureido} -
cyclopentanecarboxylic acid methyl ester was prepared in the same manner from 5-(2-
trimethylsitanyl-ethoxymethyl)-SH-pyrrolo[2,3-bipyrazin-2-ylamine and (15,35)-3-amino-

20 cyclopentanecarboxylic acid methyl ester hydrochloride.

Racemic trans 3- {3-{5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-blpyrazin-2-yl}-
ureido} -cyclohexanecarboxylic acid dimethylamide was prepared in the same manner from
5-(2-trimethylsilanyl-ethoxymethyl}-SH-pyrrolof2,3-blpyrazin-2-ylamine and racemic trans

25 3-amino-cyclohexanecarboxylic acid dimethylamide hydrochloride.

Step 2. Boe-deprotection:

(R)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-ureido} -
piperidine-1 -carboxylic acid tert-butyl ester (0.238 g, 0.49 mmolLL) was dissolved in 2.5 mL
30  of MeOH and cooled to 0 °C. Acetyl chloride (0.69 mL, 9.7 mmol) was added dropwise and



HN Ph-/--11 A solution of
1-phenethy1-315-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin2-ylkurea (0.22 g, 0.53
mmol), tetra‘gﬁt)!&%@gg&gium fluoride (1 M in THF, 3 mL, 3 mmol) and ethylepe diaming.(Q.3 mL, 5
mmol) in 5 mL of N,N-dimethylformamide was stirred at 80 5 C for 14 h, then concentrated. The
resulting residue was triturated with methanol then ether to afford 0.040 g (26%) of
l-phenethy1-3-(5H-pyrroIo[2,3-b]pyrazin-z-yl)-uréé]a?s'an off-white solid. The following compounds
were preparebeintbesidiaetasisiopnadederiiic pristethykBreSrhs\aloint2, B-blowrarite XY Bpdirea:

101'CyC|0h§ﬁ¥%dﬁ’Wﬁp¥H@@Reﬁf@Q§/ FBZIR UM €2 uum and the residue was treated with )
1-Pheny1-3-(5H-pyrrolo[2,3-bjpyrazin-2-y1)-urea 1-Cyclopenty1-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea.

1-Cycloheptplugiesdsprss ot Mplnasn-2Ri4 Porsss MasarpiAtes- SNyt &-11h{Razin-2-ye-urea
151-CyclohexylmeihyE-Snirhpytiralofger Rl RWazUR3ybettea3-yl-3-[5-(2-trimethylsilanyl-
1-(2-Chlgro-pheny0-3-(5H-pyrrolq[2,3-h]pyrazin-2-y1)-uregq 1 - : o -
(R)-1-P en§@8ﬁ%ﬁ%§@gﬁi§%@’f@é—%ﬁa ‘%’ﬁéﬁ%‘fﬁ% e@%hydmchlonde which was used as is in
1-((5)-1-Phehylfdthyty: 8 «t8p-pyrrolo[2,3-b]pyrazin-2-y1)-urea
1-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3-o-tolyl-urea 201 -(5H-Pyrrolo [2,3-1)

Dot Butyl By 5 by rehT IO any 5 (Lo o2 y1)-urea

1-tert-Buty1-3-(5H-pyrro 3e§b
WO 2010/063634Pameirzonoes 88Pere Gl thpigsyewentedl @udsin toldérie; tomethyisiasladded to a

0C 50|Uti0%910§3ﬁ%éﬁ!ﬂlﬂiﬁﬁiyjﬁy%}ﬂgﬁﬁ0% - .é)ﬂjfmbqLﬁaﬁge?r@l@!faﬁfﬁf&mm@:éﬁﬁoo g 11
mmol) and diisopropylethylamine (0.6 mL, 3 4 mmol) in 10'inL of dichloromethane. The mixture was 5
stirred &t 15 Sen 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 namol) was added as a
solution in 2pipkrididiehiargmethanewittadawaddatedraps atdiisapopyieshammne;iheamixture was
: . : o
sined for 40, hen congentated g  regiue, Colupn, v amelpoiapig ipiied 025 @ (55%)of
trimethylsilastibethwdyytet by Sidkp i elbdip2r 8= tnlByyiizime Riy Hpipead Bte p-@arboxylic acid tert-

butyl ester.

15 Piperdin-4-yi-3-[5-(2-trimethylsilanyi-ethoxymethyl}-5H-pyrrolo[2 3-b]pyrazin-2-yl]-urca
dihydrochloride was prepared in the same manner from 4-{3-[5-(2-trimethylsilanyl-
ethoxymethyl)-SH-pyrrolo[2,3-bpyrazin-2-yl}-ureido} -piperidine-1 -carboxylic acid tert-
butyl ester.

1-(S)-Pyrrolidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-2-y1}-

20  urea dihydrochloride was prepared in the same manner from (S)-3-{3-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -pyrrolidine-1-carboxylic acid tert-
buty] ester.

Azepan-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-blpyrazin-2-yl}-urea
dihydrochloride was prepared in the same manner from 3- {3-[5-(2-trimethylsilanyl-
25 ethoxymethyl)-SH-pyrrolol2 ,3-blpyrazin-2-yl]-ureido} -azepan-1-carboxylic acid tert-butyl

esier.

Azepan-4-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-ylj-urea

dihydrochloride was prepared in the same manner from 4-{3-[5-(2-trimethylsilanyl-



A mixture of 1-(cis-2-methyl-cyclohexyl)-345-(2-trimethylsilanyl-ethoxymethyl)-5H- 15
pyrrolo[2,3-b]pyrazin-2-y1]-urea (0.3 g, 0.7 mmol), tetrabutyl ammonium fluoride (1 M in THE, 4.6 mL,
4.6 mmot) apd sthyigss diamine (0.46 mL, 4 2 nimol) in 5 mL of N,Ndimetp/iepnamide;yyas 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 1t? 4a_fford 0.060 g (30%) of
I-(cis-2-methyl-cyclohexyl)-3-(5H-pynolo[2,3-b]pyrazin-2-y1)- 20 urea as an off-white solid. WO
2010/063634PeyrEtntotiopss78 |2 febimeanpley 8- i AtHeRiRes f e rargbereylic acid tert-
3-methyl-teﬁ5§mq§%pyran-4-y|amine hydrochloride: 5 Step 1: In an oven dried flask equiped with a
thermometer, tctrahydro-4H-pyran-4-one (6 mL, 64.97 mmol) was dissolved in THE (150 mL) and
cooled down to -65C, LDA (2M, 39 mL, 78 mmal) was added slowly, keeping the temperature below
-60C. After theFstifisn WhEebimetaagatrmly aseonmidetsiersiheeimstigdé iodomethane (16
nth, 25.7 mmatowis Ropetand the-reactibRdnixiuiedvaasiepecdto \warmrpravertighin The reaction

was 10 gquenched wi rated ou 4CI. Th eous,| as extracted with Ft20. The
combinegd o]r%%n %‘%ﬁ%‘@é\wé?e‘“&%s%%&“ V\Yﬁ# ﬁ’r%n,]eatﬂ %&a%ﬁ%a@%%g dazﬁndaﬁygg%elé;\}/)fporated
(30C bath, H@éprmbarkafttueyeeainingirhatgrialowds purifisdisy B2 aomaEtography (208! gtSi02,
hexanes/Et23-0:10,30%, E20:) 19 8ive J..g of racemic 3-methyltetrahydro-pyran-4-one as a light yellow
liquid (13% yield). 15 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 mmolRasraiaHaateada-theresinig Sudpemsidnlwaséhtsegoriy bvatrygheldRe reaction

mixture wasyyyashes Wit sRtuated aausaISNaFIGR3d TheaausoHalaYerwasexitacted yith DCM.

The combined arganic layers were washed with brine, dried (Na2S0Q4), filtered and 20 evaporated.
The rerhinitfg SEIRW it WHS PIRHEY by SRS TCHiom At BYrapiy (L 20t SRy thy! -pipendine-
DCM/(DCM MadbkNK46H: 601031 826 DCM) to give 1.8 g of racemic cis benzyl-(3-
methyl-tetrahydro-pyran-4-y1)-amine as a light yellow oil (>95% yield). Step 3: Racemic cis

benzyl-(3-mgthyl-tetrahydra-pyran-4-y1)-amine (1.8 .768 mmol) w. issolved in HCI (4.4 mL,
13.2 mmol).% O %\/@%ﬁé&%ﬁ?{ﬁﬁf gén;t&tﬁeﬁgggﬂﬁ%lée 5 d%atgyg:n%jt?? I’éjgo |C|:§rli mixture was
hydrogenatédpiyraiPday | baletihy &5 9hdiHR vaeptirsmeakéndafhenpaticriom wad-fitred off. HCI 4M
in dioxane - HJ [ bed onto
Si02 and ﬂ?ﬁ%%%f%ﬁ%%“@*ﬁé%‘%%%%%ﬁ%@%@%%%‘% 00 g Si02,
DCM/(DEMMEOEBER pEAOLFEIN aryer ol BBossias I HesRiEt SHEeE Ak HG et frbdRictwere
combined apgGAMiiprdiaxanre was added. NI-14C1 crashed out. The solvent was evaporated. The
remaining white semi-solid was taken up in MeOH/Et20 and the salt was filtered off and washed with
Et20 . The filtrate was evaporated. 5 The remaining oil was taken up in DCM and was evaporated

R e A e S R o

same mannbeifycrirdeginice-dibetih S etk vl penpdiad4nahe simthisimstainoe, rdcabmr B2 Mdas used

instead, 10 ] | g Gi : T

et e e e dometl iperdine i
benzyl-(1-métprbestifand LmBatiyisitperidin-4-y1)-amine. In this instance, 1 atm H2 was used
instead of 55 psi, and the HC1 treatment was omitted. 15 Racemic cis
4-benzylarnino-3-methyl-piperidine-I-carboxylic acid methyl ester was prepared in the same manner
from racemi‘PZé‘d'énﬁcbie@ﬁiﬁ@ﬂi@ﬁﬁ:ﬁﬂﬁhw}Iﬂﬁ[@f@iﬁﬁnbtﬁﬁ@@ﬁyli€t§§i@rﬂﬁ§wlﬁ?lﬁj}n{ﬂJfﬂ,%jnStanC& 1
atm H2 was_used instead of 55 _psi, and the 1-ICI treatment was omitted. 20 Racemic cis

2-methyl-cy CIOHEBEAMIREGU BrEBSPETHT e SHREThAhHE BT oggacemic 3-(2-{3-
benzyt42-mthiyltdycithipiyil)-amnemintiiis SHstano [1, bipk2mes-visedidstead yof 55 psi, and the
HC1 treatmentevr\{g% (gmgéﬁ)ddle?c%%gﬁgri&b%s E1@-5(t4]-ramino-5-methyl-azepan-l-yl)-ethanone was
prepared in ¥fe same manner from racemic’cis f-(4-benzylamino-5-methyl-azepan-1-y1)-ethanone. In
this instance, 1 atm H2 was used instead of 55 psi, Pd/C was used instead of Pd(OH)2 /C, EtOAc was
used instead of EtOH, and the HC1 treatment was omitted. WO 2010/063634PCT/EP2009/065878



- 71 - 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-I-carboxylic acid tert-butyl ester. In
this instancg,d Atpgkkévas used instead of 55 psi, Pd/C was used insteag gfRd{Qa)24ss EtOAC was
used instead of EtOH, and the HCI treatment was omitted. 5 Example 4. Synthesis of racem c cis
2-ethyl-cyclohexylamine: NH 10 A solution of compq nd 2-ethyl-phenylamine in absolute ethanol was
purged thoroughly with argon for 20 mm. 5% Rh on a@lumina (100% w/w) was added and the reaction

mixture was §efsjéEddiseiudgenatsinathebd anbclor yerterl 2 Oy rolqEodd otanestEtoAc 20%
Et0Ac) showied apmpieiesonsyRptgnef staring mateniak: Fgeaction mixte wasfiiered through

celite and the filtrate was evaporate ive to g;ve racemic cis I!)%-e,thyl- 15 cycl gex lamjne (40%

fo L
yield) whichSWa8 e BEN G Rexh MRz B ac R o B L hr Ry B he e4%4s prepared
in the sameteraber 4siAdr2this dpnapyd-pib esydaoni ne as Stadsti ng-radhbe RAl. flrxahopte iast@@ Syhthesis of
(1R,28)-,32-meth I-cyclohcxylamine hydrochloride: NH2 CIH WO 2010/063634PCT/EP2009/065878 -
72 - Step 1:hf- éthylcyclohexanone (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 H20 for 3
hours. The reaction mixture was cooled to RT and the solvent was evaporated. The Milne intermediate

was dissolvédarPDeiiti5elmibyBridEdeteineiadyiBrsbeiuen mateiddrbosorayeldde (95%718.83 g,
39.58 mmot) and,AGEHAREMRHR A k3G M WElG RAbGhAHERLAREUE 29smmnutes, the ice bath

was removed and the suspension was stirred at RT overnight. The reaction mixture was cooled to 0C
and aqueouS8stirda K athe o afdaypiidayR R TaRs saParsida ara the RetdsEd 1ayer was
extracted wighrbieNc Thig Riganic: layers were combined, washed once more with NaHCO3, dried
(Na2S04), 10 filtered and evaporated. 6.5 g of yellow oil were purified by Si02 chromatography (400 g
Si02, DCM/(DCM:MeOH:Na40H 60:10:1) 87% magic DCM). By TLC only one major spot is visible.

The first and last fractions were, eyapqrat NMR shqwed the trans is r came qff in the first
factions. THRFTFLE g B Bu TR o by TR T CHe g by S S B 23!
methyl-cycldfiexgli{R) 1phedyivé thyiicanineaa gwritedsoftherystal s Ghtamedn MR {5-showed

the presence,qf,ahaus3H of e asisnmer ARgenwentiied mansing ayld ot be separated oft

Racemic cis 1-(4-benzylamino-3-methyl-piperidin-1-y1)- none was prepared’in the same manner
from rabemigyTdbng 1l Sarhomsticipierebas@ 4R this instance, benzylamine was 20 used instead of
(R)-1-phenylethylamine. Racemic cis benzyl-(1-methanesulfonyl-3-methyl-piperidin-4-y1)-amine was
prepared in the same manner from racemic 1-methanesulfonyl-3-methyl-piperidin-4-one. In this

instance, bemzydaming yasigsed jnstead- of (R>-IrphemyletiyasmaeyRageMEICSrolo[2,3-
4-benzylamino-3-me hy-piperiﬁf& -1-carboxylic acid methy] ester was prepared in the s manner
from rasemi B RS Lt o B BEL AR B IRV SRRt (s TSNS By lamine
was used in&teschet (R} rdhehyisthylayhin &l-pw 12R1DK68634PCHER20DMMEGSE 78 - 73 - Racemic
O BRI LY RheRU) ATV AR PLEORTRAIR 06 SAUIVANAGH (OIS
2-methyl-cycloheptanone. In this instance, benzylamine was used instead of (R)-1- phenylethylaminc.
5 Racemic B(BIbénAhaminossanefyhegepan-1-y1)-ethanone was prepared in the same manner from
racemic l-acetyl-5-methyl-azcpan-4-one. In this instance, benzylamine was used instead of
(R)-1-phenylethylamine.

Racemic 1-(2-pyrrolidin-2-yi-ethyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-

bipyrazin-2-ylj-urea dihydrochloride was prepared in the same manner from racemic 2-(2-{3-

25 [5-(2-trimethylsilanyl-cthoxymethyl)-SH-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 R'T for 6 hours instead of 2 hours.

1-(R)-Pyrrolidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2 3-bipyrazin-2- -
30 vl]-urea dihydrochloride salt was prepared in the same manner from (R)-3-{3-[5-(2-



Raccmic 4-benzylamino-5-methyl-azepane-1-carboxylic acid tert-butyl ester was prepared in 10 the
same manner from racemic 4-methyl-5-oxo-azepane-1-carboxylic acid tert-butyl ester. In this instance,
benzylaming,ywagWsgskirstead of (R)-1-phenylethylamine. Step 2: To CiS pep/ppaoso/065878
(2-methyl-cyclohexyl)-((R)-1-phenyl-ethyl)-amine (0.65 g, 2.99 mmol) Pd(OH)2 on carbon 20 wt% (0.3
g) and EtOH (10 mL) were added and the reaction mliéture 15 stirred at RT under 1 atm of H2
overnight. The palladium was filtered off and the §o]1v nt was evaporated (be careful, the free amine
sublimes). TH&e8iksiHIAY-fizREHEFRES-pUrifstr B Sidahrs e grapigo@orse Bigme-1 -

DCM/(DCM MeQH INHAPH:60:49 dk00-71% 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 20 treated with 4M HC1 in dioxane. The solvent was evaporated
and the remaining solid was dried under high vacuum to give 0.075 g of ,
(1R,23)-z-ﬂ%ﬁtﬁ@ﬁ!&bﬁ?@%@%ﬁ#m&ﬁ%ﬁ&&mw&yw&ﬁfmﬁmﬁ%ﬁ-@w%ﬁﬁJW%ﬁawed the
presencé ofsabotiash it shieldraesssomgrakkamiptadnc2habyithesis a3 -[5-(2-trimethylsilanyl-

(1S,2R)-2-methyl-cyclot lami chloride: 2 C1H WO 20 0/063634PCT/EP2009/065878 -
e e B e B s o

Imot) were di¥solved in benzene (25 mL) and stirred at reflux with continuous removal of H20 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 5 down to OC. Sodium
triacetoxybogphyslriels, (R3%.8:83.9, 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 Rl overnight. The
reaction mixture was cooled to 0C and saturated agueous NaHCO3 was added. The layers were

separatét afid e Ebidd G fayerivay bxtidcted i BN oo mpiHet Glydtiet: Swere
washed onceymaranith satbiaiegipaueans 1arhakitQdiadiad{Na2SD4), filtevednand)auaporated. 6.4

(DCNEMEOR AL ORI B SN B BB B R SA T MRt and st

fractions wehgdrugpofhtea )dhd2NiviRs shbovetetihe filzarsdedinedofk irdhe fiishicactonspbleeft actions

were evaporg e at ati ntil 1 g of (2-methyl-cyclobexyD-((S)-1-pheny -amie was
abtained as e o T T N Rl brcbads o abnc Sh T he AN e
other inhpurifiblsreaigigRer by Beparated-oRa S18p°)- To cis
(2-methyl-cyclohexyl)-((S)-1-phenyl-ethyl)-amine (1 g, 4.601 mmol) Pd(OH)2 on carbon 20 wt% (0.5 g)
and EtOH (20 mL) were added and the reaction mixture was stiired at RT under I. atm of H2 overnight.

The palladiumwas diitened @il angd.tae saient was.20evanaraipd. B araivh he-fag.amine sublimes.
The remainin&)pale brown oll was purified by 5102 chromatographgégo 5102,

DCMJ(DCMRREBIERHA OG0 10 T ABE 68 AT RN e T Ao s Hémﬁ%y{ﬁé bttt were
evaporated .tifhe theditiue/nalsodissodvesl s DGk lafBttdpted: with AMuldidd: ipigiokame 1 -The solvent was
evaporgied g,ng tgqigean}gigén f,gytcei was dried under high vacuum to give 0.26 g of

(15,2R)- -medtﬂﬁ-gyelo%exy?a ine ﬁydrochloride 25 as off-white solid (37% yield). NMR showed the
presence of about 5% of the trans isomer. Example 7. Synthesis of 3,3-dimethyl-cyclohexylarnine
hydrochloridiep§ QR PI063634PCT/EP2009/065878 Step 1: 3,3-Dimethylcyclohexanone (3 g,
23.77 nol) and benzylamine (2.73 nth, 24.96 namol) were dissolved in benzene (20 mL) and stirred at
reflux with centinigussemoval of H20 for 3 hours. The reaction mixture was allowed to cool to RT and
the solvent wag!% %Vﬁp‘orated. The 'mine intermediate was dissolved in DCM (100 mL) and cooled to
0C. 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. TN@8R%én mixture was cooled to OC and saturated aqueous NaHCO3 was added. The
layers were separated and the aqueous layer was extracted with 10 DCM. The combined organic

layers were Wﬁé@ﬂ@@@%%o(@twiﬂatﬁ furated-acisausMa GO aldeds(Npdeeld): Hitered and
evaporated. The remalninlzayellow oil (5 g) was purified by Si02 chromatography (3_00(% Si02,

DCM/(DCMFMEGIIRILEESH Y 1 8: £) P e B85 DEN1Egi G o ribdisg pyridine (0.045
benzyl-(3,3-dimetsylylphexylidminecis anlightiyelow oit{1.994 yietd)!) was added and the

resulting solution stirred at RT overnight. The solvent was evaporated. The remaining oil was




15 Step 2: To racemic benzyl-(3,3-dimethyl-cyclohexyl)-amine (I g, 4.601 mmol) Pd(OH)2 on carbon
20 wt% (0.5 g) and Et014 (20 mL) were added and the reaction mixture stirred at RT under 1 atm of
H2 overnight:grhggagliasium was filtered off and the solvent was evaporatggr Bs-6adakdb-the free
amine sublimes. The remaining pale brown oil was purified by Si02 chromatography (50 g Si02,
DCM/(DCM:MeOH:NH40H 60:10:1) 100 to 65% Dﬁh{l) The 20 fractions containing the product were
evaporated. The residue was dissolved in DCM and treated with 4M HC1 in dioxane. The solvent was
evaporated BHHEEPERaIHG BoIREHRIY dHed dttePRitMaLad GidE Oty Svedtetiis
3,3-dimethykeygiohexylamineiharpghioside asuig.aolidhd2omyiela)s Examplg8325 Synthesis of
racemic Spiﬁ;( 2.5]qct-5-ylamine hydr cr%\?rjde: ggo 2 %01063634PCT EP2009/065878 -76 - Step 1:
1,3-CycloheXRiBAE oy 84 18 F‘r’i%l’)‘ §&IdSSAEE ' MeOH (50 nth) and concentrated H2504 (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 5 of NaOH pellets one at a time. The solvent

was eva@orateummemmairﬁﬂg)W[W@@thmmwmﬁmamﬁaﬁ&oma aqueous Iayer_
was extracteg s Wil y LG SRR IRSALEANIG NG ST WaRRRAWHR 1Hap, then brine, dried

(Na2s04), and’evaporated. The remaining oil was dried u Igh vacuum overnight to give
7.87 g of 3- wesibRyleprichxnaione H3-prrolalge Wiryyaein-trddenae iy do driep de.
3-Methoxy-cyclohex-2-enone (7.8 g, 61.83 mmol) was dissolved in Et20 (100 mL) and titanium
tetraisopropoxide (20.1 mL, 68.01 nunol) was added. To the resulting brown solution ethylmagnesium

bromide solytiena@M:-69:-pak-4189. 17103 Was RJLad IrRMSERYRN '?Hg@gfzemrﬁg}ggﬁte formed

over the course of the addition. After 2 hours at RT_the now dark brown/black reaction mixture was
carefullPquénthueF iR SXRIATE P S0 RAFRE o 5 @R WAy Préd it B MRt 4hd-was filtered
off over Celienckhmahyipstisgayelyeasichimeiad twicasithhi26h ifHeecombined organic layers were
washed with brine, dried (Na2S04), filtered, and evaporated. The residue was taken up in Et20 (100
mL) and p- toluenesulfonic acid monohydrate (0.588 g, 3.091 mmol) was added. The resulting brown

solution was stitred at RT over.the.w: fore being eyaporated, T mainjng Qrown 20 oil was
putifed by SR T a0 5 S RS K s A VB0 ¢ o
spiro[2.5]octdnyBrone adlatciyheyelowrtid ind (@ 2o ivtdneSfop Gt -SpiroferBloetay-5-65ne(0.875 g,
7046 Mol AAGRRARHAMEIG(L & flsr 4 ye10f weE dissoedirhenEeRR fadUR). and stied at
reflux with continuous removal of E120 for 3 hours. The reaction'mixture was allowed to cool to RT
and the solvent was evaporated. The 25 imine intermediate was dissolved in DCM (35 mL) and cooled
to OC. Sodium triacetoxybaorohydride (95%, 1.9 g, 8.455 mmolé and acetic acid (0.52 mL, 9.16 mmol)
were added! Affer labti 20N th-fed b i vingwiormifydiEbereriatvds stired at WO
2010/0636 38Jp a7 mP200AR0 534 GrefafedRT 1By i@ hanhide FeRCIOR) Pixtukanmsi copled.to 0C and

quenched by .addition of saturated egus NaH The aqueoys layer was extracted with DCM.
T combingi BHBAA TSy e TS DB SHEL T B S LB B 5P ST over NSO,
filtered, and evaporated. The remaining yellow oil was purified by Ski> chromatography (100 g Si02, 5
DCM/(REM:MeOH:NH40H 60:10:1) 100 to 85% DCM) to give 1.1 g of racemic cis
benzylspiro[2GFodt-Bopkbdmime bdiaight bfov@r oin@ Ry e ld)e B pnd:tTio yr A0epmicobis2, 3-
benzy'-sp'r%ﬁ@ﬁk@ﬂﬂﬁ%@%&ﬂr&m@&%ﬁ@m ROREDROR ﬁ@%gﬁ%%ﬁ%&%?%;@éz@nd EtOH (20

mL) were added and the reaction mixture stirred at RT under 1 atm > overnight. The palladium
was filtered GOSN alBxaTRHAS-aHdearpirte-telmiteate-ardl eadiehe Wy iévaporated. The

remaining pale brown solid was purified by Si02 chromatography (50 g Si02,
DCM/(DCM:MeOH:NH40H 60:10:1)100-65% DCM). The fractions containing the product were
evaporated. | Tisrissifluenwas dissabvachifeRGMangl srpatedimiidMikiG ) hrdionapay Hisolvent was
evaporated and }?Bf%re aining solid was dried un#% ,higih vacuum to E{L'\(/e 0.}@%%;){ % emic cis
spiro[2.5]ocPENISkiine BRtoYaE TS 5 AR B R A S S SHSieia 5 &% synthesis of
racemic cis traethyibepiiof2-5lpe 5-amirdghitiaehlahice@Ohyl)-SH-pyrrolof2,3-b]pyrazin-2-

yl}-urea dihydrochloride.



Step 1: Spiro[2.5]octan-5-one (2.4 g, 19.32 mmol) was dissolved in THE (100 mL) and cooled to -75C.
At that temperature LHMDS 1M in THF (24 mL, 24 mmol) was added dropwise over 15 minutes. The
resulting pajegy/sliawssgiytion was stirred | hour at -75C. 25 lodomethane @-3,ftheilocl-gmol) was
added and stirring was continued at -75C for another hour before letting the mixture warm up to RT.
The reaction was quenched by addition of saturat_efilgqueous N1-14C1. The layers were separated
and the aqueous layer was extracted with Et20 . The combined organic layers were washed with brine,

dried (Na23G43migy b bateidesssuberpathpddd547 4 irshylitepat dherEvsbiaEd The remaining

yellow oil wagsRuiftesl by 2i02 chipmate graniy 339 18 fildnhexanes/ R34 BiRR-to give
0.93 g of raccmic 6-met %I-spi_ro[Zt.@Sgo,ctanS-éne as %Cﬁlorless liquid (35% yield). ?tep 2: Raceinic
6-methyl-sprra B &fbdian 5 oNamete 2R 6 BB MRS S He Bangithins @Y7 & 8 6" 989 mmol) were
dissolved indiienzettadiidaal ) and stirred at reflux with continuous removal of H20 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 0C. 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, i th WRSremo ngd.t nsion stirred
i RT overn o e Te e T e e R e
aqueous NaHTod 2Pheltayeris weld wepaiestetbrparadt ettt resusdayerivasreseraictédavith DCM. The
combined o iG:laye > 4 gk : V\ | I-{% i Na2S04),
filtered and igi/?ggglgé%§%%?fm@%%i%%%%§%ﬁ%®%%ﬁggg%?ffgﬁ%)ﬂ?h%tograpﬁgj(El lg g Si02,
DCM/(DCMWFEORYIRCBIR88:10:1) 100 to 85% DCM) to give 0.92 g of racemic cis 15
benzyl-(6-methyl-spiro[2.5]oct-5-y1)-amine as a light brown oil (yield 60%). Step 3: To racemic cis
benzyl-{6-methyl-spiro[2.5]oct-5-y1)-amine (1.03 g, 4.491 mmol) Pd(OH)2 on carbon 20 wt% (0.25 g)

and EtOH (2Ramh)ivvere -acdedyand;the yeantonnixiore wasestiyTatat RihandesniyptiHof H2 overnight.
The palladium Wf:lizflg %Ifid gghﬂ%fM in dioxane was %geded and the ggl\éegnt was evgporated. The

remaining pai& Drown i was 20 pUrtied Ry Bids chromatography (50 'ﬁg?ndm'
DCM/(DCM\e@istNHACH60s10vE) 1400-87%DEaN))-FHepfractiohs -bimtairing-sheyseaduct were
evaporated.d}ﬂg;alro%ﬁigﬁgev_vas 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 0.4 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
14(3R,5R)-3-Amismhmieaidippetasiiya ) sl drsrdwnipdaetrserempiat->B-pyirolof2.3-
(2(%10/06)3633]89111%&29@%&6W%mz&scdmﬁﬂﬁ%e%@ﬁg&@ﬁ llﬂilﬁeridin—ti-ylmeth}(fjlﬁ—[SCI(Z— o
R,5R)-1-benzyl-5-methyl-piperidin-3-y1)-car ic.gcid tert- ester, (prepared. as described in
0900401 A0 S P ol Ak BN 16 T 43 A RO Lo S deore acded and
the reaction mixture was stirred at RT under 1 atm of H2. 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-y1)-carbamic acid
tert-butyd estef2a8 s cotprepsralin-+95% yyeld) Steprané(BRsBRyBeMetylefipbridinp8eyld{earbamic acid
tert butyl esigp {0483 01 L7 armolh wasfigsaliad IREM: Y9G (Ocfilh. 4 56 mragh. was added,

followed by acétic 10 anhy mL, 2.56 mmol). The resulting colorless Solution was stirred at
RT overnighg-THEBy Ivins wihs aaudy Brid e raltad Wag whvréd forsp ditySooahintitks before being
evaporated. The residue was partitioned between EtOAc and aqueous IM HCI. The aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried (Na2S04), filtered,
and evaporaiggnipg {emaRingypibWas tliadoundes ol anaay M0 give S-od ot sH-
((3R,5F\é)-l-acetyl-S-methy[-p_iperi in-3-y1)-earbamic acid tert-butyl esfta%r as an o{f-v_vh'#te solid (>95%
yield). Step %Y‘(&lﬁ?a%zﬂf}ﬁtzéﬂﬁ-%’-}f%ﬁiyﬁﬁiBéﬁ?dﬁ?%%%@é&%ea??ﬁ%né% Brt-BUER KR (0.5 g, 1.971
mmol) was glasahved ijt DCMnid kil enkic ddd ymeliodaael (2B ahl? 10 pyrolviag gaded. The resulting

colorless SO%I)%’}, Wwas ﬁﬁéfed at RT until precipitation of a solid was

Racemic 1-[2-(1-acetyl-pyrrolidin-2-yI}-ethyl]-3-{5-(2-trimethylsilanyl-ethoxymethyl}-5H-
30 pyrrolof2,3-blpyrazin-2-yi]-urea was prepared in the same manner from 1-(2-pyrrolidin-2-yl-



20 observed. The solvent was evaporated and the residue was dried under high vacuum to give 0.45 g
of 14(3R,5R)-3-amino-5-methyl-piperidin-l-y1)-ethanone hydrochloride as an off-white solid ( >95%
yield). Examplesthan eynthesis of (3S,5S)-3-amino-5-methyl-pmeridine-l-gakbaxyic agighbenzyl ester
hydrochloride: WO 2010/063634PCT/EP2009/065878 - 80 - Step : To
((3R,5R)-1-benzy1-5-methyl-piperidin-3-y1)-carban£llc? acid tert-butyl ester (prepared as described in
W02004014893) (4.6 g, 15.11 mmol) Pd(OH)2 on ¢arbon (0.46 g) 5 and EtOH (80 nth) were added
and the reactioi) rikiviretsttedey il RIvloiben meinl b Hayrmied? 3-houreanepalaiam was filtered off

and the solvgpl was gyaprorated. The remaining oil was dried under high vacuum to give 2.9 g of
((BR,5R)-5-methyl-piperidin-3-y1)-carbamic acid tert-butyl ester as an off-white crystalline solid (89%
yield). 10 ((3S,5S)-5-methyl-piperidin-3-y1)-carbamic acid tcrt-butyl ester was prepared in the same
manner fron3epleg}s _henzy1-5-methyl-piperidin-3-y1)-carbamic acid tert-butyl ester. Step 2:
((3R,5R)-5-I\X/I]eth§_l-giEeridin-B-y[)-carbamic acid tert-butyl ester (2.9 g, 13.53 minot) was dissolved in
70 mL of a I of dioxane and H20 and NaHCO3 (4.55 g, 54.13 15 mmol) was added. To the
resulting suspension benzyl chloroformate (2.2 mL, 14 2 mmot) was added slowly. After 2 hours the
reaction mixeiserdiasiepttaiied-witheBEidAtnThelcombinied)osanie tayers-weresviasheld-with saturated
aqueous N 3, dried (Na2S04), filtere d.ev .« Lhe remaining, oil purified,by Si02
ChromatograDy et DB e s L o ST R U MR o6
butoxycarbonylahifBandtthiopilsdddiherl-Edrborglicvasieldehdytpsitriashs solvitesnoih¢76% yield).

_(35'53)'3‘texfé§QM’ﬁ9g<¥ﬁ§ﬁ9‘8WA%E%HQ&%‘&%H*%M{'_RRW%@f@é&@é@%ﬂ&@%ﬁ% hanzy esiepwies prepared
in the same manner from ((3S,5S)-5-methyl-

, . p|peridin-,3-y1f)fgarbamic acid tert-butyl 25ester. WO
2010/068 6 3B EEPIRSHBY tign of gzt%agz_d(gq_-@%gon of NaHCO;. The agueous layer was
R)-3-tert-Buuyeriend anmnockr aathyk pinesidider tantay baxy ieiaridibsnay] @staid(@ad g, 9.327

mmol) was dissolved in DCM (50 mL) and HO. 4M in dioxane (20 mL, 8Q n ! d. The
resulting CO|%%§§%%?§NE St ed“éatslﬂlf‘“f%?%gﬁgﬂ’&s’ %)llg%’tl%tﬁ%' 'gggﬁgr%@g?&@e\“@\s% e was dried
under high veidwQi 698fhigitste BiveR18%igady.(3RSH)-3- 5 amino-5-methyl-piperidine-I-carboxylic acid
benzyl ester hydrochloride as a white foam (>95% vyield).

(3S,5S)-3-amino-5-methyl-piperidine-1-carboxylic acid. oghlari prepared in the
same mann?r@r ?r?p(’s‘?g?f g@%ﬁért-ﬂ&i@fﬁaﬁ éﬁlgzﬁrgﬁﬁé?é%ﬁ%ﬁéggﬁgi%l%—géﬁ%%xylic acid benzyl
ester. EXambleyiazisimtrasps 6f%ceaie: trans Acetic acid 3-amino-cyclohexylmethyl ester: 15 Step I:

Racemic trans 3-tert-butoxycarbonylamino-cyclohexanecarboxylic acid (1 g, 4.11 mmol) was dissolved
in THE (30 mL) and borane dimethylsulfide 2M in THE (3 mL, 6 mmol) was added slowly. The

resulting colprless,salyt Ifn\fya%ﬁirf%@tﬁo@-tﬁali;@{h§1&1%@.m§ossﬁ@m)t@myywa% gooled to 0C,
quenched by addition of saturated aqueous NaHCO , 20 and extracted twice with EtOAc. The
combined oéawra%%%%%%éﬁm%@&ﬁ R BHHIE BORpGRARERYS givE bled5 g of crude
raccmic trangisdiyesisumethyl-ayetohip-sikpartanicagisyteniibotyl |estardisydrociantisaail (>95% yield).

20  isobutyryi chloride.

[-[1-(3-Methyl-butyryl)-piperidin-3-y1}-3-[ 5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo|2,3-blpyrazin-2-yl]-urea was prepared in the same manner from 1-piperidin-3-yl-3-

[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea dihydrochloride
25 and isovaleryl chloride,

1-(1-Cyclopropanecarbonyl-piperidin-3-yl)-3-{5-(2-trimethylsilanyl-ethoxymethyl)-SH-

pyrrolo]2,3-blpyrazin-2-ylj-urea was prepared in the same manner from 1-piperidin-3-yl-3-

[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bpyrazin-2-yl]-urea dihydrochloride
30 and cyclopropanecarbonyl chloride. DIPEA was used as base instead of pyridine.



