WO 2009/106442PCT/EP2009/051757 PYRROLOPYRAZINE KINASE INHIBITORS The present
invention relates to the use of novel pyrolopyrazine derivatives which are JAK and SYK inhibitors and
selectively iM6lBRIARE34ENd are useful for the treatment of auto-immune aidlidF3MHIEIGH diseases.
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 Icinases
phosphorylate proteins on the alcohol moiety 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 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 mg %ﬂ@@ﬁigij@m‘gﬁ'i&ﬁiﬁﬁ ake good drug design
targets. In addition to treatment of kinasemediated disease processes, selective and efficacious
inhibitors of kinase activity are also useful for investigation of cell signaling processes and identification

of other el AdRl AlhRARR|ITIPIRIERE cHIE JAKSIGIRNNKS B alamiialeyaplasmic

protein tyrosine Icinases including JAK1, JAK2, JAK3 and Each of the JAKs Is preferentially
associatéd Withhikearitpac)ioiprasitiicipbitid A gttt are vyebilify fheaporeAphitREVIIERGRIDI. 16
(1998), qgﬂ%%ﬁﬁg%).dﬂggsg@m are activated following ligand binding and initiate signaling by
phosphorylating cytoldne receptors that, per se, are devoid of intrinsic kinase activity. This
phosphorylation creates docking sites on the receptors for other molecules known as STAT proteins
(signal trBreseindenssenaaetivaeorscotitraniupticanalies efdpressheratedd Mesipinewitious STAT
proteins. SSFALPRISINg, ?Eél@%@ﬁ%%%&}&\&% %%@%%8%@%%@%@*1'9{&%0” of tyrosine
C

residues, and function both as signaling molecules and transcription factors and ultimately bind to
specific BRASRRSABRY3Fe SEEIRS AR BFoHToRaSPiER SkiNEABap BiiiVESg dRe HTPEBRKINAE al.,
(2000), JrapMiRyshefatiBs HRMBIQLhO8:8 61888 )erdity ST brhirignalingias hes implissiedin the

mediation of many abnormal immune responses such as allergies, asthma, autoimmune diseases
such as RSP ATHY LIBHYBRSTY SRRLIREF ST 7 28T 1Y RI0E RARF LS BSA B AR AS®®000/051 757 -2-
rheumatqidaasibtitis, amydiiephigdatdisd sele Kisie pnekdnLkipie-SCler asion athwrdyas dal selid:and
hematologjec malignancies such as leukemia apd lymphqomas. Thus, the JAKs and STATs are
componeaiL GH R BRENE, T 0 B Rt A ARHEHPb i SIS S48 B500), pp.
5662-56 89 kimhichrthdigatesithe oiifie Wopd it gpecificaliytargatidgiane e emenicof th&idAd-STAT
pathway without.interfering with other signal tfransduction pathways.. The JAK Idnases, including JAK3,
e ab e B R LA T G e e S
the mostfoommesmefoion of otlildizueldngamroees madstudimsicarmrofrelbtedeBilAMagtitzation in certain
cells with,si r}])%l%geg%lggpg apoptosis 10 (Demoulin et al., (1996), Mol. Cell. Biol. 16:4710-6; Jurlander
etal., (1 Q}% ooé. :4146-52; Kaneko et al., (1997), Clin. Exp. Immun 109:185-193; andNakamura
et al.,(1996), J. Biol. Chem, 271: 19483-8). They are also known to be important to lymphocyte
differentidtiod Afkin Clisnuakd reuevivat 2 Fa8linopasticplasmiapssmngsseritiakrolecinithidimciis K bf
'ymphOCXEQI%%E?I%%E%%%%?K%F‘%Eﬁﬁ%tf‘fﬁé'%@é’%;&@%ﬁéﬂﬂ%?%&%&ﬁ%&%&ﬁg@%%‘?ul %'HB%}&”O'S

which 15 modulate the JAK pathway, including those selective for JAK3, can be use r treating

diseasesporttoheitisirsaighetioking faernfors ot imphoeyregineactd phAesPpritasteEs|IskeilvBived
(Kudlacz £f gl {20043 M%ink 15a0e8IARLE a5 CRANARHAR %&) PfeNgE 0% 3L Ri878)-

Conditions in which targeting of the JAK pathway or modulation of & JAR Idnaseés, particularly JAKS,
are contepspRAREHtbG hBethisr e deveirl o e sichirrs clatiRa ial [P PRAr 8w B FEFEAL rejection

(€.9., PaREas:siel trANER RABE FRIRCHRI RONRJRBRIBYK HARR RIAHT ANTNEALAR s 8l teHiafineeFsuS-host
disease), autoimmune diseases (e.g., diabetes), and inflammation (e.g., asthma, allergic reactions).

ConditioREWAREIRIE BermerRtinm BRbROPIARAEHARS ISR yrEaks HALIBRIRS- However, in

contrast ®rike pelativel b LUPTAItOUSEPIaSSIaNmf phlind Al Antb[khs dAd 3 Rash 25 g0 restricted
and regulated expression, Whereas some JAKs (JAK1, JAK2, Tyk?2) are used hy a variety of cytoldne
eteptor SIS WA B Lot AR AR S APt B LEEos SHATCETA BB iy

role in cyiolgrei Sighalihgdauenytaldrmsnvhicherpreptosrvalcshhine-te gataiie ysecth@ eamrhen gamma
chain; IL-2, Il.-4, IL-7, 1L-9, IL:15 and IL-21 interacts with, among others, the receptors for

oy 77
cytolcineg% I’L‘J%Oﬁ(al)zg ﬁ f?ﬁsﬁa{lhzr’fffﬂ%wﬁgé% ?@2 interacts with, among others, the receptors for
IL-9 and TNF-alpha. Upon the binding of certain cytokines to their receptors (e.g., IL-2, IL-4, IL-7, IL-9,
IL-15 and AKE23) A'E ceptdin Y\1ax 2009 it 0] PIE THE R2OROIR54i/hdn B aloligomenzation rocours;s
resulting in the cytoplasmic tails of associated Idnases bein bf': ht iptq Rroximity and facilitating
the rane RS Al Do et SRS B el R aion recuis in
the activatiore®fith20laK Icinase.



Animal studies have suggested that JAK3 not only plays a critical role in B and T lymphocyte 5
maturation, but that JAK3 is constitutively required to maintain T cell function. Modulation of immune
activity thro¥gh AW 8eA#d] mechanism can prove useful in the treatment of C BRSPS Efive 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 survival of murine mast cells
induced by IL-4 and |1 -9.have been shown to he 10 dependent on JAK3- and gamma chain-signaling
(Suruki AT 08 B o ST S SRR, TR A b B R B ) bcatec
mast cellhdegraiglationd: pesponsesciMalzviyared abd ($998prBiachem. Biophys. Res. Commun
257:807-813), and inhibition of JAK3 kinase has been shown to prevent type | hypersensitivity
reactions..includi na is. (Malaviya et al., (19 J. Biol. Chem, 274:27028-27038). JAK3
iibition HAS 160 BRE AR S Eet O TF ot T S B AP HShih F8Bon (Kiken,
(2001), TramshictropatB@:826848270) IAICERINpseSHHavEEIRD Wekh imiitinatebkidiffieuinechanism
involyed | nd late st fr ojq arthritj $/I ller-Ladner et al.. (2000),. J. Irnmunal.
64350 B e e Ao T P Pt sl Res.
Commursi@67 2a2rtienketieeySudbeck et al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis 20
fungoides, a form of T-cell ymphoma (Nielsen et al., (1997), Prac. Natl. Acad, Sci. USA

94:6764-6769) 1apd abnormal cell,grewth (Y etial.s (1997), J.Irnmunol, 159:5206- )

Catlett-Fa ceoﬁe etar ({11’99 , Irrﬁﬁ]urﬁt?/l’ 10:105-11§§?(JA$<Z3SFrjleﬁit()’?t IS are %é%?ﬁ“ﬁm‘éeﬁa%éf%%
immunostpidressivié agualstohoideriarEnsphntshxenstransplantationf pldomittplerseterosis,
rheumaltqid aeiyils BserigsissTXRL diaksien ant oeamplisaians.omidialelss, gapcer. asthma

G \ _ tGANCE
atopic dermatitis, autoimmune thyroid disorders, ulcerative colitis, Crohf's dls’éafgj A% eimer's

diseHse, (Rameineanld OtHEPintfehfionk RinkrdifTHimosubpréestoalwo R bStesir 8614146-52;

Non-hematgpoietigiexpiessienef BAKShas.Alamhesr 1BpaHed.alihaugh e fenstipnsl,. significance
of this has yet to be clarified (J. Imtnunol. 168 (2002). pp. 2475-2482). Because 30 bone marrow

transplarftd§8r SCIB USSR TR FHSB00 2T BRPIHH0 Io 0By eede fiffewyation,
2009/10644ARE TAERAAON 0AIT 3 Tn-fartiBlikeyidhakd Ak Soas erspNial masukRdimAaph fupetions in

other tissues or, organs. Hence, in contrast with other targets of inununosuppressive drugs, the
restrictedGREIGETH BIIRES 561 HELHh reATBRIEIECL S H MbBaSr (R dit i Bression
limites! toibevimentiae/sysienvwaighideathiomssopisahefiizacyroxickybeatierd dpgetngndAK3 would,
therefore, theoretically 5, offer jmmune_suppression where it is needed (i.e. on cells actively
participatig T HAHARG 148b SRS e HBULPo L A g e RECIS B S bTHSLSE S BEptions.

Although(Hetiative: B2y dspohsEsulralen béd i- fesCheciinyal s STantei362aitisg®)investig.
Med. 44 (1996 . 304-311° Cum Opin, Bigl. 9 (1997 . 233:239), ubiguitous distribution
of STATS S BRI T s S R B BBy R R A evea it 10
small-malesiselanibtEi3 hascootmipiaed to théheripnussibtiosehid keyutirdetddmidrhymphosuppression.
SYK4ASP ' Inase) | ' Inase. that is essential for B-cell.activation
B R e e L S
the early(Signlgieftevastis- follodireg BC RigeavatishdiMrse deficht niSY.ub eikdbitaginretrly, block in
B-cell deyglopmant (¢:Nena;ehal: HEgRY FROR c 49 Bon TR Bl Bk Nl ia 4812 % 19
Therefore inhibition of SYK enzymatic activity in cells is proposed as a treatment for autoimmune
disease #HfGRIH3IEPRIER: on autoantibody production In addition to the role of SYK in BCR signaling
and B-cell activation, it also plays a key role in FCERI mediated mast cell degranulation and eosinophil
aCt'Vat'Oﬁ{mf,%ﬁ%iﬁrmﬂk&%@f&!&%@lgﬁ%g&%&ﬁ ESSHRR UAINORASTIS (RYIEWedyRKYRRg et al.
Expert Opin Investig Drugs 13:743, 2004). SYK binds {o the phosphor%iatediagmma chain of FCERI
via its SHZRRSRTEMCHR degrisinsd %P%%t&?ﬁeéi?gﬁﬁ’%ép(lﬁéﬂ& A ko  Toel. asdisers: 4149,
1995). S¥Kdeficisnimaskeslisdemaenstrats defectivaidegiansiationnarachisianicagidiand cytokine
secretion (Costello et al. Oncogene 13:2595, 1996). This also has been shown for pharmacologic

agents 25 tRBICh DI SYREERE BT Pl hASRIE S (Ph N T8TB e oBik AT A SO EL S RET 306: 1174,
2003). TreatmentdsmithSXK maiisensemdganucipatidas inhibits antigen-induasciafitrationat 1

eosinophils and neytrophils in an animal model.of asttolﬁr?a (I%tge n l..J u ﬁg 11028, 2002).
R S e R e R B
(Lack) Trifiti&e etattBlodd 96:2E06h2000) keepeforéyrSd lambiEdtlel jifailitpss Ok S¥idinglbf

certain cytokines to their receptors {e.g., IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21), receptor



30 be useful for treatment of allergy-induced inflammatory diseases including asthma. WO
2009/106442PCT/EP2009/051757 -5- In view of the numerous conditions that are contemplated to
benefit by tr@gdr@atiidving modulation of the JAK ancUor SYK pathwapsivieinemiediately apparent
that new compounds that modulate JAK and/or SYK pathways and methods of using these
compounds should provide substantial therapeutic“Bénefits to a wide variety of patients. Provided
herein are novel 5 pyrrolopyrazine derivatives for. use, in the treatment of conditions in which targeting

of the JARIERESIZERAR Bee s SuoiisHbiG A SIPIaRIS @ ekhssdatchd Ak e RRBEand are
therapeuticalphtisesir-tostie ieatehtaahadio tanphespheriniasn vaipRk s easeRs bhaHegvat

pyrrolop razine%erivativ_e rqvided herein selectively.inhibit JAK3 rgare useful for the treatment of
auto-imrﬁ(ﬁrrllaes%n lishﬁ%?ﬁrﬂ%%?qﬁ%éggg%ﬁ“ﬁ%lgotﬁﬁpaoe/ﬁﬁﬂtéoélf?ﬁéﬁf’rﬂ% {3A24 modulate the JAK
and/or SYK pathways and are useful novel pyrrolopyrazine derivatives for the treatment of
auto-immamienanduiiia meiopy disdabes] ARERe o prefRike d coRo usdS Bt ElyHiphtild AK3. For

example, the campounds aof the invention may inhibit JAK3 and.SYK, wherein preferred compounds
e SSloc IR AR SRA D AL Y BT PHOBRR R bRHTE rHR0ES Tor the
treatmentofantadivity deand ihilmordtorydiseases: g feutbamorke thawampaundgiof the

invention m?¥eiggibit JA{%%rgr%%: ﬂAIé%,ayl\éh?r in (ﬁ)r%ferreddcoréngounds &re selective for JAK3 of the JAK

10 racave dis a ant rejeciion an O Hl!l!llllle S&ASCS, .
Idnases,%no]I are USG%U? nove yrrolopy Zine erlvgtlvesaf%)r etrea men% of auto-immune and

inflammatory diseases Similarly, the compounds of the invention may inhibit JAK3 and JAK1, wherein
preferredicpampoumd $/8kS Selcdnthreifopibaléd ioftleribkoRinases caingaks sesefat ey kelopyrazine
derivativ 2 20 treatmen uto-immune,and inflammatoyy diseases. The application provides a
compour I e R S R, phenyl,

benZfl, hésprodey coyiid@itoyndrasm—oeybloalikigh2Bgr(Syeldaliy talkAD oMt Bivatty KubETR2280With one or
more Rh Rig4s,RI ic, Rih.js hal ) r-CN: o :
2o09/106%4%%(?#&%%%%57%%%@%%%%I!i%sa%gg(%{o e r-ng i) @%2’(3&‘2)3“—%‘(??3%?‘%?0)2(Ri5, or
-S(=0) (Ri¥falawer HIRY| (IR Blesksirafiividiyankien Jowertna B8] fHéhyint etk ofycloalkyl,

heterocy¢logtky|nexclaa o Rheteramye %Yl%é&?ﬂ&ﬂ@ﬂ}é %&a@ﬂg&%ﬂ%ﬁ&%&%ﬁ i§ Rid; Rid
s 1 nhalogen, hydro?, lower alkyl, lower al %or lower haloalkyl; Rig is H, Iower alkyl, 1ower

alkoxy, -Exlpwechalo A2 bHeRip! e it A8k S Heke delibisanhrs RIEp faeen barsn alkyl,
lowershaleaticyl: phathrreigipardosyeloalkylafrbieteracyeloalkyt2oo1), Transpl. Proc, 33:3268-

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

20 fungoides, a form of T-cell lymphoma (Nielsen et al., (1997), Prac. Natl. Acad. Sci. UUSA
94:6764-6769); and abnormal cell growth (Yu et al., (1997), J. Immunol. 159:5206-5210;
Catlett-Falcone et al., (1999), Immunity 10:105-115).

JAKS3 inhibitors are useful therapy as immunosuppressive agents for organ transplants, xeno

transplantation, lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes and
25 complications from diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid disorders,

ulcerative colitis, Crohn's disease, Alzheimer's disease, Leukemnia and other indications where

immunosuppression would be desirable,

Non-hematopoietic expression of JAK3 has also been reported, although the functional
significance of this has yet to be clarified (J. Immunol. 168 (2002), pp. 2475-2482). Because
30  bone marrow transplants for SCID are curative (Blood 103 (2004), pp. 2009-2018), it seems



R2 is N(R2a)2; each R2a is independently H or R21,; each R21, is independently lower alkyl,
phenyl, heteroaryl, cycloalkyl, heterocycloallcyl, or heterocycloalkyl alkylene, optionally substituted with
150ne or maY® R 124 is R2" OF R2c; R2" is halogen, oxo, or hydroxy; RPHEB2R{RAJZ7 -C(=0)(
R2g), -C(=0)0( R2g), - C(=0)N(R29)2, -N(R2g)C(=0)( R2g), -S(=0)2(R2g), -S(0)2 20NLR2g)2, lower
alkyl, lower alkoxy, lower haloalkyl, phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,

optionally substityted with one or more R21; each Rindependently H, halogen, lower allcyl, lower
alkoxy, IdWSBU]r“fjﬁl fﬁ%&?&&ﬁsﬁfﬁ{ig‘ﬁﬁg ‘érﬁ%@h By L1858 PSS 1 5l h Hloalkyl, or

phenyl; R3rig2@ (ridiREar laeisdoWenatindsdppersivisaini nphRowtsolcNRB&) BieachR3KI%s
independently, H or lower alkyl; 30R4 is -0(R4a): R4a is H or R4b; .-7- égb K js lower alkyl, phenyl,
ooyt ISR AR AL RS U] A LRIy bBRBIRES Lo HBE M be o
more Raejittipdhtogemphiydicodichowes-atiyl rovel hatomlkyiA 86l owekiatkevefoQ 2lis@ydtadiky|,
~ cycloglkenyl, heteracycloalkyl, or heteroaryl, optionall su?stit ted with one or more Qaa; Q2ais Q2b
o o, QB e B A e S G 3 B e o
two Q2a wepaesesy ethbeubréewlting bicyyicfiiergssystatn 0b frionakll sabstitives Withwongs defaeore Q2b or
Q2zh; immune responses have been described in various STAT™ strains (J. Investig. Med. 44 (1996),
8
pp. 304-311; Curr. Opin. Cell Biol. 9 (1997), pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic activity that could be targéted with
10 small-molecule inhibitors has contributed to their non-selection as key targets for

IIMunNOsuppression.

SYK (Spleen Tyrosine Kinase) is a non-recepior tyrosine kinase that is essential for B-cell
activation through BCR signaling. SYK become activated upon binding to phosphoryated BCR
and thus initiates the early signling events following BCR activation. Mice deficient in SYK

15 exhibit an early block in B-cell development (Cheng et al, Nature 378:303, 1995; Turner et al.
Nature 378:298, 1995). Therefore inhibition of SYK enzymatic activity in cells is proposed as a

treatment for autoimmune disease through its effects on autoantibody production,

In addition to the role of SYK in BCR signaling and B-cell activation, it also plays a key role in
FeceRI mediated mast cell degranulation and eosinophil activation. Thus, SYK is implica{ed in
20  allergic disorders including asthma (reviewed in Wong et al. Expert Opin Investig Drugs 13:743,
2004). SYK binds to the phosphorylated gamma chain of FcgRI via its SH2 domains and is
essential for downstream signaling (Taylor et al. Mol. Cell, Biol. 15:4149, 1995). SYK deficient
mast cells demonstrate defective degranulation, arachidonic acid and cytokine secretion
(Costello et al. Oncogene 13:2595, 1996). This also has been shown for pharmacologic agents
25  that inhibit SYK activity in mast cells (Yamamoto et al. ] Pharmacol Exp Ther 306:1174, 2003).
Treatment with SYK antisense oligonucleotides inhibits antigen-induced infiltration of
eosinophils and neutrophils in an animal model of asthma (Stenton et al. J Immunol 169:1028,
2002}). SYK deficient eosinophils also show impaired activation in response to FcgR stimulation
(Lach-Trifilieffe et al. Blood 96:2506, 2000). Therefore, small molecule inhibitors of SYK will

30  be useful for treatment of allergy-induced inflammatory diseases including asthma.



Q2d is -0(Q), -S(=0)2(Q2h), -C(=0)N(Q2)2, -S(0) 2(Q22), - C(=0)(Q2e), -Q=0)0(Q2e), -N(Q)1;
-N(Q2e)C(=0)(Q2e), - N(Q2b)C(=0)0(Q2h), or -N(Q2h)C(=0)N(Q2€e)2; each Q2e is independently H or
Q2e; each GXei@épEndently lower alkyl, phenyl, benzyl, lower haloalkBA; ZHERIBIIAT Y cloalkenyl,
heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q21; Q2r is Q2g or Q21'; Q2g is
halogen, hydroxy, cyano, oxo, or - Q2b is lower alkyl, lower haloalkyl, lower alkoxy, amino, phenyl,
benzyl, cycloallcyl, heterocycloalkyl, .or heteroaryl, optionally sybstituted with one or mare Q2L, and
Ot s WU S AT S T8 5P HOES! By P ek B ETBP A R coutioly
acceptabiedaltibereihe 7a KnuadisstSadp eathtrereiid praviedid @l capmacuinchef formsiepbundierein: R is
RI, R2, or R4; I Cth\?f alkox eteroar

Rjs C1.6 : nyl, benzyl, [, cycloalkyl, .
ooy Y e IS o RoRTARAT Sop T R DA ST R, R i
halogen,sokestahijdr harammuC MenefitRi is WGl ORI L pB e} ARd-B{RIf) 2rSM@)2(R1), or -S(:=0)
(R11), C1- |, .C3 kox ing, amide, haloalkyl.. phenyl, heteroaryl,.cycloalk
heter%cyéyggﬁﬁyg%gfgga ?PO&%C%?%G%%?&%}%?O%%{I 0‘93(% (o)%fl%ﬁna ]I?/nss u sttviﬁﬁ%ga\ﬁgﬁ%l%%{)ﬁﬁ%% Rid;

Rid is H, dndlioger Kapavoxyy Ot Bhilkyiocaf, 6/dkox§ Yot BitBdvatoaikylaRyclisiS, @kl @ralkyl, Ci.6 alkoxy,

-CN, 03-&%‘%@%%&19@%&, f'&ﬂﬁé%é%%?lﬁaalﬁé’dtiﬁﬁxﬂﬁ’ig%%’ﬁlﬁﬂl\%ﬂétog Ei&!é%éé’ C1.5 allcyl, C1.6

haloalkyl, phényl, heteroaryl, cycloalkyl, or heterocycloalkyl; R2 is N(R25Z; each Rla is independently
H or R2b; each R2b is independently C1.6 allcyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
heterocyélaligpicaiRyesten wption diy wiibysttoned dedtheone selemine IR 2ehiRid s IR ddrR2s:Rid is

halogen, X eh L YRHRNf ffo-immune and inflammatory diseases. The compounds of the invention

10 modulate the JAK and/or SYK pathways and are useful novel pyrrolopyrazine derivatives 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 and SYK,
wherein preferred compounds are selective for JAK3 of the JAK kinases and are useful novel
pyrrolopyrazine derivatives for the treatment of auto-imrmune and inflammatory diseases.

15 Furthermore, the compounds of the invention may inhibit JAK3 and JAK2, wherein preferred
compounds are selective for JAK3 of the JAK kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and inflammatory diseases, Similarly, the
compounds of the invention may inhibit JAK3 and JAK1, wherein preferred compounds are
selective for JAK3 of the JAK kinases, and are useful novel pyrrolopyrazine derivatives for the

20 treatment of auto-immune and inflammatory diseases.

The application provides a compound of Formula I

1 wherein:
Ris R, R%, R, or RY;
R’ is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
25 or cycloalkylalkyl, optionally substituted with one or more R';
R™isR™orr';
R™is halogen, oxo, hydroxy, or ~CN:



R2e is -N(R2)2, --C(=0)( R2g), -C(=0)0( R2g), - C(=0)N(R29)2, _N(R2)c(=0)( R2g), -S(=0)2(R29),
-S(0)2 N(R2)2, C1-6 alkyl, C3.6 alkoxy, C3.6 haloalkyl, phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or
heterocyclogiAlgtieéHaIly substituted with one or more R2f; each RAGE /TRty H,
halogen, Ci.,6 alkyl, CI. 6 alkoxy, C1.5 haloalkyl; each R2g is independently H, C1.6 ailcyl, C] 6
alkoxy, C1.6 haloaLkyl, or phenyl; R3 is -C(=O)12.360i; Rs'is C1_5 alkyl, Cm alkoxy, phenyl, or

N(12.35)2; each Rsh is indepgndently i.e, alkyl; IS, 1Q(R);.R4" i r R4b; R4b is C3.6 alkyl.,
phenyl, benzyl, C3_6 haloal yl,18&&5@%@3&@%3@%@hﬁtg‘%gj’, %ﬁﬁ(ﬁé’sﬂbjﬁm@d with one
or more R4’; R4e is halogen(tiydiowyy @il alkylerGB:6xiyatnainoy| aonidd] Iovadkbaiya R jpoyibalicyl,
cycloalkenyl, heterocycloalkyl, or heteroaryl.,.optionally substituted wit e or more Q2a; Q2a is Q2b
or Q2; Q2b is halogen, oxo, éffc’i?&%,’ %‘fél{é%lg@l-%jt?g@])%%ﬁ?ﬁbc %@g}%ﬁ? c620 is Q2d or Q2e

or two Q2a come together tohfsemadicyiclioxingpsiysteiy, sptivinaty substitatadtwith®rle or more Q2b or

Q20::Q24 is —-0(Q2e), -S(=0)2(Q2e), 1t-C(5- €)2..-S(0) C(=0)Qze), - C(0)0(Q2e),
N(Q2e)2; -N(Q2e)C(:O)(Q2e),-N(§£2§3 é(f))%é %@ﬁ%@g ’((Ig%%%%:(%% g%g)gzﬁ%gd%g%%

independently H or (22';  each Qe&dkiddependently CI-6 alkyl, phenyl, benzyl, C3.6 haloalkyl,

cycloalkyl, cycloalkenyl, heterocyclga&&glmg&&%emyh&g@% sg@@tit}&ggwﬁla&? YpBRQre Q2f;
Q2f s 1or Q2h; 7c Q2g is halogen, hydroxy, cyano, 0xo, or - 21" is C2.6 allcyl, C2.6 haloalkyl,

C2.6 alkoxy, amino, phenyl, benzyhesersarieayrestksbyribatriacipatstoaryl, optionally substituted
with one or more Q21; and Q21ni¥ BqlgW@MQ%W%%@%@@Q%’%@IW@kyI, or C1.6

alkoxY; or a pharmaceutically acceptable salt thereof. In one variation of the above embodiment, R is
Rl 10 cycloalkyl, or heterocycloalkyl;

R®is N(R™)3;
each R* is independently H or R™;
each R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkvlene, optionally substituted with
15 one or more R*;
R* is R*or R™;
R*is halogen, oxo, or hydroxy;
R*is -N(R?*®),, -C(=0)( R*®), -C(=0)O( R*), —
C=OINR™), -NR*®)C=0)( R*), -S(=0)(R™), -S(0),
20 N(R*),, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
optionally substituted with one or more R
each R¥ is independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkyl;
25 _ | each R* is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl;
R’ is ~C(=O)R™;
R*is lower alkyl, lower alkoxy, phenyi, or N(RSb)g;
each R™ is independently H or lower alkyl;
30 R* is ~O(R™);
R™is Hor R*™:



In one variation of the above embodiment, R is lower alkvl. WO 2009/106442PCT/EP2009/051757 -8-
In one variation of the above embodiment, the lower alkyl is ten-butyl. In one embodiment of the
compound of Formula | , Rl is -CHC(CH3)3. In one embodiment of the compound of Formula I, R1 is
iso-butyl. In one embodiment of the compound of Feymula I, R1 is iso-propyl. 5 In one embodiment of
the compound of Formula I, R' is cycloalkyl. In one embodiment of the compound of Formula I, Rl is

heterocycloallcyl. In one embodimgenit :Qf ;:ag%@ gﬁ mula |, RLis benzyl. In one embodiment
of the compound of Formula I, Rl%pﬁéél%% In n’%tie{}n O’(Ef%{ezﬁyr’g cé%ag{r)ﬁggéh%%}‘f)&%ﬁ ulal, Ris R2.
and R2 is NH(R2a). 10 In one varibtisrrerchelat obetenriplinpsion R aubsR@idd witbnawvariation of the
above embodiment, R21" is lower gltk}/l. In one variation of the above embodiment, the lower alkyl is
iso-propyl. In one embodiment of the compound of Formula I, R21' is heterocycloalkyl. In one
embodiment of the compound of Formul&[, R2pipgenchysliopty 1B weralkyéiyodibabrlbfthe compound
of Formula 1, Rheterocycloallcyl alkylene,n.ong variation of the above embodiment, the
“heterocyclgalkyl is pyrrolidine. In one variation of the above embodiment, the alkylene is methylene. In

one variatfois GV’ e dpaNieramnbeiginrerte2lyd istheieroeydictibyrallpaobstituted with one or
2009/106442R$A./EP2009/051757 -9- In one variation of the above embodiment, the heterocycloalkyl
is pyrrolidine. In apothey varigtion of the above embodiment, the heterocycloalkyl is piperidine. In
another variatioRofitf& atoWe embodiment, Q2 is pyrrolidine. hi another variation of the above

embodiment, Q2 is pi@?M@ﬁéé&pm%wmg\qt@@ggmg@%@@( EPLWJ@)@%% is heteroaryl,

optionally substituted with.ongor mgre QZ2a. In one variation of the above embodiment, the heteroaryl
is pyridine. In one embedith&ht 8F e compound of Formula 1, Q2 is heteroaryl, Q2d is Q2* and Q2" is

heterocycloalkyl, optiosaflysuBstiuietoadiheonerommptecRam 10 008 Vasiatian.of iheiahove
embodiment, the heterocycloalkyl is pipgrazing. In another variation of the above embodiment, Q- is
piperazine In another fBh BrascatovE Bmbodiment, the heterocycloalkyl is pyrrolidine. In another

variation of the above embodFefnt,-Q@utis MEAES), ~C(=0INQ™),, ~S(0) 2(Q%), -
C(=0)(Q*), ~C=0)O(Q™), -N(Q™)2; -N(Q*)C(=0)(Q™) -
N(Q™)C(=0)0(Q™), or -N(Q*IC(=0)N(Q™);
each Q* is independently H or Q*°';
each Q* is independently lower alkyl, phenyl, benzyl, lower
haloalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or hetcfoaryl,
optionally substituted with one or more Qz-f;
Q¥ is Q¥ or Q% |
Q?8 is halogen, hydroxy, cyano, oxa, or —
C=0)Q™;
QZE' is lower alkyl, lower haloalkyl, lower alkoxy,
amino, phenyl, benzyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or
- More Q?‘i; and |
Q% is halo gen, hydroxy, cvano, lower alkyl,
lower haloalkyl, or lower alkoxy:;

or a pharmaceutically acceptable salt thereof.



" In yet another variation of the above embodiment, the heterocycloalkyl is piperidine. 15 In another
variation of the above embodiment, Q2" is piperidi e. In one embodiment of the compound of Formula
|, Q2 is cycloalkyl. In one embodiment of the compdénd of Formula |, Q2 is heteroaryl. In certain
embodiments of formula I, the subject compounds are more specifically of formula Il: WO
2009110644 3PERTEt ptgd/B519 S7previdedwisereneRidiofdioenalkyl, lower alkoxy, phenyl, benzyl,
heteroaryl, cycloalkyl, heterocycloalkyl, or cycloalkylalkyl, optionally substituted with one or more Ria;
Rh a is Rib or Ric; 5Rib is halogen, oxo, hydroxy, or -6N; Ric is -C(,---0)0(Ri5, -Q=0)CH2(Rle), -Sae),
-S(0)2(R), or -S(=0) (Rif), lower alkyl, Iowezr alkoxy, amiRp--ginido, lower haloalkyl, phenyl, heteroaryl,
cycloallcyl, heterocycloalkyl, cycloalkylox§ I oalkyloxy optionally substituted with one or
more Rid; 10K-Id is H, halogen, hydroxy, lo er allcoxy, or lower haloalkyl; Rie is H, lower
alkyl, lower allcoxy, -CN, lower haloalkyl, pheRyl, oaryl, cycloalkyl, or heterocycloalLkyl;

Rif is H, lower alkyl, lower haloalkyl, phenyl, heté?oaryl,%.Scycloalkyl, or heterocycloallcyl; and Q2.is as
defined herein. In certain embodiments of formula Il, Rl is lower alkyl, preferably tert-butyl. In certain
embodiments of formula I, the subject compounds afe more spggjfigally of formula HI: 1l 20 wherein
R2b is indepﬁr&dﬁnﬁy Ewgrrf‘lkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally §U stituted with one or more R2¢; WO 2009/106442PCT/EP2009/051757 R2" is
R2d or R2a; Rhaloget#, oxcilsrliydselpr R 2benyLNER20) Betebt=f)( RAGY T (DR kYL, or
C(=0)N(R20)2cIMFRME (G 6RAYutTmHd (Rass D22 NER20)2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, R s R™ or R '

R is halogen, oxo, hydroxy, 6r ~CN;
R is ~C(=0)OR"), ~C(=0)CH,(R'), ~SR"Y), ~S(O}(R™), or —S(=0)
R, Cygalkyl, C1alkoxy, amino, amido, C, ¢ haloalkyl, phenyl, heteroaryl,

eycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy optionally
substituted with one or more R,

o
Q

R*is H, halo gen, hydroxy, Cyalkyl, C;salkoxy, or C,. haloalkyt;
R is H, Cisalkyl, Cygalkoxy, ~CN, C;.¢ haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R¥is H. Cy.alleyl, Cp.¢ haloalkyl, phenyl, heteroaryl, cycloalkyl, or
 beterocycloalkyl; ‘
R? is N(R®),; | |
each R* is independently H or R*;
cach R is independently C;.alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or
more R*;
R* s R or R*;
R*is halogen, oxo, or hydroxy;



heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl, optionally substituted with one or more R21,
each R2f is independently H, halogen, lower alkyl, lowggalkoxy, lower haloalkyl; 10each R28 is
independently H, lower allcyl, lower alkoxy, lower haloalkyl, or phenyl; and Q2 is as defined herein.
In certain embodiments of formula DI, R21" is lgwer alkyl opti g@ L_,,!%)Osti ted with,one or more 15
R2d as defined herein. In certain embodimentsll,g oﬁ‘é’%la%’f?gaﬁ %?& v_\/&"gwgﬁp%oﬁally subst ted
with one or more R24 as defined hereinCEfefs By, REGES KR I <&rtan@Mbesitie MEdf.either
formulae I, Il or Ill, Q2 is heterocydoalkVJ],951%'5%‘Q?ziﬁlo%?ti@ﬂ?‘ﬂéﬁo%&i%ﬁ%‘ﬂ%%glvﬂéﬁé%%}?r more Q2a as .
1 0

defined herein. 20 In certain embodiments of either formulae T, Il or 1T, Q2 is cyclos <yl or
cycloallcenyl, preferably cycloallcyl, optisHaRFEBEftaskith Srhetermeieibieatoaned herein. In
certain embodiments of either formulae dyH$taiitbd, «I2 isnpiperidipyzpyrrolidinyl, isoindolinyl, '
ciihydroisoquinolinyle, piperazinyl, morpholinyl, tetrahydorcarbanlinyl, irnjdazolinyl, indolyl, pyridiny1,
pyrrolopyrazinyle, triazole, thiophenyl, furanyl, indazo%/af%n%idgiﬁ M%gé Jotgte 961y|,
thiazolyl, benzothiophenyl, pyrrolopyridinylor py#kotapEadinidaliptionally substituted with one or more
Q2a as defined herein. In certain embodiments of eithgrfermylag éh&’énﬂ# RZis &%r@mmmy’

- pyrrolidinyl, isoindolinyl, dihydroisoquinolinyle, piperazinyl, morpholinyl, te rahydi%rcarbor]lﬁnyl or
imidazolinyl, optionally substituted with one or 0?@@@’5@6@%5 herein. WO
2009/106442PCT/BE2099/51/57 -12- In certain embodiments of either formulae I, Il or 11I, (22 is
indolyl, pyridinyl, pyrrolopyazinyle, triazale, thioph ura%; dazolyl, imidazolyl, pyrrolyl, oxazolyl,
pyrazolyl, thiazolyl, benzo)'g]io%?é’ﬁ%%%lﬁ@%ﬁﬁ%dir?ﬁ%%yéyor?o pyfazinyl, optionally substituted with one
or more Cia as defined herein. 5 el Rip pliedgprrrelide stCeertindund Formula | of the group
consisting of: R® is —O(R™); .
1-[2-(1-Benzenesulfony1-1H-indQl;:3-y1)-5H:-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propanl-one;
142-(1H-Indo1-3-y1)-5H-pyrrolo[23:BfpFazin-7-y1]-2,2-dimethyl-propan-l-one:

2-Cyclohex-1-eny1-5H-pyrrolo[2,3-biRffazite-divarhealibaeid, isopiapylayigeioalkyl,

2-Cyclohexy1-5H-pyrrolo[2,3-b ine-f=carbaxylic acid. isopropylamide; . & '
1-{2-[2-(4-Acety|-piperazin-I-yl%é%é%??lﬁz%-%%%%éﬁ%8?5{%%{55%5%%%%%&ﬁﬁé}%ﬁﬁg{rdpan-l-one;
142-(5-Methoxy-pyridin-3-y1)-5H-pyrrolo[2, 33 gy feiresr- ki ey dimetiyl stogaivalarieor Ci.g
[1-(7-1sopropylcarbamoy1-5H-pyrrolo[gigsRlpyrazin-2-y1)-piperidin-3-y11-methyl-carbarnic acid
tert-butyl estep; .2-(3-Methylaming-piperidin-1-y1)-511-pyrrolo[2,3-blpyrazine-7-carbaxylic acid
isopropylami e;xscc %%ac%ﬂa%%a%% 5 r%qtgx&ogﬁ%léaiﬂ?l, o}/%eteroaryL opgonally substituted with one or
2,2-Dimethyln@(@zﬁyrrolidin-l-y1-5H-pyrroIo[2,3-Npyrazin-7-y1)-_propan-1-one;
147-(2,2-DimethyI-Q§@ggqﬁpy13}- ‘zepyrrolidin- 1-y1-5H-[2,51bi[pyrrolo[2,3-b]p yraziny11l-7'-y11-
2,2-dimethyl-propan-1 -one;, 2,2-Dimethyl- 1- [2-(2-p rgo_lidin- 1-y|-8 yridin-4- y1)-5H-pyrrolo
[2,3-b]pyrazin-7-yl] -propaftiofd2i9ess- erecy: &nﬁi\ﬁ-ﬁ,sz,@f )2CHs, or =5(=0)CHj;
azol-4-y1)-5H-pyrrolo[2,3-kiffysaAher €y1;1-2,2-dimethylpropan-1-one;
e a2 (345 G Rl s e K IR L B R A SR B RN RRI
1-{242-(3-Dimethylasfinoms &fdm-R3¥-pyridin-4-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-
dimethyl-propan-I-one; Q¥ is ~O(Q%), ~S(=0),(Q%), ~CEOIN(OY),, ~S(0) (0%, ~C{=0)O%). —
2,2-Dimethy1-112-(2-thiomoLphoIinigl-)%%ﬁ&i in-4- Jj(g@ rr(glo)[z(sc’z-%zg ragzi)nz-(%e\;i)- érogg%-)l’-one;
2.2-Dimethy1-1-12-[2-(2-nfeR P r ol P IR S oo SRy padinr-7-

yll-propan-1-one; N(Q*)CEOINQ™);
each Q™ is inééﬁendently Hor Q¥;
each Q* is independently C,. alkyl, phenyl, benzyl, C; ¢ haioaikyl,
cycloalkyl, cycloatkenyl, heterocycloalkyl, or heteroaryl, optionally
substituted with one-or more Q%:

2f is Q2g or QZh;



WO 2009/106442PCT/EP2009/051757 -13-
142-(1,3-Dihydro-isoindo1-2-y1)-5H-pyrrolo[2,3-b]pyrézin-7-y1]-2,2- dlmethyl propan-1-one;
142-(2,3-Dihydro-indo1-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-one;
2-17-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-3,4-dihydro-2H-isoquinolin-1- one;
147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3- b]pyra2|r92 Vlﬁl?é%félﬁydrc}wl-mmm@m grene; 2- [7
-(2,2-Dimethyl-propi onyl)- 5 H-pyrrolo[2,3- b]py(&(zm)@zyj] -2,3- dlhydro -isoindol- 1 -0 ne; -
147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3- 13]pyraz 1 p erldln 2-one;
147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3- b]pyrazm *2- hdine a&ﬂ’i‘ékyl Cy alkoxy, amino,

1-[2-(1H-Indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin- PR Mmmh@bﬂmm&r&ﬂ@banm or heteroaryl,

2,2-Dimethy1-142-(6-pyrrolidin-1-yl-pyridin-2-y ‘5?&?138}95%%[&% E]‘Q}%azm X]*jf ppan-1- one;
2,2-Dimethy1-1-[2-(4-pyrrolidin-1-yl-pyridin-2-y1)-5H-pyrrolo[2 ]pyrazm y p p?fﬁ 1- one; 2,2-D

methy1-1-(2-pyridin-2-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)- proanii-’@ﬁ’tfgﬂﬂ hydroxy, cyano, Cygalkyl, -
[1-(7-Isopropylcarbamoy1-5H-pyrrolo[2,3-b]pyrazin-2-yi - pipenigin-3-y1}:me yI -carbamic acid
tert-butyl est%;, a M@&%ﬁ?'&% {lerldl é{_engH pyrrolo[2,3-b]pyrazine-7-carboxylic acid:

| : .

isopropylarnide; compound with tr uoro-acetic acid;
547-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-13]pyrazin-2-y11-thiophene-3-carboxylic acid
(tetrahydro-pyran-4-y1)-amide;

547-(2,2-Dimgthyle propiany bi-Bd-svelofhasbipwiarin: &Y 1 1-thiophene-2-carboxylic acid
“cyclopentylamide; 547-(2,2-Dimethyl-propionyl1)-5H-pyrrolo[2,3-b]pyrazin-2-ylkthiophene-2-carboxylic
acid (tetrahydro-pyran-4-y1)-amide; o
1-(2-CyclopraBy S KR AR G20 BRsyia s besianen, R disemgt-piagan-1-one:;
5-[7-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1}-thiophene-3-carboxylic acid,;
547-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-thiophene-3-carboxylic acid (2-
dimethylamino-ethyl)-amide; 1 -{ 2-
[2-(3-Methoxy-phenyl)-cyclopent-1-eny1]-5H-pyrrolo[2,3-13]pyrazin-7-y1} -2,2-di methylpropan-1
-one; 6- { 247-(2,2-Dimeth yl-propiony1)-5H-p yrrolo[2,3-b]pyrazin-2-y1]-cyclopent-1-en yl )
-pyridine2-carboxylic acid ethyl ester; -
2,2-Dimethy1-1-[2-(2-phenyl-cyclopent-1-eny1)-5H-pyrrolo[2,3-b]pyrann-7-ylkpropan-1-one; WO
2009/106442PCT/EP2009/051757 -14- 5+
247-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-yll-cyclopent-l-enyl}-1Hindole-2-carboxylic
acid ethyl ester;

447-(1-Methyl- cyclohexanecarbonyl) -5H- pyrrolo[2 3-b]pyrazin-2-y11-thiophene-2-carboxylic acid
cyanomethyl-methyl-amide; (1-Methyl-cyclohexyl)-{
245-(morpholine-4-carbony1)-thiophen-3-y11-5H-pyrrolo [2,3- b]pyrazin-7-y1) -methanone;
1-(2-Furan-3-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-climethyl-propan-1-one;
417-(1-Methyl-cyclohexanecarbonyl1)-5H-pyrrolo[2,3-b]pyrazin-2-ylkthiophene-2-carboxylic acid
(1-ethyl-propyl)-amide;
{245-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-y1]-51i-pyrrolo[2,3-b]pyrazin7-y1}-(1-met
hyl-cyclohexyl)-methanone; 2,2-Dimethyl1-142-(2-pyrrolidin-1-yl-pyridin-4- yI)-5H-pyrrolo
[2,3-b]pyrazin-7-yl] -propan-1- one;
-2,2-Dimethy1-142-(3,4,5,6-tetrahydro-2H-(1,2Thipyridiny14-y1)-5H-pyrrolo[2,3-b]pyrazin-7-
yll-propan-1 -one; 1-12- [2-(3-Dimethylamino-p yrrolidin- 1-y1)-pyridin-4-yl] -5H-pyrrolo
(2,3-b]pyrazin-7-yll -2,2- dimeth yl-propan- 1-one; 2,2-Dimethyl- 1-
[2-(2-thiomorpholin-4-yl-pyridin-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]- propan-1-one; 2,2-Dimethyl- 1- {
2-12-(2-methy|—pyrro|idin-l-yl)-pyridin-4-y11-5H-py_rrOIo[Z,3-b]pyrazin-7- yll -propan- 1 -one;




1- { 2- [2-(3-Hydroxy-pyrrolidin- yI)-pyridin-4-y1]-5H-p olo[2,3-b]pyrazin-7-yll -2,2-
dimethyl-propan-1-one; 1-12- [2-(3,3-Difl uoro-pyrrolidin- 1-y1)-p yridin-4-yl]
-5H-pyrrolo[Y 8- W[iXAfAt-7-yll -2,2- dirnethyl-propan-1-one; 1-(2-(2-AzepBR BB EFHA-y1)-5H-p
yrrolo[2,3-b]pyrazin-7- y11-2,2-dimethyl-propan-1-oge; 1- { 2- [24(S)-3-Fluoro-pyrrolidin- 1
-y1)-pyridin-4-y11-5H- pyrrolo[2 3- blpyrazin -7-yll -2,2- dimeth yl-propan- 1-one; 1-

(242 (RyaElore Py ks W RYSINGA B PRGBS R iR 7222

dimethyl- propanaT -on

2-[2-(1,1-Dioxo-1A9- thlomorpholln -4-y1)-pyridin-4-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y1 } -2,2-
dimethylipropaesitadénent of the compound of Formula T, R1 is -CHC(CHa)s.
142-(2-Chloro-pyridin-4-y1)-5H-pyn-olo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-one WO
2009/106442RCT(ER2000(0%17 57,115 B RIMBIY 4 TRE i isg-bury
242-(1-ox0-1X4-thiomorpholin-4-y1)-pyridin-4-y11-5H-pyrrolo[2,3- lﬁpyrazm? -y1) -propan-1-one;
142-(2-C clopent 1-enyl-pyridin-4-y1)-5H-pynolo [2,3-b]pyrazin-7- y1]12 ,2-dimethyl-propan-1- one;
(1-MethylPcSRFHERGHTS R bR eogtRoEnh © ﬁ‘?ﬁ‘ﬁluuk\}l HE B3ARSIRRPL3-blpyrazin-7-y1]- methanone;
1-{2-(4-Hydroxy-3,4,5,6-tetrah ydro-2H-{1, 211b|pyr|d|ny1 -4'-y1)-5H-p yrrolo [2,3-b]p yrazin-7-
y1]-252-dimethyieprogiarent ofthe; compound of Formula T, R' is cycloalkyl.

547-(1-Methyl- cyclohexanecarbonyl) -5H- pyrrolo[2 3-131pyrazin-2-y1]-thiophene-2-carboxylic acid

(1-ethyl- 1 m 1.

12-[5-(3, %—;é)r%/u%%) aze tnoef- %%?glgﬁ%? %EB ny] t|=EJt§3/¥100IB(()“[]f;ff.ll%/]lpyraz|n 7-y11-(1-
methyl-cyclohexyl)-methanone;

{245-(4-Hiy drexepthipéindinest toachomppidhid Fhanu2ayl] R5i-psirglo[2,3-b]pyrazin-7-y1)-(1-
methyl- cyclohexyl) methanone (I-Meth yl- cyclohex y1)- { 2-[2-(1-ox0- 1k4-thiomorpholin-4-y1)-p
yridin-4-y1J- 5H EJ razm 7 eth

245- (Azéfto ony&?t Hmﬁofn 5%2? yrr 0I[n[% é t}ipy%]zln 7-y1}-(1-methylcyclohexyl)-meth
anone; {245- (3 Hydroxy azetldlne 1- carbonyl) thiophen-2-y11-5H-pyrrolo[2,3-b]pyrazin-7-y1 -(1-
meth yl-dyclahexybpdiethandde: cdrfpound of Formula I, R is R? and R? is NH(R™).

242-((1S,5R,6R)-6- Hydroxymethyl -3-aza-bicyclo[3.1.01hex-3-y1)-pyridin-4-y1]-5Hpyrrolo [2,3-b]p
yra 1 2 2 dJmeth an- 1-o h yl-¢yclohex ye- {

245216% pho fne-4 agé)r ony O|‘(f)ep Héﬁqil-é’ff%?ff Y lo [2,3- b]pyrazin-7-y1) -methanone; 517-0
-Meth yl-c yclohexanecarbon y1)-5H-p yrrolo[2,3- b] p yrazin-2-yl] 'ophene-2-carboxylic acid dieth yl
amide; 3475142 vMithyt-cy chehbxaneahtionyh)- BH-pyrseial 2iByb]pyrazin-2-y11-thiophene-2-carboxylic
acid cyclopentyl-methyl-amide;

1245 (4 o0y A et e LRI O A RS P B Ry S Dlpyrazin? yi1-(1-me

547-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-y11-thiophene-2-carboxylic acid

bis-(2-hytrexy-eithyd)tamigdes the compound of Formula I, R® is heterocycloalkyl.
547-(1-Methyl-cyclohexanecarbonyl1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-thiophene-2-carboxylic WO

2009/106442PCT/EP2009/051757
?’.n one embodiment of the compound of Formula I, R is cycloalkyl.

15 In one embodiment of the compound of Formula I, R*® is .heterocycloalkyl alkylene.
In one variation of the above embodiment, the heterocycloalkyl is pyrrolidine.
In one vaﬁation of the above embodimént, the alkylene is methylene,
In one variation of any of the above embodiments, Q° is heterocycloalkyl.

In one variation of the above embodiment, Q* is heterocycloalkyl, optionally substituted with

2,
20 one or more Q.



-16- acid (2-hydroxy-ethyl)-methyl-amide; 245-(3-1-1ydroxy-pyrrol idine-1-carbonyl)-thiophen-2-yl] -5
H-pyn-olo[2.3-13] pyrazin-7 -y1 ( methyl-cyclohexyl)-methanone; 5 47-(2,2-Dimeth
yl-propiony W& ENAGoA48[2,3-b] p yrazin-2-y11-thiophene-2-carboxylic acilCT/EP2049/051757
cyanomethyl-methyl-amide; 5 9.
47-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-thiophene-2-carboxylic acid

bis-(2-hydroxy-ethy))-amide; 1- . : -

P R e e e U
b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one; 1-{ 2- [5-(Azetidine-1-carbonyl)-thiophen-2-y11-5
H-pyrrolan 2iidthipyratiier of the-ihaveisaeibdyipsopae Heene yAo2iRimedipbriiing 215-(p yrrolidi
ne-1-carbonyl)-thiophen-2-y11-5 H-p yrrolo[2,3-b] pyrazin-7-y1 1 - propan-l-one; 2,2-Di methyl- 1-{

245-(piperidine-1-carpanyl)-thiophen-2-y11-5H-pyrrolo[2,3-blpyrazin-7-y1} - propan-1-one ;
-DimeuIENG: £ S S ARRE RO By Sy ol e
yrrolo[2,3-b]pyrazin-2-y11-thiophene2-carbonyl ) -azetidine-3-carbonitrile; 1-{
245-(4-Hycitiepipetidineofligasbonydrthigiphen- 2%/ pipkhpyeolo[2,3-blpyrazin-7- y11- 2,2-dimeth
yl-propan- 1-one; 1-{244-(Azetidine-1-carbonyl)-thiophen-2- y11-5 H-pyrrolo [2,3-b] pyrazin-7-y1}
-2,2 -dimethylpropan-1-one; ”. . . i

2,2- me‘lh?&@fffg’ﬁﬂiﬁﬁ?FrBﬁéhﬁ8%988}’88&7]591%&1%@2Jﬁi‘ﬁ‘a@@-w}ré?i%ﬁ?‘}%lbjﬁS}PéEFH?ﬁﬂ@-
propan-logaer e2eQithethyl- _
1-1244-(piperidine-1-carbonyl)-thiophen-2-y11-5H-pyrrolo[2,3-b]pyrazin-7-y11- propan-1- one ;
e o e b e Y bBIRETaR  Fearbeny R ipphen-2yAL SH-pyrolol2.3
{245-(4-Dimethylamino-piperidine-1-carbonyl)-thiophen-2-y1]-5H-pyrrolo[2,3-b]pyrazin-7-
y11-(1-mgtbyk-eyaiobered)-sh@ibaneneind of Formula I, Q is heteroaryl, Q® is Q* and Q¥ is
1-(2-Cyc|opent-1-eny1-5H-pyrrolor,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
2,2-DimetRFieYER ﬁ&ﬁg’?—@‘l%&-ﬁ%g?&gﬁggfp%gﬁﬁq ¢y1)-propan-1-one;
147-(2,2-Dimethyl-propiony1)-T-pyiTolidin-1-y1-5H-[2,511bi[pyrrolo[2,3-b]pyraziny11-7-y1]-
2,2-gimethynhprapaiidrontie YO, 20R90004A2 R T 20Q908LT B/piddralne.
147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-pyrrolidin-3-y11-acetamide;
2,2-Dimethy1-142-(2-methyl-pyrroli din- 1-y1)-5H-p yrolo, [2,3-b] p yrazin-7-yl] -propan- 1 -one; 1
(@B ATt P3G PN TP} S OiREE TS 2 dimethyt propan. | one.
2,2-Dimethy1-1-(2-morpholin-4-y1-5H-pyrrolo[2,3-b(pyrazin-7-y1)-propan- 1-one;
142-(5-Fldcligsinelodniaid)-6ihe\arel e dBobipyfazine intdiod 2 ioimethy bprapiiind, -one;
1-[2-(5-Methoxy-indo1-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one;
1-(2-Indol1-1-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-djmethyl-propan-1-one;

1-(2-Ind PGP SRRV RS DS 2BRGEBRRI S a9 HEpan-1-one:
142-(3,4-Dihydro-1H-isoquinolin-2-y1)-5H-Thm-olo[2,3-13] pyrazin-7-y1]-2,2-dimethyl-propanl-one;
2,2-Dimeiydr Anlitd, SathBriateahye i oraratldardant) thkhpiiele{da8pnysakiidnyel -propanl-one; 2-{
147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-1H-indol-3-y11-acetamide;
2,2-Dimethy1-142-(1,3,4,5-tetrahydro-pyrido[4,3-blingol-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-
yll-lérop@ré@m?é;Vﬁiﬁ*mtﬁﬁ%ozi%@l?ﬂfﬁémbﬁonaR%szwyﬁsH-pyn-mo [2,3-b]
pyrazin-7-y1l1l-propan- 1-one; 1-(2-Imidazol- | -y1-5H-pyrrolo [2,3-b] pyrazi n-7-
y1)-2,2-dinatbniienaint ©nte 2onpimethykolmZa(R-gfathwdimidazol-1-y1)-5H-pyrrolo
[2,3-b]pyrazin-7-yl] -propan-1- one; 2,2-Dimethy1-1-[2-(2-methy1-4,5-dihydro-imidazol- |
-yl)-5H-pyn-olo [2,3-b]pyrazin-7-yl] - propan-1-one ; 1-[2-(2-Ethyl-imidazol- |

y1)-5H-gYRBRotE R s &St Sompe wdi ok Eprmlroh Sh-i6-Brfgroaryl.
2,2-Dimethy1-1-(2-thiophen-2-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-propan-1-one;
2,2-DimelhydrdiPefdbdpyreotsf/igaihilpl o ciihBd (@marzimds wid sprepgpeeltonidy of formula II:
2,2-Dimethy1-142-thiophen-3-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-propan-1-one;
2,2-Dimethy1-1-(2-oxazol-5-y1-5H-pyrrolo[2,3-b]pyrazin-7-ye-propan-1-one;
2,2-Dimethy1-142-(1H-pyrazol-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-propan-1-one;
417-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-yll -pyrazole- 1-carboxylic acid tertbutyl ester;
2,2-Dimethy1-1-(2-pyrazol-1-y1-5H-pyrrolo [2,3-b]pyrazin-7-y1)-propan-1 -one;
2,2-Dimethy1-1-12-(2H-pyrazol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-propan-1-one; 2,2-Dimethy1-1
-(2-p yrrol- 1-y1-5 H-p yrrolo[2,3-b]pyrazin-7-y1)-propan-1- one ;
2,2-Dimethy1-142-(1H-pyrrol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-propan- 1-one;
2,2-Dimethy1-1-(2-thiazol-5-y1-5H-pyn-olo[2,3-b]pyrazin-7-y1)-propan-1-one;
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347-(2,2-Dimethyl-propionyl1)-5H-pyrrolo[2,3-14pyrazin-2-y1]-1H-indole-5-earbonitrile;
142-(5-FluoY>2emndett3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethy PEi3Beaee 4ii@s 7
[2-(1H-Ind01-3-y1)-5H-pyrroIo[2,3-b]pyrazin-7-y1]-§1@methyl-cyclohexyl)-methanone; 1-{
241-(2-Hydroxy-1-hydroxymethyl-ethyl)-1H-indo1-3-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y1}- 2,2-dimeth
yl-propan-1 -one; 142-(1 H-Indo1-3-y1)-5H-pyrrolo[2,3:b]pyrazin-7-yl] -2,2-dimethyl-propan- 1-one;
1-(2-Benzo[b]thiophen-2-y1-5H-pyrrolo[2,3-blpyrazin- -4 2-dimethyl-propan-1-one;
2,2-Dimethy1-142-(5-phenyl-thiophen-2-yd3:51-1xpyrrolg|2,3-b]pyrazin-7-ylkpropan-1-one; 2,2-Dimeth
y1-1 42-(1 -meth y1-1H-indo1-2-y1)-5H-pyrroNf [2, 3P Wazin-7-yl]-propan-1 -one;
142-(1H-Indo1-2-y1)-5H-p yrrolo[2,3-blp yrazi dimethyl-propan- 1-one; 1 -[2-(1H-Indo1-3-

~ y1)-5-methy1-5H-p yrrolo[2,3-blpyrazin-7-y1]-2, I-propan-1-one; 2,2-Dimeth y1-142-(1 -meth
y1-1H-indo1-3-y1)-5H-pyrrolo [2,3-b]pyrazin-7-y11-propan-1 -one; 2,2-Dimethyl-
1-[2-(5-phenyl1-1H-pyrrol-3-y1)-5H-pyrrolo [2,3-b]pyrazin-7-yl] -propan- 1-one; 1 -j
241-(2-Hydroxy-ethyl)-1H-indo1-3-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethylpropan-1-one; 1
42-(6-Fluoro-1H-indo1-3-y1)-5H-pyrrolo [2,3-b%pyrazin-7- Il -2,2-dimethyl-propan- 1-one; 1- 12-
[1-(2-Methanestltefi-Bth! Wﬂ‘f#ﬂhi‘-"ﬁcﬁ S g[?%—”é’]lpi}%%‘?fﬂyﬂc-l??ékﬂimethyl-propan-
1-one; 1 42-(StetboyiichiityndewiyiShtpializaBbipyrasited Wil dnd-gimetBtprop an-1-one;
142-(1-Erhyl- 1H-indo§§%§i—§l—’|__ﬁyn-olo[2,3-b]pyrazin_-7-y11-2,2-dimethyl-propan- 1 -one;
2,2-Dimethy1-1 42-(5-Mme -2 -indo1-3-y1)-5H-pyrrolo [2,3-131pyrazin-7-yl]-propan- | -one;
2,2-Oimeth y1-1 -(2- { 1 42-(&hethyibpipesazirtidybyets WINtH-indo1-3-y11-5H-pyrrolo [2,3-
b]pyrazin-7-y1)-propan- 1-ong;. .2,2-Dit 11-4 le 1t it
241-(2-morpholin-4-yl-ethyl)- Hﬁn%%%@ﬁ%l%’-ﬁé#b%%%p%é%% -bﬁasp(gﬁgggop‘ie?rlﬁ(fﬂ- (3-Hydro
xy-2-h yd roxymethyl-propyl)GRgmi_mw-&lWE,-WWw@@pfﬁfMpyrmﬁmzmmer RaRdimk titydagiopan-
1-one; 1-( 2-[1-(3-Hydroxy-2- r - lo[2,3- idin-3-y11-5H-pyrrolo[2,3-
blpyrazin-7-y1 }-2,2-dimethyzll:’g%%agig%}gcﬁ%h&%g&&%ﬁﬂﬁ’ L[gé?oglp)%xy’ &
2,2-Dimethy1-1-[2-(6-methylhekesierss ity ieB HopliamdiosaUsiisued Antdy i propenRione; 1
42-(5sMethox y- 1H-indo1-3-y1)-5Hppy -blp TE 2.2-0h |- -l=qne; 1 - 2-[1
-(Z-f\?nin o-ethyl)-1H-indo1-3-yl] 5I—%®p§%?cjﬁo}li{%§§%lé%{é%€g}z%%§a§(gﬁgﬁlag{%%oagg%%“%%e e
2009/106442PCT/EP2009/051757 balpalbyd Dimethyl- 1 42-(6-morpholin-4-yl-pyridin-3-y1)- 5 H-pyrrolo
[2,3-b]pyrazin-7-y11-propan-1 - ongg ¥l s Meibdrayelohew ¥ldtkoxy, ~CN, lower haloalkyl, phenyl,
{2-(6-morpholin-4-yl-pyridin-3-y1)-5H-pyrrol o[2,3-b]pyrazin-7-y11- methanone; 1424 1H-Indo1-3-
y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2SiRaistnsyshratiah-of Ryteroaycloalkyl;
-(2-Imidazr?[ll,2-a]p3(/ridin-3-y}-5[H-pﬁfﬁipt@{jzo&@]@ﬂ)é@zieﬂey&lh[aa&%ﬂ]rmmﬁ;@fa&&@ryl;one;
2,2-Dimethyl- 1 42-(1H-pyrrolo [2,3-1Apyridin-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1 - one;
2,2-Bimethyl- 112-(1H-pyn-olo [3,25‘?]"2)%%5(#-9‘1 SBPNERAVEIG PS-blpyrazin-7-y11-propan-1 - one;
2,2-Dimatyd a3 déPir(dd Repairrolo[2,3 -c]pyridin-3- y1)-5H-pyrrolo [2,3-b]pyrazin-7-y1]-propan-1 - one;

2,2-Dimeth y1-1 42-(1-methyl- -pyrrolo[2:3-t ridin-3-y1)- 5 H-p yrrolo [2,3-b]pyrazin-7-y11-
propan-(leéjoﬁéé?ai?flﬂ%’ﬁl ﬁ?ﬁl}/ﬁo} ;Or%ﬁéisé%éﬁ%mﬁlgﬁ%fﬁaﬁi%ﬁ%ﬁ -3-y1]-5H-pyrrolo
[2,3-b]pyrazin7-y11 -propan-1 -one; 1-(2-{ | -[2-(4-Ami no-pi peridin-1-y1)-2-oxo-ethyl]- 1 H-indo1-3

-y1 - 5H-pyceplan [Zrbidmeaiaz of fyrh)e2s2; dimelhjytprapanshdone; fbdrd\pshifitaye et roxyiia{ 41
-methyl- 1H-pyrrolo [2,3-b]pyridin-3-y1)-5H-pyrrolo [2,3-b]p yrazin7-yll-methanone;

o H
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20  wherein R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or

heterocycloalkyl alkylene, optionally substituted with one or more R™;



2,2-Dimethy1-1-(2-{ _ -
1-[2-(4-methyl-piperazin-1-y1)-2-oxo-ethy1]-1H-indo1-3-y1}-5Hpyrrolo[2,3-Npyrazin-7-y1)-propan-1
-one: WO 2009/106442 PCT/EP2609/051757
(1-Methyl-cyclopentyl)-{2-(1-methyl-1H-pyrrolo[2,;-i\lpyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin?-ylkmetha
none: 112-(5-Methoxy-pyridin-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2 -dimethyl-prop an-1 -one;
4-7-(1-Meth yl-cyclohexanecarbon %lg-igﬂnglr 0 [2,3 -b]pyrazin-2-y1]-thiophene-2-carboxylic acid
(1-ethyl-propyl)-amide; {215-(4-Hydroxy-4-methyl-piperidined
-carbonye-thiophen-3-y1]-5H-pyrrolo[2,3- Fo{py takinZay bke( drimdthylscyclohexyl)-m ethan one; 5
-{7-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-h] 0-2-yl1-thiophene-2- xylic acid (2- hydrox
y-eth y1)-methyl-amide; 2-Cyclopropyl-5 |01>S/r£r)?)élr ‘ 2,%’-5}%/7%%%’-6;(5%&% -
((S)-2-hydroxy-1,2-dimethylpropy1)-amide?(=20N @ {7:(-a8iB7$)C(=0)( R*), -S(=0)(R%), ~S(0)»
4-[7-(51-Methyl-cyclohexaneca.rbo.nyl)-SHTg(ﬁhg{%,ff)(-)gjgrycrl@ﬂ%—\)&%)Qﬁé&g{@g&ﬁﬁg?&)&lighg% :
(2-amino-2-methyl-propyll-amide;
{245-(4-Dimethylatnino-piperidine-I-carbof§EyatitpheisrsaylpsH-qypirollid, 3xtiiprazimizaizgly 1
-methyl-cyclohexyll-methanone; 2-CyclopsgpylpHsmydsaleld :RIRyEAGINGs & garboxylic acid
(3-hydroxy-2,2-ditnethyl-propy1)- amide; 2-Cyclopropy}-5H-pyrrolo[2,3-b]pyrazine-7-carboxyliO acid
tert-butylamide; 2-[742,2-Dimethyl-propiony1)-532Etb¥rrdfofarendyraliflohytorsay eoreriaBaboxylic
acid tertbutyl ester; and 2-Thiophen-2-y1-5H-py1Q.&{21R:RIPYR&PRaTARYROXYliC acid
(3-hydroxy-2,2-dimethylpropyl.)-anoide. In one embodiment, the application provides a method for

trea i?]g an inflammatory and/or autoimmune cor?&ﬁ’ibﬁ%é?ﬁbﬁi@?ﬁ B fstelrbsE: favent in need

thereof a therapeutically effective amount of the gemgounckphEeaRYiadk hane yaqiation of the above
method, the abog\%‘(ﬁargJ hod, further comprises administering an additional therapeutic agent selected

from a cherfidth &8 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 embadiment, the application provides a method for treating an inflammatory
conditioib%‘?ﬁﬁﬁs‘?ég’% ﬁ“&gﬁ%ﬂqg}% TgntFH%g§ B Al Sstifaty AheaRR Y BbBunt of

the ¢dmPotiaddefikat sk, wherein R is RI. In one embodiment, the application provides a method for
inhibiting T-cell proliferative disorder comprising administering to a patient in need thereof a

therapeugically, sffective ameunt gl the FAMROURYQf S gi%%lﬁﬁ%ﬁg N Re.ERReA f%]ee%t s

application,provides a method for inhibiting T-cell prolifer sorder comprising administering to a

patient ifkneddlefaradiescine PApiaiiaIR efdagiaxdmount of the compound of Formula I, wherein R is
R2. In one variation of the above method, the proliferative disorder is cancer.
In certain embodiments of either formulae I, IT or T, Q2 1s heterocycloalkyl or heteroaryl

optionally substituted with one or more Q* as defined herein.

