WO 2009/106443PCT/EP2009/051758 PYRROLOPYRAZINE KINASE INHIBITORS The present
invention relates to the use of novel pyrrolopyrazine derivatives which are JAK and SYK inhibitors and
selectively WRiBR0I/A¢343nd are useful for the treatment of auto-immune areinfiznmadsrysdiseases.
Protein kinases constitute one of the largest families of human enzymes and regulate many different
signaling processes by adding phosphate groups to proteins; particularly tyrosine kinases
phosphorylate proteins on the alcohol moiety of tyrosine residues. The tyrosine kinase family includes
members that control cell growth, migration, and differentiation. Abnoiinal 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 molecule inhibitors of kinase activity and thus make good drug design
targets. In addition to treatmént BREHLIEY BeitENTe KdddeSH dBIEERET@RSctive and efficacious
inhibitors of kinase activity are also useful for investigation of cell signaling processes and identification

of other Triluas argeisebinrmara iaiatesest The A WARLSINRRSER) ALe & R Ghgyigplasmic
protein tyrosine kinases including JAK1, JAK2, JAK3 ‘and TYK2. Each of the JAKSF?S gr%%%eta%{tzlially

associated Wit HE T FaE TR BB Ak digedetes sprikine rdieprsmennel pRevnmmannd. 16
(1998), pila2P8a822)dEbaskAKs are activated following ligand binding and initiate signaling by
phosphorylating cytokine 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
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residues, and function both as signaling molecules an nscription
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rheumatoid arthritis, amyotrophic lateral sclerosis and multip erosis, as well as'in solid and

hematolo§RsT&HgHEAGReRsndREqiaRamiavariet 1y hluoraa slisthess, ithdulifigscamchiSTATSs are
compongitseimndtiple:RatentialiyA ined s ' thways. (Qncogene 19 (2000), pp.
5662-5679). which indicates the{l?j/i#ic'ul%wg%e 5@’ %ec'figgﬁ?f%%g%t%%%ﬁ r%ggr:%egf ﬁ“?éﬁfk]{é§ AT

* pathway Hith&u iReheringrwits amerrsdparedingsustionp Athetiys withedak kirtesds  iitdhiding JAK3,
are abupdrady.xprasssamBUmaR: kel el fom eldienuuith agje hpanoblastic Jeukemia,

the most common form of childhood cancer, and studies have correlate activation 1h certain
cells witRlieidrsgaraing apeptslstic @drbisraierainkibyos) ofionGelcBitly 16: 4Rb0:6&fllrlander
etal. (189 Tv&inafioBUAdAPR2iaR kORI AL oLl Fli: 5B INHN:L09:185-198; andNakamura
et al.,(1996), J. Biol. Chem. 271: 19% -8():. Thef; are als}) kncl)wnBtfo be m%%é?%rn%afgﬁ%n%hocyte
differenf%?ﬁ%?ﬁ%ﬁ&%ﬁ’%{nd survival. JAIC3 in particular plays an essential role in the function of
lymphocytes, macrophages, and mast cells. Given the importance of this JAK kinase, compounds
which 1pynedate Ahe JAK Rathway, elydi ctive for JAK3, can be usefyl for treating
diseases or condi ionssvvhere th51e fur?ction f%%%%%%}%gelgprﬁ%%f%t galgg,ﬁourl?rs]ea‘f’s}ng %ﬂfg i]rﬁ%jt/ed
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disease),auigiming. iseases s iabeiEn) sl ilanmaiion (&0, asthma, alergc reactions).

Conditions which can benefit for inhibition otJAK3 are discussed In greater deta BéIsH However, in
contrasf6HE FiRtivR Rpeibgentons fexprbesionl eralak indvwi 2s S0ATH kit dibK Givas] 2G:astuoeesrestricted

and regéﬁ_gtgg-gaqggg%gi%n;é{l??g K2, Tyk2) are us a variety of cytokine
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cytokines IL-2, IL-4,1L-7, IL-9 and 1%21%%%hi|‘é B AR TR AR B
to specific DNA sequences present in the promoters of cytokine-responsive genes (Leonard et

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

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

such as allergies, asthma, autoimmune diseases such as transplant (allo graft) rejection,



30 JAIC2 interacts with, among others, the receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21), receptor WO
2009/1064 8B EAEB9189/051758 -3- oligomerization occurs, resulting in tRETERIEIMICRIlS of
associated JAK kinases being brought into proximity_and facilitating the trans-phosphorylation of
tyrosine residues on the JAK kinase. This trans-phdgbhorylation results in the activation of the JAK

kinase. Animal stydi ave suqgested. that JAK3 not only plays a critical role in B and T lymphocyte 5
maturati'l?)hreff”lB[hatt%%tFﬁiL 1& ‘r%gﬁ éﬂﬁgéﬁ%}g@%ﬁ ARG SHSTRTEtGH, Wb i st g rRdmune

activity teougblabis mavighmeihanism chniprone aigefuhipibadieatment of T cell proliferative disorders
such as transplant rejection and autoimmune diseases. In particular, JA1C3 has been implicated in a
variety bioIogFic;lal ?roaces es. For example, the proliferation and survival of murine mast cells
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receptor-mediated mast cell degranulation responses (Malaviya et al., (1999), Biochem. Biophys. Res.
CommuiP 257" 5}-%1%‘3*‘,%8%?%;?}%}% Bf RS kinadé hasteey SHtWA s isrerans wisk other
hypersesigitblitysigdaticios, panblugigg anaphylaxis (Malaviya et al., (1999), J. Biol. Chem.
274:27028-27038). JA1C3 inhibition has also been shown 15 to result in immune suppression for
allograft rejection (Kirken, (2001), Transpl. Proc. 33:3268- 3270). JAIC3 kinases have also been
implicatddi§n tHe FRsRERHHRES ok in aash s stapsscdfirmsimeaoia demitiss |Mater-Ladner et

al., (2008hiidrinirtinaduk64i 3SR : ial elateral.sc [ [ ,(2000),
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5:1569- 18855 AYEFQEoaitingoidedctivabion Bt serainymishoivics grdismpeiating @8gNsirac. Natl.

Acad. SadddNIRABI04-6XEI) vandalnglmalieel-are) O : 4146-52;
159:520%?5210; Catlettfll(:g)lﬁ%)e etaL., (19{89)](??113&\?2%8{%&5&@%5&51 ’?@%Ejir%%@a%ggs% ul

therapy S0/ ELYsUp BPdssiv amtdrsnBrg P HA s pidntn Risiamarsplahtat k%) JUpBsy Imultiple
sclerosigihmatoidadtyisusariasis, Tipad Wakels and b samalicaonsfiam dihetes, cancer,
e colitis, Crolur's

asthma, atoP_ic dermatitis, autoimmune thyroid disorders, ulcerativ 0 Isease,
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Non-hematppst 65?25@&%§&@6&§3@’§3&H%&§%&?@&&% 9, ional . significance
of this has gqgﬁhggbe clarified (J. Immunol. 168 (2002), pp. 2%%5%%%&5@%%%@%@%#?%arrow
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2009/1Q8443RCTIERARRAIOH A d sl a3, has sssehtiabaondadndant funchy
other tlméﬁ%%organs. Hence, in contrast with other targets of immunosuppressive drugs, the

restrict (FHidh SRR BT pobamsg langdis-fHadarenlisn (@80 RrJoises W asaression
Limited (e wamune;sysieradmighifead iorep aptimab e ffisaciiaxicibuaiakTamsling JAKS would,
therefor&éﬁ'&%ﬁ@%%, are contemplated to be therapeutically useful include, leukemia, lymphoma,
20 transplant rejection (e.g., pancreas islet transplant rejection, bone marrow transplant applications
(e.g., graft-versus-host disease), autoimmune diseases (e.g., diabetes), and inflammation {e.g.,
asthma, allergic reactions). Conditions which can benefit for inhibition of JAK3 are discussed in

greater detail below.

However, m contrast to the relatively ubiquitous expression of JAK1, JAK2 and Tyk2, JAK3 has
25 amore restricted and regulated expression. Whereas some JAKs (JAK1, JAK2, Tyk2) are used
by a variety of cytokine receptors, JAK3 is used only by cytokines that contain a yc in their
receptor. JAK3, therefore, plays a role in cytokine signaling for cytokines which receptor was
shown to date to use the common gamma chain; 10-2, 104,117, 1L-9, IL-15 and 1L-21. JAK]
interacts with, among others, the receptors for cytokines IL-2, TL-4, IL-7, IL-9 and IL-21, while
30 JAKZ interacts with, among others, the receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., TL-2, IL-4, IL-7, IL-9, IL-15 and IL-21), receptor



5 offer immune suppression where it is needed (i.e. on cells actively participating in immune
responsesézwithout resulting in any effects outside of these cell populations. Although defective
immune reBfoAYES A8 been described in various STAT-/ strains (/ Invesh§THBI2AT596), pp.
304-311; Curr. Opin. Cell Biol. 9(1997), pp. 233-23__991 the ubiquitous distribution of STATs and the fact
that those molecules lack enzymatic activity that colld be targeted with 10 small-molecule inhibitors

has contfibuted 1o their non-selection as key targets for immunosuppression. SYK leen Tyrosine
Kinase)oi%ga0 rﬁlgrnl-zr%é%np or ‘tlf}sfbrsensq% Ellﬁaﬁsletﬁ%g |g8e%%%hctitaall or ﬁéé’@%ﬁﬁ%@ﬁ?&ﬁ%ﬁf%pe signaling,
SYK beoomghactivatesk upioy dnd dieditet pleasphonysigd BER-Andbthus tiididtes-trhearbhsignling events
following. tivation. Mice deficient in SYK 15 exhibit an early hl in B-cell development (Chong
et el NS T R L e e A0 R 85 e B bition of S
enzymatic activity in cells is proposed as a treatment for autoimmune disease through its effects on
autoantivedyaprogtijesiaave lsupgelitian iattherslanbsKioinBe RisignatingamlBdcellastination, it also
plays a key role in FcsR1 jated mast cell degranulation and egsinophil activation. Thus, SYK is
imp |ca%3¥%‘%§%1l %lt? i ?g%}% TRERTEHY é’tﬁ%i‘élff’ %Wé@ﬁﬁ%&oﬁ Ieglﬁﬁt’f?ﬁp%ﬁ’@ﬁﬂ%\?éstig
Drugs L 1#die2004)1 St hihdsitmthe phadphonaiedgameraaahainie besRikNaits &2 domains
and is ess?.r%tialtfor ?o\wgstrea siagnalin rgfagllor et al. Ma Cell. Biol. 15:4149, 1995). SYK deficient
mast célls demonstrate derettive’ éﬁaﬁﬁﬁlﬁ O R RO AR BT ES 8RS e secretion (Costello et
al. Oncogene 13:2595, 1996). This also has been shown for pharmacologic agents 25 that inhibit SYK
activity jn passterisIamambteeiablicRRarmacal-xporis 3R bide2Q03)F Jreaimsmnt with SYK

antisense g‘l onucleotjdes inhibits antigen-induced infiltration of eosinophils and neutrophils in an

‘animal RIBHETBHIEHMATSTALON BRAS RAThERHG TegLdiy BodapdNad duncidaeesasphikealso
show indepliedactinaiaminfRSpanER WhhssRestimiatonashTrifilietfe aialdBlood86:2866, 2000).

Therefoye, small molecule inhipitars of SYK will 30 be useful for treatment of allergy-induce

inflam ngé}t&él YROBRS R GUSHREE TRFEPST9PIEAY Se e P Rs B RIPEg SRORsHew of the

numeroQgdevigisiens!thabam, ciptasnlaeshigdenalihyiraaimentioyalyngmodiaigaafthe JAK
and/or SYK athwa)é% it is immediately apparent that new compounds that modulate JAK and/or SYK

pathwaySs-SndHiEth3as trasHR A SES Mb SYRIS ERSTHIENS AN SHbsBnar hERGaME HarEfits to a

wide vaiaipadedts( Ruidedhereincatexravel (2 pyrmony raane datvally asSory 3R thewn
treatment of conditions in which targeting of the JAK and/gor SYK pathways or inhibition ofJAK or SYK

kinases CEUIR A TARGS RGeSO hsY ot s BIRFIGSHRAN frirdelthentarsiidipsminelaf

inflamnetpoy. diseasesaJhanayelpsetopyraciiederivativesm pravidederdinsalestivaly.iahibit JAIC.3
and are useful for the treg}mgﬁrt of auto-immupe and inflammatory diseases. The compounds of the
3

inventioh 65RO GUTHTEAA UhdArasrl panseh A akd APe deBrimvrRilel pYitéRhyPdike derivatives
for the treaimenhofarsphimmens ancnflammatenstiseoses MheIainmirgIRIE R COMPRIRS

selectively iphibit JAK3. For example, the compounds of the invention_may Inhibit JAK3 and SYK,
whereir‘?B)?e?gF?ega’ég‘ﬁgﬁg’ﬁ%@”agé%{e?éfﬂeivé%?%ﬁAgg% g@ﬂ?@‘”ﬁ%l@i‘ﬂé@ﬁiﬁ&%?@ﬁ?%ﬁl novel
pyo®lofyrazitedarisativesTiakthgtieatmantat aste-immure anginflavymaiens disgeagss, 15

Furth g f the inventi inhibit JAIC3 and JAK2, wherein preferred
compounil e KR RPSRRS 6FHERIHIE Kb Ebal i 2 LOEHRSR) Sy pyraine

derivatigasidar Fag-sieatout Nt DIEyiqrimmsine 1andoinfiagymatory 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 pynblopyrazine derivatives for the 20 treatment of auto-immune and

inflammiAtSry THERASES 2ienas b RERBY B RARSSERHIELSd STEHIOT R FFErafats, xeno

transplantation, lupus, muitiple sclerosis, rheumatoid arthritis, psoriasis, Type 1 diabetes and
25 complications from diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid disorders,
ulcerative colitis, Crohn's disease, Alzheimer's disease, Leukemia and other indications where

mmunosuppression would be desirabie.

Non-hematopoietic expression of JAK3 has also been reported, although the functional
significance of this has yet to be clarified (J. fmmunol. 168 (2002), pp. 2475-2482). Because
30 bone marrow transplants for SCID are curative (Blood 163 (2004), pp. 2009-2018), it seems



R s RI, R2, R3, or R4; Ri is lower alkyl, lower allcoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloancxl 250r cycloallcylalkyl, optionally substituted with one or more Rh; RI' is Ribor RI2; Rib
is halogen, ¥, or -CN; WO 2009/106443PCUEP2009/051758 %ﬁéﬁﬁ’é@%f@»ﬁ)ﬁml b),
-C(=0)CH2(0), Ste), -S(0)2(R15, or -S(-0) (Rib), Io_\Q(_er alkyl, lower allcoxy, amino, amido, lower
haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalicyl, cycloalkyloxy, or heterocycloalkyloxy

optlonall st eﬂg%il]one or m re Rid; 5R ?r% drox lower alk II1kower alkoxy, or
lower h ?{ail’cgfl&ﬁ ¢'is H. Tower % Salvé?da 00%5 rﬁ' erbna 1ﬁ<y X re%%dlﬁ ?Bg?y]ncycloalkyl,
or hetermoycisatial; oﬂlémdfgdts,vménmm;&bd@u@r&m&ioaldiylgphhaybshmm@dmhﬁmw@I@IélA&KI.% or
heteroc cloa I R2 |s Ntﬁx a)2; eac Al entl
mdepenxggnﬁ pﬁdégﬁg} ert]g%%ry A e &yle}ﬂoeFeF’éoc%/glmé{l?(%/fiootrhﬁé%%@ﬁc?ggﬁ@l alkylene,
opt|onaﬂysmﬂsammmmbaﬁiwmmmﬁ@mamZTEerge:ting @ARZe;chﬂij thdﬂafogﬁme@xm@ﬂlbryd roxy;
R2 C Bé'ro C{ %‘; Nl(lR%ﬁ éﬁ é 2(leg), -S(0)2

20 (R2 Tower aﬁ< ower alkoxy, ower hilo chﬁ p(ﬂﬂeny et r ary rﬁ%%% ycIoaIkyI or
heterocmﬂpxabkw) &pttmm&h‘yssﬂthx@intm@wﬁﬂao@meﬁzﬁ@métﬁ%& %.tbeﬁiﬁhtmmdﬁﬁiﬁndgmﬂyfebthalogen,
lower A [ B SR nNSIR PRI A5 R61IE0 STIRTPSRERDYY. iloE! RAY 4206

pp. 304-311; Curr. Opin. Cell Biol. 9 (1997), pp. 233-239), the ubiquitous distribution of

STATSs and the fact that those molecules lack enzymatic activity that could be targeted with

10 small-molecule inhibitors has contributed to their non-selection as key targets for

IMIMUNosuppression.

SYK (Spleen Tyrosine Kinase) is a non-receptor tyrosine kinase that is essential for B-cell
activation through BCR signaling. SYK become activated upon binding to phosphoryated BCR
and thus nitiates 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, 1993). 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
FceRI mediated mast cell degranulation and eosinophil activation. Thus, SYK is implicated in
20  allergic disorders mcluding asthma (reviewed in Wong et al. Expert Opin Investig Drugs 13:743,
2004). SYK binds to the-phosphorylated gamma chain of FeeR1 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. J Pharmacol Exp Ther 306:1174, 2003).
Treatment with SYK antisense oligonucleotides inhibits antigen-induced infiltration of
eosmophils and neutrophils in an animal model of asthma (Stenton et al, J immuno! 169:1028,
2002). SYK deficient eosinophiis also show impaired activation in response to FceR stimulation
(Lach-Trifilieffe et al. Blood 96:2506, 2000). Therefore, small molecule inhibitors of SYK will

30 - be useful for treatment of allergy-mduced inflammatory diseases including asthma,



allcoxy, lower haloalkyl, or phenyl; R3 is -C(=0)R3a; R3g is lower alkyl, lower allcoxy, phenyl, or
N(R3b),; each R3b is independently H or lower alkyl; 30R4 is -0(0); R4a is H or R4b; -7- 4b K is lower
alkyl, phe&?ﬁ%@ﬁw?‘%@ver haloalkyl, cycloalkyl, heterocycloalkyl, heteranﬁ,T&ﬁi?@ﬂgﬂf/lgﬁbstituted
with one or more R4' is halogen, hydroxy, lower alkyl, lower haloalkyl; or lower alkoxy; Q3 is -0-Q3a,
-s-Q3a, -C(=0)(Q3a), -0(CH2).C(=0)(Q3a), -S(=0)(Q3a), -S(=0)2(Q35, - N(Q3a)2,

-N(O3 = - = -C(= - = | : 38 i
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a or.lower allcoxy:. or: niaceuti e ereof.. irst as is
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and/or SYK pathways or inhibition of JAX or SYK kinases, particularly JAK3, and are

therapeutically useful for the treatment of auto-irmmune and inflammatory diseases.

The novel pyrrolopyrazine derivatives provided herem selectively mhibit JAK3 and are useful
for the treatment of auto-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-immune and inflammatory diseases.

15 Furthermore, the compounds of the invention may mhibit JAK3 and JAK?Z2, 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 JAK 1, wherein preferred compounds are
selective for JAKS3 of the JAK kinases, and are useful novel pyirolopyrazine derivatives for the

20  treatment of auto-immune and inflammatory diseases.