Step 2: Acetic anhydride (0.85 mL, 9.012 nunol) was added at OC to a mixture of racemic trans
3-hydroxymethyl-cyclohexyl-carbamic acid tert-butyl ester (1.69 g, 7.37 mmol) and 25 pyridine (0.78
mL, 9.646 nynol) ik)29mL of DCM. The resulting mixture was stirred at 0G5 0y/gEght and then at
50C for 4 hours before being cooled to RT and partitioned between DCM and aqueous IM HCI, The
aqueous layer was back extracted twice with DCM lgvo 2010/063634PCT/EP2009/065878 - 82 - The
combined organic layers were dried (Na2S04), fil'té? d, and evaporated to give 2 g of racemic trans
acetic acid 3-tert-butoxycarbonylamino-cyclohexylmethyl ester (>95% yield). Ste{) 3: HC14M in
dioxane (5 rhll} WaSsdrmserst-reed) Disridibri olrdde tﬁaﬁ%@éﬁ@fg@r&wmet ayl)-5H-

3-terlt-_butoxxgﬁm@ﬂma%gﬁ@%ﬁﬁ%ofrlwamﬁaﬂ@éﬁgd(mqgf@iiﬁ@%ﬁ&? ﬂf@mql_)pi@elﬂffgamgff& DCIVI. The
resulting mixture was stifred at or 4 hours before being evaporated to give 1. racemic trans
acetic acid-éﬁé{ﬁifﬁm @%ﬁ@@fﬂ@%@gﬁ ﬁ%ﬁéﬂﬂlﬁﬁ%@%ﬂ 5 rard ."E‘S‘?&r?fﬁ@’fgh??@%ynthesis of
racemic fransBemethayyirethyl-cyolddwe XyRibA e Nk 2 6 Yast , D%604d trimgidiac. Step |: Raccmic trans

3-tert-butoxycarbonylamino-cyclohexanecarboxylic acid (I g, 4.11 15 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, Stirr. C. After 4 hqur, reaction.mixture,was. coql nehed by addition
of saturatedi % Slfbgu%ﬁgg‘ﬁegg‘é? ?ﬁa_ge%ﬁa%]tgd@\?tv?lgg%vhﬂs %%B%Ce%r%x lgg%gn%%‘gé; ggqnal?lgi/ers were
dried (Na2Soryaiterer aigaeyapoeneddddheeo180Bgnst Siomleactssmicanenis-3-hydds-(2-
xymethyt-Cyﬂﬁﬁm&i%@h%@ﬂ@x@&aﬁ&d)l§ﬁ=9y%§@3r@ﬁﬁ&ﬁi@.ﬂfﬁﬁﬁék (rERRe iRl SR 2: Raccmic
trans 3-hydroxymethyl-cyclohexyl-carbamic acid ten-butyl ester (0.9 g, 3.925 mmot) was dissolved in
DCM aﬁ@/m%i’ hiifiSxane (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-arnino-cyclohexyl-methanol 25 as white foam (>95% yield). WO

2010/063634RE FERZNHUOEDBTH -3 83)-3rsnahwvasiadded anththeresullintmixdaie pas stirred at
o P I SAE IR e Alionar a0l ia B velers felngmasheduin 120, The
aqueous lay PIas extiacied with EIOAC. The' edimbine organic la Swere wa%ed[\m brine, dried
(Na2S04), fitteweshlylsitah evethoxatedh Thé Herpaining. Stlicywas purifiedebyl Bid2ochiomatagraphy (40 g 5
Si02, h@png&/@@ﬁ&%&p 40%) to give 0.749 g of racemic
trans-2-(3-hydroxymethylcyclohexyl)-isoindole-1,3-dione as a white solid (73% yield). Step 4: Racemic
trans 2-(3-hydroxyrnethyl-cyclohexyl)-isoindole-1,3-dione (0.37 g, 1.427 mmol) was dissolved in DMF
(7 mL) and Eg8mBglea3BC. 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 re%ﬁ%@%ﬁd the reaction mixture was heated to 38C. After 3 hours, another 6 equivalents
of iodornethane were added and the reaction mixture was stirred at 38C overnight before being

cooled, quenshed ly eddition af;satspiedsaguepusYHACH anek extracted dimes et s E2120. The
organic,layers were combined, drie 504), filtered, and evapgrated..The remainin nge oil was
el ST T G D S K R Sl B AT S e 81 b o
racernic trargs @1(8-metioxymetiifluoyciobergly-Boindelss 18-didihé asnahitelury stlidesohdl(54%
yield). Step %{%@9%@_%@%@%@@.&3% .EW';&XI%%QH%X%H?:'é%@@%ﬁe%&%lﬁﬂ%g(ﬁﬁzﬁﬁeg’ 0.75

In EtOH (5 (0.07 mL, 2.25 mmol) was added. The resulting

mmol) was suspende mL) andydrazine

colorless mikksre e & et Sherobdond ?@ﬁ@%ﬁ@%éﬁqu@ﬁfﬂ@g&%ﬂm@%@@ﬁaitated was
filtered off apgavashesowitkuatotd oihe fltiatsovaseyaparted de.aive18yeaereliragemic

trans-3-methaoxymethyl-cyclohexylamine as a white solid (50% pure bé/ NMR),
25 (NaxSQOy), filtered, and eévaporated. The residue was purified by Si10, flash Chromatography

(DCM/ADCM:MeOH:NH,OH 60:10:1] 80% DCM) to give 0.04 g of 1-[1-(3,3,3-trifluoro-
propionyl)-piperidin-3-vl]-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2 3-bpyrazin-
2-ytl-urea (56% yield).

30 1-{1-(2-Cyano-acctyl}-piperidin-3-yl}-3-[5-(2-trimethylsilanyl-cthoxymethyl)-5H-

pyrrolo{2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 1 -piperidin-3-yl-3-



Example 14. Synthesis of racemic cis 2,5,5-trimethyl-cyclohexylamine hydrochloride: 25 WO
2010/063634PCT/EP2009/065878 - 84 - Step 1: 3,3-Dimethylcyclohexanone (4 g, 31.7 mmol) was
added dropwisgahnéfGsto a solution of LHMDS 1M in THF (35 mL, 35 mgedipd@hiassef THE. The
resulting mixture was stirred at -78C for 1 hour before adding iodornethane (2.2 mL, 35.33 mmol). The
reaction was stirred at -78C to RT overnight beforelL

[ g)éei_ng quenched by addition of saturated 5
aqueous NH4C1, and extracted three times with EtZ0. The combined organic layers were dried

(MgSO04), filfetédrimsissiporatdy xyRe b aosiniel 25 Brydthy ity ereheRyABB RS used in the
next step witheutpidrficationg Step 2: A mixture of crude racemic 2,5,5-trimethyl-cyclohexanone
(theoretically 31.7 mmo ) 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 H20. The reaction mixture was cooled to RT and
evaporated[—E-ﬁﬁgl?é%@ae was taken into 50 mL of DCM and sodium triacetoxyborohydride (8.1 g, 38.22
mmol) vr\?s dd%db{](()(l)g({)we al%. nacetic acid (2 mL, 34.94 mmol). The resulting mixture was stirred at RT
overnight bggg{)ebﬂng%@r%aeréw’lth DCM and washed with saturated aqueous NaHCO3. The aqueous
layer was back extracted twice with DCM. The 15 combined organic layers were dried (Na2S04),
filtered, andrepapiinated-3Tie 2asiohath e bpgrfisck (DS (DEMiMe@iR N HAOH60 2L 1§0% DCM) to
Toe 30 9 ShiARSIIGRE e, oS mRNEdRR ARG NI APL e presonce of about

5% of the trans Isomer. 0'A mixture of racemic cis benzyl-(2,5,5-trimethyl-cyclohexyl)-amine

(1.9 g, 8.21 fiisnEiydsib O (0. Dok bmeatbeas (@lded) Medo hshigoiorig s Sdrral: under an
hydrogen aigmosnhgie)Atakat R evemight pefrreheing:lilterer. Aie sakgvas tinsed theroughly

with MeQH and the filtrate was_evapqrated. The residue was purified by 5i02 chromatography

(DCIVIADCRIAMRERENRAES R0 B85 e DY ik SRR gARRh A 281 e product were
evaporated DX/ fesii e wesviakedn.intodnnl 0af2 §:dfmiduis(0fDadh gl edivkimdibxhne. The

mixture was_evapor to.give O.@l of racernic cis.2.5,5- nimethyl-cyclohexylarnine. hydrochloride
oot el B B R Sy SRS T e
hydrochlorideoviv©20(306368APCT/EP2009/065878 -85 - NH2 OH Step 1:

Trifluoro-methanesullonic acid 2,2,2-trifluoro-ethyl ester (0.42 g, 1.8 mmoR was 5 dissolved in a
mixture of 1.5 mL of EtOAc and 1.5 nil. of 1-120 containing 0.95 g of NaHCO1 (7.5 mmol). The

resultingssugp$05@r%§_%mmgq Death St SO EeN OHAcEMIG RIPRHAINSY-FREBGMIC acid tert-butyl

ester (0.30 g, mol) in 1'mL of EtOAC was added dropwise ovér a 30 minute period. The reaction

mixture wasPleRrsiRarcatbsmErer 8 me RolFtiersis BEricdosIgy reraHedrgani Piraddwas

separated angithg aguenHSigKeEAS BaLknldgKmetechwitB A Ihe-rambired organics were
washed with %r‘{ige, ﬁ ied (MgSO4), filtered and evaporated to give 0.38 g of racemic
BHhl

[1-(2,2,2-trif iperidin-3-y1]- carbamic acid tert-butyl ester as a colorless oil which was used
in the next step without purification. Step 2: H-(2,2,2-Trifluoro-ethyl)-piperidin-3-y11-carbam c acid
tert-butyl ester (0.380 g, 1.3

20 4-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-blpyrazin-2-y[j-urcido} -azepane-

1-carboxylic acid methyl ester was prepared in the same manner from 1-azepan-4-yl-3-[5-(2-

trimethylsifanyl-ethoxymethyl)-SH-pyrrolo[2 3-blpyrazin-2-yi}-urea dihydrochloride.

3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2,3-blpyrazin-2-ylj-ureido} -

25 piperidine-1-carboxylic acid ethyl ester was prepared in the same manner from 1-piperidin-3-
yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolo{2,3-bjpyrazin-2-yl]-urea
dihydrochlornde.

(S)-3-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bpyrazin-2-yl]-urcido} -

30 pymolidine-1-carboxylic acid methyl ester was prepared in the same manner from 1-(S)-



15 mmol) was dissolved in 3 inL 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-triflyRyapgshybspiperidin-3-ylamine hydrochloride. Example 15. 20ppyiitbasisqksacemic
1-acetyl-3-methyl-pipe din-4-one: WO 2010/063634PCT/EP2009/065878 - 86 - 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 citigEolistré ekt ﬁaﬁictéfé%@ﬁﬁ%%ﬁ@afé?&gowmeiaE%éd&%@éﬁéﬁi’lﬂﬁuﬁem at0C,
DIPEA (4 egv)yas:mddas 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 his before being quenched by addition of saturated aqueous NaHCO3. The aqueous layer was

back extracted three times with DCM, The.combjned qrganics wer hed wi 0, dried
eSO, BRI TR B aae PG e W R By B Tt Ry S B SH Bohy to give
racemicil-azefiylBenielagepiperldinrdeanec(84dmeier taersteppreRacemite same manner from

Lmethanestfond meR:piner i -p5 5 ALeRRIA e SAS B dfpm racemic

3-methyl-piperidin-4-one hydro e ar nesulfonyl chloride. 15 Racemic
3-methyl-4-oxoPipeddiisrieearBotyiieddd meticsder was prepared in the same manner from

racemic 3-methyl-piperidin-4-one hydrochloride and methyl chlorofonnate. Example 16. Synthesis of
2-methyl-cycloheptarione: 20 (-5 n-BuLi (2M solution) (35.861=01,17.93 mL) was slowly added at 0C

to a solutiongfRBA {541k 3086 M%zl@ﬂ (A8 MIHAiaLRlTac Iprag#uio gt OC the solution
was 25 cooled to -%SAE.S[é;tc%Ioheptaﬁr%ne 4.0 géi_il. 4.2}nrjnL, 35.66 m%ol,ﬁg%aglqv)t\?vgs added drop wise

and the PYestiriP R RS Sir e P SO HEACAH MR D et 40 ARG aRse dRy PotHES 1298 hth, 47.4
mmol, 1.33 egn Fhemsiodlippdath wasmemavedandihe wolsiian xascalimmad WD pyrrolof2,3-

201010636?6 PCT/ERP2009/06 1§7<§r6c%?0-i<tf3 reach ambient temperature and stirred at RT for 15 hours

before being denchsd '}%F}e%lqugous Saturated NR4CL. The mixture was extracted with DCM. The
organic layer was washed with 0.1 M aqueous HC1 and aqueous saturated NaHCO3,dried over

Na2S04, filtered, and evaporated. The residue was purified by short path distillation to give 2.8 g of
2-methyl- 5 Byetotie ptéhdhéS629 ity s tacammphe omayriihgdiswfcatamidpyrazin-2-yl}-

1-acetylsS '%’EH@@'—@&@B@%&Qaﬁiﬁlp—carboxylic acid methyl ester was prepared in the same manner
from racemic 1-(2-piperidin-2-yl-ethyl}-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-
pyrrolof2,3-b]pyrazin-2-yl]-urea dihydrochloride.

Racemic 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-bpyrazin-2-yl}-

20  ureidomethyl}-piperidine-1-carboxylic acid methyl ester was prepared in the same manner
from racemic I-piperidin-3-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-
blpyrazin-2-yi]-urea dihydrochloride.

4-{3-[5-(2-Trimethylsilanyi-ethoxymethyi)}-5SH-pyrrolo[2,3-blpyrazin-2-yl}-ureidomethyl} -

25  piperidine-1-carboxylic acid methyl ester was prepared in the same manner from [-piperidin-
4-ylmethyl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolof2 3-bfpyrazin-2-yl}-urea
dihydrochloride.

4-(2-{3-[5-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2 ,3-b]pyrazin-2-yl}-ureido} -

30 cthyh-piperidine- 1 carboxylic acid methyl ester was prepared in the same manner from 1-(2-



Step 1: A solution of compound racemic 5-oxo-azepane-1,4-dicarboxylic acid | -tert-butyl ester 4-ethyl
ester (2.5 g, 8.77 mrnole) in 10 mL of DMF was added at O C. to a stirred suspension ofNal-160%

dispersion ig:gaib(35& 584 8.77 mmole) in 10 mL of DMF. The reaction mixtgrepassilgwad 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 far,3 h before being poured into cold H20 and
extracted with EtOAc (50 mL). The organic layer was'washed with brine, dried, and evaporated to give

2.5 g of 4-mifieyitiB=tolrERehimhe 2 Himedduiinid-ader e B uif euiee alddplugasiesied

compound (99%ayielEdcRRAep 2: To a solution of compound
4-methyl-5-oxo0-azepane-1,4-dicarboxylic acid 1-tertbutyl ester 4-ethyl ester (2.5 g, 8.36 mmol) in

dioxane (20 inL) was added 2 M aqueous KOH (20 mL) at 25C. The resulting solution was stirred at

100 C for 24 hours hefore being cooled to RT and extracted twice with EfOAC. The combined organic
layers were %?F@Blﬁ\?’ié%lfﬁ)éﬁﬁ@?&&ygﬁlﬁné/%ﬂw@éiw'ﬂg 8igg-3-blpyrazin-2-ylJ-
4-methyi-5oxtl@zepalepkaatimeyiecadiok2bdenidnmbyhelster { 969 myietok d WBe same manner
2010/06363 IEP2009/065878 - 88 ~.Step.3: lution of 4-methyl:5-@x0-a e- 1-carboxylic
acid tert-butﬁ?ﬁ%!e%‘%%%ﬁ@? g%ﬁwff%{ﬁi%ﬁﬁl @Q%o?\l/% %%%%Wé%h% Wégﬁ‘% and stirred at
RT for 6 holrgBetoebpihgrevdpuiaestlevdive 0.74 g of 5-rnethyl-azepan-4-one hydrochloride. Step 4:

Acetic anhydride (0.437 mL, 4.62 rnmol) was added at OC to a solution of 5-methyl- 5 azepan-4-one
hydrochloride (0.740 g, 3.08 mniol) in DCM (20 mL) and pyridine (0.25 m1L, 3.08 mnaol). The reaction

mixture wasggfigad at BZF%Q@,ﬁ%{ﬁ%}@@j@@@@mgrg@m%m@ﬁq)pﬁmg@_%%gﬁgl-}}%(). The organic
layer was dried (Na2S04), filtered, and evaporated. The crude residue was purified by Si02

chromaltBgraBHy eV EROARIGE GIVET 2201 5t 4 Matety T8 MEtRYTRZh B e iR (B998Field). 10
Example 18freyinthesik of (s B6h3-amisngysicpentanedsibinaglic: acichmethy)-ester hydrochloride:

15 Acetyl chlorid o mL. 49.3 mmol) w. dded dropwise at OC to 100 mL of MeOH. The resulting
ture wad S At DRV A SRR

(1S,3S)-3-tertbutoxycarbonylamino-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,3Bm3mimihG-cycloperitanabalbbrylicthokymesibi- Bdtpyiyidtd chldpideawhichllvas used as is

in the foowiagsieRaFxamle i Suuihesiehsamngruclhexanseaou agld fimefylamide
hydrochloride: 25 WO 0/063634PCT/EP2009/065878 - 89- NH 2 all 0 Ste[_Jl 1: D1PEA (1.8 mL,
10.3 mmol) {Ri8 Haeis drRPYeAititarb Seydokmic i thylsitanyl-ethoxymethy[)-SH-

3-tertbutoxygaiamiylamipa-eye/ohexareaarboosdicoaaid (1.00 g, 4.109 mmol), dimethylaminc

Racemic 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -

20  azepane-l-carboxylic acid methy! ester was prepared in the same manner from racemic 1-
azepan-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl J-urea
dihydrochloride.

(R)-3-{3-[5-C-Trimethyisilanyl-ethoxymethyl}-5H-pyrrolo[2 3-blpyrazin-2-yi]-ureido } -

25  pymrolidine-1-carboxylic acid methyl ester was prepared in the same manner from 1-(R)-
pyrrolidin-3-yl-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-b]pyrazin-2 -yl ]-urea
dihdrochioride.

Example 39,

30 Step 3. sulfonviation:




5 hydrochloride (0.0.503 g, 6.17 mmol), and EDC1 (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 H20 and DCM. The
aqueous laygpwWashagkextracted twice with DCM. The combined organicjaygrs iasesghied
(Na2S04), filtered, and evaporated. The residue was purified by Si02 flash chromatography
(DCM/MeOH 0 to 5% MeOH) to give 0.438 g (39%) qf racemic trans 3- 10
dimethylcarbamoyl-cyclohexyl carbamic acid tert-bu%yl'ester. Step 2: Racemic trans
3-DimethylcBiltsaitiayt-aiSrahékyriaaibalvilenatiet e rvB Gty B stErroredal 33 P By Ramcty Wagstlissolved in
50 rriL. of M%@lﬁ&e&ﬁﬁﬁi@@bw% m%faﬂ%gé%@p&aah,ﬁ@@wm%w%@med dropwise and

when the addition was complete the reaction mixture was allowed to warm L%géto RT and stirred for 16

h. The sowé%ﬁﬁwggpr@ﬁﬁwé@laﬁ&%} Ty Soaghmebneahifides Yoo rnraedoayy f frans
3-amino-cyaciahexahesashaadisdacihainiet idantge diydsa chilestt e Whlchema@uaeﬂ gshispn the

following step. Exam 0{18 nthesisof . .. . :
rans 3.0 R e MRS LRI gmstozepty (12 2 510

2010/06363@9%&@200‘3{6@58@81} Obtaingd| O pehtandl (1. ongtha6aswifvml-pragpahie et frdnrd -1 5-
W0200806362 1), RNSTUANRRRNAR £ 5316 d Zrmethyltetrahydsafurn (b2Q ).
Dusopropyﬁgzodﬁ:g[%nmxylge (1.2 mtngE] 25 r%%n%l)év[ggggc%ged ove? 0 minutes via syringe followed
by 4,5- dlch@ﬁ{pﬁtﬁléiﬂimlde (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 (1609
Si02, EtOAc in hexane) to give cis

243-(tertybutyjdimethyisiamiory)eyeiopaniyli{s. 6 dighlerotisaintdel8ol3ndipye.saryellowish solid (2 0
gm, 52% vyi t a flag| onta|n| 7%, 5 mL) and methanal (155.nt) was added cis
o5 1o B U R T R SR B B Ty S e 1 ol
The mixtu re{Wésmlmeé@imlawh&uﬁmumpatﬁmmyhaHo{ﬁ Bhb]solidihdeytiissaivebivikbehianides) then
evaporated éﬁcﬁh cgaﬁ'oquﬂ [Qs4:(3-hydroxy-cyclopenty1)-2,3-dihydro-1Hisoindole-1,3-diol
(2.172g, 95% y|e .Step 3:Toa sk was added DCM (40 mL), DWEA (2.0 mL, 11.48 mmol), cis

5,6-dichloro- 15 2-(3-hydroxy-cyclopenty1)-2,3-dihydro-1H-isoindole-1,3-diol 1.071 g, 3.57 mmol) and
methanesulfonyl chloride (0.6 mL, 7.72 namol) and the mixture stirred overnight at RT. The mixture

was cohtentréted ibapaeuBngiopiecado- fvhl-3nd HuipobvisilynatesasmmsradotHinsolubles, separated
and extractqg}ﬁ%@oﬁﬂ%%%mef i U&@% P& mld i e @%mﬁgepmﬁﬂlp JAy&taerg dried
n

(MgS04) and concentrated in vacuo to give cis methanesulfonic 20_acid

3-(5,6-dichlére T BaREROEDY T ShamTes XQO?%BW—I;‘?.[LZ) VRS S SRR {E 5 g, impure
as >100% yieldl ptiSienuiolybclasideis methanesulfonic acid
3-(5,6-dichloro-1,3-dihydroxy-1,3-dihydroisoindol1-2-y1)-cyclopentyl ester (1.32g, 3.49 mmol) was
added to DIVIF (15mL) and sodium azide (0.24 g, 3.7 mmol) and stirred at RT overnight. The mixture

dilyted | ic |
were ciba (S A B S L N D AT e prified four
times by comﬁi@ménbézwgmﬁyy (bueetoAcHrPrEsdiehe s&emmﬁéwmem&@mbrb%ﬁtﬁane)
followed by py %@%’i@{z{&r&%@ﬁ&%@w gﬁ}%hﬁﬂ sappsiallizediirom.dighlarpmesthane in

hexane to give trans 2-(3-azido-cyclopentyl)-5 hloro-isoindole-1;3- 30 dionie (0.727 g, 64% vyield).
WO 2010/06365 puH68leEtB7s - 91 - Step 5: Trans
2-(3-azido-cyclopentyl)-5,6-dichloro-isoindole-1,3-dione (0.727 g, 2.24 rnmol) and lindlar catalyt ( 0.36
g) was added to a mixture of ethanol and dichloromethane and placed under a hydrogen balloon
overnigty. Thqmbﬁw&waﬁdﬂwy@@bamiﬁhﬁsﬂplictﬂiL(lsednwiﬂylﬂimwetmmeﬁy'ﬁkm{organic layers were
concentrated in ssolv methanol 5 and. diluted with aceto |tr|I The s % was removed by
filtration and’the Yhe\ﬁ@éé) reparaat Ve cpfffd(cfl %hfograénrlﬁeq CLg][rlftzar/m%%aﬁ’c}f‘irlelt]flmylélmme) The
solid and m&ie(riaﬂrﬁm‘thwm@ﬂmhsihe&wﬁﬁhﬁé}#mmmm@ﬂimbmhydmcmoﬁde

2-(3-amino- QXS'Q@%H&X&?%& -flighlpro-isoindole-1,3-dione as an off white solid (0.145 g, contains also
trans 2-(3-aminocyclopentyl)-5-chloro-isoindole-1,3-dione) 10 Example 21. Synthesis of
cyclopropyl-acetyl chloride:

30  1-(1-Cyclopropylmethanesulfonyl-piperidin-3-yi)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo[2.3-b]pyrazin-2-yl}-urea was prepared in the same manner from l-piperidin-3-yl-



15 Oxalyl chloride (1.14 mL, 1.0 mmot) was added to a solution of cyclopropy! acetic acid (1.0 g, 10.0
mmol) in 6.0 nth of DCM. A couple of drops of DMF were added and the reaction mixture was left

stirring overgight alddds hefore being evaporated to give 1.2 g of cycloprogy-peetyhshiaede. 20
Example 22. Synthesis of 2-methoxy-ethanesulfonyl chloride: 00 WO

2010/063634PCT/EP2009/065878 - 92 - Step | : 2-Chlorocthyl methyl ether (10 g, 0.106 mol) was
added at RI to a suspension of sodium sulfite (13.35"g, 0.106 mol) in 30 mL of H20. The resulting
biphasic mixtlifelvEgxtibpdsl at vettir forad nbots mareld bamip rasied 1o IRTeddadmersHasic

solution), angl evanesatpd-hbahitersesidugmas turned into a powder and was then washed with 100
mL 5 of an 8/2 mixture of Et20 and toluene, before being dried to give 22 g sodium

2-methoxyethanesullonate (129% yield, contaminated with excess sodium sulfite). Used as is in step
2. Step 2: Aﬁ@i ension of sodium 2-me hoxy-itggnesulfonate (E%g 30,84 mm?%l) in 16 mL of

phosphorou eRIARER AL S R SR Pt BhBUrL DR e BRI G LEEF Y R Hhd stirred at RT
overnight befarelbgirighdilutethviiti RCM ench filtered imihe fitrateanas fiartidllyipd-duaporated, diluted
with EtOAc ured into crushed ice. After.stirrin i the.ice.h elted, the, organic layer was
separated. dr e S Sl e R RS
chloride (>98% gielelyr®xismpiayveshiesdynthesis of (1-trifluoromethyl-cyclopropyl)-methanesulfonyl
chloride: F F Step 1: 50 mL of borane dimethylsulfide 2M in THE were added dropwise at RT via an
20 addition funnel to a solution of 1-trifluomethyl-cyclopropanecarboxylic acid (10 g, 64.90 namol) in

100 mL of THfre he\iesliing clparspliiansan ifsied s 40t (.20 Lawss beiage, Being cooled to 0C

and quenched by slow addition of agueous saturated NFLCI. The biphasic slurry was filtered through
cclite. e AN fay RV Qepathtaer WAbNIR L BIDE YaTer 1R b Jorekitneititwidtwith MOLL
The combingt(organiehlayisyivete tredR®)-(Ip3 ot [ fikey parandeyvapecaisdiorgivpidg of (|
-trifIuorome%é%%%%ro‘%%g]%l&ol (77% vyield). Used as in the next step. WO

2010/063634] 00Y "“93 - mmol) and DMAP (0.61 g, 4.996 mmol) in 100 mL of DCM.
The resulting mixture was stirred at OC to RT overnight before being washed with aqueous 1M Ha The
aqueous layer was back extracted twice with DCM. The combined organic layers were dried

(Na2S04), flitiRael - ravaposatidy Tpepresidud- Whs-Puidfittisybshiasfthsthekrmethrberliphy (120 g
Si0z, 51'3“%%%4%‘;928%%%%%92%1&99&% Yo exanesk VeV /MRS &ahPingRgadisuliesic acid 1-

trifluoromethyl-cyclopropylmethyl ester (49% yield). Step 3: A mixture of toluene-4-sulfonic acid
L-trifluorom G EERBrBTHOR TR SERY) BPPas iy HREF oL FH S 51y g o) in 5 mL
of EtOH wassslinigdataG0ten 3ugitrs before being cooled to RT and evaporated to give 2.5 g of
2-(1-trifluoromethyl- 10 cyclopropylmethyl)-isothiourea p-toluenesulfon ¢ acid salt (>95% yield). Step 4:
Chlorine was bubbled for 5 minutes at OC through a suspension of 241-

trifluoromet%@c clopropylmethyp-isothioyrea p-toluenesulfgnic acid salt (theoreticall %\7 6 mmol) in
10 mL of b A S8 LGP oL Y g IR 1 P A e o Al evtracted
twice with DE&NMpyFdotdMbinedaneaniG layersweepaakiba the same manner from 1-piperidin-3-yl-
3-{5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2 ,3-b]pyrazin-2-yl}-urea dihydrochloride
and 2-methyl-propane-1-sulfonyl chloride., |

I-[(R}-1-(2-Methyl-propane-1-sulfonyl)-piperidin-3-yi]-3-]5-(2-trimethylsilanyi-

25  ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylj-urea was prepared in the same manner from
l-piperidin-3-y-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yll-urea
dihydrochloride and 2-methyl-propane-1-sulfonyl chloride.

1-(1-Tri ﬁuorome%hanesulfonyl-piperidin-S—y}.)—3 -[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
30 pyrrolo[2.3-bipyrazin-2-yl]-urea was prepared in the same manner from [ -piperidin-3-yl-3-



15 (Na2504), filtered, and evaporated to give 0.67 g of (1-trifluoromethyl-cyclopropyl)- methanesulfonyl
chloride (44% yield). Example 24. Synthesis of (3-methyl-oxetan-3-y1)-methanesulfonyl chloride: 20
Cl? 00 Stap,Lphymbdsire of 3-chloromethyl1-3-methyl-oxetane (5 g, 41.4¢-mpehsihiqeyea (3.16 g,
41.51 mmol), and potassium iodide in 30 mL of EtOH was stirred at 90C for 3 hours before 25 being
cooled to RT and evaporated. The residue was us s is in the next step. Step 2: Chlorine was
bubbled for 5 minutes at OC through a solution of thé crude product from step 1 (theoretically 41.47
mmol) in 30l#n2-Fimeby FhEvestharg ek brslwy Fkals € Wiy wEPied yrrerdvdrestiastd twice with
DCM. The combinashergaie iayBrswer&idd/O 2010/063634PCT/EP2009/065878 - 94 - washed with
10% sodium thiosulfate (Na2S203), dried (Na2S04), filtered, and evaporated to give 0.75 g of
(3-methyl-oxetan-3-y1)-methanesulfonyl chloride which was 50% pure by NMR. It was used as is in

the next step. Example 25. S Synthesis of 3-cyclohexyl-l-methyl-1-(5H-pyrrolo[2,3-b
yrazin-2-y|)-%l[é“a(ﬁaé)éfgg’f%@é%ﬁ%‘g%ﬂ '}?’éelgf&, 1&}59@&5?%%%%1&’6 '%ﬁﬁé&%@l&ssolved in
DMF (33 inlsHapgrotd 8- tipwradin- Q6] Natd (60%;cp 4801 X mmmathevdsoadde dstoimhi-After the
addition wa St e inyee for, | 5 A lermen -
(2-ChIorom%ﬁ%@%ﬁ?ﬁ%ﬁhﬁéﬂ%ﬁﬁ?%%%m%?%T%&% %SI) &%adzeﬁl]aﬁlﬁﬁéh gg%%?é%rl%eixture was
allowed to waitdg- everhighe- Ihaeadioh diesigtienched with H20. The aqueous layer was 15
extracted with EtOAc. The organic layer was dried (MgSO4), filtered, concentrated, and purified by
Si02 chromatography (150 g 5102, hexanes/EtOAc 0-35% EtOAc) to give 2.81 g of
2-bromo-5-(21iripaethylsilanyiath hydxatspyiolaiz:3diRyazinamas Analiaysiquid (86% yield).
Step 2: 2-Bro[rgo(-ng(z-trimeth@l%ﬁ?ﬁﬁhoxﬁnﬂt%&gwpﬁ Io[2,'7y3-,prrazine@(3§¥328 g, 20 1.00
mmol) Whs BIZEIRIEd HPIASE 128 ¢ PRRBRHGR %??ﬁé‘fﬁ‘f/&?ﬁ?nlép(‘@%mi%?’rﬁ IEdt1(% 5 mL, 20 mmol)

was added andsthelyaujtingsofutianvas heatsd[aBLSPG-inithe geated dilheovieiightihen cooled to
RT. The re%(l:]%glge_ry_iggt re vy%ﬁlgg(rigtioned between EtOAc and H20. The aqueous layer was extracted
with EtOAc. The edombine organic layers were washed with brine, dried (MgSO4), filtered and
concentrated to give a mixture of impure 25
Methyl-[5-(2-trimethylsilanyhethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylpamine, which was dissolved
in 1,2-dichlordethandaBamtspl Oyrlahestylisotydndie {8:38wmilky BIG@ yhatetx vawahyl)-5H-

2010/0636 =95 - ] ' | XtUh ted to reflux
overnig@h§t, éﬁgég % _gg, cozg]zggr?%fe%%ﬁ%g %g%%gﬁﬁ?%yr{?é%?%mgm@ﬂ éﬁsgl\?g ?ﬂ%?(é?éjes/EtOAc-
0-35% Et0 Atg)n}gﬂ@ﬂfél@gillﬁ‘r@@fmethy}_)-SH-pyrroio[?, J-blpyrazin-2-yl}-urea dihydrochloride and
3-cyclohexyhmitmetiyiodylen(@-abnethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-1)]pyrazin-2-ylkurea as a
yellow solid (27% yield). 5 Step 3: 3-Cyclohexy1-1
-methyl-145-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo [2,3- b]pyrazin-2-y1Furea (0.110 g, 0.273

namol) was dissolved in DC mL). TEA. (1.0, ml).was.added and.the resulting solution was stirred
AR for 6 HonN I R A RS PR e O LABRY OO AT A RUNR AC 3120

(0.371 ) 2.@M@L}iW@?Mﬁe&yﬂh@fﬂ"@mﬁ_@rBMbduammssﬁmd%t Rﬁim@mi@mﬁfﬁﬁfﬁént_rated_ and
purified by %%&%1%%5%%‘%&8%%%%%9[%9%&%,%%9&9@%}M&Q‘d?hf?dl%‘fﬁ&i%}é yyashing with a

mixture of MeOH: 8:1:1) to give
3-cyclohexylCRfBthy s famd obigffthyIsilanylethoxymethyl)-5H-pyrrolop, 3-1Thyrazin-2-ylkurea as a
yellow solid (64% yield).

1-[(S)-1-(2-Methyl-propane- 1 -sulfonyh)-piperidin-3-yl}-3-[5-(2-trimethylsilanyi-
25  ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-yl}-urea prepared the same way from (S)-1-

piperidin-3-yl-3-{5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-bpyrazin-2-yl]-urea
dihydrochloride and 2-methyl-propane-1 -sulfonyl chloride.

1-[(8)-1-(3-Methyl-oxetan-3-yimethanesulfonyl}-piperidin-3-y11-3-[5-2 -trimethylsilanyl-
30 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-urea prepared the same way from (S)-1-



Example 26. 15 Synthesis of 1-cyclohexyl-3-(6-methyl-5H-pyn-olo[2,3-b]pyrazin-2-y1)-urea: Step 1:
3,5-Dibromo-pyrazin-2-ylamine (1.70 g, 6.70 mrnol), TEA (1.1 mL, 8 04 mmol), 20 PdC12(PPE3)4 (28
mg, 0.040 nynol)s @&yl (15 mg, 0.080 mmol) were dissolved in THE (1gd9lpkae90lReste RT and
Trimethyl-prop-2-ynyl-silane (1.0 mL, 6.7 mmol) was added at OC, allowed to warm up to RT and
stirred overnight. The reaction mixture was diluted i;h_ EtOAc, washed with H20 and saturated
aqueous NaHCO3, dried (MgS0O4) and concentrated, and purified by Si02 chromatography (80 g Si02,
hexanes/Et@w@@/&fﬁd&%x@a}e@sﬂs@eﬂxh@gmﬁ%éﬁm@@édﬁm@w- %eu:e@ of
5-bromo-3-(Syimelinyisiamd-grop-dryiny-Rysadinmylaming.asianetayw semi-solid contaminated by
starting material (87% vyield, 66% purity). Step 2: To a solution of
5-bromo-3-(3-trimethylsilanyl-prop-1-yny1l)-pyrazin-2-ylamine (1.66 g, 66% purity, 5.84 mmol) in 25 mL

of THE was a ution of tBuOK in THE (1M, 5.11.7 1.7 mmol) slgwly at RT, The reaction
ixure was HUSVEI s S Rer 5 i L e BT Ry N CHa P B CHa Wit 120,
filtered throdghrapaid[dRdeliteaamelvyiisined prifirid® hanthEtGAe fohe(®rdamictaleBwhs $8parated,
washed wit - | ' : 100 ] .

P om0 6l o LD S D hoal e s Brant SEle CAe el g &orde nd
2-Bromo-6-%@tﬁ@m5}ﬁleﬁgm?%[é%®ib‘}b 4%%ne (0.300 g, 1.41 mmol) was dissolved in DMF (5 mL) and
cooled down to OC. NaH (60%, 68 mg, 1.70 mmol) was added slowly. After the addition was complete
stirring was continued for 30 minutes at OC. (2- Chloromethoxy-ethyp-trimethyl-silane (0.30 mL, 1.70
mmol) was adgedianditheuipastian mjigwasRiowed o warmkRayeght Ihe reaction was
quenched with H20. The 15 aqueous Jayer was extracted with EtQAc. The organjc layer was dried
(M504, itBREa e ERHaaY BRI i OV B Sl CHPSAB gL 0 B0 SR 0AC
0-35% EtOA&)to(§ive Baeridig-8fyl-3-]5-(2-trimethylsilanyi-ethoxymethy!}-5H-pyrrolo[2,3-b|pyrazin-
2-bromo-6-methy1-5-(2-trimethylsilanyl-etho thyD-5Hpyrrolo[2,3- razipe as.a yellow liquid
(70% yield)rﬁt tljf){lrfa _1@%11;%%_ -n%gﬁﬁlgl(-%% th)é%%t %sﬂ%@¥%§%§y§%ﬁ§§%@n 3#@%@ 3-bJpyrazine
20 (0.340g. 0.993 minol), benzhydrylideneamine (0,18 nth, 1.09 inmol), Cs2CO3 (648 mg, 1.99 mmol),
Pd(OAc)2 (22 mg, 0.099 rnmol) and BINAP (62 mg, 0.099 mmol) were dissolved in THE (10 mL) and
heated at 1005 ior-B%thenesbfediorRTo phrttiohett BeBrebnchdataaridbanendhel bighnic layer was
dried (Mg5 j PULifi 0. : Sy anes/EtOAc
0-35%'\{1:%0Ac Yﬁgig?%?ﬁg mgﬁégagg %%%ﬂ%%%%ﬁ%%%ﬂ%@ﬁ?%ﬁ%%?gfz -[egtlr%xymethyl)-S
H -pyrrolo [27896{pyralznii-sthoioantiiel sstaRihitiqurdPe3898 visidywstepgdrochlori
Benzhydrylidesea{esimeihy thdef2idrimethylsilanyl-ethoxymethyl)-5H-pyrroto[2,3- b]pyrazin-2-ylkamine
(0.158 g, 0.357 mmol), NaOAc (70 mg, 0.857 mmol) and NH20OH HC1 (45 mg, 0.643 mmol) were
dissolved in McOH (4 mL) and stirred at RT overnight, and 30 partitioned between EtOAc and brine.