20 In certain embodiments of either formulae I, I or III, Q* is cycloalkyl or cycloalkenyl, preferably

cycloalkyl, optionally substitated with one or more Q™ as defined herein.

In certain embodiments of either formulae I, If or 111, Q7 is piperidinyl, pymrolidinyl, isoindolinyl,
dihydroisoquinolinyle, piperazinyl, morpholinyl, tetrahydorcarbonlinyl, imidazolinyl, indolyl,
pyridinyl, pyrrolopyrazinyle, triazole, thiophenyl, furanyl, indazolyl, imidazolyl, pyrrolyl,

25 oxazolyl, pyrazolyl, thiazolyl, benzothiophenyl, pyrrolopyridinylor pyrrolopyrazinyl, optionally

substituted with one or more Q** as defined herein.

In certain embodiments of either formulae I, IT or ITI, Q7 is piperidinyl, pyrrolidinyl, isoindolinyl,
dihydroisoquinolinyle, piperazinyl, morpholinyl, tetrahydorcarbonlinyl or imidazolinyl,

optionally substituted with one or more Q** as defined herein.



In one embodiment, 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 &Y&aee44an one embodiment, the application provides a maHoEPRINIEAFY an immune
disorder including lupus, multiple sclerosis, rheumatgid arthritis, psoriasis, Type | diabetes,
complications from organ transplants, xeno transp%@ftation, diabetes, cancer, asthma, atopic
dermatitis, autojmmuyne. thyroid disorders, ulceragjve colitis,.Crohn's disease, Alzheimer's disease, and
Leukemill CSHABY SRR e eI I RRBEA oun o
the compsinndeotirosheutd, fukaondemnbodinanizibls appheadionarovides e mei) da fesipreventing or
treating %II forrtvgs 011,‘1 orgfan reg?ctio_nd.ingludin alcute alJorP-aftt.or ﬁgnolg)raft rtejéfcti n and chronic allogaft
or Xenogaft FejecHon 0 VaecUIARZed b nER-VaSEUIAAZEY tRNEEIah EBMbHInY S8fmThiERFing to a
patient inQieeddiferebiadherapeutically effective amount of the compound of Formula I. In one
embodiment, the application provides a method for preventing or treating all forms of organ rejection,
including geuts, plagsa’h ek reoagaisirstior-and corenicalgoalhorxpnggraft rejection, of
vascularized of non-vascularized transplants, comprising administering to a patient in need thereof the
compound of Formula I. In one embodiment, the application provides a method for inhibiting JAK3
activity cdniprisiRgragnsinideavihd thndompdiddl atyRolaldid-h lrmezsir thl -echiimaid lemeitsits an ICso
of 50 migrgyyolar or less in an in vitro biochemical assay of JAK3 activity. In one variation of the above
method, the compound exhibits an IC50 of 100 nanomolar or less in an in vitro biochemical assay of
JAK3 activity: (LE2nfie by e sumdakZ rdlappréanion hiovides Brrdassantdr 9Bibiting SYK activity
comprising@ghnistering thersampeumd-sfdyeimmia Loyvhersin ReiGompainshaabibits an 1050 of 50

micromolar or less in an in vitro bigchemical assay of SYK activity. In one variation of the above

method, tH& EsahatlRNbRe b TUBH 8590 RaRSmbiarcidiseeirPalimidiro biochemical assay of
SYK activity2l[pqneacariatiopepiie ahpyerioRtaon] thie-goraeLmsl Bpyiiiman1 C50 e daranomolar or

less in an in vitro biochemical assay of SYK activity. In one embodiment, the application provides a
method BFEELGRY S inflammatory condition comprising co-administering to a patient in need thereof

an anti-inflammaiey eompeidad 3nyCefibinatidn[dbiptherapeytically-siffechiveraoatit afdhe
compoun Formula.l. In one odim application.provides thod for treating an
ety R g B A A 16 & pa B F G GRS P AL HEPABE cally

effective mmdaenthat dresterd-inflammatory compound in combination with the compound of Formula I. In
one embgdiment, the application. provi -%‘?1‘3 method fortreating an immune disgrder comprising
co-admin?stdg;llﬁr/l% té’ a@at?e%? %nlnleed }fﬁereo an ﬁm’éngég%%%ggﬁrcgﬁ%gﬁﬁl iIn combination with a
therapeutiepigpetiastivecamperndotidetcdrsgownetiofaFskmula |. In one embodiment, the application

provides Q@JBEH%%SQIﬁI@sgﬁ%%iHHUW%- '%ggfzgg_m%gg& ppﬁ%@%ﬁeﬂgggo a patient in need

thereof a therapeutically effective amount of an immunostppress ofmpound in combination with
the compbufid-of LomstiElPrrRCREhicasie BVl EhRambitvurdal berhposiryHomphsing the
compounchofiemla-badmixgd with at least one pharmaceutically acceptable carrier, excipient or
diluent. In one variation, the above pharmaceutical composition further comprises an additional
therapeuic Qe BEleEd Fraia cHer otheAREut br A SFBIREt a0l e, 2K GRGRARAmmatory
agent, angg@munomodulatory or irnmunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an a%ent for treatin% diabetes, and an agéant_ for treat;’% immunadeficiency

[

disorders B3 oroBRbYatfieh e thE Bppicaton proviiiela trosPstans dothhoartiet B8imula 1,11 or

Il in the prapaifactse of a medicament for the treatment of an inflammatory disorder. In one

meciame IO BN AATEH S aF THLRSA 0 GUORBE N or bR e TOpHeAT .

providesdlysemihtieooempound of Formula 1, Il or I, in the manufacture of a medicament for the

compoun o R e R R R 25T e

disorder.dmatbgkprigpaspeastethere is provided the use of the compound as defined in the first aspect
in the maRufaqlire,0f 8. lﬁ%ﬁ%ﬁ&%ﬁ%mﬂ- eatmen ol pnsniammaeny. fisoraan oralan autommune
disorder. Tn one emgodigggt, the a plicatiort?p? vides a@(r)]mp und otglforgwj%gl)é I, 11 oﬁlil, for use in the

treatmenP@Pakr inflBhmatory disorder or of an autoimmune disorder. In a third aspect, there is

provided & £ospeunt psdefinedsimthe st aanectfonysa:inihe tealpaslHb anipiammatory disorder
or of an alﬁ%%gﬁ”ﬁgg” er. 23a
yii- -1-one;



The application provides a compound of Formula IV IV wherein: R is RI, R2, R3, or R4; Rl is lower
alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or cycloalkylalkyl, optionally
substituted WEh28#a@d4hore Ria; Ria is Rib or Rie; Rib is halogen, oxo, hfP@ibEy 28 EMRI' is
-C(.0)0(R11), -C(=0)CH2(Rie), -SCR15, -S(0)2(Ri5, .or (Rif), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl hete]; cycloalkyl cycloalkyloxy, or heterocycloalkyloxy

ovier halSaH RS TSRS A P A NP G Fall R FRBPOLISE cyclomly,
or hetero(I;y[dqalkylbilwﬁ:Zﬁ)&)ﬂm%d&?@s&’fdﬁ[&z{mﬁ/ﬁ‘éﬂlﬂﬂ B4 Rifiisdthbyepalkyloteyer haloalkyl,
Semch RZb 1L TRaeRERCAE TR AT PO PO G g oo g
heterocyoimalkyl allcylene, optlonally substltuted with one or more Rk R2c is R2d or R2b; R2d is
o) SRRt N e ey e Dot b s ey
heteroary?teb?y{2:96]21&1%@'!}@”!&9@1@65&%&N@yblgiﬁlbﬁﬁﬂﬂlyfmbslﬂme@ZWﬂllIhIﬂﬂfe wm@b@ﬂ 15each
R2f is independenty, [nipI9as R aystia¥loiol 2 3-bipyrazin-2-yl}-piperidin-2-one:

1—[7—(2,2—Dimethyl—propionyl)—5H-pyrrolo[2,3-b}pyrazin—2—y1}—Pﬁrolidin—}one;

1-[2-(1H-Indo}-3-y1)-53H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;

2,2-Dimethyl-1-[2-(6-pyrrolidin-1-yl-pyridin-2-yl)-5H-pyrrolo[2,3-bl pyrazin-7-ylj-propan-1-

one;

2,2-Dimethyl-1-[2-(4-pyrrolidin-1-yl-pyridin-2-y1)-5H-pyrrolof2,3-b]pyrazin-7-yl}-propan-1-

one;

2,2-Dimethyl-1-(2-pyridin-2-y1-5H-pyrrolo{2,3-b]pyrazin-7-yl)-propan-1-one;

{1-(7-Isopropylcarbamoyl-SH-pyrrolo[2,3-b]pyrazin-2-y1}-piperidin-3-yl]-methyl-carbamic

acid tert-butyl ester;

2-(3~-Methylamino-piperidin-1-v1)-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid;

isopropylamide; compound with trifluoro-acetic acid;

5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[ 2,3-b]pyrazin-2-yl}-thiophene-3-carbox ylic acid

(tetrahydro-pyran-4-yl)-amide;

5-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid

cyclopentylamide;

5-{7—(2,2—Dimethyl—propionyl}SH~pyrr010[2,3»b}pyrazin-2-y1]—thiopheﬁe—Z—carboxyﬁc acid

(tetrahydro-pyran-4-yl)-amide;

1-(2-Cyclopropyl-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyi-propan-1 -one;

5-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yi]-thiophene-3-carboxylic acid;

5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo]2,3-b]pyrazin-2-yl]-thiophene-3-carboxylic acid {2-

dimethylamino-ethyl)-amide; '

1-{2-[2-(3-Methoxy-phenyl)-cyclopent- 1-enyl]-SH-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-

propan-1-one;

6-{2-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo{2,3-b]pyrazin-2-yl]-cvclopent-1-enyl } -pyridine-

2-carboxylic acid ethyl ester;

2,2-Dimethyl-1-[2-(2-phenyl-cyclopent- 1-enyl)-SH-pyrrolo[2,3-b]pyrazin-7-yi]-propan-1-one;



lower allcoxy, lower haloalkyl; each R2g is independently H, lower alkyl, lower alkoxy, lower haloallcyl,
or phenyl; R3 is -C(=0)R3a; 20R3b is lower alkyl, lower alkoxy, phenyl, or N(R3b)2; each R3b is
independentiP 0611841+ alkyl; R4 is -0(R44); R4a is H or R4b; R4b is lovWRETARIPREKF benzyl,
lower haloalkyl, cycloallcyl, 25heterocycloalkyl, he_tﬂgaryl, optionally substituted with one or more R4b;
R'halogen, hydroxy, lower alkyl, lower haloalkyl, or'lower alkoxy; Q Ql, Q2, Q or Q4; 30Q1 is phenyl,

optionally.s ituted with.one or more Qia; Ola.i r Qic; QJb is halpgen, hydroxy, -CN, -S(Q1b),
OOy O G D B S e 2B OB BEH00 D e Sk A Bia come
together toifderi-eabioyslic and eytsiamicoptionally substituted with one or more Qlb or Q17; Qid is
-0(Qie), -3(=0) -Q= -S672(0Q), - Cl= ie), :Ct= le), -N \ .
NI T D BT S RS e R etk Bl bty H o
each Q1atié ¢naepoeitishhe faplermadieyl, phenyl, benzyl, lower haloalkyl, cycloalkyl, heterocycloalkyl, or

heteroaryl, qptiona HQ&IE“ | i 1Qr - 1OQIf | [ . | ogen, hydroxy,
0Xo0, Oor - 1(%§?§§E¥%h i5 ?losvgeprgaﬁ%ﬁ%%@v%ﬂgﬁa%%@%gc?vé%@é%é&%%%n@éqgel%n23’/' , cycloalkyl,

15heterddipersaikyl - P fiet&raig; optionally substituted with one or more (211;
1-(2-Furan-3-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan- 1 -one;
4-[7-(1-Methyl-cyclohexanecarbonyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carbox ylic
acid (1-ethyl-propyl)-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-(1-methyl-cyclohexyl)-methanone;
2,2-Dimethyl-1-[2-(2-pyrrolidin-1-yl-pyridin-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-propan-1-
one;
2,2-Dimethyl-1-[2-(3,4,5 ,6—tetrahydro~2H—[1 2'Ibipyridinyl-4'-y1}-5H-pyrrolo[2,3-blpyrazin-7-
yl]-propan-1-one; |
1-{2-[2-(3-Dimethylamino-pyrrolidin-1-yl)-pyridin-4-yi}-5H-pyrrolo{2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(2-thiomorpholin-4-yl-pyridin-4-yD)-5SH-pyrrolo[2,3-blpyrazin-7-yl}-
propan-1-one; |
2,2-Dimethyl-1-{2-[2-(2-methyl-pyrrolidin-1-yl)-pyridin-4-y1}-5H-pyrrolo{2,3-b]pyrazin-7-
yl}-propan-1-one; _
1-{2-[2-(3-Hydroxy-pyrrolidin- 1-yl)-pyridin-4-y1]-5SH-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;
1-{2-[2-(3,3-Difluoro-pyrrolidin- 1-yl}-pyridin-4-yi]-5H-pyrrolo[2,3-bpyrazin-7-yl }-2,2-
dimethyl-propan-1-one;
1-[2-(2-Azepan-1-yl-pyridin-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-v1]-2,2-dimethyl-propan-1-one;
1-{2-[2-((S)-3-Fluoro-pyrrolidin- 1-yl}-pyridin-4-yl}-5H-pyrrolo{2,3-blpyrazin-7-y1}-2,2-
dimethyi-propan-1-one;
1-{2-[2-((R)-3-Fluoro-pyrrolidin-1-yl)-pyridin-4-yl]-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-{2-[2-(1,1-Dioxo- Mﬁwthiomorpholin#—yl)-pyridin»clmy}]~5H~pyrroio[2,3—b]pyrazin—7-yl }-2,2-
dimethyl-propan-1-one;

1-[2-(2-Chloro-pyridin-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one



QIE is halogen, hydroxy, lower allcyl, lower haloalkyl, or lower alkoxy; (22 is cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heteroaryl, optionally substituted with 20one or more Q2d Q2a is Q2b Q2c; Q2b is
halogen, oxX® M3POMG4+4EN, -SCH3, -S(0)2CH3, or -S(=0)CH3; Q2" is Q2B EF28094158785 Q2a come
together to form a bicyclic ring system, optionally ubstituted with one or more Q2b or Q2°; Q24 is
-0(Q), -S(=0)2(Q2e), -C(=0)N(Q2e)2, -S(0) 2(Q), - C(.0)(Q2d), -C(=0)0(Q2d), -N(Q2d)2;

-N(Q2d)C(5

NGl NE Ot e NGRACCONRRDE S O pengeny o
heterocyéteBlkyhmmkietargaryl, optionally su_bstituted with one or more Q2f; QZl is Q2g or Q2h; WO
raloallcyl Dot sy Ao Dai 2y N TS U e I DE ooty
sub§titutedevvith one or more Q2i; Q1 is halogen, hydroxy, lower alkyl, lower haloalkyl, or lower alkoxy;
OGS o NI )2 oaeh ot o ok iy Gt o GHAr e Hoac is lower
alkyl, loweethaneaficyl, phenyl, cycloalkyl, heterocycloallcyl, or heteroaryl, optionally substituted with
one or mate Q3¢ 1PQ4.Is halpgam ek oyl JowerAiiniawerlkpxy, Qrigwer B baloalky!;

yl]-2,2-dimethyl-propan-1-one;

5-[7-(1-Methyl-cyclohexanecarbonyl)}- SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic

acid (1-ethyl-propyl)-amide; |

{2-[5-(3,3-Difluoro-azetidine-1-carbonyl)-thiophen-2-yl}-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-(1-

methyl-cyclohexyl)-methanone;

{2-[5-(4-Hydroxy-piperidine-1-carbonyl}-thiophen-2-yl]- SH-pyrrolo[2,3-bipyrazin-7-yl1}-(1-

methyl-cyclohexyl)-methanone;

(1-Methyl-cyclohexyl)-{ 2-[2-(1-oxo- 1A -thiomorpholin-4-yl)-pyridin-4-yi]-5H-pyrrolo[2,3-

blpyrazin-7-yl}-methanone;

{2-[5-(Azetidine-1 -carbonyl)—thmphen-}yll -5H-pyrrolo[2,3-b]pyrazin-7-y1}-(1-methyl-

cyclohexyl)-methanone;

{2-{5-(3-Hydroxy-azetidine-1-carbonyl)-thiophen-2-yl}-5H-pyrrolo[ 2,3-blpyrazin-7-yl1 }-(1-

methyi-cyclohexyl)-methanone;

1-{2-[2-((1S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0thex-3-yl)-pyridin-4-y1]-5H-

pyrrolof2,3-bipyrazin-7-yl}-2,2-dimethyl-propan-1-one;

(1-Methyl-cyclohexyl)-{ 2-[5-(morpholine-4-carbonyl)-thiophen-2-y1]-5H-pyrroio[2,3-

blpyrazin-7-yl}-methanone;

5-[7-(1-Methyl-cyclohexanecarbonyl)-5SH-pyrrolo[2,3-blpyrazin-2-yl]-thiophene-2-carboxylic

acid diethylamide;

5-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yl}-thiophene-2-carbox ylic

acid cyclopentyl-methyl-amide;

{2-[5-(4-Hydroxy-4-methyl-piperidine- 1-carbonyl)-thiophen-2-y1]-5H-pyrrolo{2.3-b] pyrazin-

7-y1}-(1-methyl-cyclohexyl)-methanone;

3-[7-(1-Methyl-cyclohexanecarbonyl}-SH-pyrrolo[2,3-b] pyrazin-2-yl]-thiophene-2-carboxylic

acid bis-{2-hydroxy-ethyl)-amide; '

5-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b] pyrazin-2-yl}-thiophene-2-carboxylic



Q4 is Q4a or Q4b; Q4a is H or halogen; and Q4b is lower alkyl, lower alkenyl, lower alkynyl, or lower
haloalkyl; 20 with the proviso that when R is R4, R4 is -0(124a), R4a is H, and Q4 is Q4a, then Q4a is
not H; or a pHaRtacattidally acceptable salt thereof. The phrase "a" or "aRCEHEBPULIGEET herein
refers to one or more of that entity; for example, a cor pound refers to one or more compounds or at
least one compound. As such, the terms "a" (or "a % "one or more”, and "at least one" can be used
intercharzllg%:ig%hderroeinﬁ.e 5 The %hﬁgzﬁ%ié%s defined herein above" refers to the broadest definition for
each group a plyowd(é/d inthe ur3r1mary of the Invention or the broadest claim. In all other
embodimEWS fideigbdyefowe B dibstitramtswhichicplre b€ plgSdhpirebdB. 2iblpydimentgne which are
not expli%gégg%gﬂq}gwlm%gﬁg&dest definition provided in the Summary of the Invention. As used
cification, wh ther |

in this specification, er in a transitional phrase or in the body of the claim, the 30 terms

"comprisé($}* @ndDevatylsprepiersl td Depintetpretet lasthaviny vahtbispheendedrbexylingcitihat is, the
terms arg}p%gﬁlémﬁgﬁg{ _a}{gg&ymously with the phrases "having at least" or "including at least".
When uséd in the context of a process, the term "comprising” means that the WO

2009/ 106G Ripetiodps iy SH piscdsBidchipesan iéast-thopeened -sashex Hist #idy include

additional;siepgydige dmine context of a compound or composition, the term “"comprising”
means that the corg%?un or composition includes at least the recited features or components, but

may also ircldde4dthttiar feRtiel BPEdtHsoheAtE O BN hioRhRetaiH; Ukie¥d dpbefically indicated

OtheI‘WiS@]ﬁpﬁgﬁglﬂ&p[ﬁj@.&jﬁ@iﬂﬁlﬁ%ﬁjﬂqu&}é@" sense of "and/or" and not the "exclusive" sense of
"either/or". The term "independently” is used herein_tq indicate that a variable is applied in any one

instance Withodrt YegEHTS the praBantE B Sbsente br BVEHAIE BRI idr e Siahitbrent
definitiorpysithin th@game compound. Thus, in a compound in which R" appears twice and is defined
as 10 "independently ca r nitrogen", both R"s can be carb othR"'s ¢ € nitrogen, or one R"
can be c%”é)' %’ﬁg“{ﬁ“gJ#fi?‘f%%ﬁ%?ﬁ“@vh&ﬁr%?{%%%‘é%ﬁ%c % X%?Ig‘%’?%ﬁigcgé%&yﬁé}@%hﬁ}fone time
in any meiepaon forryla depicting and describing compounds employed or claimed in the present
invention,its.4definition, o h.occurrence is in ndent of i finition ry other.occurrence.
Ao, 15 oD T Lo e B T N R E0 s resur
in stable moppeliads: The symbols "*" at the end of a bond or""drawn through a bond each refer to the

int of att j - t - [ i f lecule of which
e o part B D S RS o g
system (as-apposddersidnpcctetbamifidiistinct vertex) indicates that the bond may be attached to any
of the 5“i@?ﬁ[ﬁ-’%ﬂ?ﬁ?&b@cyﬂ%&?éﬁ&ﬁﬂé19%99&&%:9%@&&%@%{?%‘%%&%f§f§‘~5‘T AL

subsequently described event or circumstance may, but need not, occur, and that the déscription
includes nsHMERVRERAhE @5 event or circumstance occurs and instances in which it does not. For

example, 1. 9ptionally-suhstituiashomepnsdhaiitheoptpoaiy supstivisemeietymay ingaragrate a
hydrogen or a substituent. :
propan-1-one;
2,2-Dimethyl-1-{2-[4-(pyrrolidine-1-carbonyl)-thiophen-2-y1}-5H-pyrrolo[2,3-blpyrazin-7-yl }-
propan-1-one; |
2,2-Dimethyl-1-{2-[4-(piperidine-1-carbonyl}-thiophen-2-yl}-5H-pyrrolo[2,3-blpyrazin-7-y1} -
propan-1-one;
(1-Methyl-cyclohexyl)-{ 2-[5-{4-methyl-piperazine-1-carbonyl)-thiophen-2-yl}-5H-pyrrolo[2,3-
blpyrazin-7-yl}-methanone;
{2-[5-(4-Dimethylamino-piperidine-1-carbonyl}-thiophen-2-yl]-5H-pyrrolo[2,3-blpyrazin-7-
yl}-(1-methyl-cyclohexyl)-methanone;
1-(2-Cyclopent-1-enyl-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-pyrrolidin-1-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan- 1-one;
1-[7-(2,2-Dimethyl-propionyl)-2'-pyrrolidin-1-yl1-5H-[2,5"]bi[ pvrrolo[2,3-blpyrazinyl]-7'-y1]-
| 2,2-dimethyl-propan-1-one;



WO 2009/106442PCT/EP2009/051757 -28- The phrase come together to form a bicyclic ring system"
as used herein means join to form a bicyclic ring system, wherein each ring may be made up of either
4-7 carbon MBHYVH4E42carbon and heteroatoms, and may be saturated BF GHSAHERAAE The term
"about" is used herein to mean approximately, in t_tﬁ_region of, roughly, or around. 5 When the term
"about" is used in conjunction with a numerical range, it modifies that range by extending the

boundari b .below the numericgl valu t.forth. In general, the term "about" is used herein
0 Moty s A o b A ok o L oy SN AT B 0T e mmiions
describe@ Beein:thely 162 -dppertigdpyr faidircheirtBliysretévEhS-tdpyinations] -t sarch-ase;

"het | S h llcylhet bary lyl," . | " "alk Ikyl,"

oy cloac TS R B B s
"phenylalky}; Donethytiroidratioyphahis 4syinidhaet dy idfeblpyarr iiicyy grpupaad defined above, being
SUbStitUte@{ ith BRs 0 We SUDStRUENLS SRIBC %iﬁ?-?fﬂ%fﬁ@ﬁ%%%{%gﬁ90959Up' Thus, for

example, "phenylalkyl" refers f?an alkyl group_l I%?avmg dne to two phén stituents, and thus
includes BdRzy-\Beidayetat-dnth bidheyolak dikpasitoal M2 & dmalloftrjemap- kawtig one to two
allcylaming sybstimenis: Hyspsaiovh inciides2-hydipxyeinvb-2stydrexypropyl,

1-(hydrox o(meth I)-Zﬁeﬁ%ﬁﬁopyﬁz-hylp roxyb_utzl, 2,3-dihyc%tggq%%%yl, 2-(hydroxyrnethyl),
3-hydroxfp@%[3§/‘$;éﬂdlsﬁé tRY Rl by héretimR B YR P PaY alkyl" is used to define a
subset Of1@5%59?—!514{ﬁ%um@%ﬁﬁ%i?@lw)ZQJTWW,&%}@EMM@%%}tQ,Qimﬁ%@llﬁlﬁﬂﬁﬁﬁtUted
alkyl or an aralkyl group. The teiui (hetero)aryl or (het)aryl refers to either an aryl or a heteroaryl group.
Compouﬁd’é"%f formula | may exhibit tautomerism. Tautomeric compounds can exist as two or more
interconvertabigepgcies-Protatropicatautanpecabesuliants e prigisionbareavalenilybemnded
hydrogen atom between two atoms. Tautomers generally exist in equilibrium and 25 attempts to
isolate an Mtfividual tautomers usually produce a mixture whose chemical and physical properties are
consistent-\\ith7a hiixnire:ofyt erapiemds S HheypoRifih 8-bfthe Aquiljatiam-iadieperidentamizhemical
features withjn th lecule..For example, in m liphatic ald es a etanes, such as

cetal e T R T ot A T SIS T en T e R oo
prototropit] tesiomérsneclude keto/enol (-C(=0)-CH- 44-C(- 30 OH)=CH-), amide/imidic acid

-C(=0)-NH- Z .-C(-0H)=N- id ~C(= -NH- 106442RCT/EP2009/051757 -29-
(C(-f\lHl)?): :)Btig%%ﬁ%_e)lrﬁﬁz%}%‘&Sﬂ!?\%e{é}(eﬁém%%ﬁlg}é}%{)ri)orﬁ%%%ﬁ%%}%z ﬁé%lg %agfe?Fgrégiclic rings
and the pieSelmigazontloyi-SHcprmsastbs-hlpwatomesio-forrdtradttiyé pogyolids; Technical and
scientifictergsuaed Porei haws e meARng sommonlyadersiaad by-008 o skl inghe art to which

the present invention pertains, unless otherwise defined. Reference is 5 made herein to various
methodofogiRéniiey iateriarsrAbi-fotihadeoomiRaeh the aptisrarelata-dpdparedworlls setting forth

the genegalppingigligs of pharmacology include Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 10th Ed., McGraw Hill Companies Inc., New York (2001). Any suitable materials and/or

methods kHolrnE thisslerdidntanibe YRRl d-mbeBF e Gul ke ieeehy rirentin - Mewever,

preferrech materadsydnc matbesisnars descphesto Mt ra:-reagenssand the: like to which reference
are made._in the fo Iowin&ndescription aglgﬁéanp}gles '%ri obtainable from commercial sources, unless
SEerherBin ek

otherwiserotedefha tabratAEpH I 4. LIRSS oY FoPRBRE-ER2B)R wherein R is
hydrogenqr-binestalkyl @staiefinest heteinl-fiededpRos | aiyearbanyicaanisasdierein denotes a group
of formul =0)R wherejn R is a defined herein. The term C1.6 acyl refers to a group - 15
GO oI BRI TG BB DR A0 L RSB I8BHs = oroup of formula
C(=0)R vilicizmndthid-ad 2y Hypourddhé weri benzdy]2 . dd isadzre el gndpayléanmnyl” group wherein
R is phenyl, 195 g, alk s sedperindsaotes annbranshedsor branched dhan, spiyrated.
monovalent h é?rocar on %ésﬁue 36%ntair‘?i¥19 e{%’ g}égrl%%n atgrj]gy%e ferm “ower aﬁ<yif enotes a

straight 2@t byteriched chain hydrocarbon residue containing 1 to 6 carbon atoms. "C1-10 allcyl" as
used hergin  an~a mposed 8 EXAmD ajkyl groups include, but are
not Iimite%%oﬁ?év%ﬁaﬁ@%%h%%ﬁ%ﬁugg r%%%%%%?%ﬁ%@%ﬁ%ﬁ%ﬂf p%a%uég}? i-butyl, t-butyl or pentyl,
isopentyl Zrebpesiyiteld | 2hiEptynzatd sty vwkepiehed Ity islissepas: b eiffix following
another tenTpasinyPhenyalioli o135 susbryalleybyhis s ierdgshio-tter to an alkyl group, as

defined above, being substituted with one_to two substituents selected from the other
specificafhyAHamedYrous: TR -exdmplé Py riphAanbIPyiesiBre s B PRARAI AR -, wherein R' is a
phenyl radicaliandyR1 inanialkylene radisatas defiogd herein with hanndgrstanding that the

attachment point of the phenylalkyl moiety will be on the alkylene radical. Examples of arylallcyl
radicals include, but



30 are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms "arylalkyl", "aryl alkyl", or WO
2009/106442PCT/EP2009/051757 -30- "aralkyl" are interpreted similarly except R' is an aryl radical.
The terms "HE1ep8%fP4dkyl" or "heteroarylalkyl" are interpreted similarly eRESFERIIEGpTGnally an aryl
or a heteroaryl radical. The term "haloalkyl" as useij herein denotes a unbranched or branched chain
alkyl group as defined above wherein 1, 2, 3 or mérg“hydrogen atoms are substituted by a halogen.

The term 5] haloalkyl" denotes_a strai ranched chajn hydrocarbon residye containing 1 to
6 carbor:?‘)’é %?%ys\l?vbﬁ%%%lflﬁ??ﬂﬁh%%ép ngg%%%ﬁ?’rﬁszﬁg'g l:r;lls}g?[/1 é%i% 'ﬁaﬁ%%ﬁ]é " Examples are
1-fluoroniefbw - Frotioridinetiyll, 3tvbroMiqametiyll? . 3-bidometi iyl il Zedométhy hriflucramethyl,

trichlororpethyl, tribromomethyl, trijodomethyl, 1-fluoroethyl, 1-chlorpethyl, 1- bromoethyl, 1-iodoethyl,
2-f|uoroétft1ejﬁig-lé d%%&mg r%?%%%ﬁﬁpﬁ%z %e%ﬁﬁ@,%ﬁ%%@ﬁ%%&@%- El‘rI(l)Or%wl?)’propyl or
2,2, 2-trifl ke bEtHHERdeotarh hatkpheyret tzl wsed Hedeindd AenEsSal divaleni 3 tulmtediineat -

hydrocargﬁ[ld{% kﬁg}_g{%ég_}poﬁg{bon atoms (e.g., (CH")")or a branched saturated divalent .
hydrocarbon radical of 2 to 10 carbon atoms (e.g., -CHMe- or -CH2CHU-Pr)CH2-), unless otherwise

indicated 1 Exdd pt-Ind¢ie3cese B pristiplere bine e vhldntbakroftan aligpend-grsup are not attached to
the same aten @m;lﬂg of alkyie jealsy butarenet limitac gt ne, ethylene,
propylene,qrfl metellﬁ-‘?/@op' er%%%ﬁ%m%%%gr@%% :Zﬁ?%%ﬁ?ﬁ%@%ﬁ%péﬁﬁe%%m "alkoxy" as
used her&ﬁﬁ@&ﬁ&%ﬂ'-ﬁ%i‘éﬁkyh@%hﬁl}%ﬁé?e?nyég@ﬂ@%gﬁ%ma&wglshﬁﬂ“ﬁéoﬁﬂétﬁd)&; ethoxy,
n-propyl@sma(&ayiomm%Bﬁ@ﬁylHhﬁ@blpz%iy—mt;swo@@,stxmﬁﬂw}qm@sw@.hBgezhel_r isomers.
"Lower alkoxy" as used herein denotes an alkoxy 20 group with a "lower alkyl" group as previously
defined. '1d%:%Ia%@éyﬁ—aé)-é%am%%%@ma%?d%&% "HRSTE-RAOPRRS TI090. The term
"hydroxyalkyl{ 125 MaedheremHenoteyiapvalkyi peslicakasinerein defiagd sheraish ane-tothree
hydrogen atoms gn different carbon atoms is/are replaced by hydroxyl groups. The term "cycloalkyl"
25 Used ReraiTTeters s Lamiiita) BarButy EN0 IRy BUFtiabns REFE5b Gal BB BN e,

- cyclopropy-Tyietetistyl - Lyclopientyl, Gygiohexylytysiehsntylpr syslpoebth-1Calhpeyaiealkylé.as used

herein refers.t cloallcyl.c se 3 arbons in.the carhocyclic ring,. The term
"cycloalk&&"&e%gfgﬁér 8"6%{.@3%55}%?%%@&@5%8W&’F?‘gé@r}?’%ﬁf iﬁéig%yﬁifé%?ﬁ%wgg&ﬁ“s unless
otherwisemspetifiesignd having a carbon-carbon double bond within the ring. For WO
2009/106442PCT/EP20091051757 -3 1- example, C5..6 cycloalkenyl refers to a cycloalkenyl group
having frolfﬁ%(?g%ur%rgfngée?lrng?o%g Pn%%%ﬁ‘é?nélé “bgogfﬁyéﬁzt}s/nc?/glk %%é‘%‘ﬁ%%ro%%&%‘%a@é 'Giie
carbon-carar dibietharduifithiyl-tHeylin g tmdthér @b dirments? Sytlpalkenyl-gtodps have more than

one Carb&ﬂﬁ‘éﬁ{'ﬁﬁj}o%%leleoQQnd within the ring. However, cycloalkenyl rings are not aromatic.
Cycloalkenyl groups may be 5 optionally substituted with one or more substituent. Examples of

cycloallcehiiticiiggioniit dtanist timiled kbpriyelopehtelpyrama- épdlokexd@matTherepam alegen” or

"halo" asuseght 1M flIorina; ( j RIRINE,: QHIQRINES - N roaryl’ as used
e o o ot oo

herein means a monocyclic, bicyclic, or clic ra ‘
aromatic HAGEBABHITE S0 RS B RiBHEY SER KRG, M eGP RGO S PN 006 S
heteroatomspthe #goaimng Jﬂﬁg@%ﬁéﬂ%@@iﬁ&@ﬂﬁbp%lwﬂﬂﬁmHﬁﬂ@éﬂ%@jfﬁlﬁ?@}mg{@}:@am ment point
of the heteroaryl radical will be on an aromatic ring. As well known to those skilled in the art, heteroaryl
rings haRIR¥EES it Ydkdet®ihan their all-carbon counter parts. Thus, for the purposes of the
invention Jg hiskeesayiyt groyp- eath ey haysisane degisecphaynraalis ehaceen] Fxapmpies of
heteroaryl moieties include monocyclic 15 aromatic heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoMsPHTBRTHE; Bt is not limited to, pridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, imidazolyl,
indolyl oXa#di[ isGxEzotex flakplepisatbiazbientyiizolinedtidzelys Hhipphdoit, fupmd-ifiadiazole and

oxadiaxogri@ d‘l"’hégi‘ Eapoogirl)%{%é be substituted with one or more, preferably one or two substituents
selected ffom ]ﬁ]y r%x;f/, gyano, alkyl, alkoxy, thio, lower haloallcoxy, allcylthio, halo, haloalkyl,

alkylsulfiniA{ 20! alfaHisdifory? falbge prathid orapivylaipordigdky arhlppridimih ol miksdididealkyl,
and dialk iInQalkyl, njtko (C vl and.carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbaﬁﬁﬁéggﬁ%égr%bﬁ%@r%%fr{ a%y}c%%gbnylamino. Examples of bicyclic moieties include, but
are not Iirﬁi?e@iﬂ@?ﬂ?ﬁﬂnbi_ﬁ%;ﬂ@mébdi}ﬁié@_iﬂhﬁdﬁhﬂﬁh@ﬁi@ﬂi#yﬁ*bﬁﬁ?@ﬁhﬁpﬂéﬂﬁ%%z%zoIe,
benZ'SoXakz—f'ﬂe(tsbﬁ@malzﬂl—?ncﬂﬁfkglgpyﬁ%’i%19@&9—'@@%%‘1%?-%Q,deimethykpmpan—1—0ne;

1-{2-[1-(2-Amino-ethyl)-1H-indol-3-yl}-5H-pyrrolo[2,3-bjpyrazin-7-y1 }-2,2-dimethyl-propan-

1-one;



25 benzisothiazole. The term "heterocycloaWyl", "heterocyclyl" or "heterocycle" as used herein
denotes a monovalent saturated cyclic radical, consisting of one or more rings, preferably one to two
rings or thre® ¥idbR/ Wh#hiee to eight atoms per ring, incorporating one or rRO&EERYHAFHBA atoms and
one or more ring heteroatoms (chosen from N,0 or S(=-0)0_2), wherein the point of attachment 30 can
be through either a carbon atom or a heteroatom, Artd which can optionally be independently
substituted with one pr. more, preferably one or twq or. tgﬁge substituents selected from hydroxy, WO
2009/106 fé&@?@ﬁgig@ﬁdgﬁg‘?ﬁ%ﬁ g@f‘c‘%}ﬂ 5316 Fl%éf%ﬂfol &P BN oW PFRYATKoxy,
alkylthio,dmato, haloalkyl, hydroxyallcyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl,

ytam ML S RPN Ry eSS it ARTEAP RS RS otherwise

indicatedmEtkanyples of heterocyclic radicals include, but are not limited to, azetidinyl, pyrrolidinyl,

hexahydrparzepi (g etr Iranyl, tetrahydrothiophenyl, oxazalidinyl, thiazolidinyl,
isoxazoligi)iﬁ%/(l-&:Pg%&?ﬁ%ﬁ%ﬁéﬁ%ﬁgﬂ?g%@i%ﬁ%ﬁ)%g?‘%ndﬁﬁ?ﬁl %36?#1%% dhmri/%roisoquinolinyle,
tetrahydrdpia-dnyilagstrbRyalpociatibolind; irpdsrediayd - thiomeipieingg, 2adimetidipybd gard lirmneazolinyl. 10
The phrase jeetionyl > raft,orxe jaGti d,chronic allggraft or
B R e e R SR e
pancreati®fslet cells) transplants. Commonly used abbreviations include. acetyl (Ac),

azo-bis-i itrile . 2 1) Irherabi B e (9rE - BBN),
ten-butoﬁggﬁéﬁ%%%g ?%ﬁ%t%ﬁ%@c%%%?gﬁgﬁ?ggg%%ﬁdg??gggzg?@e %I %Bn), butyl
(Bu), Chéffical Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl
diimidazale (SR U dinzatieyeiof2i2 £ (BABCEp e U PR DAST)
dibenzylideneacegle Etld%g), 1,5-diaz[abic§/§?§&?%.0ﬁ%n-5-ggf§%¥8Ié?)J‘,H? ,8- MW%%)GQ
diazabicytl6{5.4.0Jundec-7-ene (DBU), N,N-dicyclohexylcarbodiimide (DCC), 1,2- 20 dichloroethane
(DCE), dizhiorereaiiiane2dDCivixhgliethypazerdicastspsyiaten(BED B divisolpiopyiagosisatbgxylate
(D1AD), di-iso-butylaluminumhydride (D1BAL or DIBAL-H), di-isopropylethylamine (DIPEA),
N,N-dimetiyPEckifide (DMA), 4-N,N-dimethylaminopyridine (DMAP), N,N-climethylforrnamide
(DMF), dineliyteshifoxide- (DIASR), 2 fipaisttiphenyipiosphind)ethaties@nelolo]2,3-blpyrazin-
1,1'-bis.- _Egigzré%ohgﬁ%qgno)ferrocene (dppf), 1-(3- 25 dimethylaminopropy1)-3-ethylcarbodiimide
hydrochlori F 8}), et]hyl (Et), ethyl acetate (EtOAc), ethanol (EtOH),

2-ethoxy-2HRefuiri8lie Auarboiydiidacith gikiAesteth(E E DR dib thyl piiemp(Et20)2.3-blpyrazin-7-
0-(7-azabgnzatry -1-v1)-N, N.N'N'-tetramethylumnium hexafluorophosphate acetic acid (HATU),
acetic acl@(é%ﬁ?gﬁ-%%g%xyggﬁkotriazole (HOBY), high pressure liquid chromatography (HPLC),
iso-propdhdVighalcltiher Hexarhketheihdisi Bz ayeclolRSHDIDY - Binderhaiidt g mede]}, dityrgzpeint (mp),
MeS02- @'_r}gf‘ﬂl&flggg);émethyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid (MCPBA), mass
spectrumggs)_, methyl t-butyl ether (MTBE), N-bromosuccinirnide (NBS), N-carboxyanhydride (NCA),
N-chloro Qﬁﬁﬁ@@"%b%b@ﬁf%ﬂ@ibﬂﬂ?@mﬁbgmglwﬂéﬂ](NﬁgﬂqidWéIh‘%ﬂhorpholine (NMM),
N-methyW{gg@g%Wj}l_pmg@i%}pjgﬁ@phromate (PCC), ppidinium dichromate (PDC), phenyl
(Ph), propyl (Pr), iso-propyl fli-Pr), ounds per square inch_(psi), pyridine}épyr), room temperature (rt or
RT), tert- nlkérdmfﬂéffﬁ%gﬂwaf rbtiidperrrB BvEyolnkt Ry MRHE rRE ot ERRIplof2,3-blpyrazin-
2,2,6,6-tetramethylpiperidine 1-oxyl 5 (TEMPO), triflate or CF3S02- (TO, trifluoroacetic acid (TFA),

1,1'-bis-2,2 6(;(%4 tramethylheptane-2.6-dione (TMHD), )
O-benzothiaze -‘115%-%3@:7‘3, %ﬁrgﬁ‘?@t RROFRERH SNBSS AR IR Lifinatography
(TLC), tettatydraofistan (Fidbhetimeadisiy oEMa3SidTMD ] Briolenesuianitacic mepehydrate
(TsOH or p: dsaﬂgfh4il_\/leOC6{—|*4SO£_ or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),.
Conventional nomgngfapﬁ?g i%llnéludih'g" the prefixes normal (n), iso (i-), secondary (sec-), tertiary
(ten-) and{ ad6-tavly theiyetistotingdryipeedinadg whdomdethivitheard alityi iapietylo{2, Rigawudyiand D. P.
IGesneyq_ ?mﬁnﬁllgﬁ%[ﬁcincgfg%ﬁfr%gﬁ%isﬁg’ IUPAC 1979 Pergarnon Press, Oxford.). Examples of
poun

representative com S encampasse qby’the present invention and within the scope of the
invention aié-Hiékridiaeth therfplionin o Hahlaokiie Sebxamamied- ghdipreharators i viliehiddllow are
providedy{o£ -lﬁl{?ﬁﬁeﬁﬁﬂ%ﬁ'&éf‘e art to more clearly understand and to practice the present
invention. They should not be considered as limiting the scope of the invention, but merely as being
illustrative St RIBRESERE RSBl S Pl eraeal -eidororie AeidiPe- Udodrerihis Adipiathiion is based
on AUTC%J}@M;[MHM;O, a Beilstein Institute computerized system for the generation of 1UPAC
systematic nomenclature.



20 If there is a discrepancy between a depicted structure and a name given that structure, the depicted
structure is to be accorded more weight. In-addition, if the stereochemistry of a structure or a portion of
a structure is not indicated with, for example, bold or dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all stereoisomers of it.  TABLE | depicts exemplified
compounds according to Formula I. 25 TABLE I. COMPOUND SYSTEMATIC NAME STRUCTURE

MP WO 2009/DBA42PCI/ERARBUBITET. sBho:t didpdlRpesnes %@Mé&l@%@'{?@ BAhES1
pyrrolo[2,3-blpyrazin- 7-y1]-2,2-dimethyl- propan-1-one '0 . = 267.0-26 11-1-indo 01-3-y1)-.

5H- pyrrolofi - b]pyrazin-7-y11-2,2- dimethyl-propan-1- one NO
4-[7-(1-Methyl-cyclohexanecarbonyl)- SH-pyrrolo[2,3-b]p pyrazin-2-yi]-thiophene-2-carboxylic
acid (2-amino-2-methyl-propyl)-amide; |
{2-[5 -(4-Di_meth ylamino-piperidine-1—carbonyl)-ﬂ*ﬁophen-3~y1]—SH ~pymrolo[2,3-b]pyrazin-7-
y1 }-(1-methyl-cyclohexyl)-methanone;
2~Cyclopropy1—5H—pmolo[2,3~b]pyrazina-7—ca.rboxy1ic acid (3-hydroxy-2,2-dimethyl-propyl)-
amide; '
2-Cyclopropyl-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid tert-butylamide;
2-[7-(2,2-Dimethyl-propionyl)- SH~pyrrolo[2,3-—b] pyrazin-2-yl]-pyrrole-1- carboxyhc ac1d tert-
buty! ester; and
2~ Thiophen-2-yl-5H-pyrrolo[2,3- b]pyrazme ~7-carboxylic acid (S—hydroxy-»?. 2~ dlmethyl-
propyl)-amide. '

In one embodiment, the application provides a method for treating an inflammatory and/or
autoimmune condition comprising administering to 2 patient in need thereof 2 therapeutically

effective amount of the compound of Formula I,

In one variation of the above method, the above method further comprises administering an
additional therapeutic agent selected from a chemotherapeutic or anti-proififerative agent, an anti-

| mﬂammatory gent, az immunomodulatory or immunosuppressive agent, a neurotrophic factor,
an agent for treating cardiovascular disease, an agent for treating dzabctes or an acent for

treating mmunodencmncy disorders.

In one embodimenz the application provides a method for treating an inflammatory condition

comprising administering to a patient in need thereof 2 therapeutically effective amount of the

compound of Formula I, wherein R is R®.

In one embodiment, the application provides a method for inhibiting T-cell proliferative disorder

comprising administering to a patient in peed thereof 2 therapeutically effective amount of the

compound of Formula I.



1-3 2-Cy'cloh'ex-1-enyl- 5H-pyrro|o[2,3- blpyrazine-7- carboxylic acid isopropylamide FUN N\ 1-4
2-Cyclohexy1-5H- pyrrolo[2,3- b]pyrazine-7- carboxylic acid isopropylamide N 1-5 1-{2-[2-(4-Acetyl-

piperazin-1-y1)- pyridin-4-y1]-5H- pyrrolo[2,3-b]pyrazin- 7-y1}-2,2-dimethyl- propan-I-one N
257.0-260.0 -21-

In one embodiment, the application provides a method for inhibiting T-cel} proliferative disorder

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

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

In one embodiment, 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 1.

in one embbdiment, the application provides a method for {reating an immune disorder including
lupus, multipie sclerosis, rheumatoid arﬁmtl,s, psoriasis, Type I diabetes, complications from
organ transplants, xeno transplantation, diabetes, cancer, étst}ma., 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 L.

In one embodiment, the application provides a method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized transplants, comprising administering to a patient

in need thereof a therapeutically effective amount of the compound of Formulz 1.

In one embodiment, the application provides a method for preventing or treating all forms of organ
rejection, including acute allograft or xepograft rejection and chronic allograft or xenogr
rejection, of vascularized or non-vascnlarized transplants, comprising administering to a patient

in need thereof the compound of Formula 1.

In one embodiment, the application provides a method for inhibiting JAK3 activity comprising
administering the compound of Formula I, wherein the compound exhibits an ICsq of 50

micromolar or less in an in vitro blochermcal assay of J AK3 activity,

In one variation of the above method, the compound exhibits an ICs; of 100 nanomolar or less in

an in vitro biochemical assay of JAKS activity.. .

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

an in vitro biochemical assay of JAK3 activit_y.



1-6 1-[2-(5-Methoxy- pyridin-3-y1)-5H- pyrrolo[2,3-b)pyrazin- 7-y1]-2,2-dirnethyl- propan-1-one N
215-223.6 1-7 [1-(7- Isopropylcarbamoyl- 5H-pyrrolo[2,3- bThyrazin-2-y1)- piperidin-3-y1]-
methyl-carbamic acid tert-butyl ester C11-7Nic4 y r( 1 251-252 WO 2009/106442PCT/EP2009/051757
-35- 1-8 2-(3-Methylamino- piperidin-1-y1)-5H- pyrrojag_,s- b]pyrazine-7-

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

micromojar or less in an in vitro biochemical assay of SYK activity.

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

an in vitro biochemical assay of SYK activity,

In one variation of the above method, the compound exhibits an'.ICSO of 10 nanomolar or Jess in

an in vitro biochemical assay of SYK activity.

In one embodiment, the application provides a method for treating an mflammatory condition
comprising co-administering to a patient in need thereof an anti-inflammatory compound in

combination with a therapeutically effective amount of the compound of Formula I,

In one embodiment, the application providesr a method for treating an inflammatory condition
comprising co-admimistering to a patient in need thereof 2 thérapeutically effective amountof an

anti-inflammatory compound in combination with the compound of Formula 1.

In one embodiment, the application provides a method for treating an immune disorder comprising co-
adm:"n‘istc;ing to a patient in need thersof an immunoéuppmssant compbund in cdmbination with

a therapeutically effective amount of the compound of Formula I.

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

immunosuppressant compound in combination with the compound of Formula I,

The application provides a pharmaceutical composition comprising the compound of Formula 1,

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

In ope va;‘iation, the above pharmaceutical composition further comprises an additional
therapeutic agent selected from a chemotherapeutic or anti-proliferative agent, an anti-
inflamimatory agent, an immunomodulatory or immunosuppressive agent, 2 neurotrophic facter,
an agent for treating cardiovascular disease, an agent for freating diabetes, énd an agent for

treating immunodeficiency disorders.



carboxylic acid isopropylamide; compound with trifluoro-acetic acid H CX 54-64 1-9 2,2-Dimethy1-1-(2-
pyn-olidin-1-y1-5H- pyrrolo[2,3-b]pyrazin- 7-y1)-propan-lI-one H NXILIC Nt-(ss 0 1-10
1-[7-(2,2-Dimethyl- propiony1)-2'- pyrrolidin-1-y1-5k-32,51bi[pyrrolo[2,3- blpyraziny1]-7'-y11-
2,2-dimethyl-propan- 1-one [-11 2,2-Dimethy1-142-(2-

In one embodiment, the application provides a use of the compound of Formula I, II or III in the

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

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

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

In one embodiment, the application provides a use of the compound of Formula I, Il or 111, in the

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

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

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

In a second aspect, there is provided the use of the compound as defined in the first aspect
in the manufacture of a medicament for the treatment of an inflammatory disorder or of an

autoimmune disorder.

In one embodiment, the application provides a compound of Formula I, II or 111, for use in the

treatment of an inflammatory disorder or of an autoimmune disorder.

In a third aspect, there is provided a compound as defined in the first aspect for use in the

treatment of an inflammatory disorder or of an autoimmune disorder, -



pyrrolidin-1-yl- pyridin-4-y1)-51-1- pyrrolo[2,3-b]pyrazin- 7-y1l-propan-1-one Hic.rlity" ritt:). T O

+ 275.1-276.4 1-12 11241-Cyclopentyl- 1H-[1,2,3]triazol-4- yl)-5H-pyrrolo[2,3- b]pyrazin-7-y11-2,2- .
dimethyl-propan-1- one HINIY v tYN N c5 193.3-199%33-13 2,2-Dimethy1-1-[2- (3,4,5,6-tetrahydro-
2H-[1,2Thipyridinyl- 4'-y1)-5H-pyrrolo[2,3- 191pyrazin-7-y1]- propan-l-one 250.0-251.0

'Ihe'a.gplication' provides a compound of Formula IV

O
R
N N H
H IV wherein;

RisR',R%, R%, or R
R’ is lower alkyi, lower alkoxy, phenyl, benzyl, heterbaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R1?; |
R™is R'orR';
RP® s halogen, oxe, hydroxy, or —~CN;
R'“is ~C(=0)OR™), -C(=0)CH(R'), -SSR, —S(0%RY), or ~$(=0)
(RH , lower alkyl, lower alkoxy, aminq, amido, lowcr_ haloalkyl, phenyl,
heteroaryl, cycioalkyl, hctérocycloaikyl, cycloalkyloxy, or .
heterocycloa]kyioxy optionally substituted with one or more R'¢,;
R¥is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower
haloalkyl; |
R*is H lower alkyl, lower alkoxy, ~CN, lower haloalkyl, phenyl,
hetercaryl, cycloaikyl., or hetcrof:ycloalkyl;



I-14 1-[2-[2-(3- Dimethylamino- pyrrolidin-I-y1)- pyridin-4-y1]-5H- pyrrolo[2,3-b]pyrazin-
7-y1)-2,2-dimethyl- 226.0-228.0 WO 2009/106442PCT/EP2009/051757 -36- propan-l-one 1-15
2,2-DimethyMO-pupAstidmorpholin-4-yl- pyridin-4-y1)-51-1- pyrrolo[2,3-bR&R&xidH09/651757
7-y1l1-propan-1-one lipAKr..11). -rcis 287.0-290.0&-&.‘6 2,2-Dimethy1-1-{ 2- [2-(2-methyl-

R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
R? is N(R™);
each R* is independently H or R*";
3 each R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with
one or more R*;
R*is R*or R*; -
R* is halogen, oxo, or hydroxy;
10 R*is —-N(R*),, -C(=0)( R*%), -C(=0)O( R*), —
C=OINR ™), ~NR*#)C(=0)( R*), ~S(=0),(R*), ~$(0),
N(R?*),, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
optionally substituted with one or more R™;
15 each R¥ is independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkyl;
each R is independently H, lower alkyl, lower
alkoxy, Jower haloalkyl, or pheny!;
R? is -C(=0)R™;
20 R is lower alkyl, lower alkoxy, phenyl, or N(R™),;
cach R™ is independently H or lower alkyl;
R*is ~OR™);
R*is HorR™;
R™ is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,

25 heterocycloalleyl, heteroaryl, optionally substituted with one or more
R4c;
R™ is halogen, hydroxy, lower alkyl, lower haloalkyl, or
lower alkoxy;
Qis Q' Q% Q' or Q%
30 Q' is phenyl, optionally substituted with one or more Q'?;

Qla iS le or QlC;
Q" is halogen, hydroxy, —CN, ~$(Q"), =S(0),(Q"®), or —S(=0)(Q"*):
Qlc is Qld or Qle;



pyrrolidin-1-y1)- pyridin-4-y1]-5H- pyrrolo[2,3-b]pyrazin- 7-y1)-propan-1-one 220.0-221.0 1-17
1-[2-(1,3-Dihydro- isoindol1-2-y1)-5H- pyrrolo[2,3-13]pyrazin-7-y1)-2,2-dimethyl-propan-1-one H N / II.
1-18 142-(VQpPR/HIGiHdo1-1-y1)-5H- pyrrolo[2,3-b]pyrazin7-y1]-2,2-dird&thAr pi8Paniione FIN
NN Nilk 1-19 2-[7-(2,2-Dimethyl-propionyl)-5H:B¥[rolo[2,3-tdpyrazin-
2-y1]-3,4-dihydro-2Hisoquinolin-1-one HN N

or two Q™ come together to form a bicyclic ring system, optionally
substituted with one or more Q'® or Q';
Q' is ~O(Q"), ~S(=01(Q"), ~C(FOIN(Q ")z, ~5(=0)2(Q"), -
CE0)Q™), -CEOYOQ), -N(Q™)2: -N(Q™)C(=0)Q"), -
5 N(Q")C=0)O(Q™), or -N(Q")C=OIN(Q )3
each Q' is independently H or Q*¢;
each Q' is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q';
10 Qif is ng or th;
ng is halogen, hydroxy, oxo, or —
CE=0YQ™;
Q™" is iower. alkyl, lower haloalkyl, lower
alkoxy, phenyl, benzyl, cycloalkyl,
15 heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Qﬁ;
QH is halogen, hydroxy, lower alkyl,
lower haloalkyl, or lower alkoxy;
(? is cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with
20 one or more Q™%
Q*is Q% or Q%
Q” is halogen, oxo, hydroxy, -CN, ~SCHj, —S(0)2CH3, or —-S(=0)CHz;
Q*is Q" or @
or two Q** come together to form a bicyclic ring system, optionally
25 substituted with one or more Q** or Q™;
Q* is ~O(Q™), =S (=0)2(Q™), ~CEOIN(Q™), -8(0) 2(Q™), -
C=0)(Q™), -C=0)0(Q™), -N(Q™)z; -N(Q*)C(=0)Q™) -
N(Q*)C(=0)0(Q™), or -N(Q*)C(=0)N(Q™)z;
each Q™ is independently H or Q*;
30 ' each Q% is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q*;

sz is ng or th;



NN NIt 1-20 1-[7-(2,2-Dimethylpropionyl)-5H- pyrrolo[2,3-b]pyrazin-
2-y1J-3,4-dihydro-1Hquinolin-2-one HN ' N'/Ko N li WO 2009/106442PCT/EP2009/051757
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Q" is halogen, hydroxy, 0xo, or -
CE=0XQ™;
Q™ is lower alkyl, lower haloalkyl, lower
alkoxy, phenyl, benzyl, cycloalkyl,
5 . heter'ocycloalkyl, or heteroaryl, optionally
substituted with one or more Q;
Q% is halogen, hydroxy, lower alkyl,
lower haloalkyl, or lower alkoxy;
Q' is ~0-Q™, -8-Q™, ~C(=0)(Q™), ~S(=0)Q™), ~S(=0)(Q™), -N(Q™)z, -
10 NHC(=0)Q™), ~C(=0)N(Q*)2, or -NHC(=O)N(Q™),;
each Q* is independently Q°° or Q™;
Q% is H;
Q™ is lower alkyl, lower haloalkyl, phenyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more Q%
15 Q3d is halogen, hydroxyl, lower alkyl, lower alkoxy, or lower
haloalkyl;
Q4 is Q4a or 4b;
(" is H or halogen; and
Q™ is lower alkyl, lower alkenyl, lower alkynyl, or lower haloalkyl;
20  with the proviso that when R is RY, R* is ~O(R™), R* is H, and Q" is Q™ then Q** is not H;
or a pharmaceutically acceptable salt thereof.
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.