The application provides a compound of Formula I

I wherein:
RisR',R* R’ or R,
R’ is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
25 or cycloalkylalkyl, optionally substituted with one or more R'?,
R'®is R orR’S;
R™is halogen, oxo, hydroxy, or ~CN;



R'is C1.6 allcyl, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more R1'; R a is Whore; Rib is halogen, oxo, hydroxy, or -CN; e is -C(=0)0(e),
-C(=0)CHNEY, 2%8p&yeK80)2(e), or - 7a S(=0) (Rif), C1.6 alkyl, Ci_6 alkoxyPariFFFEHIGSE 1.6
haloallcyl, phenyl, heteroaryl, cycloallcyl, heterocyclpalkyl, cycloalkyloxy, or heterocycloalLkyloxy
optionally substituted with one or more Rd; Rid IS H, halogen, hydroxy, C1.6 alkyl, C1.6 alkoxy, or

neterocycloaiyl: | Rifis HCCE R HGICEL b rloT Bitonyl NAeromgt B BGARGR 0
heterocycloalloyl; R2 is N(R2BY),dashrRA4E indepefidentyiios, Ribido, Ieaeh R lisyngapeyidently
Substiuted with ane ot morc AR LR S HIS KO e aloGe OBhd BN rosy:  RZ- 15
“N(R28)2, -C(=0)( R23), -C(:8)p R Kk A6+0)biRD) 2y MRZ)eA)RRghe SFOR(RY), -S(0)2 NT.29
nererocycloaioyl, optionaly substithed WithENE S AETER2H " Hagh RIFAMGRBGREENT H.
halogen, Ch6 allcyl, Ci.6 alko>_<y,_ Clelbaliogtkyl; _ each R2g is independently H, C1.6 alkyl, allcoxy,
CL sk o e 0 GO A G AL LN =
heteroaryl, cycloalkyl, or heterocycloalkyl;
R' is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
10 cycloalkyl, or heterocycloalkyt;
R” is N(R™);
each R™ is independently H or R*;
each R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionalty substituted with
i5 one or more R*,
R¥ s R¥or R,
R*is halogen, oxo, or hydroxy;
R*is -N(R*),, ~C(=0)( R?), —-C(=0)O( R*), -
C(=O)N(R*®p, ~N(R*#)C(=0)( R*), ~S(=0)2(R*¥), ~8(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 mdependently H, halogen, lower alkyl,
lower alkoxy, lower haloallkyl;
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, phenyl, or N(R*™),;
each R™ is independently H or lower alkyl;
30 R*is ~OR™);
R* is H or R*:



4b is C1.6 alkyl, phenyl, benzyl, C1.6 haloalkyl, cycloalk-yl, heterocycloalkyl, heteroaryl, optionally
substituted with one or more R4™; 7b R4e is halogen, hydroxy, C1.6 alkyl, C1.6 haloalkyl, or C1_5
alkoxY; Q3 is -0-Q3a, -S-Q3a, -C(=0)(Q3a), --0(CHANC(=0)(Q32), -S(=0)(Q32), -S(=0)2(0), - N(Q3a)2,
-N(Q38)S(=0)2(0), -N(Q3a)C(=0)(Q3a),-C(=0)N(Q352, or -N(Q3a)C(=CON(Q3a)2; each Qsa is H,
C36-alkyl, phenyl or cycloalkyl, optionally substituted’with one or more Q3d; and each Q3d is
independently Q3e or Q Q3e is halggen or hydroxy; 31lis C1..6 alkyl, C3.6 alkoxy, C1..6haloalkyl,
phenyl, cycloalkyl, heterocycloalkﬁ oreRFhafs L Iy Sinyduitered %\ﬁi@?@ﬁé SHARFED3g; and

each Q3g is independently halogeRstByshialkd, 6:8tyb &) Sopyroxallivk: e Ratealiyl, opGL 6

alkexr, or a pharmaceutically acc e%@ble salt thereof. In one variation of the above embodiment, R is
R1. In one variation of the above eimbodiment, R1 is lower alkyl. In one variation of the above

embodiment, the lower alkyl is tert-butyl. f{faaaths yﬁr@&ggj the.ab lemgggggﬁg %1 pwer alkyl
is tert-butyl, Q is Q1, Q" is Q3’, QIC.is Qle, Qle is %Ie and Q" Is pyrro ine. In another Variation of the

above embodiment, the lower alkyl is - CIJR‘}’(E?W P ¥n another variation of the above embodiment, the

lower al Fig isg=btyLdnpnathes gﬁ@bpn(lgr{%@r% e@@é@ Imbgdmgnb%i?wgr%ﬁ#jig u130 propyl.

WO 2009 9443PCTJEP2009/0§1758 ) ent of e comp otind al,Rlis
"CHC(CRYSR. I oNEQmBGHRIERT of thECorrpTHN&0D FRTEAN(RT ks es0- DRI C=ONQ™ )y

each Q™ is independently Q* or Q*%;
mis 0, 1, or 2;
O® is H;
Q™ is lower alkyl, lower haloalkyl, phenyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more Q™ and
 cach Q*is independently Q* is Q* or Q%
0™ is halogen or hydroxy;
Q is lower alkyl, lower alkoxy, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally substituted with one or more
Q% and
each Q¢ is independently halogen, hydroxy, lower alkyl, lower
hydroxyalkyl, lower haloalkyl, or lower alkoxy;

or a pharmaceutically acceptable salt thereof.

In a first aspect, there is provided a compound of Formuia I

1 wherein:
Ris R, R’ R’ or RY;
R} is C;galkyl, phenyl, benzyl, heteroary?, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substituted with one or more R'%;
R™is R orR™;
R'is halogen, oxo, hydroxy, or ~CN;
R is ~C(=0)OR"), -C(=0)CHy(R"), -S(R™), ~S(ORR'Y, or -



In one embodiment of the compound of Formula |, RI is /so-propyl. In one embodiment of the
compound of Foturula I, Rl is cycloallcyl. 5 In one embodiment of the compound of Formula |, Rl is
heterocyckialkyl. In one embodiment of the compound of EorLula I, Rb is benzyl. In one embodiment
of the compound of Formula I, Rl is phenyl. In one embo ifhent of the compound of Foimula I, R is R2.
In one.embodiment of the compound of Formula I, R is R2 and R2 is NH(R2a). 10 In one variation of

the above embodiment, R2ky (s 3gIrp @r@t@@&@%ﬁ@vgﬂg&b@dmﬁggﬂ%? #ﬁ lower alkyl. In
> f » y 16 b d g

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

compound of Formula 1, R %k FTP Rtk o trieindrietompound of Formula |,

R2b is cycloaticyl. 15 In one:ebgdicatytad theicotioubshafiommlad oRaBis Reterocycloalkyl

alkylene. In one variation of the above enﬁq@gi egat[tl‘lre heterocycloallcyl is pyrrolidine. In one variation
of the above embodiment, the alkylene is mef°hy ehe. i ong g&ﬁﬂé’ﬁ%&ﬁﬂ?&&@hﬁ’o@m of Formula

|, R2b is pyrrolidine methylene. In &ekaliivembodiments of formula |, the subject compounds are more

specifically of foiuiuia Il: -9- llwherein Riﬁselg\@gr@!kxjﬂ,@vggr% Y, {ﬁe yl,.-benzyl. heteroaryl,
cycloalkyl, heterocycloalkyl, or cycloalkylalkyl, optiéﬁally s’ubigtitutge{% wit ’(?ﬁ'éigfomo %?star}fygia is Rib or

Rid; Rib is halogen, oxo, hydroxy, 8FSERYRE Mot tiRisroseqieindH2), (Rie), -0(CH2)"(R1Y),
-S(Rif), - S(0)2(R15, or -S(=0) (R11), lower'Gilki, Owenalkoxynasmirg, snaido Hawsshaloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloa&%ﬂ)a1 loo%”éﬁ%’?&ég?{oh tqrocycloallcyloxy optionally substituted
with one or more Rid;_Rid is H, halogen, Rydroxy, low , ’amino, lower alkoxy, or lower haloalkyl;

2 2aN
Rid is H, lower alkyl, I%V\}éNkada(y, cyano, lower haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; Rif is H, lowseh &Ry, iieaenbaloaikyd:mienyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; h R% is independ.
eac 1s independently C,salkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalky! alkylene, optionally substituted with
one or more R*;
R* is R* or R _
R*i5 halo gen, oXo, or hydroxy;
R* is ~N(R),, ~C(=0)( R*), -C(=0)O( R*), -
C=O)NR*®),, -NR™)C(=0)( R*), -8(=0)(R*), -S(0);
NR),
- Cre alkyl, Crg alkoxy, €, ¢ haloalkyl, phenyl, heteroaryl,

heteroaryloxy, cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R%

each R¥ is independently H, halogen, Cis
alkcyl, Cy ¢ alkoxy, C, ¢ haloalkyl;
each R™ is independently H, C, alkyl, C,
alkoxy, C,.q haloalkyl, or phenyl;
R? is—C(=0)R*:
- R¥is Cygalkyl, Cyq alkoxy, phenyl, or N(R*),;
each R¥ is independently H or C,. alkyl;
R* is ~O(R™);
R* is H or R®: .
R*¥ is C; ¢ alky], phenyl, benzyl, C,¢haloalkyl, cycloalkyl,

heterocycloalkyl, heteroaryl, optionally substituted with One or more
R4C;



mis 0, 1, or 2; and Q3 is as defined herein. In another aspect, there is provided a compound as
defined above of formula 1l: N'N llwherein R' is C14 alkyl, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally sepstituted with one or more Ria; Ria is Rib or R; 9a Rib
is halogen, oxo, hydroxy, or -CN; RIO is -C(=0)0(Rif), -C(=0)(CH2)n(Rle), -0(CH2)ale),- S(0)2CRl), or
-3(=0) (R11), C1_5 alkyl, C1.6 alkoxy, amino, amido, haloalkyl, phenyl, heteroaryl, cycloalkyl,

heterocycloallcyl, cycloalkyloxy, or heterocyciratkyilaxy-aptienaly, substititer withane ef more Rid; Rid
is H, halogen, hydroxy, Ci_6 alkyl, amigo, &%XG alkoxy, or C1.6 haloalkyl; RIO is H, C1.6 alkyl, 01,6

alkoxy, cyano,3C1.6 haloalkyl, phenyl, ;é?%roa?"y'/l, cycloalkyl, or heterog%cloalkyl; Rif is H, Ch6 alkyl,
C1.6 haloalk{@’ phéh@ hétébarP=aQalkyD(E et (o)l kyd(THIE0) - Hr2):408.03 is as defined

above. In cerigismbadimsiis atfeuua LB lower alkryiigialabiier-hepb i eftain
embodiments of formula I, the sybject compounds are more specifically of formulalll:
each Q7 Is H, Ci4-alkyl, phenyl or cycloalkyl, optionally substituted with one
or more Q*%; and
each Q* is independently Q* or O
Q* is halogen or hydroxy;
Q*is Csalkyl, Cpsalkoxy, C,.¢haloalkyl, phenyl, ciycioa]kyl,
heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q*%;
and
each Q* is independently halogen, hydroxy, Cy.ealkyl, Ci
hydroxyalkyl, C;.¢haloalkyl, or C,;alkoxy;
or a pharmaceutically acceptable salt thereof.

In one variation of the above embodiment, R is R
In one variation of the above ernbodiment, R} is lower alkyl.
In one variation of the above embodiment, the lower alkyl is tert-butyi.

In another variation of the above embodiment, the lower alkyl is zerr-butyl, Q is Q', Q™ is Q'
Q™is Q'°, Q' is Q' and Q' is pyrrolidine.

In another variation of the above embodiment, the lower alky] is ~CHC(CH;}s.
in another variation of the above embodiment, the lower alky] is iso-butyl.

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



LITwherein R21'is independently lower alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
heterocycloallcyl alkylene, optionally substituted with one or more R2"; R2e is R2d or R2e; R2d is
halogen, o%$ SRYEFER): R2e is -N(R2)2, -C(=0)( R2g), -C(=0)0( R2g). - CEDFFARS)1 758
_N(R2)C(=0)( R29), -S(=0)2(R29), -S(0)2 MR2g) 2, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
hetero aryl, heteroaryloxy, cycloalkyl, or heterocycfég ‘alkyl, optionally substituted with one or more R2f;

each R2f is independently H, halogen, lower.alkyl, lower, allc I haloalkyl; each R2g is
indeperfrc]igﬁlﬁyeﬁ, ‘i’éﬁ%‘f’%ﬁa}’ %Wéﬁ%ﬁ%‘%ﬁ%g\%@%&&%&ﬁ 6?’)%4? 2and Q3 is as defined herein. In
another aspect, there is provided a compound as defined above of formula Ill: Rs H b 113 Ulwherein

R2b is independbadiynCit ef dlksylophenyl beteraaii, Kyclaakylbhsierocycloalkyl, or heterocycloallcyl
alkylene, optionally substituted with one or more R2e; R2e is R2d or R2e; R2d is halogen, oxo, or

hydroxy; R2e is _ N(R2)2, -C(=0)( R2g), -C(=0)0( R2g), - C(=0)N(R2g)2, _N(R2)C(=)( R2g),
-S(=0) e ?’W@g??ﬁ?@%ﬁ?,@@%&)@i B 156 RABRKky!, phenyl, heteroaryl,

heteroaryloxy, cycloalkyl, or heterocycloallcyl, optionally substituted with one or more R21; | Da each

R21 is indspensshdiishialageny GlstralyirGhdialkary;GhEibaealkyl; each R2g is independently H,
C1.6 alkyl, C1.6 alkoxy, C1-6 haloallsyl, or phenyl; and Q3 s as defined above.

5 In one embodiment of the compound of Formula I, R' is heterocycioalkyl.
In one embodiment of the compound of Formula T, R! is benzyl.
In one embodiment of the compound of Formula I, R' is phenyl.
In one embodiment of the compound of Formula I, R is R%.
In one embodiment of the compound .of Formula I, R is R* and R? is NH(R™).
10 In one variation of the above embodiment, R*is R®,
In one variation of the above embodiment, R is lower alkyl.
In one variation of the above embodiment, the lower alkyl is iso-propyl.
In one embodiment of the compound of Formula I, R? is heterocycloalkyl.
In one embodiment of the compound of Formula I, R* is cycloalkyl.
15 In one embodiment of the compound of Formula T, R* is heterocycloalky! alkylene,
In one variation of the above embodiment, the heterocycloalky! is pyrrolidine.
In one variation of the above embodiment, the alkylenc is methylene.
In one embodiment of the compound of Formula I, R”" is pyrrolidine methylene.

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



In certain embodiments of formula Ill, R2b is lower alkyl. In certain embodiments of either formulae 1, 1l
or lll, Q3 is _0Q3, -C(=0)(Q3a), - 0(CH2)nC(=0)(Q3a), -S(=0)2(Q3a), -N(Q3a)2, -N(Q3a)S(=0)2(Q3a),
-N(Q3a)C(r-0)(0),- C(=MN(Q372, or -N(Q3a)C(a0)NOQ352" wherein m and Q3a are as defined herein.
In certain embodiments of either folinulae 1, 1l or HI, Q3a is lower alkyl, phenyl or cycloalkyl, optionally
substituted with one or more Q3d. In certain embodin¥ents of either formulae I, 1l or HI, Q3 is _0-Q3,
-C(=0)(Q3a), - 0(CH2)mg=0)(Q35, -S(=0)2(Q3a), -N(Q34)2, -N(Q3a)S(=0)2(Q3a),
-N(Q37C(.=0)(Q3a),- C(=0)N(Q3a)2, or -N(Q3a)C(=0)N(Q3a)2, wherein m is as defined herein and
03a is H, lower alkyl, phenyl or cycloalkyl, optionally 3 bstltuted with one or more Q3d The application
provides a compound of Formula | selected from the g upRconS|st|ng of:

' 2-(Cyclopentyl-methyl-amino)-5H- pyrrol8 A Mxaz &-7-carboxylic acid isopropylarnide; |
47-(2,2-Dimethyl-propiony1)-5H-pyrro lo [2, l—b]py 2-ylp ,2-dimethyl-propan-1 -one; 112 -Cyc lop
entylo xy-5H-pyrrolo [2,3-b]pyrazin-7-y0-2,2-timetytgfop an- | -one; WO
2009/106443PCT/EP2009/051758 ) H
N47-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-A-benzamide; Cyclohexanecarboxylic acid
[7-(2,2-dimethyl-propiony1)-5H-pyrro Io[2,3-b]pyraz¥r§-2-y11- arhadein
N47-(2,2-Dimethyl-propiony1)-5H-pyrrolo [2,3-b]pyrazin-2-y1]-N-methyl-benzamide;

N47-(2,2-Dimethyl-propion RyIro 2,3- zin-2-y1]-benzenesulf
N47-(2,2- Dlmet%l grg(gloné%gﬁgpfrrrglﬁh% g%%x zzi.’r?"’f%‘?\‘ieﬁ%’fﬁ I%iﬂgg{ésﬁ?ﬁ%ﬁﬁﬁ Od%kyl
7-(2,2-Dimethyl-prajyiciny by Eikyvhysroi tm {2 Bshisiirazid e-Zrcasb oxyticradid*dimethylamide;

7-(2,2-Dimethyl-propionyil )- 5!5'4:30 lo [2,3-blpyrazine-2-carboxylic acid isopropylamide; 1 -(2- Acetyl -5
H-pyrro [2,3-b]pyrazin- -yl)9 di ethylrpropan-l-one; 1 -(2-Isobutyry1-5H-pyrro lo

[2,3-b]pyrazin-7-34)-2.2- dlmetR)’fT ﬂrbﬂageﬂ, e&nehﬁl%@mthgzl\}; -[2-(2-methyl-benzo y1)-5 H-pyrro lo
[2,3-b]pyrazin-propan- 1-one ; H-p fazin-7-y1)-2 mg‘@ufpropan 1
-one ; 7-(2,2-Dimethyl-propion 1) % @géo([% Bﬁgg @ﬁ% % %ﬁ%‘ﬁ?&n&é& Amide ‘
2,2- DlmetEyI 1 42- ((pyrléilne 48(@%@(1?1?},)65 HEmiaRr R, &)tﬂférﬁﬂd@zlmlhn;r@g@@nﬂmpng?do |
2,2-Dimethy1-112-(pyridine-3-carbo épyra in-7 1 -one; 1 -(2-Cyclo
heptylo xy-5H-pyrro I0[2,3- b]p ?)1?(5}12@% L2 éﬁ%yf%ft@% I’gxy 5H-pyrro
lo [2,3-b]pyra2|n-7-y1)-2,2-d|m@tblynlai1{9m@, dreerde(ZHeUprRRPOLRbIEYr eultituted with one or
[2,3-b]pyrazin-7-y1)-2,2-dimeth ]p go pan-1 -one; 1-(2-Ethoxy-5H-pyrrolo
[2,3-b]pyrazin-7-y1)-2,2-dimetﬁ%1eb pan-1-one; 2,2-Dimethy1-1 -[2-(2-morpho
lin-4-y1-2-oxo0-ethoxy)-5H-pyrrolo [2, &bﬂmfmmawgyﬂ%grma@ Ibvenalk¥t drino, lower alkoxy, or
1,2-Dimethyl-propoxy)-5H-pyrro lo [2,3- b}l};@az -7-y1]-2,2-dimethyl-propan-1 -one ; 1 -(2-I
sobutoxy-5H-pyrro lo [2,3- b]pyrazm yl-propan-1-one; 1 -[2-( 1 -Benzyl- 1H-[1,2,3
jtriazo 1-4-y1)-5H-pyrro lo [2,3- b]pyraRl‘ﬁ-iE Hlle2r diksgtiykprafkary, lvane, Idwer haloalkyl, phenyl,
-Cyclohexy1-347-(2,2-dimethyl-prop iony0-5 H-pyrro %,3- azin-2- urea ;
1-Cyclohepty1-347-(2,2-dimethyl-pro§%¥.ﬁ?ﬂ7§ﬁ%§;ﬂ%% 2%%%)%?§¥ﬂgﬁlﬁﬁurea
2,2-Dimethy1-142-(methyl-phenyl- an'ﬁﬁf)is?zﬂipweﬁhlk%/ﬁibipwazmaﬂtylEﬂﬁé@_ﬁDhbt&@@rﬁ,
-(2-sec-Butoxy-5H-pyrro lo [2,3-b]pyrazi -dimeth an-1-one;
2,2-Dimethy1-1-(2-phenylamino-5H- p%?f?riﬂ% %y]}; Bﬁ%?ﬁ%ﬁy‘?{ﬁlg(gmpan 1-one;
1-(2-Cyclopentyloxy-5H-pyrrolo[2,3-bipytayin- ér\2k)adL-dimethyl-propan-1 -one;

1-[2-(Cyc|&gggt¥sl pgnedlh%rrrglrﬁo) -5H-pyrrolo [2,3-b]pyrazin-7-y1]-2,2-dimethy1-propan-1 -one;

In apother aspect, there is provided a compound as defined above of formula IT:

o\ N ‘
Y &

I wherein

R’ is C,4alkyl, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substituted with one or more R,
R™is R™or R