The organic_ layer was dried (MgsO4), filtere 0/063634PCT/EP2009/065878 - 97 -
concentrateéﬁgﬁal puri Pé’la%@“%ﬂ%“ﬂ?f W&%%Pé%yﬁ@é%é@l 2! y xlga;lln:dé1 }gt%g?éYB{CSBX}f I'::%Ac) to give
58 mg 80 6-methis] 253-(RinpirerthiAzilamnyk othoRydibthsans Mapyiaiof3 ) 3-pipylalin3vifaniing as a yellow
solid (58% Xﬁ@_th?ﬂ%r@l—ethoxymethyl)—SH-p 010{2,3—%)?1) zin-2-yl}-urea dihydrochloride and
6-Methy1-5-(2-tr|methyIS|IanyI-eth,oxymethyg-%H-pyrro 0[2,3-b]pyrazin-2-ylamine 5 (58 mg, 0.208
mmol) was 8is8aRset SRR kBB ethane (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
S102 chromatography (12 g Si02, hexanes/EtOAc 0- 50% EtOAc) to give 80 mg of

1-cyclohexyi{34piethiyirG-(2dpimethisitanyletiexymethyl)-Slisnyrelals gdiTaynazin-2-ylkurea as a

yellow sqlid (95% vyield Step /. . ) , 3 ,

ey cicme T A B AR BeRRE, IB 5% TSRS 2-ylkurea (56
mg, 0.139 npyvob}idias’ dis3 €€ inmesdolistionybtHGHyimeAgOR iy 208:{A 3y bémdahmated |atr8OC in the
sealed tube gy &ms}%nﬂa%{&%%%%W%&;&M%&?&ﬁ%%%?o dryness, dissolved in 1.5 mL of
MeOH:H20:Et3N 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 Si02 chromatography (8 g Si02,

DCM/MeOH 0-5% MeOH) to
1-[1-(Propane-1-sulfonyl)-azepan-3-y1}-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-

e and

30 pyrrolof2,3-b]pyrazin-2-yl]-urea prepared the same way from [-azepan-3-yl-3-{5-(2-



give 12 mg of 1-cyclohexy1-3-(6-methy1-5114-pyrrolo[2,3-b]pyrazin-2-y1)-urea as a white solid (32%
yield). Example 27. 20 Synthesis of 1-cyclohexy1-3-(7-methyl-5H-pyrrolo[2,3-b]pyrazin-2-ye-urea:
Step 1: To gyePiviipesh3.5-dibromo-pyrazin-2-ylamine (5.06 g, 20.00 mmayigkafo st 25 THF was
added a solution of LIHMDS in THE (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. T} reaction mixture WO _
2010/063634PCT/EP2009/065878 - 98 - was stirred at Rl overnight and guenched with saturated
NH4C1 solUHi8i & ismdtbawins Bidat L P drban it Ryer vaWasted Wity idhaBrine, dried
(MgSO04) conegatsatediond pridfigd by Si02 chromatography (200 g Si02, hexanes/EtOAc 0-35%
EtOAC) to give 3.51 g of ally1-(3,5-dibromo-pyrazin-2-yl)-amine as a yellow oil (60% yield). 5 Step 2:
The mixture of ally1-(3,5-dibromo-pyrazin-2-y1)-amine (3.51 g, 12.0 mmol), TEA (4 mL, 28.8 mmol),

sodium for , 3.00 mmol), . BadNH4Br (58 80 mmal),.and Pd(OAc 69 mg, 1.20
0l in 24 L R SR RS BTG T LG e ek e A e was
partitionéd Bétweenl&0Ad apdbrideyl Fhewemapicdayersaas dapdr{Md S@prredntenlifeted, and purified
by Si02 chromatg ( i02 519 he i q;}% 0-70% BtC i : )
2-bromo-7-r(g1ethy%-[§%§r%§l|% ,3&%%2%??%%%@ ). ége/g Eﬁom_ﬁ@ﬁ%ﬁg&é@ &6
2-Bromo-7-ﬁ1§‘ﬂ?ﬁ9t¥5%§3ﬁn30ﬁ}iﬁ[§98§% gighe (0.279 g, 1.321) was dissolved in DMF (5 mL) and cooled
down to OC. NaH (60%, 63 mg, 1.58 mmol) was added slowly. After the addition was complete stirring
was continued for 30 minutes at 0C. (2-Chloromethoxy- 15 ethyl)-trimethyl-silane (0.28 mL, 1.58

mmol)hwzs Q%@%%S?@@ﬁﬂ%tf@ﬂ@%ﬁﬁ%ﬁ%ﬂ@%ﬁﬂ@?%@ﬂd&%ﬂ@g%L{I@-ﬁ%-@{ﬁﬁi%fy@lﬂﬁyﬁac'ﬂon w;s
guenched with H20. T ueous layer was extracted with EtOAc. The organic layer rie
(MoSOM, HFR TS BT & o R By Sl TRt A 54 b N SR 0AC
0-35% EtOASMexigirpiBatding gf-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
2-bromo-7methy1-5-(2-trimethylsi l-ethoxym _ -pyrrolo[2,3-b]pyrazine as a 20 yellow liquid
(77% yield).y t%%%é%%%%—%ﬁ]%%t%éﬁ %%)g)tirr?rﬁgé%g{gﬁaﬁ%ﬁéthoxyme y1)-5H-pyrrolo[2,3-b]pyrazine
(0.3469g. 1.01 rnmol), benzhydrylideneamine (0.19 tit, 1.11 minol), Cs2CO3 (658 mg, 2.02 mmol),
Pd(OAc)2 (23 mg, 0.101 mmol) and BINAP (63 mg, 0.101 mmol) were dissolved in THE (10 mL) and
heated at 1066 fo? B3 HY cdadté d 20'Rbypartitareth wéRpebr Pmiéahilb5-Bride. The organic layer

was drigg ( Js ikEredn Sonaenyaisd. Are Rl 202 FhraratogiaRlYHALS SIS,
hexanes/EtOAc O- 58‘1% tOAC) to gi\_/é@LISB mg o%nfﬁﬁilidenﬂ?-me?ﬁﬁ&(z-tgmethyls lanyl-eth

oxymethyl)- 5P dykeStef2:3 R RaRRrSn AR s G ERRARS R revts BEovssiaid) -~ Wo
2010/063634R < IIEBR20PHEABEB(8-ul9 d{RAG M 6idd AnhpsiytimareraisselvedifonylebiddemL) and
stirred at RT overnight, and partitioned between EtOAc and brine. The organic layer was dried (M304),
filtered, concentrated, and purified by Si02 chromatography (12 g Si02, hexancs/EtOAc 0-90% EtOAc)

to give 41 f. 7-methyl-5-(2-trimethylsi -ethoxymethyl-5H-pyrrol 92,35 blpyrazins2-ylamine
2 yelon S T R T e e S R e o s
-b]pyrazih-2byfaranie141] rig 2 @endred the jamssrdis Somedarenan-=-tivhol détHamee {1y b iyl

Cyclohexyli M@g% .39 | Emmﬂ D WAS 3219&@ . | ' ted to reflux
for 64 hr, co%oled_to .R%Qc%%%%aﬁ%, purlfie%\j{ﬁ;?y i02 gﬁ?ﬁrﬁ%?o%%g{g%%@&@ gﬁ %%%%SIBOAC 0-
10 50% Et0ARTdgive 38 mg of
1-cyclohexy1-347-methy1-5-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylpurea as a
white solid (64% yield). Step 7:
1-Cyclohexyili847-mathiyinhatR-trimethy/gilanykethaxymeiayl-aipyyiio? B dhyrazint2-ylkurea (38

mg, 0.094 mmol) was dissqlved in a solution of HClLin ACOH (1M, 1.9 mL), and he 50C in the
ORI st it i RS R Sl e e
MeOH:H20: &3t ilkahd tbthylembgiaxiiinpy(63 i, DS ymmol} wHswaeddty Thehlendtiondmixture was

stirred overnjgh! E&ﬂﬁﬁé‘l{%&ﬂ%@%ﬂ%ﬁ@ by Si02 chromatography (8 g Si02, DCM/MeOH 0-5%

Me011) to give 7 mg of 1- cyclohiexy1-3-(7-methyl-5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea as a white solid

(27% vyield). Example 28. 20 Synthesis of

L-(7-ChIoro-5H-pg/rroIo[2_,3-b]pyrazin-2-y1)-3-c>l/clqhe>_< /I-urea: .
1-{1-(3,3,3-Trifluoro-propane-1 -sulfonyl}-piperidin-3-yl}-3-[5-(2-trimethylsilanyl-

30 ethoxymethyl)-SH-pyrrolo{2 3-blpyrazin-2-yl|-urea prepared the same way from 1-piperidin-



WO 2010/063634PCT/EP2009/065878 - 100 - was stirred at RT overnight, then partitioned between
EtOAc and brine. The organic layer was dried (MgSO4) concentrated to give 2.98 g of impure
2-bromo-7-¢hlpserdbi-Rysrolo[2,3- blpyrazine as a yellow oil which was usgd-fanihengxtstep without
any purification. Step 2: impure 2-Bromo-7-chloro-5H-pyrrolo[2,3-14yrazine was dissolved in DMF (30
mL). 5 NaH (60%, 436mg, 10.9 mmol) was added ?e% ly. After the addition was complete stirring was
continued for 30 minutes at RT. (2-Chloromethoxy-gthyl)-trimethyl-silane (1.9 mL, 10.9 mmol) was

added and t-?rélrééét[éﬁfffmﬁ‘thn’@W&EEWQ@WéﬁHﬂW@%bhbWﬁé’aﬁﬂdﬁ%as quenched with

H20. The aqg%@clﬁgﬁﬁé/\@ﬁ g)gt@gtg@&%@ﬁ@ﬁ@@ﬁg&ggamc layer was dried (MgSO4), filtered,
concentrated, and purified by Si02 chromatography (24 g Si02, 10 hexanes/EtOAc 0-35% EtOAc) to
give 2.62 g of 2-bromo-7-chloro-5-(2-trimethylsilanyl- ethoxymethyl)-5H-pyrrolo[2,3-1Thyrazine as a
yellow liquid (79% yield for 2 steps). Ste

L romo 7 A A AR e S TGS AR EYSL o. 3.61 mmol),
benzhycﬁyllréemmﬂ@i@sﬁﬂmﬂtoﬁ[%mm@h)mﬁ;s%ﬂq%é%ﬁ‘@@cﬁ 18@%%&@4}%&@@)2 {81 mg, 0.361

mmol) and BINA 1} were %ISSOlV and d at 100C
overnight, cgc?lce zgg p rt 6%%“ "%Hé’? Pl'm IEE m%‘%%%? Fhe's amé&} fg}nwa rleé (MgS04),
filtered, condéméiatvédomhﬁapdlﬂﬁédfbytgﬂ}zromomhm@ﬁaphy (150 g Si02, hexanes/E10Ac 0-25%
EtOAC) to give 992 mg of

benzhydrylidene-[7-chloro-5-(2-trimethylsilanyl- ethoxymethyl) -5H-pyrrolo[2,3-14yrazin-2- y1E-amine

as a yellow fiquic(52%0; vieldh i SiaRA; v methylazepan-d-yh-3.[5-(C-trimethylsilanyl-
Benzhydrylidene-[7- chloro 5-(2-trimet gsnanyl ethoxymethyl)-5H-pyn-olo[2;3- 1Thyrazin-2-ylkamine

(992 mé? 2. fﬁl?ﬁmjhwh@%’mﬂ% ARG AN RIAEOREL BY @88 WYy, RS tHen Here
dissolved iniMeQkd 21 dnaarchstines. @t Rhaveight- andxpaisiionetnsimasr Etonerand-H20. The

(;rlggnihcelfgné évi{gs drlgg1 ég@%ﬂ% %%%ﬁmf On%%?%atﬁ?g)gﬁ eF_)urified by Si02 chromatography (150 g

7-chloro-5-(2-trimethylsilanyl-ethoxymethy0-5H-pyrrolo[2,3- b]pyrazin-2-ylamine as a white solid (32%
yield). Step 5: 7-C h toro-5-(2 -trimethy ilan yl-etho xyme thy 1)-5 H-p yrro | o [2 ,3 ]pyrazin-2-ylamine
(100 mg, 0. :%Ecmm<b+1I\Amsthﬁssmﬁéd}ihphp@tidibhl@ybmﬁ@hbXﬁA(Iﬂh)lﬁmmﬁemgmsocyanate (0.43inL,

3.35 mimol) wias addadias %ﬁt'?%@y%%% if-‘éﬂfﬁgé‘b?gp%%rc?ﬁ WXONE 3%%%9&%81%%0 RI, and

concentrated. The resi ue Was |sperse in 3 mL"of toluene, WO 2010/063634PCT/EP2009/065878 -
101 - cycloHER{AISBCy a0 %éir@—%m@hﬂﬁﬁ@gxhﬁ@%@@dhaﬁoﬁwﬁw i8r ittre was heated to

reflux overnight, angicRaled 4oL mthfRietpitateswrte filtered, washed with toluene and dried under
high vacuum to give 44 mg of 1-cyclohexy1-347-ehloro-5-(2-

trimethylsilanyl ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea as a white solid (31% 5yield). Step 6:
1- Cyclohe 1-347-chlaro-5-(2-n-imethylsilanyl-ethgx )-5H- yrrolo pyrazin-2-ylkurea (44
0. 0,104 (A s ATLBCA A O S T A LB LAt oy BHEENGated at B0G i the
sealoed Iﬂzbg aﬁvmng@nhyﬂ}kﬁéimmb@]ﬁnﬁ]pmm@eﬁ%mﬁm@drw tryness; (\jxduﬁmlmddmﬂicrmL of
MeOH:H t3N 1 in S reagtion mixture
was stirred é pépggé'gl ?nr%e Fgﬂ? Iﬁl&grtlﬁg g E)‘% rom g?rig ?g Ezg l(g');p DEMMeOH 0 to
10% MeOH)%@‘%@MWF@WR?ﬁéW@@WﬂM@hMMn oIo[2 3- b]pyrazm -2-y1)-urea as a white

solid (16% yield). Example 29. 15 Synthesis of 1-(7-
isopropyl-5H-pyrrolo[2,3-b]pyrazin-2-y1)-3-cyclohexyl-urea: Step 1:

5-(2-Trimethylsilamyt- ?EWM%@W@%&%@%@M 45@32311;@ -Mamingn(ls32.i.-20 4.99 mmol) was

dissolved in toluene&sy mL). Cyclohex gllsocyanate (6.4 mL, 49.9 mmol) was added and the reaction

mixture’tvasTHORBEr B SRl a8 A CdolEd R iva REReERtsamaep et o2

chromatographyi{ib0- gi‘ﬁ@EylEBQM(Mﬁﬁh'b@)tB15&@%%%&%@-%ﬁygrﬁbm3w§ymzm 2-yl]-
1- cyclohexyl 34(?}&2(1;[30 ethy IS|I%n]}4I %%%)q%% l)éQlSHdoyrrolo[Z 3-b]pyrazin-2-ylkurea as a yellow solid
(31% i Id)

I-(1-Meth anesuifonyl-p‘iperidin—4«yhnethyi)~3n[5 ~-(2-trimethylsilanyl-ethoxymethyl)-5H-
30 pyrrolof2.3-blpyrazin-2-yll-urea prepared the same way from |-piperidin-4-ylmethyl-3-[5-(2-



WO 2010/063634PCT/EP2009/065878 - 102 - Step 2: The mixture of 1 -Cyclohexyl-3-[5 -(2-trimethylsi
lanyl-ethoxymethyl)-5 H-pyrro lo [2,3- blpyrazin-2-yl]-urea (2.67 g) and NIS (742 mg, 3.30 mmol) in 12
mL of acetoge,wias,siiged at RT for 4 hr, filtered, and washed with small ggpeuihaiagatene. The solid
was dried under high vacuum to give 701 mg of
1-cyc|ohexy1-347-iodo-5-(2-trimethylsiIanyl-ethoxyrl‘%%thyl)- 5 5H-pyrrolo[2,3-b]pyrazin-2-ylkurea as an
off- white solid (45% yield for 2 steps). Step 3: . ] )
1-Cyclohexy et s - eherprasbiaHymatRy AeRyTIB My rofs i BuvlTpehieife2%kurea (300
mg, 0.582 mmalnesisRRkereRYlA.4,5,5-tetramethyl[1,3,2]dioxaborolane (0.33 mL, 1.75 namol),
Cs2C0O3 (948 mg, 2.91 namol), and Pd(dpp0C12 DCM complex (47 mg, 0.058 mmol) were dissolved
in THF (2.3 mL) and H20 (0.7 mL). The 10 mixture was irradiated at 100C using microwave for 1 hr,

cooled to RT, partitioned between EtOAc. and prine. The organic layer was dried (MgSQ4), filtered,

concentrategi',[%f{él'%ﬁ 58%&5{1298?%%5 ot arw]éjfsg[égﬁ’in it ﬁ%"f@’%@gﬂi‘%} to give 131

B]g of inﬂourpymx»mb}wa?ﬁmsdmmammh&etﬂwmmm tExowl-B(Bepipenaihyty SltpydisR2, 3-
pyrazin-2-ylkures n.off-whi id:(52%. Vi > 4. Themi .

e SRR SIS SR R AR IR oo

5H-pyrrolo[2Btha)pyrdeinl 2hjikisea (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-
347-isoproppheent- ety sHamk-eth HB sty 3ol eI, 3 Idwiadirlrea, 20 which was
dissolved in a solution of I-ICI in AcOH (1M, 1.6 mLi. The reaction mixture was heated at 50C in the

sealed tlbe TP ESHARHIEIYG Ar) e BB BERRSIE PR EBRMAZOTRESN 8:1:1 and
ethylenediamife](@id-} -mineh A3 Ainarivastiaddedy Theotsaction RsiMtprernal Stiperosiarpight,
concentrated and purified by Si02 chromatography (8 g $i02, DCM/MeOH 0 to 10% MeOH) to give 9
mg of | -cycPé)1 "&%i‘)[‘l:{lé’;ﬁlf?g%%p@ ‘lgﬁ’%@?‘r’%ﬁ%&% 12%%15%?r‘azin-2-y1)-urea as a pale yellow solid (18%
yield). Example 30. - protected azacyclic substituent 1(12 = deprotected azacyclic substituent =
alkylated, acylated, alkoxyacylated, or sulfonylated azacy clic substi tient 14.2 non-azacyclic
susbtituent Stsgriic Vériatidrere{SissdmimelpiperidinethrbrbdRylicthnichehibowt ester (0.1 g, 0.378
mmoD) i8S iSRRI AGH I Dy i N RAE ARG ZA Moy bty mol) was added

and the resulting’light yéllow Solution was cooled by a NaCUice bath. After about 20 minutes
phosgene ze%r%lfig&@eﬁ@lﬁ@?@hﬁﬂ&(é—.‘memw7%@%@&%&?%5@@&%%@?@@21“4-
(1R,2S)-2-methyteycobexylamisedaydsachiotiderQ. 688aic0.454 mmol) was added. The resulting
mixture was stirred in the NaCl/ice bath for an hour. 1 nth of MeOH was added and WO
2010/063634PCT/EP2009/065878 - 104 - the mixture was allowed to warm up to RT before being
evaporated. The remaining oil was partitioned hetwee 1-120. The eous | was
extracted oS BT e G e Wt BTl T Ber NS e g
evaporafed.Stheyesiclis wispaiifieg hpSi02grredthtographwy 24 SiParGICIBOMIMEDH:NH40H
60:10:1) 10040-5,832 0. f r -cve lohexy0:345-(2-trimethylsilanyl-
eth oxymeth%(-esz?-ltﬁ%/{%%gya ﬁ%ﬁg&%%kﬁ%g%géaéﬁtﬂ?%%ﬁ% I%T(%%Sgad%%%%ﬁ%%
1-((1S,2R)- 20 sthseytine fPIRBdS - (2-trimethy silanyl-ethoxymethyl)-5H-pyrrolo[2,3-
1Thyrazin-2-ylpurea was prepared in the same manner from 5-(2-trimethylsilanyl- 10
ethoxymethyl)-5H-pyn-olo[2,3-b]pyrazin-2-ylamine and (1S.2R)-2-methyl-cyclohcxylamine
hydrochlorides R@¢emi¢-(propane-2-sulfonyl)-pyrrolidin-2-ylmethyl]-3-[5-(2-trimethyisilanyl-

s Dl e el s onmetliE e e 2 hore

trimethylsilapyt-etiidxgmethitG15HEpYyRrotof2 Bybsjpymazith@eyhaetting- 5H e B3 dihathipesciakiexylamine

hydrochloridaa(_ ﬁr%g%mfdgo&ﬁb@é% g{lgﬁrggg&%ﬁﬂ%n% r}}\%l;}gé_iIanyl-ethoxymethyl)-SH-pyrrolo[2,3-
-ylkurea w e

b]pyrazin-2 S prepared In ame manner from 5-(2-trimethylsitanyl- 20
ethoxymethyl)-5H-pyn-olo[2,3-b]pyrazin-2-ylamine and racemic spiro[2.5]oct-5-ylamine hydrochloride.

Racemic 1-[1-«(propane-1-sulfonyl}-pyrrolidin-2-ylmethyl}-3-[5-(2-trimethylsilanyl-
30 cthoxymethyl)}-3H-pyrrolof2,3-bipyrazin-2-yl]-urea prepared the same way from I -



Racemic 1-(3-methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-51-1-pyrrolo[2,3-
b]pyrazin-2-ylkurea was prepared in the same manner from 5-(2-trimethylsilanyl- 25
ethoxymethylsShpygseie[2,3-blpyrazin-2-ylamine and racemic 3-methyl-cyglopgxyiatpiae, Racemic cis
| -(6-methyl-spiro[2.5]oct-5-y1)-345-(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylkurea
was prepared in the same manner from 542- 13 -
trimethylsiIanyl-et'hqurnethyl)-SH-pyrro!o[2,3-b][)yr52|n-2-ylamine and racemic cis 6- 30
methyl-spird[ZIBjeensi ykpsife Bydroeiorriby s irps-cRagensid s S H-pyrrolof2 3-blpyrazin-2-
1-(2,5,5-trimg%gng@ﬁw%ﬁd@@@y@g@@]y@ﬂmhmwmethyl)-5Hpyrrolo[2,3-b]pyrazin-2-y1Fure
a was prepared in the same manner from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-14yrazin-2-ylamine and raccmic cis 2,5,5- S
trimethyl-cyclohexylamine hydrochloride. 1-[1-(2,2,2-trifluoro-ethyl)-p iperid in-3 -y11-345-(2-tri methyls
amy-etnon IS SHp 2 PER A S L e B he> o A om 542-
trimethylsilasytb ethexyhieshid)ybidigpriabdb a3z blRyrélzine2 ylamiaexaadrr seesmice kdeh 252146

trifluoro-ethyl)-piperidin=3-ylami hloride, . .
(312.5%) 3 T e e v ehonymed Syl >
ylkureidol-pigéiittadibditsdkgideseid bewtlaeranas-praparkeiprithe same manner from
5-(2-trimethylsilanyl-ethoxymethyl)-5H-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-DImei@_@eﬁﬁelpwaiy&l)e?h:iée-;%ﬁrm%gmamyt?tpe WISy St R AQI2 3r- blpyrazin-2-ylkurca
was prepared in the same manner from 5-(2-trimethylsitanyl-

ethoxyrHEth§ PRI BIo BB ROk a2 iR DY IAAIRi A ATEr 2 B SBrTRe R et opBhRdhiine 20 (prepared
according topdrrdeiih Chemh 2081544 Bhed)yisiithig instaneedhp-reagtianwas vpatzifiBE. Endo
1-bicyclo[2.2.1]hept-2-y1-3-15-(2-trimethylsilanyt-e thyl)-5H-pyrrolo[2,3- b]pyrazin-2-ylkurca
was preparé}é}i]ﬁrﬁ‘%ed éjzgr(%rgc}#%%e?rf%ﬁ? %ﬁ%@%@%&n&%ﬁ 25
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and endo bicycLe[2.2.1]hept-2-ylamine
hydrochloride. In this instance, the reaction was run at -78C. Ex o
1-bicyclo[2.2A{ReptRrypagedbs@ionphepyyisidmybothdximi@tnt)e8ids Hpyratbi: ubdpsiredin-2-ylkurea

was prepared. g 1Resr [ {(R)-
eth oxyrqneeth?/%-%&}gﬁrrp:oi 23b]apef/lr]:a%]d25)‘))%Ié a%iér?eg;g%}:lﬁ (Iﬁ%xéfé%%ﬁ?%%r i‘r'lqﬁ}e1 t(R -f/)lbérr%oilrgcgnhg/d rochloride.
In this instane - ifré-r&asasy wkarbsirorsey Wi 210638 3umearieB 20007665878 - 106 - 1 -(1-M

ethyl-cyclohdgydizh(brid2 sttrmethybpdanytsetbaxy saathyd)-5H-pyrro lo [2,3-b Ipyrazin2-y1]-urea was
prepared in the same manner from
5-(2-trimethylsilanyl-ethoxyincthy1)-5Hpyrrolo[2,3-b]pyrazin-2-ylamine and 1-methyl-cyclohexylamine

Tanyt oy T S ST S BTG S bt 30 SN e ATENE A ert-buty
ester w2 pmpmb&iﬁ—ﬂpﬁmmamem m&pﬂymmbmboﬁymeﬂ@»@ﬁq@gmﬁbps -h]p
yraz'n'2'y|agi'-'g9@@-4@éﬁiﬁ@iﬁﬁg%&&%ﬁ%ﬂﬁ%ﬁ%ﬁp&ﬁﬂ,CS %ﬁﬁmgwsggr. In this instance, the

reaction was run at -78C. Race trans
143-(1,3-diokbyindikydeosscind artbapaytperd sbinyidf-3-15-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-urea was prepared in the same manner
from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-14yrazin-2-ylamine 15 and racemic trans

2-(3-amino-gyglopentirivaOraichiasarisringdolenbidiiona 1 Hhis ingiansgsihey[eaction was run at
-78C. Racemic 3-1345-(2-trimethylsilanyl-ethoxymethy1)-5H-pyrro1q[2,3-b]pyrazin-2-ylkureido}-
25 ethoxymethyl)-SH-pyrrolo[2,3-bJpyrazin=2-yl]-urea was pfepared 1 the Saine mannet from
1-«(R)-pyrrolidin-3-y1-3-{5-(2-trimethylsitanyl-ethoxymethyl)-5H-pyrrolo[2,3-b lpyrazin-2-

yl}-urea dihydrochloride salt and trifluoromethanesulfonyl chloride.

[-[(R)-1~(3,3,3-trifluoro-propane-1 -sulfonyl)-pyrrolidin-3-y1}-3-[5-(2-trimethylsilanyl-
30 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from



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 raccmic 3-amino-
azepane-l-caiboxyigsa&ig tert-butyl ester. In this instance, the reaction wag Hp 4 85sgFxample 31.
Variation B: 25 THF was used a solvent and the reaction was run at -78C. (R)-3- {345
-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo [2,3- razin-2-ylkureido} - piperidine-1 -carboxylic
acid tert-butyl ester was prepared this way from 5-(2-trimethylsilanyt-ethoxymethyl)-5H-pyrrolo[2,3-blp
yrazin-2-ylamife-arisolRjrs3arhibi-Gotpmehivivibad atbexyme Beldt tHPbunipESeb I yr@in-2-

2010/ 06363§'1ﬁ’9r¥é%@%@§§3 8art 404 3. 4S)d fluoro- -propane-1-sulfonyl chloride.
(345-(2-Trimethylsilanyt-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureido} - piperidine-1-carboxylic
acid tert-butyl ester was prepared this way from 542-

trlmethylsnan -ethox ﬁ}/meth -5H-pyrrotc 8[2 ,3-b i)grazm -2-ylaminc and (S)-3-amino- 5
piperidine- 1 ﬁ)og( éhé]&?a (f‘f%l&m%lf -3-yi}-3-[5-(2- -trimethyisilanyl-cthoxymethyl)-5H-

{3-[5-(2-7 rum@tmamwam@wm@wwfpm Br blpysaei marydedreislolRpipaiiglideracarboxylic

acid tert- but was ared th|

trimethylsila ?i%e%xymeg %ﬁ?lkﬁy ytrrg (Yé éﬁ @p%/%rg%”ﬁ%%‘ﬁ@ dnézéwi"no piperidine- 10
1-carboxylicldtidreshididyselstnd Bthampiboas! stderdion C: 15 No external base was used and the
reaction was run at -78C. Racemic cis
1-(2-ethyl-cyclohexyl)-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3- b]pyrazin-2-ylkurea was

prepared thig, m@wr@%ﬁa@ iimedhylsianyrahoxymet i SHRYEOIAIZ 1 LW assgryiamine and

2-ethyl-c clohe lamine. 20 Racemiic Cis

1-(2-isd ;5%/ IGhERINY 8 2B - e IRy RIRD IS th G Rt 1516y froto 2 Bbipyididind:yIkurea was
prepared th@way (mmn&@;mmgthmgﬁymgﬂ)@mpﬁmy@z@%ﬂpyfmmyajb]mrazin -2-ylamine and

2- |sopropyl cl la 25 Raceml gce I 3-methyl-p iperi din -4 -y1)-345-(2-trimethyls
i lanyt- ethoxyPfl % }/ & Eg/arF‘o o[ﬁr%p%?ﬁ a%??rff% E(Y!;ﬁ uréawas prepared this way from

5-(2- tr|methylsr[anylethoxymethyl) -5H-pyn-olo [2 ,3 ]Jpyrazi n-2-ylamin and 1-(4-ami no -3-methyl-piperi
din-1- yl)-ethanone. WO 2010/063634PCT/EP2009/065878 - 108 - Racemic cis

1-(1- methaﬁe&ﬁlfdny&l\ﬂemgﬂwbmﬁp%ﬂieﬁiﬂfdnyﬂ)ﬂ%l@ﬂm&mdﬁm@}@m'mhw%ﬁmtﬂyl)-SH-pyrrolo[2,3-b]p
yrazin- %5)/ 'k%?&%?&tﬂﬁ%%{ 1{% \2@)13 %ﬂz%%-yk} urea was prepared in the sar emanmﬂ“ ﬁo?

trimethylsilanyl- ethoxymethy) 5H rrolo lﬂyrazm -2-ylamine and 1-methanesulfony
3-mothyl-pigeffdnt rgihiey s %ﬁﬁ@ Bilpeyhylwxympsid-fri et Adriyipaen-2-

xymethyl)-Sklipyeodm jdrscHidpueazin 2ndl kureigol-pipgridineshesbonlisacid methyl ester was
prepared this way from 542- trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and

4-amino-3-methylpiperidine- 1 carboxylic ac id methyl ester. 10 Racemic cis

1-(2- methyl clohept 1% methylsilan tho ymethyl)-5Hp rroI ‘%2 ,3- b] azm -2-ylpureawas
prepared th Eré Btﬁﬂ‘ﬂ%lﬂﬁ%m h%(/)X ﬁjtgfl?eﬂ%%%[ Yi&mine and

2- meth%cyptaftép@mnmaﬂzﬁ-ﬂmﬁmmwm me@hrabmryib&mhmnaz&pmMS «z{m’éﬁemmcthyls ilan

él (gt'?r?n)?élt% rslﬁ S;Qe%ﬁoxyr#% %1 R%%—?p r?%o%l”%g r%ﬁ E%)?l?g |h-% gﬁ%ﬁne zfrjdrui ?(4- amino -5
-methyl-azefi@tidtoghlreinapbmethanesulionyl chioride.

Example 40.