25 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
30 terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least” or

"including at least”. When used in the context of a process, the term "comprising” means that the



1-21 24 7-(2,2-Dimethyl- propi on yl)-5H-.pyrrolo[2,3-b]pyrazin- 2-y1]-2,3-dihydroisoindol - 1 -one HN
-NN o N40 1-22 |17-(2,2-Dimethyl- propion y1)-5H-pynolo[2,3-b]pyrazin-2-ylkpiperidin-2-one HN \
No NK, ¥O300/m442 2-Dimethyl- propionyl)-5H- pyrrolo[2,3-b]pyrazifZViEpfawlidiaz2-one HN -
N%!//N
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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.

5 Asused herein, unless specifically indicated otherwise, the word "or" is used in the "inclusive"”

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

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
10 "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,

15 combinations of substituents and/or variables are permissible only if such compounds result in

stable compounds.

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

it is a part. Thus, for example:

MeC(=0)OR* wherein R* = »—<] or <] ==2> MeC(=0)0—<]
20

A bond drawn into ring system {as opposed to connected at a distinct vertex) indicates that the

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

The term “optional” or “optionally” as used herein means that a subsequently described event or
circumstance may, but need not, occur, and that the description includes instances where the

25  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,



\ c <NI 1-24 142-(1H-Indo1-3- y1)- 5H-pyrrolo [2,3- b]pyrazin-7-yl] -2,2- dimethyl-propan- 1- one 7 N
HN 4 1-25 2,2-Dimethyl- 14246- pyrrolidin- 1 - y1- pridin-2 -y1)-5 Hpyn-olo[2,3-b] pyrazin7-yll-propan-
1-one HN NWONSOIG$943091106442PCT/EP2009/051757 -38- 1-26 2,2- DTSRRI 764-
pyrrolidin-I-yl- pyridin-2-y1)-5H- pyntlo[2,3-b]pyrazjgé_HN. N/\- [----  7-ylkpropan-l-one

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

carbon and heteroatoms, and may be saturated or unsaturated.

The term "about" is used herein to mean approximately, in the region of, roughly, or around,

5  When the term "about” is used in conjunction with a numerical range, it modifies that range by
extending the boundaries above and below the numerical values set forth. In general, the term
"about" is used herein to modify a numerical value above and below the stated value by a

variance of 20%.

The definitions described herein may be appended to form chemically-relevant comnbinations,

10 such as “heteroalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”
“alkoxyalkyl,” “cycloalkylalkyl” and the like. When the term “alkyl” is used as a suffix
following another term, as in “phenylalkyl,” or “hydrexyalkyl,” this is intended to refer to an
alkyl group, as defined above, being substituted with one to two substituents selected from the
other specifically-named group. Thus, for example, “phenylalkyl” refers to an alkyl group

15 having one to two phenyl substituents, and thus includes benzyl, phenylethy!, and biphenyl. An
“alkylaminoalkyl” is an alkyl group having one to two alkylamino substituents, “Hydroxyalkyl"
includes 2-hydroxyethyl, 2-hydroxypropyl, 1—(hydroxymethyi}—}methylprépyi, Z2-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.

20 The term -(ar)alkyl refers to either an unsubstituted alkyl or an aralkyl group. The term

(hetero)aryl or (het)aryl refers to either an aryl or a heteroaryl group.

Compounds of formula I may exhibit tautomerism. Tautomeric compounds can exist as two or
more interconvertable species. Prototropic tautomers result from the migration of a covalently
bonded hydrogen atom between two atoms. Tautomers generally exist in equilibrium and

25  attempts to isolate an individual tautomers usually produce a mixture whose chemical and
physical properties are consistent with a mixture of compounds. The position of the equilibrium
is dependent on chemical features within the molecule. For example, in many aliphatic
aldehydes and ketones, such as acetaldehyde, the keto form predominates while; in phenols, the
enol form predominates. Common prototropic tautomers-include keto/enol (-C(=0)-CH- 5-C(-

30  OH)=CH-), amide/imidic acid (-C(=0)-NH- & -C(-OH)=N-) and amidine (-C(=NR)-NH- 5 -



1-27 2,2-Dimethy1-1-(2- pyridin-2-y1-5H- pyrrolo[2,3-b]pyrazin- 7-y1)-propan-I-one HN N. A N \- N - N)
% 1-28 [147- Isopropylcarbamoyl- 5H-pyrrolo[2,3- b]pyrazin-2-y1)- piperidin-3-ylk methyl-carbamic
acid tert-buRyieXiey 146442 "Nlo-4"-- | 1-29 2-(3-Methylamino- piperidin-IRENERIPAYPSIGE , 3-
b]pyrazine-7- carboxylic acid isopropylamide; com_Bgynd with trifluoro- acetic acid N NyNri-K ..-.N.,. .,
HOtfp --",...---.N.-'F H 1-30 5-[7-(2,2-Dimethyl- propgiony1)-5H- pyrrolo[2,3-b]pyrazin-

C(-NHR)=N-) tautomers. The latter two are particularly common in hcﬁeroaryl 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
5 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 methods are described.

10 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 alky! as defined herein. The term or "alkylcarbonyl" as used herein denotes a group of
formula C(=0O)R wherein R is alkyl as defined herein. The term C.¢ acyl refers to a group -

15 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 chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl” denotes a straight

20  or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "C;-10 alkyl" as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are
not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 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
25 “hydroxyalkyi,” this is intended to refer to an alkyl group, as defined above, being substituted
with one to two substituents selected from the other specifically-named group. Thus, for
example, “phenylalkyl” denotes the radical RR"~, wherein R'is a phenyl radical, and R" is an
alkylene radical as defined herein with the understanding that the attachment point of the
phenylalkyl moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but
30 are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl”, “aryl alkyl”, or



2-y11-thiophene-3- carboxylic acid (tetrahydro-pyran-4- yl)-amide RN Nso WO
2009/106442PCT/EP2009/051757 -39- 1-31 5-[7-(2,2-Dimethyl- propion y1)-5H-
pyrrolo[2,3-B|By#i2iHP441 1-thiophene-2- carboxylic acid cyclopentylamideP FINERROM/OSLNTH |-32
547-(2,2-Dimethyl- propiony1)-5H- pyrrolo[2,3-b]p}g&zinz-yl]-thiophene-Z- carboxylic acid
(tetrahydro-pyran-4- y1)-amide

"aralkyl" are interpreted similarly except R'is an aryl radical. The terms "heteroaryl alkyl” or

"heteroarylalkyl” are interpreted similarly exbept R’ is optionally an aryl or a heteroary] radical.

The term “haloalkyl” as used herein denotes a unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. The term
S “lower haloalkyl” denotes a straight or branched chain hydrocarbon residue containing 1 to 6

carbon atoms, wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
triﬂuoromethyi, trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-
bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-

10 dichlorocthyl, 3-bromopropyl or 2,2,2-trifluoroethyl.

The term "alkylene” as used herein denotes a divalent saturated linear hydrocarbon radical of 1
to 10 carbon atoms (e.g., (CHa),)or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atoms {e.g., -CHMe- or -CH,CH(i-Pr)CH;-), unless otherwise indicated. Except in the
case of methylene, the open valencés of an alkylene group are not attached to the same atom.

15  Examples of alkylene 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, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, s-butyloxy,

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

an-O-alkyl wherein alkyl is Cy0.

The term "hydroxvalkyl" 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.

The term “cycloalkyl” as used herein refers to a saturated carbocyclic ring containing 3 to 8
25 carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
"Cs.7 cycloalkyl” as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.

The term “cycloalkenyl” refers to a partially unsaturated carbocyclic containing 5 to 7 carbon

atoms unless otherwise specified and having a carbon-carbon double bond within the ring. For
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example, Cs.¢ cycloalkenyl refers to a cycloalkenyl group having from 5 té 6 member atoms. In
certain embodiments cycloalkenyl 'groups have one carbon-carbon double bond within the ring,
In other embodiments, cycloalkenyl groups have more than one carbon-carbon double bond
within the ring. However, cycloalkenyl rings are not aromatic. Cycloalkeny! groups may be

5 optionally substituted with one or more substituent. Examples of cycloalkenyl include, but are

not limited to, cyclopentenyl and cyclohexenyl.
The term "halogen” or "halo" as used herein means fluorine, chlorine, bromine, or iodine.

The term "heteroaryl” as used herein means a monocyclic, bicyclic, or tricyclic radical of 5to 18
ring atoms having at Jeast one aromatic ring containing four to eight atoms per ring,

10  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, a heteroaryl group need only
have some degree of aromatic character. Examples of heteroaryl moieties include monocyclic

15 aromatic heterocycles having 5 to 6 ring atoms and 1 to 3 heteroatoms include, but is not limited
to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, imidazolyl, indolyl oxazol, isoxazoie,
thiazole, 1sothiazole, triazoline, triazolyl, thiophenyl, furanyl, thiadiazole and oxadiaxoline which
can optionally be substituted with one or more, preferably one or two substituents selected from
hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy, alkylthio, halo, haloa}kyl, alkylsulfinyl,

20 alkylsulfonyl, halogen, amino, alkylamino,dialkylamino, aminoalkyl, alkylaminoalkyl, and
dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, alkylcarbonylamino and arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl, indazolyl, isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, bénzothiazole, pyrrolopyridinyl, pyrrolopyrazinyl and

25. benzisothiazole.

The term “heterocycloalkyl”, "heterocyclyl” or "heterocycle” as used herein denotes a
monovalent saturated cyclic radical, consisting of one or more rings, preferably one to two rings
or three 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).;), wherein the point of attachment
30  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 hydroxy,
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0x0, cyano, lower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsuifonylamino,

alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless

Ln

otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, pyrrolidinyl, morpholinyl, piperazinyl, piperidinyl, isoindolinyl,
dihydroisoquinolinyle, tetrahydropyranyl, tetrahydrocarbolinyl, imidazolinyl, thiomorpholinyl,

quinuclidiny! and imidazolinyl.

10 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. bone marrow,

pancreatic islet cells) transplants,

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),
atmospheres (Atmy), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), ters-butoxyecarbonyl (Boc),

15  di-tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzy] (Bn), butyl (Bu), Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), 1,4-diazabicyclof2.2.2]Joctane (DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0lundec-7-ene (DBU), N, N'-dicyclohexylcarbodiimide (DCC}), 1,2-

20 dichloroethane (DCE), dichloromethane (IDCM), diethyl azodicarboxylate (DEAD), di-iso-
propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-
propylethylamine (DIPEA), N N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine
(DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 1,1'-bis-
(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-

25 dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl
ether (Et;0), O-(7-azabenzotriazole-1-yl)-N, N,N'N’-tetramethyluronjum hexafluorophosphate
acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure
liquid chromatography (HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS),

30 methanol (MeQOH), melting point (mp), MeSO,- (mesyl or Ms), , methyl (Me), acetonitrile
(Me(CN), m-chloroperbenzoic acid (MCPBAY}, mass spectrum (ms), methyl r-butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide



\Th ---- ,...-NI -/.,"1s /IN- WO 2009/106442PCT/EP2009/051757 -40- 1-36 1 -4242-
(3-Methoxyphenye-cyclopent-1- eny11-5H-pyrrolo [2,3- b]pyrazin-7-yll -2,2- dimethyl -prop an-1- one
RN\ |- 111WO12808/186491 742 2- Dimethyl-propiony1)- 5H-pyntlo [2,3- b]pYar#E2MAiesEIShent-1-enyl }

- pyridine-2-carboxylic acid ethyl ester HN\ It O 1:§§_ 2,2-Dimethy1-142-(2- phenyl-cyclopent-1-

(NCS), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate
(PCC), pyridinium dichromate (PDC), phenyl (Ph), propy! (Pr), iso-propy! (i-Pr), pounds per
square inch (psi), pyridine {(pyr), room temperature (st or RT), tert-butyldimethylsilyl or £
BuMe;Si (TBDMS), triethylamine (TEA or Et;N), 2,2,6,6-tetramethylpiperidine 1-oxyl
53 (TEMPQ), triflate or CF3S0,- (Tf), trifluoroacetic acid (TFA), 1,1-bis-2,2,6,6-

tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-yl-N,N,N'N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-
CH4S0;- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature

10 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, TUPAC 1979 Pergamon Press, Oxford.).

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
15  which follow are provided to enable those skilled in the art to more clearly understand and to

practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereof.

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

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

25 TABLEL

SYSTEMATIC :
COMPOUND NAME STRUCTURE MP




enyl1)-5H-py1lrolo [2,3- b[pyrazin-7-y1]- propan-1-one | RN\N . 1-39 5-1247- (2,2-
Dimethyl-propiony1)- 5H-pyrrolo[2,3- b]pyrazin-2-y11- cyclopent-1-enyl } -1H- indole-2-carboxylic aC|d
ethyl ester ¢ 2004/10644240/') 1-40 4-[7-(1-Methyl- cyclohexanecarboryt)ebbgarado[2,3-
blpyrazin-2-y1]- thiophene-2- carboxylic acid cyang;nethyl-methylamide

1-[2-(1-
Benzenesulfonyl-1H-
indol-3-y1)-5H-
pyrrolo[2,3-b]pyrazin-
7-yi]-2,2-dimethyl-
propan-1-one

267.0-268.0

1-[2-(1H-Indol-3-y1)-
5H-pyrrolo[2,3-
I-2 blpyrazin-7-y1}-2,2-
dimethyl-propan-1-
one

2-Cyclohex-1-enyl-
5H-pyrrolo[2,3-
I-3 blpyrazine-7-
carboxylic acid
isopropylamide

2-Cyclohexyl-5H- A
pyrrolof2,3- NN

I-4 blpyrazine-7-
carboxylic acid

isopropylamide

1-{2-[2-(4-Acetyl-

piperazin-1-yl)- LA
1-5 pyridin-4-yl]-5H- 257.0-260.0

pyrrolo[2,3-b]pyrazin- N
7-y1}-2.2-dimethyl- N
propan-1-one

1-[2-(5-Methoxy- mcrkg
pyridin-3-yl)-SH- =X

L6 pyrrolo[2,3-b]pyrazin- N ] 215-223.6
7-y1]-2,2-dimethyl- ©
N

propan-1-one

' [1-(7- BN o
Isopropylcarbamoyl- "Q‘f’
5H-pyrrolo[2,3- lﬁ\f’” %_<
I-7 blpyrazin-2-yl)- N 251-252
piperidin-3-yl]- Qwio’k\
methyl-carbamic acid
tert-butyl ester




NRN UN....,.,i))"N1111 s 1-41 (1-Methyl- (morpholine-4- carbonyl)-thiophen-3-
y11-5H-pyrrolo[2,3- b]pyrazin-7-y1 }- methanone cyclohexyl)- {245-N RN \ WO

2009/106442BG0AHR2AP9/051 757 PCT/EP2009/051757
-35-
2-(3-Methylamino- Y
piperidin-1-y!)-5H- ‘D\f()
pyrrolo[2,3- NIK(N 1;{.{
: b]pyrazine-7- ‘ ‘
-8 carboxylic acid Q . 54-64
isopropylamide; N

compound with
triflioro-acetic acid

2,2-Dimethyl-1-(2- mgj‘ﬁ

pyrrolidin-1-yl-5H-
pyrrolo{2,3-blpyrazin-
7-yl)-propan-1-one

1-9

propionyl)-2'-
pyrrolidin-1-yl-5H-
I-10 [2,5'Tbi[pyrrolo[2,3-
blpyrazinyl}-7'-yl]-
2,2-dimethyl-propan-
1-one

N
\..(D
1-[7-(2,2-Dimethyl- :m):/ﬂ\‘
A%y
N
d N
O

2,2-Dimethyl-1-[2-(2- me%(
pyrrolidin-1-yl-

11 pyridin-4-y1)-5H- 275.1-276.4
pyrrolo[2,3-b]pyrazin- O
=]

7-yl]-propan-1-one

1H-{1,2,3}triazol-4-

yD-5H-pyrrolof2,3-

blpyrazin-7-y1]-2.2- NN

dimethyi-propan-1-
one

C
1-[2-(1-Cyclopentyl- H“Q)L’(
N
3

I-12 193.3-199.3

2,2-Dimethyl-1-[2-
(3.4,5,6-tetrahydro-

propan-1-one

g 2H-[1,2Tbipyridinyl- g
B 4'-y1)-5H-pyrroto[2,3- . D 250.0-251.0
blpyrazin-7-yl]- =

212G
Dimethylamino-
: pyrrolidin-1-yl)- N A )
1-14 pyridin-4-yl]-SH- 1\0’1{,\ 226.0-228.0
pyrrolo{2,3-b]pyrazin- m

_ 7-yi}1-2,2-dimethyl-



-41- 1-42 1-(2-Furan-3-y1-5H- pyrrolo [2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one HN N [1,5 a
[-43 4-P-(1-Methyl- cyclohexanecarbonyl)- 5H-pyrrolo[2,3- b]pyrazin-2-y1]- thiophene-2- carboxylic
acid (1- ethy«propyigsamide HN N | -. / .-N PCT/EP2069/051757

-36-

propan-1-one
2,2-Dimethyl-1-[2-(2- m)yng
- thiomorpholin-4-yl- =
1-15 pyridin-4-yl)-5H- % — 287.0-290.0
pyrrolof2,3-blpyrazin- _F
7-yl]-propan-1-one )

2.2-Dimethyl-1-{2- -
[2-(2-methyl- -
: pyrrolidin-1-yl)- N "0 (177
1-16 pyridin-4-yl]-SH- \ \)j 220.0-221.0
pyrrolo{2,3-b]pyrazin- . .
7-vl}-propan-1-one

o
1-[2-(1,3-Dihydro- e
isoindol-2-y1)-3H- \\_/<
1-17 pyrrolo{2,3-b]pyrazin-

7-y1]-2.2-dimethyl-
propan-1-one

3
HYT R
1-[2-(2,3-Dihydro- _

indol-1-y1)-5H- N N
1-18 pyrrolo[2,3-b]pyrazin-

7-y1]-2.2-dimethyl- @
propan-1-one

HYT R
2-[7-(2,2-Dimethyl- =

propionyl)-SH- \\___/( 5
119 pyrrolof2,3-blpyrazin- N
2-yl]-3,4-dihydro-2H-
isoquinolin-1-one
O

1-[7-(2,2-Dimethyl-
propionyl}-5H- \\_/< o

1-20 pyrrolo[2,3-b]pyrazin- N
2-y1]-3,4-dihydro-1H-
quinolin-2-one




1110 1-44 {245-(4-Hydroxy-4- methyl-piperidine-1- carbonye-thiophen-3- y11-5H-pyrrolo[2,3-
b]pyrazin-7-y11-(1- methyl-cyclohexyl)- methanone N X OH MN  ----0 1-45 2,2-Dimethyl -14242-
pyrrolidin-1sylpyngined4yd )-5H-pyrrolo[2,3-b]pyrazin-7-y1]-propan-1-one -PCHip2d64651757
2,2-Dimethy1-142- (3,4,5,6-tetrahydro2H-[1,2Thipyridinyl4'- y1)-5H-pyn-olo [2,3- blpyrazin-7-yl] -
propan-l-one HN WO 2009/106442PCT/EP2009/Y51757 -42-

Q
2-[7-(2,2-Dimethyl- =

propionyl)-5H- \\._/< o
I-21 pyrrolo[2,3-blpyrazin- N
' 2-y1]-2,3-dihydro-
isoindol-1-one
)
HNT R
1-[7-(2,2-Dimethyl- N
propionyl)-5H- \m< o
122 pyrrolo[2,3-b]pyrazin- N
2-yl]-piperidin-2-one
o
1-[7-(2,2-Dimethyl- N
propionyl)-SH- N4
1-23 pyrrolo[2,3-b]pyrazin- H&jo
2-yl]-pyrrolidin-2-one
H
|
1-[2-(1H-Indol-3-y1)- ‘?W
SH-pyrrolof2,3- =N O
1-24 blpyrazin-7-yl}-2,2- =
dimethyl-propan-1- KN
one
S
HNTR
. 7N
2.2-Dimethyl-1-{2-(6- NN
pyrrolidin-1-yl-
1.25 pyridin-2-y1)-5H- N

pyrrolof2,3-b]pyrazin-
7-yi]-propan-1-one O




1-47 1-{24243- Dimethylamino- pyrrolidin-lI-y1)- pyridin-4-y1]-5H- pyrrolo [2,3-b]pyrazin7-y1}
-2,2-dimethylpropan-l-one H ,\ 1-48 2,2-Dimethy1-1-12-(2- thiomorpholin-4-ylpyridin-4-y1)-5H-
pyrrolo[2,3-blpysmeimecf4y1]-propan-1-one H 1-49 2,2-Dimethyl-Ipd2{RrtRometingl
pyntlidin-l-y1)- pyridin-4-y11-5H- pyrrolo[2,3-13]pyr3?82in- 7-yll-propan-1-one RN

H

2,2-Dimethyl-1-[2-(4-

O
A
pyrrolidin-1-yl- {0
I-26 pyridin-2-y1)-5H-
pyrrolo[2,3-b]pyrazin- N
7-yl}-propan-1-one \ 7 O
e .
2,2-Dimethyl-1-(2- < N
127 pyridin-2-yl-5H- =
} pyrrolo[2,3-b]pyrazin- =
7-yh)-propan-1-one N/
H
[1-07- >~

=z
Isopropylcarbamoyl- N!\%N ﬁ—<
N

5H-pyrrolo[2,3-

I-28 blpyrazin-2-yl)- o
piperidin-3-yl]- QN )LO,{\
methyl-carbamic acid l

tert-butyl ester

2-(3-Methylamino- AN\ o
piperidin-1-yl)-5H- N/L;}\(
pyrrolo{2,3- %,/»N ?Je{
1-29 blpyr azu.le—?—‘ N Hoj\(;
carboxylic acid [l
N/ F

isopropylamide; N
compound with
trifluoro-acetic acid

HN o
3
5-[7-(2,2-Dimethyl- N
propionyl)-5H- AN
pyrrolol2,3-b]pyrazin- AN
1-30 2-yl]-thiophene-3- .

carboxylic acid
(tetrahydro-pyran-4- Q\CO
yh)-amide




YN\ -N/\

propan-l-on e pyrrolo[2,3-b]pyrazin- RN fl \ - ,

WO 2009/166442

-30-

[-50 1-{2-[2-(3-Hydroxy- pyrrolidin-I-y1)- pyridin-4-y1]-5H- 7-y1}-2,2-dimethyl-

PCT/EPZ00%/051757

I-31

3-[7-(2,2-Dimethyl-
propionyl)-5H-
pyrrolo[2,3-b]pyrazin-
2-yl}-thiophene-2-
carboxylic acid
cyclopentylamide

1-32

5-[7-(2,2-Dimethyl-
propionyl)-5SH-
pyrrolo[2,3-blpyrazin-
2-yl]-thiophene-2-
carboxylic acid
(tetrahydro-pyran-4-
yl)-amide

1-33

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

1-34

5-[7-(2,2-Dimethyl-
propionyl)-5H-
pvrrolof2.3-blpyrazin-
2-y1]-thiophene-3-
carboxylic acid

1-35

5-[7-(2,2-Dimethyl-
propionyl}-5H-
pyrrolo[2,3-b]pyrazin-
2-yl]-thiophene-3-
carboxylic acid (2-
dimethylamino-ethyl)-
amide

HN




Nt.._ 1-51 1424243,3- Difluoro-pyrrolidin-1- y1)-pyridin-4-y11-5H- pynolo[2,3-Npyrazin-
7-y1}-2,2-dimethyl- propan-l-one RN N/\'N.\--0 /
WO 2009/106442 PCT/EP2009/051757

40-

1-{2-[2-(3-Methoxy-

phenyl)-cyclopent-1- >

136 enyl]-SH-pyrrolof2,3-
bipvrazin-7-yl}-2,2- ‘ O
dimethyl-propan-1- o~

one

6-{2-[7-(2,2- M0
Dimethyl-propionyl)- NS
SH-pyrrolo[2,3- 2
1-37 : b]pyrazin-2-yl]- =
cyclopent-1-enyl }- -~/
pyridine-2-carboxylic
acid ethyl ester

2,2-Dimethyl-1-[2-(2 |

phenyl-cyclopent-1- 2N

I-38 enyl}-5H-pyrrolo[2,3- O
blpyrazin-7-yl}- s

propan-1-one

Y,

5-{2-[7-(2,2- s N
Dimethyl-propionyl)- S
5H-pyrroloi2,3- N
1-39 blpyrazin-2-yil- O 4
cyclopent-1-enyl}-1H- : ﬁ 4
indole-2-carboxylic
acid ethyl ester

4-[7-(1-Methyl-
cyclohexanecarbonyl)- !
SH-pyrrolo[2,3-
b]pyrazin-2-yl]- AN
1-40 thiophene-2- \
carboxylic acid N
cyanomethyl-methyl- s
amide

HN \ O
(1-Methyi- N;%
cyclohexyl)-{2-[5- i

(morpholine-4- 0
I-41 carbonyl)-thiophen-3- o s
yl]-5H-pyrrolof2,3- N
blpyrazin-7-yl}- (\3

methanone . ©




WO 2009/106442PCT/EP2009/051757 -43- 1-52 1-[2-(2-Azepan-1-ylpyridin-4-y1)-5H-
pyrrolo[2,3-b]pyrazin7-y1]-2,2-dimethylpropan- 1-one HN NA\ /rm. -\---.---- 1-53 11242-((S)-3-
Fluoro-pyrrefidiznds/igd)4p yridin-4-yl] -5Hp yrrolo[2,3-b]pyrazin7-y11-2,2-dioetsiprapsatdzone HN N/ -

41~
=
1-(2-Furan-3-yl-5H- i D
142 pyrrolo[2,3-b]pyrazin-
T-y)-2,2-dimethyl- S
propan-1-one \ 5
HN \ @]
NT TR
4-[7-(1-Methyl- LN
cyclohexanecarbonyl)-
SH-pyrrolo[2,3- 1 X
1-43 b]pyrazin-2-ylj- o s
thiophene-2-
carboxylic acid (1- AN
ethyl-propyl)-amide
HN \ e}
N7
{2-[5-(4-Hydroxy-4- LN
methyl-piperidine-1-
carbonyl)-thiophen-3- \ 3
1-44 ylJ-3H-pyrrolo{2,3- VA
blpyrazin-7-y1}-(1- N
methyl-cyclohexyl)-
methanone
OH
== &4
2,2-Dimethyl-1-[2-(2- N
pyrrolidin-1-yl- N7\
1-45 pyridin-4-yl)-5H- =
pyrrolo[2,3-blpyrazin-
7-yl}-propan-1-one 7
~0)
2,2-Dimethyi-1-{2- e
(3,4,5,6-tetrahydro- 7~
146 2H-[1,2']bipyridinyl- N
4'-y1)-5H-pyrrolof2,3-
blpyrazin-7-yl]- 7 N
propan-1-one =N Q




I\ [-54 14242-((R)-3- Fluoro-pyrrolidin-1- y1)-pyridin-4-y1}-5H-pyrrolo[2,3-b]pyrazin-7-y1)
-2,2-dimeth ylpropan-1-one Chiral 1-55 1-} 2-[2-(1,1-Dioxo- 1X6-thiomorpholin-4- y1)-pyridin-4-yl]
-5H- pyrrolaf2)3sb8jpysazin- 7-y1} -2,2-dimethyl- propan-l-one HN N A\ pd¥atr2609/651757
1-[2-(2-Chloropyridin-4-y1)-51-1- pyrrolo[2,3-b]pyr%in7-y1]-2,2-dimethy|- propan-1 -one HN N

1-47

1-{2-[2-(3-
Dimethylamino-
pyrrolidin-1-y1)-
pyridin-4-y1]-5H-
pytrolo[2,3-b]pyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

J

=
=
—
=z

/\!

Z/
C\z__
/

1-48

2,2-Dimethyl-1-[2-(2-
thiomorpholin-4-yl-
pyridin-4-yl)-5H-
pyrrolo[2,3-b]pyrazin-
7-yl]-propan-1-one

Iz
N
A

Zz

|

O

R
L\

1-49

2,2-Dimethyl-1-{2-
[2-(2-methvl-
pyrrolidin-1-yl}-
pyridin-4-y1}-5H-
pyrrolo[2,3-blpyrazin-
7-yl}-propan-1-one

=
=

T
-
=
P
0O

|

I\
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I-50

1-{2-{2-(3-Hydroxy-
pyrrotidin-1-yl)-
pyridin-4-yl]-5H-
pyrrolo[2.3-blpyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

Y4

-
I ~
e

=4

g

] =
e
A

I-51

1-{2-[2-(3,3-
Difluoro-pyrrolidin-1-
yi)-pyridin-4-yi]-5H-
pyrrolof2,3-b]pyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

L E
P,
o]

d

-

7
Z, 2




A\ NN fci -N 1-57 2,2-Dimethy1-1-{ 2- [2-(1-0x0-1X4- thiomorpholin-4-y1)- pyridin-4-y1]-5H-
pyaolo[2,3-b]pyrazin7-y1} -propan- 1-one HN\ N/---\so

WO 2009/106442 PCT/EP2009/051757

-43-

1-[2-(2-Azepan-1-yl-

=,
-

1-52

pyridin-4-yD)-3H-
pyrrolo[2,3-b]pyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

l j\i
O

I-53

1-{2-[2-((S)-3-
Fluoro-pyrrolidin-1-
yl)-pyridin-4-yl]-5H-
pyrrolof2,3-b]pyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

Chiral

=
Z

=
-
P
R
o |
Z
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m

R
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I-54

1-{2-[2-((R)-3-
Fleoro-pyrrolidin-1-
yD-pyridin-4-y1]-5H-
pyrrolof2,3-blpyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

Chiral

2

g
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4
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1-55

1-{2-[2-(1,1-Dioxo-
125-thiomorpholin-4-
yh-pyridin-4-y1]-5H-
pyrrolol2,3-blpyrazin-
7-y1}-2,2-dimethyl-
propan-1-one

Va

-
t =
e

P

|74)

s

=
-
)
o \.\O

o]

1-56

1-[2-(2-Chloro-
pyridin-4-yl)-5H-
pyrrolo[2,3-b]pyrazin-
7-y1}-2,2-dimethyl-
propan-1-one
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I-57

2,2-Dimethyl-1-{2-
[2-(T-ox0-12*
thiomorpholin-4-yl)-
pyridin-4-yl]-5H-
pyrrolof2,3-b]pyrazin-
7-yl}-propan-1-one
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=
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WO 2009/106442PCT/EP2009/051757 -44- 1758 1-[2-(2-Cyclopent-1- enyl-p yridin-4-y1)-51-1-
pyrrolo[2,3-11pyrazin-7-y11-2,2-dimethyl-propan-1-one HN \ NA N* 1-59 (1-Methyl- cyclohexy1)42-(2-
pyrrolidin-I-wopmigireed4p1)-5Hpyrrolo[2,3-b]pyrazin- 7-ylj-methanone HNeRIXNCEEbEAS¥75%---  1-60
1-[2-(4-Hydroxy- 3,4,5,6-tetrahydro-2H[1,2]bipyridiny1-41- y1)-5H-pyrrolo[2,3- b]pyrazin-7-y1]-2,2-
dimethyl-propan-1- one N /\ -0 -44-

0
HN"Ry
1-[2-(2-Cyclopent-1- N%

enyl-pyridin-4-yl)-SH- =
1-58 pyrrolof2.3-b]pyrazin-

7-y11-2,2-dimethyl- 7\

propan-1-one =N

(1-Methyl- NS
cyclohexyl)-{2-(2- NN
pyrrolidin-1-vi- —
pyridin-4-y1)-5H-
pyrrolo[2,3-b]pyrazin- /__;\ NO
7-yl}-methanone

1-59

1-[2-(4-Hydroxy-
3.4,5,6-tetrahydro-2H-
[1,2'Tbipyridinyl-4'-
1-60 v1)-5H-pyrrolo2,3-
b]pyrazin-7-y1]-2,2-
dimethyl-propan-1-
one

5-{7-(1-Methyl-
cyclohexanecarbonyl)-
SH-pyrrolo{2,3-

1-61 b]pyrazin-2-yl}-
thiophene-2-
carboxylic acid (1-
ethyl-propyl)-amide

{2-{5-(3,3-Difluoro-
azetidine-1-carbonyl)-
thiophen-2-y1}-5H-
1-62 pyrrolo[2,3-blpyrazin-
7-y1}-(1-methyl-
cyclohexyl)-
methanone




I-61 5-P41-Methylcyclohexanecarbonyl)- 5H-pyrrolo[2,3- b]pyrazin-2-y1]- thiophene-2- carboxylic
acid (1- ethyl-propyl)-amide FIN\ I-62 (245-(3,3-Difluoroazetidine-1-carbony1l)-
thiophen-2-wi}-Giklpywselo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)- methpoomedadddd7E441, No WO
2009/106442PCT/EP2009/051757 -45- 1-63 )2- [5-(4-Hydroxypiperidine- 1- carbonyl)-thiophen-2- yl]
-5H-pyrrolo[2,3- b]pyrazin-7-y11-(1- methyl-cyclohéxyl)- methanone HN \ " --- OH

{2-[5-(4-Hydroxy- NN
piperidine-1- 4

carbonyl)-thiophen-2-
OH
)

O
\
N
/ )

1-63 yi]-5H-pyrrolo[2,3-

blpyrazin-7-yl}-(1- =
methyl-cyclohexyl)- i
methanone

O
(1-Methyl- HNTR
cyclohexyl)-{2-[2-(1- N
oxo-14"- -

1-64 thiomorpholin-4-yl)-

pyridin-4-yl]-5H- @ W\
pyrrolo]2,3-b]pyrazin- =y \_ %0

7-y1}-methanone

{2-[5-(Azetidine-1-
carbonyl)-thiophen-2-
vi]-SH-pyrrolo{2,3-
blpyrazin-7-yl}-(1-
methyl-cyclohexyl)-
methanone

I-65

{2-[5-(3-Hydroxy-
azetidine-1-carbonyl)-
thiophen-2-y1]-5H-
1-66 pytrolo[2,3-b]pyrazin-
7-y1}-(1-methyl-
cyclohexyl)-
methanone

1-{2-[2-({18,5R,6R)- N
6-Hydroxymethyl-3- HM(
aza-bicyclo[3.1.0Thex- YA
3-yD-pyridin-4-yl]- "

5H-pyrrolo[2,3- 7\ N< }
blpyrazin-7-yl}-2.2- =N ‘oH
dimethyl-propan-1-

one

1-67




N O 1-64 (1-Methyl-cyclohexyl)- ( 2-)2-(1- oxo_i X4- thiomorpholin-4-y1)- pyridin-4-y1]-5H-
pyrrolo[2,3-b] pyrazin7-yl) -methanone HN N AN\ [-65 (245 -(Azetidine-1- carbonyl)-thiophen-2-
y11-5H-p ymeiad@Brobipyrazin-7-yl) -(1- methyl-cyclohexyl)- methanone HENT#RHY000/0%:68
[2-[5-(3-Hydroxy- azetidine-1-carbon y1)- thiophen-2-y1)-51-1- p yrrolo{2,3- b]pyrazm-
7-y1141-methylcyclohexyl)- meth anone HN -46-

(1-Methyl- S
cyciohexyl)-{2-[5- Y
(morpholine-4-

1-68 carbonyl)-thiophen-2-
vi}-5H-pyrrolo{2,3-
blpyrazin-7-yl}-

methanone

5-[7-(1-Methyl-
cyclohexanecarbonyl)-
SH-pyrrolo{2,3-

I-69 blpyrazin-2-yl]-
thiophene-2-
carboxylic acid
diethylamide

5-[7-(1-Methyl- RN
cyclohexanecarbonyl)- N
5H-pyrrolo[2,3- N

blpyrazin-2-vil-
thiophene-2-
carboxylic acid
cyclopentyl-methyl-
amide

1-7G

{2-[5-(4-Hydroxy-4-
methyl-piperidine-1-
carbonyl)-thiophen-2-
I-71 yi]-SH-pyrrelof2,3-
blpyrazin-7-yl}-(1-
methyl-cyclohexyl)-
methanone

5-[7-(1-Methyl-
cyclohexanecarbonyl)-
5H-pyrrolof2,3-

1-72 blpyrazin-2-ylj-
thiophene-2-
carboxylic acid bis-(2-
hydroxy-ethyl)-amide




OHO0 1-67 1-12424(1 S,5R,6R)- 6-Hydroxymethy1-3- aza-bicyclo[3.1.0]hex- 3-y1)-pyridin-4-y1]-
5H-pyrrolo[2,3- b]pyrazin-7-y11-2,2- dimethyl-propan-1- one Hwx HOH WO
2009/106442BGidzB2009/051757 -46- 1-68 (1-Methyl- cyclohexyl)- { 245p(mapacdines
carbonyl)-thiophen-2- y11-5H-pyrrolo[2,3- b]pyrazin-7-ylimethanone HN N'\ N --  1-69
547-(1-Methylcyclohexanecarbony1)- 5H-pyrrolo[243- b]pyrazin-2-y11- thiophene-2- carboxylic acid
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DOSAGE AND ADMINISTRATION

The compounds of the present invention may be formulated in a wide variety of oral
administration dosage forms and carriers. Oral administration can be in the form of tablets,
coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral,
intramuscular, intravenous, subcutaneous, transdermal (which may include a penetration
enhancement agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted accordin g 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 pharmaceuticaily useable
saits, together with one or more conventional excipients, carriers, or diluents, may be placed into
the form of pharmaceutical compositions and unit dosages. The pharmaceutical compositions
and unit dosage forms may be comprised of conventional ingredients in conventional
proportions, with or without additional active compounds or principles, and the unit dosage
forms may contain any suitable effective amount of the active in gredient commensurate with the

intended daily dosage range to be employed. The pharmaceutical compositions may be

1-115 2,2-Dimethy1-1-12-(1H- pyrazol-4-y1)-51-1-
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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
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
composttion 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 pharmacodynarnics of the active ingredient with respect
to its therapeutic activity in the body. The phrase “pharmacentically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, suifuric acid, nitric
acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-{4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic

acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
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camphorsulfonic acid, 4-methylbicyclo[2.2.2}-0ct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,
and the like; or (2} salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,

tromethamine, N-methylglucamine, and the like.

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as
diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is a
finely divided solid which is a mixture with the finely divided active component. In tablets, the
active component generally is mixed with the carrier having the necessary binding capacity in
suitable proportions and compacted in the shape and size desired. Suitable carriers include but
are not limited to magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. Solid form preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, for example, in aqueous propylene glycol solutions or
may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
solutions can be prepared by dissolving the active component in water and adding suitable
colorants, flavors, stabilizing, and thickening agents. Aqueous suspensions can be prepared by
dispersing the finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethyicellulose, and other well known

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e. 8-

by injection, for example bolus injection or continuous infusion) and may be presented in unit
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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 suspensions, solutions, or
emulsions in oily or aqueous vehicles, for example solutions in aqueous polyethyiene glycol,
Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl
oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or
suspending, stabilizing and/or dispersing agents, Alternatively, the active ingredient may be in
powder form, obtained by aseptic isolation of 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. Qintments and creams
may, for example, be formulated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an agqueous or oily base and
will in general also containing one or more emulsifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

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

solidify.

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

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
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multidose form. In the latter case of a dropper or pipette, this may be achieved by the patient
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 atomizine sprav pum .
pray y ple by g g spray pump

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

powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controlled release administration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutaneous dru g 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
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formulations for a particular route of administration without rendering the compositions of the

present invention unstable or compromising their therapeutic activity.

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,

.estezification, etc.), which are well within the ordinary skiil in the art. It is also well within the

ordinary skill of the art to modify the route of administration and dosage regimen of a particular
compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical practitioner involved.
For oral administration, a daily dosage of between about 0,01 and about 1000 mg/kg body
weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred
daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect for the individual patient is reached. One of ordinary skill in
treating diseases described herein will be able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures of this application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given disease

and patient.

The pharmaceutical preparations are preferably in unit dosage forms. In such form, the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing

discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or



1-123 142-(5-Fluoro-111-indo1-3- y1)-5H-pyrrolo[2,3- b]pyrazin-7-y1]-2,2- dimethyl-propan-1-one HN
VN 1-124 [2-(1H-Indo01-3-y1)-5H- pyrrol0[2,3-b]pyrazin-7- y1]-(1-methyl-cyclohexyl)- methanone HN
N NVYN WO 2009/106442 PCT/EP2009/051757

275

ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can

be the appropriate number of any of these in packaged form.

The following examples illustrate the preparation and biological evaluation of compounds within
the scope of the invention. These examples and preparations which follow are provided to

5 enable those skilled in the art to more clearly understand and to practice the present invention.
They should not be considered as limiting the scope of the invention, but merely as being

illustrative and representative thereof.

EXAMPLES
Example 1.
10

NN
N H I\
v //
. 1) — B N
Br™ N

1-(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one
To a shurry of 5-bromo-4,7-diazaindole (1.97 g, 3.95 mmol) in 40 mL of dichloromethane at 0-3
°C was added diethylaluminum chioride (1.0 M in hexane, 30 mL, 30 mmol). The reaction
15 mixture was stirred at 0-5 °C for 30 min., then pivaloyl chloride (12 mL, 97 mmol) was added.
The mixture was heated to reflux and stirred for 15 h, then cooled to 0-5 °C. Sat, ag. NaHCO;
(40 mL) was carefully added, and the mixture was then partitioned between 300 mL of a sat. aq.
NaCl solution and 300 mL of ethyl acetate. The mixture was filtered through a plug of celite and
the layers were separated. The aqueous layer was extracted with 300 ml. of ethyl acetate, The
20 combined orgahic layers were dried over MgSOy, filtered, and concentrated to a residue, Silica
gel chromatography (20 ->60% EtOAc/hexanes) afforded 2.50 g (89%) of 1-(2-bromo-5H-
pyrrolo{2,3-bipyrazin-7-yl)-2,2-dimethyl-propan-1-one as an off-white solid.

N\ﬁ
LY
Br i
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Example 2.
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ww



0 WO 2009/106442PCT/EP2009/051757 -58- 1-125 1- {2-[ 1 -(2-Hydroxy-1 -
hydroxymethyl-ethyl)-1H- indo1-3-y11-5H- pynolo[2,3-b]pyrazin-7- yl) -2,2-dimethyl-propan- 1-one HN
N. N\ YupHeSR 1-126 142 -(1H-Indol1-3-y1)-5H- PCT/EP2009/651757

76-

1-[2-(2-Chloro-pyridin-4-y1)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one

A mixture of 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one (0.430 g,
1.53 mmol), 2-chloropyridine-4-boronic acid (0.362 g, 2.30 mmol), potassinm carbonate (0.782
g, 5.66 mmol), Pd(dppHCla CHCl; (0.098 g, 0.12 mumol), 10 mL dioxane and 2.5 mL water was
5 stirred at 160 °C in a microwave for 30 min. The resulting red mixture was partitioned between
80 mL of ethyl acetate and 150 mL of water. The aqueous layer was extracted with two 80 mi.
portions of ethyl acetate. The combined organic layers were dried over MgSOQsy, filtered and
concentrated to a residue. Silica gel chromatography (0 -> 100% EtQAc/hexanes) afforded
0.155 g (32%) of 1-[2-(2-chloro-pyridin-4-y1)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-

10 propan-1-one as a red solid.

1-{2-[3-(3-Methoxy-pyrrolidin-1-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one was prepared according to the above general procedure and was obtained by
replacing 2-chloropyridine-4-boronic acid with 3-methoxy-1-[3-(4,4,5,5-tetramethyl-
[1,3,21dioxaborolan-2-yl)-phenyl]-pyrrolidine: m.p. 194-195 °C; MS m/z 379 (M*H).

15 1-{2-{3-(4-Methoxy-benzyloxy)-phenyl]-5H-pyrrolof2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-
1-one was prepared according to the above general procedure and was obtained by replacing 2-
chioropyridine-4-boronic acid with 2-[3-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-
{1,3,2}dioxaborolane: m.p. >300 °C; MS m/z 416 (M,

1-(2-Cyclopropyl-SH-pyrrolo{2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one was prepared

20  according to the above general procedure and was obtained by replacing 2-chloropyridine-4-
boronic acid with potassium cyclopropyltrifluoroborate, replacing potassium carbonate with
potassium phosphate, replacing dioxane with toluene then replacing the palladium (II) salt with

tetrakis[triphenylphosphibne]paliadium (0): m.p. 266-268 °C; MS m/z 244 (M*H),

Example 3.

2T

N

i
\ 7/
‘Z\ /Z




pyrrolo[2,3-NPYrazin-7- y11-2,2-dimethyl-propan-1- one ..--- HN 411 1-127 1 -(2-B enzo[b]thiophen-2-
y1-5H-pyrrolo[2,3- blpyrazin-7-y1)-2,2- dimethyl-propan-1 -one HN NN St  1-128 2,2-Dimethyl-1
4245- - pheY-2hid{apen22-y1)-5H pyrrolo[2,3-b]pyrazin-7 - y11-propan-1 R§FeBRp09/051757

277
2,2-Dimethyl-1-[2-(2-pyrrolidin-1-yl-pyridin-4-yI)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one
A mixture of 1-[2-(2-chloro-pyridin-4-y1)-3H-pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-
1-one (0.030 g, 0.095 mmol), 0.100 mL of pyrrolidine and 1.5 ml. of N-methy! pyrollidinone
was stirred at 150 °C in a pressure tube for 3 h. The resulting black solution was partitioned

5  between 30 mL of ethyl acetate and 40 mb of water. The organic layer was washed with three
30 ml. portions of water, dried over MgSQy, filtered and concentrated to a residue. Silica gel
chromatography (0 -> 60% EtOAc/hexanes) afforded 0.020 g (61%) of 2,2-dimethyl-1-[2-(2-
pyrrolidin-1-yl-pyridin-4-yl)-SH-pyrrolo|2,3-b]pyrazin-7-yl]-propan-1-one as a yellow solid,

The following compounds were prepared according to the above general procedure:

10 2,2-Dimethyl-1-[2-(3,4,5,6-tetrahydro-2H-{1,2"Tbipyridinyl-4'-¥1)-SH-pyrrolo[2,3-b]pyrazin-7-

yl}-propan-i-one

1-{2-[2-(3-Dimethylamino-pyrrolidin-1-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-

dimethyl-propan-1-one

2,2-Dimethyl-1-[2-(2-thiomorpholin-4-yl-pyridin-4-yl)-5H-pyrrolo[2,3-b] pyrazin-7-yl]-propan-
15 l-one

2,2-Dimethyl-1-{2-[2-(2-methyl-pyrrolidin-1-yl)-pyridin-4- yl}-5H-pyrrolo[2,3-b] pyrazin-7-yl } -

propan-l-one

1-{2-[2-(3-Hydroxy-pyrrolidin-1-yl}-pyridin-4-y1}-5H-pyrrolo[ 2,3-blpyrazin-7-yl }-2,2-dimethyl-

propan-1-one

20 1-{2-[2-(3,3-Difluoro-pyrrolidin-1-yl)-pyridin-4-y1]-5SH-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-

dimethyl-propan-1-one
1-{2-(2-Azepan-1-yl-pyridin-4-yl)-5H-pyrrole{2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one

1-{2-[2-((S)-3-Fluoro-pyrrolidin-1-yl)-pyridin-4-yl}-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-

dimethyl-propan-1-one

25 1-{2-[2-((R)-3-Fluoro-pyrrolidin-1-yl)-pyridin-4-y1]-5H-pyrrolo[2,3-b]pyrazin-7-yl1}-2,2-

dimethyl-propan-1-one



N 40

WO 2009/106442PCT/EP2009/051757 -59- 1-129 2,2-Dimethy1-1 -[2-(1-

methyl 1I-l-indol-2-y1)-5H- pyrrolo[2,3-b]pYrazin-7- yThpropan-1 -one HNN/N z N
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WO 2009/106442 PCT/EP2009/051757
78-
1-{2-[2-(1,1-Dioxo-1A6-thiomorpholin-4-yl)-pyridin-4-y1]-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-

dimethyl-propan-1-one

2,2-Dimethyl-1-{2-{2-(1-0x0-1A4-thiomorpholin-4-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-propan-1-one

Methyl- cyclohexyl) [2- (2~pyrrohd1n 1-yl-pyridin-4-yi}-5SH-pyrrolo[2,3-b]pyrazin-7-yl}-

methanonc

1-[2-(4-Hydroxy-3,4,5,6-tetrahydro-2H-[ 1,2 Tbipyridinyl-4"-y1)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-
2,2-dimethyl-propan-1-one

Methyl-cyclohexyl)-{2-[2-(1-oxo0- 1M-thiomorpholin~4~y1)-pyridin—4-yI}w5H~pjrrolo[2,3—
blpyrazin-7-yl}-methanone

1-{2-[2-((15,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo{3.1.0}hex-3-y)-pyridin-4-y1]-5H-
pyirolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one

Example 4.
HIQ/B\’< BN R
Q N 4 \\’

2,2-Dimethyl-1-(2-pyrrolidin-1-yl-SH-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one and 1-[7-(2,2-
dmethyl-propionyl)-2'-pyrrolidin-1-yl-5SH-[2,5'Tbi[pyrrolo[2,3-blpyrazinyl]-7-y1}-2,2-dimethyl-
propan-1-one. DMSO (2 ml.) was added to a mixture of copper iodide (10 mg; 0.05 mmol), d.]-
proline (12 mg; (.10 mmol), potassium carbonate (108 mg; 0.77 mmol), and 1-(2-Bromo-5H-
pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (100 mg; 0.35 mmol). Pyrrolidine (0.6
ml,; 7.1 mmol) was added and the resulting mixture was stirred at 110 °C (oil bath) for 24 hrs.
TLC analysis (5% MeOH/DCM) shows two more-polar products. The reaction mixture was



. 1-130 142-(1H-Indo1-2-y1)-511- pyrrolo[2,3-b]pyrazin-7- y11-2,2-dimethyl-propan-1- one HNN N

WO 2000/106442 PCT/EP2009/051757

-79.

poured into 50 mL of saturated sodium bicarbonate solution and extracted with EtOAc (2 x 30
ml.). The organic layers were combined, washed with brine, dried over MgS04, and
concentrated to give a vellow oil. Chromatography (Si0z; 1% MeOH/DCM) gives 1-[7'-(2,2-
dimethyl-propionyi)~2’-»pyrrolidih- I-yl-5H-[2,5'Tbi[pyrrolo[2,3-b]pyrazinyl]-7-v1]-2,2-dimethyi-
5 propan-l-one (36%; ms = 474 [M~+H]}; 'H NMR (DMSO): 57.83 (s), 8.64 (s), 8.91 (s), 9.54 (s)
ppm) as the upper Ry product and 2,2-dimethyl-1-(2-pyrrolidin-1-yl-5H-pyrrolo[2,3-blpyrazin-7-
yl)-propan-1-one (17%; MS = 273 [M+H]; "H NMR (DMSO0): 6771 (s), 8.1 (5) ppm) as the

lower Ry product.

Example 5.

N NH,
Na. NI, /[\
L — -
. (I N e
X T Si 54,
-\ A

Trimethylsilylacetylene (11.1 mL, 80 mmol) was added to a solution of 2-amino-3,6-
dibromopyrazine (5.06 g, 20 mmol), Pd(PPhs),Cl, (0.140 g, 0.20 mmol), triethylamine (11.4 mL,
80 mmotl) and copper(l) iodide (0.114 g, 0.60 mmol) in 50 mL of tetrahydrofuran at 0-5 °C. The

10

reaction mixture was allowed to warm to RT and stirred for 64 h. Additional

15 trimethylsilylacetylene (5.6 mL, 40 mmol), Pd(PPh3),Cl, (0.140 g, .20 mmol) and copper(T)
iodide (0.114 g, 0.60 mmol) were added, and the mixture was stirred at 50 °C for 22 h then
allowed to cool to RT. The mixture was diluted with 200 mL of ethyl acetate and 200 mL of
hexanes, then sequentially washed with three 200 mL portions of water and 200 mL of a sat. aq.
NaHCOs; solution, dried over MgSQy, filtered and concentrated to a residue. Silica gel

20 chromatography (0->25% EtOAé/hexanes) afforded 4.36 g (76%) of 3,5-bis-
trimethylsilanylethynyl-pyrazin-2-ylamine as a brown oil.

e ot
/ﬁ’ - ‘p
\ &/ /E/
/Sl\ /Sl\

Example 6.

=

25 Potassium ferf-butoxide (1.0 M in tetrahydrofuran, 45.6 mL, 45.6 mmol) was added dropwise to

a solution of 3,5-bis-trimethylsilanylethynyl-pyrazin-2-ylamine (4.36 g, 15.2 mmol) in 60 mL of



[-131 142-(1H-Indol-3-y1)-5 - methyl-5H-pyrrolo[2,3- Npyrazin-7-yp-2,2- dimethyl-propan-1 -one
%..., N 4. 1-132 2,2-Dimethy1-1-[2-(1- methyl-1H-indol-3-y1)-5H- pyrrolo[2,3-b]pyrazin-7-
y!]-propan-IWorkg09/166442 PCT/EP2009/051757
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tetrahydrofuran. The reaction mixture was heated to reflux and stirred for 15 h, allowed to cool
to RT, then treated with 100 mL of water. The resulting mixture was diluted with 250 mL of
ethyl acetate and filtered through a plug of Celite, rinsing with 200 mL of ethyl acetate and 100
mL of water. The ﬁltrate'l-ayers were separated, and the organic layer sequentially wasked with
two 200 mL portions of water and 200 mL of a sat. aq. NaCl solution, dried over MgSQy, filtered
and concentrated to 0.911 g (42%) of 2-ethynyl-5H-pyrrolo[2,3-b]pyrazine as an impure brown

solid that was used without further purification.

Example 7.

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

Diethylaluminum chloride (1.0 M in hexanes, 19.1 mL, 19.1 mmol) was added to a suspension
of impure 2-ethynyl-SH-pyrrolo[2,3-blpyrazine (0.911 g, 6.36 mmol) in 25 mL of
dichloromethane at 0-5 °C. The mixture was stirred at 0-5 °C for 30 min., then pivaloyl chloride
(7.8 mL, 63.6 mmol) was slowly added. The mixture was heated to reflux and stirred for 6 h

then cooled to 0-3 °C. Sat. Aq. NaHCO; (50 mL) was carefully added, and the resulting mixture

was diluted with 100 mL of ethyl acetate and filtered through a plug of Celite, rinsing with ethyl

acetate and water, The filtrate layers were separated, and the aqueous layer extracted with 250
mL of ethyl acetate. The combined organic layers were dried over MgSQ,, filtered and
concentrated to a residue, Silica gel chromatography (20->60% EtOAc/hexanes) afforded 0.180
g (12%) of 1-(2-ethynyl-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one as a brown
solid.

Example 8.

N



HN N NI . 1-133 2,2-Dtmethy1-1 4245- phenyl-1H-pyrrol-3-y1)- 5H-pyrrolo[2,3-b]pyrazin-
7-yll-propand -one HN N ...---N - . WO 2009/106442PCT/EP2009/051757 -60- |- [ 241-(2-Hydroxy-
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WO 2009/106442 PCT/EP2009/651757

-81-

1-[2-(1-benzyl-1H-{1,2,3]triazol-4-y1)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-

one

A solution of 1-(2-ethynyl-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one (0.100 g,
0.44 mmol), benzyl azide (0.055 mL, 0.44 mmol), CuSO, (0.007 g, 0.04 mmol), and L-ascorbic
acid (0.078 g, 0.44 mmol) in 3 mL of fer-butanol and 3 mL of water was stirred for 1.5 h, then
diluted with 30 mL of water and extracted with 100 mL of ethyl acetate. The organic layer was
dried over MgSOy, filtered and concentrated to a residue. Silica gel chromatography (0->50%
EtOAc/hexanes) afforded 0.036 g (23%) of 1-[2-(1-benzyl-1H-[1,2,3]triazol-4-y1)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as an off-white solid. MS: 361 M+1,
M.P. 235.0-237.0° C.

The following compounds were prepared according to the above general procedure:

1-[2-(1-Cyclopentyl-1H-[1,2,3]triazol-4-yl}-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-

propan-1-one

1-{2-(1-Cyclohexyl-1H-[1,2,3]triazol-4-yl)- SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-

1-one

Example 9. TBAF deprotection

\/
/Sll
OL 0 o
: =
N""Nn,  TBAF, THF HN Rl
e — —
N, N N, N
4 g
R2 R2

1-[2-(1,3-Dihydro-isoindol-2-y1)-5SH-pyrrolo[2,3-bipyrazin-7-yli-2,2-dimethyl-propan-1-one:

To a solution of 1-{2-(1,3-Dihydro-isoindol-2-y1)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-yi]-2,2-dimethyl-propan-1-one (270 mg, 0.599mmol) in 7 mL of THF
was added 5.99mL (5.99mmol) of 1.0 M TBAF in THF. Heated the mixture to 85 °C for 2 h. The
reaction was quenched with SmL acetone and 15mL of saturated aqueous NaHCOj; then diluted
with ethyl acetate and water and partitioned. The organic phase was washed with brine, dried

over MgSQ,, filtered, and concentrated. Recrystalization from dichloromethane afforded 153.3



ethyl)-1H-indo1-3-y1]-5H- HN --**-- N 1-134 pyrrolo[2,3-b[pyrazin-7- y1} -2,2-dimethyl-propan- N .
1-one OH

WO 2000/106442 PCT/EP2649/051757 .

-82-

mg (80% yield) of 1-[2~(1,3-Dihydro-isoindol-2-y1)-5H-pyrrolo[2,3-blpyrazin-7-yI]-2,2-

dimethyl-propan-1-one as a white solid.

Prepared above:

5 Product isolated as a white solid, 0,1533¢, 80% yield. IH-NMR (CDCI3, 400MHz): 12.48 (s,
1H), 8.18 (s, 1), 7.76 (s, 1H), 7.37 (mm, 4H), 4.93 (s, 4H), 1.54ppm (s, SH). 13C-NMR (CDC13,
101MHz): 200.6, 150.1, 137.6, 136.1, 135.6, 1321, 127.7, 124.8, 1232, 113.7, 53.1,43.2, 26.0

ppm. MP = 292-293°C. IR (KBr): 1652, 1559, 1500, 1485, 1465, 1399, 1235, 951 cm-1, MS
(E/T): 321 (M+H). '

10 1-[2-(2,3-Dihydro-indol-1-y1)-5H-pyrrolo[2,3-b]lpyrazin-7-yl}-2,2-dimethyl-propan-1-one

Foliowing above Example:

Product isolated as a bright yellow solid, 0.1026g, 75% yield. 1TH-NMR (CDCI3, 400MHz): 8.28
(s, 1H), 8.14 (s, 1H), 7.3-6.9 (m, 4H), 4.20 (¢, 2H), 3.28 {t, 2H), 1.56ppm (s, 9H). 13C-NMR

15 (CDCI13, 76MHz): 148.6, 144.5, 136.4, 135.3, 131.4, 127.2, 126.6, 1249, 1209, 115.6, 112.4,
50.1,43.7,27.8, 26.0 ppm. MP =216-217°C. IR (KBr): 3428, 1641, 1553, 1492, 1455, 1401,
1384, 472, 401 cm-1. MS (E/D): 321(M+H).