-1 2- 2,2-Dimethyl- 1 -(2-pheno xy-5H-pyrro lo [2.3-b] pyrazin-7 -y1)-prop an-1 -one; 2,2-Dimethyl- 1-
{2 44-(4-methyl-pip erazin- 1 -y1)-p henylamino | -5 H-pyrro lo [2,3-b]pyrazin-7- y1} -propan-1 -one ; 1
-Cyclo hexy1-3 -(2,2-dimethyl-propiony1)-5H -pyrro lo [2,3 -b]pyrazin-2-ylkurea; 1
-Cyclohepty1-347-(2,2-dimethyl-propiony1)-5H-pyrro I88[2,3-b]pyrazin-2-ylkurea; |
-[7-(2,2-Dimethyl-propiony1)-5H-pyrrolo [2,3- b]pyrazin-2-y11-2 ,2-dimethyl-propan- 1-one: and 1
4246-Meth xy-pyridin-2-ylamino)- rrQ 1o [2,3- razin- 7-y1]-2.2-dimethyl-prop an-1 - one. In
one embodiment, the application erf&:/fl%ﬁe{é% g%é’t’ﬁ’b %'rof%’a%n_ggjh inflammatory and/or autoimmune
condition comprising administering‘%%‘ﬁéﬁ@?@ﬁﬁifiee@(ﬁﬁékéﬁiﬂ,(ﬁé%aﬁé&t@gﬂ@@bﬁeqw;@mount of
the compound of Formula I. In onesyayigtignet the et e above method further comprises
administering an Additional therapeﬁg{:@ﬂ%n %@ﬁ?&%é%md&%&%ﬁﬁé“& ARt BrGtiferative
agent, an anti-inflammatory agent,’an imniun LR Or iRk bpipressiveliagent, a
‘neurotrophic factor, an agent for treﬂﬂiq?@l@bspdimm&&}disemﬁm@@@gﬁ@ﬂ%@g@ﬁg&gvﬂ@betes, or an
agent for treating immunodeficien%gig%ggrﬁsdl’n one embodiment, the application provides a method
for treating an inflammatory condition compyising administering to a patient in need thereof a
therapeutically effective amount of the co?np’é% Breorhviorwherdiy ReisiRl. Tnafiegmpodiment,
the application provides a method for inhibitiagcktegh proliferative disorder comprising administering to
a patient in need thereof a therapeutically, effective amount of the compound of Formula I. In one
embodiment, the application provides a r)r%etﬁso%’ gﬁiﬁ%ﬁ%@ FXO&N e Cative aiberdabainprising
administering to a patient in need thereofai#rarabentivallyb e btiveoaysiosmipf the compound of
Formula I, wherein R is R2. In one variatigri;@ e he proliferative disorder is cancer.
-13- in one embodiment, the application provi?é?ff%ﬁo@“fctﬁ%?g%gé&?g%éﬁcﬁ? rative disorder
comprising administering to a patient in ne@&HidteSt 2rtrerploaiivhlly effective amount of the
componnd of Formula I. In one embodiment ¢he, applieation provides a method for treating an immune
disorder in(:éuti‘ligg({ugus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type | diabetes,
complications ?romeorngegr?tl?é{ﬁsplants, xeno transplantation, diabetes, cancer, asthma, atopic
dermatitis, HutsTrR D ey tdisicrers|allcdafvio onlitisk Grahets giseasepdizheimer's disease, and
Leukemia, comprising administering to a patient in need thereof a therapeuticaﬁy effective amount of
the compo -olinyla J. In one . embodiment, the application provides a method for preventing or
treating all?ggrﬁ%‘,{agﬁé%%%d%%%%é)n, e H%Tgt%%ﬁ‘l‘ StbEPRPEIEnEsaRTe ettt el dtromiclalBgrafi
or xenouraft rejection, of vascularized or non-vascularized transplants, comprising administering to a
patient in need thereof a therapeutically effective amgunt qf, the componnd of Formula I. In one
embodiment, the application provides a ryethod for pr&yeatng or treating all forms of organ rejection,

ton.afg hnic ahpjj’raft or xenograft rejection, of
vascularized or non-vascularized transplant] comiprisiNg administering to a patient in need thereof the
compound of Formula I. In one embodiment~hegpplicdtion provides a method for inhibiting JAK3
activity comprising administering the compouna‘of Fommula I, wherein the compound exhibits an IC50
of 50 micromolar or less in an in vitro biochemical assay of JAK3 activity. In one variation of the above
method, the compound exhibits an IC50 of 100 nafBmolar or lesssiReandn Vvitro biochemical assay
ofJAK3 activity. In one variation of the above method, the compound exhibits an IC50 of 10 nanomolar
or less in an in vitro biochemical assay ofJAK3 activity.




In one embodiment, the application provides a method for inhibiting SYK activity comprising
administering the compound of Formula I, wherein the compound exhibits an IC50 of 50 niicromolar or
less in an in vitro biochemical assay of SYK activity. - 14- In one variation of the above method, the
compound exhibits an 1050 of 100 nanomolar or less.in an in vitro biochemical assay of SYK activity.
In one variation of the above method, the compouﬁ& ¥xhibits an IC so of 10 nanomolar or less in an in
vitro biochemical assay of SYK, activity. In one embodiment, the a;;glication provides a method for

treating an inflammatory con8itich BerRBRLTAG RREFh AHSIE TG P pisiRHY In & ¥Rereof an
anti-inflammatory compoundﬂea@@aj}a,ie@H@iﬂ,wﬁhe@e&&%wgym&%@uu(f@féﬁg,tiaﬁtﬁmw@sm%@mﬂ@und of
Foimula I. In one embodiment, the application provides a method for treating an inflammatory
condition comprising co-admif&fSrRgFtda patient in need thereof a therapeutically effective amount of
an anti-inflammatory compound in ggmgipatighp#ith 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 an imrunosuppresdari E81AESTNENPe BHAIIHIHIBN with a therapeutically

effective amount of the compound of Formyta;|, m@q@ﬁm@djm@m%ggbe@a@@c?ipﬁepmvides a method
for treating an immune disorder comprisinggco-admlrggsterin tq_a patient EQ nee ther"egf a
S mlggm

therapeutically effective amount of an immtkiGSWyRe TR COmBiER Wit #E):
compound of Formula I. The application prqyides,ajpharmacaUiicALCAMRISHRRCOIWIRING Sy,

compound of Formula |, admixed with at least one pharmaceutically acceptable carrier, excipient or
diluent. In one variation, the above pharmaK&eHiEaY bdrRESERATBI FlirisiaedprRIcReEROSudR Rl
therapeutic agent selected from a chemothgrapeutic QrantRplipraiveA9eM grant-inflammatory
agent, an immunomodulatory or immunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating diab®t68, Bindsanisperiersitidatinly senmigncaeticiency
disorders. In one embodiment, the application proyiges giise,of e eampypd of Formula 1, 11, or l1lin
the manufacture of a medicament for the treatment of an inflammatory disorder. In one embodiment,
the application provides a use of the compound of#EdtRiias i erengraitibiire atadkalelieament for
the treatment of an inflammatory disorder. -1 5 - Iyjone embadiment$he, Hgﬁyz\ﬁiggdprovides a use of
the compound of Formula I, 1l or 1ll, in the manufacture ‘of a medicamént for thetreatment of an
autoimminé disérdidedmara.embodiment, the application provides a use of the compound of Formula
| in the manufacture of a medicarnent for the treatment of an autoimmune disorder. In one
embodinenhdtirapplicaticRdikomsias.a eeuppsnd of ermetabollasrib#asithEiuse in the treatment of
an inflammatory disorder or of an autoimmune di%order. In another aspect, there is provided the use of
the compound as defined above in the manufacturenpf edicament for the treatment of an
inflammatory disorder or a of an autgqmung. disorder. In\.;{asother aspect, there is provided a
compound as defined above for use in thg tre f an inflammatory disorder or of an autoimmune

disorder. The application provides a comRoungiof Fefmula IV wherein:

N
F1

I wherein

R™ig independently C ¢ alkyl, phenyl, heteroaryl, cycloalkyi,

heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted

with one or more R™;

R* is R™or R*;

R¥is halogen, oxo, or hydroxy;
R*is ~N(R*),, ~C(=0)( R™), ~C(=0)O( k), ~
C(=0)N(R™);, “NR*®)C(=0)( R**), —S(=0),(R%), -
S(0) N(R™),, C,¢alkyl, Cisalkoxy, C;¢haloalkyl
phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or
heterocycloalkyl, optionally substituted with one or -

more R

£l



Ris Rl, R2, R3, or R4; Rl is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloallcylalkyl, optionally substituted with one or more Ria; Rl is Rib or R14; Rib is
halogen, oxo, hydroxy, or -CN; RI'is -C(=0)0(Ri5, -C(=0)CH2(R'e), -S(Rif), -S(0)2(R15, or -S(=0) (Rif),
lower alkyl, lower alkoxy, amino, amido, lower hajgalkyl, phenyl, heteroaryl, cyclo alkyl,
heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy optionally substituted with one or more Rid;

15a Rid is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower halo alkyl; R3e is H, lower alkyl,

lower aLkoxy -CN, lower haloalkyl, phenyl, heteroarylsgcloalkyhigs-helss @qy%g@l 81ISH lower
alkyl, lower haloallcyl, phenyl, heteroaryl, cycloalkyl, or g% éj‘:locgg(loall%/(l R2 is N(R252; each R2e is
independently H or R2b: WO 2009/106443PCT/EP200 A8 B i R Ip el é'ﬁ@h@eﬁily lower
alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, ondmmﬂglﬂameyhﬁdmy@aeu@pﬁqmglly
substituted W|th one or more R2%; R2'is R" or R2e; SRQQJOWI e hydroxy; R2g is -N(R2)2,
-C(=0)( R"), - ?(]e g—O)N(RZQ)Z _N(R2)C(=0)( R"), -S(=0)2(R2g), -S(0)2 N(R2)2, lower alkyl,
lower alkoxy, ower a%éﬂlﬁy? phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
10optionally substituted with one or more R2f; each R2f is independently 1-1, halogen, lower alkyl,
lower alkoxy, lower haloalkyl; each R2g is mdependently H, lower alkyl, lower alkoxy, lower haloalkyl,
or phenyln¥BR3iscried)RSas of formula I, R™" is lower alkyl,

In certain embodiments of either formulae I, II or I, Q is ~0-0™*, ~C(=0O)Q™), -
O(CH2)uC(=0)(Q™), -S(=03(Q*), -N(Q**), ~N(Q™*)S(=0)(Q*), “NQ™)C(=0) Q™ .~
C=0)N(Q™),, or “N(Q**)Cf=0)N¢Q™®), wherein m and Q™ are as defined herein.

In certain embodiments of either formulae I, I or I, Q* is lower alkyl, phenyl or cycloalkyl,

optionally substituted with one or more Q*,

In certamn embodiments of either formulae I, IT or ITI, Q’ is —0-Q*, ~C(=0)Q*, -
O(CH2)aC=0)(Q™), ~S(=0)(Q™), -N(Q™), —-N(Q™)S(=01(Q™), ~N(Q*)C(=0)YQ™) -
C(=0)N(Q**)z, or -N(Q**)C(=0)N(Q?*);, wherein m is as defined herein and Q* s H, lower
alkcyl, phenyl or cycloalkyl, optionally substituted with one or more Q*,

The application provides a compound of Formula I selected from the group consisting of:

2-(Cyclopentyl-methyl-amino)-SH-pyrrolo[2,3 ~b]pyrazine-7-carboxyvlic acid isopropylamide;
1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3 —b]pyra.zm—2—y1}»2,2-dimethy1—propan—1 -one;
1-(2-Cyclopentyloxy-5H-pyrrolo [2,3-b]pyrazm-7—3&}2,Z—dimethyl-pmpan— 1-omne;



R" is lower alkyl, lower alkoxy, phenyl, or N(R3b)2; each R311 is independently H or lower alkyl; R4 is
-0(r); R'la is H or R4b; 20leb is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl, heterocycloalkyl,

heteroary! Yopt8#alRF &dbstituted with one or more R4c; R4' is halogen, hyBfx&F1BWESHIRY, lower

haloalkyl, or lower alkoxy; 25 Q is Q1, Q2, Q3, or_(i_)?_; Q1 is phenyl, optionally substituted with one or
more QI'; Q a is Qlb or Q1'; gb is halogen, hydroxy, -CN, -S(Q -S(0)2(r), or Q1'is Q" or Q1e; 300r two

WO 2005 1 ra RO RIS 7S s DR SIS OIN(Q12)2, “S(-0)200. -
C(-0)(QinkleG{=Me(Qbe) yIN( Qe J7-(NIQileyfl(7HefiiRi3ay]-oteachdliglis ingependenily-H or Q'C';
5each Q le'is independently Lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl, heterocycloalkyl,
or hetercgrélr%iﬁ,’ optionally substituted with one or more Q' f; Qics Ql1or Qlh; Qlg is halogen, hydroxy, oxo,
or - 10 N-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-bipyrazin-2-yl}-N-methyl-benzamide;
N—[7~(2?2-Dimeth.yl~pr0pionyi)~5H—pyrro10[2,3—bjpyrazin~2-y1}—benzenesulfonamide;
N-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl}-N-methyl-
benzenesulfonamide;
7-(2,2-Dimethyl-propionyl)-SH-pyrroio[2,3-bjpyrazine-2-carboxylic acid dimethylamide;
7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazine-2-carboxylic acid isopropylamide;
1-(2-Acetyl-5H-pyrrolo[2,3-bipyrazin-7-yl)-2,2~dimethyl-propan-1-one;
1-(2-Isobutyryl-5H-pyrrolo[2,3 -b]pyrazin—7-y1)—_2,2—dimethy1_—prop an-1-one;
2,2-Dimethyi-1-[2-(2-methyl-benzoyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one;
1-(2-Benzoyl-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one;
7-(2,2-Dimethyl-propionyt)-5SH-pyrrolo[2,3-blpyrazine-2-carboxylic acid cyclopentylamide;
2,2-Dimethyl-1-[2-(pyriding-4-carbonyl)-SH-pyrrolo[2,3-blpyrazin-7-yll-propan-1-one;
2,2-Dimethyl-1-[2-(pyridine-3-carbonyl}-53H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
1-(2-Cycloheptyloxy-5H-pyrrolo[2,3-bpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-{2-Cyclohexyloxy-5H-pyrrolo{2,3-bjpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Isopropoxy-SH-pyrroio]2,3-bipyrazin-7-yl)-2,2-dimethyl-propan-1 -one;
1-(2-Ethoxy-5H-pyirolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(2-morpholin-4-yl-2-ox0-ethoxy)-5H-pyrrolo[2,3-bipyrazin-7-yl|-propan-1-
one; ‘
1-[2-(1,2-Dimethyli-propoxy)-5H-pyrroio{2,3-b]pyrazin-7-yi}-2,2-dimethyl-propan-1 -one;
1-(2-Isobutoxy-SH-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1 -one;
1-[2-(1-Benzyl-1H-[1,2,3 ]triazb 1-4-y])-SH-pyrrolo[2,3-b]pyrazin-7-yi}-2,2-dimethyl-propan-1-
one;
1-Cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-urea;
[-Cycloheptyl-3-[7-(2,2-dimethyl-propiony}-5H-pyrrolo[2,3-b]pyrazin-2-yl]-urea;
2,2-Dimethyl-1-[2-(methyl-phenyl-amino)-5H-pyrrolo{2,3-bipyrazin-7-ylj-propan-1-one;
1-(2-sec-Butoxy-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-phenylamino-5H-pyrrolof2,3-blpyrazin-7-yl)-propan-1-one;
1-(2-Cyclopentyloxy-5H-pyrroio[ 2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-[2-(Cyclopentyl-methyl-ammo }-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyi-propan-1 -one;



Q111 is lower alkyl, lower haloalkyl, Lower alkoxy, phenyl, benzyl, cycloalkyl, heterocycloallcyl, or
heteroaryl, optionally substituted with one or more Q"; 15Q’i is halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; Q2 is cycloallcyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q23; Q2a Q2b or Q2c; 20Q2b is halogen, oxo, hyclroxy, -CN, -SCH3,
-S(0)2C113, or -S(=0)CH3; Q2c is Q2d or Q2e; or twé-Q2e come together to foiin a bicyclic ring
system, optionally substituted with one or more Q2b or Q2c; Q2d is -0(Q2e), -S(=0)2(Q2e),
-g=0)N(Q2&) R sy A GpbraonQidipyoriabic ey e NigRe) 2pi@ee)@E0) (Q2e) -

N(Q2e)C(s8)p¢ or 1N(Q2e)C (=0 %%!%3_ agh is.independently H h Q2e'i
independgf%)%glv%g%’ %aqlk;}'l—, E%ﬁﬁygliéﬁ%ﬁ ower??ga%ﬁﬁﬁgﬁﬁyﬁgﬁg?ﬁéﬁm%geroaryl,
30optionally-Brtpstititerewith one or more Q21; Q21 isQ2g or Q2b; Q2g. is halogen, hydroxy, oxo, or -
C(=0)(Q2p) )Q/EDBA4: . 758 - 18- is lower alkyl, lower haloalkyl, OWE
alkoxy, ﬁﬁ%‘%ﬁ%? @5%3%%%@%%%2@?&&% Wéf)efrg 57—%‘%’@6%%%%% Befifuted with one or
more Q21-5plspilogEn! hycionyiviveoaiteyllckEphaioelids-bijemeinadkoRyir4d3 is -0-Q34,
-S-Q34, -C(=( =90 4), +S(=0)2 5l 3a)2, - = 4),-C(=0)N(Q3a)2, or
OO S o S D e o BB RS bl
haloalkyl,1MMM@WiW@WMM—pM@&W&WLygtmsmuiﬁfhy\li&i}m@t more

Q34 ope. '

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

effective amount of the compound of Formula ¥.

In one vaniation of the above method, the above method further comprises administering an
b,dditional therapeutic agent selected from a chemotherapeutic of anti-proliferative agent, an anti-
inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic factor,
an agent for freating cardiovascular disease, an agent for treating diabetes, or an agent for

treating immunodeficiency disorders.

In one embodiment, the application provides a method for tréating an inflammatory condition

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

compound of Formula 1.

In one embodiment, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to 2 patient in need thereof a therapeutically effective amount of the

compound of Formula I, wherein R is R%.

In one variatior of the above method, the proliferative disorder is cancer.



Q3d is halogen, hydroxyl, lower alkyl, lower alkoxy, or lower haloalkyl; 15Q4 is Q4a or Q4b; Q48 is H
or halogen; and Q4b is lower alkyl, lower alkenyl, lower alkynyl, or lower haloalkyl; with the
proviso that when and R4 is _o(R4a), R44 is H, RQ4 is Q4a, then (24a is not H; or a pharmaceutically
acceptable salt thereof 20 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 morg 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. The

phrase "Hs WEHHRY BTy SARP RS REPIREeS fomgadfon ieeintor Bl grolifeesi pr ditedr2s in the
Summanpofitisrpuentiaietitherbopdest taistd mhaletherembediments mravided belovs sibstituents
which can becpre eﬁhin e embodiment and which are not explicitly defined retain the broadest

: definitioﬁoﬁ%)w Cgci RES, mary of the Invention. As used in this specification, whether in a
transitional phrase or in the body of the claim, the terms "comprise(s)" and "comprising" are to be
interpretechas fravirdinesmpenesidadsn eeniites I0nEatd sothedanp smpirartmbe ditatderdtethding
synonymously with the phrases "having at least” or "including at least". When used in the context of a
process REStEBM I EIFSIRRGS. FieH RS Rid e Pl dessirrindes ol ekt ehecraniibdastepst-but may
include adglifianalptens, Yhe @rmmm\a@o@@99&9@&%&%@3&%@%&% Tegopiext of a
compound or composition, the term "comprising” means that tf%e compound or combos@lon hcfudes at

least théb@@ﬁécﬁmﬁﬁfés‘é?%é?ﬁﬁ&%ﬁﬁs, QbRfadisgescintitieimanitisaiste anud dedrecomponents.