25 Step 3. alkylation:

DIPEA (0.13 mL, 0.732 mmol) was added at 0 °C to a suspension of 1-piperidin-2-ylmethyl-
3-[5~2-trimethylsilanyl-ethoxymethyl}-SH-pyrrolo[2 3-blpyrazin-2-yl]-urea dihydrochloride
(0.080 g, 0.198 mmol) in 10 mL of DCM. The resulting mixture was stirred at RT for 15
mirnutes before adding 2,2,2-trifluoroethyl triflate (0.056 mL, 0.396 mmol) wﬁas added. The

30 reaction mixture was stirred at RT overnight before being evaporated. The residue was



20 Racemic cis
4-methy1-5-{345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin2-yl]-ureidol-azepanc-1-car
boxylic acidgeythuiylgsier was prepared this way from 5-(2- trimethyls ilagpyl-ehexypagthyl)-5H-p yrro
to [2,3 -1) jp yraz in-2-y tam ne and 4-am ino-5-me th ylazepane-1-carboxylic acid tert-butyl ester.
Pyridin-2-ylmethy1-345-(2-trimethylsilanyl-ethoxyrpl%%yl)-5H-pyrro|o[2,3-b]pyrazin-2-ylk 25 urea was
prepared this way from 5-(2-trimethylsilanyl-ethoxy thyl)-5H-£pyrroIc_)[2,3- b]pyrazin-2-ylamine and
pyridin_z_y|_ﬁq@@ﬂ§ﬂé}ﬁ§f@2 flash chromatography to give 0.053 mg of racemic 1-{1-(2.2 2-trifluoro-
Pyridin-3-yl@ﬁywﬂ?%@@zt@mﬁmylybfytﬁ%hﬁfémgtw%%wm&@?@}hw@@[z,%-.ylk urea was
prepared this way from 5-(2-trimethylsilanyt-ethoxymethyl)-5H-pyrrolo[23- 30 b]pyrazin-2-ylamine and
pyridin-3-yl-HBYR AR iﬁ@.‘%@)@iﬁé}ﬁ 34PCT/EP2009/065878 - 100 -
1-(2-Pyridin-2-yl-ethyl)-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2- ylkurea was
prepared this way from 5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3- b]pyrazin-2-ylamine and
Z-E)yridirﬁ(-jZ-Y{&Hlleﬂﬁnill[mQZ,‘S,Z—triﬂuoro-eth?zl)-piﬁeridin—S-yin;eﬂl]yl]-?)-{5-(2-’|srim€th},t;lsi}aﬁyi—
1-(2-Pyridin-3-yl-ethvl)-345;(2-tri ilanvhethoxymethyl)-5H-pyrrolo[2,3- razin-2- vlkurea was
prepared th e e B R D B e
2-pyridin-3-yRéthelarhing-(DFacdmiglanyl-cthoxymethyl)-5SH-pyrrolo[2,3-blpyrazin-2 -yl]-urca
2-1345-(2-trm§ggggi§ml-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-
ureidomethyll-piperidine-1-carboxylic acid tert-butyl ester was prepared this way from 542-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylaminc and
2-aminomethylpiperidine-1-carboxylic acid tert-butyl ester. 15 Racemic . .
2-(2-{348- (R BIhyIsHayiZeto et 3 bisirhzmila-rifmethylsilanyl-
ureidol-ethybrpipaficing)lsaarbexid e acithtedtibuyl psteawas prepacedihis/ wayditomd-(2- trimethyls i |
an yl -ethoxymeth.yl)-5 H-pyrrq 1q [2,3-blpyrazin-2-ylamine and, 2-(2-amino: - p ipexi di
o1 carbory B e B i Haba s et P FYRISEE S R
(345-(2-trimettny/iHzddebibradeymethyl)-5H-pyrrolo[2,3-13]pyrazin-2-yl]- ureidomethyll
-piperidine-L-carboxylic acid tcrt-butyl ester was prepared this way from 5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and
s aminegetyleipRriding lAimulie A6l RN 2SRl A RAPERIG i ARy (2 timeth yis
ilanyl-ethoxymethyl)-5 H-pyrro lo [\%ﬁ-l pyrazin-2 -yl]'- ureido }-ethyl)-piperidine-I-carboxylic acid
tert-butyl es?@?%&@%’f’éﬁa‘? PIRTe ny yrez#p-2-yi]-urea prepared the same way from 1-piperidin-
trimethylsilanyhetiopymsthyhralebpysaiedrrblpwiagin2iylerming and|3stezamingretyl)-
piperidine-l-car?ox & _%cid tcrt-butyl ester. WO 2010/063634PCT/EP2009/065878 - 110 - trimethyts il
anyl -ethong% ﬁ?ﬁﬁ?}? o lo [2 ,3 -blpyrazi n-2-ytamine and 4-aminomethyl- piped dine-1-carboxylic
acid tert-butyl ester.
3-(2-1345-(2-Trimethylsilanyl-ethoxymethyl)-514-pyrrolo[2,3-b]pyrazin-2-y1Fureidol- 5
ethyl)-plperilmesiicariokidie, acidritubtoutyi @ stemrwbdipipiredi tHisS w2 ftomeS#2silanyl-
trimethylsilanyl- e - f{e -hlpyrazin:2- ine, -(2-aminQ-ethyl)-

&Xh%%]g%{é@ %?%y%@%,ﬁ%jﬁézﬁl@ gﬁzﬁ%g M&;ﬂ%tﬁ@gaée %%J‘P#B& ¢ &y

piperidine-1-car cid ten-butyl estef. Racer
3-1345-(2-trivvahigisianiicatiod A dihiinsHpsitred ot pysyrdzim- 2 aypglof2,3-bIpyrazin-2-
urcidornethylipyerolidingstregsexylic acid tert-butyl ester was prepared this way from 5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and
3-aminomethylpyrrolidine-1-carboxylie acid tert-butyl ester. Racemic
2-1345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylk 15

ureidor thﬁ%olidine-l-carboxylic acid tert-butyl ester was prepared this way from 5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-1Apyrazin-2-ylamine and
2-aminometRylpwprlgine-1-earboxylic acid tert-butyl ester. Racemic 2-(2-
{345-(2-trimethylsilanyi-ethoxymethyl)-51-1-p yrrolo[2,3-b]pyrazin-2-ylk 20
ureido}-ethyNapiwrratidine-1-carboxylic acid tert-butyl ester was prepared this way from 542-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-ylamine and

2-(2-amino-et idinc-1-ea lic, acj -hutyl ester. Example 34. igtion D: A 1:1
mixture of DEN L e e e o A R B S A e f o

1-((3R,BR)- Eiixveuyic Sryhethypitsesidin-Bmiaas- HisrethPisi an(l08 thomah athy diselpedralo[ 2, 3-blpyr

azin-2-ylkurea was prepared in the same manner from 542-



trimethylsilanyl-ethoxymethy0-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and 1-((3R,5R)-3- 30
Amino-5-methyl-piperidin-1-yl)-ethanone WO 2010/063634PCT/EP2009/065878
4-1345-(2-Tgigmstiigiagy!-cthoxymethy1)-5H-pyrrolo[2,3-1Thyrazin-2-ylpyeeidlsge mess s
piperidine-1-carboxylic acid tert-butyl ester was prepared in the same manner from 542-
trimethylsiIanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyri§in-2-ylamine and 4-amino-piperidinc-
51-carboxylic acid tert-butyl ester. Racemic trans a eﬁié acid-3- { 3 -[5-(2-tri methyls ilanyl -ethoxymeth
y1)-5H -pyrrdvBHCI ) soesigiacil A R arbidsil sjershtsfrhethifebehavastpr sparsi Withe same manner
from 542- trimethylsilanvethexymeiiviRid-mueelols 3ablpwrarin-cvanine ARds agemigpthans acetic

10 acid 3-amino-cyclohexylmethyl ester. o
(S)- 31345 3O S e Fee s ecnine 879y Plzif 52 RmelBsiaiidhne--carboxy

ic acid tert-bitylester wasipreparetaRthesame el feamvad @vaporated and the residue was

trimethylsilanyl-ethox thyl)-5H-pyrrolo[2,3:blpyrazin-2- ine -3-amino-
piperidingz-l-%%r%geg%gﬁ’éggg?cﬁ{é)%%a&% aé)g%%g @@5@%@%@%%@% -)et l%f}r%l'gghﬁﬁ)?g H-pyrro lo
[2,3-b]pyrazlr@ e gyrethjitinrmpate-t e toplie Epiditart pptlyd d Stépwad giepaiprrinithe- same
manner frorg;]ﬁ_ﬁ(%a g&%ﬂﬁ@%@%ﬁmﬁyo émﬁl)-SH-pyrrolo[Z,3-b|pyrazin-2-ylamine and (S)-3-amino-
20pyrrolidine-l-carboxylic acid tert-butyl ester.
3-1345-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyn-olo[2,3-b]pyrazin-2-ylkureidol -azepanel-carboxylic
acid tert-butyressrds lwedpapat =ﬁTltHé’1'§éWT£‘Eﬁérﬁr{ér(ﬁéa -gifuoro-frpstiylstaRyMethoxyme
R i i o drieai i A o
,5S)-3-M ethyl-5- {3 - -trimethyls lanyl-ethoxymethyl)-5H-pyrrolo [2,3 -b]pyrazin-2-
ylkurei gl-pﬁ%%ﬁ%fik@éc%%‘i&%@g’aﬁaﬁgﬂﬁy@é‘t@'\‘%’g’ﬁﬁ@p%?émﬁ?he same manner from 5-(2 -trime
thyls lanyl-ethoxymethyl)-5 H-pyn-olo [2,3 -b]pyrazin-2-ylamine and (3 S,5 S )-3 - 30
amino-5-methylpipesitinend-carbexitia agis eedny3egies NyHrpahlosids-biYQazin-2-yl)-urea
2010/063634PCT/EP2009/065878 - 112 - o
(3R,5R)-3-Weaf%§ﬁ‘f8?t§%0§3 R Y L RVt Pk e oy W S
ylkureidol-pipeAdinmethzhiboxiAithagionbdnkyf Heperwat! gréprredinihél segne manner from
5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylamine and (3R,5R)-3- 5
amino-5-methyl-piperidine-1-carboxylic acid benzyl ester hydrochloride. 4-

t345-(25rim%hﬂ%ﬂgmx%@ﬁaﬂwmfﬁzwhmar@s[giﬁybéﬁ%a@nzafyﬂwggﬂaﬁ%@ms%aﬁ?erboxy'ic acid

tert-butyl ester was prepared in the same manner from 5-(2-
trimethylsilaRgiethBiathsesi AR Bblpyratinekyiimelsfpaasiind-atepane-1- 10
carboxylic agig-teit2tpiyhesien-Rapamig. trans-143 -meth oxymethyl-cyc lohexyl)-345 -(2-trimethylsil
anyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylkurea was prepared in the same manner from 542-

B
[2,3-1) Ipyraie nagwy bjanrerdooncy€ topahtaredinpoxzlipacithyhethyl{estanwiadgewyared in the same

mannek from,p-(2- trimethylsi -etho -5H-pyrrolo [2,3 -b]pyrazin-2-ylamine and (1 S,3S)-3
bEHOMeRs: %{H}%%@gf&oﬁ'}fgmﬁmﬁgﬁﬁ@x

-amino- 20 cyclopentanecarboxylic aci ydrochloride. Racemic trans 3-
{345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-14yrazin-2-y1]- ureidol -cyclohexanecarboxylic
acid dimethytairitid-RasoprEpatdnindivelsdine sitkidneefiom! -carboxylic acid methyl ester was
5>-(2-trimethylsfianyl:e e xyme yiiaFaviqiold 3-RIRis Ek 4 amine apd aceic ians. 2o

3-amino-cyclo exanecarbox%lic acid dimethylamide hydrochloride.
carboxylic acid methy! ester.

3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]}-piperidine-1-carboxylic acid ethy! ester was
25 prepared in the same manner from 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-ureido} -piperidine- 1 -carboxylic acid ethyl ester,



Step 2 Boc-deprotection: (R)-3-
t345-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureidolpiperidine-1-carboxylic
acid tert-butylesian@38 9. 0.49 mmolL) was dissolved in 2.5 nt 30 of Mg@kanesaaied to 0 C.
Acetyl chloride (0.69 mL, 9.7 mmol) was added dropwise and WO 2010/063634PCT/EP2009/065878
- 113 - when the addition was complete the reactlop Ggnxture was allowed to warm up to RT and stirred
for 2 h. The solvent was removed under vacuum and the residue was treated with toluene and

concentratetPto dAyesS YR §[Br%t‘?é@éfwzi’s%M@W%Wén@@@%ﬁﬁ@@lﬁ@@ﬁlﬁ%ﬂ under
high Vacumm&%%y&édéﬁm'p&ﬁ@mﬁn}ék%@ VISHARYE- D.[5-(2-trimethylsilanyl-
ethoxymethy{}] gplcil%[ @fﬂg y1]-ur a |h drochloride which was used as is in the
following sté Y@%( et é it Rl t‘ﬂ 19| eIﬁétnyl -ethoxymerhyl)-5H-pyrrolo
[2,3-b]pyrazin-2-ylk urea dihydrochlorlde was prepared in the same manner from

(S)-3- itl)345I 62@!);1@&136@1%1%61@%%43@16%}1%%@?3{2Iﬁyﬂhiymﬁﬁn-ﬁﬁdkweiﬂ%m@eﬂﬂﬂme
-1-carbo, ylig acl tert

Plperldlng( 3- yiugig ﬁn ﬁm‘é‘fﬁyé Sa?n@a%%%)?}“ me ]ﬁi"f) SSY-P pytio o[?%]%?gyl/sr]é‘%ﬁlf ﬁ(ﬁme}gﬂ%jyﬂydrochlonde
was preparédiimtirel smié mamnier Frpined345-(2-trimethylsilanyl- etho xymethyl)-5 H-pyrro lo [2 ,3-b
Ipyrazin-2-ylkurcido -piperidine-1 -carboxylic acid ten-butyl ester. 15

Piperidin 4y irddS(pamaiUlanME ORI A FRlOIR B Ipadisnesylkine sinycrochloride

was prepared in the 'same manner from 4-{345-(2- tnmet |SI

ethoxymethYiBREByrHibes- waw&mrzdyaiha rém%pyrﬁeréﬁﬁei -KarhoxyficisdiditeniZoutyl ester.

1-(S)- nyfoMHﬂhf‘}ﬂﬂoﬁQ@(QsﬁlEﬂﬁﬁm\lﬁﬂéﬁ?ﬂn%quﬂbmlﬁﬁhwm@:'@ﬁ?e?h@lw&@ﬂy%ﬂlk 20 urea
dihydrochloride w ed |n same manner from

(S)-3-{3%5- (EY{FH-}?Z%@ HoXyHEThy1)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureido}-pyrrolidine-l-carboxyli
c acid tertbutyl ester.

Azepan-3-y1- ﬁés—i(z}tﬁnmthylsllanwpabbmymﬁj&/])p&kdrmwmlp{gﬁfbﬂpymﬂim@ -yipireazttikydrochloride
was prepareﬁzi) g}lﬁzﬂeelg%%r%gpg;g tti]from E:;,m{a?>45 tr| Iﬁ(tig/ Ln% o %hSIC h@) anectﬂhylkﬂilﬁlawrrolo [2

,3- b]pyrazm azcp an- ylic acid tc

Azepan-4-ypB¥sdp- ﬁrmhbﬁh@ﬂsﬁl’aﬁyn@mébdﬂméth%)Wfbﬁi&ﬁrmwﬁa&mﬁm&almamchIoride
was prepared in the same manner from 4- (3-[5-(2-trimethylsilanyl- WO
2010/063634PCT/EP2009/065878 114 - ethoxymethyl) -5H-pyrrolo [2 ,3-b]pyrazin-2-yl J-ureido

-plperIQ@e L] '[cia(rpWh‘?l \1gp: p%)f ' SI—I 0lof2,3 b p azin-2-yl}-urca
1-(4-methyl-azepan- 4 3-[5-(2-trimeth S|Ianyl ethoxymethy 5H|Fyrro 2,3-b]pyrazin-2-y11-urea
dihydrochlofié Ry aPé&WHeagaﬁﬁér?ﬁahrﬁmramm@m Il e e e

anyl-ethoxynaethyhnirayiteala2:Bokjpyrazin-2HyiiytHeido 3-b pzepane-knatkaxylic acid tert-butyl ester.

In this instance the reaction mixture was stirred at Rl for 16 hours mstead of 2 hours. Racemic

Lppetan B S S Gl shonet Stpragl & b lyes

(2- trlmethylsﬂamlbeeﬂeowgametrﬁydynﬂl-[bﬁmgb@m 3- b}tfynak)mzﬁgﬂkﬁw@dnﬁ@{ﬂyﬂfmmﬁeﬁuﬁmg&—carboxylic

acid terzput

1- plperl(?b é(tlh gg‘{% yIs Fgr?/ %gkg/methyl) 5H-pyrrolo[2,3- b]pyrazin-2-ylkurea
dlhydrochlorlde was prepared in the same manner from 3- {34542-
trimethylsilahy{ethdxyrstlrspaneph sekofy 3onamphidin i puréldomelplyib-bipendine-¥1)45
carboxylic a&f@a%@s%‘r‘&éh&ﬁ‘ﬁ{ﬂl@ thisdinsianse:the regstiommixinie wasstlyadighiifor 16 hours

instead of 2 hours. Racem

1-piperidin-ZXNAiRyd -Bis-[5- s theirlsyrsthos et Shnye e 3 v Yiturea

dihydrochloride was prepared in the same manner from racemic 2- {3-[5- 20

(2- tnmethy|auggyue(ﬂh@iﬁm@eﬁmmfpyprmwrﬁsbjgmzmﬁyﬁ%w[@mnpﬁﬁm} -pipetiginelgarboxylic

id t t
1 eSS 305 AR ORI 522 yhrea
dihyd rochloﬁ@eaﬂa@m&ﬁw@dxwﬂﬂmwfﬁﬁ meamheR ffenpyacemicySH2 8-



25 [5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo [2,3 -b]pyrazin-2-ylkureidol -ethyl)- piperidine-I
-carboxylic acid tert-butyl ester. WO 2010/063634PCT/EP2009/065878 - 115 -
Piperidin-4-glmeiwds sk2-(2 -trirnethyls ilan yl-ethoxymethyl)-5H-pyrro 1o [2:3-plRykaskedaylk urea

dihydrochloride was prepared in the same manner from 4-
(345-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2, -g)]_pyrazin-2-ylkureidomethylI-piperidinc-l-carboxyli

c acid tert-butyl ester. In this instance the reaction mixture was stirred at RT for 4 hours instead of 2 5
hours. 1-((S)-1-Methanesulfonyl-pyrrolidin-3-yl)-3-(5H-pyrrolo[2.3-blpyrazin-2 -yl)-urea was

1-(2-Piperidipfaykeivil: 3da: (-trimetavsilany- ethexyrdctnb i senalalz.dbinyiazin2-y11-urea
dihydrochloride a? grepacr@d in th%; me manrfer froT 4-(2- {34542- trimethyls lanyl-etho
xymethyl)-SFF}Bﬁ\%m ARSIy b A RS ot -BIRTEE ipdlbitEt1- 10 carboxylic acid tert-butyl
ester. Racemic f-pyrrolidin-3-ylmethyl-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-y/jtsyaa(divyarorhiopse wasimepaeginiihe sapte(SHpRLo i3 epemin 3 {345-

(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-ylkureidomethyll -
S5y oRnk LSO S I CBUDH AR LA | et PP ity

1-pyrrolidin-@ipdrvetki vt Bag 22 ttimnetitylsilamylkastiosopaibity HESpypyredlol h Byvbipyrazil-2rsdkurea

dihydrochloride was prepared in the same manner from raccmic 2- {345- (2-trimeth yls lanyl-etho

rymethy)-Spyi B L2, IRYIAARTZ k5. dometsuls 20 Ry lngsb o AGi terbuy

ester. In this instance the reaction mixture was s hours’instead’of 2 hours. Racemic |
-(2-pyrrolidiBreryiest Ry Hessmg gt bt ddipsapiisthyNSMpy ORI bibyAd2 ik 2-yIkurea

dihydrochlokiglaas s pigpared inb e sarme-MaRnen o aeemic?iide{3-
25[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureidol -ethyl)-

pyrrotidine-l-carboxylic acid tert-butyl ester. In this instance the reaction mixture was stirred at RT for 6
hours iﬁgteald(gﬁ)Zl F%Gp%z}ncsulfonybpipcmdm—3-yl)—3—(5H-pyn‘oIo[2,3~b]pyraz;n~2—yl)—urea was

1-(R)-Pyrrolidipadey in3ab vty ity Sitam y Meshaxymeihy ) Sih-pyriedaiRu33blpysdzie2- 30 ylkurea
dihydrochloride salt was prepared i me r.from.(R)-3-{3-[5-(2- WO
2010/06363%’&@%%%%?%%%%%%%%“0%@3S’]py‘"m@’%}'“réa'

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureido} pyrrolidine-1- carboxylic acid
ten-butyl ester. Racemic
1-azepan-3413345-Q2-riteeldyldivaradiethoyeredeypbipyao e fbejpysaitineth Bl pieneas

dihydrochloride wasprepatsd 1R Same mans8iABlo2 3-blpyrazin-2-yl)-ureido]-piperidine- _
3-{345-(2-trimethylsilanylethoxymethyD-5H-pyrrolo[2,3-14yrazin-2-y11-ureidol-azepane-1-carboxylic

acid tert-buty1@EReFY 8519 MSBY sfiotection: 10 A mixture of
(3R,5R)-3-methy1-5-(345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3- 1Thyrazin-2-ylkureidol
(0.150) 20l of E100 was s o AL RT frcles hvdoqon g 1 2 hoto elore being ftored.
.15 g) in 20 mL of EtOH was stirred at nger 0 atm) fqr rs before being filtered.
The dark brBIRATARE AL B ABBPRIAPES e Do o ot pipeadn 3 1 3L
#3R,5R)-5-rmetieytispipenidadBe w88 sh3Hrpgatiy[Sifkh i ethox)midtndd- 15
5H-pyrroto[2,3-b]pyrazin-2-ylkurea (>95%). 1 -((3 S,5 S)-5-Methyl-piperidin-3 -yl)-3

45 (2 e S O R R SIS B PR same

trimethylsilam/ihe thoxs/mrreery oM -bii otdiesbfoyrazivgrdinadeitioh-|Shtetimebylsipodarboxylic acid
benzyl esterRiep:3 AGHRERPYENBRRIS Bora/ RIIANODA,.

1-[(1-Propane-1-sulfonyl)-piperidin-3-y1}-3-(5H-pyrrolo[2,3-bIpyrazin-2-yl)-urea was
prepared in the same manner from 1-{1-(propane-1-sulfonyl)-piperidin-3-y1]-3-[5-(2-
25  trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b |pyrazin-2-yl|-urea.



25 P iperid in-4-yl-3-[5-(2-tri methyls | anyl-et ho xymethy1)-5H-pyrrolo [2 ,3 -b]pyrazin-2-ylkurea
dihydrochloride (0.073 g, 0.158 mmo1l) was suspended in DCM (1 mL) and pyridine (0.045 mL, 0.55

mmol) was gldadeAegle anhydride (0.018 mL, 0.19 mmol) was added ang-{hgphassiliiagrgolution

stirred at RT overnight. The solvent was evaporated. The remaining oil was - 117 - purified by Si02
chromatography (12 g Si02, DCM:McOH 0 to 5% H) to give 0.053 g of
1-(1-acetyl-piperidin-4-y1)-345-(2-trimethylsilanyl- elig xymethyl)-5H-pyrrolo[2,3- b]pyrazin-2-ylkurea as
off-white fodm {(1Bup¢nstad)swiopyl ppiesyidinperid (o3 el 2- stz ah-yieatiss xym ethyl

)-5H-pyrrol re®IRYFRZINAE MRS FWAS Prepassehinthe: mRrerFomalpiperidin-3-y1-315-(2-
trlmethylsnglr)% thox met él) -51-1- p rrolo[ ,3- ?yrazm 2 gﬁﬁ%a dihydroc %[F(l)”g pﬁl -(1 -Ac

etyl-azepan TGS R ybefR éﬁlﬁylé"ﬂ]\ BeE S [2,3 -1) Jpyrazinl0 2-ylkurea

was prepared in the same manner from

é r(]azleloanI 41-3(1,)&k@(@iﬁémﬁﬁawgibaﬁymtpgxmw%ﬁh@wwlﬂ)ﬁar& vis| pysigaint Aryheuses:
ihydrochloride .

14(S)-1- certlydil plperllalln-g- af?t&%lwgﬁrrlnze%?/f Isa"%/"ir}gtﬁth%%e ?)tbbol}-(lymyrrgi ?IZ_[ 3-

1)]pyrazin-2pytkoiefd. vhly prepafed nuttie same manner from 1-(S)-piperidin-3-y1-3-[5-(2- 15

trimethylsilanyl- ethoxymethyl) -5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochloride 1-((R)-1-acetyl-p

o rd In 33 EIMBLLMEIANE (10 AME D UN ST BITiR 0 G DoAYl ves

prepared in the sam nner fro 345-(2-"tfimethy ﬂ
xymethyl)- 5@@%#@% 41 sustdmagdnyribotda - Haeder idlad ctonpehal)-SH-

-Acetyl-pyrrolidisidayi- B dasi-Armethylsil anyl-ethoxymethyl)-5H -pyrrolo[2,3- b]pyrazin-2-ylkurea
was prepared in the same manner from 1-(S)-pyrrolidin-3-y1-345-(2-
trimethylsilanyl- cthoxymethyO -5H-pyrrolo[2,3-b]pyrazin-2-ylkurea d|hydrochlor| de. 251-((3R,5R)- |

-Acety 1% misthyt s R R e ﬁzSi]r)r%é T At IR ARty s yiea was preparcd
pyrrolo[2,3-kipyeazineindinsic@onas Preparacinl ibe/samaidiarnd-Fom(1-¢@RbRYHanyl-
methyl-piperidin-3-y1)-3-[5-(2-trim nyl-e methyl)-5H-p yrrolo[2,3-bipyrazin-2- A-urea
dlhydrochlong1 W@Qﬁgfd@%ﬁ@@%&gdﬁ gt/eé 118 - Racemic
1-(1-acetyl-piperidin-2-ylmethyl)-315-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-Blpix@zMeRryikuopanerdsypifepeliad paritie -Sayiie rifdhperfiofd . falckpmicib-pipbridia-
2-yimethy1-gdod 2 HImE S Uamy e IROXYRRINY P SRR QR I aziRsns Wk ey grpshloride. 5

Racemic
142-(1-bretyf-pioetierHgsyedteiaasinhLphemyrsicliv-eirorgemyhustiapyrrolo[2,3-b]pyrazin-2-ylk

urea was prepared in the same manner from racemic 142-

piperidin-2-yi-gtitybs %45A@ﬂr1m%9@bﬂ§1l§mére§h@<w@tw@ YRR hlnyagingayllbiea
dihydrochloride. 10 Racemic

1-(1-acetyl-BSERGMIB iSRS B MR R hyesifoxairithyingigio-3-yl)-3-[5-2-

pyrrolo[2,3-bipysaziniayltikegwabprepapetoioDS $amermapnél-ftean 1-piperidin-3- yimethy1-315
-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrro Io [2,3-b]pyrazin-2 -urea cIihydroch bride 15 1-(1 -Ac etyl-p

o erd in-4 Yoty 3 4% 2 O me S o Soamely ot P 1912 DYzl % lurea vias

prepared in the same man -pip r|

tri methy&! Iam;_dp_ethbxymmw ﬁbtquyrfmi_m [@;ieim_c] pm]zﬂ@*Mymuxemdthdmdhﬂmﬂﬂleﬁ@i(é{z-(
-Acety1-piperdind s il SdrdsiinehyiRiigny-eihymetiylsptd -pyrrolo [2,3-

1-((1S,2R)-2-Methyl-cyclohexyl}-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl }-urea was prepared in the
same manner from 1-((1S,2R)-2-methyl-cyclohexyl)-3-[5-(2-trimethylsilanyl-ethoxymethyl)}-
SH-pyrrolo[2,3-bjpyrazin-2-yl]-urea. The minor trans isomer 1-((1R 2R)-2-methyl-

25  cyclohexyl)-3-(5H-pyrrolof2,3-blpyrazin-2-yl)-urea was separated from the major cis isomer
by preparative Supercritical Finid Chromatography performed on a Berger MultiGram 11
(TharSFC) Chiralcel OD-H preparative SFC column (30 mm x 250 mm ID, § micron



blpyrazin-2-yg-urea was prepared in the same manner from 1-(2-piperidin-4-yl-ethyl)-345-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea dihydrochloride. Racemic
1-(1-acetyl-pygralidins gyl methyl)-345-(2-trimethylsilany1-ethoxyrnethyl)-Sdrd&a000/065878
pyrrolo[2,3-b]pyrazin-2-yl]-urea was prepared in the same manner from 1-pyrrolidin-2-
ylmethy1-345-(2-trimethy1lsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochloride.
WO 2010/063634PCT/EP2009/065878 - | 19 - eth y1)-345-(2 -tri met hy Is i tan yl-e tho xymethyl)-5
H-pyrro | o [Z2cEiBg yPSz FR-B0 idieattirydfstnisrid 1okipia 38he Naipraiorrdissolved in
Piperidin-3-yhg4osfecvimethdsiiameiethxymeitybrobimystalo[2,3-b]pyrazin-2-A-urea (0.150 g, 0.38
mmol) was dissolved in 2 mL of DCM and pyridine was added (0.120 inL/1 54 mrnol). Propionyl
chloride (0.05 mL, 5.4 mmol}qwas added dropwisc to the solution and the resulting mixture was stirred
overnight at R RSP RIRRRIPEAR RS iRHBE Wi DO ToR T WaR4feRchedBY addition of
saturated sehitas: GloNaliG 32 Fheefiytolsiayenwas Biiadtetonee:with-BIC M-aod the-combined
organicsjweig drég%@{l@ﬁo% filtered and, concentrated. The crude was purified by Si02
chromatogra@ﬁg using RifitocM: MeoH: NH40H; 60:10:1) 75% DCM) to give 0.130 g of
1-(1-propionyl-piperidin-3-y0-345-(2-trimethylsilanyl-ethoxymethyO-5H-pyrrolo[2,3- 15
b]pyrazin-2-YHeusda(§769aviatdrthyl-cyclohexyl)-3-(5H-pyrrolo[2,3-bpyrazin-2-yl)-urea was prepared
1'(1'|SObUt3’i§¥lt_Tf%'Qh§rﬂg kQaﬁ%?k&*ﬁﬁff&KétQéB&Mﬁ' @Qﬂ[@%&éﬁﬁ{gﬂ?}’éﬁ%ﬂ%{&%&ﬂP?)ﬁf—az'“'Z'Y'kaea

was prepared in the same manner from 1-piperidin-3-y1- )
trimethylsilaPyitetidyhierryin sty EyHeikte-araabeayimghykeien By Senivaba ey sondobutyryl

chloride. 14{ha(B-eih iRty whi-piReddi43 Yd3rmight to completely hydrolyze the acetate.
45-(2-trimerhylsilanyl-ethoxymethy0-5Hpyrrolo[2,3-b]pyrazin-2-ylkurea was prepared in the same

manner from 1-piperidin-3-y1-3- [5-(2-rnmethylsilanyl-ethoxymethyl)-5H-pyrrolo [2,3

-b]pyratth-2 ylkuiré 4 aiHFRSBhRORRE S EURS EOVERERP ittt P T e et B IFaFHiTE TEHBESI-p ipe
ridin-3 -A-3 ek rtfianatimyisei lanwketmoxy traethid)cSHpy ralofi sybipyrazinfdrAiearidas prgpared in the
same mannegr, 1-piperidin-3-y1-3- [5-(2-frimethylsilanyl-ethoxymethyl)-51-1-pyrrolo [2,3 -1) ]pyrazi
n-2-ylkurea %lh%r/ rg%ﬁ%na%%yghggﬂ &yeIopro; } é%?&%ﬁ%{r?ﬁéﬁ%?gé%%j&“ﬁ& used as base instead
of pyridine. WO 2010/063634PCT/EP20091065878 - 120 - 141 -(2-Cyc lopropyl-
acetyl)-pipéritlif-3-ptétd-gipsddimithethyistanyeth BdrnethydibHphmode [28-rpaadim-thy/ll-urea was

prepared in g r from 1-pineridin=3-y & 3n[5-(2-til i e .
B e e DipEA

y1)-5H-pyrrolo [2,3 -b [pyrazin-

was usbé/ a§Hé§@H§£g&&YWﬁﬂ1%€.ih§%mic
1-(1-acetyl-azepan-3-y1)-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3- b]pyrazin-2-ylkurea
was prepared ik {he samenanneL oM I2caniabisZeRaM3r¥An3A0H4rea was prepared in the
trimethylsiIanyl-ethoxymethy?-5H-pyrrolo 2,3-b]pyrazin-2-ylEurea dihydroch|oride and 10 acetyl
chloride. 1-RYIREER TR é(lfl?tﬁﬂ-"é"fiﬁgﬂ%‘ﬁ%g@‘?fﬁfﬁgtﬁ' il ARSI SI0[2,3-
b]pyrazin-2-§kuresivis prépased - thieassane manner from | -(R)-pyrrolidin-3-y1-345-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochloride and 15 acetyl

chloride. EXaMPlE S IR BIPEA(RR02 b Rt Mmeh 5 6dR BLRTp:g uxure of
20  same manner from 1-(1-propionyl-piperidin-3-y1)-3-[5-(2-trimethylsilanyl-cthoxymethyl)-

SH-pyrrolo{2,3-blpyrazin-2-yl}-urea.

I-(1-Isobutyryl-piperidin-3-y1)-3-(5H-pyrrolo]2,3-b]pyrazin-2-yl)-urea was prepared in the
same manner from 1-(1-isobutyryl-piperidin-3-yi}-3-[5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo[2,3-b]pyrazin-2-yi]-urea.

25 I-{1-(3-Methyl-butyryl)-piperidin-3-y1i-3-(5H-pyrrolo[2,3-blpyrazin-2-yl)-urea was prepared
in the same manner from 1-[1-(3-methyl-butyryl}-piperidin-3-y13-3-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urca.



20 trimethylsilany1-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochlroide (0.066 g, 0.142
mmol), 3,3,3-trifluoropropionic acid (0.015 mL, 0.171 mmol), EDCI (0.033 g, 0.171 mmol), HOBt
monohydratgd8f3a&s5 171 nunol) in 1 mL of DCM. The resulting mixturecwassjiisaekgisRT for 24
hours before being partitioned between H20 and DCM. The aqueous layer was back extracted twice
with DCM. The combined organic layers were drie (Na2S04), filtered, and evaporated. The

residue was purified by Si02 flash chromatograph CM/(DCM:MeOH:NH40H 60:10:1] 80% DCM) to
give 0.04 g bf(1-Cyclopropanecarbonyl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea was

A g 4 ol ool
yrazin urea ie -
[5-(2-trimetﬁ9f§ff§1%%f’oé%’rg % %‘é%%%ﬁ%ﬁ%)% éﬁﬁlﬁb’? 20 ﬁyli‘i tirea di hydroch Iro ide and
cyanoacetic acid. Examnle 38. SStep 3. alkoxyacylation:

Piperidin-4- yJ(ﬁﬁﬂwadrcﬂ[aeihmgﬁaﬂymepxxmaﬁlﬂydaﬁiﬂenmmml[ﬁ@bﬂ;ﬂmﬁdimiW}anmandmydrochloride
(0.079,9.1 51 m as suspended in DCN nd. N ropylethylamine (0.1 mL, 0.6
inmol) Was Sdded: et ylS%IﬁForo%nr?ﬁate (? glllvér Eorg%tgdr%eﬁ%%r\}/gaﬁ fdé‘gg ﬁ%‘ %T! sulting solution
stirred at R'anfitélmlhmyigﬁﬂﬁ@(@@%hlﬁwﬁﬁgﬁmﬁv%éﬁa}l@d@%éﬂé}ﬂ&ﬁﬂmg oil was purified by Si02
chromatography (11 g Si02, DCM/MeOH 0-4% MeOH). Obtained 0.052 g of

4-{345-(2-tri relg] \ i arboxylic
acid methyl g?t?r as Ilghi brown foam (%g% ylgzqﬁ o3 gﬁu}g}e éﬁ%%!{%g%%lﬁyfﬂﬁﬁ&mpleg q&ﬁ%ﬂeg

3-045-(2-TriffiEtARARTESHYT S1A S (RS LS B r&%z?éﬂéwm -Shame B faBIbIRPRIIAR-Rcd b oxylic acid

methyl estesyRepreRaiedsinile SaeReneaRNes oM P8 it ayih-345H&ddimethyls ilanyl-e
thoxymethyl)-5 H -pyrrol o [2,3 -Npyrazi n-2-yll -urea dihydrochloride. 20 4- {3

45-(2- Trlmethylsnanyl ethoxymethyl)-5H- pyrrolo [2,3-b]pyrazin-2- ylkureldol -azepanel-carboxylic acid

methyl Ster red i thes me m, nn n-4-

trlmethylsna \;/f/ jgh{c;eip Ezn%‘ﬁﬂ?rilﬁ R@ﬁff E/Pm 3(}%3 23% roéh?‘o?d I was

(345-(2- Tr|mmhgatsdamﬁie&thxwymmhyﬁeﬁmﬁw{@mﬁz Bp&}pykazerhyl&-yﬂ@mﬂmk&yﬂ@ [5-(2-

piperidine-I- o er from 1-piperidin-3-
y1-315-(2- trﬁ%%%%ﬁ&%?ﬁ%?ﬁﬁe EyVI\?EIE]%)};;I%/Brro 0[2 gﬂéﬁg%/l?lar%?% ﬁ%Lal':urea dihydrochloride. (S)-3-

(345-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ureidol -
pyrrolidine- |lcﬁﬁabk%th@m%&hxlr@mmﬁaebﬁb’dpm{%énﬁévmﬁﬁérﬂbmer-wy WO

2010/ 0§§63ﬁ%&ygﬁ12t99%9§5§%§1& from I-{(R})- Lmethané%@t@gny 5)1 eridin-3-yl}-3-{5-(2-
pyrroliclin-3-y1-315-(2- tr|methylsnanyhethoxymethg; SH-pyrrolo[ :E b]pyrazm -2- yIkurea

trihydrochloRHRs Y B -gaoxmety s H-pyrrolof2.5-blpyrazin-2- -yl}-urca
(315-(2-trimethylsilanyl-ethoxymethy0-5H-pyn-olo[2,3-1Thyrazin- 5 2-ylkureido } -azepane-I-carboxylic

acid methyl esg(tm)-qursp@@aﬁedllmﬁly@@a}mmmmpgrsfx(@m-f@ﬁem[Q 515}pyrdzm 2-yl)-urea was
1-(5-methyl- azegag 4- I

gdlfn 2- trlm oxym rroIo %@/f 22-ylkurea
dlhydrOCh|Olpd%J acemic 3t f3a8" tr|m ﬁ oxyme pyrrg)]I ]@ azin-2-y11- 10
urcidomethyttinpiphetidiaed ﬂbaxbm%d)aiﬁﬂnmﬂhg[k@ﬁehﬁwa@pﬁeﬁémddm the same manner from
racemic 1-piperidin-2-ylmethy1-315-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

blpyrazig 2y peg itydrashiorde 8 Afip-43PsEstimathppilanybethaxsnetiyl), SH-p
yrrolo[2 -blpyrazin- Zey?f9 reldo?le thy %}g%ndme-gl/-@réxy ie ac(# qﬁiyl ester W%S prepared in
the same muahaipeirlradéatame manner from I-[1-(2-methyl-propane-1-sulfonyly-piperidin-3-yl}-3-
1-(2-piperidif-2>vin@Ha 3oy (2t Himetmsiianatheny ety ralinynqleld 3-blpyrazin-2-ylkurea
dihydrochloride. Racemic 3- {345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]- 20
ureldornethyllggé)erldlne I-carboxylic acid methyl ester was prepared in the same manner from

raceinie 1-pipERdinBhrfethi a8 -HRratisdidhy e iaTrmisthy SRR olo 4 was

blpyrazin-2-yikpied dihydsaﬁﬁlaﬁﬂﬁer from 1-((3R,5R)-1-acetyl-5-methyl-piperidin-3-y1)-3-[5-(2-

4- 1345 Trlme SJ an thox r ZI -2- IkurC|domethyII 25
plperldlne 1-¢arso % %h %Wélg%% gy&%%w%%{ﬁg gp ?%y‘%eysg ml)zémner from
1-piperidin4-ylmethy1- 345 (2 trimethylsilanyhethoxyrnethyl)-5H-pyrrolo[2,3-14yrazin-2-ylkurea
dihydrochlorielé -(Mth 263 0/06 86-M4RETHERRYOB(0658E®10[2,3-b]pyrazin-2-yl)-ured ®3s-prepared

piperidin-A-yL oiby): 348 2 rmethy Fllany: SIQNAmaUMRHRTPOR S bIRY AR AL - urea

dihydrochloride.



Raccmic 3- (345-(2-trimethylsilanyl-ethoxymethyt)-5H-pyrrolo[2,3-b]pyrazin-2-y11- 5 ureidomethyl}
-pyrrolidine-l-carboxylic acid methyl ester was prepared in the same manner from
1-pyrrolidingyhngiask345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[ 2: 3+ kipmazipsery Ikurea
dihydrochloride. Racemic 2- {345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-1Thyrazin-2-y11- 10
ureidomethyl} -pyrrolidine-I-carboxylic acid methyl q%e_r was prepared in the same manner from
racemic

1-pyrrolidin-ZemRBHT B8 -py iRk By nERg N thg e R B ABIBE 45 BUHaS i 85 Ikurea
dihydrochlogglenRaegmic 2-(2- )45-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]- 15
ureidol -ethyl)-pyrrolidine- 1-carboxylic acid methyl ester was prepared in the same manner from
racemic . : : o N

1-(2-pyrrolidir- 2 et S S B R A ARE Iatisjrs BRBYHO RS S8y SRS 1Furea
dihydrochlogicipaRRaderhics8me manner from 3-{3-[5-(2-trimethylsilanyl-ethoxymethyl}-5H-

(345-(2-trimethylsi - yme -5H-pyn- - in-2- rcidol - 20 azepane-I-carboxylic
acid methy ! CoLo s PR b s el A o dealas

azepan-3-y E®yBrciwiniesyesirmice tioky AseeRJCBM-pyrrolo[2,3-b]pyrazin-2-ylEurea dihydrochloride.
(R)-3-{345-(2-Trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureido}- 25
pyrrolidine-licaaoxyl id | sternva redi - 1 AR5 wae
pyrrolidin-3-§§§%§ﬁ%§tﬁ§g}%ﬁ%l:':)t@gfﬁnqe%%%) %%?n%(ﬁ%'fggﬂ : hyradzgicﬁgyﬁ]ﬁ%gg -
dihdrochloriBEPEREike SemS PSRy §.O§uirfhgﬁ%ﬁénm%%we%%@&ﬁé%méﬁgﬁéé%m

- 124 - Pipetidindyyit@da-(@drimethylsiEnyyeibiory eyl Al 2-pyroete] 2:8, 0 pyaazining-ylurea
dihydrolc Ioridet %O?%g,p.le‘[nmol) was suspended in DCM (1 mL) and N,Ndiisopropylethylarnine
(0.1 rnL, 0.§§nr1nmo]|51 Wa§ca088ea.Cﬂlethanesulfonyl chloride (0.015 mL, 0.19 mmol) was added and the
resulting solution stirred at RT overnight. The sotvent 5 was evaporated. The remaining semi-solid was
purified by Si02 chromatography (12 g Si02, DCM/MeOH 0-4% MeOH). Obtained 0.065 g of
141-methantstiHaryispabeddipdazi)-34%)-3-[1-(2,2,2-trifluoro-ethyl)-piperidin-3-ylj-urea was

et Sepues iy e aak sy olol poluiadin2 Miien A an ST is old (85% yield).