142-(6-Fluoro-1H-indol- HN  1-135 3-y1)-5H-pyrrolo[2,3- N blpyrazin-7-y1]-2,2-
dimethyl-propan-1-one N --.., Methanesultonyl-ethyl)-00 /rz
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-83-

o

2~[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl}-3,4-dihydro-2H-isoquinolin-1-
one

Product isolated as a yellow foam, 0.0606g, 29% yield. 1H-NMR {CDC13, 400MHz): 10.87 (s,
1H), 9.08 (s, 1H), 8.40 (s, 1H), 8.24 (m, 1H), 7.6-7.2 (m, 3H), 4.40 (t, 2H, J=6.1Hz), 3.22 {t, 2H,
J=6.4Hz)1.49 ppm (s, 9H). 13C-NMR (CDCI3, 76MHz): 201.6, 165.1, 146.9, 139.1, 138.6,
136.6,135.4,132.8, 132.6, 129.3, 129.0, 127.3, 127.2, 115.7, 46.2, 43.7, 28.5, 26.1 ppm. MP =
113-115°C. IR (KBr): 3427, 2920, 1646, 1384, 1249, 1079, 468, 443, 405 cm-1. MS (E/I): 349
(M+H)

1-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-3 4-dihydro-1H-quinolin-2-one

Product isolated as a yellow solid, 0.1626g, 87% yield. ITH-NMR (CDC13, 400MHz): 8.31 (s,
1H), 8.29 (s, 1H), 7.25 (m, 1H), 7.01 {m, 2H), 6.35 (m, 1H), 3.14 (t, 2H), 2.91 (t, 2H)1.35 ppm(s,
9H). 13C-NMR (CDCI3, 76MHz): 201.3, 171.6, 143.2, 140.7, 140.3, 137.9, 137 .8, 135.0, 128.0,
127.2, 1256, 123.6, 1169, 115.6,43.8, 32.2, 26.2, 25.6 ppm. MP = 257-259°C. IR (KBr): 3430,
2963, 1695, 1684, 1670, 1653, 1636, 1604, 1495, 1457, 1384, 1364, 1336, 1311 cm-1. MS (E/T):
349 (M+H)

2-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo{2,3-blpyrazin-2-yl]-2,3-dihydro-isoindol- I -one



1-136 | H-indo1-3-y1]-5H- pyrrolo[2,3-b]pyrazin-7- yl} -2,2-dimethyl-propan- 1-one 1
42-(5-Methoxy-1H- indo1-3-y1)-5H- HN 1-137 pyrrolo[2,3-b]pyrazin-7- y1]-2,2-dimethyl-propan-1-
one NN wWgQia@ee/a6442PCT/EP2009/051757 PCT/EP2009/051757

84-

Product isolated as an off-white solid, 0.081g, 49% vield. 1H-NMR (CDCI3, 400MHz): 12.95 (s,
1H), 9.5 (s, 1H), 8.5 (s, 1H), 7.9-7.5 (m, 4H), 5.2 (s, 2H), 1.47 ppm(s, 9H). 13C-NMR (CDCI3,
76MHz): 199.9, 166.6, 144.0, 141.5, 138.7,138.0, 132.7, 131.9, 131.6, 129.2, 128.2, 123.8,

5 123.4,113.7,49.5,42.9, 25.8 ppm. MP = 287-289°C. IR (KBr): 3427, 1706, 1653, 1494, 1470,
1400, 1374, 1345, 1301, 1245 em-1. MS (E/1): 335 (M+H)

Example 10. Preparation of Pyrrolopyrazine C-5 amines

N Cul, profine, SEM"""N s
H K2C03, DMSO

N

N \ 7
- .

R2

1-[2-(1,3-Dihydro-isoindol-2-y1)-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-
10 7-yi]-2,2-dimethyl-propan-1-one MS (E/I): 451 (M+H)

1-[2-(2,3-Dihydro-indol-1-y1)-3-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-
yl11-2,2-dimethyl-propan-1-one MS (E/I): 451 (M+H)

Example 11.

Cul, proline,
Ri  K2CO3,DMSO




-61- 1-138 1 42-(1-Ethy1-1H-indol-3- y1)-511-pynolo[ 2,3- b]pyrazin-7-y1]-2,2- dimethyl-propan-1 -one
HN N N ea [-139 2,2-llimethy1-142-(5- methyl-1H-indo1-3-y1)-5I1- pyrrolo[2,3-b]pyrazin-7-
yll-propan-woneopiNe+42 N N 1-140 2,2-Dimethyl-1-(2-{1 -[2- (4-methy|-BPBHEEAMSD3YTE)-
ethyl]-1H-indol-3-y11-5H- pyrrolo[2,3-b]pyrazin-7 -Sgl)-propan-l -one

4-{ 3—[7-(2,2-Dimethy}—propionyl)—S—(Z—m'methy]‘siianyl—cthoxymethyl)—SH-pyn'olo[2,3-
blpyrazin-2-yl}-phenyl}-1,5-dimethyl-piperazin-2-one:

1H-NMR (CDCI3, 400MHz): 8.83 (s, 1H), 8.46 (s, 1H), 7.82 (m, 1H), 7.48 (m, 1H), 6.98 (m,
1H), 5.74 (s, 2H), 4.15 (m, 1H), 3.88 (m, 2H), 3.65 (1, 2H), 3.14 (s, 2H), 3.10 (s, 3H), 1.63 (s,
5 OH), 1.4 (d, 3H), 0.98 (t, 2H), 0.01 ppm (s, 9H).

3-Methyl-4-{3-[7-(1-methyl-cyclohexanecarbonyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-
pyrrolof2,3-bjpyrazin-2-yl]-phenyl }-piperazin-2-one:

1H-NMR (CDCI13, 400MHz): 8.83 (s, 1H), 8.45 (s, 1H), 7.81 (s, 1H), 7.58 (d, 1H), 7.47 (t, 1H),
7.01(d, 1H), 6.37 (brs, 1H), 5.74 (s, 2H), 4.52 (g, 1H),3.76 (m, 2H), 3.65 (t, 2H), 3.52 (m, 2H),
10 2.56 (m, 2H), 1.7-1.4 {(m, 11H), 1.54 (d, 3H), 0.97 (¢, 2H), 0.01 ppm (s, SH).

[2-(3-Cyclopentylamino-phenyl)-3-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolof2,3-b]pyrazin-
7-y11-(1-methyl-cyclohexyl)-methanone: MS (E/): 333 (M-+H).

1-[2-(3-Cyclopentylamino-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
blpyrazin-7-yl]-2,2-dimethyl-propan-1-one: MS (E/I): 493 (M+H).

15 1-[2-[3-(2-Hydroxy-cyclopentylamino)-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one: MS (E/T): 509 (M+H).

2,2-Dimethyl-1-[2-[3-(1-methyl-pyrrolidin-3-ylamino)-phenyl]-3-(2-trimethylsilanyl-
ethoxymethyl)-3H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one: MS (E/I): 508 (M-+H).

2,2—Dimcthyi—1-[2—[3—(tetrahydro—furan—3Aylamino)—phenyi]-5—(2—trimethylsiiényl-
20 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one: MS (E/1): 495 (M+H).

1-[2-{3-(1-Methanesulfonyl-piperidin-4-ylamino)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-
5H-pyrrolo[2,3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one: MS (E/): 586 (M+H).

1-[2-[3-({cis)-2-Hydroxy-cyclopentylamino)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyirolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one: MS (E/I): 509 (M+H),



“HN ---- N N fie (N----) \ ---N'\ 1-141 2,2-Dimethyl-1- (24142- morpholin-4-yl-ethyl)-1H- indo1-3-y1J-5H-
pyrrolo[2,3-b]pyrazin-7- yl)-propan-1-one HN N fit (N---) CO WO 20091106442PCT/EP2009/051757
-62- 1-142 Ww¢ 203H(@Hydroxy-2- hydroxymethyl -propyl)- 1H-indol1-3-y 1SiAEP2009/051757
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1-[2-[3-((trans)-2-Hydroxy-cyclopentylamino)-phenyl ]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one: MS (E/T): 509 {M+H).

Example 12. Preparation of Pyrrolopyrazine C-5 amides
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2-[7-(2,2-Dimethyl-propionyl)-3-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-
yl}-2,3-dihydro-isoindol-1-one.

Toluene was added to a mixture of 1-{2-Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.250g, 0.606mmol}, 2,3-Dihydro-
isoindol-1-one (0.097¢g, 0.727mmol), copper iodide (11.6mg, 0.061mmol), and potassium
carbonate (0.168g, 1.212mmol) under argon. Dimethyl ethylenediamine (0.013mL; 0.011g,
0.121mmol) was subsequently added and the reaction was stirred for 16 h at 110°C. The reaction
was diluted with ethyl acetate and filtered through a silica plug before being concentrated in
vacuo. Silica gel chromatography (0 ->25% EtOAc/ hexanes over 30 minutes) afforded 0.2206¢
(78% yield) of 2-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-2,3-dihydro-isoindol-1-one. MS (E/I): 465 (M-+H)

2-[7-(2,2-Dimethyl-propionyl)-5-(2-trimnethylsilanyl-ethoxymeth yl}-SH-pyrrolo[2,3-b]pyrazin-2-
y1]-3,4-dihydro-2H-isoquinolin-1-one. MS (E/T): 479 (M+H)

1-[7-(2,2-Dimethyl-propionyl}-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-
y11-3,4-dihydro-1H-quinolin-2-one, MS (E/I}: 479 (M+H)



pyrrolo [2,3-b]pyrazi n-7 - yl ) -2,2-dimethyl-propan- 1-one HN N --'..N HO * HO 1-143 1-{2-[1
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1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi] -piperidin-2-one. General
procedures described in these Examples were followed but in step 2, the deprotection of SEM

5  group was carried out at refluxing temperature of EtOH for 6 h. "H NMR (CDCls): & 8.85 (s,
1H), 8.36 (d, ] = 3 Hz, 2H), 4.08-4.05 (mm, 2H), 2.72-2.69 (m, 2H), 2.07-2.02 (m, 4H), 1.49 (s,
9H); MS [M+H]": 301.

Example 14.
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10 1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi]-pyrrolidin-2-one. General
procedures described in these Examples were followed except in step 2, the deprotection of SEM
group was carried out at refluxing temperature of EtOH overnight. 'H NMR (CDCls): §11.32

(s, 1H), 9.51 (s, 1H), 8.42 (d, J = 3.4 Hz, 1H), 422 (t, J = 6 Hz, 2H), 2.76 (1, ] = 12 Hz, 2H), 2.26
(quin, J = 7.6 Hz, 2H), 1.49 (s, 9H); MS [M+H]": 287,

15 Example 15.

1-[2-(3-Ethyl-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

A microwave tube was charged with 1-(2-bromo-3H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-
propan-1-one (152 mg, 0.54 mmol), 3-ethylphenylboronic acid (89 mg, 0.59 mmol), {1,1’-



yThpropan-1-one HN N N 411 1-145 1 42- (6-Methoxy -111 - indo1-3-y1)-511- pyrrolo[2,3-blpyrazin-7
- yl]-2,2-dimethyl -propan-1-one HN NN WO 2009/106442PCT/EP2009/051757 -63- I- 146 1- f
2-[I-(2-AmineeettngrodHindo1-3-y11-5H- pyrrolo[2,3-b]pyrazin-7- yl} -2, 2 &R Mbpspan- 1 -one
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bis(diphenylphosphino)ferrocene]dichloro-palladivm(Il) (35 mg, 0.042 mmol), and K2CO; (186
mg, 1.34 mmol). Dioxane (4 ml) and water (1 ml) were added, and the tube was microwaved at
150 °C for 45 min. The reaction mixture was filtered through a plug of celite. The filtrate was
collected and partitioned between EtOAc/ water. The organic layers were collected, dried over

5  MgSOy, filtered, and concentrated giving a dark brown solid. The crude product was purified by
silica gel chromatography using 20-30% EtOAc in hexanes as eluant provided 82 mg (50%) of
1-[2-(3-ethyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one as a yellow
solid, MP 199-200.1 °C, M+H =308,

Example 16.
10 (1-Methyl-cyclohexyh)-(2-thiophen-2-yi-SH-pyrrolof2,3-b]pyrazin-7-yl)-methanone.

{(1-Methyl-cyclohexyl)-(2-thiophen-2-yl-5H-pyrrolo[2,3-blpyrazin-7-yl)-methanone was
prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-
methanone and thiophene-2-boronic acid following general procedures described in these
Examples. MP 224-225°C, M+H = 326.

15 Example 17.



HN N N NH2 1-147 2,2-Dimethy1-1 4246- morpholin-4-yl-pyridin-3- y1)-5H-pyrrolo[2,3-
b]lpyrazin-7-y1]-propan-1 - one HN 1IN |iI N N 1-148 (1 -Methyl-cyclohexy1)[2-
(6-mOrpho 3kB4MRAY§iIdN- b]pyrazin-7-yl] -methanone 3-y1)-511-pyrrolo[Z,STHERINONSIFS7

10
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6-{2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-cyclopent-1-enyl }-pyridine-2-

carboxylic acid ethyl ester was obtained by the following sequence of reactions.

Step 1: 2-Bromocyclopent-1-enyl 1-boronic acid (3.5 g, 18 mmol, obtained according to WO
2005/037793) was added to a mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (3.30 g, 8.0 mmol), toluene (35 mL),
ethanol (15 mL), potassium carbonate (4.2 g, 30 mmol) and
tetrakis{triphenylphosphine]palladium (0) (462 mg, 0.40 mmol) under an atmosphere of Argon.
The suspension was heated to reflux for 16 hours. It was allowed to cool and partitioned
between water (40 mL) and ethyl acetate (4 X 50 mL). The combined organic layers was stored
over anhydrous sodium sulfate. A waxy solid was obtained (1.65 g) following silica gel
chromatography (eluant: 5 to 20% EtOAc in hexanes) with spectroscopic properties consistent

with the desired alkenylbromide.



- N ".—_NIL,......... 0 1-149 142-(111-Indol-3-y1)-511- pyrrolo[2,3-b]pyrazin-7-
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Step 2: The alkenyl bromide of step 1 (176 mg, 0.37 mmol) was dissolved in 1,4-dioxane (7 mL)

then treated with potassium acetate (110 mg, 1.1 mmol) and palladium (I} (dppf)Cl, (15 mg,

0.02 mmol) under an Argon atmosphere. Bis(pinacol)diboron (100 mg, 0.3%9 mmol,

CombiBlocks) was added and the mixture was heated to 90 °C for 3 days.

5 Step 3: At which time, the dark suspension was treated with ethyl 6-chloropyridine 2-carboxylic
acid (76 mg, 0.41 mmol, CombiBlocks), potassium carbonate (162 mg, 0.74 mmol) and water
(0.2 mL). The mixture was heated to 75 °C for 40 hours. Upon cooling, the mixture was
partitioned between dilute aqueous acetic acid and ethyl acetate. The desired pyridine (45 mg)

was obtained following silica gel chromatography (eluant: 10 to 30% ethyl acetate ~ hexanes).

10  Step 4: The pyridine (41 mg, 0.073 mmol, obtained from step 3) was dissolved in
tetrahydrofuran (1.5 mL) and treated with tetrabutylammonium fluoride (0.15 ml., 1 M THF
solution) in a sealed tube and heated to 85 °C for 1.5 hours. The title compound was obtained as
a foam {5 mg) following silica gel chromatography {eluant: 10 to 80% ethyl acetate — hexanes):

m.p. foam; MS m/z 419 (M,

15 1-{2-[2-(3-Methoxy-phenyl)-cyclopent-1-enyl}-SH-pyrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyl-
propan-1-one was obtained by replacing bis(pinacol)diboron with 3-methoxyphenylboronic acid

in step 2 and omitting step 3: m.p. foam; MS m/z 376 M,

2,2-Dimethyl-1-[2-(2-phenyl-cyclopent- 1 -enyl)-5SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one
was obtained by replacing bis(pinacol)diboron with phenylboronic acid in step 2 and omitting

20 step 3: m.p. 207-209 °C; MS m/z 346 (M*™),

5-{2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo2,3-bpyrazin-2-yl]-cyclopent-1-enyl } - 1 H-indole-
2-carboxylic acid ethyl ester was obtained by replacing ethyl 6-chloropyridine 2-carboxylic acid

with ethyl 5-bromoindole 2-carboxylic acid in step 3: m.p. 278-280 °C; MS m/z 457 M,

Example 18.
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Step 1: 2-Thiopheneboronic acid 5-carboxylic acid methyl ester (390 mg, 2.1 mmol, obtained
according from CiVenti Chem) was added to a mixture of 1-[2-bromo-5-(2-trimethylsilanyl-

5 ethoxymethyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one (0.8 g, 1.9 mmol),
1,4-dioxane (12 mL), methano! (2 mL), water (2 mL), cesium carbonaté (1.23 g, 3.8 mmol), and
Pd(dppf)2 (78 mg, 0.1 mmol) and heated to reftux for 18 hours. A white powder was isolated by
silica gel chromatography (eluant: 5 to 40% ethyl acetate) and had spectroscopic properties

consistent with the desired ester.



\/ I-153 2,2-Dimethy1-142-(11-1- pyrrolo[2,3-e]pyridin-3- y1)-5H-pyrrolo[2,3-
b]lpyrazin-7-y1]-propan-1- one --_,, HN ---- N ...... \H N/ [-154 2,2-Dimethy1-142-(1-
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Step 2: The ester.(93 mg, 0.2 mmol) was dissolved in tetrahydrofuran (1.5.ml.) and
tetrabﬁtylammonium fluoride (1 mL, 1 mmol, 1 M THF solution) and the mixture heated to 80
°C in a sealed vessel for 2 hours. The mixture was then treated with aqueous lithium hydroxide
(35 mg, 1.5 mmol, 1 M) and stirred 20 hours. The mixture was partitioned between 5% aqueous
5 acetic acid and ethyl acetate (3 X 30 mL). The combined organic layers were stored over
anhydrous sodium sulfate. The desired acid (approx.150 mg, 0.2 mmol) was obtained as a

mixture with tetrabutylammonium salts and used in the next step.

Step 3: The acid (0.2 mmol) was dissolved in N, N-dimethyiformamide (3 mL) and vacuum
purged with Argon at ambient temperature. Carbonyl diimidazole (35 mg, 0.22 mmol) was

10 added and the bubbling solution was stirred vigorously for 7 minutes. 4-Aminotetrahydropyran
(70 mg, 0.69 mmol) was added as a DMF solution (1.5 mL) and the resulting solution was
heated to 60 °C. After 3.5 hours, the volatiles were removed by vacuum distillation with the pot
temperature increased to 70 °C. The pot residue was cooled and partitioned between water and
ethyl actete (4 X 25 mL). The combined organic extracts were stored over anhydrous sodium

15  sulfate, 5-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolof2,3-b]pyrazin-2-yl}-thiophene-2-carboxylic
acid (tetrahydro-pyran-4-yl)-amide was obtained as a solid (25 mg) following silica gel
chromatography (eluant: 0 to 5% ethanol in ethyl acetate): mp >300 °C; ESMS m/z 413 (M™) for
MW of 412,

20 5—[7-(2,2—Dimethy1—pr0pionyl)-5H—pyrrolo[Z,B-b}pyrazin-Z—yl]~thiophene-2—carboxyiic acid
cyclopentylamide (13 mg, white powder) was prepared as above by replacing 4-

aminotetrahydropyran with cyclopentylamine in step 3: m.p. >300 °C; MS m/z 397 (M,

Example 19,
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5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{2,3-b]pyrazin-2-yl]-thiophene-3-carboxylic acid
(tetrahydro-pyran-4-yl)-amide was prepared by replacing 2-thiopheneboronic acid 5-carboxylic
acid methyl ester in step 1 with 5-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-thiophene-3-
5 carboxylic acid ethyl ester, which in-turn was generated from ethyl 2-bromothiophene 4-
carboxylate (1.15 g, 4.9 mmol) according to WO 2007/145921, dissolved in anhydrous 1,4-
dioxane (25 mL), treated with potassium acetate (1.44 g, 14.7 mmol) and dichloro[1,1°-
bis(diphenylphosphino)ferrocene]palladium (II) dichloromethane adduct (Strem, 200 mg, 0.25
mmol) and then vacuum purged with nitrogen. After 3 flushes, bis(pinacol) diboron (Combi-
10 Blocks, 1.31 g, 5.1 mmol) was added and the rust-rnaroon suspension was heated to 90 °C for 5

hours. The title compound was obtained as powder: m.p. 265-267 °C; MS m/z 413 M,

Example 20.

OH

5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-3-carboxylic acid was
15 obtained replacing 2-thiopheneboronic acid 5-carboxylic acid methyl ester in step 1 with 5-
(4.,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-thiophene-3-carboxylic acid ethyl ester, which
in-turn was generated from ethyl 2-bromothiophene 4-carboxylate (1.15 g, 4.9 mmol} according
to WO 2007/145921, dissolved in anhydrous 1.4-dioxane (25 mL), treated with potassium
acetate (1.44 g, 14.7 mmol) and dichloro[1,1’-bis(diphenylphosphino)errocene]palladium (II)

20  dichloromethane adduct {(Strem, 200 mg, 0.25 mmol) and then vacuum purged with nitrogen.



H 1-156 1-(2-{1-[2-(4-Amino- piperidin- 1 -y1)-2-oxo- ethy1]-1I-1-indol-3-yll -511-
pyrrolo[2,3-b]pyrazin-7 - y1)-2,2-dimethyl-propan-1-one N. FIN, N *----. P NH2
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After 3 flushes, bis(pinacol) diboron (Combi-Blocks, 1.31 g, 5.1 mmol) was added and the rust-
maroon suspension was heated to 90 °C for 5 hours. Step 3 was not conducted. The title

compound was obtained as powder: m.p. >300 °C; MS m/z 330 (M™).

Example 21.

5-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-3-carboxylic acid (2-
dimethylamino-ethyl)-amide was prepared by replacing 2-thiopheneboronic acid 5-carboxylic
acid methyl ester in step 1 with 5-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-thiophene-3-
carboxylic acid ethyl ester, which in-turn was generated from ethyl 2-bromothiophene 4-
carboxylate (1.15 g, 4.9 mmol) according to WO 2007/145921, dissolved in anhydrous 1,4-
dioxane (25 mL), treated with potassium acetate (1.44 g, 14.7 mmol) and dichloro[1,1°-
bis{diphenylphosphino)ferrocene]palladium (II) dichloromethane adduct (Strem, 200 mg, 0.25
mmol} and then vacuum purged with nitrogen. After 3 flushes, bis(pinacol} diboron {Combi-
Blocks, 1.31 g, 5.1 mmol) was added and the rust-maroon suspension was heated to 90 °C for 5
hours. The title compound was obtained as a solid by replacing 4-aminotetrahydropyran with

N,N-dimethylethylene diamine in step 3: m.p. 229-231 °C; MS m/z 400 (M™).

Example 22.
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yThmethanone HN N N. 0./N WO 2009/106442PCT/EP2009/051757 -66- 1-158 2,2-Dimethy1-1
-(2- { 1- [2- Momethygaiderazin-1 -y1)- 2-oxo-ethyl]-1H-indol-3- y11-5H-pyreaidP2089/051757

b]pyrazin-7-y1)-propan-1- N N*0 one-NV N--95

Step &

N
4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-blpyrazin-2-yl}-thiophene-2-carboxylic

acid cyanomethyl-methyl-amide was prepared by:

Step 1: 4-bromothiophene 2-carboxlic acid (10 g, 48 mmol, Frontier Chemical) was dissolved in
5 methanol (20 mL} and dichloromethane (100 ml.) at ambient temperature. Trimethylsilyl

diazomethane (24 mL, 2 M hexane solution from Aldrich) was added over 7 minutes. The
solution was stirred for 1.5 hours and quenched with 10% aqueous acetic acid. The mixture was
extracted with chloroform and stored over anhydrous sodium sulfate. The desired ester (10.2 g)
was obtained following removal of the volatiles as a tan oil. The ester (2.4 g, 11 mmol) was

10 dissolved in anhydrous 1,4-dioxane (100 mL), treated with potassium acetate (2.94 g, 30 mmol)
and dichioro[1,1’-bis(diphenylphosphino)ferrocene]palladium (II) dichloromethane adduct
(Strem, 409 mg, 0.50 mmol) and then vacuum purged with nitrogen. After 3 flushes,
bis(pinacol) diboron (Combi-Blocks, 2.72 g, 10.7 mmol) was added and the rust-maroon mixture

was heated to 90 °C for 2.8 hours.

15  Step 2: The immediate A was used without purification and treated with (2-bromo-5H-
pyrrolo[2,3-blpyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone (3.23 g, 10.0 mmol) and

potassium carbonate (2.1 g, 15 mmol, dissolved in 8 mL. of water). The mixture heated to reflux
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for 44 hours. It was cooled and partitioned between 5% aqueous acetic acid and ethyl acetate (4
X 100 mL). The combined organic extracts were stored over anhydrous sodium sulfate. The
desired ester was purified by silica gel chmmétography (eluant: 20 to 60% ethyl acetate in
hexanes) and obtained as a white powder (1.27 g). The white powder has spectroscopic
properties consistent with the desired ester. It (1.27 g, 3.3 mmol) was dissolved in
tetrahydrofuran (25 mL) and methanol (1 mL). At ambient temperature, the solution was treated
with lithium hydroxide (200 mg, 8.3 mmol, dissolved in 10 mL of water) and stirred for 18
hours. A tan solid formed upon the addition of potassium bisulfate (0.2 M aqueous) which was

collected and dried.

Step 3: The acid (150 mg, 0.41 mmol) was dissolved in N,N-dimethylformamide (5 mL) and
vacuum purged with Argon at ambient temperature. Carbonyl diimidazole (70 mg, 0.43 mmol)
was added and the bubbling solution was stirred vigorously for 10 minutes. Methylamino-
acetonitrile hydrochloride salt (65 mg, 0.62 mmol) and diiso-propyl ethylamine (0.2 mL, 1.23
mmol) were added and the resulting solution was heated to 40 °C, After 13 hours, the mixture
was then heated to 70 °C for 5 hours and then the volatiles were removed by vacuum distillation.
The pot residue was cooled and partitioned between water and ethyl acetate (4 X 25 mlL.). The
combined organic extracts were stored over anhydrous sodium sulfate. The desired amide (19
mg) was purified by silica gel chromatography (eluant: 20 to 100% ethyl acetate in hexanes) and

the title compound was obtained as powder: m.p. 191-193 °C; MS m/z 422 (M"H).

o,
()
13
Methyl-cyclohexyl)-{ 2-[5-(morpholine-4-carbonyl)-thiophen-3-y1]-5SH-pyrrolo[2,3-b]pyrazin-7-

y1}-methanone was obtained by replacing methylamino-acetonitrile hydrochloride salt with

morpholine while heating to 70 °C was omitted in step 3: m.p. 260-262 °C; MS m/z 439 (M*H,
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4-17-(1-Methyl-cyclohexanecarbonyl)-3H-pyrrolof{2,3-blpyrazin-2-yl]-thi ophene-2-carboxylic
acid (1-ethyl-propyl)-amide was obtained by replacing methylamino-acetonitrile hydrochloride

salt with 3-pentylamine while heating to 70 °C was omitted in step 3: m.p. 273-275 °C; MS m/z
5439 (M.

{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-yl]-SH-pyrrolo[2,3-b]pyrazin-7-

yl1}~(1-methyi-cyclohexyl)-methanone was obtained by replacing methylamino-acetonitrile

hydrochloride salt with 4-hydroxy-4-methylpiperidine hydrochloride salt while heating to 70 °C
10 was omitted in step 3: m.p. 257-259 °C; MS mi/z 467 (M*H).
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acid (1-ethyl-propyl)- amide NI HN N .%". .....-- N WO 2009/106442PCT/EP2009/051757 -67-
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Step 1 — A mixture of 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one
(0.1 g, 0.354 mmol), benzothiophene-2-borenic acid (0.095 g, 0.532 mmol) and
tetrakis(triphenylphsophine)palladium(Q) (0.041 g, 35 umol) in 3.25 mL of 1,4-dioxane and 0.35
mL of 2M aqueous K,CO; was stirred at 95°C overnight before being cooled to RT and
evaporated. The residue was adsorbed onto silica and purified by Si0, chromatography
(hexanes/AcOEt 30% EtOAc) to give 0.015 g of 1: 1-(2-benzo[b]thiophen-2-yl-5H-pyrrolo[2,3-
blpyrazin-7-y1)-2,2-dimethyl-propan-1-one (13% yield)

2,2-Dimethyl-1-[2-(5-phenyl-thiophen-2-yI)-5H-pyrrolo]2,3-b]pyrazin-7-yl}-propan-1-one was
prepared following the same procedure using 5-phenyl-2-thienyboronic acid (29% vield).

2,2-Dimethyl-1-[2-(1-methyl-1H-indol-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one was

prepared following the same procedure but using N-methylindole-2-boronic acid (31% yield).

2,2-Dimethyi-1-{2-[1-(toluene-4-sulfonyl}-1H-pyrrolo{2,3-b]pyridin-3-yl]-5H-pyrrolo{2,3-
blpyrazin-7-yl}-propan-1-one was prepared using a similar procedure using 3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)- 1H-pyrrolo{2,3-b]pyridine as starting material (24%

yield). In this reaction 1 equivalent of boronic ester and 2 equivalents of K,CO; were used.

2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-ylj-indole-1-carboxylic acid tert-
butyl ester was prepared following the same procedure but using the commercially available 1-
BOC-indole-2-boronic acid as starting material. The product was obtained in 52% yield after
Si0; chromatography (toluene/EtOAc 0-30% EtOAc). It was used in the synthesis of 1-[2-(1H-
ndol-2-y1)-SH-pyrrolof2,3-b]pyrazin-7-vy1}-2,2-dimethyl-propan-1-one.
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Step 1: A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (0.1
g, 0.354 mmol), commercially available 4-[5-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-
pyridinylJmorpholine (0.206 g, 0.709 mmol), K2COs (0,147 g, 1.063 mmo}) and
tetrakis(triphenylphosphine)paltadium(0) (0.041 g, 35 micomol) in 3 mL of MeOH and 1 mL. of
DCM was degassed by bubbling argon through the mixture, It was then stirred at 110°C for 25
minutes under microwave irradiation before being cooled to RT. And evaporated. The residue
was adsorbed onto SiQ; and purified twice by SiO, chromatography (hexanes/EtOAc 0-50%
EtOAc, followed by DCM/MeCQH 0-4% MeOH) to give 0.073 g of 2,2-Dimethyl-1-[2-(6-
morpholin-4-yl-pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one (56% yield).

(1-Methyl-cyclohexyl)-[2-(6-morpholin-4-yl-pyridin-3-y1)-5H-pyrrolo[2,3-b]lpyrazin-7-yl}-
methanone was prepared following the same procedure but using (2-bromo-5H-pyrrolo[2,3-

b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone as starting material (29% yield).
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Step 1~ A shury of commercially available N-BOC-pyrrole-2-boronic acid (5 g, 23.69 mmol),
tetrakis(triphenylphosphine)palladium(0) (1.37 g. 1.186 mmol) and Na;CO; (7.5 g, 70.76 mmol)
in 200 mL of DME, 100 mL mL and 50 mL H,O was degassed with argon for an hour.
Todobenzene (6 ml., 53.62 mmol) was then added and the resulting mixture was stirred at 90°C
for 2 hours before being cooled to RT and evaporated. The residue was partitioned between
DCM and H,0. The aqueous layer was back extracted once with DCM. Combined organic layers
were dried over Na,SQy, filtered and evaporated. The residue was purified by 510,
chromatography (hexanes/DCM 25% DCM) to give 4.8 g of 1 (83% yield).



carboxylic acid (2- hydroxy-ethyl)-methylamide HN\ NA / N................. ---.." OH 1-164
2-Cyclopropy1-5 Hpyrrolo[2,3-b]pyrazine-7- carboxylic acid ((S)-2- hydroxy-1,2-dimethy1-
propyl)-anwé2 2009/ 1@H#al OH 1-1.65 4-[7-(1-Methylcyclohexane #rbERVANYEHIT rrolo[2,3-
b]pyrazin-2-y1]- thiophene-2-carboxylic acid 100

Step 2 — A bi-phasic mixture of 1 (4.7 g, 19.32 mmol) in 20 mL of ethylene glycol was stirred at
180°C for 30 minutes before being cooled to RT, H;O was added, the precipitate was filtered,
rinsed with HaO, and dried under vacuum to give 2.6 g of 2 (94% yield).

Step 3 — NaH 60% dispersion in oil (0.8 g, 20 mmol) was added portionwise at 0°C to a solution
5 of2 (2.6 g 18.16 mmol) in 100 mL of DMF. When hydrogen evolution had ceased,

triisopropylsilyl chloride (4 mL, 18.69 mmol) was added dropwise and the resulting mixture was
allowed to reach RT before being stirred at 40°C overnight before being cooled to RT, quenched
by addition of saturated NH.Cl, and partitioned between H,O and Et;0. The aqueous layer was
back extracted three times with Et,O. The combined organic layers were dried (MgSQ,), filtered

10  and evaporated. The dark purple residue was purified by SiO; chromatography (hexanes/DCM
7% DCM) to give 4 g of 3 (74% yield).

Step 4 — 4,4,5,5-Tetramethyl-1,3,2-dioxaborolane (0.15 mL, 1.002 mmol) was added at RT
under argon to a mixture of (1,5cyclo’Ctadiene)(methoxy)iridium(l) dimer (0.033 g, 50 umol)
and 4,4’ -di-tert-butyl-2,2"-dipyridyl (0.013 g, 50 micromol) in 0.8 mL of hexanes. The resulting

15 red solution was stirred at RT for 10 minutes before adding 3 (0.3 g, 1.002 mmol) in 0.7 mL of
hexanes. Generation of hydrogen was observed. The reaction mixture was stirred at RT
overnight before being filtered through SiQ,. The filtrate was evaporated and the residue was
purified by Si0; chromatography (toluene/EtOAc 0-5% EtOAc) to give 0.085 g of 4 (20%
yield).

20
Step 5 — A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one
(0.05 g, 0.177 mmol), 4 (0,087 g, 0.204 mmol), tetrakis(triphenylphosphine)palladium(0} (0.02
g, 18 umol) in 1.5 mL of degassed 1,4-dioxane and 0.27 mL of 2M K,COj3 (5.32 mmol) was
stirred at 95°C overnight before being cooled to RT and evaporated. The residue was subjected
75 to the same reaction conditions with fresh tetrakis(triphenylphosphine)palladium(0) and K2COs
but stirring at 95°C over the weekend. The reaction mixture was cooled to RT and evaporated.
“The residue was purified by SiO, chromatography (toluene/EtOAc 0-30% EtOAc). The fractions
containing the product were evaporated, The residue was taken into MeOH. The suspension was
sonicated, the insoluble material was filtered, rinsed with MeOH , and dried under vacuum to
30 give 0.009 g of 5: 2,2-dimethyl-1-[2-(5-phenyl-1H-pyrrol-3-yD)-5H-pyrrolof2,3-b]pyrazin-7-yl]-
propan-1-one {(15% yield).
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Step 1 - To a vigorously stirred solution of commercially available 5-fluorcindole (5 g, 37 mmol}

b 6

'“4--2

and tetrabutylammonium hydrogensulfate (1.9 g, 5.6 mmol) in 100 mL of toluene, at 0°C was
5  added 50% aqueous NaOH (100 mL) and p-toluenesulfonyl chloride (10.6 g, 55.6 mmol). The

resulting mixture was stirred at 0°C to RT over the weekend before being partitioned between

toluene and H,0, The organic layer was washed with saturated aqueous ammonium chioride,

dried over Na,SO,, filtered, and evaporated to give 10 g of 1 (94% yield)

6-Fluoro-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same procedure but using

10 6-fluoroindole as starting material (98% yield)

Step 2 - Copper(Il) bromide (9.3 g, 41.64 mmol) was added at RT to a solution of 1 (4 g, 13.83
mmol) in 100 mL of acetonitrile. The reaction mixture was stirred at RT for 24 hours before
being quenched by addition of 100 mL of 7M methanolic ammonia, and extracted with EtQAc.

The organic layer was dried over Na;SOy, filtered and evaporated to give 4.8 ¢ of 2 (94% yield)

15  3-Bromo-6-fluoro-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same procedure

but using 6-fluoro-1-(toluene-4-sulfonyl)-1H-indole as starting material (98% vield).

3-Bromo-5-methoxy-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same

procedure using 5-methoxy-1-(toluene-4-sulfonyl)-1H-indole from (53% yield).

3-Bromo-5-methyl-1-(toluene-4-sulfonyl)- 1H-indole was prepared following the same procedure

20  using 5-methyl-1-(toluene-4-sulfonyl}-1H-indole.
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3-Bromo-6-methoxy-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same

procedure using 6-methoxy-1-(toluene-4-sulfonyl)-1H-indole (68% yield).

3-Bromo-6-methyl-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same procedure

using S-methyl-1-(toluene-4-sulfonyl)-1H-indole from (836% yield).

Step 3 - t-Butyllithium 1.7M in pentane (6.5 mL, 11.05 mmol) was added at -78°C to a solution
of 2 (2 g, 5.431 mmol) in 40 mL of THF. The resulting mixture was stirred at -78°C for 135
minutes before adding 2-isopropoxy-4,4,5,5-tetramethyldioxaborolane (2.2 mL, 10.78 mmol}.
The reaction mixture was then stirred at -78°C for 1 hour before being quenched with saturated
aqueous amrnonium chloride, warmed to RT, and partitioned between DCM and H;O. The
aqueous layer was back extracted once with DCM. Combined organic layers were dried over
Na;SQy, filtered and evaporated. The residue was purified by Si0O, chromatography
(hexanes/EtOAc 0-15% EtOAc) to give 1.5 g of 3 (67% yield)

6-Fluoro-3-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-y1)- I-{toluene-4-sulfonyl)-1H-indole was
prepared following the same procedure but using 3-bromo-6-fluoro-1-(toluene-4-sulfonyl)-1H-

indole as starting material. The product was used crude in the next reaction.

5-Cyano-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl}-indole-1-carboxylic acid tert-butyl
ester was prepared following the same procedure using 3-bromo-5-cyano-indole-1-carboxylic

acid tert-butyl ester. The product was isolated by precipitation from EtOAc (42% yield)

5-methoxy-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl1)-1-(toluene-4-sulfonyl)-1H-indole
was prepared following the same procedure using 3-bromo-5-methoxy-1-(toluene-4-sulfonyl)-

1H-indole. It was used was used crude without purification in the next reaction.

5-Methyl-3-(4,4,5,5-tetramethyl-[ 1,3,2}dioxaborolan-2-yl)- 1-(toluene-4-sulfonyl)-1H-indole was
prepared following the same procedure using 3-bromo-3-methyl-1-{toluene-4-sulfonyi)-1H-

indole, It was used was used crude without purification in the next reaction,

6-Methoxy-3-(4.4,5.5-tetramethyl-[1,3,2]dioxaborolan-2-yl}-1-(toluene-4-sulfonyl)-1H-indole
was prepared following the same procedure using 3-bromo-6-methoxy-1-(toluene-4-sulfonyl)-

1H-indole. It was used was used crude without purification in the next reaction.
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6-Methyl-3-(4,4,5,5-tetramethyl-{ 1,3,2]dioxaborolan-2-yi)-1-(toluene-4-sulfonyl)-1H-indole was
prepared following the same procedure using 3-bromo-6-methyl-1-(toluene-4-sulfonyl)-1H-

indole. It was used was used crude without purification in the next reaction.

Step 4 - A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y})-2,2-dimethyl-propan-1-one
5 (0.1 g, 0.354 mmol), 3 (0.16 g, 0.435 mol), K;CO;3 (0.15 g, 1.085 mmol), and [1,1-

bis(diphenylphosphine)ferrocene]dichlioridepalladium(II) DCM complex (0.03 g, 36.74 pmol) in
3.5 mL of a 4/1 mixture of 1,4-dioxane and H,O was degassed for 10 minutes by bubbling argon
though the mixture. The resulting mixture was stirred under microwave irradiation at 120°C for
15 minutes before being cooled to RT. The 1,4-dioxane layer was filtered through a short pad of

10 silica, the silica was rinsed with EtOAc, and the filtrate was evaporated. The residue was taken
into DCM, the insoluble was filtered and rinsed with DCM and MeOH to give 0.125 g of 4 (84%
yield)

1-[2-(1-Benzenesulfonyl- 1H-indol-3-y1)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-
one was prepared following a similar procedure but using 1-benzenesulfonyl-1H-indole-3-

15  boronic acid as starting material. In this reaction tetrakis{triphenylphosphine)palladium(0) was
used as catalyst and the reaction mixture was stirred at 150°C for 30 minutes under microwave
irradiation. The product was obtained in 68% yield after purification by SiO; chromatography
(hexanes/EtOAc 0-40% EtOAc).

1-{2-[5-Fluoro-1-(toluene-4-sulfonyl)-1H-indol-3-y1]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
20 dimethyl-propan-1-one was prepared following the same procedure but using 6-fluoro-3-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1-(toluene-4-sulfonyl)-1H-indole as starting

material {19% over two steps).

5-Cyano-3-[7-(2,2-dimethyl-propionyl)-SH-pyrroio[2,3-blpyrazin-2-yl]-indole-1-carboxylic acid
tert-butyl ester was prepared following the same procedure using 5-cyano-3-(4,4,5,5-tetramethyl-

25 [1,3,2]dioxaborolan-2-yl)-indole-1-carboxylic acid tert-butyl ester.

1-{2-[5-Methoxy-1-(toluene-4-sulfonyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-blpyrazin-7-yl }-2,2-
dimethyl-propan-1-one was prepared following the same procedure using 5-methoxy-3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl1)- I-(toluene-4-sulfonyl)-1H-indole. The product was
isolated in 75% yield over two steps by Si0O, chromatography (toluene/EtOAc 0-50% EtOAc).
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2.2-Dimethyl-1-{2-[5-methyl-1-(toluene-4-sulfonyl)- 1 H-indol-3-yl]-5H-pyrrolo{2,3-b]pyrazin-7-
yl}-propan-1-one was prepared following the same procedure using 5-methyl-3-(4,4.3,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1H-indole. The product was
isolated in 29% yield over two steps by SiO; chromatography (toluene/EtOAc (0-50% EtOAc).

5 1-{2-[6-Methoxy-1-(toluene-4-sulfonyl)-1H-indol-3-y1}-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one was prepared following the same procedure using 6-methoxy-3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1H-indole. The product was
isolated in 45% yield over two steps by Si0O, chromatography (toluene/EtOAc (0-50% EtOAc).

2,2-Dimethyl-1-{2-[6-methyl-1-(toluene-4-sulfonyl)- 1H-indol-3-y1]-5SH-pyrrolo[2,3-b]pyrazin-7-
10 yl}-propan-1-one was prepared following the same procedure using 6-methyl-3-(4,4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-y1)-1-(toluene-4-sulfonyl)-1H-indole. The product was

isolated in 32% yield over two steps by Si0, chromatography (toluene/EtQOAc (0-50% EtOAc).

1-(2-Imidazol1,2-a]pyridin-3-yl-5H-pyrrolo{2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one was
prepared using the same procedure using the commercially available 3-(4,4,5,5-tetramethyl-

15 [1.3,2]dioxaborolan-2-vl)-imidazo{1,2-a]pyridine. The product was jsolated in 10% yield by
Si0Q; chromatography (DCM/MeOH (0-59% MeOH).

Step 5 - A suspension of 4 (0.12 g, 0.245 mmol) and NaOH (0.078 g, 1.957 mmol) in 15 mi. of
4/1/1 mixture of 1.4-dioxane, H,O, and MeOH was stirred at 70°C for 3 hours before being
cooled to RT and evaporated. The residue was taken into H,O, the insoluble was filtered, the
20 residue was rinsed with H2O, and dried under vacuum. The residue was purified by SiO;
chromatography (DCM/MeOH 9.5/0.5) to give 0.035 g of 5: 1-[2-(5-fluorc-1H-indol-3-y1)-5H-
pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one (43% yield)

1-[2-(1H-Indol-3-y1)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one was prepared
following a similar procedure but using 1-[2-(1-benzenesulfonyl-1H-indol-3-y1)-5H-pyrrolo2,3-

25  blpyrazin-7-yl}-2,2-dimethyl-propan-1-one as starting material. In this reaction, the reaction
mixture was stirred at 50°C for 4 hours. The product was obtained in 47% yield after purification
by SiO; chromatography (DCM/MeOH 9.5/0.5).

1-[2-(5-Fhioro-1H-indol-3-y1)-5H-pyrrolo{ 2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one was

prepared following the same procedure but using 1-{2-[5-fluoro-1-(toluene-4-sulfonyl)-1H-
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administration; or in the form of sterile injectable solutions for parenteral use. A typical preparation will

contain f out 5% 5 10 about,95% gctive nd or.c ds (w/w). The term "preparation”
o1 dosa R AR ok i B O e e o AT S5 CeRoPaing and
onelskillec:prarthiefalibwill agpreciatetiatiare actiel i grédianthcay-éxisiendidereritpropdlandns

dependirg%éfj([s@% é%r&%ﬁ),g_ %%A%%gﬂe1?@ﬁ&&@hﬁgﬁgﬁ%ﬁgﬁ&ggﬁ%ﬁ{ cokinetic parameters.

The term "excipient™ as U8ed herein referst a com atis'u préparing a

2,2-Dimethyl-1-[2-(6-methyl-1H-indol-3-yD)-5H-pyrrolof2,3-b]pyrazin-7-yl]-propan-1-one was
prepared following the same procedure using 2,2-dimethyl-1-{2-{6-methyl-1-(toluene-4-
sulfonyl)-1H-indol-3-y1]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-propan-1-one (56% yield).

15 [2-(1H-Indol-3-yl)-5H-pyrrolo[2,3-blpyrazin-7-y}]-(1-methyl-cyclohexyl)-methanone was
prepared following the same procedure by using [2-(1-benzenesulfonyl-1H-indol-3-yl)-5H-
pyrrolo{2,3-blpyrazin-7-yi]-(1-methyl-cyclohexyl)-methanone as starting material. The product
was obtained in 70% after SiO; chromatography (DCM/[DCM/MeOH 9.5/1] 10/0 to 0/10).

1-[2-(1H-Indol-3-y1)-5-methyl-3H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one was

20 prepared following the same procedure but using 2,2-dimethyl-1-{5-methyl-2-[1-(toluene-4-
sulfonyi)-1H-indol-3-y1}-5H-pyrrolo{2,3-b]pyrazin-7-yl }-propan-1-one from as starting material.
The product was obtained in 49% yield after purification by Si0; chromatography
(hexanes/EtOAc 30% EtOAc).

2,2-Dimethyl-1-[2-(1H-pyrrolo[2,3-c]pyridin-3-yl)-5H-pyrrolo{2,3-blpyrazin-7-yl]-propan-1-one

25  was prepared following the same procedure but using 2,2-dimethyl-1-{2-[1-(toluene-4-sulfonyl)-
1H-pyrrolof2,3-c}pyridin-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-propan-1-one as starting
material, The product was obtained in 18% after purification by Si0, chromatography (/MeOH
0-10% MeOH).



10 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
pharmaceuwdientuggasddae compounds of this invention can be administereCal6RE#ATRTgenerally be
administered in admixture with one or more suitable pharmaceutical excipients, diluents or carriers
selected with regard to the intended route of admith&iration and standard 15 pharmaceutical practice.

"Pharmaceutically acceptable” means that which is useful in p harmageutical composition
that is gé %P&Wg‘a' ngnlﬁﬁé’r@nﬂ%é HB%%}@%;"P@&@%W %ﬁ%%@ﬁ%@& lgje [ER83Rdudes that
which lsaﬁee@t@bé@ateﬁ\tetmma@wemu pobianenphaimeeeutientttigel AZ{hatoaaetdically
acceptabl t| y als confer deswa h cokinetic
propertySB %Pez%n;t ?éﬁlvée{i}é et in e ?%R Eéﬁtnfo;?‘r zﬁatﬁap %“éy“%geﬁgfq}@mvew
affect thetaﬁarmacodynamlcs 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

accepta nd tha sges th ir cal acti the com d. Such
saltsgnc?u% ?ﬁﬂa%wi?ioﬁ rP grrﬁ gé f%e]Pn‘f %ﬂ orggnlléogc Qj r37/edyr éﬁ" IC%[}II
hydrobrom@mqjetceetﬁtttuwa@dhmsfmneammeohmsm:ngl@ acidnathgﬂtthe( hKé: mlformédsw&bnmmaﬁlc acids
such as aceti ic |on [ D lic acid, pyruvic
acid, lacke acuﬁ% §Hl IC aC|d can gracé;ﬂgt%gjl gyg%%? gr}ia tgleo%gp u?ﬁ%r??gglgy@tanc acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, 30 Ethanésifonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid,2-naphthalenesulfonic acid 4 toluenesulfonic

acid, WO 2009/106442PCT/EP2009/051757 -71- horsulfonic acid,
4-methylbicyclo[2,2.2]-oct-2-ene-1-earboxylic aci u ertonlc acid, 3H ionic acid
trimethylacetic acimy b@ty,iacetzﬁlawyg, sul gluconlc I\glu amic acid,
hydroxynaphthoic &ci icyticatid Macitmucdhi e Itkkeyor (2) salts formed when

an acidic proton prd$ent in the parent ¢9mpound either i§'5 replaced by a met .g., an alkali
metal ion, an alkaline earth ion, or an aluminum ion; or cBordinates with an or se such as
ethanolamine, diethanolamine, triethanolarnine, tromethamine, N- methylglucarTNlne and the like. Solid
form preparations include powders, tablets, pills, capsules, cachets, supposnones and dispersible
granules. A solid carrier may be one or more substances which may also act as 10 diluents, flavoring

agerngs, sedphilizers dubsicanis;saspRRARgaYLNtS, ﬂagadem mﬁﬁﬂ!)’\itaﬁ\tﬁﬂ, dabislrisintegiating agents,

or anen sulatln materi efs, the carde dIVI ed solid which is a
mixture ? the il Wﬂﬂﬂd)zjﬁgg%gfg h%%éﬂé)ﬁtml igoles tal/elétﬁ{lve dompone néle%eraWy is mixed
with the oaﬁﬁerahmt mgrmmem&saffotnrwmg capetity MG eitd enppebditiths08nd Téfdpaotel} in the
e o ERETIR L RS AR YR IS AT R STl R TACRAR SARIEe.
magnesmms arae c sugatr, }iac%ose pectln extrin, st &rch gelatin, tr rggacant cellulose,
sodium céﬂﬁdﬂ;ambmwwemldsee sirms WASI TG Aol mabmde@rm@th@dtwe%ﬁaq@rm preparations
e SonIRiRs AdAILAn Inde asibie soreRnail. Aol Aty asfo AR ITers, arifcia and

natural swegeteners ispersant ickeners, solubilizing agents an 0 Liquid formulations
also are @@Ké@?@’ﬁ@@%ﬂé’@ﬁhlﬁgﬂéﬂbw|@Gm@é3ﬁ]g|@|ffbm%ﬂtﬂmﬂmludmg emulsions, syrups, elixirs,
agueous solutions, aqueous suspensions. These include solid form preparations which are intended to
be Conve}"ﬁ%ﬁ%"ﬁ‘ﬂt@lﬁ%ﬂ@ -PIGRASAHD R ARG BeIalf YsemE MR MR RS AIRARLI solutions.
for example, in aqueous propylene glycol solutions or may contain emulsifyin agents such as lecithin,
sorbitan WWQQ@TWACQ@@%B@@@SW@%?@ éatﬁ%@optgp&}‘gﬁiﬁ hBKAE e Hetive
compone,gg;gj‘water and adding suitable colorants, flavors, stabilizing, and thickening agents. Aqueous
suspensions can be prepared by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose,

and6thehlirsnacveln shegmaadinitn igerrts-sstionnb-dShRysionels S Y IS WRHREPHEA may be

formulated.-forpgrerier atadminisiration(e.gwin inig otigns faneyamplereius Bacsiapor continuous
infusion) and may be presented in unit WO 2009/106442PCT/EP2009/051757 -72- dose form in

ampouleRY P Eﬁtétfgi%ﬂfb’é%%‘?ﬂaﬁ%‘iﬂﬂﬂtémét 810 G 4¢F IRt EG S50 8 AR5 RERE VIR Seveitheddn

preservagiyglet Re(comMEOSitions may take such forms as suspensions, solutions, or



emulsions in oily or agueous vehicles, for example solutions in aqueous polyethylene glycol. Examples
of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, 5polyethylene
glycol, vegetabtesilsqry., olive oil), and injectable organic esters (e.g., etlojokeatsys&rsd may contain
formulatory agents such as preserving, wetting, emulsifying or suspending, stabilizing and/or
dispersing agents. Alternatively, the active ingred‘lé %’may be in powder form, obtained by aseptic
isolation of sterile solid or by lyophilisation from solution for constitution before use with a suitable
vehicle, 88, steMehpg o g AKEE WRdte 018 k- CryBaHdR SPRACREISEHPRDBANGH ) BE
formulateghfen topicaadmirisiiphispliat)esidasaishasiatpalatisntIBaDTMEies (0068 8
transdermal patch. Qintment dcr s may, fqr example, be formulated with ueous, or oily
base Wit HE BB SR ARG SN BT SSEREEnE ST e A b oI with an
aqueoushefopilpdinsecaind wil ki gehfitetadsheohtadilnglheditrarora emasifyingiagerta, $tabilizing
agents, disPersin 15 gger%fs, s%sgenqgg agents, thickening agents, or coloring agents. Formulations
suitable ?%Sr%ﬁi"é’a Administation in the mbuth include lozenges comprising active agents in a flavored
base, usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such(4d gelalinrandiyiyderiidisnabosemntt vigdeialane mouthmsshds-pomydsiSidg the active
ingrecient in,a,suitable Iaud. earrer 20 he, compaunds. ol fhe present imvepiion maysbe formulated
for admintStraton s ppositories. A fow me |n8 wax, suc a mixture o Fatty acl 'gR/Vc rides or
cocoa buttepisriitstidiipdrahidethe 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 sqlidify..25, The com f1 r invention.m [ ted f inal

administ?’é |(%I1’5 étgtsrgﬁgs,%gﬁ]ﬁ?é éﬁ) %’?ggaorg%ﬁl%g?g“&,i%\gﬁég‘,%eé%hygggfrégﬁéég?gﬁ%fl%ﬁ%g_in addition to the
actil® inglediditestiahrrapriesd fall cwdngribovaiee throcadurs beiappropsrizeel -Thinesndpouftaylof the
present i %ggigﬁ / mulated for nasal administration. The solutions or suspensions are
applied g}?‘e ly toom?r%%% Bcﬁg\g/ity by conventional means, for 30 example, with a dropper, pipette or
spray. The formulations may be provided in a single or WO 2009/106442PCT/EP2009/051757 -73-
multidoskiedrnd. inttneBatidli basa of7aM iomseieor (ipetialihis Atay el aphiewddedyt thd Bativnt
administelig A PRRIBRIIAC,RIEASIEIBIRRAL ORI AIE OlIBTAIs3UsRRARION: Iodiggase of a

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

compourtsBrRRapreseRRinVErtda RaHa RY hiititcdb adisepioagmirtstrafidatrsnsabiitularly to the
respisatory; aghasehibEidioe intranasaladministatiancibe sompewnd wilkgeneraic have a small

particle size for example of the order of five (5) microns or less. Such a particle size may be obtained

by mearRORRORGECHS B aausar s Rddyom B ARG 2898 WSRAHER S ERMET BV RIS a

pressurized pasiciadinacsuial eroopeliant sushasaehlonaiyerecasvrd QRS Ofpr Exaapknd
dichlorodifluoromethane, trichlorofluoromethane, or 10 dichlorotetrafluoroethane, or carbon dioxide or

other suftSHI8"845E: THe BRSOV A CoRVERIBHTS X85 &S 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 aveltpowdies, Sorexamete RINGE]eomXoniihe SOAEDYRE dupR A iRDIsMwier hapaaiich as

lactgse, starch, starch derivatives such as hydroxypropylme cellulos olyvinylpyrrolidine
v T SRR e G O ol 58 PR TSRO e BVt LSS T HEbe
presenteddtetiulit 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 enteri atings a far sustained qr lled release admipistration of the active
orecie A R e BB B e 2D Resety R S A ERh LA Wenadermal
or subcuiame uscadug: delivenyedbicaso-Thesh delivandsisiemisang advaitageous when sustained
release of the compound is necessary and when patient compliance with a treatment regimen is
crucial. Gompou in transdermal delivery syst are fr ly attached to an.skin-gdhesive solid
support. ﬁ%‘}'cb"rg%?hor?da of iNteresr é)aPr# ‘é?s%lB%‘%%%%ﬁﬁ%ai‘d@%%a he 1r%tlo%(il)e‘sf)f 'ar{]ﬁiéléar&l @g Azone
(1-dideqylezar- Pomyiciiepta3 @ omepl 5o <thinetticelbad e ideliver)) sistéms are inserted

bcutangqusly int t ) ) ; injecti |4
ancaps R B B B e o,
polymer 07§ mpoty A eaidu SKifaOte lotmuianbris Alahgolvitid siermacestitedassndiersodifiants and
expeipients are, Ags iRedhin ReRIRGIPR TG Seienes At Rraches &f ffrimaoy-E99gdifed by E. W.