As useddigiginainipssseciigallndicated athentise, e aid ar i sedin he indusive: 5 sense
of "ancUor" and not the "exclusive" sense of "either/or". The tell; "mge en enfly i$0880 hef&in to
indicate tREPRWtabROEMEdlied 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 Rﬂl%gge%%%%wice aﬂQd Is defined as "independently carbon or nitrogen", both R"s can be carbon,

both R"s can _E)e trogan 6 e R e A B0 VR S R Y RHPSGEHOTA RS variable (e.g.,
R2a or Qggcyoscredore shiae elirstifiecamgmbietjcotiforandaidepictinigaat deseribipgrcompounds
employed.or.clai [ present invention. .its definition on each occurrence is independent of its
et D e B SO T b B ot
permissiplsagdljhifreath tempeutddiyesiititve amount of the compound of Formula I.

In one embodimg:nt, the application provides a method for preventing or treating all forms of organ
rejection, mchuding acute allograft or xenograft rejection and chronic allograft or xeno graft -
rejection, of vascularized or non-vascillarized transplants, comprising administering to 2 patient

in need thersof the compound of Formula 1.

In one embodiment, the application provides a method for inhibiting JAK3 activity comprising
administermg the compound of Formula I, wherein the compound exhibits an 1Cs; of 50

micromolar or less in an in vitro biochemical assay of JAK3 activity.

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

an in vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an 1Csp of 10 nanomolar or less in

an in vitro biochemical assay of JAK3 activity.

In one embodiment, the application provides a method for inhibiting SYK activity comprising

administering the compound of Formula I, wherein the compound exhibits an ICsg of 50

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



15 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)0R4 wherein R4= *--1 or> MeC(=0)0--- 20 A bond drawn
into ring system (as opposed to connected at a d_|stT tvertex) indicates that the bond may be
attached to any of the suitable ring atoms. The teiin optlonal or optlonally as used herein means
thata s ent.ar gircimstance m t nee r, and that th
descrlpt?gr?) %ﬁé%ﬂ%%ﬁ%e%@%e%e%@ e%\%zt d%fl cwcu?ﬁ% anclteS 8ecure ﬁﬁ ﬁml‘?ﬁ %tﬁiﬁ?ﬁ’t does
not. Foragxample, buptisnatly! 285ubtilifedtingans that the optlonally substituted moiety may :
incorporate a hydrogen or a substituent. WO 2009/106443PCT/EP2009/051758 -20- The phrase
"come t ether to farm a.hicy | " as used herein means join to fotin a b|cycI|c ring
system, r?%aaé?{lr& %%’ rﬂgé%\{ uprGrEOTRPLY CRRERSS ﬁ?c}rd@ 8 Arreansapia g less in
heteroawms ~ard Peohbeissltusate d i YK satiivaded. 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 é@t%‘?tﬁnh?%‘Qf@ﬁaﬁ%ﬁ@ﬂb@ﬁﬁlﬂamﬁw%ﬂﬁs@@m@i@m ieeatiodiap anflamevitat\aieditidsove and
below the sisiasyaluabyiniveriancs o 20 Thedelnliansdeserhed ARrEl nayhe &%Osnded to
aloalkyheteroary

form chemlcally relevant comblnatlons 10 such as "heteroalkylaryl,"

"arylallc§ATERPEEpRT i 4 S AERBISa Y %%Faﬁ’éwmw%amwwmbnﬂﬁnmb Iwhen the tell(’

"alkyl" is used as a suffix following another term, as in "phenylalkyl," or "hydroxyalkyl," this is intended
to refer g gR.alkyl FEtd: agaptined ahove. Aeing subsH with one tg fwg substitu nts selected
from the other speufllcally ngdr%%gd gréup% ﬁbs for examg%e%%ﬁmr%y?alt %am%rs 1o & an ylilgroup 15
having GRETRS WREsIeRBUBSTIRgStS TebidTthinsTieilitheseoéa i mivenivieliny Fanthiziptienyt. o

alkylangﬁlgg}@{‘lim{b 8&%%\5 ﬁﬂg&g Q¢ lkvl 0 su{#) ents ydroxyalkyl" includes
2-hydroxyethyl, 2-hydroxypr yl, 1 oxymetﬁ\%/) 2E r{?i}/e%m#[lropy (él#y%xygutyl
2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used herein, the
tem' "hyldrenyeatiyliiscos de tordiefine arsviliset othetekoalkalgraupsdetidedrbelownp2eidde term

-(ananc I refers ta either a substlt d alkyl or an arallc The term (hetero)aryl or (het)aryl
refers to‘yl el ersén a For rh erog?ﬁf};%rgoup}( ml@ﬁ‘ﬁ'%osq‘g{ﬁ% %ﬁ&‘i%‘ﬂﬁ%%i‘ﬁf?&%ﬂéwsvﬁ |
Tautomerieecapeptoritis affue it strasitvoiahenaremiotendarfeitablia species. Prototropic tautomers
result from the migration of a covalently bonded hydrogen atom between two atoms. Tautomers
generalléemst in equilibrium and 25 attempts to isolate an individual tautomers usually produce a

mixture WABSETRASIMEY LRaPBHSSCAPIRafstiasthre (6 e iRm A HaeRE TGRS, The

positionaal&lﬁﬁnexgqﬂﬂ@twﬁr\p&l&ﬁnﬁIﬂd@mtme@f%rﬂlﬁaéxfﬁaﬁwzﬁﬁy\@%ﬂ%b%ﬁ&ﬁ@@ﬁafor example, in
many ali E hatic ald?ﬂ)ydes and keto es su CE as acetaldehyde the keto fotin predominates while; in

- phenols TS ﬁﬁiﬁ%&&ﬁﬂﬁ? R tBHasRe @H@ﬂ%%@ﬁﬁ@‘l@ét&enol(q -0)-CH-Z.
(-

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

admixed with at least one j)harmaceutically acceptable carrier, excipient or diluent.

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

treating immunodeficiency disorders.

In one embodiment, the application provides a use of the compound of Formula I, I1, or I 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 inflammatory disorder.



30 OH)=CH-), amide/imidic acid (-C(0)-NH- -C(-0OH)=N-) and amidine (-C(=NR)-NH- Z - WO
2009(106443PCT/EP2009/051758 -21- C(-NHR)=N-) tautomers. The latter two are particularly
common in heteroaryl and heterocyclic rings and the present invention encompasses all tautomeric
forms of the compounds. Technical and scientific tggns used herein have the meaning commonly
understood by one of skill in the art to which the present invention pertains, unless otherwise defined.

Referede@ns snhadicbeidhe mpvheisios mevidriol ogreef dhelavaterials difownule fhéker b skililia the art.
Standaygl,eleranee worksiRaliing iRrthhe aansialanginias ol phaagelogy 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 known to those of skill can be utilized in carrying

out the present invention. However, preferred materials and methods are described. 10 Materials,

reagentd SRR HRIKE S WhicRPRIfeHitRBTar R e HrPtHBcrenawR dleSEapTsl hirithsamples are |
obtainaRig{ie.eo BT IR SALKERS, HO eSS AR HIISENRIREmERE d8HMeACY!" as used herein denotes .
a group of formula -C(=0)R wherein R is hydrogen or lower alkyl as defmed herein. The tetm or _
"alkylcarbonyl" as used herein denotes a group of foiinula C(-0)R wherein R is alkyl as defined herein.

The terma 6nd eﬁtaﬁyhf@fﬁﬁﬁd(ﬁ;ﬁp%@ﬂ@-pi&ﬁés@&ﬁ%ﬂiﬂ &w@@ﬂﬁmarfneﬁﬁrme ‘alylgarbonyl” as

used he e|n means?q roup of formul Céé( wEerein R is an aryl group; the term ' '‘benzoyl" as used

herein &FSRIESHS 3‘“ ‘é‘l@%%%% & SRR RS RINES APTIY used herein denotes an

unbran ed branchéd chain, satyrated, monpyalent hydrocar residue containing Ito 10 carbon
SRR e & SRR S

'atoms DO *iBer ﬁ%?/l*sé’é%" Otes a st b SIBPRHRRA &S MR B PRESRT E ontaining
1 to 6 cafbanedicamzn! G- abathas uSen Mﬁmmmaowﬂcaﬂiyi eOmpasethafuhi@ibo-garbons.
Examples of alkyl groups include, but are not limited to, lower alkyl groups include methyl, ethyl,
propyl, i-propyl, n-butyl, i-butyl, t-butyl or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl. When
the tet h,iI@bﬁsuw@tmmmmmvdmg:mpﬂamdtmndﬁfa:&dm‘éphelﬁgﬂaika/ln the 2sdiryanodalkyl,” this is

intende %TE? %Eo%ﬁﬂ&lgéﬁl ggeatggv belng substituted with one to two substituents

selecte er spec |ca y- name group us for example, "phenylalkyr denotes the radical
R'R"-, whe ‘fg“h%dgn ﬁgﬁ@/gr%g{ﬁ?guﬁ@g;@mlﬁﬁgﬁbkylene radical as defined herein with the
understandal 8 t att e 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 "arylalkyr, "aryl alkyl", or WO 2009/1064¢3PCT/EP2009/051758 -22- "aralkyl" are
interpreted similarly except P. is an aryl radical. The TS "heteroaryl alkyl" or "heteroarylalkyl" are
interpreted similarly except R' is optio heteroaryl radical.

wherein:
Ris R!, R, R’ or RY,
R’ is lower alkyl, lower Vaﬁ{oxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocyeloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R'*;
R*®is R or R’
R'® is halogen, oxo, hydroxy, .or MCI\,
R'%is ~C(=0)O(R), -C(=0)CHL(R'*), -S(R™), —S(0),(R*), or -S(=0)
(R, Jower alkyl, lower alkoxy, amine, amido, lower haloa]kyl, phenyl,
heteroaryl, cycloalkyl, hetero cycloalkyl, cycloalkyloxy, or

heterocycloalkyloxy optionally substituted with one or more RS,



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 aréasubstituted by a halogen. The term 5 "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-itasiathylogifybrametiylwiftuaremestv stiehioreretul,
triboromomethyl, triiodomethyL, 1-flyoro ){I 1-chloroethyl, 1- bromoethyl, 1-iodoethyl, 2-fluoroethyl,
2-chloroethyl, 2-bromoethyl, 2-iod £3¥-9- 10 dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyl.
The term "allcylene" as used herelm{&e[@qgieﬁ,a@glw@ﬂyn&&a@gaﬁaﬁ@:ne&;&u@ma&m Qlﬁ@ét@ﬁ,l to 10
carbon atoms (e.g., (CH2)0)or a br nched aturate dh valent hydro aﬁ( radical of 2 to 10 carbon
atoms (e.g., -CHMe- or -CH2CH(i- ?}ﬁrﬂf‘j ﬁﬁ‘f&gﬁ‘&f LReicRs ygxcept in the case of
methylene, the open valences of amélﬁmnmmﬂ%wraamgu@&agﬁm@@m 15 Examples
of alkylene radicals include, but are nqt limited to, methylene, ethylene, propylene, 2-
methyl-propylene, 1, 1-dimethyl -etfFk Sﬁ%]ytbtﬁ&%ﬁeé"oﬁy@{ﬂ%yﬁtylcne The term "alkoxy" as used
herein means ah :0Nglidgroup, wherein alkyl is as defined above such as methoxy, ethoxy,
n-propyloxy, i-propyloxy utyloxy, i-butylo loxy, pentyloxy, hexyloxy, including their isomers.
"Lower alkoxy" as us@'ﬂch&%lﬁsdﬁ ?ﬁ%%daﬂﬂillﬁé%/ L!2(‘;}/'group with a "lower alkyl" group as previously
defined. "C1-10 alkoxy" as used herein refers to an-0-alkyl wherein alkyl is Clic,. The term
"hydroxyalkyl" as used herein denotes an alkyl radical as herein defined wherein one to three
hydrogen atoms on different carbon atoms is/are replaced by hydroxyl groups. The term "cycloalkyl"
as used herein refers to a saturated carbocyclic ring containing 3 to 8 25 carbon atoms, i.e.
cyclopropyt, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl. "C3..7 cycloalkyl" as used
herein refers to an cycloalkyl composed of 3 to 7 carbons in the carbocyclic ring The tem, "halogen" or
"halo" as used herein means fluorine, chlorine bromine, or iodine. WO
2009/106443PCTIEP2009/051758 The term "heteroaryl" or "heteroaromatic” as used herein means a
monocyclic or bicyclic, or tricyclic radical of 5 to 18 ring atoms having at least one aromatic ring
containing four to eight atoms per ring, incorporating one or more N, O, or S heteroatoms, the
remaining ring atoms being carbon, with the understanding that the attachment point of the heteroaryl
radical will be 5 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 aromatic heterocycles having 5 to 6 ring atoms and 1 to 3 heteroatoms include, but
is not Limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, 10 imidazolyl, oxaz,ol, isoxazole,
thiazole, isothiazole, triazoline, thiadiazole and oxadiaxo Line which can optionally be substituted with
one or more, preferably one or two substituents selected from hydroxy, cyan, alkyl, alkoxy, thio, lower
haloalkoxy, alkylthio, halo, haloalkyl, aLkylsulfonyl, halogen, amino, alkylamino,dialkylamino,
aminoallcyl, allcylaminoalkyl, and diallcylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl,
alkylcarbamoyl, 15 dialkylcarbamoyl, arylcarbamoyl, allcylcarbonylarnino and arylcarbonylamino.
Examples of bicyclic moieties include, but are not Limited to, quinolinyl, isoquinolinyl, benzofuryl,
benzothiophenyl, benzoxazo le, benzisoxazo le, benzothiazole and benzisothiazo le. 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, 20 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,0 or S(=0)0_2), wherein the point of attachment can be through either a carbon atom
or a heteroatom, and which can optionally be independently substituted with one or more, preferably
one or two or three substituents selected from hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower
haloalkoxy, alkylthio, halo, haloalkyl,



25 hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosuLfonyl, alkylsulfonylamino, arylsulfonylamino, alkylaminocarbonyl,
arylaminocafbd f,l%%ﬁcarbonylamino, arylcarbonylamino, unless otherwEelH&RMIAF 1 Eamples of
heterocyclic radicals include, but are not Limited to, azetidinyl, pyrrolidinyl, hexahydroazepinyl,
oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl, 30 thiazolidinyl, isoxazolidinyl,

morpholinyl, piperazinyl, pip ,r'g}i vk tetrahydr anyl, thiomorpholinyl, guinuclidinyl and imidazolinyl.
WO 2009/106443PCT/EP2§(%$ 175 ‘%ﬁ?ﬁ%bﬁ%‘ggﬂ%%%% reﬁj'telg{ior? N e?gigg%yéﬂograﬂ or
xenograft rejection and chrdricaiipgtaftior xenogeaftcsejoetioy kikyiese tintiofVasetdarized wab/or
non-vascularized (e.g. boneQrI{lea row, b reatic islet cells) transplants. Commonly used abbreviations
include: acetyl (Ac), azo-bis-Iso utyr?/lnl rile (AIBN), 5 atmospheres (Atm), 9-borabicyclo[3.3.1)nonane
(9-BBN or BBN), tert-butoxycarborBt (BdtY aiféh-butyl pyrocarbonate or boc anhydride (BOC20),
benzyt (Bn), butyl (Bu), Chemical Abstrack&d?seg@tragionxl\(l}uglr er (CASRN), benzyloxycarbonyl (CBZ
or Z% carbonyl diimidazole (CDI), 1,4-diazab|cycalo %.E?ﬂoctaney RﬁCO), diethylaminosulfur trifluoride
(DAST), dibenzylidencacetone (dba), 1,5RiamaBitRf[4-Z 0B Bne(BBIN) R78), 10
diazabicyclo[5.4.0]lundec-7-ene (DBU), N N'-dj g!gjg xy_&g@% 'ix@ %C;? 1.2- dighlorgethane
(DCE), dichloromethane (DCM), diethyl az d% ox;f?éte %%(;n %é‘% o );Ia(zg ica bBQ&Sa?fe
(DIAD), di-iso-butylaluminumhyciride (DlB)@(IR%%DlBﬁd‘ﬂ‘-bﬁ){}di-lﬁ@ﬂ@&dﬂiﬁ)&mmba{&R%ﬂJhenyl,
N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAR), N,N-dimethylfor, ide
(DMF), dimethyl sulfoxide (DMSO), 15 (di%ﬁeer%/afépfo%%%éﬁ%%ﬁ%@@lé%leﬁﬁ SREER AR E
1,11:bis-(diphenylphosphino)ferrocene (dppfindiifSsubisriettedanitinopeapyhededtiylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAC).:ethanpl (EtOH), 2-ethaxy-2H-quinoline-
1-carboxylic acid ethyl ester (EEDQ), diethyl ether | Osc’ &?%Pf%?a %ﬁ&%ﬁ?&@gé@gﬁ el{lah(ﬁ
N,N'N'-tctramethyluronium hexafluorophosphatelawsetieiacidy (HARd haacdticiacid (HOAC),
1-N-hydroxybenzotriazole (HOBt), high pressure_ 20 lignsid chromatogr %y HPLngi -propanol (IPA),
lithium hexamethy! disilazane (LIHMDS), metharior ﬁeoﬁ)}flr%%iﬁ‘r‘\“g%@?a (MpJ- M gg?%m‘gsyl or Ms)"
methyl (Me), acetonitrile (MeCN), in-chloroperberizoky albid ¢M@ERBIAY agaapéctrum (ms), methyl
t-bigyl ether (M*T@Eb I\ Ega]osuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide
(NCS), N-methylmorp%o ine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate (PCC),
pyridinium dichromat8 {ROGYy gy, (BWwkr pibpyy.(Rbeisb-prap§RERT), pounds per square inch (psi),
pyridine (pyr), room tempera ureégt r RT). tert-butyldimethylsilyl gr 1- BuMe2Si (TBDMS),
triethylamine (TLEA or Et3N)?£§C,B, ,6&%@%&%&%&% fn%%g»?y Y EMPO), triflate or CF3S02- (Tf),
trifluoroacetic BCig (EERJL,1"-bis-2,2,6,6- tetramethylheptane-2,6-dione (TMHD),
0-benzotriazol-1-yl-N,N,N', tetljrgaguggwuronium 30 tetrafluoroborate (TBTU), thin layer
chromatography (TLC), tetrahy rofuran (THE), trimethylsilyl or Me3Si (TMS), p-toluenesulfonic acid
m@fohydrate (TsOH or pTsOH), RNeCBM4SaRYoptosyl(Fshzi: Uosthandaiicarbyximiiyidride
(UNCA),. Conventional nomenclatyre inc % | the prefixes normal.(n), isa (i-),.secondary (sec-),
tenthly (ten-) and neo have theira%ﬁg (%céf(%lg) %%14'}%%81? }’I%qlf’38%3?6&%9%8%&‘“&%%@3% 51% Fﬁng
when used with an alkyl moiety. (@?CRigaudy and D. P. Klesney, Nomenclature in Organic Chemistry,
IUPAC 1979 Pergamon Press, Oxford.) imples of representative compounds encompassed by the
present invention and within the scope %E:é‘gr?n\;) etlgc‘)éyef%g ﬁaﬂ&i&’é& ‘fﬁ‘#l‘]g ?&%ﬁﬁ%ﬁ%&@.&hese
examples and preparations 5 which folldewaresroyided to enable those skilled in the art to more

clogry bges RIS
Q' is phenyl, optionally substituted with one or more Q*;
Q"is Q™ or Q'
Q" is halogen, hydroxy, ~CN, ~S(Q"®), =S(0)x(Q™), or —-S(=0)(Q");
Q™is Q' or Q'
30 or two Q' come together to form a bicyclic ring system, optionally

substituted with one or more Q'° or Q'



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
Applicatio)#’@ 192458 AUTONOMTM v.4.0, a Beilstein Institute compute?EE@%%/%ﬂ?%ﬁgthe
generation of IUPAC systematic nomenclature. 10,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

exampi, bold o dashod nes, e Aretg L o oot B e STkt fao B Tianribd ns
encompassing all stercoisomcrs ofGt=O0)TABLEN(e€DIat R emlidisn coRipodags D fling to Formula
15 TABLET. COMPOUND SYSTEMAT: 1LRUC = MP ~(Gyclopentyl-
methyl-amino)-5H- mn-rolo[2,3- b]%&zﬁﬁ@ﬁ@o Yiic aci is)op 6@@%{@N...c" om0 277-278 1-2
1-[7-(2,2- Dimethyl- propiony1)-5Heach Q'° is independently H or Q'
5 : each Q'° is independently lower alkyl, phenyl, benzyl,
jower haloalkyl, cycloalkyl, heterocycloalicyl, or heteroaryi,
optionally substituted with one or more Q'%,
Q' is Q'€ or Q™
ng is halogen, hydroxy, oxo, or -
10 | C=0)Q™;
Q™ is lower alkyl, lower haloalkyl, lower
alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q"
15 Q" is halogen, hydroxy, lower alkyl,
lower haloalkyl, or lower alkoxy,
Q? is cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with
one or more Q™
Q% is Q¥ or Q¥
20 Q2b 1s halogen, oxo, hydroxy, —CN, —=SCH3, —S(0)2CHs;, or —S(=0)CH;;
Q% is Q% or Q¥
or two Q™ come together to form a bicyclic ring system, optionally
substituted with one or more Q°° or Q%
Q™ is ~O(Q*), =S(=0)x(Q”*), ~C(=0N(Q™)z. ~S(0) 2(Q™), -
25 C=0)(Q™), ~O(=0)0(Q™), N(Q™)z: “N(Q*)C(=0XQ™), -
N(Q*)C(=0)0(Q™), or -N(Q*)C(=0)N(Q™)z;
each Q™ is independently H or Q*;
each Q*° is independently lower alkyl, phenyl, benzyl,

lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
21,

H

30 optionally substituted with one or more Q
Q2f iS ng or QZ}];
Q% is halogen, hydroxy, oxo, or —

C=0)Q™);



pyrrolo[2,3- b]pyrazin-2-y11-2,2- dimethyl-propan-1- one 188-198 1.- 1-3 I-(2- Cyclopentyloxy-

5H-pyrrolo[2,3- blpyrazin-7-y1)-2,2- dimethyl-propan-1- one N \N 0--0
Py \[vf) 200&?%6443 yh) y-prop POT/EP2009/051758
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QZh is lower alkyl, lower haloaikyi,_lower
alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q*;
5 Q” is halo gen, hydroxy, lower alkyl,
lower haloalky!, or lower alkoxy;
Q* is ~0-Q™, ~8-Q™, ~C(=0)(Q™), ~S(=0)(Q™), -S(=0)(Q™), -N(Q*)z, -
NHC(=0)(Q™),~C(=0)N(Q™*)z, or ~NHC(=0)N(Q™);;
cach Q* is independently Q™ or Q%
10 Q¥ is H; |
Q*is lower alkyl, lower haloalkyl, phenyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more Q*%;
Q¥ is halogen, hydroxyl, lower alkyl, lower alkoxy, or lower
haloalkyl;
15 Q% is Q* or Q%
Q" is H or halogen; and
Q™ is lower alkyl, lower alkenyl, lower alkynyl, or lower haloalkyl;
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.
20
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.