101 -[(1 -Methanesulfony1)-piperid in-3-y1] (Z-trlmethylsi anlyl-ethoxyme hyl)-5

pyrrolo[2,3- iaeabyisdayturaawias propaicty TR E Sabliey e Rrey frorpaa Ephyksighiagiipe-gas
[5-(2-tripgethyistiaayi-ath oxasmetiad)-5 H-pyrro lo [2 ,3 -b Jpyrazin-2-ylkurea dihydrochloride and
methancsulfonyl chloride. 15
1-[(1-Ethanesulfonyl)-piperidin-3-y1]-345-(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-y
Kurca s ST 1 H S eT RO SR pL2a I Srain 21 4rea v
[5-(2-trimethydsitaay ethoxymatiyhd Hepy iroloa 3 1-plpytaitin-21ylktinga DyArathd ookl Ayt
ethanesulfonyl chloride -[(1 -Prop ape sulfonyl)-p ip erid in-3-y11-345 =(2-tri me.thyls ilanyl-e tho
ety S B S e SR A e B e e L
1-piperidin-3igpreBcpExi2vusmut iyt heiys ethiosg wickfypss- 1-pyrrolo[2,3-1Thyrazin-2-y1Furea
dihydrochloride and ethanesulfonyl chloride. 251-[(2 -Propanesulfonyl)-p ip erid in-3-y1]-315

(2-timgihylg Janviethosgme a@ﬂs-B}gmnkzz%xwm@a&@%ﬂﬁzﬁe@s@%@%ﬁ%@,@@ in the same

manner from 1-piperidin-3-y1-3- [542 -triméthyl silanyl-etho Xyme i -gy (
-b]pyrazin-23¢ifL Gred digsieh SR BITRIEcA Y Beans sureRiI b fide TS trimethylsilanyl-
2010/063634REVERAINNOSFEB 2 3-bIpyrazin-2-yl)-ureidckdfiryl} -piperidine-1 -carboxylic acid
o o o) R R Tolp [ Ry anaR Ve ysoshionds an
1-(1-Cyclopropytautfonyl-piperidin-3-y0-345-(2-trimethylsilanyl-ethoxymethyl)-5H- 5
pyrrolo[2,3-b]pyrazin-2-ylkurea was prepared in the same manner from 1-piperidin-3-y1-3-
[5-(2-trimethylsilanyl-ethoxymethwyl)-514-pyrrolo[2,3- 1T in-2-ylkurea dily hloride and
CyCIOprg% ylg?f’é’ﬁiiﬁ%h o0 Ogérrgfoﬁﬁb%:![pyp%m ﬁo %% J[I W% Q‘lgu&o e%?/lgj pﬁgg{ﬁ?ﬂ ?
1-((R)-1-Metepagsil foreglspip eridiergi-yn g asnpvpdnetHidsi driy HetR @xipfneng-shd tpiperidin-

pyrrolo[2,3- in+2-ylkurea.wa 2 041 \drRineridin:-yls
B oot e %ﬁgﬁlﬁéﬁe%

H- kurea
methanesulféwpéﬁl?fﬁ‘?dgl.elﬁfﬁﬁ‘)@l’- B &1@&3%?{%51%@5&%9%3-@37% J-Phfiethyls
ilanyl-ethoxymethyl)-5 H- 15 pyrrolo[2,3-14yrazin-2-ylkurea was prepared in the same manner from
1-piperidin-3-y1-3- [5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-14yrazin-2-yl]-urea
dihydrochloride and n-propylsulfonyl chloride.



1-[1-(2-Methyl-propane-1-sulfonyl1)-pmeridin-3-y1]-345-(2-ttimethylsilanyl-ethoxymethyl)- 20
5H-pyl1rolol[2,3-blpyrazin-2-yl]-urea was prepared in the same manner from 1-piperidin-3-y1-
3-[5-(2-trimgfyisilpmdsgihoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea gifygipslariderand
2-methyl-propane-I-sulfonyl chloride. | -[(R)-] -(2-Methyl-propane-I
-sulfonyl)-piperidin-3-y1]-345-(2-trime hylsilanyi- 2_5'1 %hoxyrnethyl)-SH-pyrrolo[2,3-14yrazin-2-yli-urea
was prepared in the same manner from 1 -piperid in-3 - 1-345@§¢rimethyls ilanyl-etho
xymethyl) SERBGRS folF2(5 o05 hyRasTlaL-ro B AROHISAI SnbID G I pEs sutfony]
[C;ﬂ(%rid?- V\(]]Qlegl@ﬁe@ﬂ!ﬂ&%@%ﬁ’&ﬁéﬁfi’eﬁ%ﬁﬁﬁ%&lgacetyl_-piperidig-2[y}_)-ethy1]}]2§ls-(zﬁI y
-(2-trimethylsilanyl-ethgxymethyl)-5H-pyrrolo - zm-2-ylkurea roehloride an
rlarometn A SH RO O AL SES R Rl I Gty Rt AR 4
-[5-(2-trimetétytsafainy Hepthaeyiometmgl yud B pypmele{2:3dohpyirdtionR-y11-urea was prepared in the
same manner from 1-piperidin-3-y1-
Z’E ey a?goFc]elyér;/tcsﬂe;erggg@%';&.%ég'ael;%sygl%ﬁf_'9.(%leg%%?o?éty.gfgﬁa'z%t% and
141-(Butaneu2asufoprepipibaritins@vp 1vaus: (2om gt siihgnashioryraneyi)isA-yDeethyl -
pyrrolo[2,3-Blpyrazitsg-yipus .@H@s{ﬁqemﬁ_ﬁgﬁlﬁmyo;@zﬁnbaﬁww%ﬁ:mééﬂ?n(%—ansmce,
trimethylsilanyl-ethoxymethyl)- H-pyrrolo[Z,B-b]fpyrazm- -ylkurea dihydrochloride and
butane-Z-Slfli?Sﬁ‘W%F@eréf?'e eprotection was run ot 5 hours instead of 1.5 hours,
1-0)-1-Methanesulfonyl-piperidin-3-y1)-345-(2-trimethylsilanyl-ethoxymethyl)-5H- 15
pyrrolo[2,3-b]pyrazin-2-ylpurea prepared the same way from (S)-1-piperidin-3-y1)-345-(2-
trimethytsilaryteihexyinetiydlsiyraoRlofB Sykiayrazin-dryiliclcaa dibysioahlotideraand lic

methanesulfonyl chloride. 1-[(S)-1 -(Prapane-I-sulfonyl)-piperdin- . .

1 30 A e D e S B TS S Ay RS BB e the same
way from (Stiepjpericib-SH 384 80(2,3-bIpyrazin-2-yl-ureido} -ethyl}-piperidine-1-carboxylic acid
trimethysilapylethoxymety S RUTRIOR SsiPYRIFINZ AL SA UG A NOTIHR Aked of
propane-I-sultonyl chloride. 1-[(S)-1 -(2-Methyl -propan e- | -sul fony1)-pip
eridin-3-y1]-}3:5f§l%2:9cfimethylsi lanyl- 25 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea prepared the
same way from (S)-1-
piperidifb‘3')@ffé’e‘ﬂﬁlt@:([m@yﬁﬂﬁmkﬁmﬁwm?lmQﬁﬂn@ﬂ&%ﬂ%@j@}l@wﬁzﬁ?#ﬁﬁ%ﬁrﬁ%dihdeOCh|0ride
and 2-methyl-propane-|-sulfonyl chloride. -[(S)- | -(3-I\_/Ieth3yl-oxetan-3 -ylmeth )
anesulfonylﬁﬁ%ﬁ(&lm-@qﬁﬂ}% ﬁ%’i—?%ﬁﬁﬂg’[ﬁiﬁg?ﬁﬁ h@pendm- ~-ylmethyl}-3-[5-(2-trimethylsilanyl-
ethoxymethythsnpytnglof 2. PdtpisEzinb I yik ke & frepar adithe: samecway fiortép pilthdVO
2010/063635PC /C PZ%)a%/O(?lS%?g hours instead of 1 5 127 -

piperidin-3-yfpéﬂ Ef?rlmetrﬁyIS|fanyﬁe%oxyrne?lﬁylf-g%byrrol0[2,3-b]pyrazin-2-y|]-urea
dihydrochloride and (3-methyl-oxetan-3-yl)-methanesulfonyl chloride.
1-[(S)-1-(2-mmmy%thmmmpﬁmm@ymmﬂmmWw@mneemwms
SH-pyrjol 2, 3sippazin2mdIues prepared:ine Samanaa e () pkRIRes i Sty 348 2.
(2-trimethylsilanyl-ethoxymethyl)-5H-p rrolo[2,3-b€f¥ra2|n-21ylpurea dihydrochloride and
2_methOxy_éwggla#qufhwphy&sH«pyrrolo ~-blpyrazin-2-yli-urea. In this instance, the first
1-{(S)-1-(1- Teiferomeshdeuataniapyimeinanesylienyd) (ipsridinns-y(l-345-(2- 10
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea prepared the same way from (S)- -p
iperidin-3-y1-3- [5-(2-trimethylsi lanyl-ethq xymethyl)-5H-pyrro lo [2,3 -b]pyrazin2-ylkurea
dihydrochioftd&°gHt h@rﬁﬁ@%%é’%ﬁ%é%%%‘ﬁﬁﬂ éiﬁé‘?iﬂgaﬁ@ﬁ%‘em%’?ﬂa?“'Carb"xy‘w
1-((S)-1-Methahestifdeylepyraoickipadey O Jdbs{Rririmaatay Sanyl{athioHmieibylyibikdn {5

pyrrolo[Z,3-11pyrazin-2-ylkurea pre the same way.from 1-(S)-pyrrolidin-3-y1-345-(2-

e T b e b gt eae i p e o -
chloride. 1-[(S¥d(Etepamerissoifonsel fhsyire Higincdthe deasaionmeshyisiaranytwthiosigaiethyl)-5H- 20
pyrrolo[2,3-Qlpyagin-2-ylkurea prepared the same way from (S)-1-pyrrolidin-3-y1]-345-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-ylkurea dihydrochloride and
propane-I-sulfonyl chloride. 1-[ S&-%-Methyl-propane- I ) o
-sulfony1)-plaesiain 3l RgasiqRaRietABIEAn-2 B dthosyti By ppirstfins-14yrazin-2-ylkurea
prepared theisamel Wa¥from8 fRpdred in the same manner from racemic 1-[1-(2,2,2-trifluoro-ethyl)-
pyrrolidin-3-y1-315-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea
dihydrochloride and 2-methyl-propane-I-sulfonyl chloride.



1-[1-(Propane-1-sulfonyl)-azepan-3-yl]-345-(24rimethylsilanyl-ethoxymethyl.)-5H30
pyrrolo[2,3-14yrazin-2-ylkurea prepared the same way from 1-azepan-3-y1-315-(2- WO
2010/063634B GohiRR2399/065878 - 128 - trimethyls ilanyl -ethoxymeth yhy:5FrpYsi9/desk2e3 -1)
Jpyrazin-2 -yl kurea dihydrochloride and propane-1 -sul fonyl chloride. 1-[1-(2-Methyl-propan e- | -su
ITony 0-azep an-3 -yl]-3 -15-(2-trimethyts ilan yl-et ymeth yl)- 5 5H-pyrrolo[2,3-b]pyrazin-2-y11-
urea prepared the same way from 1-azepan-3-y1-

tr|methyIS|Iaﬁ?ﬁ%@ﬁbﬁy&‘ﬁé@ﬁwIﬁifp%%lﬁ{g@lﬁﬂbyb’éﬁﬁmqmHﬂﬁeﬁﬁm’w}]@&%ﬁ)ﬁwaﬁ&'@
methyl-propanerksufonyl iaialidee first step of the deprotection was run for 5 hours instead of 1.5
1-[(3S,5S)-5-Methyl-1-(propane- i- -sulfony1)-pmeridin-3-y1]-345-(2-trimethylsilanyl- 10
ethoxymeth%‘%ﬁ—l -pyrrolo[23-b]pyrazin-2-yl]-urea prepared the same way from 1-(3S,5S)-
5-methyl-piperidin-3-y1-3-15-(2-trimethylsilanyl-ethoxyrnethyl)-5H-pyrrolo[2,3-b]pyrazin-2- ylkurea
dihydrochlo['{daeﬁnﬂ%l{@pmﬁbﬁubﬁ@[wmﬂjgﬁi@n 1@3&538):@1’11@1’@1} -pyrrolidine-1-carboxylic
-Methy1:1- (2 met propane -1-su fonayl er|d|n 3 L;,

este A, cemic rimeth lsﬂan -

trlmethyananyij Ethox oxyme f}%ﬁ’ yrroo yrazm )Pﬁaurea pré3e{ gttne Sam from
1-(3S,5S)-5ethettiylegipbridinp3rydl e 3- @Hﬂmmﬁy}éﬂa@u@mwmemwmmm Cdrboxyhc dCEd

pyrrolo[2,3- 'Hl@%'}%ﬂ?e? wlkuren glibydraeiride andie-MEtsALARARG| sy ieRYl chipidg. or
1-(1-Methanesulfonyl-azepan-4-3/0-3-15-(2-trimethylsilanyl-ethoxymethyl)-51-1-pyrrolo[2,3- '0

b]pyrazin-2- %/1?)9?85? prepared the same way from
1-azepan-4-y1-345-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochloride
and methanesutfonyl chloride. 1-[1-(3-Methyl-butan e-I-s ulfonyl)-piperi din-3-y1]-345-(2-trimerhylsi
Ianyl-etrmxme@hw:) 22{$§Hfp-w@mm%lﬂ}wa@mﬂw)llu@iﬂ%@p@@ﬂgeﬁgﬂmzéﬁs@nwﬁ%ﬁﬁm
1-piperidin 81 -(2- trimeth IS|Ia OX rnet éo%(? éraégﬁ g urea
dlhydrochloﬁ(g‘/ eﬁﬁ%‘i%ﬁs 6?3?{8 A 18ﬁ‘|’ 1063835 009/065878 - 129
-3-y1-345- (zmmmﬂa;ﬂsil)aﬁyiH%ow%ﬂivwmmwmw&hwwﬁmytkuee\aadmydyhchkcidide and
3,3,3- trlfluo p IfQ ( 1-s r 1-345
%&g i‘nhﬂﬁ Q%’téﬁ]c% @I?;Iﬁl@ & [ngﬁ CBF%C% % orlionyy 1?68§g -3 -yd

-(2-trimc thy thoxymet pyrro pyrazm- urea prepare he same way from
(S)-1- plperlhﬁwhsl%}?& 345-(2-trimerhylsilanyl-ethoxymethyl)-5H- pyrrolo[Z 3-1Thyrazin-2-ylkurea
dihydrochloride and 2,2-dimethyl-propane-I-sulfonyl. Racemic cis

1-(1- mQ@"‘ar}@&‘éﬁﬂ@ﬂﬁa@é@}h}ﬁkﬁ%ﬁ@ﬁ%‘hﬁ@ﬂ%ﬁﬁ@sw%@Y&?Qnﬂpﬁ%n -2-yl)-urea was

ethoxymethyl)-5H ﬁp rrolo[2,3-131pyrazin-2-yl]-ure HLz)re ared the same way ffom racemic cis
1-(5-methy| ESRBEN 1A f&}if%ﬂ%@%ﬁ%@ﬂ%ﬂsm bho3SHER R Gy BRI BeTbyazin2-yIkurea
dlhydrochIw@%m@mm@%p%mﬂmﬁqqm@mm -2-yl}-urea. In this instance, the first
1-(1- methan qu Imeth 5 2= tr| eth

efhy. j é:h gll 15
ethoxymethy yrr razm- -yIpurea prepare e Same way from racemic 1-
piperidin-2-ylmethy1-345- (2 trlmethylsnanyl ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yer urea
dihydrochloRdezand inj@thanesyitionybiotitofde)- RH}?:@{%H(SH—WITOIOQ 3-bJpyrazin-2-yl)-urea was

14241 qetgneu oS e rmElSIAN o PO e300

ethoxymethyl)-5H-pyrrolo 2 3-b]pyrazin-2-ylkurea prepare ame way from

(2- p|pendm@@ﬁ@ﬁﬂ%ﬁ@ﬂﬂ%ﬁ@ﬂw}sﬁﬁrw@%&%&kw@%ﬂ “phreesta] I 3bs pyatanas. hofiirea
dihydrochlogide @ﬂﬁe’ﬁ@ﬁ?&@@gﬁ&ﬂ@@éf Lahierid %oﬁ‘?@%@s{ﬁé@ of 1.5 hours.
1-(1—methanesulfonyl piperidin-3-ylmethyl)-345-(2-trimethylsilanyl- 25

ethoxymethyl)-5H- p¥rrolo[2 ,3-b]pyrazin-2-ylkurea preFared the same way from racemic 1-

piperidin-3-yIAtERRY 1324 L G ARSI hD e Al st s IRy o R b iRy Byt irea
dihydrochlorigle aad ;ﬁ‘@tﬁajﬂ astifcaylcchiorndesroM 2040/ 0636 B4RG R RONYIOOH B 8in-2 -

- 130- %met yl% iﬂ @Eh?)‘t(l)f111§£3>{s Eanyl—pﬁg{)?{? Ztﬁy%]%ﬂap%}rq“o Yipyﬁgy%l.z (iTlt?rreiac.i?nand

methanesul?’o

142-(1- Methamewmwlﬂm;femmmm)ee!ﬂwm@nwzvmmetﬁyléumwmcﬂ@/nfétﬁwwﬁ-

Racemic [-(5H-pyrrolo][2,3-blpyrazin-2-y1)-3-{2-[1-(2,2 2-trifluoro-ethyl)-pyrrolidin-2-yl]-
ethyl}-urea was prepared in the same manner from racemic 1-{2-[1-(2,2.2-trifluoro-ethyl)-

pyrrolidin-2-yl}-ethyl}-3-[5-(2-trimethylsilanyl-ethoxymethy!)-5H-pyrrolo]2,3-bpyrazin-2-



5 pyrrolo[2,3-b]pyrazin-2-ylkurea prepared the same way from 1-(2-piperidin-4-yl-ethyl)-345-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochloride and
methanesudfgridghigeide. Racemic _ _ PCT/EP2009/065878
1-(1-methanesulfonyt-pyrrolidin-3-ylmethy0-345-(2-trimethylsilanyl- 10
ethoxymethy1)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea P pared the same way from 1-
pyrrolidin-3-ylmethy1-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2- tylpurea
dihydrochlotide sadifibihirEsisotiyl EhicHme Ricdniel selmysthamean ity piatesr of 1.5
idm-2-yImethyh<345- (2-trimethy i | anyl- 15 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1Furea
prepared the same way from 1- pyrrolid in -2 -ylmethy1-315 -(2-trimethylsi
lanyl-ethoxymethy1)-5H-pyrro lo [2 ,3-b]pyrazin-2- ylEurea dihydrochloride and methanesullonyl
chloride. RaR&sR Lt sthanrsutirsrirpvRrsiBn-2R rrsthyr s m aekettyTaAY rathb®hethyl)- 20
SH-pyrrolo[2y3s bdpraa in-dry Haie a: piepareah thel samaecwas famytrpyd ol dinnaine gl3-
[eih(jr']te“ggﬁgn éﬁ%@éﬁ%‘y‘ggﬁ%@ﬁ?ﬁ'ﬁfﬁ%&&'B]-Bﬁ%'zr};&zé’} ea dydiqchiondsand.,
41-(propaneigeiifongd)rpigatodielina2 syintetdyd heBrsn@eadmethy luitamyl- 25
ethoxymethyl)-5H-pyrrolo[2,3-14yrazin-2-ylkurea prepared the same way from 1-
pyrrolidin-2-yimethy]-3-13-(2-frime; Uanyl- \ ety 0 52 In-2- ylkurea
dihyd rochlo?i(de arl%ll%p[?ogér%?gég%n%lﬁ@]%}}ﬁéﬂgﬁgé}%@% ?ﬁﬁg%ﬁoﬁ%%& %WZ%M
1-[1-(propary&-ustafespy AIRp/aS R tAcAa1n SRARE 02 A iegiAsstanpdonyl-pyrrolidin-2-
ethoxymethylinetilspysLoIf2 drtdyiazinnedinsenbrepased J0asiorme - Wy a1 Mieh. In
2010/063634PCT/EP2009/065878 - 131 - pyrrol.id in -2-yh ethy]](l-:l315 ;(2_—tr&n?tgl si lanyl-etho
xyineth{d)-S4EF- B89 [B° SrHpyraoiihs doRsoie S s e A RSIAR &L LSURBRSH chioride.
Racemic 1-[1-(2-methyl-propane-I-sulfonyl)-pprolidin-2-ylmethyl]-345-(2-trimethylsilanyl- 5
ethoxymethyldahlpyr110ipiZp3rdlpyidzins2-yikuotidinvas prenated-[H Hheysato (2 hanneifom
1-pyrrolidin-2:ylmethy1-345-(2-trimethylsilanyl-ethox thyl)-5H-pyrrolo[2.3-blpyrazin-2- ylkurea
dinycrocho I R TR boms P ST B o WAL ISR IR
142-(1-methdmeguifbdry by raticihyds a) s ipi3usalriethyisitghprbgrazin-2-ylj-urea. In
ethOXYrT‘ethMQé%&fBYJé%&%%ﬁ@?@%%%‘ HaWERRIERHEOHDS SANBMHRTPB | {Bours,
pyrrolidin-2-yl-ethyl)-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2- yipurca
dihydrochloride and methanesulfonyl chloride. 1-[(R)-1 -(Propane-2-su Ifony1)-pyrro
lidin-3-y11-3s@itrin btFyaaip Petheng mEtHynY D A8 diniolbTE Bxbipyradmyriitktifea was
p;-egi'_;e?zi?E%ﬁéﬁﬂ?@%ﬁ?ﬁﬁ&@r@pﬁ%&@rﬂﬁé'iﬁﬁﬁi&nanner fromll-[zl —(%_—methyi—%ljcr)]paéle&h oride salt and
y1-315-(2-tri ylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-h]pyrazin-2-y11-urea di ochloride salt and.
opane.2- G RGeSO N S By Sty
-ethoxymethiyhysdinZ0ypitieto 2, 8: 13| pyrazin- 2y rsir sapedshp répased tiorihesam éntah hetdrom
1-(R)-pyrro|i}clili§rt1é§a fTLI?SAIk%}-l@-trimethylsiIanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl|-urea
dihydrochloride salt and meﬁﬁanesulfonyl chloride. | -[(R)-1 -(Tri fl uoromethanesul fony1)-p yrro lid
in-3-y1]-345-(2-trimethylsilanyl- 25 ethoxymethyl)-5H-pyrrolo[2,3-1Thyrazin-2-ylkurea was prepared in
the sardé meihés) ol CIIR)ypyia didihigyreainB2{F X areriin ke ya)igitatyiectoxylic acid
ymetny)-SHeRyielplahinnaziZnhl ke ﬁ&%}mmﬂpﬂ%eﬁ%%ﬁ?%ﬁrg%mmgﬂgaaﬁﬁu'fony'

chloride. 1-[(R)- -(3,3,3-trifluoro-proPane-1-sq|fony1)-pyrro|idin- - 4%%-trlr_neth Isilanyl- 30
ethoxymeth§SRsa o2 23BplraAnR IRt Fea WhETprih arBelanctianes ’Fﬁ]é?lﬁ%i\{from WO

2010/0636 34RGNHERZ0GIIDR I8AEnce, the first step of the deprd@tion was run for 3 hours instead of
1-(R)-pyrro|ifi E3g1-345-(2-trimethylsiIanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2- ylkurea
dihydrochloride Qhft-and 3,3,3-trifluoro-propane-1-sulfonyl chloride. 1-[(R)-1-(Ethanesulfon yl)-pyrrolid
in-3-y11-3- [5 -(2-trimethylsilan yl-ethoxymethyl)-5H- 5 pyrrolo[2,3-b]pyrazin-2-yll-urea was prepared in
the sameé marthes)itef - R ypyid Bcirs Bryrazin-2-yl)-ureido J-cyclopentanecarboxylic acid
y1-345-(2-rimeiyislandsharmelnt RUTRekR BBy 3 turea dliydipghipride salt and

i
ethanesulfony ’ch orl%j
1-[(R)-1-(PreperizniasuidAyippyetolfintIryrriaAsyPratrdetsysimaptaatsesbpridthgib H-



10 pyrrolo[2,3-b]pyrazin-2-y11-urea was prepared in the same manner from 1-(R)-pyrrolidin-3-
y1-315-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urca dihydrochloride salt and
propane-I-sylfpmsaiiage. 1-[(R)-1 -(2-Methyl-propane-I-sulfony 0-pyrrolipgngsyibldda& -trimethyls
ilanyl- 15 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea was prepared in the same manner from
1-(R)-pyrro|idin-3-y1-345-(2-trimethylsilanyl-ethoxym thyl)-5H-pyrrolo[2,3-b]pyrazin-2- y1]-urea
dihydrochloride salt and 2-methyl-propane- | -sulfonyl chloride. Racemic ]
1-(1-metharf&s(feida- 4y Bpainadey. Srsipt drnefiDr lapipretkytatiy fpsHiope nstead of
pyrrolo[2,3-hlpyeazin-2-y1}-urea was prepared in the same manner from racernic 1-azepan-3-
y1-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyn-olo[2,3-b]pyrazin-2-y1]-urea dihydrochloride and
methanesulfonyl chloride. ~ Example 40. 25Step 3. allcylation; D1PEA (0.13 mL, O.73§ mmol) was

added at 0 B4EFHSIEBREnsidH Bt Dkt fidiyy -ureido-cyclohexdnecarboxylic act
345-(2-trimetihytsildayiei haxyrethd) b 1:d spyicalabha-bipy razemi-tindred dilsy@rochloride (0.080 g,
0.198 mmol) in 10 mL of DCM. The resulting mixture was stirred at RT for 15 minutes before adding
2,2,2-tri uort)gg' ﬁtﬁyipflﬂ%r{g . ggrrlﬁeﬁly@sg& rﬁ)l(%((i?i\i\gab %’éf&”‘élé‘sr H5'feAction mixture was stirred at
RT overnightybsloretwsingoeybporateimThel rosibuéwhs nA@@016/663681 POTERPO0S0B5878 - 133

- purified by,i02 flashghramategtaphy 4e,gixe 0.053 mg of racemic
141-(2,2,2-trifluoroethyl)-piperidin-2-ylmethyll-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b]pyrazin-2-i/lkurea. (55% vyield). 5 Racemic ) _

1-[1-(2,2, 2-thffadreuarpiylsysaprantd yintehpionddd 2-hinvetrpsirhpetm sy metiedsttisyrrolo[2,3-b]p
yralzin-Z-ylkgﬁ@@ (ﬁfe@ﬂ@f@%ﬁ?%@ﬁﬁl@i 1\¢]@ﬁf5ﬁﬂ%&?@j%@€m|ﬂ){~3-[55(]2~trimethylsillzla(nyl- Sirvdrochiord
3-ylmethy1-345-(2-trimethylsflanyl-et methyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea dihydrochloride.
10 Rack iceﬁlof‘ﬁithé’ééi’ﬁﬁ{?(y{ﬁ@gt %%g i '-‘gé-%lllkethy11-345-(2-trimethylsi
lanylethoxymethyl)-5 H-pyn-o lo [2,3-b]pyrazin-2-ylkurca prepared the same way from | -(2- p ipe ri
din-3-yl-eth Y¥RI456h2etrimet iyl fidanytyeitbtiakiyr Beatiya) Sl -fypytedbos (B Bybpiyrazyipieydpsurea
dihydrochloride. 15Racemic 1-[1-(2 2 2-triflyora-ethyl)-pipeyidin-3-ylmethyll:345-(2-trimethylsilanyl-
ey meth PR Ay S o g T e b e e Wy ot 15 St
3-ylmethy1-BusaRyisitaerhyibiarpcdtiodfsthylpBR-pinyoieie 3yl kyrein-2-yl]-urea dihydrochloride.
20 Racemic 1-
{241-(2,2,2-trifluoro-ethyl)-pyrrolidin-2-ylkethy11-345-(2-timethylsilanylethoxymethyl)-5H-pyrrolo[2,3-1T
hyrazinr2-ylkyieg. prapared he.san ?—A%%)d A dA4sH-pyrrolo[2,3-b]pyrazin-2-yl)-

pyrrolidin-2-yﬁ{(et yl _-345-(25trim§e?tiir1Yﬁ si|an$§$tr§’0%<y§ethﬂ§ﬁ[pyrréf’%ﬁ‘?pﬁgﬁéﬁfﬁfz"’f‘ i/lkurea
dihydrochloRERR25% Seéls 3B X iEom | }altraﬁt)ifanﬂ\wé%z@yﬁea oy “$009/065878 - 134 -
1M HCI in agafielagial Ov8smbx-anetistinteH-at AOG[AFtBplAA0arg thecsolvent was evaporated and the
residue was dried under high vacuum. The remaining oil was taken up in MeOH:H20:EtN 8:1:1(0.9

mL) and ethyl iamjne (0.Q29 mL, 0. ), was added. The yellow solution, stired at RT
overnigit THE LG e SRR Ut RS L) S0 Lo Cgtaphy (8 g
Si02, DCM:Me0Ohtpaedbib Meditkte giverth 025R]-bftrifluoromethanesulfonyl-pyrrolidin-3-yl)-3-[5-
1-[(S)-1:42,2-dimet roRang; 1= iperidi il -3-(AH~pyrolal2,3-blpyrazin-2- y1)-urea as
an off-kéite@%ﬁ}%})ﬁyﬁ%ﬁlgﬁgﬂgﬁg %ﬁ%ﬁ}%ﬁ%@’@]ﬁ,ﬂ%@%g[1(33 ,3 -tri flu oro-prop
ane-I-sulfon yl )- piperidin-3-ylkurea was prepared in the same manner from

1-(51-1-pyrrbia R 3-Effepeanifemd poynlidigi3 (8 B33 kkiDpre  prdpdripyrasinta gl piserittin-3-ylkurea. 1-[1

-(3-M ethyl Jhutane-f, wukionydipiRgH ARr3-Y ek Ry Baddpyiaains4oyl)-urea was prepared
in the same manner fromsl41-(3-}f)net?tjilﬁ-g(lﬁ’iane-l-suIfo%ﬁ-[ﬁt}g}gﬁdin-3-3—)/$ﬁl-3!-i %

[5-(2-trimetHYIGEIRHLmdss Aoty i v a R Bpvaiotel S phinesam-3-ylkired. 15

1-(1-Acetyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yD-urea was prepared in the same manner
from 1-(1-acefykpzgpandnsl)-adi-2ihnetnsiagyl-eisexymeaiiyd) Stipyrele[2 3] perazin-2-ylkurea.
25  prepared in the same way from 1-[(R)-1-{propane-1-sulfonyl)-pyrrolidin-3-yl]-3-[5~(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-bpyrazin-2-yl}-urea. -



1-(1-Methanesulfonyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-34)-urea was prepared in the same
manner from 1-(1-methanesulfonyl-azepan-4-y0-315-(2-trimethylsilanyt- 20

ethoxymethgclbgf']_u;7 &plo[z 3-b]pyrazin-2-y11-urea. PCT/EP2009/065878
443-(5H-Pyrrolo[2,3-14pyrazin-2-y1)-urcidokazepane-I-carboxylic acid methyl ester was prepared in
the same manner from 443-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-ureidokazepane-1- carboxylic acid methyl
ester.  343-(5H-Pyrrolo[2,3-b]pyrazin-2-y0- _ureidok peridine-1-carboxylic acid ethyl ester was 25
prepared in tHERSakri@ -Matyepfopan 3l 13ukuebmireehdisifatitethbxpmetel?) Shp pyrio-fo2; 3-b

Ipyrazin-2-yd Lureidgl sppetitnericaiorylic Biif) sty Ssighp¥ fonyl)-pyrrolidin-
2010/06363%0T/g§%80$/80658% CRRUHE BRI % p¥§fme-1-sulfony)-pyrrolidin

(S)-343-(SHPrOIOT2 3R R A anyY 4 @%ﬁhﬁ%%ﬂmoﬂ@%%lﬁmﬁ%&a FhBESA-ester was prepared

in the same manner from

1-(S)-pyrroliglin3-ydrddsA 2- B]meémlallﬁmdqume;hyﬁrﬁbb@yﬁf@ﬁ@[%a b&mﬁf%rpﬁwﬂwﬁﬁ@-

marmer o EHTe) BBy PR S Aot I Ry BOREIy PR o2

5H-pyn-olo[2y3-igyraein2-yik(reant i3S a8)-biMerheih T2 Hnethylg fopaieadzin-2-yl]-urea.
-sulfonyl)-piperidin-3-y1]-3-(5H-pyrrolo[2,3- b]pyrazin-2-y1)-urea was prepared in the same manner
from 1-[(3S,5R) ro 1 ) lfon y1)-pi d|n 3 3-I5-(2 o m thyls
anyl-ethoxyn %ﬁ%ﬁ%}&éﬁ) 2{)@{ p%/lrtg % ggy;[rollgg carbox)ﬂ'L acrt:f rgxethy ester
1-[(3S,59)- swmetmrqd(pirdmﬁ@mwﬂ@ny@)pip@ﬁﬁr{23uym@zk‘slanyyﬁféa@{2i®mﬁwan-2- yl1)-urea
was pfepaf%%m%g@ apsanas) fraedblFr e R MethydniPrananarsuliony1)-

piperidin-3-y1] (2 trlmethylsnanyl ethoxymethyl) -5H-pyrrolo [2,3- b]pyrazm -2 -ylkure a. 15 1-[1
-(2-Methyl-propane-1 -sulfonyl)-azepan-3-y1]-3 -(5H-pyrrolo [2 3 yrazm -2-y1)-urea was prepared
in the s%f?/ne h@ﬁhéﬁ?@?ﬂ?ﬂ Aipreth %ﬂé‘ﬁga%”fi’ Iq| é ?Vf]‘@s prepared in the
[5[(Z(trimet%ﬁ%&%ﬁﬂiﬁ@@]@h%&ﬁﬂﬁ‘(&l@[ﬂ ﬁylzln[u{fa%?ranﬂhwﬁan}gl ethoxymethy!)-5H- -
1-[1-(Propane-1 azep. 3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the
same mannm%flx&l%r%fgff%%lfé’ ﬁgﬁ nyl)-azepan-3-y11-345-(2-trimethylsilanyl- 20
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylpurea. 1-[(S)-1 -(2-Methyl -propane-
1-sulfonyl)-pyrro-3-(5H-pyrro [2,3-b Jpyrazin-2-y1)- urea was prepared in the same manner from
1-[(S)-1-(2-Rethyliptefianed-serfpay }-py3alidim8rafd[R 3- P Rizirihethds danylrethasednreth yi)-5
PPYTOIZ (R BIRYIBRIT S MR 1- éiaé%e%)r Epiapans- S reloR AR skl Pyl

0[2,3-b]pyrazin-2- y1 rea was 25 prepared in the samé mahn
1-[(S)-1-(propanEoseifeh IvparoRdih-8r§a]-345-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea. - 136 -

1-((S)-1-Metbangsy Hony|spyratidiey 3 ?p?r&g‘ﬂﬂ”@)ﬁ %ﬁ%&%&@@ﬂ%ﬁ%&ﬁf@@cﬁ%d&ﬁ%ared in the
same manner from 14(S)-1-methanesul pyrrolldln 3{}1 -345-(2-

tr|methy|s||aﬁ§}|3re‘fﬁ'8)@?ﬁ§mf)l 19 Boirors Wiﬁ runethyisﬂanyl ethoxymethyl)-
1-[(S)-1-(2- I\ﬂHﬂpyﬁpmp@B}ﬁy&zﬁomﬁ)-@meﬂ}jmaami%!bd»gyrmm{ﬁn&ﬁ}pmn-z-yl)- 5 urea was

prepared in the same manner from 1-RS)-1-(2-methyl-propane-I-sulfony1)-

piperidin-3-y11-345- 2 trim Isilan I ethox y. azin-2-y kurea

1-[(S)- Propane’Fsu 6%y%m|}3/|pe% §Z yE %ﬁlip&? o%f? %%%’pyrﬁg ‘)‘/‘ﬁ ?)}%Jréa WAS prepared in
the same mamperettmmhe—ﬁ@)elxr@prfmaneebsudmr(yir)mmanmkfeawmeﬁﬂﬁ—@d}ﬂﬂhﬂlﬁyls il

anyl- ethOXY%%EQ%J%?MHQY@%E&%@% ] Hjolo 2,3-blpyrazin-2-yl}-ure
1014(S)-1-Methanesulfonyl-piperidin- (5H pyrolo|2,3- b]pyrazm -2-y1)-urea was prepared in the
same manner from 14(S)-1- methanesulfonyl piperidin-3-y1)-315-(2-

trimethylsilaRyiethbigymelhyl - Brrp3ybioh: BLsnyeeddh 320y mviida:2-y1)-urea was prepared in the
443-(SH-Pygall 3,3/ Hew agin- %W}Bykéf(ﬁ[@@“iﬁﬁ%ﬁfﬂﬂ% 5 @%Qﬁi@di?iﬁﬁiﬁ%ﬂ&&ﬁ%%w@ﬁﬁ prepared
in the same manner from 443- (5H yrrolo[2,3-blpyrazin-2-y1)-ureidokpiperidinel-carboxylic acid
methyl 5tePTPIUBTHRE LAY iperid in-3-y1]-3-(5H-pyrrolo[2,3-b]pyraz in -2-y1)- u rea was
prepared in the same manner from 141-(butane-2-sulfonyl)-piperidin-3-y1]-345-(2- trimethyls
anyl-etho xymethyl)-5H-pyrrolo [2 ,3 -b |pyrazin-2-ylkurea.
111-(Ethanesulfonyl)-piperidin-3-y11-3-(5H-pyrrolo[2,3-blpyrazin-2-y0-urea was prepared



in the same manner from
14(1-ethanesulfonyl)-piperidin-3-y11-345-(2-trimethylsilanylethoxymethyl)-5H-pyrrolop,3-1) Thyrazin-2-
ylkurea. 13 -Rtopessss1-sulfonyO-piperidin-3-y1]-3-(51-1-pyrrolo[2,3-b]guraziprdcyhdsdkga was
prepared in the same manner from 1-[1-(propane-1-sulfonyl)-piperidin-3-y1]-315-(2- 25
trimethylsiIanyl-ethoxymethyl)-51-1-pyrro|o[2,3-b]9)1@6zin-2-ylkurea. \Wie;
2010/063634PCT/EP2009/065878 - 137 - ) .