Martin, Mack 30 Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation

scientist PaEFhedis canierbiRbaoh S el N EEA0RI NdS SFERRISHIEHIVAN SR TeeABUHRIR numerous
WO 2009/106442PCT/EP2009/051757 -74-



formulations for a particular route of administration without rendering the compositions of the present
invention unstable or compromising their therapeutic activity. The modification of the present
compoundswe pepglarstaem more soluble in water or other vehicle, for exaraplepmeyobersasily
accomplished by minor modifications (salt formulation, 5 esterification, etc.), which are well within the
ordinary skill in the art. It is also well within the ord’iﬂ%‘ry skid of the art to modify the route of
administration and dosage regimen of a particular compound in order to manage the pharmacokinetics

of the predBRERHAIBERIFARS hoFam Akt Be ARfidlaPeiélr PephferitsiPReSirrafeipaRIgally effective

arg ou (;lt"\Tlﬁ;}rm@gm,ef@é_%gmﬂ@mgam@Qﬁve@wg@drt@drgqgse)g;@fw&@ipiﬁé afagﬁtsladéa.earﬁe iTnhan
individual. The dose wijll be adjusted to the indivi uirements in each particylar case. That
dosage EaHAVSWibHARARY %ﬁﬁ%@éﬁ@ﬁﬁﬁé‘%ﬁ%ﬁ@@%ﬁ%éﬁgi GRAPES the @ llhn otithe
disease to he-teaied]-théapeantegeneralibedith dondibtu] Db thip padiar, gihEH-meeitgments with
whicgl th%ga'_[ient 17'3 l?ginlg%itrea{edﬁi thiegr ute1 d form of administration and the preferences and
experien BFHE medi apﬁlr]écfﬁlc?n%r ifvolved. 15 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 combihatdintbdraay{ Alpratéired-dailyfdoghgélie edieéas-ahoutdnllayid shguta068 Iiig/kg body
weight, %re aorgf rred Obl ar_lg_gll?eouta %Ogemagég%[sqr?d \évgi ht aggewogtf ret?_rggg éLg) and about 10
mg/kg bo )y\r/véllght% r%a@‘".mr us, fOF AlMRISIration to a ?(Blpers%rn, e do age’'range would be
about 7 mgaodhyid pér22ddapoiiecaiy) dosalyercah-bdfanyhidibtenadodd 2 Birgleidosa@édr in divided
dosages, typically, betweg . treatment. is. initi ith smaller
dosagesy&{\hl}aﬁi(5:h%gl)réé%e%{é@t%;e]?rit %ﬁé%%t% r%%%g%%lgges%?%@%g r%%%%lgg c? . g‘?’%e%%a%t%% Lf% e% osé‘%e is increased
by dalltircderhemtty berphine) tsthernel difblstridennéadianiHu A PHtiermpdersached. One of ordinary skill

in treating diseases described herein will be able, without undue experimentation and in reliance on 25

personakkq L EXPErLie d, the disglosyr is-application, to ascertain aiherapeutically
Coctve A o o o S e The
pharmaddpticaiprephratierss dresrafery aptpared Hie dodey s follin samepelv s, fine préparafion is
SUbdiVid%%-é%&h‘ﬁl"{@'}3&%51?955@4819&@%@Wé&%&&@%ﬁﬁ%ﬁﬁ-tfﬁiﬁﬂ%?oﬁﬂﬁ%‘ﬁﬂﬂﬁé‘tﬁ%e unit

dosage form can be a packaged preparation, the package containing discrete quantities of
preparatiéfidsUBHHS sacikeitdef prsiEr ebannes phing) putad B (Y viakuspdvpesead of [1,1%
20004 106AARREGH E RN A ZenégidMRRIE S Alisen eIl dasaaedorm can be a capsule, tablet,

cachet, or lozenge itself, or it can be the appropriate number of any of these in packaged form. The
following examples illustrate the preparation and biological evaluation of compounds within the scope

of the inventidmetiddel &xarisioyatid Brepke bid e RyHR-fol b Hresre\atred frsrarintethose skilled
in the arblegnonesleany prRrgersiantanddenprashicertheduesam dnvantion-ihey shasithnetike

considered_as limiting.the scope of the inventian, hut merely as bejng illustrative and representative
thereof. EQA%?_)@QQ Q’é’ﬁ%ﬁf —]}._}&Byrrolo{2,3-b]py1'1d1ne. In this reaction, the mixture was heated at

1-(2-BromsogHayiclof? dridpyiRzowdvy Bir2dZadbmethyl-propan-l-one To a slurry of
5-bromo-4,7-diazaindole (1.97g. 9.95 mmol) in 40 nil- of dichloromethane at 0-5

20 Example 28.



C was added diethylaluminum chloride (1.0 M in hexane, 30 mL, 30 mmol) The reaction 15 mixture
was stirred at 0-5 C for 30 min., then pivaloyl chloride (12 mL, 97 mmol) was added. The mixture was
heated to reflozmadastiseed for 15 h, then cooled to 0-5 C. Sat. aq. NaHCOSI{EB2RGPPHEY carefully
added, and the mixture was then partitioned between 300 mL of a sat. ag. NaC1 solution and 300 mL
of ethyl-acetate. The mixture was filtered through‘é lug of celite and the layers were separated. The
aqueous layer was extracted wit%HBOO ITiL of ethyl acetate. The 20 combined organic layers were dried
over MgSO4, fiIteredO and concgntrated to:a185idue Silic%rgebchromato%;t@ (20 ->60%
EtOAcThexanes) afforded 2.50'g.(89%) o = bg

1-(2-bromo-5Hpy; [2:8»13 g7 -yd)- 2-c|irﬁe{hyl-p@§gd}-oa®as an me solid. Example
2, WO 2009110@&PCT7EP 009/051757 -76- - /N N
1-12-(2-Chloro-pyridin-4-y1)- yrrolo[2 pyragzin- -/;%{]-JZ,Z-dimethyl- pah-l-one A mixture of
1-(2-bromo-5H-pyrrolo[2,3-1Apyrazin-7-y 2, 2- hyt-propan-1-one (j%(b)g;, 1.53 mmol),
2-chloropyridine-4-boronic acid (0.362 g, 2.30 m , potassium cnat@ 0.78R g, 5.66 mmol),
Pd(dPPf)C12CH2C12 (0.098 g, 0.12 mmol), 10 mL dioxane and 2.5 L water was*%$tirred at 160 C in
a microwave for 30 min. Thegsulting red mixture was fartitioned between 80 of ethyl acetate and
150 mL of water. The aqué""u layet was extracté’ﬁ%??@ 80 mL portion ethyl acetate. The
combined organic layers w \r_e_ ied over MgSO4,filtaged and concentratéd to a residue. Silica gel
chromatography (0 -> 100% eg{forﬁ%@g (322
142-(2-chloro-pyridin-4-y1)-5H4yiyolg2,3-bipyrazin-7Fy%]-2,2-dimethyl- 10 propan-l-one as a red solid.
1- 243-(3-Methoxy-pyrrolidin-lI-y})-pieny1]-5H-pyrrolofie;3=B]pyrazin-7-y11-2,2-dimethyl- propan-l-one
was prepared according to bove general prg e and was obtained by replacing
2-chloropyridine-4-boronic acid with o
3-methoxy-143-(4,4,5,5-tetramethyl[1,3,2]dioxaborolan-2-y1)-phenylkpyrrolidine: m.p. 194-195 C; MS
m/z 379 (M+H). 15 1-1243-(4-Methoxy-benzyloxy)-pheny1]-5H-pyrrolo[2,3-b]pyrazin-7-yli
-2,2-dimethyl-propanl-one was prepared according to the above general procedure and was obtained
by repladirg 2- chloropyrdinkedzboehyided@id with 25.442 mmol), 2-hydroxymethyl-1,3-propanedicl

2-[3-(4- XYs loxy)s - -tat thyd[d, | ne; > : m/z
416 () ToE %??&%?%ﬁ%%é%@&%ﬁa%?%%ﬁ%2 ?A?(i(ﬁy -%gfﬁé%geﬁg gﬁﬁgfred 20
according tefthe aisbwdlyenStatipfoca Haves disdovedzs Bistanetat iy RdpiadiavppoetRstobytfitiava- boronic
acid EV“'L\%Q:(%%HHE By SR auitifiboroRo alex JaNAsHE PetasS mg@m@%@«c@ wish perassium
phosphate, replacing dioxane with toluene then replacing the palladium (Il) salt with
tetralds[mipFHEr/AS B REanEsHiN#H6Y: ¥is16)266-268 C; MS m/z 244 (Nei). Example 3. WO
2009/106442PCT/EP2009/051757 -77-

2,2-Dimeghy 15 142r(@rRyrsalidin-by-pydineday 1d:RE RYCIRI 2. sRipykazin-G- - pronas-neng)Aumixture
of 112-(2-chloro-pyridin-4-y1)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan- 1-one (0.030 g,
0.095 mAfS)od. POEFILiRF fATSRIHE LB T2 ERE W TRt et s Yt 186 t in a
pressuretple iRrddad the nesriing Riack-selvignyyas paniioneea bl atween3benlg phethyharetate
and 40 mL of water. The organic layer was washed wijth three%TgO L portions, fw ried over
MgSo4, Hrtsisa sHEREHC éﬂdtlég%swﬁ@%'iﬁ%‘éf CHYS éf%‘?’é%ﬁ%}%wéa% 6 EtOACTthexanes)
afforded @ @26h8d(6dd4niOf 2 <dimethiyindad 3-(@r brine, dried (Na,SO4), filtered, and evaporated to
pyrrolidin-1-yl-pyridin-4-y1)-5H-pyrrglo[2,3-b]pyrazin-7-y1]-propan-1-one as a yellow solid. The
following®6 %"uﬁ&% %vér%e Qp?féed%’e%g E8d flr?g & the no&\}% ré%%é%%[f Drotedd %r:i%ic(?twn’
2,2-Dimethy1-1-[2-(3,4,5,6-tetrahydro-2H-(1,2]bipyriclin y1-4'-y1)-5H-pyrrolo[2,3-b]pyrazin-7-
y1]-prop@tepaneNaH 60% dispersion in oil (0.091 g, 2.284 mmol) was added at 0°C to a solution of

commercially available 3-bromo-1H-pyrrolo[2,3-blpyridine (0.3 g, 1.523 mmol) in 12 mL of
15 DMEF. The resulting mixture was stirred at 0°C for 20 minutes before adding 2 (0.829 g, 3.045
mmo}) before being warmed to RT and then stirred at 50°C overnight. The reaction mixture was
cooted to RT and partitioned between ice-cold saturated NH4CI and Et;O. The aqueous layer was
extracted with Et;O. The combined organic layers were washed with H,O, dried (Na;SOy),
filtered, and evaporated. The residue was purified by SiO2 chromatography (hexanes/EtOAc 0-
20 15% EtOAc) to give 0.41 g of 3 (72% yield).



1-{2-[2-(3-Dimethylamino-pyrrolidin-l-y1)-pyridin-4-y1]-5H-pyn-olo[2,3-blpyrazin-7-y1}-2,2-
dimethyl-propan-l-one
2,2-Dimethyieimge(Bdihiomorpholin-4-yl-pyridin-4-y1)-5H-pyrrolo[2,3-b]py RBAZivEF2¢a44siGFan 15 1-one
2,2-Dimethy1-1-12-[2-(2-methyl-pyrrolidin-1-y1)-pyridin-4-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y1}-
propan-1-one 242-(3-Hydroxy-p yrrolidin- 1 -y1)'—WTdin-4-y1]-5H-p yrrolo[2,3-b]pyrazin-7-yll
-2,2-dimethylpropan-I-one 201- ] o

242-(3, 355G RSHERIA J-By¥ldmesnanesi 5 ool £ 33pyrR e aed 3 78°C toa
dimethylsprepanokane.41 g, 1.098 mmol). The resulting mixture was stirred at -78°C for 20 minutes
142-(2-Azepan-l-yl-pyridin-4-y1)-5H-pyrrolo[2, 3- razin-7-y11-2.2-dimethyl-pr -l-one 1- 242- ((S
)5 Flor SR L GRS R BT P T DA 5 oty o GBI D
(2-[24(R)FRe Fhaotiopyrinalickinvhy $spydislin78°8 Tdr 3 Hepysiad 62 Dditpyaaiokédyiy-2idition of

dimethyl-pro -l-one 9/106442PCT/EPR, (051757 -78- 1- ( 242-(1,1-Diox0-1k6
ontor OGBS SRS eras W de Dh Fpp et skt R AT At
2,2-DimeéMy 3 QA Z Rl onot epthiaterbr Phiofirsidug 1y pywidihcuyie 1n5ke-pyxtotaf@iBeb]pyrazin7-y1}-propa
n-1-one 5

Methyl-cyclohexy1)42-(2-pyrrolidin- L-ylzpyridin-4-y1)-5H-pyrralg[2, 3-plpyrazin-7-y1JmethanOlle
YA ey L e e e S T O
2,2-dimethybgdhasiironel), MétwykeyakyheRy$ smol), [1,1- _

212-(1-00 X bl PN A Bl To R E - L PlYiaains Ty meihanene
1-1242%@%%%@%@%%%%%%%%@%%%@%o[3.1.gﬁe%—%%ﬁ)-p%idi@?ﬁé’ﬁpyrrol’o[2,3-b]pyra
zin-?oylK@,Qﬁd(ﬁ@@l‘&lW@é@ﬁ@éﬁé@?&ﬁﬁk@diq}@m and 1 mL of H,O was degassed by bubbling

2,2-Dimetlyyl iy HhelidiRdnel Bl RYSRAIR IR RIPXa2IRe i YR apeif cCOnaNdidh(rdde2-
dmethyl_-proplonyﬁ-z- yrrolidin-1-y1-5H-[2,5]bi[pyrrolo[2,3-b]pyrazinyl]-7-y11-2,2-dimethylpropan-1-o
ne. DMI@R@afAD f%%(z\fé‘ﬁ‘éﬁ%bﬁfﬁﬁ%ﬁ? g & folarde preriHRiied. e waRtol):© and EtOAC.

diprolineTde M a:8s1ayanal cReRE UM E aHoNNAEH 68 1B el -drb i Ay e ANFlete (@BIOMO-5H-
pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-I-one (100 mg; 0.35 mmol). Pyrrolidine (0.6 20 rriL; 7 1
mamol) wieatided e P SORRIS KIS (TR ETRITFS B (S B AT R SHHEY TLC analysis (5%
MeQk 1/ RcMoieias\b\® 0 eolay freteatssEhedenction msire was WO
2009/106442PCT/EP2009/051757

Step 6 ~ A suspension of 5 (0,055 g, 0.11 mmol) in 1 mL of 80% AcOH was stirred at 70°C for
2.5 hours before being cooled to RT and partitioned between H,O and EtOAc. The aqueous layer
was extracted with EtOAc. The combined organic layers were dried (Na;SOy), filtered, and
evaporated. The residue was purified by Si0, chromatography (DCM/MeCGH 0-7% MeOH) to
20 give 0.036 g of 6: 1-{2-[1-(3-hydroxy-2-hydroxymethyl-propyl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-
SH-pyrrolo[2,3-b]pyrazin-7-yl} -2,2-dimethy]—pr_ppan-1 -one {22% yield)
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-79- poured into 50 mL of saturated sodium bicarbonate solution and extracted with EtOAc (2-x 30 mL)
The organic layers were combined, washed with brine, dried over MgSO4, and concentrated to give a
yellow oil. Groamatography (Si02; 1% MeOH/DCM) gives 14742,2- PCT/EP2009/051757
dimethyl-propionyl)-21-pyrro|idin-|-y1-5H-[2,5Thi[[§ rrolo [2,3-b]p yrazin yl] -7- y1]-2,2-dimethyl- 5
propan-l-one (36%; ms = 474 [M+H]; H NMR (DM50): 67.83 (s), 8.64 (s), 8.91 (s), 9.54 (s) ppm) as the
upper Rf product and 2,2-dimethy1-1-(2-pyrrolidin-1-y1-5H-pyrrolo[2,3- razin-7- yl)-propan-l-one
(17%; MB5R é?W@ﬁs‘ﬁﬁ?Wﬂ/@l@%@%f%ﬁ(ﬁn@% &gﬁ%ﬁéﬁ ﬁgéﬁ%%%)égt Example 5.
Trimethylpdiacetyiraefl4-d mi ¢ 80 mimeh e addel 6 gysdiudoTihef2saminar3dardibtsmopyrazine
(5.069. 20 mmol), Pd(P 3@(}31 (0.140 g, 0.20 mmgl), tri lamine (11,4 mL, 80 mmol).and
copper(lﬁ%&%‘%t %b(ﬂgllg{lﬁ Tﬂ’\%{(%?%?{%%e}‘ﬁ% %‘f‘%‘&‘}%ﬁ%@ﬁ}é‘%"aﬁ} 83&‘1 o 'm’é’ Feac .?ﬁq?)ﬁ‘@%u re was
allowed formadny i fRiEaddistirheehfehbArmsédditio ial HE Xtefeth psihg dcety/ termb ttbnc2riilg, ofd nunol),
Pd(P h@%gcl%eﬁg 140 g, 0 20 mmol) and copper(l) iodide (0.114 g, 0.60 mmol) were added, and the
mixture was stirred at 50C for 22 h then allowed to cool to RT. The mixture was diluted with 200 rnL of

ethyl acetate and 200 mL of hexanes, then sequentially washed with three 200 mL portions of water
and 2008ndp of-aAsaixage NAHRQBbaldtiba; ydyisd DusmMigBOidn filtettedt pmekieghSéhiratesdold 3-residue.
Silica gel 20 chromatography (0->25% EtQAc/h es) affqrded-4.36,6 {7640 of 1. and
3,5-bistﬁbrﬁéﬁfll§IZr'Y)}/Te%h%pﬁj%é%lyéﬁﬁq %ﬁ%ﬁ%e&gg % t?govf\;én (%? ngar@p%e & WO )’_an
2009/106e:4@R CFHERZ0 (045475 398 omet ah jdrdfwlascPnetidanie stmpa S Wasonertastio reflux and

sirred 10716 . Qllonsd £ank QBTN AR 100 ORI e Saing mixture was
diluted with 250 mL of ethyl acetate and filtered through a plug of Celite, rinsing with 200 mL of ethyl
acetéte ad200m0l) weweided T thrafter bydeeoreracdeei ducstaprptHa iR BY S Ee didentially

wasked with. twa2Q0, Mk-Pattions Rt walelAns 2P afa sabateNacdoraluir. drigd over
MgSO4, filtered and concentrated to 0.911 g (42%) of 2-ethyny1-5H-pyrrolo[2,3-b]pyrazine as an

impure BRIAHPE AR thar WS BEIPHRIS Y FardReP DaCBHA Bt Asrity anpgonium Chioride, the
1-(2-ethygud oot el 2Npurazin: faiddwidr diroetbyt:prapaat brgae Digylakaiten oRoride (1.0
M in hexanes, 19.1 mL, 19 1 mmol) was added to a susp nsions,'%flimﬁure
2-ethynﬂ?5$@ﬁrﬁ1lfﬂfﬂ‘%@%fﬁﬁ%ﬁ@(&@l@%‘}ﬁwmg%% 2 SPTRISRSHBhane at 0-5 C. The
mixiure VRS SHTAIeE O oG doERAmIRndien pivedoyd chiterids eh& mto 3056 1twhatewas) stopilye added.
The mixture gvas e@ctl%g tg reglux and stirred for 6 h 15 then cooled to 0-5 C. Sat. Aq. NaHCO3 (50
mL) wascarefift 8 YAH®the resulting mixture was diluted with 100 rnL of ethyl acetate and
filtered through a plug of Celite, rinsing with ethyl acetate and water. The filtrate layers were
separatezi? anghtieyaqueous(ayaeeit[adisdonith 2 50neth 0 eHiyhddelags - THe-cambingdlarganic layers
. . . " ROV
Eono e ey B T e P AR e R L HSADRIRg PaR 2 O~ 00%
1-(2-ethyydeSidegyur akofz, 8xalpyranifieriy 19i2 24dimmgtHyll-firopan-I-one as a brown solid. Example 8.

20 dioxan~5-yiﬁlethyl ester as starting material (68% yield). In this reaction NaH 60% dispersion in
oil was used and the reaction mixture was heated at 50°C overnight. The product was obtained

after purification by SiO chromatography (hexanes/EtOAc 0-25% EtOAc).

2,2-Dimethyl-1-[2-{1-(2-methylsulfanyl-ethyl)-1H-indol-3-y1]-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-propan-1-one was prepared following the same

25 procedure but using 2-chloro methylsulfide as starting material (22% yield). In this reaction NaH
60% dispersion in oil was used, 1.5 equivalents of KI was added, and the reaction mixture was
heated at 50°C overnight. The product was obtained after purification by SiO, chromatography
(hexanes/EtOAc 0-30% EtOAc).

Step 3 - 0.3 mL of trifluoroacetic acid was added at RT to a solution of 2 (0.028 g, 45.84 pmol)
30 in 0.7 mL of DCM. The resulting dark orange/red mixture was stirred at RT overnight before



WO 2009/106442PCT/EP2009/051757 -81- 1424 ‘
benzyl-1H41,2,3]triazol-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1- one A solution o
1-(2-ethynytebrdapyineled 2, 3-bpyrazin-7-y1)-2,2-dimethyl-propan-l-one (OPLOEG2OHSE HATHOI), benzyl
azide (0.055 mL, 0.44 mmol), CuSO4 (0.007 g, 0.04 mmol), and +-ascorbic 5 acid (0.078 g, 0.44
nunol) in 3 mL of tert-butanol and 3 mL of water Wdg stirred for 1.5 h, then diluted with 30 mL of water
and extracted with 100 mL of ethyl acetate. The organic layer was dried over MgSQ4, filtered and
concentP4tBg ?6@%?3@@@§%@%P%6%ﬁ86%ﬁ%§%>% rﬁa%ﬂ%? &%ahes a??olf}cfg(gg 56&5 g (23%)
of 142-(bitmy dnliHolivin3itiazeldoaly: B8 pyikoio] 2yashipyrazime vyl Pdditnpthyhpropame1-one as
e SR T A B ML 3R QAR TSR DA SRR AR R epared
142-(1-Gyglopenty kit By3Jtitazol-dmat) by (IR [ DOy e A 51 M2 Q-Hini#tHyl fdpan-l-one
1-[2-(1-Cyclghexy1-1H-[1.2,3]iri < ;%255 - I ] in: %2 dimethybpropanl5

a}{g %Fn%féegér%}we]{?,%%é q{;ﬁfgﬁ%)&%% Ryé%rﬂ}él}\ﬁl&o 32 { f -\(

1-oné Example eprotéection _
soindo1i¥drb)-BHH-pydrotofasdhly]pyhatin H-intdeb P sdiraBkipyiysiopad-hivesio G¥btafodioethyl-
142-(1,3-Dihydro-isoj 11 )-5-(2-trimethylsilanyl-ethoxymethyl)-5H- 20
pyrrolo[f,%)-% p}rgzgﬁq@gglfé&%}dimethyl-propan-l-one (270 mg, 0.599mmol) in 7 mL of THF was added
5.99mL (5 99mmol) of 1.0 M TBAF in THE. Heated the mixture to 85 C for 2 h. The reaction was
quencheld @A -Bintl alcetore ydiorsmetiof saamdietrhindebdsyl s s ddA-dilpserairt oyl acetate
and Wat%rﬁg&%gitﬁ%?m%@W&g&%&%&efamwgﬁﬂgM@?Me@m@gﬁ@m‘g MBeQeufitered, and
rysta

concentrated. Recrystalization from dichloromethane afforded 153.3 WO |
2009106424 Crbrpadd/Bkirsn-BaimsgBobl yrslal &iy1]-5-(2-trimethylsilanyl-ethoxymethyl)-

142'(i’3'ﬁ@éfﬂﬁ%lﬁ@i,@gﬂép%é){ﬂa)—‘@ihp%(féﬁﬁ[@+§ﬁ%&9¥€ﬁ%{ﬂg7ﬁé1&r?alzfsg%?m&QIP@W&&@@S a white
solid. Preparéed above: 5Product isolated as a white solid, 0.15339, 80% yield. 1H-NMR (CDC13,
400MHZSe pronngs waspugifier &y $i9): ?h%%@?iﬁ){h’f.@quﬁﬁ’,fh%%swﬁﬂh.54ppm (s, 9H).
13C-NMR (CDC13,
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15 Step 1- A mixture of 1-[2-bromo-3-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2,3-
blpyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.5 g, 1.212 mmol), commercially available 1-
(phenylsulfonyl)-3-indoleboronic acid (0.452 g, 1.455 mmol) and
tetrakis(triphenylphosphine)palladium(0) (0.14 g, 0.121 mmol} in 10 mL of degassed 1.4-
dioxane and 1.8 mL of 2M aqueous K,COs (3.637 mmol) was stirred at 93°C overnight before

20 being cooled to RT and evaporated. The residue was purified by Si0; chromatography
(hexanes/EtOAc 0-25% EtOAc) to give 0.67 g of 1 (94% yield).



101MHz): 200.6, 150.1, 137.6, 136.1, 135.6, 132.1, 127.7, 124.8, 123.2, 113.7, 53.1,43.2, 26.0 ppm.
MP = 292-293C. IR (KBr): 1652, 1559, 1500, 1485, 1465, 1399, 1235, 951 cm-1. MS (E/l): 321 (M+H).
10 1-[2-(2, 3 Dikgreoénetn1-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimetApPapiiiiaive Following
above Example: Product isolated as a bright yellow_solid, 0.10269g, 75% yield. 1H-NMR (CDC13,
400MHz): 8.28 (s, 1H), 8.14 (s, 1H), 7.3-6.9 (m, 4H)3,'4.20 (t, 2H), 3.28 (t, 2H), 1.56ppm (s, 9H).
13C-NMR 15 (CDC13, 76MHz): 148.6, 144.5, 136,4, 135.3 14,127.2, 126 9, 120.9, 50.1,
43.7, 275D 0 AEHRMBRL (BT e 4 (R e 1548 o3 B PALA dmt. M
(EN): 32 Mot Ikl dnd 466 H W2ad stl4el ot WALX00 DMNG442H€ TR 2000 B R 5 An83-
247-(2,2-Dimethyl-propiony1)-5H-pyrralo[2,.3-1Apyrazin-2-y11-3,4-djhydro-2H-isoquinolin-1- one
product A a8 T Sa RO, OO T Fo e S OENTRE) 3 &7 (5. B1H).
9.08 (s, &)aBed0vith Et)A8. Zhdryribihed e Ridiay 8 yerel Or{ed2M 2506 L Hikr8i2antt, 2H,
J=6.4H2)1.49 p s,.9H). 13C-NMR cl Hz); 201.6, 165.; . A 6, 136.6,
1353, 1%5‘?%??@?& 91158.@,539%3% i‘ﬁ%@ 159?%@?5?’7%&%92‘7%3‘?‘7?%‘2@.éé;é‘%t]5%%1. fvlégS i 113-115C.

IR (KBr)p8427tR0820, 1646, 1384,

Step 3 — NaH 60% dispersion in oil (0.021 g, 0.518 mmol) was added at 0°C to a mixture of 2
(0.155 g, 0.345 mmol) and K1 (0.086, 0.518 mmol) in 3 mL of DMF. The resulting mixture was
stirred at RT for 15 minutes before adding commercially available 2-chloroethyl methylsulfide

10 (0.05 mL, 0.518 mmol). The reaction mixture was allowed to reach RT and then was stirred at
50°C overnight before being cooled to RT and partitioned between a saturated aqueous solution
of NH,4Cl and Et,0. The aqueous layer was extracted with EtyO. The combined organic layers
were washed with brine, dried (Na280), filtered, and evaporated. The residue was purified by
S0, chromatography (hexanes/EtOAc 0-30% EtOAc) to give 0.039 g of 3 (22% yield).

15 2,2-Dimethyl-1-{2-(1-methyl-1H-indol-3-yl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one was prepared following a similar procedure using
iodomethane, In this reaction, KI was not used and the reaction mixture was stirred at RT for 5

hours before being worked up. The product was used in the next reaction without purification.

1-[2-{ 1-[2-(tert-Butyl-dimethyl-silanyloxy}-ethyl]-1H-indol-3-y1}-5-(2-trimethylsilanyl-

20  ethoxymethyl)-3H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one was prepared
following the same procedure using the commercially available 2-bromoethoxy-t-butylsilane as
electrophile. In this reaction, KI was not used and the reaction mixture was stirred at RT
overnight before being worked up. The product was obtained in 80% yield after purification by
Si0; chromatography (hexanes/EtOAc 0-5% EtGAc).

25  Step 4 — Oxone (0.069 g, 0.112 mmol} was added at RT to a solution of 3 (0.039 g, 75 umol) in
0.6 ml. of MeOH and 0.2 mL of H,O. The resulting mixture was stirred at RT for four hours
before being evaporated. The residue was partitioned between 3M NaOH and EtOAc. The
organic layer was dried (Na,SO,), filtered, and evaporated, The residue was purified by 510,
chromatography (Toluene/EtOAc 0-50% EtOAc) to give 4 quantitatively.



1249, 1079, 468, 443, 405 cm-1. MS (E/1): 349 (M+H) 10
117-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-3,4- dlhydro 1H-quinolin-2-one Product
isolated as wgelowieald, 0.16269g, 87% yield. 1H-NMR (CDC13, 400MH2c 8k dm/d#h):8.29 (s, 1H),
7.25 (m, 1H), 7.01 (m, 2H), 6.35 (in, | H), 3.14 (t, 2H) 2.91 (t, 2H)1.35 ppm(s, 9H). 13C-NMR (CDC13,
76MHz): 201.3, 171.6, 143.2, 140.7, 140.3, 137.91%7.8, 135.0, 128.0, 15 127.2, 125.6, 123.6, 116.9,

115.6, 43.8, 32.2, 26.2, 25.6 ppm. MP = 257-259C. IR (Kg 3430, 2963, 1695, 1684, 1670, 1653,
1636, 16%8P S405F 4487 @éézwaméﬁe%%%'ri%ff%ﬁﬁlan RES (A5 2R gy 0.7 mL of DCM.

247- (/2 21&%5@@4’@&1/ f@;@t&ﬂ)ﬁl&a@'ﬁn@bﬂ&%‘ﬂ@a‘%@]ﬂ)ﬁﬁﬂféﬁr%b%@ Begimid@dﬁatéamdlmeam "
2009/106442PCT/EP2009/051757 -84- Product isolate n off-w. solid, 0.081q, 49% yie
e e Sl

1H-NMRYED S GHERFIHEE 10689 arigkerdne 1R 49 % 3800H), 1.47
ppmM(S, ebs é&ﬁdmﬁléﬁﬁﬁﬂ&&ﬁwwés 199:8,21 65 0 vdrdel; &é&tb;’é tbE Evadg8ed 3, 131.9,
131.6,129.2, 128.2, 123, 8 3.4,113.7, 49.5,42.9,.25.8 ppm. MP. 9C 3427
1706, 16‘§§1%E2§”4‘51 8, 100035 SHPFRS PRGSO HE Y ate% Bﬁ/@eﬂﬁl te“ﬁé%ﬁff %@éf fite 10,
Preparaﬁromadfﬂ;dnrﬁl@wdzlned@nﬁanvmm to give 0.029 g of 5: 1- {2 [1-(2-methanesulfonyl-

AP L e e i e e N

7-y1]-2,2- Flyl propan-
112-(2,3-Dihydro-indo1-1-y1)-5-(2- trlmethylsnanyl ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-
y11-2,2-8itnBtinydtpyopda-[Home thid- (WA ABB - (W+H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one was

prepared following the same procedure but using 2,2-dimethyl-1-[2-(1-methyl-1H-indol-3-y])-5-

10 (2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one as starting
material, The product was obtained in 60% yield after purified by SiO; chromatography
{Toluene/EtOAc 10-60% EtOAc).

1-{2-[1-(2-Hydroxy-ethyl)-1H-indol-3-yI]-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-
1-one was prepared following the same procedure but using 1-[2-{1-[2-(tert-butyl-dimethyl-

15 silanyloxy)-ethyl]-1H-indol-3-y1 }-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolof2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one as starting material. The product was obtained in
67% by trituration in MeOH.

Example 31.
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20 Step 1 — Commercially available 2-chloroethyl p-toluenesulfonate (0.24 mL, 1.337 mmol) was
added to a mixture of 1-[2-(1H-indol-3-yl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
blpyrazin-7-yi]-2,2-dimethyl-propan-1-one (0.5 g, 1.114 mmol) and Cs,COs (0.436 g, 1,337
mmol} in 10 mL of DMF. The resulting mixture was stirred at 50°C overnight before adding 2
mL of CH;CN. Stirring was continued at 70°C for 4 hours before cooling the reaction mixture to

25 RT. The mixture was partitioned between an ice cold saturated aqueous solution of NH4Cl and



Example 11. R311 +Cut, proline, K2CO3, DMSO WO 20091106442PCT1EP20091051757 -85- 4- {
347-(2,2-Dimethyl-propiony1)-5-(2-nimethyl silanyl-ethoxymethyl)-5H-pyrrolo [2,3-
blpyrazin-2waqohemsz 1,5-dimethyl-piperazin-2-one: 1H-NMR (CDC13@08krtbz)08.83 (s, 1H), 8.46
(s, 1H), 7.82 (m, 1H), 7.48 (m, 1H), 6.98 (m, 1H), 5.74 (s, 2H), 4.15 (m, 1H), 3.88 (m, 2H), 3.65 (t, 2H),
3.14 (s, 2H), 3.10 (s, 3H), 163(s 59H), 1.4 (d, 3I]-|]) 0.98 (t, 2H), 0.01 ppm (s, 9H).

3-Methyl-4- {347 (1-methyl cyclohexanecarbonyl) -(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]
pyrazin-2521 IReqyrppsTinD bk cxiacef oB e 3 hesbiRrdRaepic pprgvpEiedy) 7.81
(s, 1H), wf(guﬂ-ﬁl)te%&rﬁlﬁﬂ S poFall (Uhd b3 T ameridid . BASciihaca2afliy1H),3.76 (m, 2H),

oy " Thkane g Padf) AT ey Bre ST fobte 553 (¢ 5. 007 (. 21, 0.0 pem (s

[2-(3-Cyclopentylamino-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin7-y1]-(1-m
ethyl- CyQQhBXMBﬂﬂ?ﬂmﬁﬁ%MbﬁléﬁﬁlénﬁS&KMyﬂéthyl )-2-(1-vinyl-1H-indol-3-y1)-5H-pyrrolof2,3-

142- I t h 2-trim | th
g e S A R GG e A R R

14213- (Zsbiﬂtbﬁ%%l@pﬁﬁylﬂnmmﬁmyﬂﬂeﬁiﬁﬁf methylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyr
azin-7-y1]-2,2-dimethyl-propan-1-one: MS (E/I): 509 (M+H).

B o R e AT S G e ey oy
2,2- D|maﬁhyil)InJ:Q&&a(Ieiﬂ]MGmmamﬁeﬁlammmmghﬂﬁf&ethmqhwei@tylmm

hox I
it 1; 4>:/3 ([1 q gl_([&]eggtrro O[%blperxr€m7 )fl}l(.g 12 uS l%ﬁ?g&/fﬁ t(aE{()exz%lg QXIW tOAc. The

Idin-4-ylarnino)- eny rlmethy?sn anyl-ethoxyrnethyl)-
5H- mrrmo{@mm@m Tavety-RezedinstiyeHOpafiltaed G (ERaE8E TeHidiidyy@as purified

2000/106 38%9%5% J(Kg?angg'EtOAc 20% EQAC) to give (134 ¢ of 3 (667% vield).
14243-((trans 2 Hy rox opentylamino)-pheny11-5-(2- trlmethylsnanyl ethoxymethyl)-5Hpyrrolo[2,

3-b]pyrazin-7-y11-2,2-dimethyl-propan-l-one: MS (E/I): 509 (M+H). Example 12. Preparation of
Pyrro|opg:,r%[£}hge({jxﬁ—érﬁidﬁg(2 morpholin-4-yl-ethyl)-1H-indol-3-y1}-5-(2-trimethylsilanyl-

217-(2, Zemmdvmé/&@fpﬂ?%)oﬁ)ﬁst%%m RIS SIS BRI QLA RIR Zifira
y11-2,3-dihydro-isdindol-I-one
procedure but using morpholine (2.6 equivalents) as starting material. In this reaction 1.3

15 equivalents of Cs>CO5 and KI were used. CH3:CN was used as solvent and the reaction was
stirred at RT for two days, at 50°C overnight and finally at 80°C for 24 hours. The product was
obtained in 63% yield after purification by SiO, chromatography (DCM/MeOH 0-3% MeOH).

2,2-dimethyl-1-[2-{ 1-[2-(4-methyl-piperazin-1-yI)-ethyl]-1H-indol-3-y1}-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one was prepared following a similar
20 procedure but using 1-methylpiperazine (2.6 equivalents) as starting material. In this reaction 1.3
| equivalents of Cs,CO; and KI were used. CH3CN was used as solvent and the reaction was
stirred at RT for two days, at S0°C overnight and finally at 80°C for 24 hours, The product was
obtained in 71% yield after purification by SiO, chromatography (DCM/MeOH 0-7% MeOH).

Step 3 ~ A mixture of 2 (0.13 g, 0.251 mmol) and Pd 10wt% on carbon (0.02 g) in 1 mL of

25 EtOH and 1 mL of EtOAc was stirred under an hydrogen atmosphere (1 atm) overnight at RT
before being filtered. The filtrate was evaporated, The residue was purified twice by 510,
chromatography (DCM/MeOH 0-5% MeOH followed by DCM/MeOH 0-7% MeOH) to give
0.089 g of 3 (72% yield).



Toluene was added to a mixture of 142-Bromo-5-(2-trimethylsilanykethoxymethyl)-5H- 10
pyrrolc[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-one (0.250g, 0.606mmaol),
2,3-Dihydrooindolidsosre (0.097g, 0.727mmo1l), copper iodide (11.6mg, Bcaeédramal)siasd potassium
carbonate (0.168g, 1.212mmol) under argon. Dimethyl ethylenediamine (0.013mL; 0.011g,
0.121mmol) was subsequently added and the reactibn was stirred for 16 h at 110C. The reaction was
diluted with ethyl acetate and filtered through a silica plug before being concentrated in 15 vacuo.

Silica gePRrématBarehhyrle wesuiietahR/ HedatRlet it 30 hifaesy Afrorava'o B 2ot g 7%% vield) of
237-(22&?@&%1@@&?@%&%@&@%&@@%% Ry ity el dblpyrazin-2-y1]-2,3-dih
ydro-isoindol-l-one. MS, : + ) s _
247-(2,z@@?ﬁ?@ﬂ{ﬁf@&%ﬁfi‘.é@{%ﬂ%@}ﬁgﬁ&ﬂ.ﬁwgﬁﬁ@%ﬂﬁ%&%y&%ﬁ%@}%ﬁ%ﬁﬂ%&ﬁrﬂf&%
y11-3,4-dihyviro-2hdsosuinatiod-one Md&i¢ M ix47R (s i@t 2009/1 0644 AR EiE= B2B@9/051757
-87- Example 13.  147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-h1Pyrazin-2-y11-piperidin-2-one.
General ?)‘?%%%aﬁfiés'}a%ls%ﬁ %dﬁﬁstﬁ%é%%%ﬁ%%‘)é %]é?e 6?:‘6%{8%1%% 3 step 2, the deprotection of SEM
5 group VGM{DEN AUt Qi tefiixDif derhpéidtioe ob BIGHIIONS, folldwdNR (EBCDI0B BBE)(S, 1H),

5.3 (0 531 S04 OF A0 MR SRR BT AR A 895 B S

[M+H]: 30F. EXam
147-(2,26Dimeétti3At priGpioniyd e Bt pyHolsiel 3-h]byid zinr i hyredpidiee2-Gnd | Gendirabindcedures

describe j)rgm_e}fs_gnlé@@pn?&were followed except in step 2, the deprotection of SEM group was
carried t refluxing temiperature of EtOH overnight. 1H NMR (CDC13): 3 11.32 (s, 1H), 9.51 (s, 1H),

8.42 (d, J =3.4 Hz, 1H), 4.22 (t, J = 6 Hz, 2H), 2.76 (t, J = 12 Hz, 2H), 2.26 (quin, J = 7.6 Hz, 2H), 1.49
(s, 9H); MS-Pumpihy287 2tB EXanophb ol 8i-4-1l4ath B EtHylndhed-ylly Bikpyryetol 8[2, Bhjrazin-7-yi} -
pyrazin- gyl 2GR YERroRPRRARG « WO 2R Y0482 R UEEL99% AR LR 1- 12 11-2-
morpholin-4-yl-ethyl)-1H-indol-3-y1]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
bipyrazin-7-yl]-propan-1-one as starting material. The product was isolated in 39% yield after
two purification by SiO; chromatography (DCM/MeOH 0 to 4% MeOH, followed by

15  hexanes/EtQAc 20 to 60% EtOAc for 20 minutes and DCM/MeOH 0 to 3% for 20 minutes).

2,2-Dimethyl-1-(2-{1-[2-(4-methyl-piperazin-1-yl)-ethyl]-1H-indol-3-yI}-5H-pyrrolo[2,3-
b]pyrazin-7-yl)-propan-1-one was prepared following a similar procedure but using 2,2-
dimethyl-1-[2-{1-{2-(4-methyl-piperazin- 1-yl)-ethyl]-1H-indol-3-y1}-5 —(2—trimethylsilanyi—'
ethoxymethyl)-5SH-pyrrelo[2,3-blpyrazin-7-yl]-propan-1-one as starting material. The product
20  was isolated in 75% yield by SiO; chromatography (DCM/[DCM/MeOH/NH,OH 60/10/1] 100-

75% DCM).
Example 32,
] 1 2 0O
SEM—y Xy SEM =y X SEM\Q/S(
o N o N N o N



-88- bis(diphenylphosphino)fen-ocene]dichloro-palladium(11) (35 mg, 0.042 mmol), and K2CO3 (186
mg, 1.34 mmol). Dioxane (4 ml) and water (1 ml) were added, and the tube was microwaved at 150 C
for 45 min. Rigezreaationmixture was filtered through a plug of celite. The fitnakewagssotkzcted and
partitioned between EtOAc/ water. The organic layers were collected, dried over 5 MgSO4, filtered, and
concentrated giving a dark brown solid. The crudeﬁ%?oduct was purified by silica gel chromatography
using 20-50% EtOAc in hexanes as eluant provided 82 mg (50%)_of .
142-(3-e§11§ﬂ-bWeﬁyfju@ﬂawrké%%%]ﬁ&ﬁ%%iﬁ#%ﬁ?—%??— HelhLotbPal- tamddes foyeilnisBlid. Mp
199-200F - Mt =B08HEXRPIEnYD-5-(2- trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2,3-

10(1-Methyl-cyclohexyl)-(2-thiophen-2-y1-5H-pyrrolo[2,3-b]lpyrazin-7-y1)-methanone
Mty YT B OHGE A MRS S A7 A PRABI b e BFeBted staring
from (2-broreo Nty Mo [2s3Hdpyrarine Aryd M{dron et BT Cyctohexy before thanoeepotited. The

thiophene-2-boronic acid following ge rocedures described in these Examples, MP 224-225 C,
N SRS B R P D70 SUoaT B AT o oG 450 ek DRk Cxtaied it
6-15-17;52%?fﬁmrllvphammi:bmgh)ﬂﬁHb:ygmrwleﬁ@ﬁaﬁi}p@mﬁm&iw-dyedfmmﬁgﬂﬁwemﬂidi@-z
carboxylic acid ethyl ester, was obtain the following seguence of reactions,. Step 1:

o Brome e b e R SRR, Bl O S e S SRR, 0051037799
was addpericatimixture of
142-bromo-5-(2-trimethylsilanyl-ethoxyrnethyl)-5Hpyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-on

© (3.30 g, BOMBO. Ioluene 38 M) h_%‘N,f%?ixf’l!s@m&%&%ﬁ%%ﬁ%ﬁ%%ﬁ%ﬁég SlpRidIR and

tetralds[tripﬁenylphosp ine|palla ( )(462 mg, 0.40 mmol) under an atmos Argon. The
suspensipi - Rashwsatetisaddedisoforisthows] WAS allbwed roncbollandthe titieneinedbetveen water

(40 mL) gng £l aCalate =X a4 M), dhecomBinGa-organiciryersassiaredayai-agaydrous

sodium sulfate. A waxy solid was obtained (1.65 g foIIowin‘%ﬁsilica gel chromatography (eluant: 5 to

20% EtOfE ieRdnesgiiht Hskus btk pipedichesndrie favRpthiorrshat ke DEshde. WO
2009/10Q44 2RGT ER2QAQUAR MRS 2R velRR 4rabhe alkenyrarnide phstembittd.mhidid/erel) was

dissolved in 1,4-dioxane (7 mL) then treated with potassium acetate (110 mg, 1.1 mmol) and palladium
(1)) (dppm?%i%dﬁpéﬁé%’rﬁﬁ?&?tﬁi@&véﬁoﬁﬁﬁgn %HEP@?SB?E 16383 FBb?SFP{&‘ﬁB%B}}Y).SQ
mme4, CanaiNBlasks) wasacdetiandothe ourtisenasiteateddqO0 G- o3 daysedybigpeadaAd-which
time, the darkﬁsuspension was treated with ethyl 6-chloropyridine 2-carb0ﬁlic acid é176 mg, 0.41 rnmol,
CombiBIbeksy, BovasSivhn' Ehtbdiate (10X migy %ﬁ%ﬁsﬁa%@z@? PYFHelmikiure was heated
to 75 C feyp4thhiaursy Upanacdling, (figumistdye was partitioned between dilute aqueous acetic acid
and ethyl acetate. The desired pyridine (45 mg) was obtained following silica gel chromatography
(eluant: 10 to 30%_ethyl acetate - hexanes). 10 Step 4: The pyridine (41 mg, 0.073 mmol, obtained
from ste @W&%ﬁssolved in tetrahydrofuran (1.5 mL) and treated with tetrabutylammonium fluoride
(0.15InL, 1 M THE' solution) in a sealed tube and heatec?to  C for 1.5 hours. The title compound
was obtained as a foam (5 mg) following silica gel EWM@@%}W (eluants 10 to 80% ethyl acetate -
hexanes): m.p. foam; MS in/z 419 (le). 15 4. {c = AN X
242-(3-Methoxy-phenyl)-ciclopent-1-enyl]-3H-pyrrolo[2,34sb]pyrazin-7-y11;2:L-dimethylpropan-1-one

was obtained by replacinp bi (psigagol)dib ron WitQmB-Zmeth ) nyépogo (C d¢cid in step 2 and omitting
step 3: m.p. foam; MS m/»376-{k+14). P e _
| -

2,2-Dimethy1-142-2- yHcycIopEgt‘;b yid)-5H-pyrrolo[ ,3-103] pyrazin-7- an- 1 -one was
obtained by replacihg bis{pinacol)dibofon with phenylboronic &cid in step 2 and omitting 20 step 3:
m.p. 207-209 C; MS ink 346 (M+H). N ©

N

NHBoc¢
NH,

20  Step I — Bromoacetyl bromide (1.3 ml., 14.979 mmol) was added dropwise at 0°C to a solution
of N,N-dimethylaniline (1.89 ml., 14,979 mmol) and piperidine-4-yl-carbamic acid tert-butyl
ester (3 g, 14.979 mmol) in 50 mL of dimethylcarbonate. The resulting mixture was stirred at RT

for 1 hour before being evaporated. The residue, taken into EtOAc was washed with 10% citric



5-{ 247-(2,2-Dimethyl-propiony1)-51-1-pyrrolo[2,3-b]pyrazin-2-y1]-cycl opent- 1-en yl J-
1H-indole2-carboxylic acid ethyl ester was obtained by replacing ethyl 6-chloropyridine 2-carboxylic
acid with etk 2stwonaeindole 2-carboxylic acid in step 3: m.p. 278-280 CpWiSEaewd4B871(WTI). Example
18. WO 2009/106442PCTIEP2009/051757 Step 1: 2-Thiopheneboronic acid 5-carboxylic acid
methyl ester (390 mg, 2.1 mmol, obtained accord‘lﬁb‘gfrom CiVenti Chem) was added to a mixture of
142-bromq-5-%—trimeth Isilanyl- 5 . . i

ethoxymtiy: N@ﬁ@%ﬁ%bﬂfﬁy&m%wa@%m&w%&%‘9@25}4@1‘&5‘.@5@ £YGRAAGH ©
1,4-dioxane: (LuaakaMetpamet (2sibd Widiele(Rnihd, easkbm earamais: pbaB@tidn3 mmol), and
Pd(dppf)2 (78 mg, 0.1 mmol) and heated to reflux for 18 hours. A white powder was isolated by silica
gel chromatography (eluant; 5 to 40% ethyl acetate) and had spectroscopic properties, consistent with
the desif&d St ORRS HousPE s PE RIS TS Y £ St o PrERE L BROFHE 0. 2 mmol)
was disspivedii @t ahydieisraiufd tnnkhanibtetrahetylartoonivncfilerdsa: (il siterhynmaind M THE
solutjon) and the mixture heated to 80 C in a sealed vessel for 2 hours. The mixture was then treated
with qu%ﬁﬁl hium hydroxide (35 mg, 1.5 mrnol, 1 M) and stirred 20 hours. The mixture was
partitioned between 5% aqueous 5 acetic acid and ethyl acetate (3 X 30 mL). The combined organic

layers weeepstoreqovet-antuicdraus StligimahiitnThetsesiedtadict@ppraXai30 mg, 0.2 mmol) was

obtained as a mixture with tetrabutylammonium salts and used in the next step. Step 3: The acid (0.2
inmol) was dissolved in N,N-dimethylformamide (3. mL) n% vacu rged wi rgon at ambient
temperatiira? %%%9%%8&?8@{%%@16%%&) @% 31%5‘&‘5%?%8?‘@&%@6%%@%@? n was
stirred vigaradslydgred sivinofesad-Gmidoietraby diapy @0 (7 @, 06,1 0.68nmiol) was-atddd, &ha DMF
solution (1.5 mL) and the resultin ion yas.heated to 60 C. After 3.5 hours, the yolatiles were
romoved B AE R RO i b e Lt e e a0t ST wae
cooled afidpartitibAed hetvipenvatert didEthyd addetead ¥ Benatid T excambimredlovgdrtic extracts

t h un . - . .
L
(tetrahydegOpyrarhd spt)tangit ergraicobrained siassbM £20 mdl futdwind ssitperyed chkervaidegaphy
(eluant: Qo Ex?x/&f?é@%?@iﬂi‘g%ﬁ%ﬁﬁ&@éﬂ%g@@fﬁ@?@bﬁ@'M@G’%’ EAIAM L0k Mi"éf,&%%,@g%o

517-(2,2-Dimethyl-propionyl)-5H-pyrro 13]pyrazin-2-y11-thiophene-Z-carboxylic aci
cycloperitiglihide (13 mg, white powder) was prepared as above by replacing 4- aminotetrahydropyran
with cyclopentylainine in step 3: m.p. >300 C; MS nz/z 397 (M+H). Example 19. WO

2009¢106442RG T/ BR2PRRORHE IR 4585 1)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
prony y y y ¥ PY
blpyrazin-2-ylj-indol-1-y1}-acetyl)-piperazine-1-carboxylic acid tert-butyl ester was prepared
following the same procedure but using 4-(2-bromo-acetyl)-piperazine-1-carboxylic acid tert-

butyl ester as starting material (57% yield).

{3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo{2,3-b]pyrazin-
20 2-yl]-indol-1-yl}-acetic acid methyl ester was prepared following the same procedure but using

methyl bromoacetate as electrophile. In this reaction, the reaction mixture was stirred at RT for 2

hours before being worked up. The product was obtained quantitatively and was used in the next

reaction without purification.

Step 3 - 0.7 mL of TFA was added at RT to a solution of 2 (0.1 g, 0.145 mmoi) in 1.5 mL of
25 DCM. The resulting dark orange/red mixture was stirred at RT for 2 hours before being
evaporated and coevaporated twice with toluene. The crude residue was taken into 1.5 mL of
EtOH and NaOAc (0.119 g, 1.451 mmol) was added. The resulting dark yellow mixture was
stirred at RT overnight before being evaporated. The residue was partitioned between H,0 and

FtOAc. The aqueous laver was back extracted twice with EtOAc. The combined organic layers



5-17-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-thiophene-3-carboxylic acid
(tetrahydro-pyran-4-y1)-amide was prepared by replacing 2-thiopheneboronic acid 5-carboxylic acid
methyl estewin siepx dswh 5-(4,4,5,5-Tetramethy111,3,2]dioxaborolan-2-ytjrthropbesas37 5 carboxylic
acid ethyl ester, which in-turn was generated from ethyl 2-brotnothiophene 4- carboxylate (1.15 g, 4.9
mmol) according to WO 2007/145921, dissolved illula?nhydrous 1,4- dioxane (25 mL), treated with
potassium acetate (1.44 gb 14.7 min%% and dichloro[1,1'- bis(diphenylphosphino)ferrocene]palladium

(I1) dichISEmeidn galutdidstreanbeyangraieds s drdhimeiirdidh Gubsensaith ritteten. After

3 flushes;1Risninacal) Bk (aeaiackailackse 1,843 srEmmpl) was(addadapgddnaisust-maroon
e i o L b g SSRERAAL e R S per e o 26020
517-(2,2¢dnmeibydypropiony1)-5H-pyrrolo[2,3-b]pyrazin-2-A-thiophene-3-carboxylic acid was 15
obtained replacing 2-thiopheneboronic acid 5-carboxylic acid methyl ester in step 1 with 5-

(4,4,5,5-Tetramethy111,3.21dioxaborglan-2-y1)-thigpheng-3- oxylic acid eth r, which in-turn
PN s b i s s At A RN R T R e ok bR AR
2007/14592]-peipaaiteshinvanhyedpatis Ioldioxane @Emajhcueatetunidingotadsionacetate (1.44 g,
14.7 mmgl) and, dichloro[1,1'-his(diphenylphasphino)ferro palladium, (1) 20 dichjoromethane
aciuct (T S g 25 B R R e Wh S gyt Ly
2009/10644 2RCTVEPROOSE117621bodyl Afterd3ditshes, dsis{pinsteuih gilbetenm| CofibiiBidcks, 1.31 g, 5.1
mmol) was added and the rust- maroon suspension was heated to 90 C for 5 hours, Step 3 was not

conduct he title co d was gbtained as po r.m.p,.> N / elt). ple 21.
BT TR R S e U F bR R P e
dimé&bhylaipiraietfiv)amigenwasnprepa pech g ddplcinge 2hth ieplrenebolanibwaisiif eskboxylic acid
methyl e i step,1,with br( 51 ethy141.3.21digxabp 1-2:y1)-tfpdjophene-3- carboxylic
acid ethﬁ%&@?ﬁﬁcﬁ%{tu@rﬁéﬁg@gg : e%r%%é%e%:})Xr%ﬂeﬁﬁyﬁzét%gﬁgggﬁ%%ﬂgﬁgts 0 carboxylate (1.15 g,
4.9 mmdijmedotsilag oo poothiiA58PpydEsohebimaahydroldrmndiosanes (R51E), treated with

pOtaSSiUma%?ﬁiﬁ@ﬁ%n%%&c@%srﬁk@@ll:@ﬂ%ﬁﬁ%%ﬁpo SisRBriRbg P EaraGeasiRRliggium (1)

dichloromethane adduct (Strem, 200 mg, 0.25'mmol) and then vacuum purged with nitrogen. After 3
flushes, M%@flﬁacol) diboron (CombiBlocks, 1.31 g, 5.1 mmol) was added and the rust-maroon
suspension was heated to 90C for 5 15 hours. The title compound was obtained as a solid by
replgscin@gﬁa@g@g@trahydropyran with N,N-dimethylethylene diamine in step 3: m.p. 229-231 C; MS

m/z 400 (M+14). Example 22. o
1 o \2
”m TS"QJ% Q’l*
— N N
N/
N Ny /<N

? Tsu
R
\ /(N p— o
ep 1 Step 2
Br /
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Step 1 — A solution of 1-(2-bromo-5H-pyrrolo[2.3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one
(0.5 g, 1.772 mmol) in 3 mL of DMF was added at 0°C to a suspension of NaH 60% dispersion
in 0il {0.078 g, 1.949 mmotl) in 5 mL of DMF. The resulting mixture was stirred at 0°C for 30
20  minutes before adding p-TsCl (0.375 g, 1.949 mmol) in 2 mL of DMF. The resulting mixture
was allowed to reach RT and stirred at RT for 1 hour before adding 0.4 equivalents of p-TsCl.

The reaction mixture was stirred at RT overnight before being quenched by addition of H20 and |



WO 2009/106442PCT/EP2009/051757
447-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-1Apyrazin-2-ylkthiophene-2-carboxylic acid
cyanomethyomsthybeside was prepared by: Step 1: 4-bromothiophene 2CREIORIP®EEET10 g, 48
mmol, Frontier Chemical) was dissolved in 5 methanol (20 mL) and dichloromethane (100 mL) at
ambient temperature. Trimethylsilyl diazomethan'el%@zl mL, 2 M hexane solution from Aldrich) was
added over 7 minutes. The solution was stirred for 1.5 hours and quenched with 10% aqueous acetic
acid. ThERiEF RS ONGCIYE TS T Grab s ekt g et v SRl dncud ottt Re i earie
desired ggtak (e2d-wasHbnetdaliowing:repwemal of laauplatileaasud ian Bl SThe ester (2.4 g, 11
rru-nol) was 10 dissolved in an us.1,4-dioxane (100 treated with Assium acetate (2.94 g,
30 mmoBhé?{ﬂaﬂ?gf%%g[@%ﬁgf%dé%ﬁﬁﬁ%%ﬁ%&ﬁ r?é‘écerﬁg{)ﬁlfﬁifﬁg fc}ﬂ%?é?methane adduct (Strem,
409 mg, 0.50 mmol) and then vacuum purged with nitrogen. After 3 flushes, bis(pinacol) diboron
(Combi-Blegks, 2. fa:@uk®bF M) yvas zrdeshnns-the JstxmareanyiiixiB/H dasheates 2o/H0 C for 2.8
hours. 15 Step.2: The immediate A was used without pyrificatjon and treated with
(2-b|’%m33§?—ff5)}r"%@f§f§r{] ]ﬁ Ecllﬁi%t )?ﬁ%g%%%l%yb:%%g)?yﬂ/lﬂtbmael}#anone (3.23 g, 10.0 mtnol) and
potassiugtadttiaiigie (2ohgpimenpnidddiliagov@dil §,k ohwiatery. fhefixguss:téatetiooneflux WO
2009/106442RCT/EP 57 -96- for.44 hours. It led.and partitioned between 5%
aqueousa%%ét?cg:&:%‘)% a%g[é)%l?w ﬁgésr%%eflh%v %@rﬁ%\re%ﬁ%%uﬁl%}égﬁg% CgPeeé[t](tagred over
anhydroB§ sadierpsuifate TThecdiskicothe pterfodbyhiffiedomsiicsegky Chevmmeatdgtaph(-(@tant: 20 to

60% ethﬂég%?%ggp%a@eg) Qra‘gg%)sﬁé d as a white powder (1.27 g). The white powder has

spectroscopic operties tonsistent with the desired ester. It (1.27 g, 3.3 mmol) was dissolved in

tetrahydrofuran (25 mL) and methanol (1 mL) At ambient temperature, the solution was treated with
lithilitn h§aroXid§.200. nfgiNg.B Ghnmol , Hiisshnedvierc &lded of Whter) ansiretiredd f0r128hodls. A tan solid

ormed JpaRiNg g%qﬁmf%@@f%%m iR M RiMRoeROURLMRIChWAS collesifdand dried. 10

Step 3: The acid (150 mg, 0.41 mmoli) was dissolved in N,N-dimethyfformamide (5 mL) and vacuum

purged witltARysEha e bringraelad & Bamerpignmnisdzble (7odw veuaksiiely Wasdded and

the bubklingseiutian wassisrrdodgerously. idka, minytes Methviarinascaipnidiie-hydrochloride salt
(65 mg, 0.62 mmol) and diiso-propyl eéréylamlne (0.2 mL, 1.23 mmol) were added and the resulting

solution WS HEM i 2oiee gorisdrte Rdurad e Patkivitd RrediNeRl G atdd ¢ s TS htts and

then shepyplatileswerewrpavedionacky sadistilatiptantbepat resid uasvas cooier mnddsaeittoned
between water and ethyl acetate (4 X 25 mL) The combined,o%ganic extracts were st}%red, over

anhydroG¥AE8tHIH IS EAte S0 HaLNElY- RS Qe gy Wit B ARl SRy o e RISHEREEPaphy

(eluant: 20 to 100% ethyl acetate in hexanes) and the title compound was obtained as powder m.p.

191-193446MS. INki4 889N idpar26h iVt 51 Y oex3bindB s added at 0°C to a solution of 3
(morpholine-4-carbanyl)-thiophen-3-y i? -pyrrolo[2,3-111pyrazin-7- y1 )-methanong was obtained
by repla A A GLLELlon e hg UG 36 ST, SO THE TS Rt B8 was
omitted iFefdePaddimeio26R 2o £ONS iz (3B (M), THOr2Q0 6442k BERR2A09/E it 7 -97-
4-[7-( 1 -Methyl-cyclohex anec bony1)-51-1-p yrrolo [2,3- azip-2-y11-thi -2-carboxylic acid
R S T R A et e Ao R S
3-pentylamiee:whifer iveating @ Atk God ag thriiietc il btap Bbmed. 278 R715yE;s MBrenized

{Na,SOy), filtered, and evaporated. The residue was purified by SiO; chromatography

(hexanes/EtOAc 0-30% EtOAc) to give 0.045 g of 4: 2,2-dimethyl-1-{5-methyl-2-[1-(toluene-4-

sulfonyl)-1H-indol-3-y1]-5H-pyrrolo[2,3-blpyrazin-7-yl }-propan-1-one (44% yield). The

25 migration of the tosylate was accidental.

Example 35,



5439 (W15. {
245-(4-Hydroxy-4-methyl-piperidine-I-carbonyl)-thiophen-3-yll-51-1-pyrrolo[2,3-b]pyrazin-7-
yll-(1-methyrOyasiptisgyEr-inethanone was obtained by replacing methylamfe3/BE&HMEIE hydrochloride
salt with 4-hydroxy-4-methylpiperidine hydrochloride salt while heating to 70 'C 10 was omitted in step
3: m.p. 257-259 C; MS m/z 467 (WEI). Example 232 'WO 20091106442PCT/EP2009/051757 -98- Step
1 - A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b yrazin-7-y|)-2,2-dgmethyl-propan-1-opec(0.1 g, 0.354

mmol), benzoteopbene-z-t?ornic acid (0.89% g, 0.532 mmgl N
tetralcis(triphadylshsaphine)rallium(®) (0:041°g,s254.thol)/in 3 Lﬁpjﬁ,ﬁ:?z(gaﬁ]g@j 0.35 mL of
2M aqueous O3 was sijrrdd at95C o |ght“5éT6’ra\, eing coeléd to RT agd Sigvapefated. The

residue was adsorbed onto silica and purified by SiO, chr‘ém’éltog aphy (hexanestAcOE EO% EtOAc) to

give 0.015 g of 1: 1-(2-benzo[b]thiophen-2-y$-5H-pyrrolo[2,3-B A
blpyrazin-7-y1)-2,2-dimethyl-propat{-k¢n ield) stps NN
2,2-Dimethy1-1-[2-(5-phenyl-thiophen, )-5 rrolo pyrazin-7-y11-propan-i-one was
prepared following the same procedut ng 5-phenyl-2-thienyboronic acid (29% yield). 10
2,2-Dimethy1-142-0 -methyl-1H-indo1-2-y4)-5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1-one was prepared
following the same procedure but using N-methylindole-2-boronic acid (31% yield). 2,2-Dimethy1-1 - [
2-[1-(toluene-4-sulfon y1)-1H-pyrrolo[2,3-b] pyridin-3-y1]-5 H-p yrrolo [2,3- b]pyrazin-7-y1}-propan-
oo WA bt LAY o I HO b AU It 45 5.7 i of FLO Wit aaded at KT 1
tetramethylsklod Agligeaker @B&M&hﬁéﬁwgﬂ%&&-@w@%ﬂ@.§t§,rﬂngsméi¥§ﬁlﬁb (R4%0A5 yeld). In
this reaction 1 equivalent of boronic ester and 2 equivalents of K2CO3 were used. 247 -(2,2-Dimeth vyl
-propi on V204 i s B o) PSRl SereR s RS @R T e TH e PE &R RFEE prepared
following:thessaiMe Precedune Wt Heingdhal servaer orllyayald e koBOfe-ifaeies2hearanic acid as

: ; ; . Py ;
starting material. The Eé%duct was_obtained in %2/0 yield after Si02 chrom to%?t%r?}){igglgggflEtOAc

0-30% EXBACS<HAREE e T thE QMthd B Oty 1avers were washed

ndol-2-yMSitpyreiedd, 3rkd pyipaiaret yd kids2r dimetiytiveiopahe padacExanmple 2dthaMext step
2009/1064%;CT/FE§2009/051757 -99- Step 1: A mixture of

1-(2-broth BB BB 3-bpyrazin-7-y1)-2,2-dimethyl-propan-l-one (0.1 g, 0.354 mmol),
commercially available 445-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-y1)-2- pytidinyllmorpholine
(0.206 gMEFRD dnEnsnk3E2B(Rylid Add hBhF Immo vanprépriakis(riptisnydptiegphied)paliadium(0)
(0.041 g..35 micomql) i f nd 1 mL of 5 DCM was degassed by bubbling argon through
the %nqlixu}%%{l%vﬁé%nt%%%gs?i%%% %827 f%r 25 minutes under microwave irradiation before being cooled
to RT. And evaporated. The residue was adsorbed onto Si02 and purified twice by Si02
chromatSgsaghy Qhetyvé nkleifdo At 3B 5i1% 1BteAmriolowed: ige D @b MO kb -4t thde @) 10.6ive 0.073 g

f2,2-Di 1-1-[2-(6- in-4-yl-pyridin<3:y1)-5H- 1(42,3-b in-7-y11- -I-
Tk Ay Eie S S S i e s R e
methandmenwasiore paieglefoliowitg tid saeneporocddhres bimassivith (RBrompieH-gyardlofi2yely.
blpyrazinesy bl t-mestykey HaRexeiMeinaneIG AsFang material (29% yield).