The phrase "as defined herein above" refers to the broadest definition for each group as provided
25  inthe 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 Surmmary of the Invention.

As used in this specification, whether in a transitional phrase or in the body of the claim, the

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

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

process includes at least the recited steps, but may include additional steps. When used in the



-26- 1-4 N-[7-(2,2- Dimethylpropionyl)-5H- pyrrolo[2,3- b]pyrazin-2-y11- benzamide HN NA\-Ko H
110 1-5 C cIohexanecarbo xylic acid [7-(2,2- dimethyl- propiony1)-5H- pyrrolo[2,3- b]pyrazin-2-y11-
amide HN 7 -(2,2- ¥’CT/E 2009/051758

-16.

context of a compound or composition, the term "comprising” means that the compound or
composition includes at least the recited features or components, but may also include additional

features or components.

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

5 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 mstance
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 m which R" appears twice and is defined as

"independently carbon or nitrogen", both R"s can be carbon, both R"s can be nitrogen, or one R"

10 can be carbon and the other nitrogen.

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

15 stable compounds.

et

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

it is a part. Thus, for example:

MeC(=0)OR* wherein R = +—<] or <] ==> MeC(=0)0—<]

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
event or circumstance occurs and instances in which it does not. For example, “optionally

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

substituent.



Dimethylpropiony1)-5Hpyrrolo[2,3- b]pyrazin-2-y11-Nmethyl-benzamide HNN.-N\\_ 0 N 41 1-7
N-[7-(2,2- Dimethyl- propiony1)-5H- pyrrolo[2,3- b]pyrazin-2-y11- benzenesulfonamid e HN NN 8
WO 2609/106443 PCT/EP2009/051758

-20-

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 cither 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 combinations,

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

15 having one to two phenyl substituents, and thus includes benzyl, phenylethyl, and biphenyl. An
“alkylamimoalky!” 1s an alkyl group having one to two alkylamino substituents. “Hydroxyalky!"
includes 2-hydroxyethyl, 2-hydroxypropyl, 1-(hydroxymethyl}-2-methylpropyl, 2-hydroxybutyl,
2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term “hydroxyalkyl” is used to define a subset of heteroalkyl groups defined below.

20 The term -(ar)alkyl refers to etther an unsubstituted alkyl or an aralky! group. The term

{(heterojaryl or (hetjaryl refers to either an aryl or a heteroaryl group.

Compounds of formula 1 may exhibit tautomerism. Taufomeric 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- = -C(-

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



,SNH 1-8 N47-(2,2- Dimethyl- propiony1)-5Hpyrrolo[2,3- b]pyrazin-2-yli-Nmethyl- benzenesulfonamid
e FIN18- \,NO Klio N-S*/110 I-9 7-(2,2-Dimethylpropiony1)-5Hpyrrolo[2,3- b]pyrazine-2-
carboxylic W& i@t famide HN \ PCT/EP2009/051758

21-

C(-NHR)=N-} tautomers. The latter two are particularly common in heteroaryl and heterocyclic

rings and the present invention encompasses all tautomeric forms of the compounds.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill m 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
n carrying out the present mvention. However, preferred materials and methods are described.

10 Matenals, reagenfs and the like to which reference are made in the following description and

examples are obtainable from commercial sources, unless otherwise noted.

The term “acyl” as used herein denotes a group of formula -C{=0)R wherein R is hydrogen or
lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a group of
formula C(=0)R wherem R s alkyl as defined herein. The term Ci.¢ 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 wheremn R 18 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, Satﬁfdted, fnonovalent
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. "Cj-1¢ alkyl” as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alky! groups include, but are
not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, -buty!
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

When the term “alkyl” is used as a suffix followmg another term, as in “phenylalkyl,” or
25  “hydroxyalkyl,” this is intended to refer to an alkyl group, as defined above, being substituted
with one to two substituents selected from the other specifically-named group. Thus, for
example, “phenylalkyl” denotes the radical R'R"-, wherein R'is a phenyl radical, and R" is an
alkylene radical as defined herein with the understanding that the attachment point of the
phenylalkyl moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but
30  are not limited to, benzyl, phenylethyl, 3-phenyipropyl. The terms “arylalkyl”, “aryl alkyl”, or



\ 1-10 7-(2,2-Dimethyl- propiony1)-5Hpyrrolo[2,3- b]pyrazine-2- carboxylic acid isopropylamide FIN/C)
-27- 1-11 | -(2-Acetyl-5H- pyrrolo [2,3- b]pyrazin-7-y1)-2,2- dlmethyl propan-1- one HN

10

15

20

25

WO 200%/106443 PCT/EP2009/05175
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"aralkyl" are mterpreted similarly except R' is an aryl radical. The terms "heteroaryl alky!" or

“heteroarylatkyl" are interpreted similarly except R' is optionally an aryl or a heteroaryl radical.

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

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

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

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, r-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, r.-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy” as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "Ci-yo alkoxy" as used herein refers to

an-O-alky! wherein alky? is Cy.jq.

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

three hydrogen atoms on different carbon atoms is/are replaced by hydroxy! groups.

The term “cyeloalkyl” as used herein refers to a saturated carbocyclic ring contairﬁng 3to 8
carbon atoms, ie. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
"Cay cycloalkyl™ as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.

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



1-12 1-(2-Isobutyryl- 5H-pyrrolo [2,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1- one HN \ /I
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The term "heteroaryl” or "heteroaromatic" as used herein means a monocyclic or bicyclic, or
tricychic radical of 5 to 18 ring atoms having at Ieast one aromatic ring containing four to eight
atoms per ring, incorporating one or more N, O, or S heteroatoms, the remaining ring atoms
being carbon, with the understanding that the attachment point of the heteroaryl radical will be
on an aromatic ring. As well known to those skilled in the art, heteroaryl rings have less
aromatic character than their all-carbon counter parts. Thus, for the purposes of the invention, a
heteroaryl group need only have some degree of aromatic character. Examples of heteroaryl
moieties include monocyclic aromatic heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxgzol, isoxazole, thiazole, isothiazole, triazoline, 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, haloalkyi,
alkylsulfinyl, alkylsulfonyl, halogen, amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino and arylearbonylamino. Examples of
bicyclic moieties include, but are not limited to, quinolinyl, isoquinofinyl, benzofuryl,

benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and 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);.2), wherein the point of attachment
can be through either a carbon atom or a heteroatom, and which can optionally be independently
substituted with one or more, preferably one or two or three substituents selected from hydroxy,
ox0, cyano, lower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylammosulfonyl, alkylsulfonylamino, arylsulfonylamino,
allcylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, 1soxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,

thiomorphohnyl, quinuclidiny! and imidazolinyl.

N1----



1-13 2,2-Dimethyl-1-[2- (2-methyl- berizoy1)-5Hpyrrolo [2,3- blpyrazin-7-ylk propan-1-one RN\  --_
1-14 1-(2-Benzo y1-5Hpyrrolo [2,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1- one RN \
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4.

The phrase “organ rejection” includes acute allograft or xenograft rejection and chronic aliograft
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-isobutyryinitrile {AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1]nonane (3-BBN or BBN), tert-butoxycarbonyl (Boc),
di-zert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl {Bn), butyl (Bu), Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), 1,4-diazabicyclo [2.2.2]octane (DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0Jnon-5-ene (DBN), 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCCy, 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-
propylazodicarboxylate (DIAD), di-iso-butylatluminumhydride (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'-his-
(diphenylphosphino)ethane (dppe), 1,1-bis-(diphenylphosphino ferrocene {dppf), 1-(3-
dimethylaminopropyl)-3-ethyicarbodiimide 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-y1)-N, N,N’N’-tetramethyluronium hexafluorophosphate
acetic acid (HATU), acetic aéid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure -
liquid chromatography (HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiIHMDS),
methanol (MeOH), melting point (mp), MeSO,- (mesyl or Ms), , methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide
(NCS), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate
(PCC), pyridinium dichromate (PDC), phenyl (Ph), propyi (Pr), iso-propyl (i-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature (rt or RTY, tert-butyldimethylsityl or #-
BuMe;Si (TBDMS), triethylamine (TEA or EN), 2,2,6,6-tetramethylpiperidine l-oxyl
(TEMPO), triflate or CF3SO,- (T1), trifluoroacetic acid (TFA), 1,1-bis-2,2,6.6-
tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-y1-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THE),
trimethylsilyl or MeaSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pIsOH), 4-Me-
CsHaSOz- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature

including the prefixes normal (n), iso (i-), secondary (sec-), tertiary {tert-) and neo have their
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1-15 7-(2,2-Dimethyl- propiony1)-5Hpyrrolo [2,3- b]pyrazine-2- carboxylic acid
cyclopentylamide HN \
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customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,

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

Examples of representative compounds encompassed by the present invention and within the

scope of the invention are provided m the foﬂowing Table. These examples and preparations

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

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

imvention, but merely as being illustrative and representative thereof,

In general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, a

Beilstein Institute computerized system for the generation of TUPAC systematic nomenclature.

If there is a discrepancy between a depicted structure and a name given that structure, the

depicted structure 1s to be accorded more weight. In addition, if the stereochemistry of a

structure or a portion of a structure is not mdicated with, for example, boid 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,

TABLE L

COMPOUND

SYSTEMATIC
NAME

STRUCTURE

MP

I-1

2-(Cyclopentyl-
methyl-amino)-5H-
pyrrolo{2,3-
blpyrazine-7-
carboxylic acid
isopropylarmde

&,
/N\O

277-278

I-2

1-[7-(2,2-
Dimethyl-
propionyl)-5H-
pyrrolof2,3-
blpyrazin-2-yi}-2.2-
dimethyi-propan-1-
one

188-198

13

[-(2-
Cyclopentyloxy-
5H-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-
dimethyl-propan-1-
one




I-16 2,2-Dimothy1-1-[2- (pyridinc-4- carbony1)-5H- pyrrolo [2,3- b]pyrazin-7-yldpropan-1-one HN
1-17 2,2-Dimethy1-1-[2- (pyridine-3- carbonyl1)-5H- pyrrolo [2,3- b]pyrazin-7-ylk propan-1-one HN \
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1-4

N-{7«(2,2-
Dimethyl-
propiony!)-5H-
pyrrolo[2,3-
bipyrazin-2-yl}-
benzamide

I-5

Cyclohexanecarbo
xylic acid [7-(2,2-
dimethyl-
propionyl}-5H-
pyrrolo2.3-
blpyrazin-2-yl}-
amide

1-6

N-{7-(2,2-
Dimethyl-
propionyl)-SH-
pyrrolo[2,3-
blpyrazin-2-yl]-N-
methyl-benzamide

1-7

N-[7-(2.2-
Dimethyl-
propionyl)-5H-
pyrrolo{2,3-
blpyrazin-2-yl}-
benzenesulfonamid
e

I-8

N-[72,2-
Dimethyi-
propionyl}-5H-
pyrrolo[2,3-
blpyrazin-2-yl]-N-
methyl-
benzenesulfonamid
e

I-8

7-(2,2-Dimethyl-
propionyl)-SH-
pyrrolo[2,3-
blpyrazine-2-
carboxylic acid
dimethylamide

I-10

7-(2,2-Dimethyl-
propionyl)-5H-
pyrrolo[2,3-
blpyrazine-2-
carboxylic acid
isopropylamide

(0]



-28- 1-18 1-(2- Cycloheptylo xy5H-pyrro lo [2,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1- one HN \\ |
[-19 1-(2- Cyclohexyloxy-5H- pyrrolo [2 ,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1- one HN / N\
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1-(2-Acetyl-5H- ANT P
pyrrolo[2,3- S
I-11 blpyrazin-7-yl)-2,2- N\ N
dimethyl-propan-1-
one 0
HN 7
1-(2-Isobutyryl- N
5H-pyrrolo{2,3- N
1-12 blpyrazin-7-yl)-2.2- LN
dimethyl-propan-1- .
one
5
2,2-Dimethyl-1-[2- AN
(2-methyl- N
.13 benzoyl)-5H- LN
pyrroio[2,3-
bipyrazm-7-yl]- ©
propan-1-one
o]
HN ‘\
1-(2-Benzoyl-5H- -~
pyrroko{Q,E?— "\ N
1-14 blpyrazin-7-y1)-2,2-
dimethyl-propan-1- o
one
o

7-(2,2-Dimethyl- AN
propionyl)-5SH- ==

115 pyrrolo[2,3- LN
blpyrazine-2- D\
o]

carboxylic acid

N

cyclopentylamide H
2,2-Dimethyl-1-[2- N
(pyridine-4- W=

116 carbonyl)-5H- W
pyrrolof2,3-
blpyrazin-7-yl}- S
propan-1-one ,:2 V
2,2-Dimethyl-1-[2- NN,
(pyridine-3- NG

117 carbonyl)-5H- L
pyrrolof2,3-
blpyrazin-7-yl]- N ©

propan-1-one W




1 1-20 1-(2-l1sopropoxy- 5H-pyrrolo [2,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1 - one HN " /\" 1-21
1-(2-Ethoxy-5H- pyrrolo [2,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1- one HN /\\ 1-22
2,2-Dimetty12§92/196tMérpho lin-4-yl- 2-oxo-ethoxy)-5H- pyrrolo [2,3- b]pyFEZHEF2)NHAEHES-1 -one HN

! -28-
5
1-(2- N
Cycloheptyloxy- /~
5H-pyrrolo[2,3- N

I-18 blpyrazin-7-y1)-2,2- \;‘<N
dimethyl-propan-1- o}
one

1-(2- 7
Cyclohexyloxy-5H- N
pyrrolo[2,3- N\

I-19 blpyrazin-7-yl1)-2,2- \-\~<N
dimethyl-propan-1- O\O
one

O
[-(2-Isopropoxy- TR
SH-pyrrolo[2,3- y

1-20 bipyrazin-7-y1)-2,2- NN
dimethyl-propan-1- E{
one O‘<

)
1-(2-Ethoxy-5H- HN™ S
pyrrolo[2,3- N2

1-21 bipyrazin-7-yl)-2,2- E{N
dimethyl-propan-1- y
one k

O
2,2-Dimethyl-1-{2- S
(2-morpholin-4-yl- W N

1.22 2-oxo-ethoxy)-5H- \“\~<N
pyrrolo[2,3- o
blpyrazin-7-yl]- ;L
propan-1-one © ;U

1-[2-(1,2- 3
Dimethyl- MY R
propoxy)-SH- VR

I-23 pyrrolo[2.3- NN
blpyrazin-7-v1}-2,2- \-—<
dimethyl-propan-1- OYK
one

O
I-(2-Isobutoxy- PN
SH-pyrrolo[2,3-

1-24 blpyrazin-7-y1}-2,2- NN
dimethyl-propan~1- \l""~<
one O\A

1-{2-(1-Benzyl- 7~ ‘

125 1H-1.2,3]riazol-4- | A o=k
y)-5H-pyrrolo[2,3- Y
blpyrazin-7-yi}-2,2- Y




-\ (0'0 N'Th 1-23 1424 1,2- Dimethyl- propoxy)-5H- pyrrolo [2,3- b]pyrazin-7-y1]-2,2-

dimethyl-propan-1- one HN
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dimethyl-propan-1-
one

1-26

1-Cyclohexyl-3-[7-
(2,2-dimethyl-
propionyl}-5H-
pyrrolo[2,3-
blpyrazin-2-yl]-
urea

z
4

z
s

1-27

1-Cycloheptyl-3-
[7-(2,2~dimethyl-
propionyl}-5SH-
pyrrolo}2,3-
blpyrazin-2-yl}-
urea

% =

Lo K
Iz

© O)\ZI

=
o~
J

1z g
0)\21‘

O O

1-2¥

2,2-Dimethyl-1-[2-
(methyl-phenyi-
amino)-5H-
pyrrolof[2.3-
blpyrazin-7-yl}-
propan-i-ong

a

=
e
S

=

Qe

1-29

1-(2-sec-Butoxy-
SH-pyrrolo[2,3-
blpyrazin-7-y1)-2,2-
dimethyl-propan-1-
one

z
L/
O

=
el
~

g

1-30

2,2-Dimethyl-1-(2-
phenylamino-5H-
pyrrolo{2.3-
blpyrazin-7-yl)-
propan-1-one

5; L

=
-
o

=

L

iy

I-31

1-(2-
Cyclopentyloxy-
SH-pyrrolo][2,3-

‘blpyrazin-7-yl)-2,2-

dimethyl-propan-1-
one

=

)=\
N/
=

O
=

1-[2-(Cyclopentyi-
methyl-amino)-5H-
pyrrolo[2,3-
blpyrazin-7-yl}-2,2-
dimethyl-propan-1-
one

O

IZ/Q
O

=
=

L
O




1-24 1-(2-Isobutoxy5H-pyrrolo [2,3- b]pyrazin-7-y0-2,2-dimethyl-propan-1- one HN
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[-33

2,2-Dimethyl-1-(2-
phenoxy-5H-
pyrrolo[2,3-
blpyrazin-7-yl)-
propan-1-one

N

&

1-34

2,2-Dimethyl-1-{2-
[4-(4-methyl-
piperazin-1-yl)-
phenylamino}-5H-
pyrrolo[2,3-
blpyrazin-7-yl}-
propan-1-one

1-35

2,2-Dimethyl-1-{2-
[3-(4-methyl-
piperazin-1-yl)-
phenylaminol-5H-
pyrrolo[2,3-
blpyrazin-7-yl}-
propan-1-one

I-36

I-Cyclohexyl-3-{7-
(2,2-dimethyl-
propionyl)-5H-
pyrrolo[2,3-
bipyrazin-2-yl]-
urea