141-(Proparié® sBifgRiP13 - hibBfRit-3Ly T S lotrotd 3 BBy Paihusey Tyes reapiras Br&isared in the
same EﬁalmT%{{m}lﬂbxﬁmﬁﬁmﬁc&[Hclznl[sahhﬁg]ggnid,irnﬁfylﬁ(n%lﬁy@tanyl-ethoxymethyi_)-5H-
n-imethylsilanyl-et ethy-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea.
1-(1-Acetyl-B%‘éor?%%i}@%”%&’gﬁ%}\%%ﬁ%[z,3-b]pyrazin-2-y1)-urea was prepared in the same 5 manner
from

141-acetyl-piderdithghylpiBns< - Gidetinyisianysetimxynedhyl)-bidpyrolot2aed]pyiaziasz:ylkurea.
flr-o(rln-Ac%tyl-m@%{‘13(?&%)5%3(?.@;83{{49}%[%’,{%.t{h@.}éﬁ%l{gﬁmgﬁw_ee@lm{gﬁﬁgé%gg)Pﬁr)e manner

1-(1-acetyl-pilpet-3-y1usms- (2- trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylkurea.
101-(1-Methanesulfonyl-piperidin-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the

same manngkfame 42.
1-(1-methanesulfonyl-piperidin-4-y1)-345-(2-trimethylsilanylethoxymethy1)-5H-p)m-olo[2,3-blpyrazin-2-
yll-urea. 1¢i-{2:dMathyl-propane-I-sulfonyl)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea
was prepared in the same manner from 141-(2-methyl-propane-I-sulfonyl)-pipericlin-3-y11-3- 15

[5-(2-trimethylsil -ethoxymethyl)-5H-pyrrolo[2,3-14yrazin-2-y1Furea. 1 -((3 S,5
-1 Ay T Y B -4 By S Ao el ol ed in the
same mannkpfroi 243 BubS)HLaxcety b 5 anetiv)}-pipatisipiadli) 3483 and cooled down to 0°C.

trimethylsila OXVI -5 H-pyr 2,3~ razin-2-yfturea... Racemic trans '
1-(3-Methox%ﬁ%%ﬁﬁ%%%@éﬁ&%%%ﬁ-%13!/)%}%0%%- ﬁ“‘ﬁ%%?%"— -');Ai ?ﬁrtgg av?§§‘§6 %?(Saﬁgrrigﬁeliﬁ the same
manner frortheaensic sehition (@ Mok ymethylueyeid sl -848° (2 overnight. The solvent was
thmethWS"%\ﬁa%tﬁ@&)ﬁﬂﬂﬂé’%ﬁ%kﬁ%@fa[%& SAUAAAL NI ERum. The orange solid was taken
1-((1S,2R)-2-Methyl-cyclohexyl -3_(5_H-pyrrq|o[2,3-b%p¥ra2|n-2-y1£éurea was prepared in the same
manne}?rorﬂpll-‘t(l}@e,g%tﬁ- 1%l dIGRE RIS A RO - {nrebrylsilaryebir i atspnated. The
5H-pyrrolo[2:bimyeasinwiryd doUterasTheominpsirassisenagrukH (iR 28 P 2omethvb #phy (12

cyclohexyl)-3:(5H- lo[2,3- razin-2-y1)-u as ted fro e major. ¢is isomer by
preparative %é‘ggr%@f] lﬁm%%ﬁg@%%?mm%%% @&%@ %ﬁi&gﬁgh (%’g@FC)
Chiralcel OD-83-prejpalativer SEC ooy (B8 (Mthny 28D i i Dy B €rom) - as an off-white
2010/0636%;%&'%@@2%{065878 - 138 - packing), 70% CO2/30% MeOH1 at a flow rate of 70
mL/min. The matérial was dissolved in 100/0 Me01-1 to an estimated concentration of 20 ing/mL.
1-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3-spiro[2.5]oct-5-yl-urea was prepared in the same manner from
1-spiro%@.5]oct-5-y1-345-(2-trimethylsiIanyl-ethoxymethyl)-5H-pyrroIo[2,3- blpyrazin-2-ylkurea. Trans
1-(3-HydroxyAsetrigIsey Et6h B3 shpl srstofE ey rabim afall drodpwas brephregdrvtie same
{n;a[ré n(ezr frprﬁr%adlagcliaﬁ@fi@ asid I%annerl from iu((lzli,zg)-:zTﬁthyl-cyclsheﬁ(yl)-sa[si-(zmtri;ln%thymlﬂanyﬁ |

-[5-(2-trimethylsilanyl-ethoxymethyl)- rrolg[2,3-1Thyrazin-2-yll-ureidol -cyclohexylmethyl ester.
Duting the T BB B el A Pt DA S b e AGH IS A3 SYRRRGRCH) KBihpletely
hydrolyze tHeéhametaterab816H8)} was performed after the Si0» flash chromatography and the minor

-(2-Methoxy- f )aRiperidin-3-y1]:3-(5H-pyreqlo[2.3-blpyrazin-2-y1)s-urea was prepared in
ihe serme AR e o D 25 R
345-(2-trimaéthgIsitdnsd- thoryriedha Brs pyrfotoled Jub iy eagdn MutiCuaeall (TharSFC) Chiralcel
1-((S)-1-Acesy)-pipasisinrdy 43k mi0IRi2 3 DIoWAZif: 2 Yh e WASPrepaTes iR dhe same
manner from 14 S)-l—acetyl-plperldln-3-y_1)-345-(2-tr|,methyls|Ianyl-ethoxgmethyl)- 15

5H-pyrrol o[%—q mﬂgﬁ_gﬂmgéo mb/miin. The material was dissolved in 100% methanol to an
14(R)-1-Acebylrpiperidin:yoHdn D FRpyiole]2,3-b]pyrazin-2-y1)-urea was prepared in the same
manner from 14(R)-1-acetyl-piperidin-3-y1)-315-(2-trimethylsilanyl-ethoxymethyl)-
5H-pyr5(a|o[2,3-b]pyrazin-2-yll-urea. 1 -(1 -Propionyl-piperidin-3 -y1)-3 -(5 H-pyrro lo [2 ,3 -b
Jpyrazin-2-y1)-urea was prepared in the 20 same manner from
1-(1-propionyl-piperidin-3-y1)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-
5H-pyrroto[2,3-b]pyrazin-2-ylkurea.
1-(1-Isobutyryl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the same
manner from 1-(1-isobutyryl-piperidin-3-y1)-345-(2-trimethylsilanyl-ethoxymethyl)-
5H-pyrrolo[2,3-b]pyrazin-2-ylkurea. 1-[ -(3-Methyl-butyry0O-p
peridin-3-y11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the same manner from
141-(3-methyl-butyryl1)-piperidin-311]-345-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-1)]pyrazin-2

V1ELNrea



WO 2010/063634PCT/EP2009/065878 - 139
-1-(1-Cyclopropanecarbonyl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the
same mannesiiorviksagb«cyclopropanecarbonyl-piperidin-3-y1)-345-(2- trimethyideamdsethoxyrnethyl)-5
H-pyrro lo [2 ,3 -b]pyrazin-2-ylkurea.

1-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3- (1 trifitiorome_th@aesulfonyl piperidin-3-y1)-urea was 5 prepared in

the same manner.from 1 tntlu nesul p ridin-3-
trimethylsil %ﬁegﬁ'?o%mg# rro g'[ﬁr%z%j]pﬂ 23|n Eé,oséj e Hl)i(@’fﬁo(hexyl) -urea was

H-Pyrrolo[ZIﬁethWaﬂmmmyaI)nB1:15-a2(Zﬂﬂmﬂwhﬁetyranm;tfbﬁs{:ﬁ)@mmw&wfea was prepared in
the same mg 04422425 %u%g )jpglyl) piperidin-3-ylk

345-(2-trimetﬁ35;&%1lacwrzcl%f/;?-’é1 éox%rr%ethgl pyn- 010 [ ,3 -b]pyrazin-2-ylkurea. 10 1-[1
-(2-Cyclopropyl-acetyp-piperidin-3-y1]-3 -(5H-pyrrolo [2,3-b]pyraz n-2-y1)-urea was prepared in the
same manner from 111-(2- eyelopropﬁ/l acetyp-piperidin-3-y1]-345-(2- trimethylsilanyl- ethoxymethyl) -5
H -pyrrofo [Racenisykdsit-pyypiatéd-bloyrgmyryivtaHectlid #iilworseriayh-aingnyBn-agsHl-pyrro lo [2

3-b |pyraZi@ﬂZy}/}Qufé’ée@a!V§1%ﬁa56ﬁr§iﬁﬁé%dﬂfé mﬂaﬁmlm@r{nemt(gmz trifluoro-cthyl)-piperidin-
eridin-3-y1)

14(R)-1-methanesulfon

metnyisIat LB Tt LR SHN B A Bagpass el frypgiyy e I
ane-I-sulformly ipiperid, ihefrylded of5ht dyprotto]2n, 3rabipyrénid Hawh) icread wils prepared in the same
manner from 1-[(R)-1-(propane-1-sulfonyl)-piperidin-3-y1]-345-(2- triinethyls anyl -etho
xymethyl)-51-1-pyrrolo [2 3 -b]pyrazin-2-ylEurea. 20

1-[1-(2 ethylpic fony. -2- was
prepare mrith&é Sa(.%?lﬁll ?#1%}9 fErio ]I}n%%% g&w&z)&?—‘j H}? ) plpéegr%??\%é%%#g? i
[542-trimetHiisHemy etk ot hyl)- sqe&ybprp@m[m @Wﬂgﬁa@&ﬁyﬁkdrwthﬂsﬂmyl-

1-((3R,5R) ﬂ%% olg[ i prepared
in the sameémanne%%?g?n%h%mn%@rgﬁc)gt%%ﬁm%fﬁpEearl!glr?l]a??af/rié.%z ?ﬁ%ﬁ(fgosz%g%fw

trimethylsil#RALBHFRSRATEYE- 5pl§fr‘l‘5?d'[lﬁ P HyraiiByllurea. WO
2010/063634PCT/EP2009/065878 - 140 - ethoxymethyl)-5H-pyrrolo[2,3-1)]pyrann-2-ylkurea.
Ethytenediamine was omitted in the second step.
3-13451'5-owgl%ﬁdﬁ%wﬁﬂy}%iyéﬂdjﬁ%km@ﬂjoﬁr(eﬂqﬁ,ﬁfbm@mtq@dam@myﬂpstw was prepared in
the same mannerfon%1 345- 82 trlmgth Ils A?QX' thox ethé’ s _4 me y

pyrrolo[2,3- ¥ a’?%zm- SikUreldt nﬁfpen ine-1 car%%xy % yl e§ §/|er§e lamine was
omitted in thersgbghd@tgmthoxmnethyl) -5H-pyrrolo[2.3-blpyrazin-2-yl]-urea. In thES instance, the first

1-(5H- Pyrm&@iﬁéfm%%maix&kés[ﬂuﬁ& SHgoreRIPRIQNY hypiperidin-3-yl]-urea was prepared in
the same manner from 1-0-(3,3,3-trifluoro-propiony1)-piperidin-3-y1]-345-(2- trimeth y Is
lanyl-ethoxymethyl)-51-1-pyrro lo [2,3 -b]pyrazin-2-ylkurca. Ethylenediamine was 10 omitted in the
second step. 1-(5H-Pyrrolo[2,3- b{ﬁyram 1)-3-0 -(2,2,2-trifluoro-ethyl)- plperldln -3- ylkurea was
preparéd inthd SHERAE-FrBvIan %ﬁzﬂfﬁaﬂ%ﬁm@m&nymﬁé@m% FYPpvis. psid methyl

tﬂmethylsgaé%am)pym@lté?lgaﬁm@{@ﬁafﬂmyfaszzwltﬁﬁmﬁgha?@nem@mmawg&mﬁmitted in
the second st IC 1peri -ylmet [rolo. razi urea was
prepared |n1i’ﬁ§0§§g§ ﬁgﬁﬁé}nf? Pﬁﬁl § (5] tl_Flu %/1 %zzh% 95|I%]r%yt¥-

ethoxymethyi};tﬁxh\tq)ydneoﬁn{t?sﬁib@;ﬁ;&mzlnp@w@maavdwtku@méﬁamsemhwﬂr@i bfepoofSthe deprotection was
run for 5 hours instead of 1.5 hours. 20 Racemic 2-
([3(5H-pyrrolo[2,3-b]pyrazin-2-34)-ureido]-methyl}-piperidine-1-carboxylic acid methyl ester was

prepar %'“f Al Win-2. (2,2 2-triflporo-ethyl)-piperidin-4-ylmethyl]-urea
2- (345% tm;@tﬁ ilanyle %oxlglgr%e%ﬁyl)yS)H pyntlo[’2 3- b]up? r?a—%m}f I3)/1I ?Jrlze}dorr}lfeit}hyllyp tEerldlne 1-carbox

ylic acid mets E‘@@erihiflﬁtﬁ iFnses eI APt ke et %@@é%f&&i’%ﬂ%@%ﬁﬁfﬂ%@ ¥ instead of
1.5 hours. 2@(@%&@@5&@&%@%@@%&2&&&%@45!3;{%&%@ HifinQeacth Yhripesidin-2-

ylmethylkurea was prepared in the same mann

1-[1-(2,2, 2-tHHUER 5 “é‘fHﬁﬁ‘BFp%erP&?ﬁ%WﬁmgﬂNﬁ‘%@% ?ﬁ“tﬁ%@‘rﬂ%?é]il%\/? BfBSymethyl)-51-1-pyrrolo[2,3-1
Thyrazin-2-yl]-urea. In this instance, the first step of the dcprotection was run for 5 hours instead of 1.5
hours. WO 20101063634PCT/EP20091065878 - 141 - Racemic
1-[2-(1-acetyl-piperidin-2-y1)-ethy1]-3-(5H-pyrrolo[2,3-blpyrazin-2-yl)-urea was prepared in the same
manner from 112-(1-acetyl-piperidin-2-y1)-ethyl]-345-(2-
trimethylsilanyl-ethoxymetlay1)-5H-pyrrolo[2,3-blpyrazin-2-yl]-urea. In this instance, the first step of the
deprotection was run for 5 hours instead of 1.5 hours. 5Racemic 1 - [2-(1-methanesu Ifonyl-p iperid
in-2-yl)-eth y1]-3-(51-1-pyrrol o [2 ,3-b]pyrazin -2 -y1)-



urea was prepared in the same manner from 1-[2-(1 -methanesulfonyl-piperidin-2-y1)-ethyl]-
345-(2-trimethylsilanyl-ethoxyrnethyl)-5H-pyrrolo[2,3-14yrazin-2-ylkurea. In this instance, the first step
of the clepretectiawwassun for 5 hours instead of 1.5 hours. 10 Raccmic pe1/EP2009/6065878
2-12-13-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-ureidokethyll-piperidine-1-carboxylic acid methyl ester was
prepared in the same manner from . 148 -
2-(2-045-(2-trimethylsilanylethoxymethy1)-5H-pyrro1o[2,3-14yrazin-2-ylkureidol-ethyl)-piperidine-1-car
boxylic acid]tﬁg’[ 'rX&Sfé Tpfﬁetrtﬂ%"l‘ﬁé}’gﬁ?f@dt}ﬁé'%ﬁf@fgﬁl&z{ﬁé}:’&%ﬁ%’%’ O R TSP & Hbitrs instead
of 1.5 hoursthtSdrecemied fdraceryliptoeritisidydmetiy)) < (BH-pynpleiRanblaysagin-2-y1)-urea was
prepared in apner f {1-acetyl-piperidin-3-ylmethyl)-345-(2-trimethylsilanyl-
ethoxymethéﬁ’%@%ﬂrgﬁﬁoﬁ%é’grfgg/ggisl(nlqﬁglﬁ%rrl%ﬁl Ltllrwelg'instance, the first step of the deprotection
was run for 5 hours instead of 1.5 hours. Racemic
1-(1-methanesulfonyl-piperidin-3-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea 20 was prepared in
the samé ménhré}-frbihangauibarianesidforykpipdntia-G imeteld] 233 Bifgrazin-2-yl)-urca was
trimethylsilapysaihoavmetd SR rolpl2. -Qll%f{c?c%Hﬁé%iﬁ%ﬂ{r@%iﬂ&iﬁﬁﬁd%ﬁﬁ?&&ﬁﬂ-ti‘-?sﬂfﬁ step of the
C -

deprotection was run for 5 hours instead of 1.5 hours. Racemi

t[3-(5H-pyrrite s s hoyas BrddSHNataleE Jshierdrie-2-datBekylic acid methyl ester was
prepared in the same manner from 3-{345-(2-trimethylsilanyl- 25
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureidomethyl} -piperidine-1-carboxylic acid methyl ester.
In this instaAce,-{Be Siisk giepof hsisiepptecligniads Femior-Sifeiadnstaacd oflt. bebekss Racemic |
-(5H-pyyrrolo[2,3-b]pyrazin-2-y1)-341-(2, 2. 2-trifluorg-ethyl)-piperidin-3- ylmet Igggfea as, prepared in
the ot e e s T oy D S S R EPA08 06587 -
142 - piped Hhr3yiaelidyt p3rBit2tiithettiisilaty -pipowidinnd thyl)biilippaidio§h 8-bipyrazin-2- yl
Furea. In this instance, the first step of the deprotection was run for 5 hours instead of 1.5 hours.
Racemic 3-ﬁ%‘Bﬁcé%(rolo[z,3-b]pyrazin-2-y1)-ureidokmethyll -pyrrolidine-l-carboxylic 5 acid methyl
ester was prepared in the same manner from racemic
3-{345-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkureidomethyll-pyrrolidine-1-carbo
xylic acid methyl ester. In this instance, the first step of the deprotection was run for 5 hours instead of
1.5 hours. 16eR%HYheE 2- { [3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urcidokmethyll -pyrrolidine-1-carboxylic
acid methyl ester was prepared in the same manner from
2-{315-@'tfiﬂ‘(%E@éﬁﬁi&%ﬁﬂﬁz@PSH%ESFI'}I-)@)t%@b{{ﬁ@{@{vﬁ@iﬁﬁﬁi)&m&%@t%lﬂﬂfﬁ%m%HB/J -pyrro lidine-1

-carboxylic acid methyl ester. In this instance, the first step of the &protection was run for 5 hours
instead )(/)f 1%81}@? E%E%Mié% g, 0.227 mmmol) was dSISS(?lVCd mn HVPHCI in acetic acid (2 mL,

1-(1-aceryl-pywralictish2aydiet iy Sa(oidt oy ralafizo3-b] pydazine2-yib)- U RowasTpkeRatgenn the same

manner from racemic 1-(1-acetyl-gyrrolidin-2-ylmethyl)-345-(2- I o
ety ol e L R Ao R T S e QH S5 RSP PR step of the
deprotectiodowas Tiis fohsmoisciriprragbiheysbarss®idoemioken up in MeOH:HO:ELN 8:1:1

1-[2-(1 meetylpysralidinofb)- ety 35 Hrwmolal2 ShlBwiazin Ll HiSaR RO qEspared in the
same manner from racemic 142-| 1-acetyl-pyrrolld|n-210-ethy11-34§- 2- .
trimethylsi|a?¥§9@ﬁ%%wm’é(th&ﬂ)ﬁ»§§%¢%- Moagis Pyt s SHINHeRH A ih8tanterasichitat step of the
degr?tectio Eim@@.aﬁsw é?f@-@%&ﬁﬁh&h@@)@y@aoh@?g@(ls@s R@gﬁlﬁg% ,35-]13]pyrazin-22-yl))-urea as an .
142-(1-methapesulfonyl-pyrrolidin:2-y1)-ethy1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)- urea was prepare
in the sameoﬁ]%ﬁﬁgrsﬁg%‘eﬁé%%?gdil2-(1—methanesuIfonyl-pyn-olidin-2- 25
yl)-ethy11-3-[5-(24rimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-y11-urea. In this
instance, thBdixstistéf ot the-cepobtegtjah(Masprurolio 3-bipysainsbal-ofck. bdhouesaRaaemic

1-(5H-pyrrolal2,3-blpvrazin-2-y1)-3-{2-[1-(2,2 2-trifluora-ethy)-pyrrolidin-2-yllethyl} surea was prepared
in the s;gme‘maer?%?%]r‘%gqrﬁér%éﬁ%gef- 25-‘*1"-(1&’,%@{&0%?&%){/ %}éél%ncﬁldelﬁ%wg%e%ﬂﬁﬁ
-345-(2-trimsthplsiaayretresgristhyiesH-pyrrolo[2,3-blpyrazin-2- WO
2010/063634PCT/EP2009/065878 - 143 - ylpurea. In this instance, the first step of the deprotection

was run for pRours instead Qi Naks Rase s -5-y1)-3-(SH-pyrrolo[2, 3-bpyrazin-2-yl)}-
1-(1-ethanesuI1‘ony1-pyrer(olidin-2-y|met%l)-:’u-(S{E]ﬂ-;{)f??ﬁi)jIac]){}[z,5-2)]py(/razzl}r%;-rﬁc-)y0 )-’ure]gs\zfrvaazénpre}b)ared in the

same mann¥FHBHT B{REEth dHe SRR dyrtohathepsywienp B -metibeaspan-4-yl)-3-[5-(2-
trimethylsilafyttegtpRiyme b -sHicmymoie{hrdlieyr azinpirbmires lodhisrnsianeandhe diest step of the
deprotection was run for 5.5 hours instead of 1.5 hours. Racemic
1-[1-(propane-2-sulfonyl)-pyrrolidin-2-ylmethy1]-3-(5H-pyrrolo[2,3-b]pyrazin-2- y1)-urea was prepared
in the same manner from 141-(propane-2-sulfonyl)-pyrrolidin-2- ylmethyl]-345-(2-trimethy Is
ilanyl-ethoxymethyl)-5H-pyrro lo[2,3-b]pyrazin-2-ylkurea. In



10 this instance, the first step of the deprotection was run for 5.5 hours instead of 1.5 hours. Racemic
1 -[1 -(propane-1 -sulfonyl)-pyrrolidin-2-ylmethy1]-3 -(5H-pyrro lo [2 ,3 -b]pyrazin-2- y1)-urea was
prepared invthexsameszganner from 141-(propane-1-sulfonyl)-pyrrolidin-2¢Cr/EP2009/065878
ylmethy11-345-(2-n-imethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea. In this instance,
the first step of the deprotection was run for 5.5 hoyyg instead of 1.5 hours. 15 Racemic 141
-(2-methyl-propane-1 -sulfonyl)-pyr %@in-z-ylmethyl -3-(5 H-p_yrro lo 2£3,- b]pyrazin-2-y1)-urea was
prepared in Y EEETHERTET Fﬁ?ﬂﬁﬂ% | IS BRSNS W&?%g ;%%i"éfgef eth y1]-3
-[5-(2 methyls:damylretihox yme trybddd-pyir ajA 8- 14yrazin-2-ylkurea. In this instance, the first step of
the deprotection was run for 5.5 hours instead of 1.5 hours. 20
(15,35)- 3430t Byrrolof2. 3 Blawaziaszwpeidelicyclopsniancearaodic.add metylgmide was
prepared in the same manner fro
(1S,3S)-3-{3u bl (ethiyhetteylsitamytethok{imethy [rot-1-pyplef2 3B Aazint2esilpurkidol
-cyclopeatangeAthoue. 36 MR IS SIRAGS: e iRt FIaRBLIE HRPHIGEHON was run

.5 hours.

for 3 hours instead of

25(1S,3S)-34551 HiPWEISE BOlRFAAPAHY s BT Bsberg e dd kgl BefdFethylamide was
prepared in #5678 Mandeicftefic reaction mixture was extracted with EtOAc.
(1S,3S)-3-[345-(2-Trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-y11-ureido[-cyclopentanec
arboxylic acid WO 2010/063634PCT/EP20Q09/065878 - 144 - ethylamide. In this instance, the first step
of the deproRECHBR S5 3 HORFE Al B s s R e DR -y s v

3-[345H-pymoipiz;3-h hyraxr-2wheufeicidk{3 clehexdndaparndoxghd aaidy iheihglamide was prepared

in the sgme manner from racemic tra = {3-[57(25 : “ ‘< instance. the

et e L 7 oS ARy et e B acia
dimethylamigectinnthisxinstaride il ffestSsteproftiead eplotdution wassroerforidcdowingiadlead of 1.5
hours. 1-(2,2Rimethybey tleren i xS (Ad-RytrolakZ Sdlpy a2isg-y1)-urea was prepared in the same
manner from racemic 1-(2,2-dimethyl-cyclopentyl)-345-(2-trimethylsilanyl- 10
ethoxymethyl)-5H-pyrrolo[2,3-1Thyrazin-2-A-urea. )
1-[(R)-1-(pn§§:s?f@19- Gifawgaé}uﬁw@w@"ﬂnnwifrl31-(%ﬂlﬁ%ﬂbﬁbﬁz@%fgﬁ%ﬁﬁ%@@@@%%ﬂ%prepared in
the Isan;e maﬁeﬁfiﬁgmp&rw%)jﬁxéagmﬁn@na@%lg@mréeb&yérmg%ﬂ;&mﬂ&sa@]@qﬁmﬁ&wllﬁ
anyl-ethoxymetnyl )-H-pyrrolo |2,3 - razin-2-ylEure - -1-Methanesulionyl-pyrro
iy 133 T By A e R cHpATale i e Gy .

1-[(R)-1-methancsatfan qrpeaalcimBgpdd-8«4Sstred for 5 hours instead of 1.5 hours, it was

trimethylsil -ethoxy o1-1- M@g yIazin-2- , -

1-(5H-Pyrr§ﬁ) é{%ﬁ%)éyl%%%é%%ﬁéﬁl-trif Sg%régiﬂgh%eﬁﬁgfy -t[r)c)l/crtreodligilrt]t-l?{ﬂ:-t)/%?‘-cljrea was prepared
in the same way from 14(R)-1-trifluoromethanesulfonyl-pyrrolidin-3-yl)-345- 20
(2-trimethyldilEmypltkhxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1Furea.
1-((R)-1-Ethanesulfonyl-pyrrolidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the
same way from 14(R)-1-ethanesulfonyl-pyrrolidin-3-y1)-315-(2-
trimethylsilatylieth@xymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea.
1-[(R)-1-(Propane-1-sulfonyO-pyrrolidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was 25 prepared
in the same way from 1-[(R -1§épropane-l-sullony1)- yrrplidin-3-y1]-345-§2-
trimethylsilahyReAERS TR Wip‘il-bf]&é[@,é@b%%%#ﬁ‘é@w’p%k‘@éﬁw )-5H-pyrrolo[2,3-
2010/06363¢3¢47mP200%4Q6 38 1 & - (1418 ndnok§ Rksl dikdoiviettin Y aropanesulien fdoridy/ma lidin-3
-y11-3 -(5 H- lo [2 .3 -b]pyrazin-2-y1)- urea was prepared in the same way fr

o o o D G Bt S Rekiethy-5H-pyrro
0[2,3-b]pyrazinBndkaheton stirred at 70°C for 5 hours. The solvent was mostly evaporated. The residue
1-(5H-Byrrolof2. 3hlawiazin: 2y 1B R)ale B3 HIlaros R aRANG-A suifanyd ypyinlidin 3 5 yikurea
was prepared in the same way from 1-[(R)-1-(3,3,3-trifluoro-pfopane-1-sulfonyl)-
pyrrolidin-3-{rE]osgemiclayritetsyistrinpiosth gxgh et A esr p\iFsisesds et SR Geerwining
(R)-343-(SHs R RRdO s Ry 87651 enydnribiaoipyriqlidins ; beathaxphe el d metbykgsteriwas
prepared in the same way from . . .

(R)-3-{345- LRy ISiIRAm TR thetfiyh o K FBIdES B85 B)FA2RHS STHSRBIR B} AFBREATE-1-carboxyli
¢ acid methytestae. it i{gRpAbApedykpykolil N {BYL) B BiH- fYr dd2Of2) Fhjaiy a2 ydjhinda was
prepared in the same way from
14(R)-1-acetyl-pyrrolidin-3-y1)-3-[5-(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylkure
a.



Racemic 1-(1-acetyl-azepan-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in 15 the
same way from racemic 1-(1-acetyl-azepan-3-y1)-345-(2-trimethylsilanyt-ethoxymethyl)-
5H-pyrrolo[2;8-hjpysestin:2-ylkurea. Racemic 3-[3-(5H-pyrro lo [2,3 PCT/EP2099/063878

. -b]pyrazin-2-y1)-ureido]-azepane-1-carboxylic acid methyl ester was prepared in the same way from
racemic 3-{345-(2-trimethylsilanyl-ethoxymethyl)- 5%4-pyrrolo[2,3-14yrazin-2-yl]-ureido}

-azepane-l-carboxylic aci thyl ester. 20 Racemic, .

o methar TR TS e 5t RIS Seogp sl 31y Ay GRBTRe Brdpared n the same
way from racemizib-lyipethanesulfosiyled tepams Bath)e Spef2ritical Fluid Chromatography

trimethylsil oxyme -5H- lo[2, 37 n~2:y E i

1-bicyclo[2.2. ??é%t&(zg%%%gﬁ%ﬁ?g%fg%gf&éﬁgﬁéﬁ%%@r[g? waEV % gﬁdgﬁ\é% Slﬁ‘(%hcg %aflnrnne way from
endo 1-bicy@8[2R A Fiépn-{R - d48iqRamekinglsil A embdmvEaRyl)acpPew rate of 70
pyrrolo[2,3-Hlpyrazin Reylidsaa WAQIROLYUPBIERP STIERAOUPESE T Bn L4 efEXBon of 20
1-bicyclo[2.2.1Thept-2-y1-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea was prepared in the same way from
exo 1-bicycf8[5é1.1§.“1]hept-2-y1-345-(2-trimethylsiIanyI-ethoxymethyI)-SHpyn-olo[2,3-b]pyrazin-2-ylkurea.
L-(1-Methyl-cyclohexy1)-3-(5H-pyrrolo[2,3-b]pynizin-2-y1)-urea was prepared in the same 5 way from
1-(1-methy Ii-gyaigbryySr3ne(@nisinethyLsilamdrethonysnety)raiopypotpf2admblpyyagin- 2-ylkurea.
Example 42. Variation B: th , (] -cvel ol Inavlniperidin-3-vD.3
101-(3-MetRy B AR ArS- By A A B i St R Ry et RS By RS o 13-
b]pyrazin-2{fK2rean(@hot8 gy 0 dBommeth viastspspeided -rivedFi2ayljtovelédidownstta @C. At that
temper%urqg@geg&ﬁ;)é{e(}m@ﬁgeep@iﬂég}k)n% &g{%@%éﬁt&{ the addition was complete the orange
solution was allowed to warm up and stirred at 40C overnight. The solvent was evaporated and the
remaining solid was dried under high vacuum. The orange solid was taken 15 up in MeOH:H20:Et3N

8:1:1 and stirfédCaeRardprisshboryrae sslvehtivas(@aporated. Fhyanaismg-oftavkite solid was
absorbed onte 07 Atk RMribetBY-PIRZCI{PRaRgBPNY I kh g -%{?%i@fgﬁﬂ{/m@@?(}
(DCM:MeOH;NH40H 60:10:1) 0-25% magic). Obtained 0.0239 o] .
cis1-(3-metH ANl ARS BRI E RO btol 2 RBR5R 2 257 R) - s A5 295 Mhite solid,
yield: 52%. Rdiacemier dis fnt{ER25)Zmetydyelahexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea
was prepared in the same manner from

e e PR R R e

chromatographywandrtiperadinorh25dnanedsornéom 1 -[(R)-1-(2-methyl-propane-1-sulfonyl)-

1'((15’2S)'%iﬁé%m}{lﬂﬁ'-%ﬁ%&kﬁﬁ(@ﬂyﬁxfe{&lﬂ@h%s%m!{%ﬁﬂs%ﬁ{%ﬁﬁ@&'ﬁd%ﬁﬁ%c&r he

purification was performed on a Berger MultiGram H (TharSF H preparative SEC
column (30 Wik psensfihDsseaysn pHERIPY) iraRrco st iREDe at a flow rate of 70 mL/min.
The material was dissolved in 100% methanol to an estimated concentration of 20 mg/mL. WO
2010/06363ARGI{ER20QRDE8HR-3 I tRAGEMIG WiSpiperidin-3-yl}-3-(5H-pyrrolo[2.3-
1-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-3-(2,5,5-trimethyl-cyclohexyl)-urea was prepared from racemic cis
1-(2,5,5° rin?é@{{&?&%'gﬁi@é%ﬂﬁ‘-‘é’ﬂ%%éﬂﬁﬁﬁ*éﬂw%ﬁ&WlEmrﬁ%‘EM/di%porfB?é‘rﬂél’bﬁWrézin-2-y|kurea.
5 Racemic #pdthmovaldiR3-Aipbydazh2 pEL)S32 (R At Uetiooetind)hplpaHdinrdidR sthyl} -urea
was prepared in the same manner.from 1- {241-(2.2 2-triflugro-ethyh-piperidin3-ylkethyll

Pyt e g L R R R G R i ——
of the &protection was run for 5 hours instead of 1.5 hours. 101-0
-Acetyl-pipetiditi-PyimiefByst p-Bs@EpY YOS XS olratincReythytea desgrépatedinuliesBime manner
from 1-(1-a hﬁif?%ﬁ%'%'tﬁéé(%%tﬁ%%ﬁé%%ﬁgmﬁg%ﬁl?e?%m 1-[(S)-1 1 -trifluoromethyl-

ethoxymethyl)-5H-pyr 2,3-blpyrazm;2-ylkurea. In this instance, the first step of the deprotection
was rulJor YRGS RasF LS M pipenidin-3-y1}-3-[5-(2-trimethylsilanyl-cthoxymethyl)-5H-
151-(1-Methanesyfonyimiperidingyine tyh3niSdndcpi QRS salpwREinpdribmse awasprepared in
the same manner from 1-(1-methanesulfonyl-piperidin-4-ylmethyl)-345-(2-
trimethylsilaffyFethtkymethyl)-5H-pyrrolo[2,3-bipyrazin-2-yl]-urea. In this instance, the first step of the
deprotection was run for 5 hours instead of 1.5 hours. 20 4-
([3-(5H-Pyrrolo[2,3-1Thyrazin-2-y1)-ureidokmethyl} -piperidine-1 -carboxylic acid methyl ester was
prepared in the same manner from
4-1315-(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylpureidomethyll -piperidine- 1
-carboxylic acid methyl ester. In this instance, the first step of the deprotection was run for 5 hours
instead of 1.5 hours. 25 1 -(5 H-Pyrrolo[2,3-b]pyrazin-2-y1)-3-0
-(2,2,2-trifluoro-ethyl)-piperidin-4-ylmethylkurea was prepared in the same manner from
141-(2,2,2-trifluoro-ethyl)-piperidin-4-ylmethyl]-3-
[5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylEurea. In this instance, the first step
of the deprotection was run for 5 hours instead of 1.5 hours.