15  Step 3 — Diethylaluminium chloride 1M in hexanes (1.67 ml., 1.67 mmol) was added dropwise
at 0°C to a suspension of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (0.11 g, 0.555 mmol} in 4 mL of
DCE. The resulting mixture was stirred at 0°C for 30 minutes before adding 2 (0.652 g, 4.444
mol) in 2 mL of DCE. The resulting mixture was allowed to reach RT and was then stirred at
40°C overnight before being cooled to RT and quenched by addition of saturated NaHCOs. The

20  bi-phasic mixture was evaporated until removal of DCE and the remaining aqueous layer was
back extracted twice with EtQOAc. The combined organic lavers were dried (MgSQy), filtered and
evaporated. The residue was purified by Si0, chromatography (hexanes/EtOAc (-20% EtOAc)
to give 0.04 g of 3 (23% yield).



15 Step 1 - A slurry of commercially available N-BOC-pyn-ole-2-boronic acid (5 g, 23.69 mmol),
tetrakis(triphenylphosphine)palladium(0) (1.37 g. 1.186 mmol) and Na2CO3 (7.5 g, 70.76 mmol) in 200
mL of DMEwipfliaeakzand 50 mL H20 was degassed with argon for an hootHa@eloervsene (6 mL,
53.62 mmol) was then added and the resulting mixture was stirred at 90C for 2 hours before being
cooled to Rl and evaporated. The residue was pa‘rltﬁ?oned between 20 .DCM and H20. The aqueous
layer was back extracted once with DCM. Combined grganic Iaxéers were dried over Na,SO4, filtered

and evaptited ATREFESAGS (VA% Su At By Biod BB Grapry tHaRSHRL/DCM 25% DCM) to give
4.8 g of {(83%ieidhroR200MASAAARC BIERLNAHOFLFSY £ 109254en2), Addiphasic mixture of
1(4.7 g, 19.32 mrnol) in 20 mL of ethylene glycol ywas stir 80C for 30 minutes befgre being
cooled tG'EF PSRy IR gsﬁﬂﬁeW&%gfﬁﬁﬂé%%aﬂﬁ@@F&@ﬂfé W?E‘F‘P%ﬁ‘é‘,l g]%ﬂtﬁﬁse]dﬁ &Mfacuum to
give 2.6 0102 Odariel)KStep 8)-5Na:600oveis depaiaadib piEh8rg 2Qonmedhwedaddedportionwise
at0Ctoa olugo.n S5af2 %.65}118.1‘[61 Iéi 100. mL of DMF .Vy.hen hxdro??e te\{ﬁlug%n had

ceas d,?ﬁ?%ep SBXﬂs%Wf% i e?ﬂrrzﬁL, 868 mmo C\g\?éwsa‘é%gé%iﬁr%lw%e Shd e rés ing mixture
was allowpdvtderas ol iRifobefereh2ingustiiedsatf40C Cvemidght hedoreabming ConlégstovRE, quenched
by addition,of saturated NH4C1, and partitione n.H20 and Et20.. T I was back
exracte L e B e B e
evaporatedr Shiogarkipucptdadsidib WaspatifiednbySiox shevapatotph g (hedanegtDCM 7% DCM)

to give 4.9 of:3 (7480 Vgl iR fecthAo Prd GG 3a: gabarlane (0L Sl rRQ2 mmol)

was added at RT under argon to a mixture of (1,5cycloCtadiene)(methoxy)iridium(l) dimer (0.033 g, 50

pawl§ anthg gomibiese siggniolaedipyinifilio1Bguspaslics ofist (ML fBterdands. The resulting
15 red sglutigpwasistinedat R ot i8minHtes baigre Adding 8 (BG\M02 nmoliin By/ianL of

hexanes. Generation of h dro%en was observed. The reaction mixture was stirred at RT overnight

before b&itgdifteretithfolighaiod-crreniiiade Wad Sepyrd e urkel the AR Ras hurked by Sio2

chromatggfﬁ@m’@qg giﬁt@%q]%%aﬁg%@ 16.9i%ad).085 g of 4 (20% yield). 20 Step 5 - A mixture of
1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-l-one (0.05 g, 0.177 mmol), 4(0.087 g,
r

0.204 mmol), tetrakis héghenylphosphinegpalladium(O) (0,02 g, 18 pmol) in 1.5 m|. of dgégassed
1,4-diox&H® aro ¥ %‘PEWF‘R@@C?SIG) 83 B of) WELLHRE AddEd 8 v gt B AL £y cooled

to ﬂ'lﬁda?ﬁk&#aglllaﬁ%fo?@)f{%l%ﬁ%#fz%?ﬁ)ﬁ%fﬁi@@@&é@lﬂ}%ﬁ@mﬁlé&@m B gp?]d@lqnsiwsimcfrpsh
tetralds(triphenylphasphine)palladium(0) and K2CO3 but stirring at 95C over the ekend. The
reaction TixRiFe R o dida 5 B RSV B A TS HY Peggﬂgsﬁgglﬂﬁ?ﬁ\{%ﬁ%ﬁl %@?*@%ﬁography
(toluer_le/(El:m-\ﬁ;D,-3(B%E;ﬁaM)).. Iﬂiwéaadtiﬁ m_ﬁimméakrﬁmgukmeﬁrmda@tmmowaﬁg}ﬁateﬁoﬁ Ibeings?d ue was
ta;f(;‘ (;rr‘ité’a'éﬂ}eﬁ%'%drg héEc&%Hrtg Pﬁo?g%%%vo;’@ggg%%ﬁgﬁr%@% NSoleRleMEsIR was Jliered insgd vith MeOH
2,2-dimetlypts vd2- (Bagtvdnyith T Qydiot: B3 FGH- ijtmotb [208-blpywerta 7Fi¢ tespropamsipanie 1 5%
yield), WO 2009/106442PCT/EP2 7ol-1Q1- - ot - Q-2 |\ stirred

solu %Jo nV%¥ (%%?‘rﬁ%r%% f)(? %\%ﬂﬁ) & X5% %%(B)%D&I)I‘fgc oPe]I(%J% %%&%%lz% ? Ftse%t%a%ﬁag{r%%g r%%ﬁs(ti
hydrogefsenéste! ¢ 0 g, shexymmhyin- 15epmtobilibRubiperan0C-Whs! 5t desovperivbous NaOH (100
mL) andrgégg%ﬁ%%?%gg% ‘ilemloride (10.6 g, 55.6 mmol). The resulting mixture was stirred at OC to RT
over the weekend beforée being partitioned between toluene and H20. The organic layer was washed

with saturated aqueous ammonium chloride, dried over Na2S04, filtered, and evaporated to give 10 g
of 1 (94%-Biesigio-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-(1-methyl-

cyclohexyl)-methanone was prepared following the same procedure but using (2-bromo-5H-

25  pyrrolof2,3-blpyrazin-7-yl)-(1-methyl-cyclohexyl}-methanone as starting material (90% yield).

2-Bromo-7-(2-tert-butyl-[1,3]dioxolan-2-y1)-5-{2-trimethylsilanyl-ethoxymethyl}-3H-
pyrrolof2.3-blpyrazine was prepared quantitatively following the same procedure but using 2-

bromo-7-(2-tert-butyl-[1,3]dioxolan-2-y1)-5H-pyrrolo[2,3-b]pyrazine as starting material,

Example 36.



6-Fluoro-1-(toluene-4-sulfony1)-1H-indole was prepared following the same procedure but using 10
6-fluoroindole as starting material (98% yield) Step 2 - Copper(ll) bromide (9.3 g, 41.64 mmol) was
added at RWipzassghdion of 1 (4 g, 13.83 mmol) in 100 mL of acetonitrile PCHéreagtieh 1sixture was
stirred at RI for 24 hours before being quenched by addition of 200 mL of 7M methanolic ammonia,
and extracted with EtOAc. The organic layer was d over Na2S04, filtered and evaporated to give
4.8 g of 2 (94% vyield) 15 3-Bromo-6-fluoro-1-(to|uene-4-su1|Ifonyl%—lH-indOle was prepared following
the same procedure but using 6-fluoro-1-(toluene-4-su|fon%/ -1H-indole as starting material (98%
yield). 3-Bromo-5-methoxy-1-(to|uene-4ulfonyl)-lH-ingg%ared following the same
procedure using 5-methoxy-1-(tolyene-2ssutony1)-1H-indgie % yield). WO
2009/106442PCT/EP2009/051757=102- om&yﬁ-jnethne-4-su|fony1)-1H-indo|e was

prepared following the same proc e using 6-methoxy-1-(tojiefe-4-sulfonyl)-1H-indole (68% yield).
3-Bromo-6-methyl-1-(toluene-4-sulforiyl)-1H-indole was prepanet téllowing the same procedure using
5-methyl-1-(toluene-4-sulfonyl)-1H-indole from (86% yie tep 3- t-Butyllithium 1.7M in pentane

(6.5 mL, 11.05 rnmol) was added at -78C to a solution of 025.431 mmol) in 40 mL of THE. The
resulting mixture was stirred at -78C for 15 minutes before adding
2-isopropoxy-4,4,5,5-tetramethyldioxaborolane (2.2 mL, 10.78 mmol). The reaction mixture was then
stirred at#8C famiitronr dfeibiednerrtHgpencleéd Wit satunaled a(ueetiyargmarup)chloride, warmed
to RT, and partitio between DCM and H20. The 10 aguepus layer. ac acted once with
DCM. COmbined %?g’grﬁé ayerr%mvf/) re 3ﬁggy§§é$0ﬁ%%r§§2’%il ere gﬁ%%@é})qofgété%gr eO?ésidue was
purified BxQis childngatorapimqhexahdsIBt0Ac 0-15% EtOAC) to give 1.5 g of 3 (67% yield)
6-Fluprog3, vameyAidS . 2sianaharplanZarr elensdiaulionyd ks L-indole was
prep?re%%oslc?& %ll%ng?%% @frﬁlgjprocedur])e but usin% 3-brc¥r¥1(o}6-fluoro-1- tqu&er'le-4-’)”zs’ulfén)c/i%-fYI—y|15 indole

as starting natept A haprosref vastioseecrod iR testisgepsrtirim Isrdyaenbs-pabbang argon
-tetramethylsE13, 2 digxabarolanimiye rindele whcamenicagiddertDutvh esteb asRIRPRie T

following the same procedure using 3 brorno-5-cyano-indole-I-carboxylic acid tert-butyl ester. The
product Wad sERmEEHF e pitaan b RIDALRAougvrstds PytiHetiuyLOx g s astiaiethyl- [1,3
2] diox aperoian=omli«l (lelyanes4istifony d bl i-indals 0 wasaranared-fallemdng tagisame

procedure using 3-bromo-5-rnethoxy-1-(toluene-4-sulfony1)- 1H-indole, It was used was used crude
withklt FUFRSk o HRHEA B a3 b3 -y lohexy-mehinone (264 yeld)
5-Methyl-3-(4,4,5,5-tetramethy141,3,21dioxaborolan-2-y1)-1-(toluene-4-sulfonyl)-1H-indole was
prepared folguwing dhe SRR AMRCERie 11SIRDi3darasnay Fmetydiol (P RigpeAnsul{omnkinkitngdole. It

was used was used crude without purification in the next reactiop, 2

6-MethoX-3P{APFS S YIS, DIUHRHB SHEI AR YT ¥§%d§n%§45:§aif6wﬂ3¥h4-indo|e was
prepared fal|owingatheianteyProtethididelsing 3t onaeGenBi X ynitdiok) enerdrstibionyd ktittdindole. It
\évg ggljjs_ Sgﬁ\%g%gsff%%%%%%‘%g a%%fé%%t%g iql%huei ng)&é & gghqgnO.gAe/c(;?zivalents of boronic ester,
6-Megthy 1-85(dgdi babete trhfrsthyddly3 2)d D xghiordtas 2K dbe nesultsig fomst) 4 Man cdiedvrs
prepared eNIRG.NG SAME, rossd B alde RN R melit dalehienesdiopfionydislipdole. 1
was used'was used crude without purification in the néext feaction. Step 4- A mixture o
1-(2-bromaifitatiquybrofof2; Shbjpyatuzinpiy (IROM/Mafeth§t3roldeiibne 5 (0.1 g, 0.354 mmol), 3 (0.16
g, 0.435 mol), K2CO3 (0.15 g, 1.085 mmol), and

[1Xbis(di h%p%{iglggsphine)ferrocene]dichloridepalladium(II) DCM complex (0.03 g, 36.74 pmol) in 3.5
mL of a 471 mixture of 1,4-dioxane and H20 was degassed for 10 minutes by bubbling argon though
the mixture. The resulting mixture was stirred under microwave irradiation at 120C for 15 minutes
before being cooled to RT. The/i,4-dioxane layer was fiitered through a shertjpad of 10 silica, the
silica was rinsed witﬁﬁm filtrate Was€vaporated. The residye n into DCM, the
insoluble was filtered antlgld fAsed with D§M1and Nto give %%pz; g of=&{84% Yield) 1-[2-(
1-Benzenesulfon yl- 1H- -3- y1)-5H=pyrrolo [R.3¢b]pyrazin-r=yH -2, 2dimethyl-propan-1- one was
prepared following a similar j e but using 1-b ulfonyl1-1H-in

N

; J B



15 boronic acid as starting material. In this reaction tetralds(triphenylphosphine)palladium(0) was used
as catalyst and the reaction tnixture was stirred at 150C for 30 minutes under microwave irradiation.
The productwyasmltanad in 68% yield after purification by Si02 chromatagrapiryofeesarses/EtOAC
0-40% EtOAC). 1-1245-Fluoro-1-(toluene-4-sulfonyl)-1H-indol-3-y11-5H-pyrrolo[2,3-b]pyrazin-7-y1)
-2,2- 20 dimethyl-propan-l-one was prepared foll g the same procedure but using 6-fluoro-3-
(4,4,5,5-tetramethy141,3,21clioxaborolan-2-y1)-Htoluene-4-sulfonye-1H-indole as starting material
(19% ov@%’sﬁe}ﬁ)ﬁmm of 2,2-dimethyl-1-[5-(2-trimethylsilanyl-ethoxymethyl)-2-(1-vinyl-1H-indol-
5-Cyanos3dY4R.3wWimethyl-prerionyd-SH-pysaiol 2e3nipyrezin 23y} Inndolenkiaatkoxpligsacid tert-butyl
ester was prepared following the same procedure using

5-cyano B:04, 4 BN aSh ERILEEE SAHGRASHANATEFIR A6l s Rud hertistFester.
1-1245-Mgihopitetetoiueradnsulionywhpdtradelsd-y DlrSHsmyr10l0d2: 3-blgyrazin-7-y11-2,2-
dimethyl-propan-1-one was prepared following the same procedure using 5-methoxy-3-(4,4,5,5-
tetramethy141,3,21dioxaborolan-2-y1)-1-(toluene-4-sulf y&@ H-indgle. The product was isolated in
75%§,ie|a¥%r%@@ﬁ%&@b%ﬁ#&% S ASRY R e A o AT O

2009/1064AAPThE 260 8/05dtdke /v dOdtir @ dDRITeshydnikht before being evaporated and

{245-methy1-1-(toluene-4-sulfony1)-1H-indol-3-y1]-5H-pyrrolo[2,3- in-7- y1}-propan:1-one was
oreparod RIS 68 BIOLSHar IRy et e 07 . DL s R i
tetramethy1$3732hdlpxabarbled-Phy Ipdot{tol nenext-sufonyt) dHRN dotd Hdwesprdducbeuas isolated in
29% yield over eps. by Si02 chromato hy {toluene/EtQA¢ (0-50%.Et0AG), 5 15

16 et TR e R L TSR X U eI S e oo
diinéthyl-preganiddhediabopr dpareadfolibeingth8iGanTs! procédlpy Sdingleamethospls:(4,4,5,5-
tetrametiybid:g.Atiebarpiaret). ilokiens:sullendy dhanddle. Thegaducua solated in

45% vyield over two steps by Si02 chromatography (toluen OAc (0-50% EtOAC).
2,2-Diméghifiel wip f8cendtiglamiisinehanesii e {1 Fis Heys wrshiteredrandfigdspsiezin-7- 10
y1)-prop S[RIER Ij iNg67MAthYL35 3 onan-
Aot S L e W A R A S
32% yiellr a8 ¥@Ps by Si02 chromatography (toluene/EtOAc (0-50% EtOAC).
1-(2-Imidazo[1,2-a]pyridin-3-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-l-one was
preggreclﬁkugﬁ&gct@@_same procedure using the commercially available 3-(4,4,5,5-tetramethyl- 15
[1,3,21clioxaborolan-2-y1)-imidazo[1,2-Thyridine. The product was isolated in 10% yield by Si02
chromatography (DCM/MeOH (0-5% MeOH). Step 5 - A suspension of 4 (0.12 g, 0.245 mmol) and

NaOH (0.078g. 1.957 mmol) irﬁ%ﬂ/l mixture of 1,4-dioxane, H20, and MeOH was stirred at
to
e

70C for 3 hours before being tol and evaporated. The f2sidue was taken into H20, the
insoluble was filtered, the 20 r s rinsed with H2GNant-dri nder vacuum. The residue was
purified by Si02 chromatograp M/Me 9.5éQe.p5) to .035 g of 5:
14245-fluoro-1H-indo1-3-y1)-5Hpy £1)]pyrazina7-y{-2/2-dimethylpropan-I-one (43% yield)
1-[2-(1H-Indo1-3-y1)-51-1-pyrrolo[Z,3- azin-7-y11-2,2-dimgthylspropan-1-one was prepared
following a similar procedure but usiiig 112-(1-benzenesulfonyd-1¥d-ipto1-3-y1)-5H-p yrrolo[2,3- 25
b]pyrazin-7-yl]-2,2-dimethyl-propag=gne as starting material. I this reaction, the reaction mixture
was stirred at 50C for 4 hours. The product was obtained in 47% yield after purification by Si0O2 .
chromatography (DCM/MeOH 9.5/0.5).
142-(5-Fluoro-1H-indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-I-one was prepared
following a L USIAG - 21 |5t - A1

2005/ 100 PO P SOOBI DG 1o3 igat o2 HREF SRS S S Lo acin 2.1
indo1-3-ydelsH -pyrberefBeneihira A et A O 0digdtiy R proprihin d R enksoS eiten mlteithM(EM % vield).
112-(5-Mgthqxyr 1bbidRl-gr whispkkRyEnalal 2 OIRVISRT Trid IndxflimeipirpioRan eane:was

prepared following the same procedure using 1-{ 245-Methoxy-1-(toluene-4-sulfony1)-1H-indol5
3-y RIS HESOMGIBES, Slfoy e urS e 12y oL difs Py (BRSIAd 1¥He 8ok eyt Combiried organic

layers were dried over Nap; SO, filtered and evaporated. The residue was taken into a minimal

amount of acetone. The insojuble was filtered, rinsed with a minimal amount of MeOH and dried
to give 0.035 g of 1: 3-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl}-1H-indole-5-
carbonttrile (65% yield)



2,2-Dimethy1-1-12-(5-methy1-1H-indo1-3-y1)-5H-pyn-olo[2,3-b]pyrazin-7-ylkpropan-1-one was
prepared following the same procedure using 2,2-dimethy1-1-1245-methy1-1-(toluene-4-
sulfonyl)-T#lereded:Bxal} 5H-pyrrolo[2,3-b]pyrazin-7-y1}-propan-1-one (68%1/#e)9/031727 (6-Metho
xy-1H- indo1-3-y1)-5H-p yrrolo[2,3-b]pyrazin-?-yll—Z 2-dimethyl-propan-1-one was 10 prepared
following the same procedure using 1- 25-
(246-methoxy-1-(toluene-4-sulfony1)-1H-indol3-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propa
n-l-one @>YhEieRY).
2,2-Dimethy1-1-[2-(6-methyl-1H-indo1-3-y1)?5H-pyrrolo[2,3-blpygazin-7-y11-propan-1-one was
prepared following the same procedurgUs -dimeth y< -methy1-1-(toluene-4-
sulfony1)-1H-indol-3-y1]-51-1-pyrrolo[ lpyrazin-7-y1} - an-/I>-one (56% yield). 15 [2-(1
H-Indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazith7-y11-(1-nsethyl-cYgloptxyl)-methanone was prepared

following the same procedure by uiin% @
= L DVIL

[2-(1-benzenesulfonyl-1H-indo1-

Io[2,3-b]pyraz|i4n-?- 1]-(1-methyl-cyclohexyl)-methanone
as starting material. The product was obtai 70% after Si0 omatography (DCM/[DCM/MeOH
9.5/1] 10/0 to 0/10). 112-(1H-Indo1-3-y1)-5-methyl-5H-pyrrolo[2,3*]pyrazin-7-yll -2,2-dimeth yl-prop
an-1 - one was 20 prepared following the same procedure but using

2,2-dime§%]11?6§§|’l}§fpg z%}kg@&i 0er mmol) was added at RT to a solution of 2-[7-(2,2-

sulfony1)-11-1-in -yl -5H-pyrro|30 2,3-b)pyrazin-7-y1}-propan-l-one from as starting material. The
product iz tiyisprerdanyd skl yiatdoddte  Spbinficirion Bl Sidelenrembeagepiid(wekBres BAC 30%
Et0Ag). %@?rPg]ﬁ%%ﬂrﬁgn(Mme%éﬁ]%&%ﬁf&)mwm[&ﬁe@Qe/fam-zvxuﬁmgpan-l-one
25 was prepared following the same procedure but using 2,2-d|methyl-l-lZié;goluene-ff-sulfonyl)-
1H-pyrrateforsheimgrisiplsalya REaad syaetered- Biisyraruesp )\ rapliie conainak eparyt ffaterial. The
product wag oRtaineshit.48%0 @llesBuHication y-Si0acbiomateg@piy tAdeahte- 1896MesH). WO
2009/106442PCT/EP2009/051757 -106-

2,2-Dimeiitg .94 4 Philpyridiot 3 dndpyriaih-3E Ry BRI BB 8By a7 RPPSERIPA ke was
preparegfel(@wing;tn® same procedure but using 2,2-dimethy1-1-1241-(toluene-4- su
Ifonyl)-1H-pyrrolo [2,3-1) ] pyridin-3-y11-5H-pyrrolo [2,3-b]pyrazin-7-y11-propan-l-one (64% yield). 5
2,2-Dimethy1-142-(1H-pyrrolo[3,2-c]pyridin-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1-one was

- prepadre the same procedure using

2,2-dimethy1-1-1241-(toluene-4-sulfonyl)- yrrolo[3,2-c]pyrijin-_|3>yL1]-5H-pyrroIo[2,3-b]pyrazin-?-yll

-propan-l-one (17% vyield). Examp, 10 Step'l - 3- o-1H-pyrrolo[2,3-c]pridine (0.5 g, 2.538
mmol) in 5 mL of DMF was adde a suspension %0% dispersion in oil in 5 mL of DMF.
The resulting mixture was stirred atiRT for 30 minutes befare being cooled to OC and then p-TsC1
(0.508 g, 2.664 mmol) was added. The reaction mixture was stirred at RT overnight before being
guenched by addition of H20 and extracted three times with EtOAc. The combined organic layers were
dried 15 $Mg$ONfilmraciapdreivanarsilad. 3T6e redifkiennal pukifiedadySio2 chacniatograiphy

(hexanes/EtOAc 0-25% EtQAc) to give 0.5 f 1(60% yield).. 3-Bromo-1-(t e-4-sulfon
etk R b S e i el M e
commergigtyavaiabler3donodAa-fdd A0y mistak, Belbdps nidiiie: (I Y igld 26 MNiéPaativaill), The
3-bromo-1-(toluene-4-sulfonyl)-1H-pyrrolo[3,2-¢]pyridin repate relj the procedure
B S S S A S e S R bR

rom prepared from
1H-pyrrodaid ¢ apyeridind Hs{flg The protmtitrevde Stiitst i Syritath 20072, drierl po givey 83 g
2009/106442 P2 1,7 -1 Le :84A mixture of 1(0.25 g, 0.712 mmol),

i (inac e TReron 1000 a0 0 g o (PP
[1,1'-bis(diphenylphosphinelferrocene]dichlolidepalladium(ll) DCM complex (0.058 g, 71 gmol), and
KOAc (032Mgth211BS ohwend)4redlfonybf HEdiniolkaries weep sttt dal ingtoy eamy Atdsefsre Piding cooled to
RT and furs%‘ég%@9&.%91&%'5&1357@3%1@65Q@;W&ﬁﬁ-‘@ﬂ%@&?@'a@s@i}‘&%-Jﬂ&i@if?éiﬂ%-&@ﬁdﬂﬁﬁg crude in
the next step. 3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-y1)-1-{toluene-4-sulfony1)-1H-pyrrolo[2,3-
blpy?Rin@radies pres atainsidwiMyarie khafierrodbeniiendsing @ shoonsLe grerhgfkeaaseiEHY 47 O
1H-pyrrojg[Zy3;Rirydidine.

6-Methoxy-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same procedure but

using the commercially available 6-methoxy-1H-indole as starting material (85% yield).



3- (4,4,5,5-tetrameth y11 1,3,2] dioxaborolan-2-y1)-1 - (toluene-4-sulfony1)-1H-p yrrolo [3,2- 10
c]pyridine was prepared following the same procedure using 3-bromo-1-(toluene-4-sulfonyl)-
11-1-pyrrolef8,2eeipysiine. Method b: tert-Butyllithium 1.7 M in pentane (@(7TBEPI00LBTEMmMol) was
added at -78C to a solution of 3-bromo-I-methyl-1H-pyrrolo[2,3-b]pyridine (0.18 a, 0.853 mmol). The
resulting mixture was stirred at -78C for 20 minutd<¥efore adding 2-isopropoxy-4,4,5,5-tetramethyl- 15
1,3,2-dioxaborolane (0.26 mL, 1.278 mmol). The reaction mixture was stirred at -78C for 3 hours
before beiNgGabhckiens ddution br s iRkt sRiGass SUMaERSPEMEATT EHoRte and
extracteq swic it Fa4en ¥ hesembinecarganiciiryersweiaiddesh(dgb Odhifikeiethnand
evaporated. The residue was used crude jn the next reaction. . Methy1-3-(4,4,5,5-tetramethyl-[1,3,2]
CloxaroREE 15 DR h TS 1 g R A BHO T ARE IS BB biBEare bur
using 3-bromo-I-methy1-1H-pyrrolo[2,3-b]pyridine as starting material.
Methyl-Fdufificttetramethy141,3,21dioxazolidin-2-y1)-11-1-indole was prepared following the same
procedure but using 3-bromo-I-mgthyl-1H-indole as starting material. Step 3 - Method a: A mixture of
1-(2-bromo-5H-pyrroIo[2,3-b]pyraz§7§f§;§;2-dirgt%hyl- 25 pro one (0.25 g, 0.367 mmol), 2
(theoretically 0.712 mmol), [1,1'"- big(diBhepylphosphire)ferrgcene]clithloridepalladium(11) DCM
complex (0.030 g, 37 pmol) and O. L 8f 2M aqueous K2 N47 mmol) in 4 mL of 1,4-dioxane
was gegassed by bubbling argon thr%ugh the mixture for 10 minutes. The reaction mixture was stirred
at 90C overnight before being cooled to RT and diluted with EtOAc. The organic layer was washed with
a WO 2Q09/106442PCT/EP2009/051757 -108- saturated gqueou lution af Na 3 H20.
After bacE A SHThE AR T e B e o C e g
(MgSO4mifilieradd aridod\2ddt stedhdbed re8idue wasprnsfeddd ek 2 rdnpatogrephy (OCKgacetone

0-50% a e) to,give 0.03 : . . ) .

> ot s oA S BT esuiing mieye was soned o RT, 7,30 minyics befoge
b]pyrazifeingkdgedpahiComel @Rt yietmethane (0.67 mL, 10,759 mmol). The reaction mixture was
2,2-Rimethvd A2l Aelyenesd: sHfonyld vk PYalol2 S0 Rysidin: 3t e iRy BQlaled hree

blpyrazin-7-y1}-propan-1-one was prepared uSing the same procedure %rom_344,4,5,5-

tetrametHyEs WEIDRiOLah el aprTieyl prawlircazcrs siare mpelad st Rsia ez Glefgdiantda4% yield). In
this reacﬂﬁ&é@}@ﬁ%@Ew{éﬁ'.ph%@&iﬁﬁ%&@é@ﬁlﬁ@é@h‘ﬁ’@%&@ﬁdﬂﬁ%@%&f}[Jéh%ka%@s/EtOAc 0-
bis(diphenylphosphine terrocene]dichIoridepalladium(L%]gCM complex. 2,2-Dimethy1-1-{
211-(to|M@%@&b%&ﬂ-ﬁ?ﬁé@féﬁ?@Wfi&?ﬁf’é}-‘)‘/ﬂ- YM-@H@@H%@%‘-@W]—%W%-I-one
was prepared the following the same procedure from 3-(4,4,5,5-
tetrametﬁx;ﬂqﬁg,@i(_lioxaborolan-2-y1)-1-(to|uene-4-sulfony1)-1H-pyrrolo[3,2-c]pyridine (67% vyield). In
this reaction tetrakis(triphenylphosphine)palladium(0) was used instead of [1,1'- 15
bis(diphenylphosphine)ferrocene]dichloridepalladium(11) DCM complex.
2,2-Dirnethy1-112-(1-methyd £ H-pyrrolo[2,3-b]pyridin-3-y1)-51-1-pyrrolo[2,3-b]pyrazin-7-y1]-
propan-l-one was prepared fblldwing the same procedure using 0
1-methy1-3-(4,4,5,5-tetramethyl[113,2]ldiokazolidin-2-y1)-1H-pyrrolefd 3-B]pyridine. In this reaction, the
mixture was heated at 150C for an higut un8ler microwave irradiatiof... 0 Fxample 28. Step 1 - A
mixture of benzaldehyde (2.6 mL, 2

5 nu-nol), 2-hydroxymethy-1,3-propanediol (2.97 g, 27.986
mmol) and p-TsOH.H20 (0.484 a, 2.544 fmol) in 500 mL of toluene was stirred at reflux with a Dean
Stark for 2 hours before being cooled to RT and evaporated. The residyg 5 was purified by Si02
chrolr%atography (hexanes/EtOAc 0-40% EtOAc) to give 2.09 g of 1 as a mixture of cis and trans
isomers (42% vyield). Step 2- MsC1 (1 mL, 12 912 rnmol) was added at OC to a solution of 1(2.09 g,
10.76 mmol) in 100 mL of pyridine. The resulting mixture was allowed to reach RT overnight. More

MsC1 (0 was >d and.the reaction mixiuye ireedh2 hours at RT before being
partitionezgl2 g%iﬁg{ elgj‘ejfrji§a%hjf%?eidtg IQ’L%:% }gﬁ%%%gh%ﬁﬁia%%i%ﬁﬁg %wggback extracted with DCM.

The combined organic layers were washed with brine, dried (Na2504), filtered, and evaporated to give

2.74 g of 2 @diéryield}. vidlerprodidgetwes isethinitie- raxe Sgpiwiteuh pryificdybniiStep 3- NaH 60%
dispersion,in. ol {0, 284, mmpl). C t0 Lt £ ercially available
3-bromonﬁf)&/té&g{%%%%ﬁim%}g@%ggﬁﬁaﬁog%g%ﬁ r?ﬁ%‘%%(}r%%gﬂ/m he resulting mixture was
stirrdd atOCdibeRydinsass thatoder alduingnei)o 80Ul gra (049 indl) patbraybatige WA eatPRT and
then stirred 36,06 QyqiRightnLRe.IeacliomBIXiviewRs sepiefliioRT-Ahrariiansehetuggn ice-cold

saturated NH4C1 and Et20. The aqueous layer was extracted with Et20. The combined ogrganic layers
were wasShBEhfierLONgKe dhaTEo29 Ffaded 2anhd-dvlporiaanans tuarirO AL Uity by 5i02
chromatography (hexanes/EtOAc 0- 20 15% EtOAc) to give 0.41 g of 3 (72% yield).



WO 2009/106442PCT/EP2009/051757 -110- Step 4- tert-Butyllithium 1.7 M in pentane (0.97 mL,
1.648 mmol) was added at -78C to a solution of 3(0.41 g, 1.098 mmol). The resulting mixture was
stirred at -7@© foe2daninutes before adding 2-isopropoxy-4,4,5,5-tetramethyiER8¢24divxaborolane
(0.34 mL, 1.648 mmol). The reaction mixture was stirred at -78C for 2 hours before being quenched by
addition of 5 saturated aqueous NH4C1 and extrattdd with EtOAc. The combined organic layers were
dried (MgSO4), filtered, and evaporated. The residue was used crude in the next reaction. Step 5 - A
mixture B?M)(E’%r%ﬁﬁ?fi%-%W&%[E@B}ﬁ&/}‘ﬁiﬁl%%)%ﬁ]—%ﬁ@fh?‘?—%r@ﬁ&g-ﬁ%ﬁeﬂ(@?f@ §OB539 nunol),

4 (theoregiieally ThO9RIMMabordaistdinhe Miphosphinedenieaas eldickatdanalasivimihPCM complex
(0.043 g, 53 pmal), and 10 K2CO3 (0

229,15 mol) in 4 rriL, of 1.4-dioxane.an L of 1-120
was degHESay 5 BIBIE AP 6ﬁ%ﬁé°h$§§rél elg@a%;&ghé%léﬁ’(ﬁ}?maih& irred at 130C
under miskaveave fradiatiandaioc8dnittiter bejaréubeing B gieg toaRd tangdrpautitinnedhbiveden 1-120

and EtOAc. The aqueous layer extracted yith EtOAC.. T, co.m%i) % anic layers were dried
(NaZSOR TIEFATANE B oAtat T Teuct WAL Qe by SUr A ety T
(toluene/EtA6.0138%nE (0AC) to1 §ivd/18.0387gofb I8 R2BTi€ld). Step 6- A suspension of 5 (0.055 g,
0.11 mmol) in 1 mL of 80% AcOH was stirred at 70C for 2.5 hours before being cooled to RT and

partitiongd between tOAc.. The aqu layer was.extracted with.EtOAc, The combined
organic L eve Bied (NEOSE ERCrN Lt B Lo e e A S
chromatognapimsDa@Milde 00494 MgbR§46280 Give 0.036 g of 6:

1-1241-(3-hydroxy-2-hydroxymethyl-propy1)-1H-pyrrolo[2,3-b]pyridin-3-y1]-
5H-pyn-o|o[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-|-on%(22% yield) Example 29. WO

2009/106442PCT/EP2§09/051757 Step 1 - Meghane ulfdinyl chloride (4 mL, 51H.N ol)was added
at 0C to a misktiraOR2< prény1-1,3kdfpxan-5-ol ai'@‘ 1710 ohdRr20rnrL of pyyidie. The resulting
mixture was stirr 0C'to RT-evernight-before bemngpoured-rte-206-miref ice 1-120. The

precipitate that f U was filterea andcathoroughly rhas/éd with ice HZ@ before be\}ﬁgdried to obtain 2.6
g of 1 5 (91% vyield) Step 2 - A mixtureief N @
1-[2-(1H-indol-3-y1)-5-(2-trimethml@j@M@thoxymethyfk.SH-pyrrolo[2,3- NN
b]pyrazin-7-yfl-2,2-dimethyl-propan-l-one (0.2 g, 0.446 mmol), 1(0.23 g, 0.892 mmol), and cesium

- carbonate (0.29 g, 8.892 rnmol) in 4 mL of acetonitrile Was stirred at 80C overnight. TLC
(hexanes/EtOAc 7/3) showed little conversion, so NaH 60% dispersion in oil (0.067 g, 10 1.672 nunol)
was,add [ fter hydrogen evolution had stopped the reaction mixture was stirred at 130C
uncil-:g mﬁgﬁa%?ﬁggaﬁon for two hours before being cooled to RT. The reaction mixture was

partitioned between EtOAc and saturated aqueous ammonium chloride, the aqueous layer was back
extractedhtwiceuvpitf BtOAZ)COHbmewbrdaivazelyd fOnRe dfreaioeby N2s0Un frdratrtErd. Vaporated.

The resique %@%c’é@@ﬁ@?ﬁf%%%fﬁﬁﬂ&%@‘ﬁﬁ%ﬁ@%@1%/“32,%?4%) angdhegra

W ,%ﬂg&
second tlme]L to u)Zne acetone 0-10% acetone) to give 0.028 g of 2 (10% yield)
2,2-Dimd§Q w4 flysheshwify Argon for 5 minutes, then heated at 100 degree Celsius for 18 hrs. The

[1,3]dioxgssReyimetd ) ibsindaba=y Hebue rimathailanylathoxymethyl-akl- pyeeiole Bablieyrazin-7-A-
propan-l-one was preparegfollqwing a similar procedure but using methanesulfonic acid 2-phenyl-[1,3]
20 didxaf sk tspaSar R Rhate Far RS YRS iR YREPeABRSHINGH Eb¥stigpEion in oil
was usedanddheresehionmbduievasheatednatradel-auensighiehhgeprodectwasdeliained after
purification by Sia, chromato raphgl (hexanes/EtOAc 0-25% EtOAc). 2,2-Dimethy1-1 -[2- [1-(2- meth

ylsulfanyPXPshB13s 3 481 S g BB i Ethy |

silanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-propan- 1-one was prepared following the same

25 procepiieRubHSiNg- 2-chinre.snatRylsuifideras Saring matenal (22 Yadyieid)y ipidisraasiion NaH

60% dispersion in oil was used, 1.5 equivalents of Kl was added, and the reaction mixture was heated
at 50C overnight. The product was obtaine%,aﬁ%gpu ification by Si02 chromatograph nes/EtOAc
0-30% £GP e SUGOH BSOS GER ) o sdded & 1VIsar ottt of THRE
20 THF (1.75 ml) and the resulting rxn. Mixture was heated at 70 degree Celsius under reflux for 8
hrs. The cooled mixture was partitioned between water and ethyl acetate, the organic layer was
washed with brine, dried over sodium sulphate, and concentrated in vacuo. The residual oil was

loaded on silicagel column and eluted with 3% methanol-dichloromethane to afford the desired



-112- being evaporated and coevaporated twice with toluene. The crude residue was taken into 0 5 mL
of EtOH and sodium acetate (0.04 g, 0.488 mmol) was added. The resulting dark yellow mixture was
stirred at Riwiorddriausngbefore being evaporated. The residue was purifiaetiyyitash dhiesresidue was
purified by Si02 chromatography (DCW[DCM/MeOH 5% MeOH] 10/0 to 0/10) 5 and then by preparative
TLC (DCM/MeOH 10% MeOH) to give 0.004 g of 3138{ 24142- hydrox y-I-h ydroxymethyl-eth y1)-1H-
indo1-3- y11-5H-pyn-olo[2,3-b]pyrazin-7-y1}-2,2-dimethylpropan-1-one (22% yield)

TR e AR A e Ay e 7 e A e e L
2,2-dimethybpropalekiones was erepared follpwing tie same procedure but using 2,2-dimethyl- 10
1-1241-(2-pheny111,31dioxan-5-ylmethyl)-1H-indol-3-y11-5-(2-trimethylsilanyl-ethoxymethyl)-
5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1-one as starting material (52% yield). In this reaction the
product W& lfifled by Si02 chromatography (DCM/MeOH 0-7% MeOH). Example 30. 15 Step 1 - A

mixture of 142-bromo-5-(2 frimethylsilanyl-ethoxyrnethyly-5H-pyrrolo[2,3- o
blpyrazin-7-y1]-2,2-gimethyl-propan -“6}719’(0.5 Gl ), commercially e 1-
(phenylsulfony1)-3-indaléboronic acid(9.452 g, 1.4 mol)_ang’” / THF

tetrakis(triphenylpho?fg%e)palladiwn(Q)((p.14 g, 0/42%'mmol) in 10 mL of degaSsed 1,4- dioxane and
1 8 mL of 2M aqueous KZCO3 (3.63¥-mmmol) was stirremif(f 95C overnight befor ﬂﬁ being cooled to
RT and evaporated. The residue wagspusified by Si02 Mmatography (hexaneS$HEtOAC 0-25% EtOAC)
to give 0.67 g of 1 (94% yield). WO 2009/106442PCT/E1'2009/051757 -11 3- Step 2- A mixture of
1(0.665 g, 1.129 mmol)/llh 9 mL of 1,4-dioxane, 3mL of MeOH, and 3 mL of 3M aqueous NaOH was
stirred at 70C for 1 hour before being cooled to RT and evaporated. The residue was partitioned
betwgenpl32Q @sdJEtOAC. The aqueous layer was extracted with EtOAc. The combined organic layers
were dried (Na2S04), filtered, and 5 evaporated to give 0.504 of 2 quantitatively. The product was

used in the next st[gfp without 8urification. Step 3 - NaH 60% dispersion in oil (0.021 g, 0.518 mmol)
was addédParaeEe®f 2 ifhxileelotOpenebs e tBbinkdaenicd QP ROE (0. 6861 891581 3 mL of DMF.

The resultingmixiw.esvas stitres abiph iy d8iseinutas beforemddingreommerialy euadabia 4
2-chloroethyl methylsulfide 10 gé%os mL, 0 518 rrunol). The reaction mixture was allowed to reach RT

and ther WY sfirred Bt S6E Yobtight Btere BEIHy Bblet it andis At Bt saturated
aqueousCeaititiofn:of N Cheard Ed2RixThe agrpousitayebarcaxiaceshwish Btz kbemombined
organic layers were Washedhw'th b irge, dri%é:i aZSggd.filte(eﬁ), and %lagorated. Tfpe residue was
purified P8RS, BRI ASEIAE Ry (HeXAReTEROAY B SO ETAL S GRe61558 6F 8558 yield). 15
2,2-Diméthy tedid@al bilmethioaded on silicagel column and eluted with 2.5% methanol-dichloromethane

y1-1H-indol:3-y1)-5:(2-trimethylsilanyl-eth hyl)z2Hpyroelo[2,3-b]pyrazin-7-ylkpropan-1-one was
prepare %6 g\{vélfrjlf%eadé?%?fz{ln rﬁ%{gegj% &[Jns?r%qgﬁc;@%érﬁ’e%ﬁ%: %!?ihis reaction, KI was not used and the

reaction mixture was stirred at RT for 5 hours before being worked up. The product was used in the
next reattiemplitHdut purification. 1- [2- { 1-[2-(tert-Butyl-dimethyl-sil an yl

ethygl 1-1H-indol-3-yL1-5-(2-trimethysilan yk- 2 | .
gi%@xi/mﬁé@%%g}?p%r%%%ﬁ?éﬁgé@%ﬁ@@%&%ﬁ%@%&f—%?bspgﬁ-}{%ﬂg X g_sbg? %glr%g % Flbwing the

sanlé protemiird-a8ing the commercially available 2-bromoethoxy-t-butylsilane as electrophile. In this
reaction, KI was not used and the reaction mixture was stirred at Rl overnight before being worked up.

The prodyc tai j %, yel r-purifieadi [ I I h E10AC
05 ) B B b e A S TP b o, 75
umol) in Bl omi ettt aurima or. ERhTh e e SatirhatikideeroriSdsitrednde RTTox foup hours

before bgingrevapgiaietixhie iesigueinaePatifiencd petweearRMaNaRt Apd 51006, Jhe.qtganic
layer was dried (Na2S04), filtered, and evaporated. The residue was purified by Si02 chromatography

(Toluenehztbat Wb ovineLgARY Ry givedivgusHahiRayd srrocrtasA douurp CheEpsgded/ol yas7

20 loaded on silicagel column and eluted with 3% methanol-dichloromethane to afford the desired
product, 2,2-Dimethyl-1-[2-(2-methyl-imidazol-1-y1)-3H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
one as light brown powder (0.0118g, 18% yield) mp 247-249 °C.

Example 45.



-114- Step 5 - TFA (0.5 mL) was added at RT to a solution of 4 (0.05 g, 90 umol) in 0.7 mL of DCM.
The resulting mixture was stirred at RT for four hours before being evaporated and coevaporated twice
with toluenav @ hersesiciue was taken into 1 mL of EtOH and NaOAc (0.074Ry, DEPrénwas) Was added.
The reaction mixture was stirred at RT overnight before being evaporated. The 5 residue was taken
into H90, the suspension was sonicated and therHft&red. The insoluble was rinsed with H20 and dried
under vacuum to give 0.029 g of 5: o
1-(241-(2-methanesulfonylethyl)-1eH-indo1-3-y I -5H-pyrrolo[2,3-b]pyrizin-7-yll-2,2-dimethyl-propan-1-
one (76% yield). N \ H%
2,2-Dimethy1-142-(1-methy1)1H-indoT-3-y1)-5 %vrrolon,S-blpM in-7-y1]-propan-l-one was
prepared following the same\zﬁyr%tedure but uging 2-dimethy1-14241-methy1-1H-indo1-3-y1)-5- 10
5

(2-trimethylsilanyl-ethoxymet H-pyrrolo[2,3:QJpyrazin-7-y11-propag-l-one as starting material. The
product was obtained in 60% yieFd after purif{i)edob)\/zg%oz chromatog (Toluene/EtOAc 10-60%
EtOAC). 1-1241-(2-Hydroxy-ethyl)-lH-indol-3-3'>'|f' -5H-pyrrolo[2,3-b]pyrazin-7-yll -2,2-dimethyl-propan-

1-one was prepared following the same procedure but using 1121 1-[2-(tert-butyl-dimethyl- 15
silanyloxy)-ethyl]-1H-indo1-3-yll-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyirolo[2,3-
b]pyrazin-7-y1]-2,2-dimethyl-propan- 1-one as starting material. The product was obtained in 67% by
trituratioRrephafi. 0 $2ed-E th@omiderclal sl ahledethidide syt ip-tokleAcsdifortnd-(0.24 mL, 1
337 mmal) was added to a mixture of 142-(

1H-indof—§ny)- -&-’trimethylsiIanyl-ethoxymethyl)-5H-pyrro|o[2,3-
blpyrazin-7-y11-2,2-dinnethyl-propan-1-one (0.5 g, 1.114 mmol) and Cs2CO3 (0.436 g, 1.337 mmol) in
10 inL ofADMKtuThefBd0Iiifg MbdumeviaslstthBinad &0 dheitight Deforel addingsRimtadfoG#HSCN.
SR WESEOTIIHERGR, L/ (008UI5.BP0!D BRUNG INGEBLIARMINIGIR 45 18 Tardfs fRIXIUTe

was partitionéd between anice cold saturated aqueous solution of NH4C1 an

2009/108 44 O TEE3009/ /053] Hibe M5: Fopzed THE dggen iRy Ryepwes baaie dxgeet® with Et20. The
combineg organic lBYRRNNETS diieddNa38Ods Hieied.anthe vepRiied (b6 Lo pidvm yuas purified by
Si02 chromatography (hexanes/EtOAc 0-30% EtOAc) to give 0.378 g of 1 (66% yield).
2,2-Dim &y eSO A RS iy ety -2achsAnyit Priffd drisd Ay s Fppik il phstes
blpyrazing s b hasepail:one wasirenaed follQuwinga<imianrieedsiead hedpieeichwas isolated in
27% yield as the elimination product of 1. Ste? 2- A mixture of 1(0.2 g, 0.391 mmol), ICI (0.078 g, 0.47

mmd), At Man® BoEIHEME 9 Minofiih 9 SR SRR plus e arsb e xverirt Berbre being
cooled tg Ripand parigionsdbeiwaeni0ianth HiApat Necagueoigayriwashdek @asagied with
EtOAC. ngﬁ co%g?ﬁgop ganic layers were dried (Na2S04), filtered, and evaporated. The residue
was puri VBi02 atography (hexanes/EtOAc 0-20% EtOAc) to give 0.134 g of 2 (66% vyield).
2,2-Dimethy1-1-[2-[1-(2-morpholin-4-yl-ethyl)-1H-indol-3-y1]-5-(2-trimethylsilanylethoxymethyl)-5H-pyrr
olo[2,3-bipyragia-4&ylkpropan-1-one was prepared following a similar procedure but using morpholine
(2.6 equivalents) as starting material. In this reaction 1.3 15 equivalents of Cs2CO3 and Kl were used.

CH3CN was used as solvent and the reaction Wﬁaﬁtirred at RT f Nw days, at 50C overnight and
finally at 80C for 24 hours. Th was otﬂa_iN ed in 63% yig rification by Si02
% j 42

chromatography (DCM/MeOH
yl-piperazin-l-yl)-ethyl1-1H-indo#*3- yl) Cul / K,CO,
-5-(2-trimethylsilanylethoxyrnethyly-5H-pyrrolof2;8-blpyrazin-7-y11-p “pén- 1-one was prepared
following a similar 20 procedure but using 1-mgthylgiperazine (2.6 e {‘}alents) as starting material. In
this reaction 1.3 equivalents of Cs2CC:43 and Kl were used. CH3CN was used as solvent and the
reaction was stirred at RT for twl days, at 50C overnight and finally at 80C for 24 hours. The product
was obtained in 71% vyield after purification by Si02 chromatography (DCM/MeOH 0-7% MeOH). Step 3

A is*twﬁ@fa%aﬁ%&%@z& n%@%l?!lﬁ- bd w&‘t/g-aﬁl%@f&%j_@z%%ﬂgyg.sﬂmyy&&%%z%tw and 1 mL of

EtOAC was stirred under a gen atmosphiere (1 atm) overnight at RT before being filtered. The

filtrate wapswerporatddtpTirarrdsithge was purified twice by S102 chromatography (DCM/MeOH 0-5%
MeOH followed by DCM/MeOH 0-7% MeOH) to give 0.089 g of 3 (72% yield).

A mixture of D (0.15g, 0.53 mmol), 2-methyl-2-ethylimidazoline (0.17g, 2.1 mmol), potassium
carbonate (0.16g, 1.2 mmol), cupurus iodide (0.015g, 0.08 mmol) and DL-Proline (0.018g, 0.16

mmol) in 2.5 ml, of DMSO in a seal tube was purged with Argon for 2 minutes, then subjected



WO 2009/106442PCT/EP2009/051757 -116- Step 4- TEA (0.7 mL) was added at RI to a solution of 3
(0.085 g, 0.173 mmol) in 1.3 mL of DCM. The resulting mixture was stirred at RT overnight before
being evapevateshaneseoevaporated twice with toluene. The residue was takenppirde 2svs70f EtOH and
NaOAc (0.142 g, 1.729 mmol) was added. The reaction mixture was stirred at RI for 3 hours before
being 5 evaporated. The residue was purified twm@@y SiO, chromatography
(DCM/[DCM/MeOH/NH40H 60/10/1] 100% to 60% DCM, followed by 100% to 50% DCM), and then
my prepitAETEES (meditiori i Srsrioli suian) dsochho caticd aivets. s pppitened

1-{241-(Z:amiae Wik DI0EP 16g Wi-phd-Ryeolpl B3IBY Mz v ivd i< dirseibylpropaprkone (21%
yield). 10 2,2-Dimethy1-1-[241-(2-rnorpholin-4-yl-ethyl)-1H-indol-3- ){1] -5H-pynolo[2,3- b]ph}(/razm -7-yl)-

propan-I3AE WAETHERL B TENeWiRG LAY BrS eR BLIHSASG s @ vy Auisy
morpholm)@wl—et}@mamm&y@l br¢d mmathwﬂ@ﬁwmmgtm&&ﬂﬁ}wmﬁ[ﬂe&ﬂ 4,3-

b]pyr zin-7-yl]-propa starti rial. The pr duct was isolate 39% yield after two
purlfl ati® 1&61}1% rﬁé@)éﬁi f@ggfﬁﬁ@ s AY i&%ﬁé&%&i IREXEEEOAC 20 to
60% Etoq@d)ﬁjrgzmr%hm};esmmB@M/MeOH 0 to 3% for 20 minutes).
2,2-Dimethy1-1-(2-{1-[2-(4-methyl-piperazin-l-y1)-ethyl]-1H-indol-3-y1} -51-1-p yrrolo [2,3-
b]pyrazn}i7 }/ngléprc}pan 1-one was prepared following a similar procedure but using 2,2- dimeth y1-1-
[2-{ 1-
[244-methyl-piperazin-I-y1)-ethyl]-1H-indo1-3-y11-5-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]
pyrazin-7-yl1]-propan-l-one as starting matgrial. Theyprodiict 20 was isolated in 75% yield by Si02
chromatography (DCM4DCM/MeOH/NRIOH 60/13/1 75% DCM). Example 32. WO
2009/106442PCT/EP20091051757 -117- ion jof LiOH.H20 (0.093 g, 2.209 mmol) in 1
mL of H20 was added to a solution of
{317-(2,2-dimethyl-propiony1)-5-(2-tfimethylsflanyl-ethoRkymethyl)-5H-pyrrolo[2,3-
b]pyrazin-2-ylkindol-1-y1}-acetic acid met er (0.23 g, 0.442 nunol) in 3 mL of THE and 2 mL of
MeOH. The resulting mixture was stirred a or 5 hours before being evaporated. The 5 residue was
partitioned between 1M HC1 and EtOAc. The aqueous layer was back extracted with EtOAc. The
combined organic layers were washed with brine, drled (MgSO4) flltered and evaporated to give 1
guantitatively. The product was u Hion. Step 2-
0-(7-Azabenzotriazole-1-y1). ' hogbhate (0.095 10 g, 0.25
mmol) was added to a mixtyjre gf 1(0. azine (0.027 g, 0.272 mmol)

| | odvad stirred at RT overnight
before being evaporated. Theéftesidue was partitioned betweeh 3M Na®H and DCM. The aqueous
layer was back extracted twice with DCM. The combined orc layers were dried (Mg504), filtered,
and evaporated. The residue was purified by Si02 chromatography 15 (DCM/MeOH 0-8% MeOH) to
give 0.075 g of 2:

2,2- &ﬁme%r{)gl@ﬂc{mn@%mbthw%efhﬂhﬁ%mw&érmyﬂﬁmaoil‘?r&i@rsc(hyirmﬁy@|any|-etho
xymethy|zaH-pyrrolo[2,3- b]pyrazin-7-y11-propan-l-one (56% yield). Example 33. 20 Step 1 -
Bromoacetyl bromide (1.3 mL, 14 979 nunol) was added dropwise at OC to a solution of

N,N-dimethylaniline (1.89 mL, 14.979 mmol) and plperldlne -4-yl-carbamic acid tert-butyl ester (3 g,
14.979 rivioly RS0l of HiemeyRyadBriad- THpEEtiriR G rhiRiGRE A Brid i mets T BioPRour before

being evappkaieded ey qg'@Hﬁolt)aIé?&ég%tgﬁoﬁg?%@ﬁﬁ’f{@%@@v@@@%ﬂtﬁ'ﬁ;nw otassium
2009/106442PCT/EP2009/051757 -118- acid, 5% NaHCO3 and brine. The orgbanlcl er was dried

(MgSO452iRa (Grd egaddr-iunal gRPEGRRRG SRS T st 0 o208 d y thé- RbXtteaction

withput pusiigatiand 0.75 mL of water was stirred at 160 °C in a microwave for 30 min. The resulting

black suspension was partitioned between 30 mL of ethyl acetate and 30 mL of water, and the
aqueous layer was extracted with 30 mL of ethyl acetate. The combined organic layers were
dried over MgSQ,, filtered and concentrated to a residue. Column chromatography (0->60%
EtOAc/hexanes) afforded 0.616 g (25%) of 1-[2-(2-cyclopent-1-enyl-pyridin~-4-y1)-SH-

20 pyrrolof2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one as a pale yellow solid.