1-37

[-Cycloheptyl-3-
{7-(2,2-dimethyl-
propionyt)-5H-
pyrrolof2,3-
blpyrazin-2-yl]-
urea




1-25 1-[2-(1-Benzyl- 1H-[1,2,3]triazol-4- y1)-5H-pyrrolo [2,3- b]pyrazin-7-y11-2,2- ,P N-Nki -29- d
methyl-propan-1- one 1-26 1-Cyclohexyl-347- (2,2-dimethyl- propionyl)-5Hpyrrolo[2,3-

b]pyrazin-2¥AIHFEE Mk¢ PCT/EP2009/051758
| 31-
HN O
1-[7-(2,2- )
Dimethyl- NT TS
propionyl)-5H- \ N
1-38 pyrrolo[2,3-
i blpyrazin-2-yl]-2,2-
dimethyl-propan-1- | ©
one
0
N N
N\
1-39 I(eMethory- | S =
pyridin-2-ylamino)- N /
SH-pyrrolof2,3- N

blpyrazin-7-yl]-2,2- 0
dimethyl-propan-1- /
one

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,
5 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
10 routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted according to the degree of

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

A compound or compounds of the present invention, as well as their pharmaceutically
useable salts, together with one or more conventional excipients, carriers, or difuents, may
15 be placed mto 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



HN Ici-C) o 1-27 1-Cycloheptyl-3- [7-(2,2-dimethyl- propiony1)-5Hpyrrolo [2,3- b]pyrazin-2-y1]- urea
OHNNN/N N N 1-28 2,2-Dimethyl-1-[2- (methyl-phenyl- amino)-5H- pyrro lo [2,3-
b]pyrazin-PikHid AR one 0o HN N _ PCT/EP2009/051758
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active ingredient commensurate with the intended daily dosage range to be emploved. The
pharmaceutical compositions may be employed as solids, such as tablets or filled capsules,
semisolids, powders, sustained release formulations, or liquids such as solutions,
suspensions, emulisions, elixirs, or filled capsules for oral use; or in the form of
5 suppositories for rectal or vaginal administration; or in the form of sterile injectable

solutions for parenteral use. A typical preparation will contain from about 3% 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

10 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
15 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
20 composition that is generally safe, non-toxic, and neither biologically nor otherwise
undesirable and inciudes 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

25 non-salt form, and may even positively affect the pharmacodynamics of the active
ingredient with respect to its therapeutic activity in the body. The phrase
“pharmaceutically acceptable salt” of a compound means a salt that is pharmaceutically
acceptable and that possesses the desired pharmacological activity of the parent compound.
Such salts include: (1) acid addition salts, formed with inorganic acids such as hydrochloric

30 acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed

with organic acids such as acetic acid, propionic acid, hexanoic acid,



N/KN N - il 1-29 1-(2-see-Butoxy- 5H-pyrrolo [2,3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1-

one HN N
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cyclopentanepropionic acid, giycolic 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, methancsulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,

5 benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-
toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo{2.2.2]-oct-2-ene-1-carboxylic
acid, glucoheptonic acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic
acid, stearic acid, muconic acid, and the like; or (2) salts formed when an acidic proton

10 present m the parent compound either is replaced by a metal ion, e.g., an alkaii metal ion,
an alkaline earth ion, or an aluminum ion; or coordinates with an organic base such as
cthanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and
the like.

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and

15 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

20 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,

25 stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, solubilizing

agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation
mcluding emulsions, syrups, clixirs, aqueous solutions, agueous suspensions. These
include solid form preparations which are intended to be converted to liquid form

30 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



/ 1-30 2,2-Dimethy1-1-(2- phenylamino-5Hpyrrolo [2,3- b]pyrazin-7-y1)- propan-1-one HN \/K NH
11, 1-31 1-(2- Cyclopentyloxy5H-pr-rolo [2.3- b]pyrazin-7-y1)-2,2- dimethyl-propan-1 - one NH N
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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,

methylcelluiose, sodium carboxymethyleellulose, and other well known suspending agents.

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

10 in aqueous polyethylene glycol. Examples of oily or nonaqueous carriers, difuents,
solvents or vehicles include propylene glycol, polyethylene glycol, vegetable oils (e.g.,
olive oil}, and mjectable organic esters (e.g., cthyl oleate), and may contain formulatory
agents such as preserving, wetting, emulisifying or suspending, stabilizing and/or dispersing
agents. Alternatively, the active ingredient may be in powder form, obtained by aseptic

15 1solation 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

20 ~ suitable thickening and/or gelling agents. Lotions may be formulated with an aqueous or
oily base and will in general also containing one or more emulsifyig agents, stabilizing
agents, dispersing agents, suspending agents, thickening agents, or coloring agents.
Formulations suitable for topical administration in the mouth include lozenges comprising
actrve agents in a flavored base, usually sucrose and acacia or tragacanth; pastilles

25 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 1s first melted and the active component is dispersed homogeneously, for example,
30 by sturing. The molten homogencous mixture is then poured into convenient sized molds,

allowed to cool, and to solidify.
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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 mgredient such carriers as are known in the art to be appropriate.

The compounds of the present invention may be formulated for nasal administration. The
5 solutions or suspensions are applied directly to the nasal cavity by conventional means, for
example, with a dropper, pipette or spray. The formulations may be provided in a single or
multidose form. In the latter case of a dropper or pipette, this may be achieved by the
patient administering an appropriate, predetermined volume of the solution or suspension.
In the case of a spray, this may be achieved for example by means of a metering atomizing

10 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.
Such a particle size may be obtained by means known in the art, for example by

15 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

20 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

25 may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controlled release administration of the active ingredient. For example, the compounds of
the present invention can be formulated in transdermal or subcutaneous drug delivery
devices. These delivery systems are advantageous when sustained release of the compound
30 is necessary and when patient compliance with a treatment regimen is crucial. Compounds

in transdermal delivery systems arc frequently attached to an skin-adhesive solid support.



CHNN. NIN * 1-34 2,2-D imethyl- I - {.2.-. [4-(4-methylpiperazin- | -yl)- phenylarnino]-5H- p

yrro lo [2,3- bipyrazin-7-yll - propan- | -one N N\
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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
subcutancously 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

5 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, Penngylvania. A skilled
formulation scientist may modify the formulations within the teachings of the specification

10 to provide numerous 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

15 formulation, esterification, etc.), which are well within the ordinary skill in the art. It is also
well within the ordinary skill of the art to modify the route of administration and dosage
regimen of a particular compound in order to manage the pharmacokinetics of the present

compounds for maximum beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to
20 reduce symptoms of the disease in an individual. The dose will be adjusted to the
individual requirements in cach 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
bemg treated, the route and form of administration and the preferences and experience of
25 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
30 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
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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 heren will be able, without undue experimentation and in

L

reliance on personal knowledge, experience and the disclosures of this application, to
ascertan a therapeutically effective amount of the compounds of the present invention for a

given discasc and patient.

The pharmaceutical preparations are preferably in unit dosage forms. In such form, the
preparation is subdivided into unit doses containing appropriate quantitics of the active

10 component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials
or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself,

or it can be the appropriate number of any of these in packaged form.

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

provided to enable those skilled in the art to more clearly understand and to practice the

present invention. They should not be considered as Hmiting the scope of the invention,

but merely as being illustrative and representative thereof,

EXAMPLES
20 Example 1.

[-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-

propan-i-one

Sodium hydride (60% in mineral oil, 0.019 g, 0.48 mmol) was added to a stirring solution

)
Lh

of 1-(2-bromo-5H-pyrrolo[2,3-bjpyrazin-7-y1)-2,2-dimethyl-propan-1-one (0.094 ¢, 0.33
mmol) in 1.5 mL of NN -dimethylformamide at 0-5 °C. The bubbling yellow mixture was



urea HNN-\ 1-N /(ii KO 1-37 |-Cyclohept y1-3- [7-(2,2-dimethyl- propionyt )-5H-pyrro 10[2,3-

b]pyrazin-2-ylp urea” - N
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stirred at 0-5 °C for 15 min., then 2-(trimethylsilylethoxymethyl chloride (0.075 mL, 0.42
mmol) was added. The resulting cloudy yellow mixture was stirred at RT for 3 h, then
partitioned between 10 mL of water and 10 mL of ethyl acetate. The organic layer was
sequentially washed with two 10 mL portions of water and 10 mL of a sat. ag. NaCl

5 solution, dried over MgSQ,, filtered, and concentrated to an orange oil. Silica gel
chromatography (10% EtOAc/hexanes) afforded 0.129 g (93%) of slightly impure 1-[2-
bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-

propan-1-one as a yellow oil that was used without further purification.

Example 2.

SEM
/

OV,
Br N

10
7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-1,5-dihydro-pyrrolo[2.3-
blpyrazin-2-one

A mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-
vl]-2,2-dimethyl-propan-1-one (0.067 g, 0.16 mmol}, 0.4 mL dioxane, 0.4 mL water,

15 Pda(dba); (0.009 g, 0.01 mmol), 2-di-t-butylphosphino-2',4",6'-triisopropyl-1,1-biphenyl

(0.008 g, 0.02 mmol), and freshly ground KOH (0.038 g, 0.67 mmol) in a sealed tube under
Ny was stirred at 100 °C for 15 h. The resulting orange-black mixture was partitioned
between 5 mL of ethyl acetate and 5 mL of water, with a few drops of ethano] added to
reduce emulsions. The aqueous layer was extracted with 5 mL of cthyl acetate. The

20 combined organic layers were dried over Na; SOy, filtered, and concentrated to an orange

oil. Silica gel chromatography (20->40% EtOAc/hexanes) afforded 0.029 g (51%) of 7-
(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-1,5-dihydro-pyrrolo[2,3-

blpyrazin-2-one as a pale yellow solid.

Example 3.



N WO 2009/106443PCT/EP2009/051758 -31- DOSAGE AND ADMINISTRATION The compounds of
the present invention may be formulated in a wide variety of oral administration dosage forms and
carriers. O¥aP28ffiHiéttdtion can be in the rotin of tablets, 5 coated tabletP@F4gE88s/ pekand 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, transderinal (WhICh may include a
penetration enhancement agent)Schal nasal, inhalation and supposnol(y admlnls],ztratlon among

other 10routes of ad atien, The preferred manner of administrati Sgerrerally oral using a
convenient daily dosihg reg[ne vhich can be adjusted according to t e de ), affliction and the
patient's response ctwe/fngredient. A compound or compo Feprésent invention, as

weII as their phar%aceulﬁcally ueable salts together with one or njore convent| aI excipients,

ingredients in conventional pfoportions, with or without additionataetive compunds or principles, and

the unit d ma ain |ta le effectiv t of the W%
R S S R S R R
dosagedangsyiepbepremployed. The pharmaceutical composmons may be employed as solids, such as
tablets or filled capsule S Jlds Wders SUS ed re ase formulations, or liquids such as
solutions, su%pe?@ons%e?ﬁfglcgﬁ%ee}}i i 06’%%%%25 8 3‘]15(?2 B?Wﬁ%yl%rm)o‘i] hydro-
SSuﬁ)posﬂoneyrioto{écﬁabpxwagmakaﬂkmm@mguﬁmgﬂ i) ermLot}Stamheayﬂteﬁﬁaé}le solutions for
parenteral use |cal ation | contain from %ﬁot rEl% % %85 0,active_ compound or
compounds \?GW\?)D He ?e%pneggéep%‘rg\t\ﬁonﬁ%}q oigiagéléf?B il 1?&@9% %I ntiL@EBMEElid and liquid
formulations dfstheastivechoagawytkand 606 skilléd mﬁh@oa}mnd&mnf%eﬁtﬁha&@maﬁtw’mg redient
can exist in different tions 10depe on he target or r e on the desired dose
and pharma((g;lo ?l@? kpt ﬁowccst fl') COCH mdggwn& cye og tdﬂg?{b% Oa 99 mmol),

tributylphosphine (0.050 mL, 0.20 mmol), and diisopropyl azodicarboxylate (0.040 mL,

10 0.21 mmol) were added, and the solution stirred at 65 °C for 2.5 h. The yellow solution

was partitioned between 5 mL of water and 5 ml of ethyl acetate. The organic layer was

washed with 5 ml. of a sat. aq. NaCl solution, dried over MgSO., filtered and concentrated

to a yellow oil. Silica gel chromatography (10% EtOAc/hexancs) afforded 0.017 g (51%)

of 1-[2-cyclopentyloxy-5-(2-trimethylsilanyl-ethoxymethyl)- SH-pyrroio[2,3-b]pyrazin-7-

5 yl]-2,2-dimethyl-propan-1-one as a colorless oil.
Exampie 4.
/SEM
N\ N
LY
N i
O

1-(Z-cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one

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

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



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
undesirabl® Grtifiétidés excipients that are acceptable for veterinary use &3 FR&IPABIEE Himan
pharmaceutical use. The compounds of this inventign can be administered alone but will generally be
administered in admixture with one or more suitable’pharmaceutical excipients, diluents or carriers
selected wrth re rd fo t ded route of ad |n|s tion,and standard pharmaceutical practice.
"Pharmaceutich % acc(?ep abN?(g\‘zi Ens a?r%r(t’l’?%‘t'Whue ggfﬁtr Fﬂlﬁtaﬁé’ﬁ’ﬁaa AHRAR cﬁﬁt@ﬁ‘@‘gy ©

ZOComposrtreddhatoétgemesatéxd @ar.ﬁemm)nItw(mJﬁntGME\km@lmgImMydf@tmﬁtﬂrM&em%ﬁ&iﬁble and

includes that WhICh Is a table forv terln harm tical use. A
"oharmaceutically aelt(t:%eBtK & SE* 61 rﬁi tcf):fném %&8 $§ Q]f#:ragmgl oaiﬁtﬁ oLt WS irable
pharmacokineticspirogkfty 6rh thereative ingrrediefihvridbuveresahsenbindhetzaoi-sdlt doumyand may
eve posrtrve ffect ar ody mics of the active |n redien Wrth rapeutic
actrgrty in the cfy dﬁi '%Easgwp arrqug%gr amﬁyaggc%dt%ﬁ L%é’ltm %ﬁgé’ﬂﬁh t;r?%e‘g &t that is
pharmaceutieadly acceptabie agdNhét sxdmesseﬂethemet@d@hatmed)k)gimlnaeﬂmtte@&éhﬁ(}Mrent
compound. S It r(ljggde on salt ed with ic amg%/ uch as hydrochloric
30acid. hydrg rorﬁﬁe Ecir Oifure znct%% it tgt éjggo %Spm&% Jpé’ dt r? Brihal r\;vrth organic
acids such asmaecsticsaigiat hypropierisvadid sdiekanoic acid, WO 2009/106443PCT/EP2009/051758 -33-
cyclopentaneprop onic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic
acid, malei |d fumaric acr , tartaric acid, citric acid, benzoic acid, 3- droxybenzoyl)benzoic
acid, crr?%1 %ﬁ:?actag rcnoéﬂ%%lﬁ% (?r?ﬁjeﬁ?gﬁéic %?Fé’ﬁ%g % éﬁ'é%&n‘ﬂ it 5’5% %'gethanc disullonic
acid, 2-hydroxyethanesulfonic acid, S5benzenesulfonic acrd, 4-chlorobenzenesulfonic acid,
2-naphthaleneguifanic rgitiidxtoluppesuliqnis-agidrcampharsufonieasidpropan-1-one
4-methylbicyclo[2.2.2}-oct-2-ene-1-carboxylic acid, glucohcptonic acid, 3-phenylpropionic acid,
trlmethytacetlc acrd tertrar butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamrc acid,
hydroxynaphtr{d ){EWYC%&BY%RQS%%Eiﬁytﬁ%}éo?nﬁlhgra %H&'@ﬁé PRV (29%alts formed when
an acidic proton 10present in the parent compound either is replaced by a metal ion, e.g., an alkali
metal ion, an akaling-eay1k.190. (ﬁpmm%}} éﬁﬁxﬁ%ﬁoﬁ’@ﬁlﬁ@&l%’ E}Cﬁﬂ@r}ggﬁéc base such as
ethanolamine, diethanolamine, triethanoiamine, tromethamine, N-methylglucamine, and the like. Solid
form preparations include powders, tablets, pills, capsules, cachets, suppositories, and 15dispersible
granules. A éo[r%“(da?rr@méy’befemxdb-ﬁiére%tdé@&édcbhﬁmm”r’r-ra&-él@edémt@sﬂdﬂm,lﬂmring
agents, solubilizers, lubricants, suspending agents, binders, preservatives tablet disintegrating agents,
or an encap t ter r e calri erally | |ne divided solid which is a
mixture Wrth%thgtkig lim% %g%%p\@/ %rtigﬁ’nw n%lqr?tﬁzgt’é fﬁne actZ vg mp%nent generally is mixed
with the carrier having the 20necessary binding capacity in suitable proportions and compacted in the
shépe and silz¢2-sec-Butoxy-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one

Example 5.



desired. Suitable carriers include but are not limited to magnesium carbonate, magnesium stearate,
talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium
carboxyméfﬁfll%f@ﬁ(}f‘&‘é:‘a low melting wax, cocoa butter, and the like. SolitKFb#H28p8HaF2tfons may
contain, in addition to the active component, colorants, flavors, 25stabilizers, buffers, artificial and
natural sweeteners, dispersants thickeners, solubilizing agents, and the like. Liquid formulations also
are suitable for oral ad ratlon include liquid formulation including emulsions, syrups, elixirs,
agueous solutions, aqu eggsep nS|ons These |msolld form ppgpgrations which are intended to

be converted to liquid form 30preparafioRg shortlys use. Emulsigns ¥nay be prepared in
solutions, for example, :%aq eous prop: ene glycol solutions or maf co jtain emulsifying agents such
as lecithin, sorbitan mondtkeate, or #Frepared by dissolving the
active WO 2009/106443PCT/EP200 /051758 -34- component in wa ‘- yad adding suitable colorants,
flavors, stabilizing, and thickening agents Aqueous suspensions cai belprgpared by dispersing the
finely divided active component in water with viscous materlgf; §ch as natural or synthetic gums,
resins, methylcellulose, sodlum carboxymethylcellulose, af (Raier well known suspending agents.
5The compounds of the nt inventign may he farmulatgddor parenteral administration (e.g., by
injection, for example bo us |nject|on or continuous infusion) nd may be presented in unit dose form in
ampoules, pre-filled syringes, small volume infusion or in il e containers with an added
preservative. The compositions may take such forms as suspe ns, solutions, or emulsions in oily or
aqueous vehicles, for example solutions 10in aqueous polyethylerf& gy Examples of oily or
nonaqueous carriers, diluents, solvents or vehicles include propyere ' olyethylene glycol
vegetable oils (e.g., olive oil), and injectable organic esters (e.g., [

endlngI stablllzmg and/or

formulatory agents such@ggpreserving, wetting, emulsifying or susf
dispersing agents. Alternatively, the active ingredient may be in pd rm, obtained by aseptic

»

15isolation of sterile solid or by lyophilisation from solution for constit before use with a suitable

vehicle &g I r oft e present invention be formulated
o5 @ycRllR Pagen:IRRAAIar, Theigom

for toplca admlﬁlst ation t tﬁie ep?l\germf grlggr?ts orrb ot gflcsaccl)fpésso )r%pa?X sﬁlermal patch.