WO 2010/063634PCT/EP2009/065878 - 148 -
112-(1-Acetyl-piperidin-4-y1)-ethy11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the same
manner fromwo 2016/063634 PCT/EP2009/665878
1-[2-(1-acetyl-piperidin-4-y1)-ethyl]-315-(2-trimethylsilanylethoxymethyl)-514-pyrrolo[2,3-b]pyrazin-2-yl
purea. 5 | -[2-(1-Meth anesulfonyl-piperidin-4-y1)-ethy1]-3- (5H pyrrolo [2,3-b)pyrazin-2-yl)-urea was
repared in the same m nner from 142-H-methanesulfon eridin-4-y1)-ethyl]-345-(2-
et SRR SR e B D0 S LA - Wak prpa i
{243-(5H- Pyxmvl@[&;&hﬂ@wazmQey;b)hyﬂalglabemyl) ag[ﬁe{ﬂdtﬁleeibgzarkmyyhﬁnaﬁ}@hm@bysﬁo ester was
repared in the annerf 2- 2- tnmet Isilanyl-ethoxymethyl
B pyrolor ST et Rt e el e Non v 2 43
Variation CFe5013:8-Dimethyl- cyclohexyl) -345-(2-trimethylsihmyl-ethoxymethyl)-5H-pyrro10 [2,3-
b]pyrazin-2-ylkurea (0.095 g, 0.227 minol) was dissolved in 1M HCI in acetic acid (2 mL, 2.04 annol)

and the sesqlingelRy oo siiksd 506 o ety Sheastion e an dlied with 2

ml, of H20 and basified with OH. Light yellow preC|p|tate forms. The solvent was evaporated.
The yellow é@hd"\?‘&é@‘i&k@ﬁeﬂﬁqﬁ‘Me@PPPPZWE@W@*P&YQOQﬁd%WF@%“&E@Wr 1 hour. The mixture
was absorbeg@RiacHo8-sndhprbligd Py 02 ehromateg! ap iy EnS0he REMINAG 6 £ the
(DCM:MeOH: N,g,t 40H 60:1 O: Ingo -35% magic) to give 0.023 g of

1-(3,3- dlme%ﬂ V@I%Wé%/&%ri %‘By rolo[2,3-b]pyrazin-2-y1)-urea as an off-white solid (35% yield).
Racemic 1-(3-ethyl-cyclohcxyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y0-urea was prepared in the 25 same
manner frorRacemic ciq 1 (1 -acetyl-3- methyi—piperidin -4-y1)-3-(5H- pyrrolo{2 J3-bipyrazin-2-yl)-urea was

1-(3- meﬁpyl cpéc %mt%?eeﬂtlhgls Iggée M%e _ {951, py}rps!p&ﬁ%lf Wazm -2-ylkurea.

Racemic ci ony azep ol yrazm -2-y1)- urea was

prepared thmm@tp}fmhmﬂ(elhme@haﬁe&mmqﬁei%ma Alyar@48: (his instance, the
trlmethylsna{gébgah,@gyg@%g PN Ul PiRytazin-2-ylkurea. In this instance, the WO
2010/063634PCT/EP2009/065878 - 149 - reaction mixture was neutralized using a 1M agueous NaOH
instead of 3M and the crude reaction mixture was extracted with EtOAc. Racemic cis

4-methy1-5 R8sk sinlolo i alsfsyand e trdatrsdipanddca oy déid-herrmat<er was
prﬁpared t?} )Wﬁé/afm 'pgeﬁl ﬁﬁmﬂhé'\w[a%fE@C)(ﬁlli’(é[d:@?ﬁamw§ﬂﬂﬂ)’ﬂn&hdnesuéfonyf Snnleéhyl p1pcr1d1n-4— "
ethoxymet olo raz idol-aze -1-carbox id m ester. In this
mstancrl:eg )Fg WHB}I%FP' hﬂ@fégg‘ﬁ%lﬁé ‘5?:1%&1 IZjH %#—ly Sty e%%ﬁﬁ/l and the crude
reaction mlxtutenmﬁlexh@méstwmf BEtoAc Racenweshot performed.
142-(1-acetyl-piperidin-3-yl)-ethyl]-3-(51-1-pyrrolo[2,3-b]pyrazin-2-y1)-urea was prepared in the same
manner from 1-[2-(1-acetyl-piperidin-3-y1)-ethyl]-345-(2- 10

trimethylsil 51 ] -2- ce tion
mixare v el B ot e O et B e e o
insteaM of 3vid aprinwkas Exirat PEEPRIRH fioNeY Rawesemic cis 3- methyl 4- {% [5-(2-

1-(1- mchaQﬁﬁw{ﬁaﬂwWE@@WWQIBM%MB[‘PY%%%Ezﬁr@%)ﬁ@é%@*%}feﬁ&%ﬁ:Wﬁs prepared in

the same manper from racetnic 1-(1-methanesulfonyl-pyrrolidin-3- 15

yimethyl)-3-FAT 09X AT FERERY R oI IS Ay TiTsE:- r?%‘f8{1§{ 890 QU FAs PEBntive X 2hBhis instance,
the reactionpmiiiuiedwas stirred for 5 hours instead of 1.5 hours, it was neutralized using 2M aqueous
NaOH instead of 3M, and was extracted with EtOAc. Example 44. 20 Variation D: | -(6-M ethyl-sp iro
[2.5] oct-5-y1)-345-(2-tri eth Ianlet = ra2|n2Aure (0.1 g,
0.233 mmol \)/vz?lgn |slsSOEI CY?yGEYrQ ﬁgﬁ ond%%yl\ﬁ]?) %E%fbépx 4% R%?ﬁoﬁgand
ethylenediathine/¢9 QQIWECMmmWWWMOHWbéwﬁﬁg Sohﬁﬂbﬂ%hnﬁeb‘éﬂ?@@ﬁbﬂ% hours. The
solventwasspastly Thessitezaan ealiasd ey een 2D antanAn e
agueous Iayer was ex racte 2x with’EtOAc: the organic layers were combined, dried over Na2S04,
filtered and %@%@?@SﬁlThe remaining solid was purified by Si02 chromatography (23 g Si02,
DCM:MeOH 0 to 5% MeOH). NMR of the off-white foam showed -18% of the trans isomer. The major
cis isomer wag.sgRamated e ibe tiansisapal-byprepamiyeche {BEM:Ma0H Bo%-Mehk!). Finally,

0.018 g of both
g prepared this way from 1-(1-acetyl-3-methyl-azepan-4-y1)-3-[5-(2-trimethylsilanyl-



WO 2010/063634PCT/EP2009/065878 - 150 - cis enantiomers (51% vyield), cis
1-(6-methyl-spiro[2.5]oct-5-y1)-3-(5H-pyrrolo[2,3- b]pyrazin-2-y1)-urea, were isolated by preparative
Supercriticaibludo@bseanatography performed on a Berger MultiGram |l (FoanSk@pGdsgalcel OD-H
preparative SFC column (30 mm x 250 mm ID, 5 micron packing), 70% C02/30% MeOH at a flow rate
of 70 5 mL/min. The material was dissolved in 100<}/ snethanol to an estimated concentration of 20

mg/mL 1 -(1 clo ethane id n -3 -y1)-3- (5 n-2 -yl)-urea
was prepar GRS CAIE QRS i P 3By i R D e b TS
[5i2-trimethyksit Aaticat maxyrsgtiy@l=bettpyrrolo [2 ,3 Jpyrazin-2-yll-urea. In thls instance, 10 the second
step of the purification was not performed. 1-0

-Cycloprop lfonyl roI hlpyrazin-2-y1 -urea,was prepar d in the same
manner froﬁ %ﬁlcﬂyg glﬁ%g d%s{ﬁ{yﬁgvp 5Iali:idln %n%é]l 6) A WaS PR AR BRI
trimethylsilaryidtdxymmsbivid - ﬁ-(-?py‘imml[lﬁ@lb‘}ﬁl&ﬁé‘l@ﬁb@l?ﬂﬂwfkéHm}tﬁlﬁqﬁ%ﬁahbeTQH@@add}nd step of

the pur'fﬂcaqﬂ@dvﬁﬁﬁﬂkoﬁﬁﬁg% %CLC&&JET L@Q of the purification was not performed, but the final
-(2-Methyl-propane-1- squon& rldln 3- y11 -3- SHFg) rrolo[2,3-b]pyrazin-2-y1)- urea was prepared

in the samel4AREF HorasPS EBre panEfédifony1)-
piperidin-3-y11-345-(2- trlmethylsnanyl ethoxymethyl) -5H-pyrrolo[2,3-b]pyrazin-2-ylkurea. In this

T?{g;‘ ?I_e(éhhg/l mdyﬁ%gf méﬂ%ﬁmﬁwmﬁﬁﬁ;?fmgﬁﬁg was prepared this \agiy ér(;)rn 1-
et an anes in

A L 6 G Ut T G S A s R

yimethancsutianyd Ja peviaioe 3yl a8 (@t rifdthydsifanatibe thaxyon ptfdiaidd pytnblofi2 8-

14yra211rb2 %ﬁg?»\!&mﬁﬂn @;Tgﬁg?“q}% gte%% Qe purification was not performed.
ri

1-(5H-Pyrrolo l4yrazin- uoromet yI cyclopropylmethanesulfonyl)-
piperidin-3-y1Furea was prepared in the same manner from 1-[(S)-1-(1 -trifluoromethyl- 25

cyclopropylrfhéiiMni%%ﬁﬁ&ﬁiﬁhﬁﬂyﬂ?{gﬁbdEéftfﬁﬁiieﬂtyli'ilﬁﬁ%”eﬁrﬁﬁy@f@khlgilaJSH[fWF@Io[Z,3-b]py
razin-2-y11-uyee | t t f O
2010/063633&%9}%?2% 75 Be%lecH %ﬁ%@gﬁﬁ%ﬁgg@&%ﬁ&ﬁ%%ﬁﬁﬁ&%?ﬁﬁ @ﬁﬂ}‘?&m\’i’
1-(2-ethyl-cybidreayh téffsv%tﬁwoﬁ%qz@wﬁhmﬂﬂ@ PfifaieReeiRaderiag: Wiy irdhitacemic cis
1-(2-ethyl-cyetahexys Jbhe-thimeitndsdanyb athexypery 1)-5Hpyrrolo[2,3-b]pyrazin-2-ylkurea. In this
instance, the second step of the purification was not performed. 5 Racemic cis

1 (2 l-cyclohex I 2-yl d. thi f

cis 12 o IO A S R I A DG Py OIS S Y T2 y e,
In this instane@; mmmeoﬂebstﬁpmmemm@ﬂmmsmmmmmém Racdofic3ei§pyrazin-2-
H{LacetyLymeERRCHAU i SLlokk oYY ?&JR&@‘&W&H@&‘P@@&&P{E&&@F this way

from racemic CIS 1 1-acetyl1-3-methyl plperl 4 -y1)-3
trimethylsilaipidethaeyathed) S h-pyrrors g 8WipyraZit o2 sikurea. In this instance, the second step of
the purification was not performed. Racemic cis

L-(L-methanesulfayl ek piRAHltridisd- ey oA Ty a2 By bin 198 s prepared

this w yfrom racemic cis 1-0 - methanesullorg)l -3-methyl-

ipe
y0-345(-tritAR BREh 1R HBXGRTR IS AEEH! fy rrBr sty g\?ﬂéﬁf??l9fRL?ré’élnﬁﬁhM?s3lr£§thce the
second step:ahbas, Rutitigatinoxwasnal-pEHOHRAE 2 RACRMIC @IS -yl -urca. In this instance, the
3-methyl- 443 5H rrQlo[2,3- razin-2- idol-piperidine-1-carboxylic acid methyl ester was
prepared this véay rﬁ)%éﬁc rhl?gg%u%nm XJ‘)A) ?ge QD 20 trimethyls ilanyl-ethoxymethyl)-511-pyrro lo
[2,3 -b]pyrazin-2-ylkurci dol -p iperidinc-1 - carboxylic acid methyl ester. In this instance, the second
step of the RatficatidrvdsemobpesidfomegtipRaodmig-gisethyl]-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-

L ety B P YRIOlR R 20y R AR RIERBRG R el racemic

cis 1-(2-met yl-cyc pty1)-345-(2-trimethylsilanyl-ethoxymet
5H-pyrféto[2; éSM%ﬁeﬁmmm@hmmiehﬁwﬁ%ewﬁéﬂ%édﬂw&w@rxﬁélmlﬁt&mmme% ot

performed. the reaction was stirred for 16 hours instead of 5 hours and the second step of the purification

was not performed.



WO 2010/063634PCT/EP20091065878 -152 -
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea. In this instance, the second step ofthe purification
was not perooned;oRyadin-2-yimethy1-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-erazwasypresased this way
from 1- pyri din-2-ylmethy1-345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]- 5
urea. In this instance, the second step of the purifigation was not performed, but the final product was

washed with hexanes/Et0A¢ 5% EtQA¢. Pyri din -3 -ylmethy1-3 -(5 H-pyrrq.l 0 ]2 .3 -b ..

Jpyrazin- Z-ﬁ?ﬁffglg%ﬁ a{g— %fé%é’r%&??@%ﬁégmwlﬁz" Ilrﬁurel}éo}eth(}ﬁ} -p%n&n@- J—cé%oxyhc
pyridin-3-ylrasthmt #3d B <{2r trine @iy it iy Hetkoxy metihyt) fisir: pyiT ol 82bdpywaizyts 2aydil - urea. In this
instance, the se f ificati f he.fina . s washed
it hexanc S B B e e v

~ prepared thisstiay $stm m-{Psoppiane2 hr estion3vds sypagirelifyisuarpsesthoekyietmams hepyrro lo
[2,3-blpyrazin.ega wpuede uiie dnstanseadhg seemiRd step of the purification was not performed, but
the final product was washed with hexanes/EtOAc 5% EtOAc.

151-(2-Pyridin-3-y|-eth?/1)-3-(5H-p rrolo[2,3-b]pyrazin-2-y1)-urea was prepared this way from 1
-(2-pyridin- Ry Eraih ydymat sy Y&'Rd -'@EHB?W-QWB%WWE%ZI%ﬁ@%ﬁﬁ%f“ﬁaﬂﬁ-z - ylpurea.
In this instanes, she sepand SteR eithenpunfication wasHadiperokmngd, brdlthie finaneprondct was

washed wit anes/Et0Ac 5% EtOAc. Racemic 1- . e
-rnethanesE%%i%lﬁtehﬁési%?ﬁyy"l%%%Wﬁgﬁfz)ﬁgw 0 ‘é’lﬁ[?s% gazzfrq:%'-f}i')?ﬁ%al }Y?v%lgt%l?gz%ared this
way from rademiectiefl waethané SulfbAylopipenidiad2:y/nhethyr845e (@cond step of the
trimethybsiIwﬁ—ﬁgggagwgtpggfgﬁggy&qlo[z,3-b]pyrazin-2-ylkurea. In this instance, the second step of
the purification was not performed. Racemic -[2 -( | -rnethanesulfonyl-p iperidin-3-y1)-ethyl]-3-(5
H-pyrrolo[2,3-1.4yrazin-2-y1)- urea was prepared in the same manner from
142-(1-mettExmrnltctdy|-piperidin-3-y1)-ethyli- 25
345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylkurea. In this instance, the reaction
was stirred %ﬂ%—%@éf‘ rs instead of 5 hours and the second step of the purification was not performed.
WO 2010/063634PCT/EP2009/065878 - 153 - Raccmic 3-
(243-(5 ljj—pyﬁﬁmﬂa}%@my[fﬁ(iﬂcf:?aﬁé)aw@iquﬁéhuth@ﬂ%dﬂﬂ@mmmwi(aﬁﬁi@mm@@tw was
prepared in the same manner from - _
5. (2305 (PR AR R R eS0Tl SBip s A s fgoroborete
-ethyl)-piperidingtlecaudsoxylicodicia ety este mindhis instandeitheddddionystsslinetf F6r 16 hours
instead of 5 nd th n ificati tRer. '

BPHESA0K 1082 RefY ﬁrﬁs‘é‘?ﬁy‘%@ L RliGa YR BeAe J95m§9 nRAGRNGS

1-(1-methanesulfonyl-pyrroli H-pyrrol pyrazin-2-y1)- urea was prepared in

the same ménwet frofinl-oLaRéihanasw g ity ethylyrgdiamine (0.066 mL, 0.983
[5-(2-trimethylsilanykeihaed methd)-RHihaieke3shirviazindy ke dolndhisinstange, the reaction

was stirred for 7.5 hours instead of 5 hours and the second step of the 10 purification was not
perforntdd. ESEREREYB e/ sTie Vs DeTiioRAd R Ve L A HAa s B P airaus V11945 1 5% rimethyls
ilanyl-ethoxymeihyakd Hii-pyuraiofd b lpyimazind2 Brljue aid Ohgnodlaganimal)canddithiviod
tetrafluoroboyate, (0.1 967 nunol) in 2 mL. of a 9/1 mixture,of acetonitrile . and H20 was stirred at
85C for 24 gg%?eg %’éfogr%%g%naél CB%?Q%T%%% I%& r%ﬁl(l)rI o 0s“(%r{)]\;ﬁérﬂ gIl(efq‘]t(j i3 rseogféﬁ%ﬁnrr? ii‘é{%(r% was diluted in
2 nil, of a 9/pumficd ey Si@ceshithiterand R0y BYMASI ATROIC OB D198] Mtndt) Was added and
the resultingyni } f I i1 rgfﬁg yeyvas
partitioned ﬁ%ﬁ%ﬁﬂ%@dﬁgﬁaﬁ% %y(?gglo%? %gﬁ%%%ﬁgiggﬁgiiﬁgg@%as pack IZ\;(tracted
twice with E{08¢ 1133 omBRY organic layers were dried (Na2S04), filtered, and evaporated. The
fairly insoluble residue was adsorbed onto silica purified by Si02 flash chromatography

(DCM/(DCMd :Y§140H 60:10:1] 90% to 0% DCM) to give 0.008 g of
(1-[1-(2-eyano-acetyl)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin- 25 2-y1)-urea (14% yield). Example
46. Synthesis of (1S,3S)-3- (345-(2-Trimethylsil anyl-ethoxymethyl)-51-1-pyrrolo[2,3-b]pyrazin30
2-ylkureiclolseytiapentarkesyBois-asitrinethyldmigbethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-

30 2-yl]-ureido}-cyclopentanecarboxylic acid methylamide:



WO 2010/063634PCT/EP2009/065878 - 154 - Step 1: A mixture of
(1S,3S)-3-0-[5-(2-nimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2wyixureidaiseyclopentanecarboxylic acid methyl (0.324 g, 0.75 manutrasd448k% 5 (0.036 g,
0.91 rnmol) in 2 inL, of THF, 2 nth of I-120, and 0.5 mL of MeOH was stirred at RI for 24 hours. The
reaction mixture was evaporated to give a waxy soligy The crude solid was triturated with H20 and then
suspended in ethyl acetate. The suspension was concentrated to dryness to give
(15,38)-3-1315-(2-trimethylsi1ak1y1-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin2-y1]-ureido)-cyclopentan
ecarboxylic acid which was usegSass in the following step. 10 Step 2: DIPEA (0.02 mL, 0.11 mmol)
was added at RT to a mixture %)-3-1345-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrroigf2,3-b]pyrazin-2-y1]- ureidolcyclopentanecarboxylic acid
(0.075 g, 0.179 mmol), methylamine hydhg\chl ' (0.024 g, 0.355 mmol), and EDCI (0,051 g, 0.266
trot) in 1 mL of DCM. The resulting mixture was stitred at RT for 16 hours before being partitioned

[PAABE ce with DCM. The combined
organic layers were dried (Na2S04), filteregy and gyaporated. The g#sidue was purified by Si02 flash
chromatography (DCM/MeOH 0 to 10% MeORy tofgive 085 o/0f T g
(1S,3S)-3-(345-(2-trimethylsilanylethoxymethyl)-5N-pyrpolo[2)3-blpyrazin-2-ylkureidol
-cyclopentanecarboxylic acid methylamide (76% yigld)x20 (1 S,3S)-3-
{345-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]f¥razin-2-ylkureidol - cyclopentanecarboxylic
acid ethylamide was prepared in the same manner using HATU instead of EDO and DMF instead of
DCM. WO 2010/063634PCT/EP2009/065878 - 155 - Example 47. Synthesis of trans

L Amino-Gullopani i (i RMCOIOI A imMARII AU ARTG AN 8, QU2 Step L. In

an oven dried flask was added 5-(2-trimethylsilanyl-ethoxyrmethyl)-5H pyrrolo[2;3-b|pyrazin-2-ylarnine

(0.118 g, 0.2FHiraBI DIRERIE Tysierentnsemrdl caasdisnsthy D@ NR4sd 4HS fasrit@aibbiGRder N2 in
a dry iceacgiane paiin1And solution of phosgenednjolugne was addeddf 284 ke P24 Mmmol) and

the purplish red solution was 10 stirred for 20 minutes then warmed to -20C. A solution of trans
2-(3-amino-BJctoPeHE 1) 18 182 SIE LS NAS AP SRS BV A3 SeES HIRSTUrTiRAS ith
monochlorotdesiviativehiF B il Eviswasrddd edeand sibteed fohohpintieswauenalemtiredte01-1 and
concentrated in v . ' s.mixed with.MQOH, filtered e solid ri with.MeOH and
ngﬂes%‘%gw?z?sr %%dé(”ﬁ%’\tglégﬁa t%iﬁgéﬁetho%&g@ ~)s_‘ﬂl.-gmo?om§%(ipyrazm-

dried in vacuo to give'trans 1 -isoin

cyclopenty13-34sugidshsitipisiteryicathossin ety s Eh piat olsiPas b lpyradiniowikyisea-(0.196 g, 75%
yield). Step 2: Trans 1 -[3-(1,3-D ioxo-1,3-dihydro-isoindo1-2-y1)-cyclopentyl]-345-(2-

trimeth)’!ﬁi'%¥h‘%§@f@ﬁ&e@.ﬁa'§ﬂ:@YHQJQ;L%E?VPJ?X&GE%?M@%M@@fgzi 858 Aunofi was dissolved

with heating in DMF (10 rnL% and placed in a 45C oil bath. The flask was 20 evacuated and refilled
with nitrogeHTAFER Hes-pihemarpayb-28-mrradol 2By ias-addkd via syringe. After 30 minutes

AcOH (0.6 mﬁ)wp%@dg%d@e@iﬁ@mﬂaws Mepted fon wémﬂ%uiﬁﬂﬁdﬁwrﬁl@ﬁé@{ﬁi%g@rﬁé@ﬁoﬁted-
McOH was ed, filt and. the fi evapgrated. H20 was a filtered and the filtrate was
evaporated@‘ﬁ%#%’s@u%g waE u?ﬁfé%@éﬁr‘\évﬁgr%’é%% e‘%BR}WdH &H}%ﬁ?ag}ggﬂaéi% (208886 McOH in
0.1% agqueousiicOts 2brtedgivR T for 16 hours before being partitioned between H,O and DCM, The
trans1-(3-amino- ” -345-(2-trimethylsil ;gcgép m [)-5H- rr(z!%[;zs- .
Dy ra 2 e LS REh N Vot S0 DM oo AU e drie
(Na;S0y), filtered, and evaporated. The residue was purified by Si0O; flash chromatography
(DCM/MecOH 0 to 10% MeOH) to give 0.06 g of (15,35)-3-{3-[5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b pyrazin-2-ylj-ureido} -cyclopentanecarboxylic acid

methylamide (76% yield).

20 (18,35)-3-{3-[5-(2-trimethylsilanyl-cthoxymethyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-ureido} -
- cyclopentanecarboxylic acid ethylamide was prepared in the same manner using HATU
instead of EDCI and DMF instcad of DCM.



- 156 - Step 3: In a flask
trans1-(3-amino-cyclopentyl1)-345-(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylpurea
(0.057 g, 0w8hormessid 1 M HCI in AcOH (1.3 nth) was heated in 65C ofinattrforodidmams, then 80C
_for 100 minutes, then concentrated in vacuo. To the residue was added MeOH (2 inL), H20 (1mL) and
2M aqueous dimethylamine (2 5 mL), stirred for 16p;minutes and concentrated in vacuo. Purified on
reverse phage column chromatography (MeOH / 0.1 aqueous AcOH), concentrated in vacuo and
purified agam%ﬁOH / 0.1 aqueous TEA) to give trans 1-(3-Amino-cyclopentyl)-3-(5H-pyrrolo[2,3-

b]pyrazin-2- ﬁﬁreat 'glruro cetate (0.014 2%3 yield). JA Z ay. Information 10 Determination of
IC50 of Janl%'( tlﬁ%{gé’% 3{[}8) irﬁl%ﬁ%ﬁ}ﬁ yr% me {%o%;%’ﬁ’&@ g %s%at?%%’r ﬁzsltral? gr@ H&&cribed below:
JAK1: Recotniimearctaienan kinase domain (866-1154) from Invitrogen (Cat # PV4774) 15JAK3:
Recombinant human kinase domain (810-1124) made in house by Roche Palo Alto JAK2:
Recombinant human kinase domain (808-1132) from Millipoge (Cat # 14- 640) Substrate:
N-terminally biotinylated 14-mer peptide dgrived from activafion loop 200fJAK1 with sequence of the
peptide substrate: Biotin-KAIETDKE YN Assay cbrgit ed are described below: Assay
Buffer: JAK Kinase Buffer: 50mM Hopesy[pH/7.2], 10 gC12, 1ImM DTT, 1mg/m1 BSA. The assay
is carried out in this buffer. 25Assay Forfmat: Y he kinase &ctivityef all three JAK kinases is measured
using a radioactive, end-point assay ana\witgtracegmoyitst 33P-ATP. The assays are carried out
in 96-well polypropylene plates. Experimefi Met@: fconcentrations are final in the reaction
mp

mixture and all incubations are carried at roony erature. Assay steps are described below: WO
201010%31534PCT/EP2009/065878 -157 - 4 nds are serially diluted in 100% DMSO typically at
a 10x starting concentration of 1mM. Final concentration of DMSO in the reaction is 10%. Compounds
are preincubatcd with enzyme (0.1nM JAK3, 1nM JAK2, 5nM JAK1) for 10 minutes. SReactions are
initiated by tH&Pddiich 87 dsiekiiaskrmeads et istbyhatheptahyiefiked in the JAK

Kinase Btéffgp}r&))gm,ew&adsz%ﬁi&%im(m@fg,shoA‘s’Bq@ra?,tb@rg@p(m%aﬁ%me%ahﬁﬁmmsations of
1.5uM and 5Qu spectively. The duratjon of the assay for JAK2 and JAK3 is 20 minutes. JAK |
assay is caﬁ%ﬁ&ﬁ@&éﬁﬁ%ﬁt&?%ﬂ@ﬂf Eﬂ%&éaeﬁﬁ%y @F%C%RS%%OI@I%%{%(?EW the 10addition
of 0.5M EDPhotgaadimaiobonmeenisatidndaf) D8O mil, ®54uhofoie eminatedinaattiedsanedranaferred to 150

ul of a ZOB%%{

Phosphate \4'

d-seph i 12- and. CaC12-free |
B R e S R e e peces.
15After a 3G-fiHehéotdapiadels; tHedimsd8. i avens Retnimdbmiatuami lvithotesbioowing buffers: 3 to 4
washes withg0Q.4hef 2M NaENFR 4 WRsHasaPR Ut Na GRS Aot RRgsphoric acid.

1 wash with water. 20Washed plates are dried in a 60C oven for between 1 to 2 hours. 70 ul of

Microscint X0%SPERiEdR Tiefos e detdis azemwet sihitde SRl Re Bddhatolidsinsediiutes of
incubation, raciTaevel ol s avigonaaase teddn -BRerkineloar midroplaiecsaiptittagion counter.

15 cyclopentyl]-3-[5-(2-trimethyisilanyl-ethoxymethyl)- SH-pyrrolof2,3-b]pyrazin-2-yl]-urea
(0.196 g, 75% yield).

Step 2: Trans [-[3-(1,3-Dioxo-1,3-dihydro-isoindoi-2-yl)-cyclopentyl}-3-[5-(2-
trimethylsilanyl-ethoxymethyl)}-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea (0.288 g, 0.50 mmol)
was dissolved with heating in DMF (10 mL) and placed in a 45°C oil bath, The flask was

20 evacuated and refilled with nitrogen three times. Hydrazine (0.16 mL, 5.1 mmol) was added
via syringe. After 30 minutes AcOH (0.6 ml.) was added and the mixture heated for 30
minutes more before being evaporated. MeOH was added, filtered and the filtrate was
cvaporated. H»O was added, filtered and the filtrate was evaporated. The residue was
purified by reverse phase column chromatography (20-80% McOH in 0.1% aqucous AcOH)

25 to give transl-(3-amino-cyclopentyl)-3-[5-(2-trimethylsilanyi-ethoxymethyl)-SH-pyrrolo[2,3-
blpyrazin-2-ylj-urea (0.134 g, 60% yield).



25 Representative IC50 results are in Table Il below: TABLE Il. Compound et 50 h-jak3- st21-c: no
additive ( M) fl 0.5834 1-4 0.1422 1-6 0.3264 -7 0.1155 WO 2010/063634PCT/EP2009/065878 - 158 -
1-8 0.456 10 fib4d3k3d3 0.7988 1-770.0527 1-86 0.6321 1-87 0.0361 1r1OBk®:180&48809 0.1016
1-113 0.0546 1-135
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Step 3: In a flask trans1-(3-amino-cyclopentyl)-3-[ 5-(2-trimethylsilanyl-ethoxymethyl)-SH-
pyrrolo[2.3-blpyrazin-2-yl]-urea ( 0.057 g, 0.127 mmol) in I M HCI in AcOH (1.3 mL) was
heated in 65°C oil bath for 2 hours, then 80 °C for 100 minutes, then concentrated in vacuo.
To the residue was added MeOH (2 mL), H,O (1mlL) and 2M agueous dimethylamine (2

3 mL), stirred for 165 minutes and concentrated in vacuo. Purified on reverse phase column
chromatography (MeOH / 0.1 aqueous AcOH), concentrated in vacuo and purified again with
(MeOH / 0.1 aqueous TFA) to give trans 1-(3-Amino-cyclopenty!)-3-(SH-pyrrolo[2.3-
blpyrazin-2-yl}-urea trifluroacetate (0.014 g, 29% yield).

JAK Assay Information

10
Determination of ICsg of Janus Kinase (JAK) inhibition:

Enzymes and peptide substrate used are described below:

JAK1: Recombinant human kinase domain (866-1154) from Invitrogen (Cat #
PV4774)
15 JAK3: Recombinant human kinase domain (810-1124) made in house by Roche
Palo Alto
JAK2: Recombinant human kinase domain (808-1132) from Millipore (Cat # 14-
640)
Substrate: N-terminally biotinylated 14-mer peptide derived from activation loop
20 of JAK1 with sequence of the peptide substrate; Biotin-KAIETDKEYYTVKD

Assay conditions used are described below:

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

25 Assay Format: The kinase activity of all three JAK kinases is measured using a
radicactive, end-point assay and with trace amounts of “P-ATP, The assays are

carried out in 96-well polypropylene plates.

Experimental Method:
30 All concentrations are final in the reaction mixture and all incubations are carried at room

temperature. Assay steps are described below:



0.0415 1-136 0.1184 1-137 0.1119 1-138 0.2493 1-139 0.312 1-140 0.0299 The foregoing invention
has been described in some detail by way of illustration and example, for purposes of clarity and
understanding. Janalkfsobvious to one of skill in the art that changes andenodifmatiosssmhay be
practiced within the scope of the appended claims. 5 Therefore, it is to be understood that the above
description is intended to be illustrative and not resgkietive. The scope of the invention should,

therefore, be determined not with reference.to the abaye description, but shauld instead be determined
with reference to the ?E)e(fllg Hﬁ\ﬁaﬁﬁeeﬁalggyc éfllflr%es, %@%%@mcé Eﬂfll%dégp% %ﬁ%}aﬁﬁfgfgﬂs to which such
claims are entitled. 1Qoakqpateins oftewt. &ppli cationsrativeh piiBildativ nstieiteddndinis dpfplication are

hereby incorporated tlé’oﬁ‘?;ES

' ' irety:for r t if h
individual patent, patent apéﬁ?agtl%%bgg%gﬁ%gﬁ%%%%& g]gé %fﬁg&&&%ggggdﬁﬁ%ﬁ Lveza;?is
claimed is: 1. A compBtine Bif&nula | 5 wherein: Rl is lower alkyl, cycloalkyl, cycloalkyl lower alkyl,

phenyl, phenyl lower alkyd;higterogyainaliy.hetriecyepalieddawen aliky haiarqand Reteraaryl lower

alkyl, or spirocycloalkyl, each optionally substituted with gne or more Ril; 10Ril is halogen, lower alkyl,
hydroxy, lower hydroXyRH&A ASWEELROHF toRdr R&ibERF atiibe I ot iR 28ih)oRia),
-C(=0)(12.1a), -S(=0)A(Rikhdaxe peyanousulietamiseesyataalkyl ofsyimdstdorkdseadheRl' is H or
Rib; Rib is lower alkyl,.Jower halo [, lower.al , h lower alkyl, ¢ lower. alkyl,
15cycloalkyl, cycIoaIk@f’%gv%artlg&)(?#{gﬁi?%gca c{%ﬁfg)%,&saﬁlﬁi%%%ogl\ggl 8%%‘?%% ,(%1aestseayoléycloalkyl,
heterocycloalky! loweeatksd csplioHétarseyed ovlkilalbthspirorears cipslsaiky kfovwsmaliygll badie optionally

substityted with one of;mere Bi's RRTT RAPORRMYAERXIRWEE iprmipwer alkoxy, lower haloalky,
or hydroxy lower alkyl; R2 is H or lower alkyl; and 20R3, R4, and R5 are indeFendentIy selected from

the group consisting ¢ 14} fWEREIRIA] Feagiips are transferred to 150 ul of a 7.5% (v/v) slurry of
streptavidin-coated sepharose beads in MgCly- and CaCly-free 1x Phosphate

Buffered Saline containing S0mM of EDTA in 96-well, 1.2um MultiScreen-BV
filter plates.
15 After a 30-minute incubation, the beads are washed under vacuum with the
following buffers:
3 to 4 washes with 200 ul of 2M NaCl.
3 to 4 washes with 200 ul of 2M NaCl plus 1% (v/v) phosphoric acid.
1 wash with 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 1Csq results are in Table I below:

TABLE II.
" ]1c50 h-jak3-
Compound sf21-c: no
additive (M)
1 0.5834
4 0.1422
% 0.3264
17 0.1155




hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyl; or a pharmaceutically acceptable salt
thereof. 2. The compound of claim 1, wherein Ri is cycloalkyl. 25 3. The compound of claim 1, wherein
R2 is H. 4. Rlexompsisnd of claim 3, wherein Ri is cycloalkyl. - 160- 5Sedhercompetntd of claim 3,
wherein R3is H. 6. The compound of claim 5, wherein R1 is cycloalkyl. 5 7. The compound of
claims, wherein R4 is H. 8. The compound of ¢laig 7, wherein R1 is cycloalkyl. 9. The compound of
claim 7, wherein R5 is H. 10 10. The-compeund-of-claim-O;-whereir-R is cycloalkyl lower alkyl.  11.
The compound of claim 9, wherein(R is phelryl lower alkyl &2}8 The compound of claim 11, wherein
R1 is phenylethyl. 13. The compoupnd-of wuué 9;-wherein 30¢f4if' cyctpalkyl. 14. The compound of
claim 13, wherein R1 is cyclohexyl-26—15-The-compotnd afgJaim 14, wherein RI' is lower alkyl. 16.
The compound of claim 15, whereir-124 islll“""thyl. 251+ .d.gsggmpo nd of claim 1, wherein R1 is
cycloalkyl, cycloalkyl lower alkyl, h :teroc*'%%%ikyi, or-hete 8533‘? toalky| lower alkyl, each optionally
substituted with one or more RIP. 18—Fh qm "i.d}%f wherein R2is H, R3is H, R4 is H,

nAoaLn

and R5 is H. 3019. The compound ef clatirE_ﬂ%i wherein viradine and 12.1 is -S(-0)2(Ria). 20.
The compound of claim 18, wherein-R}is-hetereeyeloatky Rto alleyl. 21. The compound of claim 20,
where nR ispdinyl methylene and RF-—S{-8)2{R1)—161——22-The compound of claim 18, wherein
R1 is heterocycloalkyl. 23. The ompou.".uléf claim-22; wWHE SRR is pipe dine.5 24.The
compound of claim 23, wherein Rl'lis S(-b)l._"?%ia). 25- W.anlu%mpuund of claim 24, wherein Rla is
lower alkyl. 1136 0.1184

1-137 0.1119

1-138 0.2493

1-139 0312

1-140 0.0299

The foregoing invention has been described in some detail by way of illustration and
example, for purposes of clarity and understanding. It will be obvious to one of skill in the
art that changes and modifications may be practiced within the scope of the appended claims.
5 ‘Therefore, it is to be understood that the above description is intended to be illustrative and
not restrictive. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference to the
following appended claims, along with the full scope of equivalents to which such claims are

cntitled.

10  All patents, patent applications and publications cited in this application are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each

individual patent, patent application or publication were so individually denoted.