Example 48,



4-(2-Brorno-acetyl)-piperazine-I-carboxylic acid tert-butyl ester was prepared quantitatively following
the same procedure but using piperazine-l-carboxylic acid tert-butyl ester as starting 5 material. Step 2
- 1-[2-(1H-Imdwd0@ 89452 (2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2, PCT/EP2609/051757
3-blpyrazin-7-y1)-2,2-dimethyl-propan-l-one (0.1 g, 0.223 mmol) in 1 rnL of DMF was added at OC to a
suspension of NaH 60% dispersion in oil (0.012 g,lé.1312 mmol) in 2 mL of DMF. The resulting mixture
was stirred at RT for 30 minutes before_being cooled to OC._A_solution of 1 10 (0.086 g, 0.267 mmol) in
2 mL of DMF was added and the reactjion mixture wa reach RT overnight before being

guenched by addition of 11120, and extracted 3 timeg . The combined organic layers were
dried (MgSO4), filtered, and evaporated. IO ified by Si02 chromatography
(hexanes/EtOAc 0-40% EtOAC) to give 0.1 gof 2f65% vi 224-(2- [

-indol1-1-y1}-acetyl)-piperazine-1-carb abey _ ster was prepared following the same
procedure but using 4-(2-bromo-acetyl)-piperazine-l-carboxylic acid tertbutyl ester as starting material
(57% yield). { SEM SEM
347-(2,2-Dimethyl-propiony1)- #ethylsilanyl-ethoxymethyl)-3¥:pyyrolo[2,3-blpyrazin- 20
2-yl]-indo1-1-yl11-acetic acid er was prepared followin lthgl sgine procedure but using
methyl bromoacetate as elegfropHiIe. is-reaetior-+the re@ctjon Mixture was stirred at RT for 2 hours
before being worked up. The prod asused in the next reaction
without purification. Step 3 - 0.7 mL of TFA was added g? ion of 2 (0.1 g, 0.145 nu-nol) in
1 5 mL of 25 DCM. The resulting dark orange/red mixture was stirred at RT for 2 hours before being
evaporated and coevaporated twice with toluene. The crude residue was taken into 1 5 mL of EtOH
and NaOAE7(QRL8ig e thisiropmol) Wi petddd[ ZThé hnsatting déidyetienaxdatewds stided at RT
overnighct: %%E%gt e]glrgeg_yqp&%@égd. The residue was partitioned between FLO and EtOAc. The
agueous I%lyer Was back exracted twice with EtOAc. The combined organic layers WO
2009/106442PCT/EP2009/051757 -119- were dried (MgSO4), filtered, and evaporated. The residue
was takeh ini 2@, dhainsuiubl2-wawkitbredidimséd; andidribdromdecida@uinm o g8end883 & of 3:

1-(2-[1424(4-aming-piperidin-1-.y.1)-2-0X0- 1H+indQl-3:-31) 15 H-pyrelQqq » 44 )

123 blpy BT S e T RSO AR 2 - dimerny
241-(2-opeupiberazin-134-etAy - thdhdpatassynn - Sugppiedo §28321§1pYrmmma-yiH propan-l-one was
prepare Ge -(2,2

ety e o AT A O L s 43 il of e v
1-y|I-ace?ﬁIl)ﬂéiﬁé@&ﬁﬁéﬂ%ﬁﬁﬁﬁ)&%@é@@féﬁ%u&%%&g iFf AVSRSAEIPET 195 PRetiioned

2,2-Rimefhytal 6 bh4R-(ArmatRvP IRRr 88Nty 4120 el ylk-dddainelol: Joy 1ad Bk Ravieal ali2n3- 10
b]pyrazin-7-y1)-propan-I-one was prepared following the same procedure but using 2,2-

dimethy £ [P Al ReatATE R RINPSICEHE- T SBRBRAM PIFANF- IAYTE 357 d51qd over MeSO.,
trimethylsilarsd-athexyaeatiubdablpukiale 2o hbity Eazdind ydrhibro@RRshane) As/Biatiiag) material. The
product was isolated in 67% yield by Si02 chromatograph M/MeOH, Q-10% MeOH). 15 Example
. Ster oL HGHr O Ty SRR P Ryt TS B TSP one (0.5
9, 1.772 semshrincBIBLbps Riin-Bas) abideteat 0C: tiobasirpensiontbflNadd 60%arelispéitsion in oil (0.078
g, 1.949 mmol) in 5 mL of DMF. The resulting mixture was stirred at OC for 30 20 minutes before
adding p-TsC1 éro. 75 g, 1.949 mmol) in 2 mL of DMF. The resulting mixture was allowed to reach RT
and irréd 4PRT Tor 1 hour before adding 0.4 equivalents of p-TsCl. The reaction mixture was stirred
at RT overnight before being quenched by addition of H20 and WO

2009/106442PCT/EP2009/051757 -120- e)tfdcted with EtOAc. The aquegus layer was back extracted
with EtOAc. The combined organic | re dried (Na2Sa4), filt

& evaporated. The residue
was purified by SiO, chromato es/EtOAc 0-5% EQA It 0.51 g of 1 (66% yield).
Step 2 - A mixture of 1 (0.23 gND.327 mmoh..3-(4475.5-Tetrarfet yI-[T,3,2 'B)xaborolan-z-yl)- 5

indole-l-carboxylic acid tert-gut | ester (6799 g, 0.58 mmol),
tetrakis(triphenylphosphineypalfadium(0) (0.061 g, 53 pa If> ML of degassed 1,4-dioxane and 0.53
mL of 2M K2CO3 (1 06 mmol) was stirred at 90C for 36 hours before being cooled to RT and
evaporated. The residue was puffed by Si02 chromatography (hexanes/EtOAc 0-15% EtOAc) to give
0.12 g off2stedeyiefid)[7-(2,2-dimethyl-propionyl)-5-(2-rimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-2-yl}-thiophene-2-carboxylic acid methyl ester (0.350 g, 0.739 mmol) in 8



10 Step 3 - 0.5 mL of 4M HC1 in 1,4-dioxane were added at RT to a mixture of 2 (0.12 g, 0.21 mmol)
in 1.6 mL of DCM and 0.4 mL of thethylsilane. The resulting mixture was stirred at reflux overnight
before beingoaoleddaxd2 T and evaporated. The residue was taken into 1¥cmErah@@sd7and 8
equivalents of TFA were added. The reaction mixture was stirred at reflux overnight before being
cooled to RI and washed with saturated NaHCO313%e aqueous layer was 15 back extracted twice
with DCM. The combined organic layers were dried (Na2S04), filtered, and evaporated to give 3
quantitafteRf THEGRERIBING 0t SaalPiHE kP Geicrifotrpiimedin St phan Rt cdispersion

in oil (0.9%¢ g«Ri2/3mmel)wasiaddesiahaC ia aselbiian MiBtt0:RA%emAidlvmmelrériid mL of DMF.
The resulting mixture was stirred at OC for 30 minutes b_él]ore adding iodometrﬁne (0.02 mL, 0.273

mmol) THe EaStioN HRIGH: WAS SHFEE 336 EHEFL0Y TR BRTB e BRiAY Atk nthetF BY Ydition of
saturateebfdubAgal pairel godsaciedysdth BIGAC of be dqueausday snwis dfackoextiagiedowth EtOAc. The

comhined organic Jayers were dried (Na2S04), filteyed, and evaporated. . The residue was purified by
O e B DA L 3006 R (G A G 4TI combined Srgafe
2,2-dimatyyils ddfdreih pivad Uiiliefigededsattboyibe Atrkintal0RyA 585R ) of slightly impure 5-
yrrolo[2, %]20 razin-7-yll-propan-1-one (449 _iljdgThe_ 5 migration of, the, tosylate was accidental.
Eampld 3h S R or COTF S0 (s Aoy 4B S b 7 e SR Biced ot mr
to solutidnoefnlsphetwikichclapentanetbeboiuytieapiaimethyt.ester (2.9 g, 20.394 mmol) in 21 mL of THF
and 14 r-nL of MeOH. The resulting mixture was stirred at RT overnight before being 5 evaporated.
The residue was partitioned between 2M 1-1C1 and EtOAc. The aqueous layer was back extracted
twice wit Xé?bpz%?{gﬁwe combined organic layers were washed with brine, dried (MgSO4), filtered, and
evaporated to give 1 quantitatively. The product was used in the next step without purification.
Methyl-cyclopentanecarboxylic acid methyl ester was prepared accordin th@ procedure in 10
Tetrahedron 1985, 41(7), 126 » ol) was added
dropwise to a solution of 1(1.06 g @' . The resulting mixture
was stirred at RT for 3 before heing evaporated and coevapo s with DCE to give
2 quantitatively. The proguét wasugédth the next step without purrification. 15/ Step 3-
Dietrglaluminium chi 1M in hexanes (1.67 mL, 1.67 wasadded dropwise at OC to a
suspension of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (0.11 g, 0.555 rnmol) in 4 mL of DCE. The resulting
mixture was stirred at OC for 30 minutes before adding 2 (0.652 g, 4.444 mol) in 2 mL of DCE. The
resultingamixtistienved s -atlapeditmedadphdpiand)viab ghanisiited jat 406G Avdinighpheafere being cooled
to RT and quenched itio saturated NaHCO3. The.20Q bj- ic,mixtyre was evaporated until
removal %af%é%?%ﬁc h@$§§q§1r§r‘% gltﬁlﬁoel s tal}\llﬁ?éarn\}\ll%% eagf%le%?z;g?e trvl\}llé’ellx\‘/vi A EOAE The combined
organic [BPEtE(aié dried4mMgs0x filteleof atideapdratet. ofliechésiduetivas pasifitadoyfSift b,

20051 0O A Bog B oL s die s B A b e ST Y bl K ana 30
1-mbthy mB-¢4 119 %téanretiafeiRp]enid ebatotarsdaye)-wrk pyieisid BLplbyidihel(@osE g, 0.324

mmob. afit budrbiRis @HRRSOMpeSA e Rcenslde arikspplAd RGN Somplgx in 2 ML of
1,4-dioxane and 0 26 mL of 2 K2CO3]%).519 mmol) was (zg\%assed bé bubbling argon through the

mixture 5 PEBRCBEIRGISEAEE 6P T HEU M50 wHar ah R s At thadidforf and dédted to RT. 2.5
eq Uiva|e&%&ﬁ?ﬁﬁ%ﬂ%ﬁ?fﬁ5@%‘1@2@%]9(?%&2&@%;]Pﬂﬁc@%@g%ﬂﬁigﬂﬁ@i&é@ﬁ&ﬁﬂa@%ﬁdded,
and the resulting mixture was stirred at 150C under microwave irradiation for another hour before
being cobroiRderase RedeisHAiRRE was evaporated. The residue was partitioned between H20
and EtOAc. The aqueous layer was back extracted twice with EtOAc. 10 The combined organic layers
werefiltergdihironat eslitposhind ool lilteednand rymparaled7The tesidus wasskifigd by Si02
preparative TLC (DéM/MeOH,O.S% MeOH) to give 0.005 g of 4: (1-methyl-cyclopenty1)42-(l

-methy 1 TR G S Siemsoritr- 3l iaplishfrors by AR RS BN P95 yield). Step 5 -
NaH 60% dispersion in oil (0.07 g, 1.73 nunol) was added at OC to a solution of 3:(2- 15
bromo-5hifpyrrolabZa-blpysazinny 13l mrikyk cysiepeatyD-ethrprae (D 4ivgx Hd3eaumed) in 8 mL
of DMF. The resulting mixture was stirred at OC for 30 minutes before adding SEM-C1 (0.28 mL, 1.596
mmol) The RIS F MY Has allowed to reach RT overnight before being quenched by addition of
ice-cold H20 and extracted twice with EtOAc. The combined organic layers were washed with H20,
dried (MgS@43. filteretdoand-avapprpipeidine resithoa waspgtited 20,81 S @y Lbromategraphy
(hexanes/Et0Ac 0-10% EtOAcC) to. give 0.512 g of 5: [2-bromo-5-(2-

trimeéthyl <AV -e IS RSP B R olo[2, 3-b]pyrazin-7-y1]-(1-methyl-cyclopenty1)- methanone (88%
yield). 2-Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-(1-methyl-
cyclohexyl)-methanone was prepared following the same procedure but using (2-bromo-5H25
pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)-methanone as stalling material (90% yield).
2-Bromo-7- (2- tert-buty141,31dioxolan-2-y1)-5- (2-trimeth ylsilanyl-ethoxymeth y1)-5
Elpyrrolo[2,3-b]pyrazine was prepared quantitatively following the same procedure but using 2-
hromon-7-(2-tart-hi11it\v/1 41 RAelinvnlan-2-v1\ _-BEH-nvrrolal?2 2-121nvrazine ac ctartina matarial




Example 36. WO 2009/106442PCT/EP2009/051757 -123- Step 1 -A mixture of :
(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)- inethanone (0.1 g, 0.31 mmol),
1-phenylsulfamybindmie-3-boronic acid (0.11 g, 0.365 mol), K2CO3 (0.13 geOrertawnsdysand [1,1- 5
bis(diphenylphosphine)ferrocene]dichloridepalladium(ll) DCM complex (0.025 g, 31.01 umol) in 3 mL
of a 4/1 mixture of 1,4-dioxane and H20 was degeﬂé%oéd for 10 minutes by bubbling argon though the
mixture. The resulting mixture was then stirred under microwave irradiation at 120C for 15 minutes
before bEikgrCoseatid T -qrBabdidéorisa poyiied By solnrSmmatagpy BEMRREBY 59 MeOH)
to give Oy ghoftofe-(i -Benzenesulfonyl1-11-1-indol-3-y1)-5H- 10
pyrrolo[2,3-b]pyrazin-7-y1]-(1-rnethyl-cyclohexyl)-methanone (26% yield)
(1-Methyl-cyclohexyl)-12-(1-methyl-11-1-indol-3- 111-_5H-pyn-olo[2 3-1)]p)frazin-?-yll-,methanone was
prepare&% Wﬁﬁth s é(wge dine betbemd) -t iophen-2-yl]-SH-pyirolo{2,3-b]pyrazin-7-yl }-
1-methy}rptdh4.axfe-tetramethyl[1,3,2]clioxazolidin-2-y1)-1H-indole as starting material. In this
instance, the reaction was stirred at 150C under microwave irradiation for 1 hour before adding 0.5
equivalents of boronic ester, 15 0.05 equivalent of fresh catalyst and 2 equivalents of K2CO3. The
resuflingmildliretva stired BPEEE B e Mt SR R atisH o RTINS S P& Brbatict was
obtainechinghf%-yield after purification by Si02 chromatography (DCM/MeOH 0-5% MeQH). Example
37. WO 2009/106442PCT/EP2009/051757 -124- Step 1 - A mixture of
2,2-dimethy1-115-(2-uimethylsilanyl-ethoxymethyl)-2-(1-vinyl-114-indol-

3-y1)-5 mm%afﬁfghmw HnC T OpRAEEShe (G4 biseE Mirtish At HRAOW % (0.03 g)
in 5 mL efFQkwasjtifetaunderadanpsplbett of hydrogen at RT for 1 hour before being filtered.
The filtrate was evaporated to give 0.137 g of 1(94% vyield). 5 Step 2 - TEA (1 mL) was added at RT to

a solution of 1(0.135 g, 0.283 mmol) in 2 mL of DCM. . The resultjng mixture tirred at RT overnight
before bbt SO PORE T B AIH A CME ToH B8 i BT e GRREH I B . o
EtOkband: Nadiyi (931 3R-gy2-83thmnmnal) wdsoakldeide Tiie reaction mixture was stirred at RT for 4 hours
before being evaporated. The residue was taken into H20. After sonication, the insoluble was filtered
and 10 rinsed with H20 before being adsorbed onto Si02 and purified by SiO, chromatography
(Toluenel?fﬁfﬂﬁ f:6-1'50% EtOAc). The fractions containing product were evaporated and the residue was
taken into a minimal amount of DCM. The insoluble was filtered and dried to give 0.025 g of 2:

112-(1-ethyslid-indeadc3pipiRtinpyralaf2:3ibipyspin-7-yl 12 dirori b ppanindng [43% yield). 15

Example 38, Ste&% 1- A;sustglension of
5-cyanoBa T RSNSOI 1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]- indole-l-carboxylic acid ten-buty!
ester (0.07 g, 0.158 mmol) in 10 mL of ethylene glycol was stirred at 190C for an hour before being

cooled to RT. The mixture was partitjoned between Ny, H
I P
\-s 0
HOO 0

’SEM PEM
Na Ny, N
/[ P / l - /
Br N JC— = N
o \ S (o}
HO
(o}

A mixture of 5-(dihydroxyboryl)-2-thiophene-carboxylic acid (1.0 g, 5.4 mmol), [2-bromo-5-(2-

15

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-
methanone (2.2 g, 4.9 mmol), potassium carbonate (2.0 g, 15 mmol), and Pd(dppf)Clo CHCl;
(0.400 g, 0.48% mmol) in 12 mL of 1,4-dioxane and 3 mL of water was stirred at 120 “Cin a

20  microwave for 40 min, The resulting red suspension was partitioned between 60 mL of ethyl



20 EtOAc and H20. The aqueous layer was back extracted twice with EtOAc. Combined organic layers
were dried over Na2S04, filtered and evaporated. The residue was taken into a minimal amount of
acetone. Theonsodukaswas filtered, rinsed with a minimal amount of MeOFRcarePeed1rgfive 0.035 g of
1: 317-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-y11-1H-indole-5- carbonitrile (65% yield)
WO 20091106442PCT/EP20091051757 -125- EX Fﬁple 39. Step 1-039 mL of 2M K2CO3 (0.789
mmol) was added at RI to a solution of 247-(2,2-

dimethyRRFSF SSrnpyrf Siae: ﬁ&ﬁaﬁﬁqgeyﬂiﬁifabr@af EXHIGIEHw L ithies OB o BERP™S @9.11 g,
0.263 meiR) iRl Phddeaidintheresulingdnixibredias siired g@(bgftﬂxeas@ﬁﬂégm&efﬁr@eaemg

cooled to RT and porated. The reS|du %é 0 a mini ou er_sqgnication,
the insolE18 s HREIER SHEBA DRARAL. paaT ?ﬁ?éa%ébé?%ﬂ 1dbe @%%o?%-{ (-

112- (11édm0by2%yﬂax5hb@ymi9iﬂﬁeb]mﬂmﬁiyﬂﬁ%wmﬁwpm@rww@%am@% 10

Exa L,}lo %é?}%% 60% d ion in ?Jg) .326 g, 8.153 mmol) was added at OC to a solution
of co c‘iléll?yp il ﬁf’é Wé&%ﬁymdo c{‘fn %794 mmol) in 50 mL of DMF. The resulting mixture
was stirred at OC for 30 minutes before adding p-TsC1 (1.943 g, 10.192 rnmol) The 15 reaction
mixture Wasmgiie\sed to warm to RT overnight before being quenched by addition of saturated aqueous
NH4CL1. The precipitate was filtered, rinsed with H20 and dried to give 1.93 g of
5-methoxy-1-(toluene-4-sulfonyl)-1H-indole (94% vyield). 5-Methyl-1- (toluene ssplfonyl)-1H-indole
was prepared following the same proggdure but using the commerc:lally Ie 5-methyl-1H-indole
as starting material. In this rea
chromatography (hexanes/Et
prepared following the s ne pro’&ed ut-us-mg—the»comm
starting material (85% yi d) W 106442PCT/E
6-Methyl-1-(toluene- ﬁlg ulgnyl)- dole was prepared following the same procedure but using the
commercially available 6-methyl-1H-indole as starting material. In this reaction the product was
obtained quantitatively after extraction with Et20 of the quenched reaction mixture. Example 41. Step
1 - A soldisiusfoscrhinEréiaimesvairisieiBxvmesbopypydrolon e inpyitdirec toos 30 tyds3funol) in 4
mL of DMFwiapadggd At A0 torpdtsiension abNailE0% eisrersianis ai@l86p 0.071 ¢,

10 0.16 mmol) and 4-hydroxypiperidine (0.162 g, 1.6 mmol) in 2 mL of N.N-dimethylformamide
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was stirred overnight. The resulting black mixture was taken up in 30 mL of ethyl acetate and
washed with three 20 mL portions of a sat. aq. NH,Cl solution, dried over MgSQ,, filtered and
concentrated to a residue. Column chromatography (0->50% EtOAc/hexanes afforded 0.032 g
(34%) of [2-{5-(4-hydroxy-piperidine-1-carbonyl)-thiophen-2-y1}-5-(2-trimethylsilanyl-

15  ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi]-(1-methyl-cyclohexyl)-methanone as a tan oil.

Example 53.

A solution of [2-[5-(4-hydroxy-piperidine-1-carbonyl)-thiophen-2-yl]-5-(2-trimethylsilanyl-
ethoxymethyl)-SH-pyrrolof2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone (0.032 g,
20 0.056 mmol) in 1 mL of dichloromethane and 1 mL of trifluoroacetic acid was stirred for 2 h,

then concentrated. The residue was dissolved in 2 mL of ethanol and treated with sodium acetate



3.497 mmol) in 4 mL of DMF. The resulting mixture was stirred at RT for 30 minutes before being
cooled to OC and adding iodomethane (0.67 mL, 10.759 mmol). The reaction mixture was 10 allowed
to reach RTwayesmghtdrefore being quenched by addition of H20 and extrectedrtuweaiires with EtOAC.
The combined organic layers were washed with brine, dried (MgSO4), filtered, and evaporated. The
residue was purified by Si02 chromatography (heﬁﬁes/EtOAc 0- 20% EtOAcC) to give 0.386 g of

3-bromo-1-methy1-1H-pyrrolo[2,3-b]pyridine (68% yield). Example 42.
2,2-Dim ety dratg 200 81 %55951“5’13{’ yﬁb%{@@%fp‘ﬁéﬁ@?cﬂ/ﬂeﬁ%%’énﬂ?%ﬁ@@%ﬁgr%ve vial was

added residue. Column chromatography (0->50% EtOAc/hexanes) afforded 0.019 g (76%) of {2-[5-(4-
142-Bromo-5-(2-trimethylsilanyl-ethoxymethyl 5 rolo[2 3- bgf%razm -7- yll -2,2-dimethyl-propan-I-on

e 0.075 GHG RPN 2o HEaBER YRR ¥ )arﬁféa I8kt Tezab]-ghr (bB63 M),
tr|phenqur@a%gy@o&_gml{@n@hgaﬁ/efm@ﬁg%ﬁdﬂE The vial was sealed, evacuated and refilled three
times with argon After stirring a few minutes the purple color faded and 5-Tributylstannanyl-thiazole
0.10 gm (0.267 WO 2009/106442PCT/EP20QQ9/051757 -127- mM).w d by syrln e. The vial
was §|ac iPHOGRESPBRINIC Y6 REEFEHITRA D FBUR %P%@&a Rgaff?vgﬁ Coeed’to Hi%

temperaare oty mhixipiencoRUes i aiatoas|d, pyfied Hy- tolmn-aluamatagshphyl tongivedhie:adduct
0.068 gm (0.163 inM, 89% yield). The SEM protecting group was removed with the procedure in JTB

prep1la tre rystallize cetonijtrile

D Dk NS Bh AR P O A Py eieari- e oo Zeegrhe a1 v
M+1 287achd. pL-283348365:1)-amide
4-Amino-N-{5-[7-(2,2-dimethyl-propiony1)-5H-pyn-olo{2,3-b]pyrazin-2-y1]-2-methyl-phenyllbenzenesulf

onamide 4 264-266 Prepat ixtur 20g, 0.48 mmol),
a0l 0og T S Bl R EA B R 0 2 B S e B Blo LA, 0.07
rm-nol) anetil-dveddine (O-Bdbis @34 mmol) in 3 ml. of DMSO was flushed with Argon for 5 minutes,
then heated at 100 degree Celsius for 18 hrs. The cooled mixture was partitioned between Water and

ethyl ac h\%y anic laye sherﬁi wi d oV jym sul

concentrg‘?ﬁﬁ% ccl{J%X*ﬁéJ rgsl ik )Egde%k 6h il agelpcyr fﬁ’? 3 cjj § with Gi}o? %
methancﬂadunhll@ynmeﬂxgne[ﬁetbdfmuﬂ:the desired product B as an oll (0.139, 68% yield). Preparation of
1-(2-Imidazol-1-y1-5H-pyrrolo[2,3-b]pyrazin-7- yl) -2,2- dimethyl propan-l-one: To a solution of B
(0.1259 mol).in :I'HE 3 m as added olar n fTBAF mj_ '[ (3 .75 ml) and the
resulting rx :In% l&'{x grzg%as iCatd a@ 7Y geg?e@ %j Slo r‘g;g s 161 8 e cooled mixture was
partitionegchatmatnmvstenaued ethyl acetate, the organlc Iayer was washed with brine, dried over
sodium sulphate, and concentrated in vacuo. The residual oil was loaded on silicagel column and

128 e A TR Ly LR TR Syt Tty B B B oo e as ght

yellow pwdaﬂ@ﬁ@ﬁg&ﬁB%eyhet@)lmp 215-217 C. Example 43.

Methyl-cyciohexyl)-{2-[5-(morpholine-4-carbonyl)-thiophen-2-yl]-SH-pyrrolo[2,3-b]pyrazin-7-

yl }-methanone

5-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo{2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
20 acid diethylamide

5-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid cyclopentyl-methyl-amide

{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-2-yl}-5H-pyrrolo[2,3-b]pyrazin-7-
yi}-(1-methyl-cyclohexyl)-methanone



A 5 Preparation of C: A mixture of A (0.20g, 0.48 mmol), 2-methylimidazole (0.059g, 0.72 mmol),
potassium carbonate (0.15g, 1.1 mmol), cupurus iodide (0.014g, 0.07 namol) and DL-Proline (0.016g,
0.14 mmol)wou2zemlsaaidDMSO was flushed with Argon for 5 minutes, thepdeatedaniadegree
Celsius for 18 hrs. The cooled mixture was partitioned between water and ethyl acetate , the 10
organic layer was washed with brine, dried over sddfam sulphate, and concentrated in vacuo. The
residual oil was loaded on silicagel column and eluted with 2.5% methanol-dichloromethane to afford
the desiret/prbadehd-55phen TGSy ABIblyRIAY1E % entbiy aain-2-pledaeatiene of-carboxylic
2,2-Dim%malb}g@z@ymgg}yemgq%gﬁééyl)-5H-pyrro|o[2,3-b]pyrazin-7-yf|15 propan-l-one: To a solution
of C (0.098g, 0.23 mmol) in THF (3 nil) was added a 1Molar solution of TBAF in THE (1.5 ml) and the
resulting rxn. Mixture was heated at 70 degree Celsius under reflux for 6 hrs. The cooled mixture was
partitioned b dwder zer el aerAr bewihire iRy Bripldic flpsrarasinakHuanifee thirk barder over
sodium sdé[gi‘@tgy@@gj}a@ thateel imigeuo. The residual oil was 20 loaded on silicagel column and
eluted with 3% methanol-dichloromethane to afford the desired product,

2,2-Dimethy1-1-[2-(2-methyl-imidazol-1-y1)-51/-pyrrolo 2,3-2; yrazin-7-yd-propan-1- one as light
orowh PO I DEIBE- ORI HABDRI B G R RGP 25 bIpsrazin T 31
2009/10@%@@@}4@8@@9@%2&%&29- Preparation of
1-[2-(2-Ethyl-imidazol-1-y1)-5H-pyrrolo[2,3-19]pyrazin-7-y1]-2,2-dimethylpropan-I-one: A mixture of D
(0.15¢, 0.53 mmal), 2-ethylimidazole (0.21g, 2.12 mmol), potassium carbonate 5 (0.16g, 1.2 mmol),
cupurus Fd‘&i‘&@lfosﬁ-lSa, 0.08 mmol) and DL-Proline (0.018g, 0.16 mmol) in 2.5 ml. of DMSO in a seal
tube was purged with Argon for 2 minutes, then subjected to microwave irradiation at 110 degree
Celsius for 10 hrs. The cooled mixture w@s partitioned,petween water and DCM , the organic layer was
washed with brine, dried over sodium sulphate, and fo led in vacuo. The residual oil was
loaded on silicagel column and eluted with 10 : DH-MeOH (9.5: 0.5) to afford the desired
product 142-(2-Ethyl-imidazol-1-y1)- 5H-pyrrolo 7-y11-2,2-dimethyl-propan-l-oneas a
light brown powder (0.055g, 35%) mp 27 15 Preparation of
2,2-Dimethy1-142-(2-methy1-4,5-dihydro-i yrrolo[2,3- 14yrazin-7-A-propan-1-one: A
mixture of D (0.15g, 0.53 mmol), 2-methyl-2-ethylimidazoline (0.17g, 2.1 mmol), potassium carbonate
(0.169, 1.2 mmol), cupurus iodige (0.015g, 0.08 mmol) and DL-Pradline (0.018g, 0.16 mrnol) in 2.5 ml.
of DMSO in a seal tube was p, d with Argon for 2 minutes, th bjected

—
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10 1-{2-[3-(azetidine-1-carbonyl)-pyrrol-1-y1]-5H-pyrrolo{2,3-b]pyrazin-7-y1}-2,2-dimethyl-

propan-1-one

Oxalyl chloride (0.13 mL, 1.5 mmol) was added to a mixture of 1H-pyrrole-3-~carboxylic acid
{0.111 g, 1.00 mmol) and 1 drop of N, N-dimethylformamide in 5 mL of dichloromethane. The
mixture was stitred for 13 h, then concentrated, then redissolved in 5 mL of dichloromethane and
15 cooled to 0-5 °C. Azetidine {0.21 mL, 2.5 mmol) was added, and the mixture was stitred for 1 h
at 0-5 °C then absorbed onto silica gel and concentrated. Column chromatography (2->10%
MeOH/CH,Cl,) afforded 0.059 g (39%) of azetidin-1-yl-(1H-pyrrol-3-yl)-methanone as an off-

white solid.

Example 55.



WO 2009/106442PCT/EP2009/051757 -130- to microwave irradiation at 100 degree Celsius for 10
hrs. The cooled mixture was partitioned between water and DCM , the organic layer was washed with
brine, driedvogep®edisyre sulphate, and concentrated in vacua. The residuet nikreasslosaded on silicagel
column and eluted with DCM : 1% NI-140H-MeOH g9: 1) to afford the desired product
2,2-Dimethy1-142-(2-methy1-4,5- 5 7-
dihydro-imidazol-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-propan-1-one as a light brown powder (0.035g,
23%) nip 235-236 C. Example 47. 38@1- [2-(2-c yclopen t-I-enyridin- 4-&&) ?Mp yrrolo[2,3-b]
pyrazin-7-y11-2,2-dimethyl- -1- one A mixture of |

42-(2-chloro-pyridin-4-y1)-S4d-pyn-#lo[2,3-blpyrazin-7-y1)-2,2-dj n- 1-one (0.060 g, 0.19
mmol), cyclopenten-I-yl Bjorodic ac 0.032-g;:6-29-mmol), potgssium carb (0.101 g, 0.73 mmaol),
and Pd(dppf)C12CH2C12 (0.0 , 07015 mrnol) in 3 m Rll - 15 dioXaife and 0.75 mL of water was

stin-ed at 160C in a microwave Tok 30 mm. The resulting™¥tack guspension was partitioned between 30
mL of ethyl acetate and 30 mL of water, and the aqueous layer was extracted with 30 mL of ethyl
acetate. The combined organic layers were dried over MgSO4, filtered and concentrated to a residue

Column SrbRiReFApHy OB e e onehibsdanes F Hrrmieeilo D £8 el bp-bipyrazin-7-yIl-

112-(2- Cy@%%eth%l%}xéayﬁd&eﬂmw -8:429 RyR0Ql g RIpY (BFE0-- m@&%&m@ﬂuﬁpmpam-one
as a pale yellow solid. Example 48. W 2009/106442PCT/EP2009/051757 -1

5-[7-(2, zcéﬁh‘?éﬂﬁ%%?éﬁén%ﬁ@ﬁ“ﬁ?ﬂo‘PBPE%f Nipidighl %?ﬁﬁt&&%ﬁ)@ﬂ?&%&%&%@&w &
Cyan9m@tbslﬂiﬁﬂinmhm@@%ﬂdm%tﬂy@ﬂmhia@b&@@t&@@ﬁ@%ﬂ@ Reidimethyl erieedbernic acid
(0.350 g, 1.88. mmol)

[2- broch Be (‘ﬁ‘lﬁﬂlﬁ%l‘ﬁ%ﬁf’a{ﬁﬁ}%‘?ﬂ&y\‘f?&h% B PRSI AP vt 113%: difldbSyIpropan-kone
(0.705 gaduddumayed “mtaaﬁaumﬁoar@wmamf&a&ga&ﬁ&mme|¢pamhe@(ﬁgmﬁa2ﬁaﬂm (0.140 g,
0.171 mrcpol in 121\@1[?@ 4td| xane and gnggé_dof \Q/%er was sty gggl %160 C in ﬁynﬂcr%yyave for 30
mm. The TEsultifc fe selljgpensfbor? Was partliJ Sred (ﬁ? between etaté and 100 mL
of waterh%(ﬂliﬁélhqn@mtﬁmayéﬂm gi&@%}@d i/v[ﬂ}ﬁ?yv@mdmﬁﬂecadmyiﬁmlatetﬁté «The combined
organic | er over ncentr. r n
chrgr@latgg?fp %t(ﬁct% nes) gg%%gbg%é 3%817 ?ﬁ? %Oza}h%%@'%p 1%8 M’ﬂ oneasa

547-(2. Zydlinwthgll proplonyl) -5-(2-trimethylsilanybethoxymethyD5H-pyn-olo[2,3-b]pyrazin-2-yl]-thiOph
ene-2-carboxylic acid methyl ester as a red solid. 15 Example 49. WO

2009/10%&%&%‘?/&P2009/051757

Jou e
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A solution of 1-[2-[3-(azetidine-1-carbonyl)-pyrrol-1-y1]-5-(2-trimethylsilanyl-ethox ymethyl)-
15 5H-pyrrolof2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.066 g, 0.137 mmol) in 2 mL of
dichloromethane and 1 mL of trifluoroacetic acid was stirred for 5 h then concentrated. The
resulting residue was dissolved in 1 mL of ethanol and treated with sodium acetate trihydrate
(0.186 g, 1.37 mmol). The mixture was stirred for 17 h, then concentrated. Column
chromatography (1->8% MeOH/CH,Cly) afforded 0.015 g (31%) of 1-{2-[3-(azetidine-1-
20 carbonyl)-pyrrol-1-yl}-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one as a yellow

solid.



-132- mL of dichloromethane and 3 mL of trifluoroacetic acid was stirred for 2.5 h, then concentrated.
The resulting residue was dissolved in 10 mL of ethanol and treated with lithium hydroxide (0.177 g,
7.39 mmol)Wwoeamixtisneawas stirred overnight, then concentrated. The resulting regidservas
partitioned between 100 mL of ethyl acetate and 50 mL of a 10% acetic acid 5 solution. The aqueous
layer was extracted with 30 mL of ethyl acetate. FheScombined organic layers were dried over MgSO4,
filtered and concentrated to 0.232 g% %) of sli impure 5-

[7-(2,2-cfrREPRASE BBy U sy hastip 3s1la éyig ArrtidiRghiopriorayD-exrpdsdiitlatit as a brown
solid, ngﬁ(yy@p gagg)mg]@m{,wtbgrcgg{&@t%p@@mgée 50. A solution of

517-(2,2- dlmethyl propionyl)-5H-pyrrolo[2,3-blpyrazin-2-y1]-thiophene-2- carboxylic acid (0.060 g,
0.18 mmol), methylaminoacetonitrile (0.200 mL, 1 64 mmol) and EDCI (0.315 g, 1.64 mmol) in 3 mL of
ethanol ard R iet-didRrbioimetelAnuhsahawd 8y 1o ndh Udmysrlelfd-PHRE3E8GHING residue was
partitiongehbgtwegr 30 ml of ethyl acetate and 30 15 mL of a 10% citric acid solution, and the aqueous
layer was extracted 30 mL of ethyl acetate. The combined organic layers were dried over MgS0O4,
filtered and concentrated to a residue. Column chromatography (0->40% EtOActhexanes) afforded
0.049 g Ei%%}’%f%’l?ﬂ 2- climethyl-propiony1)-5H-pyrrolo[2,3-Npyrazin-2-y11-thiophene-2-carboxylic
acid cyanomethylmethyl-amide as a pale yellow solid. 20 The following compounds were prepared in a
similar fashion as 547-(2,2-dimethyl-propiony1)- 5H-pyrrolo[2,3-b]pyrazin-2-yli-tihiophene-2-carboxylic
acid cyanomeiiy]-nrgthylramide: SEM,

547-(2,2- Dlmethprr iony&)-5H-pyrrojo[2,3-b]pyfazinfy11-thiophene- acid
bis(2-hydroxy-eth ide! WO 2009/106442¢CWEP2009/051757 -133¢A4-M-[5-(Azetidine- 1

-carbonyl)-thiophen=2A/1]-5H-pyrrolo[2,3- pryN in-7-y11-2,2- dlmethylpro l-one
2,2-Dimethy1-1-1245- yrrolldme 1 -carbony1)-th

{ -y11-5H- pyrrolo[2 in-7-yl} -
propan- 1-one 5
2,2-Dhnethy1-1-{245-(piperidine-1-carbonyl)- thlop n-2<y11-5H-pyn-olo[2,3-b]pyrazin-7-yllpropan-1-o0

ne Methyl- cyclohexyl) (2-[5-(4-methyl-piperazine-l-carbonyl)-thiophen-2-y1]-5H-pyrrolo[2,3-

b]pyrazni g%ylllgiorln? HM fg,% bgéﬂ%%l{?gpﬁ) 2?'2 d1 ethyl propar

[5-(4-Dim laming- plpe ne- -car en-2- y -51-1-p rrolo[2 3 ~blpyrazin-7-y1110
(1-methyl-cyclohexyl)-methanone; hydrochloride salt Example 51.

(2-[5-(4-Bypdidxy3piperidinedsal bon il xthiopherpyiddie- (10 yng |00 3nphoyrakz! rpiplydg (12 meth
yl_CyCIOhﬁ)fM l)ﬁﬂ%&fﬂ%@@ﬂﬁum carbonate (111 mg; 0.79 mmol), and 1-{2-bromo-5-(2-trimethylsilanyl-

10 ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (150 mg; 0.36 mmol).
Indole (327 mg; 2.91 mmol) was added and the resulting mixture was stirred at 100 °C (oil bath)
for 24 hrs. TLC analysis (25% EtOAc/hexanes) shows a new more-polar product, The reaction
mixture was poured into 50 mL of saturated sodium bicarbonate solution and extracted with
EtOAc (2 x 30 mL). The organic layers were combined, washed with brine, dried over MgS04,

15 and concentrated to give a yellow oil. Chromatography (SiO,; 0-15% EtOAc in hexanes) gives
1-[2-indol-1-y1 -5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one (61%; ms == 449 [M+H]) as a light brown oil. Following general
procedures described in these Examples, the SEM group was removed to give 1-(2-Indol-1-yl-
5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (53%; MS = 319 [M+H]; 'H NMR

20 (DMSO): 6 8.83 (), 8.64 (s), 8.48 (d, br), 8.11 (d, br), 7.69 (d), 7.31 (1}, 7.21 (1), 6.83 (d) ppm;
MP: 205-207 °C). |

Compounds prepared using the Cul/proline coupling and SEM removal route described herein:



A mixture of 5-(dihydroxybory1)-2-thiophene-carboxylic acid (1.0 g, 5.4 mmol), [2-bromo-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-1)]pyrazin-7-y1)-(1-methyl-cyclohexyl)- methanone (2.2
g, 4.9 mmolypaiassisarcarbonate (2.0 g, 15 mmol), and Pd(dppf)C12CHICHRKDAB gsD.489 mmol)
in 12 mL of 1,4-dioxane and 3 mL of water was stirred at 120 "C in a 20 microwave for 40 min The
resulting red suspension was partitioned between G mL of ethyl WO
2009/106442PCT/EP2009/051757 -134- acetate and 100 mL of water, and the aqueous layer was
extracteé‘rv&ﬂfI’{?f‘ﬁ%%‘@Gﬁfﬁ*@ﬁd?fRﬂi%Wf@ﬁ{]P&E@lﬁf@zW@%é%@ré@@tﬁ%i@lmﬁeﬁgW%‘?@’H d over

MgSO4, iiliered andiconosniratesiod resHiLe G olumshramaiography, (0>7180%6 B1QAchexanes)
afforded 1.24 el (46%) of 5-17-(1- meth yl-cyclohexanecarbony1)-5-(2-trimethylsilanyl-ethox

ymethyl) SRR yrrolo[2,3-13] pyrazin-2- yli-thiophene-2-carboxylic acid as a brown solid. Example 52.
A solution of

5-17-(I-methylaygiphexanesacagmpbnbildnrimeinsisisnyethoxymathyh) b pyrgled 2. 3mipyrazin-2-y1
1-thigphene-2-carboxylic acid (0.080,g, 0.16 mmol), BOP (0.071 g, 10 0.16 mmol) and
4-hy3ro&61ﬂ@id‘?r‘?§%b.¥é)2:gl,gl.é?ﬁm f) in 2 ml. of N,N-climethylformamide was stirred overnight. The
resulting black mixture was taken up in 30 mL of ethyl acetate and washed with three 20 naL portions

of a sat. ag NHAC solutipnidniad) oepMeséd filped-and-gonrenitaiad Ppporsidugadolumn
chromatography (0->50% EtQAc/hexanes afforded 0.032 g (34%) of
1245-(4-?@&3}%&y%§ﬁgr%fﬁe%l-(@Fgléfg;?ﬁ;thiophen-2-y11-5-(2-trimethylsilanyl- 15
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-(1-methyl-cyclohexyl)-methanone as a tan oil. Example
53. A spiutiemehyl-1-(2-morpholin-4-yi-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one: (M+H)" =
[2-15-(4-?%8r%-gigfgﬁ!gi{%eggparbonyl)-thiophen-2-y11-5-(2-trimethylsiIanylethoxymethyl)-5H-pyrrolo[2,
3-b]pyrazin=7-y11-(1- yl=€yclohexyl)-methanone (0.032 g, 20 0.056 mmol) in 1 mL of
dichloromethane and 1 mL of trifluoroacetic acid was stirred for 2 h, then concentrated. The residue

was} dissplye s iFidorki ad@thanpbangyiiedifl3bibysativm atatatdiiéByl-propan-1-one: (M+H)"

2009/1064 P /051757 - - i a 6 .06 The_mixtu stirred
overnight, ﬁ\%&i@%ﬁ%ﬁ%ﬁ& a56 r%é% &2 3’. %Q%fﬁihgi%%%&tgg%zgnw 5%28021 E@dé@ é&%@g@ afforded
0.019 g (7836} #d@15-(4- hydroxy-piperidine-l-carbonyl)-thiophen-2-y11-5H-p
yrrolo[2,3-b]pyrazin-7-y1} -(1-methylcyclohexyl)-methanone as an off-white solid. 5 The following

compound epared i imilar fashi 245-(4- -piperidine-1- .
ooy B e o L AR o roner
547-(1-MbthiliCycldRe XanedR GOMAPBH Byt 3, 86ujpy adtn®-\RL09t tinphih el €ariorylic acid
(1-e{9y|-8r§)£ (&Pfﬁ"&i 1.46 (s) ppm;

1-(2-Indazol-1-yl-5H-pvrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one: (M+H)™ = 320;
"H NMR (DMSO): 6 9.09 (s), 8.97 (d, br), 8.68 (s), 8.53 (s, br), 7.96 (d), 7.68 (t, br), 7.38 (t, br),
1.50 (s) ppm;

1-[2-(3,4-Dihydro-1H-isoquinolin-2-yl)-5H-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-
20 one: (M+H)™ =335; MP =220-222 °C;

2,2-Dimethyl-1-[2-(1,3,4,9-tetrahydro-beta-carbolin-2-y1)-SH-pyrrolo[2,3-blpyrazin-7-yl]-
propan-T-one: (M+H)" = 374; MP = 190-195 °C;

2,2-Dimethyl-1-[2-(1,3,4,5-tetrahydro-pyrido[4,3-blindol-2-v1}-5H-pyrrole[2,3-blpyrazin-7-yi]-
propan-1-one: (M+H)" = 374; MP = 264-265 °C;

25 2,2-Dimethyl-1-[2-(3-phenyl-pyrrolidin-1-y1)-3H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one:
(M+H)" = 349; MP =237-238 °C;



245-(3,3-Difluoro-azetidine-I-carbonyl)-thiophen-2-y1]-5H-pyn-olo[2,3-b]pyrazin-7-y11-(1- 10
methyl-cyclohexyl)-methanone

[5-(4-Hydrowyerigeridiag: 1-carbonyl)-thiophen-2-y1]-5H-pyrrolo[2,3-b]pyrazinibybd ekl ss7
methyl-cyclohex y1)-methanone {
2[5-(Azetidine-I-carbonyl)-thiophen-2-y11-5H-pyrrdt2,3-b]pyrazin-7-yl}-0
-methylcyclohexyl)-methanone 15245-(3-Hydrox y-azetidine-l-carbon y1)-thiophen-2-y1)-5H-p
Jrrolo(2, 3bjoAER R e LAY CYROHERA o bherarS N thyltbyetsheryl- Fo25i HRorph

oline-4-carhnyL)4hs ophenik YbME bl:-pvaTeiokR, 8-61nyyazins (ay A gnethsnones (H; 144k Meth yl-c
yclohexanecarbon y1)-51-1-p yrrolo[2,3-b]pyrazin-2-y1)-thiophene-2-carboxylic 20 acid diethylamide

547-(1-MEthj2dy SRk xXAHe S bRy ) B pyrrolo[2,3-b]pyrazin-2-y11-thiophene-2-carboxylic acid
cyclopentyl-methyl-amide WO 2009/106442PCT/EP2009/051757 -136-
547-(1-MethyboyeioheyaneaRonyh-SlRyreabpt Irplpvragin-2yd d-thiapnengrépearhexylic acid
bis-(2-hydroxy-ethyl)-amide .

547-(51-MMﬁ Jci gﬁé%ﬁe:cé%blrﬁl)%H-pyrrolou,3-b|pyrazin-2-y|I-thiophene-z-carboxylic acid
(2-hydroxy-ethyl)-methyl-amide 5

1245-(3-Wyghieonpy yridiae fonata g \aklrtiio phradéryd Halbrpyr alals3- Blpyptde- 7-y11-(1-
methyl-cyclohexyl)-methanone Example 54. 10
1-1243-(azetidine-1-carbony1)-pyrrol-1-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethylpropan-1-one
Oyl CHIGTRENSEES T YR no 13 B TERLE Ao P TACHE-1 HBRAOTG- ST ATHERYRINEH (0,111 g,
1.00 mmpbseghd-siomahMiNrdimethatornanige SEBk0bichigporasinana) - 2iredmixtive was stired

for 15 h, then cqncentrated, t redissol in5 f dichloromet nd 15 cooled tp 0-5 C.
mretin@ Y TS g AR TR R R S o P Y P G nsorbed
ontq{$iIim@@@ﬁﬁl‘ﬁ@’iﬁ&ﬂﬁﬁé@io@ﬁkﬂﬂmmﬁﬂﬁﬁgmggéﬁeﬁwm&ﬂﬁﬁ%&@ afferded 0.059 g
009/ 10LTIIB T RPBGO TR TBP S07:C A mire of o Campie 55 WO
142-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-
2,2-dimethyl-propanThone (0.578 g, 0.432 mmol), pyrrole y (0.059 g, 0.39 mmol), cesium carbonate

(0-256 9,0 750,042, 598085 1) {24198,(2: 908,95 B 05k RN NS BERNNE (% B2 Gire using 1-12-
Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolof 2,3-bpyrazin-7-y1]-2,2-dimethyl-
15  propan-1l-cne instead of 1-(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one
and the SEM protecting group was removed following general procedures described in these

Examples) M+1 269.

Example 58.

/\o o o
R

20 1-[2-(3-Aminc-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one
To a microwave vial was added 0.032 gm (0.075 mM) 1-[2-(3-Amino-phenyl)-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one
followed by 0.75 ml of 1M tetrabutylammonium fluoride in THF. The vial was sealed and

placed in a 80°C oil bath for two hours then stirred at room temperature overnight, The mixture



5 0.08 mmol) in 0.8 mi, of dimethylsulfoxide was stirred at 90 C for 64 h then allowed to cool. The
mixture was partitioned between 50 mL of ethyl acetate and 25 mL of water, and the aqueous layer
was extractad witl/bd4an of ethyl acetate. The combined organic layers wemrRRbed/0MsMgSO4,
filtered and concentrated to a residue. Column chromatography (0->3% MeOH/CH2C12) afforded
0.066 g (32%) of 14243-(azetidine-l-carbonyl)-pgﬂr‘r‘c])r-1-y11-5-(2- 10
trimethylsiIanyl-ethoxymethyl)-SH-pyrrolo[_2,3-b]{33yrazin-7-y1!-2,2-dimethy|-propan-|-qne as a yellow oil.
Examplé38 _chjgg@@m@nlgfml ethyl acetate, rinsed (3 x 50ml) water, dried over magnesium sulfate,

éﬁ13-(a%eﬁf%r%r]clm@ﬁ%y@rﬁﬁzm%wﬂvﬁp(&-if@mbltmtsﬂaﬁml-ese@mpes wmgt%hw%sﬂl&g gel thiLn f
-pyrrolo[2,3-b]pyrazin-7-y11-2 2-ditnethyl- n-l-one . i 0
dichloroH&?ﬁ&h@@ﬁ&?&l‘?ﬁ]ﬁw}ﬁfﬁlEé?gé‘é’é%ﬁdo%% %%Yﬁ?é)c(i&o% %T}?(ﬁgg% %SEéggtié@é@'%lgr%%éulting
residue wias dissetveghislct23Lb0f wthanoland fehiedhyithrspalicivoacetata DitfydicRe (T 1B6¢;.1.37
mmol). The mixture was stirred for 17 h, then concentrated. Column chromatography (1->8%
MeOH/CH2C12) afforded 0.015 2 (31%) of 1-1213-(azetidine-1- 20

carbény&ergﬁ% 11-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-prgpan-1-one as a yellow solid.
WO 2009/106442PCT/EP2009/051757 -138- Compound prepared in fiar fashion as
1-1243-(azetidine-1-cafory™ ol-1-yIRBAPW ORI pPraziAid-y4d-2,2-dimethyl-propan-1-one:
2,2-Dimeth y1-1 - | 2- [3-(p! rr;@ﬁi-l-carb@gxgimg@-l- yl] -53@:))5 [2,3-b] pyrazin-7-y1) -
propan- 1-one 5 Example 57 }-(2-Indo1-1-y1-5H-p N 5
yrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-l-one. DMSO (3 mL) was added to a mixture of copper
iodide (10 mg; 0.05 mmol), d,I-projine (12 mg; 0.10 mmol), potassium carbonate (111 mg; 0.79 mmol),
and 142-bromo-5-(2-trimethylsilanyl- 10 :
ethoxymethy!)-5H-pyrrofo2:3% azin-7-y1‘]~§?2‘*8hﬁethyl-pr%rbaﬁ-N (150 mg; 0.36 mmol) Indole
(327 mg; 291 mmol) was add the resulting mixture was stitr 1,100 C (oil bath) for 24 hrs.
TLC analysis (25% EtOAc/he&a@e*s) shows a new more-polar prodHc Thg reaction mixture was
poured into 50 mL of saturated sodium bicarbonate solution and extracted with EtOAc (2 x 30 mL). The
organic layers were combined, washed with brine, dried ové?‘ﬁ@é@’ﬂ,ﬂ%"”a*ﬁé?%@ncentrgted t)o give a
yellow ol eSS RAREITARIY RSIcECD Y DR RexSh 8 HIES AP LA e (105 g
-5-(2-trigathyisitamyethexsmeiiayd)-Sddray relal2a @bipyiaziicfowhl2 appainaes Ay Bprapsor-fiFane (61%;

s < 249 Wi 1) s 2t brown o1, Following SenRLIRSSIuEs deRclierin ises Pl
5H-pyrroied 2 Rebdpyrazia; Thyil bR @rdinatyleprhpanid -onmd58%e MBerid 1o pMilled iNMR ZT{DM50):

8853 (5) 664 (98,45 0 ) 813, b 1,69 (0 £ Fhi0, A B8R LARTL M5 207 O

N-1147- (2 2eBaivig thirl ehropiorsgd jub Hepiptlole]2g3tbipyrazin-2-yli-pyrrolidin-3-y 1} -acetamide: (M+H)+ =
330; II-1 NMR (DMSO0): 8 8.12 (d), 7.71 (s), 4.4 (m), 3.7 (m), 2.2 (m), 3.32 (s), 1.42 (s) ppm;

2 %, o BXPYIT 2l SR Tt el RHIR AP i ol RISPRNp 7801, > (M-FH)*
112-(4-Atbety bpipereclih ey p Sikipy ko] 20@ds] byt ani A-TaymeipyRittietpproph chbmise(dap) + =
330'1%"%12&%1%%‘}1%0 hours, then poured into ice water and extracted into ethyl acetate. Washed

S
rol
N
H

organics with water, then brine. Dried over sodium sulfate, filtered, then concentrated and
pumped on to give 6.84 grams crude product. Chromatographed on a 50 gram Supelco
Versaflash column (0% to 40% ethyl acetate/ hexane) to give 3.24 grams (30%) of C, the bromo,

sem-protected aldehyde.

20



2,2-Dimethy1-1-(2-morpholm-4-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-propan-1-one: (M+H)+ =- 289; MP =
238-239 C; 10 1-[245-Fluoro-indo1-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one:
(M+H)+ = 380 DhashddMR (DMSO0): 6 8.83 (s), 8.64 (s), 8.54 (dd), 8.2 (d), FATERMGY/ASIB{dL), 6.82 (d),
1.45 (s) ppm; 112-(5-Methoxy-indol-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one:
(M+H)+ = 349; 111 NMR (DMSO0): 6 8.81 (s), 8.601(‘%37 8.46 (d), 8.09 (d), 7.19 (d), 6.94 (dd), 156.74 (d),
3.81 (s), 1.46 (s) ppm; 1-(2-Indazol-1-y1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one:

(M+H)+ = 320; 11-1/NMR (DM8©E}:6 9.09 (s), 8.97{d, br), 8.68 (s), 8.53 (s, br), 796 (d), 7.68 (t, br),
7.38 (t, b5t pm; SEM~ " H LS./ NaGIo SEM~ "R
112-(3,4-Dihyprek 1H-isoguinofi- -pyn:eiQ[2,3-b]pyrazin-7-y1} 2,2-%' t

(M+H) = 335NMP M 22GHPR Y/ KFPO, N N KH PO, B
2,2-Dimethyl-l\-R’-igr,B,4,9-teﬂualaydfmrbeta-earBB\T{}é-yl)-S'TE’;L‘"‘-’lﬁ{/WE%[2,3-b]pyr zin-7-y1]-
propan-hone: (M+H)+ = 374; MR 5:3420-195 C; OC-rt/2hrs
2,2-Dimethy1-142-(1,3,4,5-tetgahydro-pyrido[4,3gblindol-2-y1)-pti-pyrrolo[2,3-b]pyrazin-7-y11-
propan-1-one; (M+H)+ = 374; MP = 264-265 C; 25 2,2-Dimethyl- 142- (3-phep yl-p

yrrolidin-I-y1)-§1-3-piyrrolo[2,3-b]p y¥azin-7-yl] -propan -1 -one: (M+H)+ = 349| MA = 237-238 C; WO
2009/106442PSF/EP2009/051787 -440:12- HN Sy N ot
1-[7-(2,2-Dimethyi-propiony 1) 6 H-pyrrdio[ 2B ®pyrazift2 914 1H-indol- gacetamide: (M+H)+ =

376; Ili NMRLIDVISOY™S 8.77 (9, 8162 (5), 8.46 (d), Z,374@ Bl . 8(d5‘f\i§, br), 7.23 (t, br), 3.61

(s), 1.46 (s) pp - 1-[2-(2-Benayd-pyn-olidin-1
-y1)-5H-pyn-olo 2h?,-b]pyrazin-%Z-dimethyl-propan-lrfone: 5 (M+H)+ = 363; MP =- 162-164 C;
Additionally pr@p‘%\r'éd following general procedures descriaed in these Examples:
2,2-Dimethyl-lﬁﬁ?-pyrazol-1-y1-§H-pyrroIo[2,3-b]pyrazin-7-y1)-propan-|—one (Prepare using 1-
[2-Brom%@ﬁgﬁkgﬁq{hgbiIanyI-ethoxymethyI)-5H-pyrrolo[2,3-b|pyrazin-7-y1]-2,2-dimethylpropan-|-one
instead of Lr{ZBeama-Eib Ry otel2shlpyieriprdpyl bt wdndineet il 1R NBY Iane) 1@ianrtbe,SEM
protecting group was removed foIIowin%ge_neraI procedeées de r'ged in ghese ExamUPIes) M+1 269
imp. 2562588k G Prfitethy? pipslh BB AR IBY 2RSS [glﬁtﬁ% AP BSBEA  one (Prepare
using; 14gh B peaie 1Byt imetysitnyineshaxymethyf ybtbey sl 0[2 SikjpyrazinysyhlsBed-dithethyl- 15
propan-l-one instead of 1-(2-Bromo-5H-pyrrala[2 3-blpyrazin-7-y1):2.2-dimethyl-propan-l-one and the
gl O e S e e o R B S e L iy
269. Examaplef S8IKAFI20 (Cellulose filter aid) washed with EtOAc, and concentrated in vacuo. The

142-(3-Amino-phenyl1)-5H:pyrrola(2,3- razin- -y 1-2 2-di r -1- icrowave
PR e
trimethylsffany Hetdosiyedgtiogids IB-py arptdliecebjpdea it fey 812, 2id et yBprdpand-one followed by
0.75 ml of 1M tetrabutylammonium fluoride in THF. The vial was sealed and placed in a 80C oil bath
for tyyp hguerps then stirped at room temperature overnight. The mixture WO 2009/106442 -141- was
diluted wig)

&

ation kr . . . . .
06 Bcetate. HRseH R BOMLbIRISE dHsshoYer madnesiym it fiisied and

concentrated on a rotary evaporator. Purification on a preparative silica gel thin layer chromatography

plate (5/951:53[;@@)}-9!@@@1313@) @éé@r@r_@ﬂ)ﬁgﬁpyg@}gwkﬁ—msa addition of a solution of soedium
;gg;%\émeﬂ@m;%mm%mmm Arydis 2R SHES - ProparslepRG. Y4l 295 oM.P.
water, After addition, ice-bath removed and reaction mixture stirred at room temp. for 2hrs. The
15 reaction mixture was partitioned between water and ethyl acetate, the organic layer was washed
with brine, dried over sodium sulphate, and concentrated in vacuo. The residual oil was triturated
with hexane to obtain the desired product C as a light yellow powder (0.22g, 87% yield) mp 92 —

94 °C.

Preparation of D:
20 To a solution of C (0.22¢, 0.65 mmol) in 10 ml of dichloromethane at room temyp. was added

HC! salt of the amine (0.11g, 0.79 mmol), EDCI (0.15g, 0.79 mmol) and 4-
dimethylaminopyridine ( 0.096g, 0.79 mmol). The resulting reaction mixture was stirred at room

temp. for 2 hrs. Solvent removed in vacuo, residue was diluted with EtOAc, washed with water,



PCTIEP2009/051757 5 Example 59. (Overall Yield = 22% to 33%) Filled 5 microwave vials, each with
1.19 grams A, .88 grains hexamethylenetriarnine (1.05 eq.) and 10 ml trifluoroacetic acid. Sealed and
heated in thegnigroveaye apparatus at 80 C for fifteen minutes. Combinedettiessaiewrsd =atovaped.
Poured into aqueous sodium carbonate, stirred and 10 the filtered. Dried, then chromatographed the
7.74 grams crude material on a silica column (5% t#310% methanol/dichlorornethane with ammonium
hydroxide) to yield 4.69 grams of impure material B which was used in the following step. Stirred B in

40 ml DIV SFER- € AHPENTRIAPERSE: AdOaCERB b B9 RRpHSHBHBhE 2tHerSHPEA cold for
two hourgyiNgxt asddes 4.4 Bhetimethvisidn.athoymsthvheiande drepdmviss: Stisfebhdwo

hours, then poured into ice water and extracted into ethyl acetate. Washed organics with water, then
brine. D& UG Sfte, filtered, then concentrated and pumped on to give 6.84 grams crude
product. Chromatographed on a 50 gram Supelco Versaflash column (0% to 40% ethyl acetate/

hexane) 'If@ E%éﬂ%@ﬁomgg @.(13;?‘,’/@).43" &ntklﬁlhtr?zmmmmaﬂggfﬁﬁ{&g%%@wﬁs %@;ﬂ?ilﬁ%afatilon of B: A
mixture of .339g, 0.93 mmol), cyclopropyl horonic acid (0.12g, ol), tricyclohexy
phosbhiHé‘(@%’%ﬁ?%ﬂ@@%?n%B?ﬁﬁiﬁﬂﬂ%?ﬁ??ﬁ%&%‘fleaﬂg&ﬁ%%@ﬂé %@%&é TS5BS 8 BRosphate
tribasic (Pxe3gsidR7 dnrmel)dishRidof taluensiand.0 minbbfivatatiiyas ibesh edniyithArg@mior 5

minutes, then heated. at 100 C for 18 hrs. The cqoled mixture was filtered through a pad of SolkaFloc

(ColluiodB TSI e TR AL S e e S E o AT an WHE I dhea on

silicagel woturemaacheietéa Biths 198 niGAndver an eanixture doapfioutdd natil esireck pradoctvB as a

vellow pouer, %iéég%%%%e esé%%@%@%%&l EEROMRUSN Ot 10,8 RAMIAN.O BG40, 0.75
m ml) at e 44q, 4.

mmol) in ,Ef joxane and water was ad sultamic aci ‘mmol),
folloed wasiird pritlisshadditien of e soiulitlydbpogivint Bhirited (209 pregnedholrberd potassium

dihydro 1 2 {1, i i |, of, Wate iHOPe {Ge-Rath | ed-and
reac:tion(J@]gl;(%'rﬂe§ gﬁ)r%gadf éjzt%r%%ﬁ??grg%)%%% %]T%{Q Trg:e%?%%%é%th@gﬁgéﬁﬁtmﬁbe@%en water

and ethylacetate, the organic layer was washed with brine, dried over sodium sulphate, and
concentrated in vacuo. The residual oil was triturated with hexane to obtain the desired product C as a
light ye”?)&’l@%‘é’ﬂ?r}@oﬁgﬁﬁ% yield) mp 92 - 94 C. Preparation of D: 20 To a solution of C (0.22g,
0.65 mmot) in T0 mI of dichloromethane at room temp. was added HC1 salt of the amine (0.11g, 0.79
mmol), EDCI (0.15g, 079 mmol) and 4- dimethylaminopyridine (0.096g. 0.79 mmol). The resulting
reagion kiR 4Ees Uil ¢d A bFoaMuteRIRa e PAKS imiglyRidemoved in vacuo, residue was diluted
with EtOAc, washed with water, WO 2009/106442PCT/EP2009/051757 -143- brine, dried over sodium
sulphateEBRANCS RBEmFRTEE MRERB U PHeTedficEPef BiMoaded on a silicagel column and eluted with
1.5% methanol - dichloromethane to afford the desired product D as an oil (0.18g, 66%). To a solution

of D (0.18g, 0.43 mmeh). iR L8:¥ifAishierematRane AP emardfadeC R pitsegenyas added 1 0 ml
of trifluoroacetic acid and stirred for 4 hrs. Solvent removed in vacuo. The residual oil was dissolved in

methanol (10.0 miy tKife REFARG ARTHBIF a8k At P& AP PO NGWERP B tri iyl SfmAe P Y ras

added and the resgiiRQ:rRasdiabi MbtHEeAS il RbroaohienDRaRIE-Hor BabsgoSolvent removed in -

vacyo, co-evaporated with toluene. to [egnove \fvat r Jesidue was treated with 50% EtO,IAc - I—%exane,
T%) i\é al’y ! 00p 0

the % _white solid Lm%rat%v R otinylated 14-mer peptide derrved from activation
JAK1 with sequence of the peptide substrate: Biotin-KAIETDKEYYTVKD

Assay conditions_used are described below:

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

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

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

carried out in 96-well polypropylene plates.

30 Experimental Method:



10 washed with ether, dried to obtain 2-Cyclopropy1-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid
((S)-2-hydroxy-1,2-dimethyl-propyl)-atnide as a off-white powder (0.091g, 73%) mp 272 -274 C. JAK
Assay Informetimiibsetermination of IC50 of Janus Kinase (JAK) inhibigonvinaymssysnd peptide
substrate used are described below: JAKI: Recombinant human kinase domain from Invitrogen (Cat #
PV4774) .JAK3: Recombinant human kinase dombitfrom Millipore (Cat # 14-629) or prepared. JAK2:
Recombinant human kinase domain from Millipore (Cat # 14-640) 20Substrate: N-terminally

biotinylatbd CNGFRIFASEBE G dEIH Sl HOFRRECON AHGHTE SH DL MR BRAENS BELHERIGHIRO e ptide

substratesBietifakAl R TR RIS Tk Assayrepngitions_used are described below: Assay
Buffer: JAK Kinase Buffer: 50mM flepes (pH 7.2], 10mM MgCI2, 1mM DTT, 251mg/m1 BSA. The

assay is canted out in this buffer. Assay Format: The kinase activity of all three JAK kinases is

measured using a FRHBaRETR 2 arFoM ciuteimABNTR MR MR 8t 3 WIPIATRE The assays are
carried out in 96-welhpalwairpvieneMatesar YR ARHIOEARITLT {FRQMAELIET el 44- All

concentrations are final in the reaction mixture and all incubations are carried at room temperature.
Assay steps are d@éﬁ%%@%%ﬁﬁ%ﬁfﬁﬁﬁ#d@@r%@ﬁﬁl@5@%&%&5@%@”@@ t@‘b‘?@ﬁ%ht a 10x
starting concentraiiorh®f ini3 g cencenvalioN DM QKN the 1eastiands 10%. 5Compounds are

preincubated with enzyme (0.5nM.JAK3 (commercially availabl .2nM JAKS3 (pre d), 1nM JAK2,
D JAKD for 10 RARHRE: B IS S A e ST e R Rt P bty
(ATP and peptide peptiizeeeinitted AiKeKihRISiBuifd) e thin IAKZHAK 3 k3 says;sATPPand the peptide
are used at concentrations of 1.5uM and 50uM. re jyel K1 assay.is 10 ied out at an ATP
Comeortration of 100 Suare used e SRR PRI JM TSR A TARPL SR B 25 anc
JAKRis 20 minutesadizK brssay B Bamdeccounton 46 Hiddtesd Witptadettreecrinzymes, Yeadtions are

terminated by the :@9‘88&9&9&%4%95 fo-3 Aral gancepyation of 1e0mMk43, Ul of termingted

reactions are transferred to 150 ul of a 7.5% (v/v) slurry of 15streptavidin-coated sepharose beads in

MgC12- and CaClefiferdl pivsphetBalféiey Suimecsonesiiig SomsvnoreEn PA tiv 9ddien 1.2um

MultiScreen-BV filtgr plalegrAfier.a 30ninute ipsubatienpthgpeads are washed under vacuum with
the following buffers: 3 to 4 washes with 200 ul of 2M NaCl. 203 to 4 washes with 200 ul of 2M NaC1

plus 1% (v/v) phosphBlief SeineFa sretiR R vtiseRddplalee sl (/% 65 v 9én for between
1toi3 hours.  7@aetiNicroseiatsrbatilrtion fluithis addad treach-Wwelbab fifkpiaigsand after

at least 30 minutes_of incubatjon, radioactive counts are measured in a Perkinelmer 25microplate

scintillation counter *RTEREHRR2EYPITaits dfe RiTeibId AL MW P REFERY filter plates.