Ointments and creams may, for example, be formulated with an aqueous or oily base with the addition
of ZOSuitabIeSﬁfeimRerﬂygcﬁapymz@miliﬁqm)em§ ILotions!may bedetinvlatedopitht daragents or oily base

and will in geperal a ‘fﬁ;@ﬁ? emuls agents, s ablllzm ents, dispersing
agents, suspcgnc?alng dSgen S f{H Egle en S, ‘83&8 %gr!t%ggae?\ft}éc Eﬁn?ffa‘ffo% B& \% topical
adndinistrationgh memthtnnofudﬁlmze#@éstemmﬁnsf rﬁgfmem/etagamtsmmogftamnedtbasmusually
sucrose and acacia o acanth: pastilles 25compri active ingr dlentl inert base such as
gelatin and éfyg?e%flonn%é ét?cgfosegeﬁt ra%accé%}ﬁn r?gutﬁ\%gs gs%%’ﬁﬁg e anth/%(fH&Pé)éfi €At in a
suitable liquishtateiendTthe vrdmhwwdsecrf:ﬂmpdesiﬁm‘ cflmeadiuatid‘mﬁ;(ke Efﬁ)lmtg}atead; fieslagkchinistration as

suppositorie C?CIQ NN elttrdg ax s.am x ure ffatt lyceri es or cocoa butter is.first
melted and %e actllllllengéowmpgvrqente‘f?ﬁlstp% rlsdecg ﬁgmnogeexnaélousﬂl, f%rﬁx mp e chogtif}rrf)n%pel%% molten
homogeneoustsiitrevgliibn poprsddstoicomvenient sized molds,

10 Step 2. Pyrrolopyrazine A (100 mg, .46 mmol) was dissolved in N, N-dimethylformamide
(3 mL) and cooled to 0 Celsius. Powdered potassium hydroxide (67 mg, 1.2 mmol) and
iodme (127 mg, 0.5 mmol) were added in sequence which gave a tan solution after 30
minutes at § Celsius. The solution was treated with water, decolorized with 10% sodium
thiosulfate.q and the resulting precipitate was filtered. The filter cake was washed with
15 fresh water and stored ir vacuo at 50 Celsius overnight. The tan powder (B, 120 mg)

displayed spectroscopic properties consistent with the proposed structure.

Step 3. The desired amide 1 was prepared according to step 2 with B (110 mg, 0.32 mmol)
and K>CO; (135 mg, 1.0 mumol) by replacing the amine with iso-propylamine (0.08 mL, 1.0
mmol). The amide I was obtained as a solid (35 mg): mp 277-278 °C; ESMS m/z 302

20 M) for MW of 301,



allowed to cool, and to solidify. WO 20091106443PCT/EP20091051758 -35- The compounds of the
present invention may be formulated for vaginal administration. Pessaries, tampons, creams, gels,
pastes, foatd BPYPAYS containing in addition to the active ingredient sucKeaFRIGHEATEknown in
the art to be appropriate. The compounds of the p_rgf_ent invention may be formulated for nasal
administration. The 5solutions or suspensions are applied directly to the nasal cavity by conventional
means, for e le, with a dropper, pipett spray, The formulations may be rov.i(ged in a single or
multidose fo?ﬁﬁfﬁ%%%%%wg % %ll% Elqr@p "é)i{ 65 ipé l[ege%ﬁg pﬁ%rg)z/%%-’zb a%{%(&l Ve patient
administeringsaprappaoprateaprédetedrinechalinm e’ ofitheykolcitiporoysuspensidn3n the case of a
spray, this may be,achieved for. exam lelté means of.a metering.atomizjng 10spray pump. The
compounds g#ﬁg iﬁ%%@ﬁ%ﬁﬁ@%}%%ﬁ ﬁ%&% )é o?r?%s\% éﬂ%r%’éﬁ%slo na{n%%nls i ioﬁﬁ%ﬁﬁ %Iarly to the
respiratory treetcand mcludingeintdnadad admihistriadionbbhet cemipdundanil lgenesailyidiavéna small
particle size for example of the. order of five % icrons or less. Such a particle sjze ma 59 obtained
by heans Kna e T U o o SR e A T R e s
pressurized pHok withate: suitakbiegropedantesuchpasal cieraftaoratbshepl{CRER farsexainpld,
dichlorodiflugromethane, trichlo rEtluo methans, or dichlorotetr tlsl_uor ethane, or. carbpon dipxide or
other suitablirlg s(a.lefﬁ}e gepg%cffo éiif c@ﬁ%drﬁgn%ﬁ &g 88‘?1{ gi‘% Xal ur a% ?rﬁafc,%acrﬁ}%g Lé%%?h.uf‘ﬁe dose
of drug may bgardhtrotledpbydaanetere darbive/i Alter nativiedytthievadtivefingredient suonhin befRQprgvided
in a form of a dn der, for example der mix of the compound in a suitable po r base such
as Lactose, 21%%1?881%’5?8 hé%%%’aﬁ%éns%’gkggg %%%Pg%ﬁgr%%ﬁsn% ‘ WE%TFUCI%E%S'&%CI% ry%vﬁgf'pyéfolidine
(PV®). The pdvdet 3afidviwilffofracbgebin 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 t 4X£om€d% 25may be administered by means of an inhaler. When desired, formulations can be
ith en

prepared w enteric coatings adapted for sustained or controlled release administration of the active

ingredient. For example, the compounds of the present inyention gan be formulated in transdermal or
subcutaneous drug delivery deviceswhesedelivery syste/@zéﬁlamageous when sustained
release of the compound 30is nec when patidft dmpliance with a treatment regimen is
crucial. Compounds in transdermal dg jveryPsystéms are ently attached to an skin-adhesive solid
support. WO 2009/106443PCT/EP2009/051758 -36- mpound of interest can also be combined

with a penetration enhancer, e.g., AZone (1-dodecylaza-cycloheptan-2-one). Sustained release
delivery systems are inserted supcutaneously into to the subdermal layer by s_l%gery or injection. The

subdermal imptarts SRELR SR RE oM pBTrRIaH 2 iy soitsie e hdifer & 8rbsterdBber,or a
Sbiodegradablexpalymersie-gyriMy actie [3¢idzin-7-y1)-2,2-dimethyl-propan-1-one (50mg,

15 0.177mmol) was dissolved in NN-dimethylformamide and the flask was purged with
carbon monoxide. Dimethylamine (0.32ml of a 5.5M ethanol solfution) was added foliowed
by palladium bis(diphenylphosphino)ferrocene dichloride, dichloromethane compiex
(14mg, 0.0177 mmol). A carbon monoxide-filled balloon was attached and the flask was
stirred in a 100C bath for 48hrs. The reaction was worked up by addition of water and cthyl

20 acetate. The layers were separated and the aqueous layer was extracted twice more with
ethyl acetate. The combined ethyl acetate layers were washed with water and then saturated
sodium chloride solution, dried over sodium sulfate, filtered, and evaporated to a residue.

The residue was purified by silica gel chromatography(methanol/dichloromethane) to give

16mg (32%) of product. MP = 98-101C, (M+H)™ = 275.
25 7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo]2,3-blpyrazine-2-carboxylic acid
cyclopentylamide. Substituting cyclopentylamine for dimethylamine. MP = 237.9-24].5C,

(M+H)" = 315,

Example 7.



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, Y&R W+ Easton, Pennsylvania. A skilled formulation scientBEHEY2A8MF7%e
formulations within the teachings of the specificatiop, 10to provide numerous foimutations for a
particular route of administration without rendering the compositions of the present invention unstable
or compromising their therapeutic activity. The modificgtion of the present gompounds to render them
more soluble in water or other veljicle, for exam mgy be easily agcomgilished by minor

modifications (salt 15fggmg: sterificatidhy ete , Whieti are wW&{l wiffiin ordinary skill in the art.
It is also well within the ordj ifNQf the art dify/the route inigtration and dosage
regimen of a particular cqfipownd in grdet to Mana the.pflffﬁ.&a“okin ics of the present compounds
for maximum beneficial e n patients. Thewhe peuticallb%ivmount" as used herein

means an amount required to 3Qreduce symptom?/ﬁ e disease in anjfmdlyidual. The dose will be

adjusted to the individual requirements in each particulg#FTage. That dosagg ~\ within wide limits
depending upon numerous factors such as the severity\of the disease to bd tregted, the age and
general health condition of the patient, other medicaments with which the patient is being treated, the

route andtfonth D Adminidtpadipnaid IHeppredésth s dsmnazeerigncentiRBthenmedi@al practitioner

involved. For.oral.administratio daily dosage of between aboyt 0.01 _n(i)a ut 1000.mg/kg body
weight per d%eghlcil?i\dr%lé%%ep?géf 'feg Tr%/rrr%jégr? 'terr”a]fﬁ";%/h n%%%%ﬁ%%%ﬁ?ﬁs% therdpl o8 preferred daily

dosage is bebeeszab@uti P21 2adihatioitbofami/kgdodsweght, macd) prefered 0t aashabout 100

mg/kg body weight and.most preferred 1.0 and ut 10 k weight per day. Thus, for
admginistratio\@ﬁgg g’gl k%@ﬁjﬁ rﬁéﬁé%&%gé%a ?ggg%r\r}\% Ig%ge(g%%ﬁf ?T?fgé e b%?‘%%q.\gThe daily
dosage can bemcimihistered b3-disingle (Gdsage. o it divided) dossiges vypicaltybetdaem krasd 5
dosages Wth%l%(gg{LJéIQgﬁﬁgP}CJ/\I%I;\;@OO%}QSH?@ozdi’ﬁ-, her ?yAiCT;ener lly, treatment is initiated with
smaller dosages Which aré [BESThanTRe opgflmum 0560 e cor%rp%% .gfﬁéf)é)gfft%%céa&'ﬁrfage is
increased bytsmalianerements wnisl ihe foptivyuiin eftedofor theoimdivigaahpatieifiia reachad. One of

ordinary skillin treating diseases desgribed herein will.be able, without undue experimentation and in
reliance on p%rt:(s;(%alflk%eg\?vg g'fe),/ ‘gfp@’ig' 1A hedt c%élértgsgbvfctﬁ?g %%Tﬁ:daﬂg%,l‘{(gi@ &Hain a
theitpeutically Bffgctideampintvobihe s omBRUGTCHf, thpfeens hyantionHfareodiven Hisdase and

atient. The rmaceuti ti re,prefer in unit.dos for I ch form, the
greparation iZ%%tE%}\n dﬁg @rﬁ?@i@ 3h aglil’%ir%%%%#gpti%t%%g;ﬁti@é%@'gcﬂ@égl component.
The unit dosage, o 2 bésq pedkagedpippatitn thegpaokagedeaniainingediseiateratantities of

reparation, such as packeted tablets, G les, and powders in vials or ampoules. Also, the unit
(Fj)osgge foi inﬁggrr]n @ee 52“&%851.5 e(fvfgélé% @ﬁé&gﬁﬁq@geﬁ&jﬁs@ﬁi%i?’(?&%%\?lﬁ@%ﬁﬂr@pﬂﬁé number of
any of these TrBpackaged Sorms Fhesfalloyingexanmjemysiraty thes preparation and biological
evaluation of compounds 15within the scope of the invention. These examples and preparations which
follow are provided to enable those skilled in the art to more clearly understand and to practice the

prééentﬁﬁ?‘/@ﬂ?llﬁ)ﬁ: They should not be considered as limiting the scope of the invention, but merely as
being illustrative and representative thereof. EXAMP&ES

N\/=2\: )

N
H

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

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

(DMSO-ds): 612.7 (s, 1H), 10.4 (s, 1H), 9.05 (s, 1H), 8.43 (d, ] = 3.3 Hz, 1H), 2.68-2.53
20 (m, 1H), 1.90-1.20 (m, 11H), 1.39 (s, 9H); MS [M+H]': 329.

Example 9.



20 Example 1. 142-bromo-5-(24 ethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyraz
n-7-y1]-2,2-dimethylpropan-l-one  Sodium hydride (60% in mineral oil, 0.019 g, 0.48 mmol) was
added to a‘@ﬁr?fﬁ’é §Hittfon 250f 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7- yI)IZC'ﬂEﬁﬁéWWﬁ?ﬁpan 1-one
(0.094 g, 0.33 mmol) in 1.5 mL of N,N'- dlrnethylforq]f\mlde at 0-5 C. The bubbling yellow mixture was
WO 2009/106443PCT/EP2009/051758 -38- stirred at 0-5 C. for 15 mm., then
2- (trlmethyI5|IyHethoxymethyI chloride (0.075 ml, 0 42 mmol) was added The

The organic layer w
NaCl 5solution, dfie
chromatography (1 /o
bromo-5-(2-trimeth

a yellow oil that was us d Wlthout further purlflcat|§
7-(2,2-dimethyl- proplonyl) -5-(2-trimethylsilanyl-ethoxy{
b]pyrazin-2-one A mixture of N
142-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3- b]pyrazin -7-

yl]-2,2-di D), 0.4 1l ne 0.4 mL water, 15Pd2(dba)3
(0.009 g, @/bg%q %%g}% gﬂ% hgg gﬁhﬁ%&@@% %ﬁ par%%g/ B %Zp%l@nyl (0.008 g, 0.02 mmol),
and freshly ground KOH (0.038 g, 0.67 minol) in a sealed tube under N2 was stirred at 100 C for 15 h.
The resultingl beagnge*bianmdntm&%qmﬁmﬂimmémbﬁeﬂmmﬁmbmffelhyhatéwml\aﬂdﬁmﬂmf water,

Eihy! acotates The 20 L amiEihe SR oy e T Bt Svel a8 Efed Hnd oreiiPed to
an cdrange oill. Biliea fielehAdfinatodr ap (20454046 Ei0AChexanes) afforded 0.029 g (51%) of 7-

(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyt-ethoxymethyl)-1,5-dihydro-pyrrolo[2,3- b]pyrazin-2-one as
a pale yellow solid. Example 3.

xample
siep ste]
/ \, / ¥ N

0 \_.<
o O

X Il
s

=, Rt

N-{7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo]2,3-blpyrazin-2-yl]-benzenesulfonamide

Fee]

Step 1: A mixture of 1-[2-Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

10 blpyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.25 g, 0.61 mmol), benzenesulfonamide
(0.143 g, 0.91 mmol, 1.5 equiv.), Cul (0.023 g, 0.12 mmol, 20 mol%), N, N-
dimethylglycine (0.013 g, 0.12 mmol, 20 mo1%) and K3PO4 (0.323 g, 1.53 mmol, 2.5
equiv.) in DMF (2 mL) was heated under an argon atmosphere in a microwave oven at 153
°C overnight. After cooling to room temperature, the reaction mixture was diluted with

15 H»O and extracted with DCM. The combined organic extracts was washed with H.O and
concentrated. The residue was purified by flash column chromatography on silica gel with
EtOAc in hexane (15% to 50% gradient over 20 min) to give 0.215 g of product as a pale
vellow foam. '"H NMR (CDCl:): & 8.50 (s, 1H), 8.29 (s, 1H), 7.99-7.96 (m, 2H), 7.61-7.47
(m, 3H), 5.67 (5, 2H), 2.64-3.58 (m, 2H), 1.38 (s, 9H), 1.00-0.94 (m, 2H), 0 (s, 9H); MS

20 [M+H]": 489,



WO 20091106443PCT/EP2009/051758 -39-
142-cyclopentyloxy-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyr z dimet hyl-propan-l-one A
solution of7{ ,(?9(2‘if]i‘§é‘fﬁyl-propionyl)-5-(2-trimethylsiIanyt-ethoxymethyl)-j’f,“:3?‘-“6‘#1%ﬂ%‘i’51758
5pyrrolo[2,3-b]pyrazin-2-one (0.029 g, 0.082 mmolf,.1 ml_ of tetrahydrofuran, cyclopentanol (0.010
mL, 0 11 mmol), tributylphosphine (0.025 rnL, 0 1 mimol.), and diisopropyl azodicarboxylate (0.020 mL,
0.10 mmol) ynder, nitrogen was stirred at 65 C for, 17.5 gttfhg allowed to copl.. Additi lopentanol
(0.020 mL, Olég nil;%? AU ?AB Oé’s?glﬁfﬁsed(b é%fir?ﬁfi 0. F%?%éi‘)mgf:?a ‘gﬁg%ﬁ?g%‘ﬁeg'z%%%ar oxylate
(0.040 mL, 1@V2AChupo | B\BEYe @d e, Sabil (the Kol dtidh B ¢chat16h Clifor S, Tie[eHBl solution
was partitionf%between 5 mL of water and 5 mL of ethyl acetate. The organic layer was washed with
5 mL of a sat."aqg. NaCl solution, dried over MgSO4, filtered and concentrated to a yellow oil. Silica gel
chromatography (10% EtOAc/hexancs) afforded 0.017 g (51%) of
142-cydigpemiyloxy-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-
15yl]-2,2-dimethyl-propan-I-one as a colorless oil. Example 4.

20blpyrazin-7-y
rriL of trifluoroaceti )
chromatography (0->40% EtOAc/hexanes) af 10812 g ofa WO ={ Q
2009/106443PCT/EP2809/051758 -40- white soli N'_Ijghdf‘?lR spectroscopy indk arf_é‘él(%hat this
intermediate was the foithaldehyde adduct of the-desirég-prgduct. The solid fas dd in I mL of

ethanol and the solution was treated with sodium acetate ydrate (0.064 g, 0.47 ). The

coloyless mixture was stirred for 5 h then concentrated. TieTesidue was partitioned Between 5 mL of

ethyl N-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-bipyrazin-2-y1}-N-methyl-benzenesulfonamide.
The general procedures as described in these Examples were foliowed except replacing
benzenesulfonamide with N-methylbenzenesulfonamide in step 1. "H NMR (CDCL):
8.75 (s, 1H), 8.49(d, = 3.2 Hz, 1H), 7.56-7.53 (m, 3H}, 7.44-7.40 (m, 2H), 3.36 (s, 3H),

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

Example 12.

Ne-N
L1
(PN
Ph O

SEM
Ny N /[/ 4
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;
0

2,2-dimethyl-1-(2-phenoxy-SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one
15 A mixture of 1-[2-bromo-5-(2-trimethylsilanyi-ethoxymethyl)-5H-pyrrolo]2,3-b]pyrazin-7-
y1]-2,2-dimethyl-propan-1-one (0.051 g, 0.12 mmol), phenol (0.017 g, 0.18 mmol),
potassium phosphate (0.056 g, 0.26 mmol), 2-di-tert-butylphosphino-2'-(N,N-
dimethylamino)biphenyl (0.0041 g, 0.012 mmo!) and Pd(OAc), (0.002 g, 0.009 mmol) in 1



5acetate and 5 nth of water. The organic layer was sequentially washed with 5 mL of water and 5 mL
of a sat. ag. NaCl solution, dried over MgSO4, filtered and concentrated to 0.007 g (57%) of
1-(2-cyc|o%&ﬁt%ﬁ?&%ﬂé‘pyrrolop,3-b]pyrazin-?-yl)-z,2-dimethyl-propan- | FoRERSW/8fighty impure
white solid. The following compounds were prepa[ggnaccordi_ng to the above general procedure:
101-(2-Cycloheptyloxy-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-I-one
1-(2-Cyclohexyloxy-5H-pyrrolo[2, 3- raz./-yl)-2,2-dimethyl- -l-one .
1-(2-Isoprop8}(}§/§lﬁ9%§/er§%%f§, ]g]%?/lrgz}i r(l?oé %’)%%5281 rjtr%fh?{%?gﬁf ) %)?ll‘e The resulting dark
142-(1,2-Dimethygpropoxy) vid-mantrote]@] Hjpyeadit iy b 2 Ryt bvathy lapdofiamil edfheater. The

1-(2-Isobutoxy-5H-pyrrolol2,3-blpyrazin-7yl)-2.2-dimethyl-propan-1-one )
151-(-soc- BB A el o A R R s e srres gl
2009/106443ROTEPZ00BYADINBE EtOAc/hexanes) afforded 0.032 g (62%) of impure 2,2-dimethyl-
2-(CQyclopentyl-methyl-aming)-pH-pyn-olo[2,3-blpyrazine-£-carboxylic acid isopro ide Step I.
Pyr%rglopyraz%@cﬁlg}él(g%g? Pf.?Iﬁqnm%o}jl%{%-ﬁ%ﬁﬁf‘%ﬂi@%&%@ \7%2?53 a?&%o%/lggl :lﬁ{ﬁ\ﬂ (2 mL)
and placed in-asealed/tlber Fhevdolitivnswasdinradice dvtttr Bhighcxiensity microwave at 240 Celsius
for 1.5 hours. Upon cooling the mixture was partitioned between water and ethyl_ acetate. The extract

was ag%c)i{ é)vegezr};lydrous sodium sulfate and the volatiles were removed. The desired adduct (A, 102
mg) was 180188 )y SGC eluted with JO to 60% ethyl_ acetate in hexanes and displayed

spectroscopic properties consistent with the proposed structure. 10Step 2. Pyrrolopyrazine A (100 mg,
0.46 mmol) was dissolved in N,N-dil?ﬁl&lhylformamide (5 mL) and coq\led tei O Celsius. Powdered
potassium hydroxide (67 m ol) and iodine (127 mg, 0.5 e added in sequence which
gave a tan solution after 30 jininyfesat 0 Celsius. The solution WE ith water, decolorized with
10% sodium thiosulfate( thé\resulting-precipitate-was fiI@redNThe llter cake was washed with
15fresh water and storedgh vacua © Celsius overnight. The®&n po 120 mg) displayed
spectroscopic properties consiste ith the proposed structure. Step 3./The desired amide | was
prepared according to step 2 with B (110 mg, 0.32 mmol) and K2CO3 (135 mg. 1.0 mmol) by replacing
the amine with iso-propylamine (0.08 mL, 1.0 mmol). The amide | was obtained as a solid (35 mg): mp