10 26. A pharmaceutical composition comprising the compound of claim 1, admixed with at least one
pharmaceutically acceptable carrier, excipient or diluent. 27. A compound of the following foimula: Il
15wherein: Rl is cycloalkyl, cycloallcyl lower alkyl, phenyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, heteroaryl, or heteroaryl lower alkyl, optionally substituted with one or
more 12.11; RI' is halogen, lower alkyl, hydroxy - [6¥er hydroxyalkyl, lower alkoxy, lower haloalkyl,
amino, amido, oxo, cyano, sulfonamido, or cycloalkyl; and 20R2 is H or lower alkyl; each of 12.13, R4,
and R5 ¥leatriglelsengéritly selected from the group consisting of H, lower alkyl, halogen, hydroxy, lower
hydroxyalkyl, lower alkoxy, and lower haloalkyl; or a pharmaceutically acceptable salt thereof. 2528. A
compouhdisaiegtedifrofiftthengicolip consisting of: 1 -C yclohexyl1-3 -(5H-pyrrolo[2,3
-b]pyrazin-2-y1)-urea; | -Phenyl-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-Cyclopenty1-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-Cyclohepty1-3-(5H-pyrrolo[2,3-b]pyrazin-2-ye-urea,

301-Benzy %—é{)I7|‘3peroIo[2,alb]pyrazin-z-yl)-urea; - 162 - 1 -Cyclohexylmethy1-3

-(5H-pyrrolo[Z,3- ) in-2-41)-urea; 1-((1 S,2R)-2-Methyl-cyclohexyl)-3-(5H-pyrrolo
[2,3-b]ptrazjp-2-ye jirea; 1-(23ghlgro-pheny1)-3-(5 H-pyrrolo [2,3 -b]pyrazin-2-y1)-urea;
1-((R)-1-Phenyl; - sgyrrolo[2,3-b]pyrazin-2-y1)-urea; 1
-Phenethy1-3-(5H-pyrﬁolo[Z,B-bhayrazin-z-yl)-urea; 1 -((S)-1 -Phenyl-ethyl)-3-(5H-pyrrolo
[2,3-b]pyrazin-2-y1)-urea; 1-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3-o-tolyl-urea; 1 -(5H-P yrro lo [2,3 -b]p
yrazin-2-y1)-3-(2-trif|uororﬁethyl-phenyl)-urea; 1 -Ethyl-3-(51-1-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 101
-tert-Butyl-3 -(5H-pyrrolo[2,3 -b]pyrazin-2-y1)-urea; 1 -Isopropyl-3 -(5H-pyrrolo[2,3
-b]pyrazin-2-y1)-urea; [3-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-ureidok acetic acid ethyl ester;
N-Metthﬁ%?(SH-pyrrolo[Z,3-14yrazin-2-y1)-ureidokacetamide;
(S)(-3)-Mﬁfﬁyiemé(%ﬂsMﬂbhi[@isdmwﬁiﬁh@%&)amﬁid%bytgﬂfgﬂidomat?mﬁst(er;

15(S)-3;N:Dj -243-(5H- 3- azin-2-y1)-ureidokbutyramide; 1 -((3
s,4S)-3}-%%’%}ﬁ1§¥frﬂé‘@ r%@r‘igy%%ﬁﬁﬁ%lﬁ“{ -%{ﬁ%’l%%f%%?b?%f’zﬁﬂé%‘ﬁ’?uaﬁé‘gf’f’r-(sH-Pyrrolo[z,s
-b]pyrazipipeydpBldl SR RIS BN mBHisyCioteryd areardR{1 -Acetyl-piperidin-3

-y1)-3-(RH: B in -urea; -Di -cycl )-3-(5H-pyR-0{0.[2.3
i e R AR A R S IOl
L((1R, 262N Ry oy SIEHIAR D EHOHBIOI: ST e iN- 2% -tirew, sulfonamido, cycloalkyl,
-(5H-Pyg;q&gﬁ%é,—@])gﬂ@gin-z-yl)-:% -spiro[2.5]oct-5-yl-urea; 3-Cyclohexyl-1 -methyl-1
-(5H-pyrrolo[2,3-1Th yrazin-2- y1)-urea; 1-[1-(2-Cyano-acetyl)-piperidin-3-y1]-3-(5H-p yrrolo [2,3
-Npyraziacb §1) 18/ 87 B51-(2,2-Dimethyl-cyclopenty1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 -(5H-P
le_mljl&[szrﬂagﬁ%r%&ﬁﬂ&‘ﬁ’@’%%MW’W(SH i%%ﬁg@g?x%ﬁdw&g@cﬁ, cyano lower alkyl,

-(I-Methane nyl-piperidin-3-y1)-3-(5H-pyrrolo[2.3-b]pyrazin-2-y1)-urea;
34 -(541;%‘},??1%&02%919:@#55&%@91 UreIBBRPYp e PR Q&w%@%ﬁg}r ester; 1 -((S)-1
-Acetyl-pipatichiolSaid); Idr-pyicala (Pl 3«einliazinproyidi-treal @yl (ARp3RISAmRinenyglopenty1)-3
-(5H-pyn-olo[2,3-b]pyrazin-2-y1)-urea, | : .
-(5H-Py??’8"g%r[ﬁzf§¥81‘§aﬁé% r?lﬁng%@ PSS 8% BB By 1)-piperidin-3-ylkurea: 1-((R)-1
-Acetyl-Ripesitire@eny hyBEi ipyrnodticf2, Jebipyatiziny Zloyethiganlkyl, or hydroxy lower alkyl;
343-(5H;sPyreolo[2.3-14yrazin-2-y1)-ureidol-piperidine- 1 -carboxylic acid ethyl Ester; 1
-(1-Pro§or¥yﬁp%§?%?lrrl- -ﬁ’)a-l %1(5 H-pyrrolo[2,3-b]pyrazin-2- y1)-urea;

20 RYRY and R’ are independently selected from the group consisting of H, lower alkyl, halogen,

hydroxy, lower hydroxyalkyl, lower alkoxy, and lower haloalkyi;

or a pharmaceutically acceptable salt thereof,
2. The compound of claim 1, wherein R! is cycloalkyl.
25

3. The compound of claim 1, wherein R” is H.

4. The compound of claim 3, wherein R’ is cycloalkyl.



- 163 - 1-(1- Isobutyryl -pip eridin-3-y1)-3-(5H-pyn-olo[2,3-b]pyrazin-2-y1)-urea; 1 -[1-(3-Methyl
-butyry1)-piperidin-3-yll -3 -(5H-pyrrolo [2,3-1) ]pyrazin-2-y1)-urea; 1
-Cyclohexy1-3-(6-methyl-5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea;
1-Cyclohexy1-3-(7-methy1-5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
51-(1-Ethanesulfonyl-piperidin-3-y1)-3-(5H-pyrroléf®),3-14yrazin-2-y1)-urea;
141-(Propane-2-sulfonyl)-piperidin-3-y11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 -((S)-1
-Acetyl-ByotidinBapnyl 34 steim i vlefee-BlprHzin-2-y1)-urea; 1 -((S)-1
-Methanesulfonyl-pyrrolidin-3-y1)-3-(5H-pyrrolo[2,3-13]pyrazin-2-y1)-urea; (S)-3-[3-(5H-Pyrrolo[2,3
-b]pyrazin-2-y1)-ureido] -pyrrolidine-1 -carboxylic acid methyl ester; 101 -((3

S,55)-1adbg sospRetityMgiFeRdinid el (SHysyeedofz, 3-b]pyrazin-2-y1)-urea;
1-(1-Cyclopropanesulfonyl-piperidin-3-y1)-3-(5H-pyn-olo[2,3-b]pyrazin-2-y1)-urea;
1-[1-(Prgpane-I-sulfony1)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;

14(5R,68) EMEmRREH 51840 8- 8IS Rs 1 Byn-olo[2,3-b]pyrazin-2-y1)-urea:
1-((5S,6R)-6-Methyl-spiro[2.5]oct-5-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 151

-Pyridin-2-yJmethy1-3 -(5H-pyrrolo[2,3-h]pyrazin-2-y1)-urea;

N s s o e e
1-(2-Pyridin-2-yl-ethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-(2-Pyridin-3-yl-ethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-ye-urea; 1 -(2-1sopropyl-cyclohexyl)-3
A s i S Y
S,2R)-2-Methyl-cycloheptyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1

4(1R,2R)~2 - -3d5H-pyrroln[2,3-blpykazin-2-y1)-urea; I-((1
s,25)-231)@é#ﬁ-%%ﬁ%g&%%%gélpﬁ%b?sfﬁF&?ggg?ﬂ %‘ﬁé—{uaraels{gl;i'(R)-?; [3-(5H-Pyrrolo [2,3
-b]pyrazin-2-y1)-ureidokpyrrolidine-1 -carboxylic acid methyl ester;

1-((R)-1;Mefhangsiiiany spyiralicingy L3 GETIplca PiRyrazin-2-y1)-urea; 251 -((R)-1
-Acetyl-pyrrolidin-3-y1)-3-(5H-pyrrolo[2,3 -b]pyrazin-2-y1)-urea; 1
-(1-Cyclopropanecarbonyl-piperidin-3-y1)-3-(5H-pyrrolo [2,3-b]pyrazin-2-y1)-urea;

1-(bH-Pysromb3niRyhazin2an ) 8- Ghlhifluqromethapeaulionyl-piperidin-3-y1)-urea; 1 -(5H-Pyrrolo
[2,3-b]pyrazin-2-y1)-341 -(2,2,2-trifluoro-ethanesulfonyl)-piperidin-3-ylkurea; 1 -(2-Ethyl-cyclohexyl)-3
-(5H-pyn-olo[2,3-b]pyrazin-2-y1)-urea;

301-(1-AgetiHe 3ompthldpiperdinod wiardr( RHrpIeletdspblpyrazin-2-y1)-urea;
1-(1-Methanesulfony1-3-methyl-piperidin-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-ye-urea; 3-Methyl -443-
(5H-pyrro lo [2,3-b]pyrazin-2-y1)-ureido]-piperi dine- 1 -carboxylic acid methyl ester; - 164 -
1-(1-Methaiiasuhemytupyndlidi?iglmedy- B (BHpystelolR, 3-b]pyrazin-2-y1)-urea;
141-(2-Cyclopropyl-acetyl)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-(1-Methanesulfonyl-azepan-3-y0-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
3-43-(5H5PYholsi2isrkbyfakim2ty 1 areitdkaiepane dkgarboxylic acid methyl ester;
51-(1-Acetyl-azepan-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-[1-(2-Methyl-propane-I-sulfony1)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyraz n-2-y1)-urea;
1-(1-Meltbahbssrompusibelidiim 451 @i Bynologhglb]pyrazin-2-y1)-urea;
1-(1-Acetyl-piperidin-4-y1)-3-(5H-pyrrolo[2,3-1Thyrazin-2-ye-urea,;
141-(Butane-2-sulfonyl)-piperidin-3-y11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;

1033 (R} 1-Mhsthemestrd Ay clsise fiowhgsin B3 ispioismkalo 2 3os by doerija) - breserocycloaliyl,
1-[(R)-1ofRaprRechsuifonyhepineidinei-ylds3a(RHm Rl Bihlpv azipgyd)-urea;
443-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-ureidol-piperidine- 1 -carboxylic acid methyl ester;
1-(1R,2R,4S)-Bicyclo [2.2 .1]hept-2-y1-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1-(1R,2S,4S)-Bicyclo
[2.2.1]hept-Bhy bohmt bl yrakan2 3, Wieysazit- 2 YL RARA, R® is H, and R’ is H.
151-(1-Methyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-ye-urea;
1-(1-Cyclopropylmethanesulfonyl-piperidin-3-y1)-3-(5H-pyiTolo[2,3-b]pyrazin-2-y1)-urea;
1-{AS,38)-BHd ydropymeé ihfyd sdycliheherdih R (SHppyotidiaf2:3dap\azin-3y&k ea;
1-[(R)-1-(2-Methyl-propane-1-sulfonyl)-piperidin-3-y11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-((S)-1-Methanesulfonyl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;

201-[(SR0- Fhropanpeksd|fdnidinpiperibinei:- )1 |i8h¢Grboyitalt {P]3wa] pliralzin-2-y1)-urea;

21. The compound of claim 20, wherein R’ is pyrrolidinyl methylene and R is -S(=0)(R).



1-[(S)-1-(2-Methyl-propane-I-sulfonyl)-piperidin-3-y11-3-(5H-pynolo[2,3-b]pyrazin-2-y1)-urea;
1-(7-Chloro-51-1-p yrrolo [2,3 -b]pyrazin-2-y1)-3-cyclohexyl-urea; 1-[(S)-1 -(Propane-1-
sulfonyl)-pyrrolidin-3-y1]-3 -(5 H-pyrrolo [2,3 -b]pyrazin-2-y1)-urea; 1-[(S)-1 -(2-Methyl-propane-1
-sulfony1)-p yrrol idin-3 -y1]-3-(5H-pyrro lo [2,3 -b]pyrazin-2-y1.)-urea; 251-[1 -(P rop ane-1
-sulfonyl)-azepan-3 -y1]-3 -( 5H-pyrrolo [2,3 -b]pyfdzin-2-y1)-urea; 1 -[1-(2-Methyl-propane-1 -
sulfonyl)-azepan-3-y11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1-[(3 S ,5S)-5-Methyl-1 -(propane-1
-sulfonyl)-piperidin-3 -y11-3-(5H-pyrro lo [2,3-b]pyrazin-2-y1)- urea ; 1-[(3
S,5S)-Sﬁ[efﬁwcalﬁg%amsfw&@m%o%ﬂefémli@hx@e%%}@@aﬁe 1]-3 -(SH-pyrrolo[2,3 -
30b]pyrazin-2-yl)-urea; 1-((R)-1-Ethanesulfonyl-pyrrolidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-[(R)-1-(P rop ane-2-sulfonyl)-pyrrolidin-3 -y1]-3 -(5H-pyrrolo [2,3 -b]pyrazin-2-y1)-urea;
1-[(R)-1xPropangnpbosidl fanydinpyrrelidinid -y 1 3 (eédayerolo[2,3-1Thyrazin-2-y1)-urea;
1-[(R)-1-(2-Methyl-propane-I-sulfony1)-p yrrolidin-3-y11-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)- - 165 -
urea; 1-(5H-Pyrrolo[2,3-b]pyrazin-2-y0-34(R)-1-trifluoromethanesulfonyl-pyrrolidin-3-y1)-urea;
1-(1-Methamps uipinyhpiper idiin? 28meatbyir 3(GH-pymIplg 3-b]pyrazin-2-y1)-urea; 1 -[2-(1
-Methanesulfonyl-pyrrolidin-2-ye-ethyl]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 52-
[243-(5H-Pyrrolo[2,3 -b]pyrazin-2-y1)-ureidol-ethyl -pyrrolidine-I-carboxylic acid methyl ester;
443-(5HRYyFhelof)Benlpyvdzinia-92) uheidiaka Zapaneed alkgtboxylic acid methyl ester;
1-(1-Methanesulfonyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea,
1-[2-(1-Methanesulfonyl-piperidin-3-y1)-ethy1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 103-

{248- (5P rblof2:8<ulpyalazimiyitipu reidpketiy thepipamdinet b€ aHoxyliedacikerhethy helstat;
1-(1-Acetyl- 4 -(5H-pyilol - razin- -yrea;

1-[1-(3-%% yI-butg%ﬁg?%}srgl?ﬁe %ggé%%ﬁ-%gﬁ%%ﬁ?%ﬁ#ﬁlo[z,3-b]pyrazin-2-ye-urea; 1
-(5H-Pyrrolo[2,3-b]pyrazin-2-y1)-3[1 -(3,3,3-trifluoro-propane-1 -sulfonyl)-piperidin-3-ylkurea,
151-(SHPyarolpld 3RIRYRZ s B3 thiR k(3. 3, 3-trifluoro-propane-I-sulfony1)-pyrrolidin-3- ylkurea; 1
-((3R,5R)-1-Acety1-25-methyl-piperid|n-3-y1)-3-(5H-pyrrolo[2,3 -b]pyrazin-2-y1)-urea;
1-[(S)-1-(2,2Dimekhyl-propangs1-sulfony1)-piperidin-3-y1]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)- urea;
201-[(8)-}-(2 thangsulfony1)-piperidin-3-y1}-3-(5H-pyn-0l10[2,3-b]pyrazin-2-y1)-urea; 1
-(1-Met ulfon zepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
4-Methyl-543-(5H-pyr pyrazin-2-y1l)-ureidokazepane-1-carboxylic acid methyl ester;
1-(1-Acetyl-pip&idin-zﬁylmet [)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;  2- { [3-(5H-Pyrrolo[2,3
-b]pyrazin-2-y1)-ureidokmethyl}-piperidine-1 -carboxylic acid methyl 25ester; 142-0
-Acetyl-piperidin-2-y1)-eth¥li]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 2-
{243-(5K1Rysrelo[2,3-b]pyrazin-2-y1)-ureidokethyl -piperidine-I-carboxylic acid methyl ester; 1-0

-Acetyl-piperidin-4-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
y Rpis cycloalkyl, ccho)alky(l low%¥ alkyl[, phengf?%/owm" alkgrll, eterocycloalkyl, heterocycloalkyl

lower alkyl, heteroaryl, or heteroaryl lower alkyl, 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

20 R%is H or lower alkyl:
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 thercof.

25  28. A compound selected from the group consisting of’
[-Cyclohexyl-3-(5H-pyrrolo{2,3-b]pyrazin-2-yl)-urea;
1-Phenyl-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Cyclopentyl-3-(5H-pyrrolo[2,3-blpyrazin-2-yl)-urea,
1-Cycloheptyl-3-(5SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;,

30  1-Benzyl-3-(5H-pyrrolo{2,3-b]pyrazin-2-yl)-urea;



301-(1-Methanesulfonyl-piperidin-4-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; 1 -(0 S,3
S)-3-Methoxymethyl-cyclohexyl)-3-(5H-pyrrol o [2,3 -b]pyrazin-2-y1)-urea,;
1-(1-Acetyl-5-methyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea;
1-[2-(1-Methanesulfonyl-piperidin-2-y1)-ethyl]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-urea; - 166 -
142-(1-Acetyl-piperidin-3-y1)-ethyl]-3-(5H- pyrroloﬁ.@% =b]pyrazin-2-y1)-urea; 4- {

-(5H-Pyrrolo[2,3- b]?yraz n-2 -yl ureldo -m ethyl } -pipe d in e-1 -carboxylic acid methyl ester; 52-
{[3-(5H- b}q}’éﬂ YR P tigfitre-l-carboxylic acid methyl ester;

1-(5H- Pyr(r(qlg[ﬂ@ﬂm:\,ffgmyamiéx%{és()sﬁ{ Jekrolo[2,3 b Ipyrazin-2-yl)-urea;
fluorometh ﬁxglopropyl ethanesulfonyepiperidin 3 kurea;
1- Cycloﬁe@lﬁ (RGP, p§/1(%¥irlﬁ9§}?ﬂ3 y[’?’DSbEﬂW% %/_“L’jeﬁrea 101-[(S)-1 -(3 -Methyl-ox etan-3
-lyl(mihaqeﬂwf@wrmelrm*ﬁ ﬁw%&r&k&m:%zﬁ%&msb}p%@zir; -2- y1)-urea;
cet -3-yImet rro pyrazin-2-y1)-urea;
VR e G ey

-Me hanes yI-pip folo[2,3-14yrazin-2-y1)-urea;
1 [2 (1- Afﬁéwlpfﬁﬁnwth}Hﬂﬁﬁbb‘ﬁdﬁﬂ Bﬂl}h}[&ﬂrblpylﬂam# yl1)-urea; 15142-0
-Acetyl- Pyrézﬁl gln -2r (%{% éﬂﬁ/}%l ;l%ng H g{n gf?é?"%‘ b]pyrazm -2-A-urea; 1 -[1 -(Propane-I-sulfonyl)-p

yrrolidin- -yIm pyrro To razin-2-yl1)-urea;
142-(1- M&ﬁhﬁmlﬁé%Qlub]pmdmﬁlrxllﬁdﬂwyiﬂh&l(@hl@@lylmﬁ@lﬁﬂ)axb;pyrazin 2-y1)- urea ; 4-

{243-(5H- idope h .} -piperidine-l-carboxylic acid methyl ester;
201-(1- Et’ﬁﬁﬁ?&kﬁ{%ﬁﬁm Xr{r%ﬁil(rﬁn %,%?ﬁé%% ﬁ%!l’ﬂ -pyrrolo[2,3-b]pyrazin-2-y1)-urea;

1431Q(Préﬁ&ﬁ@?@&f&ﬁ@i@ﬁvﬁkﬂﬁaiﬁm@m@ﬂi?&l@ﬁ pyrrolo[2,3-b]pyrazin-2-y1)-urea; 3-

{13- (5H1P1¥HF‘P<! 8123 Q,]H YW gggr@ggljxl}eé)lpendme 1 -carboxylic acid methyl ester; 1-0
-Methanes onyl p}/rroll in-3- methylfII (5H pyrrolo 2,3-blpyrazin-2-y1)-urea; 251-0

-Acetyl-pyhBhi UYBZ{S -pyristifel Sustiy sy Efterea;

1-[1-(2-Mattuinp rgqaqsﬁ%m&@)myp%@zﬂf& Y @Itéméjl-a%e{aﬁhi C}/n olo[2,3 -b]pyrazin-2-y1)- urea ;
1-(5H-P I 2,3-b]pyrazin-2- yl) -341- 2 ,2,2-trifluoro-eth peridin-2-ylmethylkurea;

1-(5H- 3{%@%]@/ razin YA a3 DlBystirao-Bt ?} Qﬁtﬂiﬁ“&dﬂ}ﬁ%‘ﬁﬁﬁ%ﬁfea 30(1S,3

S)31843- (5H3EVM@&&&Q}@M@&%MW[&IGWM@@D@QW&@H}@Sﬁyﬁaﬁﬁ& dimethylamide;

i Egn Eyﬁr@g%gﬁ gln yl%%% 2, 2 2- g%{?}ﬁ ethyg E?ypea in-3-ylmethylkurea; _ _
yrrofls pyrazin af’_[ 8y BIBLREIR-ZYIRBIFY Ll -urea; - 167 - 3

t[3-(5H-RysidIBi2r3ldi oy rajin-2-int)-utp gl S12RyE s pyniolidine<l«taiboxyligacid methyl ester;

3\9(.53H8;3g£§'%l-f?2>?$¥f06?z o yraz%zéli/4 iréldﬁ?}gggéﬁ)p?e Qn&e)é;r%:)d;ghi lecligtrrlny(lt}hyﬁﬁde 5and

(1S,3S)13433(BHuProtofdiddipyrat it pydplote, sidReyclopehtd hecarboxylic acid ethylamide.

20 i-(3-Methyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-vyl)-urea;
1-({1R,25)-2-Methyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-y])-urea;
{-(5H-Pyrrolo[2,3-b]pyrazin-2-yI}-3-spiro[ 2.5]oct-5-yl-urea;
3-Cyclohexyl-1-methyl-1-(5H-pyrrolo[2,3-blpyrazin-2-ylj-urea;
1-[1-(2-Cyano-acetyl)-piperidin-3-yl]-3-( SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

25  1-2,2-Dimethyl-cyclopenty!)-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;
1-(5H-Pyrrolo{2,3-blpyrazin-2-yl)-3-[1-(2,2,2-trifluoro-ethyl)-piperidin-3-yl -urea;
1-(1-Methanesulfonyl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
3-[3~(5H-Pyrroio{2,3-b]pyrazin-2-yl)-ureido]-piperidine- 1 -carboxylic acid methyl ester;

1-((S)-1-Acetyl-piperidin-3-yl}-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;

30 1-((1R,3R)-3-Amino-cyclopentyl)-3-(SH-pyrrolo[2,3-bipyrazin-2-yl}-urea;
1-(SH-Pyrrolo[2,3-b]pyrazin-2-y1)-3-[1~(3,3,3-trifluoro-propionyl)-piperidin-3-yi]-urea;
1-{(R)-1-Acetyl-piperidin-3-yi)-3-(5H-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-(SH-pyrrolo{2,3-blpyrazin-2-yl)-urea;
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1-(1-Isobutyryl-piperidin-3-yI)-3-(5H-pyrrolo{2,3-blpyrazin-2-yl)-urea;
1-[1-(3-Methyl-butyryl)-piperidin-3-yl]-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Cyclohexyl-3-(6-methyl-5SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-Cyclohexyl-3-(7-methyl-5H-pyrrolof2,3-blpyrazin-2-yl)-urea;
1-(1-Ethanesulfonyl-piperidin-3-yl)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[1-(Propane-2-suifonyl)-piperidin-3-ylj-3-(SH-pyrrolof{2,3-b]pyrazin-2-yl)-urea;
1-((S)-1-Acetyl-pyrrolidin-3-y1)-3-(SH-pyrrolof2,3-b]pyrazin-2-yl)-urea;
1-((5)-1-Methanesulfonyl-pyrrolidin-3-y1)-3-(SH-pyrrolo{2,3-b]pyrazin-2-yl }-urea;
(8)-3-[3-(5SH-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido}-pyrrolidine-1-carboxylic acid methyl ester;
1-((38,58)-1-Acetyl-5-methyl-piperidin-3-y1}-3-(5H-pyrrolof 2,3 -b]pyrazin-2-vl}-urea;
1-(1-Cyclopropanesulfonyl-piperidin-3-yl)-3-(SH-pyrrolo[2.3-blpyrazin-2-yl)-urea;
1-[1-(Propane-1-sulfonyl)-piperidin-3-y11-3-(5H-pyrrolo{2,3-b]pyrazin-2-yl)-urea;
1-((5R,68)-6-Methyl-spiro[2.5]oct-5-y1)-3-(5H-pyrrolo[ 2,3-blpyrazin-2-yl}-urea;
1-((58,6R)-6-Methyl-spiro[2.5]oct-5-y1)-3-(5H-pyrrolo[ 2,3 -bipyrazin-2-yi)-urea;
1-Pyridin-2~-ylmethyl-3-(SH-pyrrolo{2,3-b|pyrazin-2-yl)-urea;
1-Pyridin-3-ylmethyl-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;
1-(2-Pyridin-2-yl-ethyl)-3-(SH-pyrrolo[2,3-b|pyrazin-2-vl)-urea;
I-(2-Pyridin-3-yl-ethyl)-3-(5H-pyrroio{2,3-blpyrazin-2-yl)-urea;
I-(2-Isopropyl-cyclohexyl)-3-(SH-pyrrolo( 2,3-b]pyrazin-2-yl)-urea;
1-((18,2R)-2-Methyl-cycloheptyl}-3-(SH-pyrrolo[2,3-blpyrazin-2-v])}-urea;
1-((1R,2R)-2-Methyl-cyclohexyl)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-{(18,25)-2-Methyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl}-urea;
(R)-3-[3-(5H-Pyirolo[2,3-b]pyrazin-2-y])-ureido]-pyrrolidine- I -carboxylic acid methyl ester;
1-((R)-1-Methanesulfonyl-pyrrolidin-3-y1)-3-(5H-pyrrolo{2,3-b]pyrazin-2-yl)-urea;
1-((R)-1-Acetyl-pyrrolidin-3-y1)-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)}-urea;
1-(1-Cyclopropanecarbonyl-piperidin-3-y1)-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-(SH-Pyrrolo[2,3-b]pyrazin-2-yl)-3-[1-(2,2,2-trifluoro~ethanesulfonyl)-piperidin-3-yi)-urea;
1-(2-Ethyl-cyclohexyl)-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;
I-(1-Acetyl-3-methyl-piperidin-4-y1)-3-(5H-pyrroiof2,3-bpyrazin-2-yl)-urea;
[-(1-Methanesulfonyl-3-methyl-piperidin-4-y1)-3-(5H-pyrrolo]2,3-b]pyrazin-2-yl)-urea;
3-Methyl-4-[3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-piperidine-1-carboxylic acid methyl

ester;
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1-(1-Methanesulfonyl-pyrrolidin-2-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-{1-(2-Cyclopropyl-acetyl)-piperidin-3-yl]-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;
1-(1-Methanesulfonyl-azepan-3-yl)-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;
3-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-azepane- 1 -carboxylic acid methyl ester;
1-(1-Acetyl-azepan-3-yl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-{1-{2-Methyl-propane-1-sulfonyl)-piperidin-3-yi]-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Methanesulfonyl-piperidin-4-y1)-3-(5H-pyrrolo[2,3-blpyrazin-2-yl)-urea;
1-(1-Acetyl-piperidin-4-y1}-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-{1-{Butane-2-sulfonyl)-piperidin-3-yt]-3-(5H-pyrrolo[ 2,3-b]pyrazin-2-yl)-urea;
1-{(R)-1-Methanesulfonyl-piperidin-3-y1)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[(R)-1-(Propane-1-sulfonyl)-piperidin-3-y1]-3-(5H-pyrrolo{2,3-bpyrazin-2-yl)-urea;
4-[3-(5H-Pyrrolo{2,3-b]pyrazin-2-yl)-urcido]-piperidine-1-carboxyiic acid methyl ester;
I-(1R,2R,45)-Bicyclo [2.2.1Jhept-2-y1-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1R,25,48)-Bicyclo [2.2.1 Jhept-2-y1-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Methyl-cyclohexyl)-3-(SH-pyrrolo[2,3-b]pyrazin-2-vyl)-urea;
1-(1-Cyclopropylmethanesulfonyl-piperidin-3-y1)-3-(5H-pyrrolo[2,3-b|pyrazin-2-yl)-urea;
1-((18,38)-3-Hydroxymethyl-cyclohexyl)-3-(5H-pyrrolo{2,3-bpyrazin-2-yl)-urea;
1-{(R)-1-(2-Methyl-propane-1-sulfonyl)-piperidin-3-y1]-3-(5H-pyrrolo[ 2.3-blpyrazin-2-yl)-urea;
1-((S)-1-Methanesulfonyl-piperidin-3-y1}-3-(SH-pyrrolo{ 2,3-bpyrazin-2-yl)-urea;
1-{(8)-1-(Propane-1 ;suifonyl)~piperidin—3 -y1}-3-(5H-pyrrolo[2,3-blpyrazin-2-yl)-urea;
1-{(S}-1-(2-Methyl-propane-1 -sulfonyl)-piperidin-3-y1]-3-(SH-pyrrolo[ 2,3-bpyrazin-2-yl)-urea;
1-(7-Chloro-5H-pyrrolo[2,3-b]pyrazin-2-yl)-3-cyclohexyl-urea;
1-{(S)-1-(Propane-1-sulfonyl)-pyrrolidin-3-y1}-3-(5H-pyrrolo{ 2,3-b]pyrazin-2-yl)-urea;
1-{(S)-1-(2-Methyl-propane-1 -sulfonyl)-pyrrolidin-3-y1]-3-(5H-pyrrolo[ 2,3-blpyrazin-2-yl)-urea;
1-[1-(Propane-1-sulfenyl)-azepan-3-y1]-3-(SH-pyrrolo[ 2,3-blpyrazin-2-yl)-urea;
1-[1-(2-Methyl-propane-1-sulfonyl)-azepan-3-y1}-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[(35,58)-5-Methyi-1-(propane-1-sulfonyl)-piperidin-3-yl]-3-(5H-pyrroio[ 2,3-b]pyrazin-2-yl)-
urea;

1-[(35,58)-5-Methyl-1-(2-methyl-propane- 1 -sulfonyl)-piperidin-3-y1]-3-(SH-pyrrolo[2,3-
blpyrazin-2-yl)-urea;
1-((R)-1-Ethanesulfonyl-pyrrolidin-3-y1)-3-(5H-pyrrolo{2,3-b|pyrazin-2-yl)-urea;
1-[(R)-1~(Propane-2-sulfonyl)-pyrrolidin-3-yi]-3-(5H-pyrrolo[2,3-blpyrazin-2-vl)-urea;
1-[(R)-1-{Propane-1-sulfonyl)-pyrrolidin-3-yi]-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-{(R)-1-(2-Methyl-propane- 1 -sulfonyl)-pyrrolidin-3-yI}-3-(5H-pyrrolo{2,3-bpyrazin-2-yl)-
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urea;
1-(5H-Pyrrolof2,3-b]pyrazin-2-yl)-3-((R)-1-trifluoromethanesulfonyl-pyrrolidin-3-yl)-urea;
1-(1-Methanesulfonyl-piperidin-2-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[2-(1-Methanesulfonyl-pyrrolidin-2-yl)-ethyl]-3-(5H-pyrrolo]2,3-bIpyrazin-2-yl}-urea;
2-{2-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-ethyl } -pyrrolidine-1-carboxylic acid methyl
ester;

4-[3-(5SH-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-azepane-1-carboxylic acid methyl ester;
1-(1-Methanesulfonyl-azepan-4-y1)-3-(SH-pyrrolo[2,3-b]pyrazin-2-vl)-urea;
1-[2-(1-Methanesulfonyl-piperidin-3-yh)-ethyt]-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
3-{2-[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-ethyl } -piperidine- 1 -carboxylic acid methyl
ester;

I-(1-Acetyl-azepan-4-y1)-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl}-urea;
1-[1-(3-Methyl-butane-[-sulfonyl)-piperidin-3-yl}-3-(5SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(5H-Pyrrolo[2,3-blpyrazin-2-y1}-3-[1-(3,3,3-trifluoro-propane- 1 -sulfonyl)-piperidin-3-vij-urea;
1-(53H-Pyrrolo[2,3-bjpyrazin-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-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-{(8)-1-(2,2-Dimethyl-propane- 1 -sulfonyl)-piperidin-3-yl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-y1)-
urea;
1-[(S)-1-(2-Methoxy-ethanesulfonyl)-piperidin-3-yi]-3~(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Methanesulfonyl-5-methyl-azepan-4-y1)-3-(SH-pyrrolo[2,3-bpyrazin-2-yl)-urea;
4-Methyl-5-{3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-azepane- 1 -carbox yiic acid methyl ester;
1-(1-Acetyl-piperidin-2-ylmethy!)-3-(3H-pyrrolo[ 2,3-bIpyrazin-2-yl)-urea;
2-1[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl}-ureido]-methyl} -piperidine- 1 -carboxylic acid methyl
esfer,

1-[2-(1-Acetyl-piperidin-2-yl}-ethyl]-3-(SH-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
2-{2-[3~(5H-Pyrrolof2,3-b]pyrazin-2-yl)-ureido]-ethyl } -piperidine-1-carboxylic acid methyl
ester;

1-(1-Acetyl-piperidin-4-ylmethyl}-3-(5H-pyrrolo{ 2,3-bJpyrazin-2-yl}-urea;
1-(1-Methanesulfonyi-piperidin-4-ylmethyl)-3-(5SH-pyrrolo[2,3-blpyrazin-2-yi)-urea;
1-({18,35)-3-Methoxymethyl-cyclohexyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Acetyl-5-methyl-azepan-4-y1)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-[2-(1-Methanesulfonyl-piperidin-2-yl)-ethyl}-3-(SH-pyrrolo[2,3-bpyrazin-2-yl)-urea;
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1-[2-(1-Acetyl-piperidin-3-yl)-ethyl]-3-(SH-pyrrolo[2,3-blpyrazin-2-yl)-urea;

4-{[3-(5H-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]j-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-(SH-Pyrrolo{2,3-b]pyrazin-2-yl}-3-[(S)-1-(1-trifluoromethyl-cyclopropylmethanesulfonyi)-
piperidin-3-yl]-urea;

I-Cyclohexyl-3-(7-isopropyl-5 H»pyrrolo[Z,Z% -blpyrazin-2-yl)-urea;
I-{(S)-1-(3-Methyl-oxetan-3-ylmethanesulfonyl}-piperidin-3-y1]-3-(SH-pyrrolo[2,3-b]pyrazin-2-
yl)-urea;

1-(1-Acetyl-piperidin-3-ylmethyl}-3-(5H-pyrrolo[2,3-bipyrazin-2-yl}-urea;
1-(1-Methanesulfonyl-piperidin-3-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yi)-urea;
1-[2-(1-Acetyl-piperidin-4-yl)-ethy!]-3-(SH-pyrrolo{2,3-b]pyrazin-2-yl)-urea;
1-02-(1-Acetyl-pyrrolidin-2-yl}-ethyl}-3-(5H-pyrrolo{2,3-b]pyrazin-2-yl)-urea:
1-{1~-(Propane-1-sulfonyl)-pyrrolidin-2-yimethyl]-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-12-(1-Methanesulfonyl-piperidin-4-yl}-ethyl}-3-(5H-pyrrolo[2,3-bIpyrazin-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-(SH-pyrrolo[2,3-bipyrazin-2-yl)-urea;
1-[1-(Propane-2-sulfonyl)-pyrrolidin-2-yimethyl]-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
3-{[3-(SH-Pyrrolo[2,3-b]pyrazin-2-yl)-ureido]-methyl} -piperidine-1-carboxylic acid methy}
ester;

1-(1-Methanesulfonyi-pyirolidin-3-ylmethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl)-urea;
1-(1-Acetyl-pyrrohidin-2-yimethyl)-3-(5H-pyrrolo[2,3-b]pyrazin-2-yl}-urea;
1-[1-(2-Methyl-propane- 1 -sulfonyl)-pyrrolidin-2-ylmethyl]-3-(5H-pyrrolo[2,3-b]pyrazin-2-y1)-
urea;
1-(SH-Pyrrolo[2,3-blpyrazin-2-yl}-3-[1-(2,2,2-trifluoro-ethyl)-piperidin-2-ylmethyl]-urea;
1-(3H-Pyrrolo[2,3-blpyrazin-2-y1)-3-[1-(2,2,2-trifluoro-ethyl)-piperidin-4-ylmethyl |-urea;
(18,35)-3-[3-(5H-Pyrrolo]2,3-bjpyrazin-2-yl)-ureido}-cyclohexanecarboxvlic acid
dimethylamide;
1-(5H-Pyrrolo{2,3-b]pyrazin-2-y1)-3-[1-(2,2,2-trifluoro-ethyl)-piperidin-3-ylmethyl]-urea;
1-(SH-Pyrrolo[2,3-blpyrazin-2-y[}-3- {2-[1-(2,2,2-trifluoro-cthyl)-piperidin-3-yl]-ethyl} -urea;



- 167 -

3-{{3-(SH-Pyrrolo{2,3-blpyrazin-2-yl)-ureido}-methyl} ~pyrrolidine- 1 -carboxylic acid methyl
ester;

1-(5H-Pyrrolo[2,3-blpyrazin-2-yl)-3-{2-[1-(2,2,2-trifluoro-ethyl)-pyrrolidin-2-yl]-ethyl } -urea;
(18,35)-3-{3-(5H-Pyrrolo[2,3-b]pyrazin-2-yi)-ureido]-cyclopentanecarboxylic acid methylamide;
and

{18,38)-3-{3-(5H-Pyrrolo{2,3-b]pyrazin-2-yl)-ureido]-cyclopentanecarboxylic acid ethylamide.
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