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.
20 3 to 4 washes with 200 ul of 2M Na(l plus 1% (v/v) phosphoric acid,
1 wash with water.
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

25 microplate scintillation counter.

Representative ICsy results are in Table 11 below:

TABLE 1L

1Csp h-jak3-

Compound
sf21-¢

140 0.04474




Compound-IC50 h-jak3- sf21-c 1-40 0.04474 WO 2009/106442PCT/EP2009/051757 -145- 141
0.03524 1-73 0.01799 1-74 0.02834 SYK Assay Information Determination of ICso of Spleen Tyrosine
Kinase (SY#pintumition2SYK kinase assay is a standard kinase assay adegpiexboos/@6aell plate
format. This assay is 5 performed in 96-well format for IC50 determination with 8 samples which
represented 10 half log dilutions and a 40 p.1., reaéfion volume. The assay measures the
incorporation of radiolabeled 33P yATP inta an N-terminally biatinylated peptide substrate, derived
from naturally occurring phosphoaceeptoﬂﬁ@nsensus; sequesg®t (Biotin-1 laa DY*E). Phosphorylated
products were detected upon ternyination pfygeactions witfy '5P7§§ and the addition of Streptavidin
coated beads. 10 Representative fesults are in Table || abave”Assay plates: 96-well MultiScreen
0.65um filter plates (Millipore Cat.|No.: MAﬁ‘%/NOBlC) Strepeasidin coated beads: Streptavidin
Sepharose TM, suspension 5.0mL; i 5S0MM EDTA/PBS diltted (1:100), (Amersham, Cat. No.:
17-5113-01) 15Compounds: 10 mM in 100% dimethylsulfoxide (DMSO), final conc.: compound
0.003-10&3;;% ';n 100;60 %MSO Enzyme: SYK RPA purified, truncated construct of Spleen Tyrosine
Kinase S R Yhution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 MM. Peptide 1:
biotinylated peptide is derived from a naturally occurring phosphor-

Determination of ICsg of Spleen Tyrosine Kinase (SYK) inhibition:

SYK kinase assay is a standard kinase assay adapted to a 96 well plate format. This assay is

5 performed in 96-well format for ICs, determination with 8 samples which represented 10 half log
dilutions and a 40 UL reaction volume, The assay measures the incorporation of radiolabeled P
YATP into an N-terminally biotinylated peptide substrate, derived from naturally occurring
phosphoacceptor consensus sequence (Biotin-11aa DY*E). Phosphorylated products were
detected upon termination of reactions with EDTA and the addition of Streptavidin coated beads.

10 Representative results are in Table IT above.

Assay plates: 96-well MultiScreen 0.65um filter plates (Millipore Cat. No.:
MADVNOBI10)
Streptavidin coated beads: Streptavidin Sepharose TM, suspension 3.0mL, in 50mM
EDTA/PBS diluted (1:100), (Amersham, Cat. No.: 17-5113-01)
15 Compounds: 10 mM in 100% dimethylsulfoxide (DMSO), final conc.: compound
0.003-100uM in 10% DMSO
Enzyme: SYK RPA purified, truncated construct of Spleen Tyrosine Kinase aa 360-
635, stock solution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 uM.
Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor-
20 acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB,
stock solution 20mM, final conc.: 5.0 pM.
ATP: Adenosine-5’-triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final
concentration: 20uM
Buffer: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma , Cat. No.:
25 H-3375) final concentration: 30mM HEPES pH7.5
BSA: Bovine Serum Albumin Fraction V, fatty acid free {Roche Diagnostics GrmbH,
{at. No. 9100221) diluted to a final concentration of 0.1%



20acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB, stock solution
20mM, final conc.: 5.0 p.M. ATP: Adenosine-5'-triphosphate 20 mM, (ROCHE Cat. No.: 93202720),
final concemi@tian; B4 Buffer: HEPES: 2-Hydroxyethyl piperazirgePethanesalfonic acid
(Sigma , Cat. No.: 25H-3375) final concentration: 50mM HEPES pH7.5 BSA: Bovine Serum Albumin
Fraction V, fatty acid free (Roche Diagnostics Gmbtt; cat. No. 9100221) diluted to a final
concentration of 0.1% WO 2009/106442PCT/EP2009/051757 -146- EDTA: EDTA stock solution 500
mM, (GIBCO, CatFRFA1EBTR skl ihe ol BLAM B TYO4 EDitniBhrER8l (Roche -
Diagnostics GmbH&@htNBenl974(VD, final conc.: 1mM 5MgC12 x 6H20: MERCK, Cat. No.:
105833.1000, final concentration; I0rnM Assay Dilution Buffer B). 50 PES, 0.1mM EGTA,
0.1 Na Venacdtd 0t LN up AT TG Lo N BT 5, OSSR i 7.5

Bead wash buffer:13vg/L PBS (Phosphate buffered saline) with 2M NaC1+ 1% phosphoric acid. 10

Experimental Method; né@%@%@ﬁz 1L of gi , purified recombinant hyman
5YK360-635 [0.55\%({*7&% oA L%aft'rf%%c@%g% tiﬁﬁghfg“%i R A S oo U, [usually

10011M- 0.003pMAisdl 0%}t B@fan AH® mixtard WP e ubateld! fot 1O MinalRNa Yariktiedkinase

reaction was initia e additign of, 101..th 4 bstrate ¢ il.c iping t E peptide
substrate [0 or 5 pbif]%g[]f D 8%)(}1%%’ 5%&%?&?%%@ |§25? agdgﬁ Qﬁ 3?0!;{ C for 15 mm, the
reaction was termiBadé cvbshthef feansiey DFPESA Hhbtpbate &atifimesaniple) teigh 2668 m Millipore
MAD VNOB memb aneéplate cantaining 200p.L 5rnM EDTA and 20% Streptavidine coated beads in
PBS. 20 The unbdUnafrat 1|‘8r%lﬁ%:%'eotides were washed under vacuum with 3 x 2501.IL 2M NaCl; 2 x
250i01_ 2M NaC1+1% phosphoric acid; 1 x 250pL H20. After the last wash membrane/ plates were
transferrgd t t e, heat dried for 15 min at 600 C, and 50 i.tt scintillation cocktail was
added toﬁgggﬁ%\ﬁ/‘éﬁl@% g1t%%at1:ter the amount of radioactivity was counted in a top counter. The percent
inhibitiodwHsitalcliaedGitsed ARhéiluedhvitégereepmbirans hps% ANKRENE38d0.5 (M was
(1C50/Inhibitgr cane)n) T, 50 was calculated usi non-linear ¢ it Wi j ware (ID
Buses BT LA g O i B come
detail by[Wy]ddMGSratibthandxexampleinfobpuribsd$ ofivlatiRTand understanding. It will be obvious to
one of skill in the art that 30 changes and modifications may be practiced within the scope of the

appi—:g] de{jhgll%;r%gé ;reggtri%goxr%s initiated by the addition of 10uL 4x substrate cocktail containing the

DYE peptide substrate [0 or 5 uM], ATP [20 uM] and * PYATP [2uCi/rxn]. After incubation at
30° C for 15 min, the reaction was terminated by the transfer of 25uL pf the reaction sample o a
96 well 0.65um Millipore MADVNOB membrane/plate containing 200ul. SmM EDTA and
20% Streptavidine coated beads in PBS.

20  The unbound radionucleotides were washed under vacuum with 3 x 230pL 2M NaCl; 2 x 250 pL
2M NaCl+1% phosphoric acid; 1 x 250uL H,O. After the last wash membrane/ plates were
trapsferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 uL scintillation cocktail

was added to each well and 4 h later the amount of radicactivity was counted in a top counter.
The percent inhibition was calculated based on the uninhibited enzyme rate:

25 % Inhibition= 100 / (1 + (ICsy/Inhibitor conc)™)
The ICs, was calculated using a non-linear curve fit with XLfit software (ID Business
Solution Litd., Guilford, Surrey, UK).
The foregoing invention has been described in some detail by way of illustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that

30 changes and modifications may be practiced within the scope of the appended claims. Therefore,



WO 2009/106442PCT/EP2009/051757 147- 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
determinedwotxitiiseference to the above description, but should insteagderbetesmined with
reference to the following appended claims, along with the full scope of equivalents to which such
claims are entitled. 5 All patents, patent applicatioﬁ@and publications cited in this application are
hereby incorporated by reference in their entirety for all purposes to the same extent as if each
individudf pefeht, PeEHeap Frhe Ao p (s ieaRBrn eSS SRR REUHHy R ING aRfl Do IpStietiEims A

compoungoffopenaeiad invesreinsRiBie RbrEgsRS iBithined Mt iv 161 RRlkvkCd Badkaxy, phenyl,
benzyl, heteroaryl, cycloalkyl, heteracycloalkyl, or cycloalkylalkyl, op%i(ig)all,y substityted with one or

more Ri&SHETRERIFHr B IRIB A MOGERTBRS Ny I BT YnE ARBTOasd £y s
-0=0)Clal@{Rigkh-BERH) S 2fRifni 0l efd=Q)(Rith idh 6l silkylafe knbalicoxy, amino, amido, Cl
-6haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy
optionally substituted with one or more Ri‘%‘ ) ... ... Ridjs H, halogen, hydroxy, C16 alkyl,
C1_6 alKoRy 26 E 1 PEIRIGHIRY 218 Aty 19%{1%1&&}?6ig%eﬁww,h%wwﬁ%%mg}ﬁO%%vf?
heteroaryl; eyeloadkyh orhetatatycloalkydiurposRitdsid saitetealipl 2Cif-Gloalaalloibyahpmphtheteroaryl,
cycloalkyl, or het%oc cloallcl}g'l.RZt.is N RZa%ZI;&O%aCB R2a i% ipdependently H or R2b; each R2b
is indep r?&?é’ﬁﬁ? gaaﬁ(?/ﬁrﬁhenlffﬁ Wéltgrolgr@ ,lcy%:‘f%)éllfcﬁ, g?eero'cycloalkyl, or heterocycloalkyl
allcylene, optionally substituted with one or more R2"; R2c is R2d or R2b; 25R2d is halogen, oxo, or
hydroxy; -149-



R2e is -N(R292, -C(=0)( R2g), -C(=0)0( R2), - C(=0)N(R2)2, N(R2)C(=0)( R29, -S(=0)2(R2g), -S(0)2
N(R2) 2, C /.6 alkyl, C1.6alkoxy, C1.6 haloalkyl, phdiyi -heteroaryl, heteroaryloxy, cycloalkyl, or
heterocycloallcyl, optionally 5substituted with one or more R2f; each R2f is independently H,
halogen, C 1,6 alkyl, C1. 6 alkoxy, C16haloallcyl; .each R2g is independently H, C16 alkyl,
Cl6alkoxy, C1_6haloallcyl, or phenyl; 10 R3 is -ngldfﬁ\s?,a; R3e is C16 alkyl, Ci_6alkoxy, phenyl, or
N(R3b)2; each R3b is independently H or C16 alkyl; R4 is -o(R4a), 124" is H or R4b; 15R4b is C16
alkyl, phenyl, benzyl, C15haloalkyl, cycloalkyl, heterocycloalkyl, heteroaryl, optionally substituted with
one or more'R4"; RacHsAERSYEA ShEaBR? o1 6allcyl, C1.6haloalkyl, or C1,6 alkoxy: Q2 s
cycloallcyl; cycloalkenyl, heterocycloalkyl, or heterod®yl, optionally substituted with one or 20more Q2';
Q2a is Q2b or Q2'; Q2b is halogen, oxo, hydroxy, -CN 3, -S(0)2CH3, or -S(=0)C1-131 Q20 is
Q2d or Q2e; or two Q2e co Njﬁé’ﬂ r to-form a bicyclic ring system, optionally
substituted with 250ne or more Q2b or Q2'; 924 isj 0(QR), s(,0)2(Q2e), "=0)1\1(0252, -S(0) 2(Q2e),
2e), -N(Q292;C(=0)0(Q2e), or - _
“'N(Q29C(=0)N(0292; each Q2' is independently H or QRe'; 30each Q2e' is independently C15 alkyl,
phenyl, benzyl, C1_6haloalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q21; Q2f is Q2g or Q2"; - 150 wherei2g is halogen, hydroxy, cyano,
0XO0, Or5 C(ﬁqg@’%@,;@glll}j; y is C1.6 alkyl, C1.6haloalkyl, C1-6 alkoxy, amino, phenyl, benzyl,

cycloalkyl, heterocg\/p!oalkyl or heteroaryl, optionally substituted with one or more Q2i;: and
is Cy.¢alkyl, C,.¢ alkox¥, phenyl, berizyl, heteroaryl, cycloalkyl, heterocycloalkyl, or

cycloalkylalkyl, optionally substituted with one or more R'®:
R"is R"orR';
R'is halogen, oxo, kydroxy, or ~CN;

10 R is ~C(=0)OR"), -C(=0)CH,(R™), —S(R™), -S(OK(R™), or -S(=0)
(R'), C,.5alkyl, C,.salkoxy, amino, amido, C,.¢haloalkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, cycloalkyloxy, or ﬁeterocycioalkyloxy optionally
substituted with one or more R'Y;

R s H, halogen, hydroxy, C,alkyl, C,.salkoxy, or C,.¢ haloalkyl;

15 R“isH, Ci¢ alkyl, Csalkoxy, —CN, C;haloalkyl, phenyl,

heteroaryl, cycloalkyl, or heterocycloalkyl;
Rifis H, Cisalkyl, Cy.¢haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyi; '
R? is N(R™),;
20 each R™ is independently H or R™;
each R™ is independently C;.¢alkyl, phenyl, heteroaryl, cyeloalkyl,
hetefocycioaikyi, or heterocycloalkyl alkylene, optionally substituted with one or
more R*;
R*is R*or R*;

25 R* s halogen, oxo, or hydroxy;



Q2 is halogen, hydroxy, cyano, Cj-6 alkyl, C1_6haloalkyl, or C1_6 alkoxY; or a pharmaceutically
acceptable salt thereof 102.The compound of claim!#Avherein R is RI. 3. The compound of claim 2,
wherein R"is C -6alkyl, preferably ter-butyl. 4. The compound of claim 1, wherein R is R2 and R2 is

NH(R25, pereferably wherein R2a 15is R2b a}gqgﬂ%@?’c_@mﬁ R'Sg)"l'_fa@ %wld_of claim 1,
[

wherein Q2 is heterocycloalkyl, optionally substjgute w gﬁ one or gre 2a. 2 §g.The compoyind of claim
1, wherein Q2 is heteromyl, optionally SR it BN 67 ke (=FrA comiffol Btletaim 6,
wherein Q2 is pyridine. 258.The compoundief, daimmbwhereinlQialiphedylandddnis heterocycloalkyl,

optionally substituted with one or more Q2d 9.The co und of claim ]t! herein. Q2 is cycloalkyl.
3010.A compound according to claim %erf)eagga%g%c ﬁ@‘&?’o{f}é consis fh%i%?’: Opngguy

1-[2-(13Benzenesulfony1-1H-indol1-3-ylpsidtey it [Ri8ob pyrakifi-7-y11-2, 24imethyl-propan-1-one;
142-(I H-Indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2, s HMRthvlRrQRa: 10RO C 4 alkyl, C1.
2009/106442PCT/EP2009/051757 -151- 2-Cyc|ohex-1-enyl-5H-pyrrolo|2,3-b]pyrazine-7-carboxylic
acid isopropylamide; 2-Cyc|ohexy1-511-pyrrd’|8][1§f§5-’b‘fb§}? &17-carboxylic acid isopropylamide;
1-12-[2-(4-Acetyl-piperazin-1-y1)-pyridin-4-y1]-5H-pyaecblBi2iSitlpymateimty {101 -2: 2direthikprapan-1-0
ne; 142-(5-Methoxy-pyridin-3-y1)-5H-pyrroIoEa’_l,_?Flgﬂgéﬂ%{iQfZ)ﬁQ1 -LZ,2-dimethyl-propan-|-one;
[1-(7-1sopropylcarbamoy1-5H-pyrrolo[2,3-b]pyrazin-2-y1)-piperidin-3-y11-methyl-carbamic acid
tert-bdﬁll ester; 2-@-Méﬂ7@?ﬁirﬁo-piperidin-1-y1)-5H-pyrroIo[2,3-b]pyrazine-?-carboxylic acid
isopropylamide; compoumdwith trfiyoro-aegtigyagitlenyl, or N(R*™);

2,2-Dimethy1-1-(2-pyrrolidin-1-y1-5Hspyrrolo[2.3-b) zin:7-y.1)-propan-I-one;
147-(2,2-Dimethyl-propionyl)-2'{EELF‘)(§§r|ric)ligi/f’lrlfféEE ?Lh:éﬂ)%{f I~ir&)'j/héf-]}cg}(l)’[2,3-b]pyraziny11-7'-y1]-

2,2-dimethyl-propdhi-dsofi$R 9;2-Dimethy1-1-[2-(2-pyn-olidin-1-y1-p
yridir(1-4-y1)|-5H-pyrroIo[2,[S-b]p)]/ﬁa’rz';lg,aafli’afl&bpropan-1-I one; ) | |
142-(1-Cyclopenty1-111-[1,2,3]triazo]-4-y1)-5H-pyrrolo[2,3-b)pyrazin-7- -2'2-%(9 ylpropan-1-one ;
2,2-Dimethy1-1-[243,4,5,6-tetrahydrd 2 H- 1,-2;1}%’ I%%i—ékf—%#&éﬁ'{?ﬁ%? nl}‘r’ 2in-7-
yll-propan-1-one; 1- 242-(3-Biteetiyyleattiylobpsamelislinefitipadily ywidifeted Hitbldnp yrrotoe[R:3-11

pyraz?n-?- y1l1-2,2- dimgthyl-prop_an-l-one; R* is halogen, hydroxr, Cigalkyl, Cishaloalkyl, or Cy
2,2-Dimethy1-142-(2-thiomorpholin-4-yl-pyridin-4-y1)-5H-pyrro o[2,§-b]ypyrazm-7-y1)j- propan-1-one;

2,2-Dimethy1-1-{242-(2-methyl-pyrrofidfii®t-y1)-pyridin-4-y1]-5H-pyrrolo[2,3-b]pyrazin-7-
y1}-propan-@angicloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with one or
142-( @-Di%gr dsoindol-2-y1)-5H-pyrrolo[2,3-Npyrazin-7-y11-2,2-dimethyl-propan-1-one; .
1-12-(2,3-Di ygr -ihdol-1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-one;

2

247-(2,2-DimethylQFdpRNYLBH-pyrrolo[2,3-b]pyrazin-2-y11-3,4-dihydro-2H-isoquinolin-1- one;
QO is halogen, oxo, hydroxy, —-CN, —~SCH,, ~S(0),CHs, or —S(=0)CH;
ch is Qza or QZe;
or two Q™ come together to form a bicyclic ring system, optionally substituted with
25 one or more Q or Q% -
Q* is —O(Q™), ~S(=0)a(Q™), ~CEOIN(Q™ ), ~8(0) (Q*), <C(=O)NQ*), —
C(=0)0(Q™), N(Q*); -N(Q™)C(=0)Q™), -N(Q*)ICE=O)OQ™), or —
N(Q*)CEOINQ™ )3
each Q™ is independently H or Q**';
30 ' each Q* is independently C,4alkyl, phenyl, benzy!, C,_¢ haloalky!,
cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally

substituted with one or more sz;

Q.?.f is Q2g or QZh;



117-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-13]pyrazin-2-y1]-3,4-dihydro-1H-quinolin-2-one;
2-[7-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrakif+2-y1]-2,3-dihydro-isoindol-I-one;
1-17-(2,2-Dimethyl-propionyl1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-piperidin-2-one;
147-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazip; 2-y11-pyrrolidin-2-one;
142-(1H-Indol-3-y1)-5H-pyrroIo[2,3-b]pyrazin-7-y11@,Zl-sci{a?lj;i%’tpﬁ}‘;l%ﬁé%%a’nqgf}ﬂ’ecfxmn
2009/106442PCT/EP20091051757 -15 2- 2,£E0)(Q™);
methy1-142-(6-pyn-ohdm-l-lepyrld|n-2.-yll)-5H-pyrrolgﬁEigdql_pgll;%pQr}?ﬁlyaljfgaﬂg@:p@&-a’llkmgmim:
2,2-D|methy1-142-(4-pyrro||d|n-I-yI-pyrld|n-2-y1)-5H-§yrroIo[2,3- [pyrazin-7-y11-propan-1- one;
2,2-Dimethy1-1-(2-pyridin-2-y1-5H-pyrrolo[2,3* W#-ﬁ?ﬁ@aﬁ@%ﬁ@gw&yl’ or heteroaryl,
[1-(7-1sbpropylcarbamoyl-5H-pyrrolo[2,3-b]pyrazin:Ry\dppiperidinddeytanathyd & rpamic acid tert-butyl
ester; 2-(3-Methylarnino-piperidin-1-y1)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid; isopropylamide;
compound with trifluoro-acetic acid, _ éﬁr s Hg{ogm’ £y8r(%(y’ cyand, é“’ a&@’/
547-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrafins 2ajeeikihiepRerdks=zarboxylic acid

(tetrahydro-qy gRedhnyddnabaileicceptable salt thereof.
547-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-1)1pyrazin-2-y11-thiophene-2-carboxylic acid
cyclopentylarnide; 547-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-blpyrazin-2-yl]-thiophene-2-carboxylic
acid (#trah¥dro-pyrarFee geypenigeof claim 1, wherein R is R'.
1-(2-Cyclopropy1-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-I-one;
547-(2,2-Dignethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-thiophene-3-carboxylic acid;
547-(2,2-Dig:ethyl-pr%%ﬁéf?—%ﬁq@ﬁ%fgt%é%fﬁwa%ﬁg‘f-yq]@w&é’ﬁ‘gﬁ‘@@é%{?ﬂ&%c acid (2-

dimethylamino-ethyl)-amide; 7
1-{212-(3-Methoxy-phepy s ciapanicke IRk RUTRIR FOIPRRR) T ybl24isime hy lpsopan-1-0

ne' - . .
6-{2471-5(2,ZL%&W@B?SWBJSH-pyrrolo[2,3-b]pyrazin-2-y|i-cyclopent-l-enylI-pyridine2-carboxylic
acid ethyl ester; 2,2-Dimethyl- 1 42-(2-phenyl-cyclopent- 1-eny1)-5 H-pyrrol o
[2,3-blpyrazin-7-y1]-propan- 1-one; . . ) . _

5-4247-(2, -'Dimet_hylﬁ%@oﬁ%ﬁﬂ?@ﬁ%@ﬁo}l’oﬁf?%ﬁp%riasz?ﬁgfgf)ﬂcc]?/acl}%’e%ﬁE%?‘}%S}Tﬁ%@’-@carboxylic
acid ethyl egtepr more Q™.
447-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-thiophene-2-carboxylic acid
cyanapethyl-methyl-amide; (1-Methyl-cyclohexyl)-{, . o ) )
245-(?%@)rpr¥0Iine-4-ca 8ﬁ?/“ffg-?ﬁ?gﬁg}?f%)]i1]%?5%&&%%?5%’9H]’By?ﬁ?ﬂ??ﬁwmgﬁ:?fﬁﬁB’ﬁté‘;‘me or
1-(2-Furan430yq€§f—-|-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-|-one;
447-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b}pyrazin-2-ylkthiophene-2-carboxylic acid
(1-ethyl-propyl)-amide, WO 2009/106442PCT/EP2Q09/051757 -153-
2-[5-(4-Hydroxy-4-melhgIcpprahet $.48y BoRiaihid phentdiya-5H-pyrrolo[2,3-b]pyrazin7-y11-0-meth
yl-cyclohexyp-methanone; 2,2-Dimethyl1-142-(2-pyrrolidin-1- y1-pyridin-4-y1)-5H-pyrrolo
[2,3-b}pyrazin-7-y11- n-1- one;. 2,2-Dimethy1-142-(3,4,5,6-tetrahy 0-2H-[1,2 .

bipyr%ignyL%A} -y1)-5H%€ér)(r%f3f(23%ﬂj p%%%%%%ﬁ%é}p%ﬁl%@ 138%%ﬁ9§%%g%:}tﬁpmnmy
ylamino-p-SERfsiretopBoBRREERS-9-y11-2,2- dimethyl-propan-1-one; 2,2-Dimeth 1-
[2-(2-thiomorpholin-4-yl-pyridin-4-y1)-5H-pyrrolo[2,3-blpyrazin-7-y1]- propan-1-one; 2,2-Dimethy1-1-

2{2-(2-metgy -pyoldi: L) pYn A S PYTGRIZ Npin-T- W ) -propan-L-one

30 10 A compound according to claim 1 selected from the group consisting of: _
1-[2~(1-Benzenesulfonyl-1H-indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1 -one;
1-[2-(1H-Indol-3-y])-5H-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;



1-{ 242-(3-Hydroxy-pyrrolidin-1-y1)-pyridin-4-y11-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-
dimethyhpropan-1-one; 1- (2- _

[2-(3,3-Difl 0B btitth-1-y1)-pyridin-4-y1]-5H-pyrrolo[2,3-b]pyrazin-7-yAGTEDP2009/051757
dimethyl-propan-l-one; 142-(2-Azepan-1-yl- pyrldlp %-yl)-BH-p yrrolo [2 ,3-b]pyrazin-7- yl]
-2,2-dimethyl-prop an-1- one ; 1- { 2- '

Ejzlé(est)hjl % I#CWPIP rrP“dl i%ii/g%p 3{0?513413}/& 2k ¥rr0| %Jb]gcy dazsopzo %;nlzld%:

[24(R)-3 Fﬁ]m@fmﬁbﬂfﬁmﬁﬁvkﬁﬁwwpﬂathbﬂwb%%}W&mmlﬁyiﬂz-Z 2-

dimethyl . i
(o e L Uy L i T S 6ot et L
yl-propapapamé-pre4 2-(2-Chloro-pyridin-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yll

-2,2-dimethylRropan.ly &m?BD 3p] 7-y1]-2,2-dimethyl-propan-1-
(1-oxo- 1AE th?bmorph l 4-y1)- p%? jyyl]igﬁ pyr%l%a[zz% b p}yra2|n7m§/:1f piﬁléoé’élﬁ 1 %%ee

1-[2-(2- c@k(&&mww@%mﬁ%mmﬂ%ﬁ BlBprasinipytaiipezign;:- d@ﬁ@ﬂ#ﬁ%ﬁa@% 1- one;
(1- Methﬂcgyggh% &er(2-pyrrolidin-1-yl-pyridin-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11- methanone;
142-(4-Hyd 5,6- tetrahydro -2H41, 2Th|pyr|d|n¥I -4'-y1)-5H- _})yrrolo[Z ,3-b]pyrazin-7-

y1]-2,2-df %Y}?ﬁﬁﬁglpﬁ??éldm 1-y1}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid

517-(1- M@pﬂg ggﬂgg@)@ﬂggﬁ{m%@tﬁﬁu@y{gr@@@ aciApyrazin-2-ylkthiophene-2-carboxylic WO
2009/106442PCT/ 2009/051757 -154- acid (1- ethﬁz%rg y1) -amide;

[245-(3, BB dtidmyroddif oy HiprHin TFoTO TS AN7ah-7-y 11-(1-

methyl-cyclohexyimetiiannegionyl)-2"-pyrrolidin-1-yl-5H-{2,5"Tbi[pyrrolo[2,3-bpyrazinyl]-7'-y1]-
1245-(4-H droxy p [peridine-1-carbonyl)-thiophen-2-y11-5H-pyrrolo[2,3-b]pyrazin-7-y1}-(1-
methyl- c%é' rﬁ’é‘fﬁ%&n@e’(l -Methyl-cyclohexyl)-{242-(1-0x0-114-thiomorpholin-4-ye-p

din-4- yl]25H£p1yttédipl{2»&@Wl&ﬁli&ﬁb}ll}lmﬁﬂﬁaﬂm )-SH-pyrrolof2,3-bpyrazin-7-yl]-propan-1-
2-[5- (Azetldlne 1-carbony1l)-thiophen-2-y1]-5H-pyrrolo[2,3-b]pyrazin-7-y1) -(1 -meth
yIcycIohexyl) -methanone;

{2-[5-(3-HytroCadeticimg-11¢dihdayi ) teiopiybrs B-pii6ldi pyiiolof 2 3ub[pyth2ia-Tipeihd -
methyl-c cIohe%é}hénethanone 1-j 2424(1 S,5R,6R)-6-Hydroxyrnethy1-3
-aza-bic CP ex-3-y1)-pyridin-4-y1]-51-1- pyrrolo [2,3-b]p yrazin-7-y1}-2,2-dimeth yl-propan-

1-one; (12MdihgkdydtoHExiA). 2@%&fﬂfﬂh@iﬁ%ﬂn@ébma&d)nﬂdﬁpﬁﬁrﬁﬁlvm@ﬁ%%bm@ ‘hip
yrazin- N?ﬁ}mg}g}pm%e

547-(1-Methyl- cyclohexanecarbonyl) -5H- pyrrolo[2 3-b]pyrazin-2-y1}- thlog)hene -2-carboxylic acid

diethylanide; [54¥ Rimperiymirerresiie AYiginid-pUridloparselg?.3-blpyrazin-7-yl}-2,2-
yrazin-2- ygﬂe AR g- g&%boxyllc acid cyclopentyl methyl-amide;

245-(4-Hydroxy- -meth plperldlne 1- carbonyl) thiophen-2-y1]-5H-p rr010[2 3-b yrazm? y1)
-(1-meth é@e@% - é%gﬁ@ﬁ@rp olin-4-yl-pyridin-4-y1)-5H-pyrrolo[Z, —b]pyrazm -yl}-

547- (1- thyg{@hexanecarbonyl) -5H-pyrrolor,3-b1pyrazin-2-ylkthiophene-2-carboxylic acid
bis-(2- hydro # ethylﬂ] amid

X Z e- yliC acl
547-(1-Methy R Fidx %é%‘é?b@ﬁ%‘@ﬁ%%ﬂ%%ﬂ A= PSB85 lic acid (2-h
ydrox y-ethyhrdpathybagnide; 2-[5-(3-Hydroxy-p yrrolldlne 1 carbon y1)-thiophen-2-yl]
-5H- pyrro zin-/- met N )
17,2 2 OO LSy o Ty rSB R A s BaRgHe A
cyanomethj-atmyikpdnicid &-75(Q ﬂmmﬂh@ﬂ%dﬁmyﬁww%ﬁifﬁeﬁbﬂwmpw 1-one;
yra2|n-2-)éu '7E %B%’lnlgfg 'ﬁaEQ"f‘éﬁ'ﬁ)?ﬂ? Diss c@b[@@frﬁp rgztpry Q-?H‘ Bdg 2dihydro-2H-isoquinolin-1-
yi-propiony

one; . .
1-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo{2,3-blpyrazin-2-yi]-3,4-dihydro- 1H-quinolin-2-one;
2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-2,3-dihydro-isoindol-1-one;
1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-piperidin-2-one;
1-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-pyrrolidin-2-one;
1-[2-(1H-Indol-3-y1)-5H-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan- 1-one;



1-{ 245-(4-Hydroxy-4-methy|-piperidine-t-carbonyl)-thiopheh-2-y11-5H-pyrroIo [2,3- b]pyrazin-7 -
y1}-2,2-dimethyl-prop an-lI-one; WO 2009/106442PCT/EP2009/051757 -155- 1- {
2-[5-(Azetid¥{&2Le%4HRIAY 1)-thiophen-2-y11-5H-pyn-olo[2,3-blpyrazin-7-y BEYEEARESE Bropan-I-one;
2,2-Dimethyl-1-{245-(pyrro|idine-l-carbonyl)-thinngf_n-Z-yl)-SH-pyrrolo[Z,3-bbyrazin-7-y1}-
propan-l-one; 2,2-Dimethy1-1- _
{245-(pipeydine-1-carb -thiophen-2-y11-5H-pyrrolel2,3-b iN-7-y1)- propan-l-one;
e D S B o AR R0
yrrolo[2,8abjpyrazin-2-ylpthiophene2-carbonyl1-azetidine-3-carboniuile; 1- {
215-(4-Hydrexy-pineridine-}- QPN 4 Y- 4Ry YA ST 1-

5. dime%l%l%?%%a -Iiotr?g;zi 89%?!21\{9‘1 Q%&dl}{:@ ﬁﬂﬁﬂ?@&%&@%ﬁ% 7 }Jij]'propan 1
1-{244-(Axstidine-1-carbonyl)-thiophen-2-y11-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethylpropan-1-on
€, 2’2‘[l)Hﬁﬂ%&#ﬁ@%%@iﬂi%ﬂ5@@&5&9&&92?@19@@@&1%:&71%%‘%:?@8;3'b]PyraZin'7'yl}'
propan-l-one; ] oo '
2,2-Diméthyi-oganyippeamanyeTcaypsiié-dridprern Y sirsiiiatd Bty 1-
propan-]a-cg)gl@éﬁ(gﬁ{\{]pgp%}-;cyclohexyl)- [ 245-(4-meth yl-piperazine-l-carbonyl)-thiophen-2-y1]-5H-p
yrrolo [2,3- bjpyrazin-7-y1} -methanone; ] o
{245-(4-@M%Wsrﬁmﬁ@ﬁa&?bﬂwﬁms%é—ﬁlmﬁzsﬁ?p%mf[ﬁ}s-w&yrazin-7-
yl(l-(l-”ilﬁiﬁédp@ﬁﬂﬁﬂ@ﬁdh@ﬁlﬂ@iﬁiﬁﬂﬁﬁn?uoro«acetic acid; |
1-(2-Cyclopent-1-eny1-5H-pyrrolo[2,3-b]pyrazin-7-v1)-2,2-dimethyl-propan-1-one; ., .

2 5 e A D ST By IO i oAy AT s bl acid

1-17-(2, 2dimetay pyrapionyhy«2ndytrolidin-1-y1-5H42,51bi[pyrrolo[2,3-blpyrazinyl]-7'-y1]-
2,2-dimethyl- n-l-ane; . . . o

N S TSP bR e e s e S b amieees e ot el
2,2-DimethydpddRifRrdrathyl-pyrrolidin-l-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-propan-1-one;

142-(4-A l-piperazin-l-y1)-5H-pyrr 2.3-blpwrazin-7-y1]=2. 2-cim |-propan- 1-one;

2.2 Dimety L B B B S B ATy e ToRA i
142-(5-Fitetrdrydde pytay XSt qupdelo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-I-one;

142-(5-Methoxy-i -1-¥1)-5H-pyreolol2 3-blavrazin~/ -y -2 2-dit -propnan-l-one;

1-(2-1 ndo%@-?%ﬂ%%ﬁol%&? ?B%yi%?ﬁﬁ@lﬁ%%@g r%7 gt%gﬁ%g}r% -ong ;&{%’
1-(2-Inda%4aF-122-Bisnghrioopp BB yrznyrrlel §.3-blplinaetind- propaephenerd carboxylic acid;
142-(3,4-Dikyare-pH-| iNQlin-2-y 135 H: 2,35 I iR 2edimatnyl-preran (A0
2009/106%1)?2 ng%gﬂggtggg}gg{f%s M?&%@%&%ﬁ?&%ﬁ%ﬂ HHOphRA SIS prORRRE
42-(1,3, Aoghdpgine-HhoahssNns2-y 1)-5H-p yrrolo[2,3-b] pyrazin-7-y1] -propanl-one;

2-{147-(2;2¢ B ioR¥AnpEbeatol23/0IpHgRoToyd 3-bHHyRdal BryilL b aceiasuise;
2,2-Dime%r21§/§1)%%§%§[?2? -%%raP%?/%I'(El(})d-g|Jc)){§/ri{ido[4,Cal’-;g}zﬁind(;%%-kzlib-yl%’-%SH-|cj)§;/5rlf(f)ulio[27,{3’,Silt/)}]]-pyrazin-@fﬁ1
y1]-prop&HA2BnHene:

R L b AR S S L AN P 4 S S
-(2-Imidazol-1-y1-5 H-pyrro -b] pyrazin-7- y1)-2,2-dimethyl-propan-1-one; 2,2-Dimethyl-
1-[2-(2-rr%é‘fﬁr9€/’ﬁ¥11?8§f -it-}@)‘gf’)fﬁr-"pyrrolo [2,3-b]pyrazin-7-yl] -propan-1-one ;
2,2-Dimetiy-Didat@-meth2lpdmylibycliapimid azghlsyilphtdioy2rdio]2;3ablpyraZipropdtpiopan-1-one;

112l L SR M S SO e

2,2-DimathaiypleD42x{dtydiaeati® egliyi Shiepyrrolo[2,3-b]p yrazin-7- y11-propan- 1-one;

2,2-Dimethyl -1-(2-thiophen-3-y1-5H- 3= P VEVARE -1-0ne; :

2 2 Dimet L g B e o T i ene 2 carboryi
2,2-Dimettiy vt ipyreeyl4amigsH-pyrrolo[2,3-b]p yrazin-7-yll-propan- 1-one;

447-(2,2-Ril -| j -94- WL N2+ -RYrazqla-dre £ -acid ten-butyl
P AT e L R
2,2-Dimethypraziap (7R -pypiaphaey 1)-511-pyrrolo[2,3-b]pyrazin-7-y11-propan-1-one;
2,2-Dimethyd. fgfgs YRl Y58 IR 23 RIPNIA2IN-AnkEHRIONAPah-00Se;
2,2-Dimeimh&iﬂui%gyﬁﬁrgé&yl)@%-E)%%OSIgZéﬁlgfa razin-?-y(l)?%?opan-.l-one; _
2,2-Dimeﬁgﬂirﬁqﬁﬁéﬂ%@?%ﬂlﬁ%‘&w&b, Sejlavie %ﬁ%‘%}ﬁ}’fﬁ%’ﬁa’rﬂgrgﬁ@heﬂe‘2‘°arb°"yhc
347-(2,2-RimgthyhprpRipiy binikkpyrrolo[2,3-b]pyrazin-2-y1]-1H-indole-5-carbonitrile; 1-
{2-(5-Fluoro-1H-indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one;
{2-(1H-Indo1-3-y1)-5H-p yrrolo [2,3-b]pyrazin-7-y1]-(1-meth yl-c yelohex y1)-methanone ; 1-{
241-(2-Hydroxy-1-hydroxyrnethyl-ethyl)-1H-indo1-3-y11-5H-pyrrolo[2,3-b]pyrazin-7-y1)-
2,2-dimethyl-propan-1-one;
142-(1H-Indo1-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-one;



1-(2-Benzo[b]thiophen-2-y1-5H-pyrrolo[2,3-b1pyrazin-7-y1)-2,2-dimethyl-propan-1-one; 2,2-Dimethyl-
1-12-(5-phenyl-thiophen-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yli-propan- 1-one;

2,2-Dimethy 11 249%Ws4@thy 1-1H-indol-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y R EIpE8pHAARIEHe: WO
2009/106442PCT/EP2009/051757 -157- 3
142-(1H-Ind01-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-37H-22-dimethyl-propan-1-one;

142-(1H- 1-3-y1)-5-methyl-5H-pyrralo[2,3-blpyrazin:7-y11-2,2-dimethyl-pr -1-one;
Y s REg G SR SR SR R s Sl S
2,2-Dimétyy {1425 yplrenpekidpyatbhBeyd)-5H-pyrrolo[2,3-b]pyrazin-7-y11-propan-1-one; 1-{

241-(2-Hydyexy-ethyy 1H-indol- -D Srolpyrazina ey k1-2 2-dimethylpropan-1-one;
1o (6 i D3 Y1) B b LA B ol ol
2-[1-(2-Methanesulfonyl-eth y1)-1H-indo1-3- y1}-5H-pyrrolo [2,3-b] pyrazin-7- y11-2,2-
dimethyl-prOPRNEIRONG:[. (34,5 6-tetrahydro-2H-[ 1.2 [bipyridinyl-4'-y])-SH- bpyrazin-7-
142-(5-Me’thoxy-1I—gind([)l-(3’-y’15-51:IE-:|t-rpyfr’,roI%[Z,3[b‘]p]yrlapz:yi%-%r-lg//l]-2),]2-(%mg?ﬁgﬁ}g[r%)’p%ar%Pf-l(E)%l(Iel;7
1-[2-(1-Btﬁﬁ%4nh1d‘€iﬁ3-yl)-5H-pyrrolo[2,3-b|pyrazin-7-y1}-2,2-dimeth_yl-propan-1-one;
2.2 DMy 342 ekl R ) B MR OGS BaGio T Yo poRan-ne.
2,2-Dimet_h{;/%}:132-{ 142- 4-methyl-pipérazin-y1$-j)_/b1 -ethyl -%H-in 01-3-5/511-5 I?lpyrroloﬁfz,%-
blpyrazifiRghphrspRa-1:608; 2,2-Dimethy1-1-{
2-[1-(2-mprohaiedvyliethyb-tidrindehain Y-BH-pyaialal -4ipyraain?. ¥ fsprapan-lpne; 1
2-[1-(3-Hydroxy-2-hydroxymethyl-propy1)-1H-indol-3-y1]-5H-pyrrolo[2,3-b)pyrazin-7-y1) -
2,2-dimetfRA O 1-one; 1-12- [1-(3-Hydrox y-2-hydroxymethyl-propy1)-1 H-pyrrolo
[2,3-b]py i BametiH-pY DR i b} pytialidind 1 y})-gyadlime Y proRamibdioeh Ipyrazin-7-
2,2-Dime yl-l-%q&methyl-lH-indoI-3-y1)-5H-pyrroIo[2,3-11pyrazin-7-y1]-propan-|-one;
1-[2-(6-M F%)?{/)- F ﬂ?}?JB01-3-y1)-5H-pyrroIo [2,3-b] pyrazin-7-y1]-2,2-dimethyl-prop an-1-one; 1-
2-{1-(2-AnifiofRtiyBFdreindpindlidii 3 Liipyysli23:bliHannedlef2 )3 dizieth-ylpedpani-one;
2,2-Dimethy1:-1- [2-(6-morpholin -4-yl-pyridin-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl] -propan-1- one ;
(1-I\/_Iethﬁ%ﬁgﬁ—g{%ﬁ?{éﬁ%orpholin-4- yl-pyridin-3-y1)-5H-pyrrol o[2,3-b]pyrazin-7- y1] - methanone;
142-(1H-IntH1233:8) BiflyoyerojofalBibipyy Bz kiptd-32-Tirmthylqitophip rarie:71y( >-hidazo
[1,2-a]pykidina3-y1-cH-pyrrd Q [2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
2,2-Dimé@%ﬂ%g%f?%é{%{/é%bp,3-b]pyridin-3-y1)-5H-pyrroIo[2,3-b]pyrazin-?-yll-propan-l- one;
2,2-Dimelh&l@A&z@Hlﬁyykm@{mméaqdyrmsrsq&y{mrigi@mm;%t]bg/&ﬁﬁm¢ﬂymmmpaﬁ=mnewo
2009/106442R4. {5 F2P03(08 ﬁ?ﬁdﬁﬁ%{ﬁ%‘?&i@l&%@'ﬂ}@ﬁwlpﬂrf@éﬁ!318}’;5&%9412”739‘?;-9,2-
yridin-3-y1)-5H-p yrrolo[2,3-13] pyrazin-7- yl] -propan-1- one,
2,2-Dim IRty PIOPHEHRE: 1 H-pyrrolo{2,3-b]pyridin-3-y1)-5H-mirrolo[2,3-b]pyrazin-7-y1]-
propan-110P€12-((R)-3-Fluoro-pyrrolidin-1-y1)-pyridin-4-y1}-5H-pyrrolo[2,3-b in-7-y1}-2,2-
2,2-Dimet_h%-{l-{(g-[)l-(z-g%o- girgelragin-%-)y -%?h;llrll)-llﬂ-}indo- l:li/olf-[SH-pgllﬁgr(glaozfg,3’>-¥S]}pyrazin7-yll
-propan _q_m&t@,(i—propan- i-one;
1-(2-11-[2:(4-4mMinQ-piRaddin® knydmershaetnyily bri ool ~A1y3i -prien ool 2 orblpyragingla.
y1)-2,2-djmeth L rogaagn-l-on_e; (1-Methyl-cyclohexyl)-{2-(1
-methy1 ﬁ‘?&%" B1828:h1B%idin-3-y1)-5H-pyrrolo[2,3-b]pyrazin7-ylkmethanone; 2,2-Dimeth y1-1-(2-{
142-(4-metiypiDekasipiridir-2-oRosethpybrdoEN 8o lpSrydh-7-y11-2,2-dimethyl-propan-1-one
-5Hpyn-olo{2,3-b in:7-y1)-propan-1-one; (1-Methyl-cyclopenty1)-{2-(1-methyl-1H-pyrrolo
123 Doy e T o ey S Rt een oS piesiotd -bit
142-(5-Methpxyopunidireiey1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one;
e PR Y SRl S AR Rt R PO sl A
2-[5-(4-Hygroxy-4-methyl-piperidine-1-carbony1)-thiophen-3-y1]-5H-pyntlo[2,3-b]pyrazin7-y11-
(1-methylLygloRex YD MGIIANGRAL) by rrolidin-1-yi-pyridin-4-yl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-
methanone;
1-{2-(4-Hydroxy-3,4,5,6-tetrahydro-2H-{1,2'lbipyridinyl-4'-y1}-SH-pyrrolo[ 2,3-b]pyrazin-7-
yi]-2,2-dimethyl-propan-1-one;

5-[7-(1-Methyl-cyclohexanecarbonyl)-5SH-pymrolo{2,3-blpyrazin-2-yl]-thiophene-2-carboxylic



547-(2,2-Dimethyl-propiony1)-5H-pyrrolc42,3-b1pyrazin-2-y1]-thiophene-2-carboxylic acid (2-
hydroxy-ethyl)-methyl-amide; 2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid
((S)-2-hycir¥Bg AP Hitd€hylpropyl)-amide; PCT/EP2009/031757
447-(1-Methyl-cyclohexanecarbonyl)-5H-pyrro|o[% -b]pyrazin-2-y11-thiophene-2-carboxylic acid;

4-[7-(1-Metlyl-cyclohexanecarbony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-thiophene-2-carboxylic acid

(2-amino-2- rf_thﬁyll-]pro JFI;):ami e; {
2-[5-(4-[51%’1e yfiar%i' (r)-é/?’ eff fn%’-l-carbonyl)-thiophen-3-y1]-5H-pyrrolo[2,34)1pyrazin-7- yl}

-(1-methyR-¢3¢3chBxfib emethaniime  -2:PyoiDptopyiiebid-py o2 8HulpyraZpyeaicarkxijlic acid
(3-hydro>%-t %:9‘%1%@;{" fg}g&%o%@ide; 2-Cyclopropy1-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid
tert-buty amlge; b ¥ ' :
2-7-(2,2-EiriBthyHydpionyibpatinpyiroidiens! L thyphzm 2y8 - pYHmietloB Belipicadidteti-blity| ester;
and 2-Thj n: - r -b]pyrazine-7-carboxylic acid

(3-hydro%§/-2, %grcn-%%y -pr%ﬁgg%%%ae 11. Use of the compound according to any one of the claims 1
to 10 in theMethfaowlpbath-$mEdidaeneritohise aabeliart-oh dryiisharhmiatSH, pisetdEsor of an
autoimmyine dispreler; 12aGampound according to any one of the claims 1 to 10 for use in the

treatment of a inflammatory disorder or of an autoimmune disorder. 10
{2-[5-(Azetidine-1-carbonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-blpyrazin-7-y1 }-(1-methyl-

cyclohexyl}-methanone;
{2-[5-(3-Hydroxy-azetidine-1-carbonyl)-thiophen-2-yl]-SH-pyrrolo[2,3-blpyrazin-7-yi } (1-
methyl-cyclohexyl)-methanone;
1-{2-[2-((18,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0Thex-3-y1)-pyridin-4-yl]}-5H-
pyrroio[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;

(1-Methyl-cyclohexyl)-{ 2-[5-(morpholine-4-carbonyl)-thiophen-2-y1]-5SH-pyrrolo[2,3-
b]pyrazin-7-vl}-methanone;
5-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid diethylamide;
5-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yi}-thiophene-2-carboxylic
acid cyclopentyl-methyl-amide;

{2-[5-(4-Hydroxy-4-methyl-piperidine- 1-carbonyl)-thiophen-2-yl}-5H-pyrrolo[2,3-b]pyrazin-
7~y1.}—(1-methyl—cyclohexyi)—methanone‘; _
5-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolof2,3-b] pyrazin-2-yl]-thiophene-2-carboxylic
acid bis-(2-hydroxy-ethyl)-amide;

3-[7-(1-Methyl-cyclohexanecarbonyl)-5SH-pyrrolo[2,3-b] pyrazin-2-yl]-thiophene-2-carboxylic
acid (2-hydroxy-ethyl)-methyl-amide;
{2-[5-(3-Hydroxy-pyrrolidine-1-carbonyl)-thiophen-2-y1]-SH-pyrrolo{2,3-b]pyrazin-7-yl }-(1-
methyl-cyclohexyl)-methanone;
5-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-yl]-thiophene-2-carboxylic acid
cyanomethyl-methyl-amide;
Sw['/'~(2,Z—Dimethyl—propionyl)-SH—pyrrolo[2,3~b]pyrazin—2-y1]-miophene—.?—carboxylic acid
bis-(2-hydroxy-ethyl}-amide;
1-{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-2-yl]-5SH-pyrrolo[2,3-
b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
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1-{2-[5-(Azetidine-1-carbonyl)-thiophen-2-y1]-5H-pyrrolo[2,3-blpyrazin-7-y1}-2.2-dimethy!-
propan-1-one;
2,2-Dimethyl-1-{2-[5-(pyrrolidine-1-carbonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-vyl } -
propan-1-one;
2,2-Dimethyi-1-{2-[5-(piperidine-1-carbonyl)-thiophen-2-yl]-5SH-pyrrolo[2,3-blpyrazin-7-yl}-
propan-1-one;
3-Dimethylamino-1-{5-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-
2-carbonyl }-azetidine-3-carbonitrile;
1-{2-[5-(4-Hydroxy-piperidine-1-carbonyl)-thiophen-2-y1]-SH-pyrrolo{2,3-blpyrazin-7-y1}-
2,2-dimethyl-propan-1-one;

1-{2-[4-( Azetidine- 1-carbonyl}-thiophen-2-yl]-5H-pyrrolo[2,3-blpyrazin-7-y1 }-2,2-dimethyl-
propan-1-one;
2,2-Dimethyl-1-{2-{4-(pyrrolidine-1-carbonyl}-thiophen-2-yi]-5H-pyrrolof2,3-b]pyrazin-7-yi }-
propan-1-one;

2,2-Dimethyl-1-{2-{4-{piperidine- I -carbonyl)-thiophen-2-y1]-5H-pyrrolo[2,3-blpyrazin-7-yi}-
propan-1-one;

(1-Methyl-cyclohexyl)-{ 2-[5-(4-methyl-piperazine-1-carbonyl)-thiophen-2-y1]-SH-pyrrolo[2,3-
blpyrazin-7-yl}-methanone;
{2-[5-(4-Dimethylamino-piperidine-1-carbonyl)-thiophen-2-yl}-5H-pyrrolo[2.3-blpyrazin-7-
yl}-(1-methyl-cyclohexyl)-methanone; _
1-(2-Cyclopent-1-enyl-5H-pyrrolo{2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-pyrrolidin-1-y1-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one;
1-{7-(2,2-Dimethyl-propionyl)-2'-pyrrolidin-1-yl-5H-[ 2,5 Tbi[pyrrolo[2,3-b]pyrazinyl]-7'-y1]-
2,2~dimethy1.;propan- 1-one; |

N-{ 1-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-pyrrolidin-3-yi } -acetamide;
2,2-Dimethyl-1-[2-(2-methyl-pyrrolidin-1-yl)-5H-pyrrolof2,3-b]pyrazin-7-yl]-propan-1-one;
1-[2-(4-Acetyl-piperazin-1-yl)-5H-pyrrolo[2,3-blpyrazin-7-yi]-2,2-dimethyl-propan- 1-one;
2,2-Dimethyl-1-(2-morpholin-4-yl-5H-pyrrolo[2,3-b] pyrazin-7-yl}-propan-1-one;

1-[2- (S-»FIuorodndol»l»ﬂ)—S H-pyrrolo[2,3-b]pyrazin-7-yl1]-2,2-dimethyl-propan-1-one;
1-[2-(5-Methoxy-indol-1-yl)-5H-pyrrolo[ 2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-(2-Indol-1-yI-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-(2-Indazol-1-yl-5H-pyrrolof2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-[2-(3,4-Dihydro-1H-isoquinolin-2-yl}-SH-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-
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1-one;
2,2;Dimethyl—1—[2-( 1,3,4,9-tetrahydro-p-carbolin-2-yl)-5 H-pyfroio{fl,3-b]pyrazin-7-y1]—propan—
1-one;
2-{1-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-yl]-1H-indo}-3-yl } -acetamide;
2,2-Dimethyl-1-{2-(1,3,4,5-tetrahydro-pyrido[4,3-bjindol-2-yl}-5H-pyrrolof 2,3-b]pyrazin-7-
yi]-propan-1-one;
2, 2-Dimethyl-1-{2-(3-phenyl-pyrrolidin- 1-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
1-(2-Imidazol-1-yi-3H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(2-methyl-imidazol-1-y1)-5H-pyrrole[2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyi-1-[2-(2-methyl-4,5-dihydro-imidazol-1-y1}-5H-pyrrolo[2,3-bipyrazin-7-yl}-
propan-1-one;
1-[2-(2-Ethyl-imidazol-1-y1)-5H-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-thiophen-2-yl-5H-pyrrolo{2,3-b]pyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-[2-(1H-pyrrol-2-y1}-5H-pyrrolo[ 2,3-blpyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-(2-thiophen-3-yi-5H-pyrrolo[2,3-b]lpyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-(2-oxazol-5-yl-SH-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-[2-(1H-pyrazol-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-pyrazole-1-carboxylic acid tert-
butyl ester; |
2,2-Dimethyl-1-(2-pyrazol-1-yl-5SH-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-{2-(2H-pyrazol-3-y1)-5SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-(2-pyrrol-1-yl-5H-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-[2-(1H-pyrrol-3-y1)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-1-(2-thiazol-5-yI-5H-pyrrolo{2,3-bipyrazin-7-yl}-propan-1-one;
3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl}- 1H-indole-5-carbonitrile;
1-[2-(5-Fluoro-1H-indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
[2-(1H-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone;
1-{2-[1-(2-Hydroxy-1-hydroxymethyl-ethyl)- IH-indol-3-yl}-5B-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-1-one; '
1-[2-(1H-Indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-(2-Benzo[b}thiophen-2-yl-5H-pyrrolo[2,3-b] pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(5-phenyl-thiophen-2-y1)-5H-pyrrolo[2,3-blpyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-{2-(1-methyl-1H-indol-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
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1-{2-(1H-Indol-2-y1)-5H-pyrrolof2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-[2-{1B-Indocl-3-y1)-5-methyl-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(1-methyl-1H-indol-3-y1}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-[2-(5-phenyl- IH-pyrrol-3-yl)-5H-pyrrolo(2,3-b]pyrazin-7-yl]-propan-1-one;
1-{2-[1-(2-Hydroxy-ethyl)- 1 H-indol-3-y1}-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2.2-dimethyl-
propan-1-one;
1-[2-(6~-Fluoro-1H-indol-3-y)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;-
1-{2-[1-(2-Methanesulfonyl-ethyl)-1H-indol-3-yl}-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one;
1-[2-(5-Methoxy-1H-indol-3-y1)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-[2-(1-Ethyl-1H-indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(5-methyl-1H-indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-(2-{ 1-[2-(4-methyl-piperazin-1-yl)-ethyl}-1H-indol-3-y1}-5H-pyrrolo[2,3-
blpyrazin-7-yl)-propan-1-one; |
2,2-Dimethyl-1-{2-{1-(2-morpholin-4-yl-ethyl)- 1H-indol-3-yl}-SH-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one; ' ' |
1-{2-[1-(3-Hydroxy-2-hydroxymethyi-propyl)- 1 H-indol-3-yl]-5H-pyrrolo]2,3-blpyrazin-7-yl } -
2,2-dimethyl-propan-1-one;
1-{2-[1-(3-Hydroxy-2-hydroxymethyl-propyl)- LH-pyrrolo[2,3-b]pyridin-3-yl}-SH-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(6-methyl- 1H-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
1-[2-(6-Methoxy-1H-indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-{2-[1-(2-Amino-ethyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-
1-one;
2,2-Dimethyl-1-[2-(6-morpholin-4-yl-pyridin-3-y1)-5H-pyrrolo]2,3-b]pyrazin-7-yl]-propan-1-
one;
(1-Methyl-cyclohexyl)-[2-(6-morpholin-4-yl-pyridin-3-yl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-
methanone;
1-[2-(1H-Indol-3-y1)-5H-pyrrole{2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-(2-Imidazo[1,2-a}pyridin-3-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(1H-pyrrolo[2,3-blpyridin-3-yl)-5H-pyrrolof2,3-b]pyrazin-7-yi]-propan-1-
one;

2,2-Dimethyl-1-[2-(1H-pyrrolo{3.2-c]pyridin-3-y1)-SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-
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one;
2,2-Dimethyl-1-[2-(1H-pyrrolo[2,3-c]pyridin-3-yI)-5H-pyrrolo[ 2,3-b] pyrazin-7-yi]-propan-1-
one;
2,2-Dimethyl-1-[2-(1-methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-5SH-pyrrolo{2,3-blpyrazin-7-yi}-
propan-1-one;
2.2-Dimethyl-1-{2-[1-(2-ox0-2-piperazin-1-yl-ethyl)-1H-indol-3-y1}-SH-pyrrolo{2,3-b]pyrazin-
7-yl}-propan-1-one;
1-(2-{1-[2-(4-Amino-piperidin-1-yl)-2-oxo-ethyl}-1H-indel-3-y1 }-5H-pyrrolo[2,3-blpyrazin-7-
yi)-2,2-dimethyl-propan-1-one;
(1-Methyi-cyclohexyl}-[2-(1-methyl-1H-pyrrolof2,3-b] pyridin~3-y1}~5H-py1ro]o[2,3~b]pyrazin~
7-yl]-methanone;
2,2-Dimethyi-1-(2-{ 1-[2-(4-methyl-piperazin-1-yl)-2-ox o-ethyl}-1H-indol-3-y1 }-5H-
pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one;
(1-Methyl-cyclopentyl)-[2-(1-methyl- 1H-pyrrolo[2,3-b]pyridin-3-yl}-5SH-pyrrolof 2,3-bipyrazin-
7-yl}-methanone; _
1-[2-(5-Methoxy-pyridin-3-yI)-5H-pyrrolof2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo{2,3-b]pyrazin-2-yl]-thiophene-2-carbox ylic
acid (1-ethyl-propyl)-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-y1}j-3 H-pyrroio]2,3-b]pyrazin-
7-y1}-(1-methyl-cyclohexyl)-methanone; _
5-[7-(2,2-Dimethyl-propionyl}-3H-pyrrolo{2,3-b]pyrazin-2-ylj-thiophene-2-carboxylic acid (2-
hydroxy-ethyl}-methyl-amide; |
2-Cyclopropyl-5H- -pyrrolo[2,3-b} pyrazine-7-carboxylic acid ((S)-2-hydroxy-1,2-dimethyl-
propyl)-amide;
4-{7-(1-Methyl-cyclohexanecarbonyl}-5H-pyrrolo[ 2, 3-blpyrazin-2-yl]-thiophene-2-carboxylic
acid;
4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-blpyrazin-2-y1}-thiophene-2-carbox ylic
acid (2-amino-2-methyl-propyl)-amide;
{2-[5-(4-Dimethylamino-piperidine-1-carbonyl)-thiophen-3-yll-5H-pyrrolo[2,3-b]pyrazin-7-
y1}-(1-methyl-cyclohexyl)-methanone;
2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-hydroxy-2,2-dimethyl-propyi)-
amide;

2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid rerz-butylamide;
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2-[7+(2,2-Dimethyl-propionyl)-5H-pyirolo[2,3-b]pyrazin-2-yl]-pyrrole-1-carboxylic acid tert-butyl
ester; and

2-Thiophen-2-yl-5H-pyrrolof2,3-blpyrazine-7-carboxylic acid (3-hydroxy-2,2-dimethyl-propyl}-amide.
11. Use of the compound according to any one of the claims 1 to 10 in the manufacture of a
medicament for the treatment of an inflammatory disorder or of an autoimmune disorder,

12. Compound according to any one of the claims 1 to 10 for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.