27(7-278 r?;l ESM&M&Q&]?&(MJN@EWM&' [Di %%?Jhw&%@o@labﬁ{éﬁﬁﬁl ﬁlﬁ?ﬁ@t@@ﬁﬁfeﬂ%&ﬂ%
2-(3-Methylamino-piperidin-I-yQ-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide was
oniiined by Péﬁf&&%%ﬂ@ﬁ&ﬁ%&%%’fg@ﬁ ARMESRIT R RIERASRANTISOBi SERRIM SRSt &hd
conducting thiestefetion foes Baursy [Ehe Gode:reagionmsenadreated nibli-eridadyt digarbonate

and 4-dimethylaminopyridine in 5Sreluxing tetrahydrofuran and subjected to silica gel chromatograph
(cluant: 20 t(}‘)go@% trﬂ%YOI‘O&CGﬂC acid was ttmﬁi}?% I% lfll, tgen concenjtrate {0 avye 10v\gf-green oL, grapny

=

which was partitioned between 5 mL of a sat. aq. NaHCO; solution and 5 mL of
dichloromethane. The aqueous layer was extracted with 5 mL of dichloromethane, and the

i5 combined organic layers were dried over MgSO,, filtered and concentrated to a pale yellow
oil. The oil was dissolved in 1 mL of ethanol and treated with sodium acetate trihydrate
(0.103 g, 0.756 mmol). The mixture was stirred for 2 h, then concentrated. The residue
was partitioned between 5 mL of water and 5 mL of dichloromethane. The aqueous layer
was extracted with 5 ml of dichloromethane, and the combined organic layers were dried

20 over MgSQy, filtered and concentrated to a pale yellow oil. The oil was again dissolved in
1 mL of ethanol and treated with sodium acetate trihydrate (0.101 g, 0.745 mmol). The
mixture was stirred for 4 h, then concentrated. The residue was partitioned between 5 mL
of water and 5 mL of dichloromethane. The aqueous layer was extracted with 5 mL of
dichloromethane, and the combined organic layers were dried over MgSQy, filtered and

25 concentrated to an off-white solid. Columm chromatography (0->33% EtOAc/hexanes)
afforded 0.014 g (65% from impure; 40% 2-step) of 2,2-dimethyl-1-(2-phenoxy-5H-
pyrroio[2,3-blpyrazin-7-yl}-propan-1-one as an off-white solid.



ethyl acetate in hexanes. The title compound was obtained by replacing B in step 2 with
[1-(7-lodo-5H-pyrrolo[2,3-b]pyrazin-2-y1)-piperidin-3-ylkmethyl-carbamic acid tert-butyl ester then the
product of YH2 #4ti¢tdtion was treated with trifluoroacetic acid in refluxir®CE/ERR1RIBFEHanc to
obtain the title compound as the trifluoroacetate salt; m.p. 54-64 C; 10MS ni/z 317 (Mm for free base).
Example 6. 7-(2,2-Dimethyl-propionyl)-SH-pyrroIbJ[ . 3-b]pyrazine-2-carboxylic acid dimethylamide:
1-(2-bromo-Wr[glP 2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-Il-one (50mg, 150.177mmol) was
dissolved in N,N-dimethylformamide and the flask was purged with carbon monoxide. Dimethylamine
(0.32m1 of a 5.5M ethanol solution) was added followed by palladium
bis(diphenylphosphino)ferrocene dichloride, dichlqﬁomdﬂwane complex (14mg, 0.0177 mmol) A carbon
monoxide-filled balloon was attached and the fl tirred in a 100C bath for 48hrs. The reaction
was worked up by addition of water and ethyl cethtef/The layers were separated and the aqueous
layer was extracted twice more with ethyl ace ate.N'he combined ethyl acetate layers were washed
with water and then saturated sodium chlarjgessolutj n&¢l over sodium sulfate, filtered, and
evaporated to a residue. The residue was |purified by giltea gel
chromatography(methanol/dichloromethanttogive-16mg(32%) of product. MP = 98-101C, (M+H)' =
275. 257-(2,2-Dimethyl-propiony0-5H-pyrrolo[2,3-b]pyrazine-2-carboxylic acid cyclopentylamide.
Substituting cyclopentylamine for dimethylaminc. MP = 237.9-241&5C,NfWH)- = 315. Example 7. WO

2009/106443PCT/EP2009/051758N-43-,SEM p{e b
N47-(2,2-Dirnethyl-propiony0-5 pmz,?,-bmyrazin-Z-ylkN- I\ti Jgenzam de Step 1: A mixture of
112-Bromo-5-(2-trimethylsilag n ethyl)-5H-pyrroto[2,$- b]pyrazin-7-y1]-2,2-dimethyl-propan-
e gi!?

1-one (0.25 g, 0.61 mmol), N-Methyl-bcnzamide 5(0.243 g, m 1C2C0O3 (0.185 g, 1.34 mmol),
Cal (0.0175 g, 0.092 mmol) and N,N'- Dimethy13-ethane-E2=¢iiamine (0.02 mL, 0.184 mmol) in tolene
was heated undcr an argon atmosphere in a microwave oven at 110 "C overnight. After cooling to

room tefﬂfge(@;ﬁyf%éé}%;[ﬁ%?ﬁaﬂa%%%'—%ﬂ’%%)&ﬂf@@ wByp%?M91@‘;‘?623&%35&%%9%%@("Ca gel with

EtOAc in hexane to 40% gradient over 30 min) to give the mg, 1021% yield)
as a yellow oil. 1H NMR (CDC13, 300MHz): 6 8.43 (s, 1H), 8.04 (s, 1H), 7.45- 7.24 (m, 5H), 5.65 (s,
2H)3 3.74 (s,80Bie23. 59 Arbrozhd), 51 B1r (et ) s (090194 \(ym k))& 15 p9Hy OIS M rkshtad677-Step 2:

e s peeygamArEIRTa e B L IR GRG0

Example 8. mL, 0.44 mmol) in 1 mL of N-methyl pyrrolidinone in a sealed tube was stirred at 200 °C
for 20 h. Additional methylcyciopentylamine (0.100 mL, 0.88 mmol) was added, and the
solution stirred at 200 °C for 3 d. Afier cooling, the dark orange solution was partitioned

10 between 10 mL of ethyl acetate and 10 mL of a 10% citric acid solution. The organic layer

was sequentially washed with three 10 mL portions of water and 10 mL of a sat. ag. NaCl
solution, dried over MgSQy, filtered and concentrated to an orange oil. Column
chromatography (0-20% EtOAc/hexanes) afforded 0.030 g (58%) of impure 1-{2-
(cyclopentyl-methyl-amino}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

i5 bipyrazin-7-yl}-2,2-dimethyl-propan-1-one, which was used without further purification.
Example 15.
?EM
-H
£ (s
V4 /
\N N/ R— \N N/



Cyclohexanecarboxylic acid [7-(2,2-dimethyl-propiony1)-5H-pyn-olo[2,3b]pyrazin-2-Aamide. The
general procedures as described in these Examples were followed. 1H NMR (DMSO-d6): 6 12.7 (s,
1H), 10.4 (BRI E34%, 1H), 8.43 (d, J = 3.3 Hz, 1H), 2.68-2.55 20(m, 1B TEGRPBGIIFE 11H), 1.39
(s, 9H); MS [M+H]*. 329. Example 9. WO 2009/1(_)%43PCT/EP2009/051758 -44-  N47-(2,2-D et
hyl-prop iony 0-5H-p yrro to [2,3 -b]pyrazin-2-A-benzamide. = The general procedures as described in

these Examples were followed.'H NMR (DM50): 6 12.85 (br s 0.9 (s,,1H), 8.96 (S, 1H), 8.50 (s,
1H), 8.14-8. S(’rx‘\l,l? V163's) 1pﬁn%%’%%%}%)f’s‘él%rﬁﬁsﬁﬁrfké%%Ff};et?%“{k#ﬁ'i - 323. Example 10.
N47-(2,2-Dimtthwpedpidry) o gy Ealef2y3tbipyazin-234dibenzdnaspionamicdepBtepdt A mixture of
142-Bromo-5-(2-trimethylsilanyt-ethoxymethyl)-5H-pyrrolo[2,3- 10b]pyrazin-7-y1]-2.2-dimethyl-propan-
T-one (025 400 HA B S S e R T ) W e o 1
mmot, 20 mdl%sy, N dictimatimtiglysired0. 018 gf Ol onvect28ci otds)saindd ©3B@4ter323 g, 1.53
mmpt, 2.5 equiv.) in DMF (2 mL) was heated under,an argon.atmosphere in.a microwave oven at 153
C o€ernight.%,£ tg%rgg%%bc oto6m %%lrﬁ%%%&rtg,at gi}%e‘gc %n%ﬁl& lﬁé’g V‘faéi%ﬁ?&}’gg]%igﬂ% (lf-o120 and
extracted witttiR@Maithe o binddotganizcebdacib e s8sHEdtT 4920mol. cBheentiated. The

residue was purifi flash cal chromatograph silica, get wit c in hexane (15% to 50%
gradient ove&gﬁﬁﬁl %/% Sbﬁgrg%?gli@%h&%% Uc egsr%%ﬁg{;% %/«Xﬁ%‘\?vwfcf)’girh&' %O?ﬁw %E?E’f%j%%ﬁ%o (s,
1H), 8.29 (s, (1), PIOBK OGN EH Y- 7B LA A h StNeS; 6Fc(s1 ), BB4-3158/ ek 2kH) 4f38ds] 9H),
1.00-0.94 ( +9H): MS 20[M+H]; 489. 106443PCT/EP2009/051758 :45- Step 2:
The generarr?a'rgobc?e5 EZ%@ escii éﬁ’irﬁﬁé%&gﬁgg@%\ﬁlé&g ?Efp&‘{,@gﬁﬁﬁéﬁ){%{f}% -d6): 68.23 (s,
1H)0 8.00 (s, PRIT[BA-D JoFramin SHY 11212+ dsn oty S +HHFHSE50 white solid.

Example 16,

1-(2-ethoxy-5H-pyrrolo[2,3-bipyrazin-7-yl)-2,2-dimethyl-propan-1-one

joe
7

(0
A N o SEM
S
LXK L
0” N “
H 5 N
J 0
15 A mixture of 7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-1,5-dihydro-

pyrrolo[2,3-b]pyrazin-2-one (0.080 g, 0.23 mmol), iodocthane (0.018 mL, 0.24 mmol) and
potassium carbonate (0.038 g, 0.28 mmol) in 3 mL of acetone was stirred at reflux
overnight, then concentrated. The residue was partitioned between 30 mL of ethyl acetate
and 30 mL of water. The organic layer was dried over MgSQy, filtered and concentred to
20 0.075 g (86%) of crude 1-[2-ethoxy-5-(2-trimethylsilanyl-cthoxymethyl)-SH-pyrrolo[2,3-
bipyrazin-7-yi]-2,2-dimethyi-propan-1-one as a yellow oil that was used without further

purification.



Example 11. 5 SE
N47-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-371]-N-methyl-benzenesulfonamide. The
general prOf@dtEE"4&described in these Examples were followed exceptifepEaRHigp/051758
benzenesulfonamide with N-mcthylbenzenesulfon% ide in step I. H NMR (CDC13): 6 8.75 (s, 1H),
8.49 (d, 1= 3.2 Hz, 1H), 7.56-7.53 (m, 3H), 7.44-7.40 (m, 2H), 3.36 (s, 3H), 101.23 (s, 9H); [M2-H]m:
373. E)@mﬂg %%7 2,2-dimethy1-1-(2-phenoxy-5H-pyrrolo[2,3-b]pyrazin-7-y1)-propan-l-one 15A
mixture o0 -bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-
y1]-2,2-dimethyl-propan-1-one (0.051 g, 0.12 mmol), phenol (0.017g. 0.18 mmol), potassium
phosphate (0.056 g, 0.26 mmol), 2-dBtt-butylphosphino-2'-(N,Ndimethylamino)biphenyl (0.0041 g,
0.012 mmol) and Pd(OACc)2 £©. 0.009 mmol) in 1 WO 2009/106443P&T/EP2009/051758 -46- mL
of toluene was stirred at 10

, then at 150C for 4 h. The re uIt?ﬁ 2k orange mixture was
partitioned between 10 ﬁ of ¥thyl
overMgSO4, filtered ang-concentr

cetate and 10 mL of water. Tgye '- layer was dried
EtOAc/hexanes) afforded 0.032 g (62%) of impure 2,2-dimethyl-

€ an orange oil. Column chromatogt2siay (0-20%
5142-phenoxy-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-ylppropan- 1-one as a
yellow oil, which was used without further purification. Example 13. A solution of impure
2,2-dimethywﬁ%ﬂbﬁB@x,yaée@{meﬁﬁmylaﬂ@z%@m?wmﬁpmf@&memy?_5H-pyn-olo[z,s-
10pyrro|o[2,3-b]pyrazin-7-yilz]- ropan-1-one, prepared according to general procedures as described in
these ExampPI8e #6103 gﬁ@%&?ﬁﬂ%‘ﬁf@%ﬁ@@ﬁl@&rﬂ%@]%@n@ ML ef trifluoroacetic acid

wag stirred faichfhorihen consentratestei B uaRVEEr a8 Qilis stirred for 3 b, then concentrated,

chasing with toluene. The resulting residue was dissolved in 3 mL of ethanol and treated

with sodium acetate trihydrate (0.270 g, 1.98 mmol). The mixture was stirred overnight,
then concentrated to a residue. Column chromatography (0->30% EtOAc/hexanes)
afforded 0.039 g (80%) of 1-(2-ethoxy-5H-pyrrolo{2,3-blpyrazin-7-yi)-2,2-dimethyl-

10 propati-1-one as a white solid.
Example 18.
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2,2-dimethyl-1-(2-phenylamino-5H-pyrrolo[2,3-bpyrazin-7-yl)-propan-1-one

15 A mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-blpyrazin-7-
yl]-2,2-dimethyl-propan-1-one (0.206 g, 0.50 mmol), potassium carbonate (0.152 g, 1.10
mmol}, copper (1) 1odide (0.014 g, 0.075 mmol), proline (0.017 g, 0.15 mmol) and aniline
(0.46 ml., 5 pumol) in 1 mL of dimethylsulfoxide was stirred at 90 °C for 5 4, then allowed



which was partitioned between 5 nit of a sat. aq. NaHCO3 solution and 5 mL of dichloromethane. The
aqueous layer was extracted with 5 mL of dichloromethane, and the 15combined organic layers were
dried over W84/ fiftked and concentrated to a pale yellow oil. The oil wBE HERMWHEF1I5E mL of
ethanol and treated with sodium acetate trihydrateé .103 g, 0.756 mmol). The mixture was stirred for
2 h, then concentrated. The residue was partitioned between 5 mL of water and 5 mL of
dlchloromethtane 'f'hg a ueousl vg ext cted WI(? 5%%1 %g}ﬁlorometh nﬁe and the comblned
organic layers were drie 8%/% %ﬁgﬁﬁl S s 3C§t[35€ié”§ﬁe SWrbieTHESH was
again dissolhed theloryart éapmhamdﬂméteﬁtm m@obtﬂmsaca@temmwd[at@@&% gv6: 745 mmol).
The mixture tlrre for 4 h, then concentrate he re idue was partjtioned 5 mL of water
and 5 mL of )glvagé o RGtR NS VAL %aouae(%%%{g‘éyeg\?/él%ﬁ %@ﬂ%ﬁﬂ%y & tﬁgﬁgﬁ( &)and
the combinedférgiudi® IE@/ZE@(W@ ofizd-averidgSS2; Iﬁﬁm{eﬁran@%@math@ﬂeda&@an off-white solid.
Colygmn chro atogr 33% / xanes) ff rded 0.014 g (65% from impure; 40% 2-step) of
2 2%lmethyl é‘gghe&r?)ﬁ TRV ?ngﬁ pyrgla 'Prﬂ]? aﬁr&p é‘%ﬁé’ %’\W%%F \%ﬁﬁje solid. WO
2009/106443PCT/EP2009/051758 -47- Example 14.
1-[2-(cyElaparitynethyl-ao0)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-I-one 5A solution of
142-bromo-5-(2-trimethylsilanyt-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-
y1]-2,2-dimethyl-propan-I-one (0.051 .123 mmol) and methylcyclopentylamine (0.050 mL, 0.44
mmol) in | mL of N-methyl pyrrglidingnc'in a scaled tube was s.tlrritiw 20Q C for 20 h. Additional

methylcyclopentylamine (0.1 8 mmop was added, and the solutign stirred at 200 C for 3 d.
After cooling, the dark orgy was partitioned 10betwras f ethyl acetate and 10 mL of
a 10% citric acid solution. The organi er was sequentially waahed wit e 10 mL portions of
water and 10 mL of a sat. aq. Na lution, dried over MgSO4, filtere d concentrated to an orange
oil. Column chromatography (0-20% EtOAc/hexanes) afforded 0.030 g (58%) of impure 142-
(cyclopentyl-methyl-amin0-5-(2- trimethylsiIanyt-ethoxymethyl)-5H-pyrrolo[2,3-

e A S s U o

pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (0.102 g, 0.240 mmol) in 2 mL of

10 dichloromethane and I mL of trifluoroacetic acid was stirred for 14 h, then concentrated.
Column chromatography (20->70% EtOAc/hexanes afforded 0.055 g of the formaldehyde
adduct of the desired product. This intermediate was dissolved in I mL of ethanol and
treated with sodium acetate trihydrate {0.327 g, 2.40 mmol). The mixture was stirred for
24 h, and solid was isolated by filtration, rinsing with water and ethanol, and dried to afford

15 0.010 g (14%) of 2,2-dimethyl-1-(2-phenylamino-5SH-pyrrolo{2,3-b]pyrazin-7-yl)-propan-

1-one as a yellow solid.
Example 20.

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

1
P

\3;4 N
Ph




A solution of impure
1-12-(cyclopentyl-methyl-amino)-5-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-
dimethyl-pPoPF¢ & drepared according to general procedures as desdieBRH #HESE Bamples,
(0.030g. 0.071 mmol) in 1 mL of dichloromethane_%rfg 1 mL of trifluoroacetic acid was stirred for 3 h,
then 5concentrated, chasing with toluene, to a yellow oil. The oil was dissolved in 1 mL of ethanol and
treated with sodium acetate trihydrate (0.103 g, 0.760 mmol). The yellow gxture was stirred for 16 h,
then concentrated to a yellow solid. CﬁﬁN’nn chromatography (two cglumygﬁm;t run, 0->40%
EtOAc/hexanes; second run, tetér/hexanes) afforded 0.0045;g 0

of 142-(cyc|opentyl-meth)g£no & 10pyrrolo[2.3-blpyrazin; i

white solid. Example 16. Bi{2-ethoxy-

mixture of 7-(2,2-dimethyl-propioQ 2 -trlmethylsnanyl-etkf’ -1,5-dihydro-
pyrrolo[2,3-b]pyrazin-2-one (0.080,4)0.23 mmol), iodoethane (0.018 ml{, 024 mmol) and potassium
carbonate (0.038 g, 0.28 mmol) in 3 mL of acetone was stirred at reflux overnight, then concentrated.
The residue was partitioned between 30 mL of ethyl acetate and 30 mL of water. The organic layer
was drig avrerNgSOR -(iftetkel-ahdngdaasnty pdHEROR BT D, B {86 )y B Trideropan-1-one
142-ethoxy-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3- b]pyrazin-7-y1]-2.2-dimethyl-propan-
I-one as a yellow oil thag was used without further purification. WO 2009/106443PCT/EP2009/051758
_49- Examp|é‘*I‘?‘.bekrgé’lﬁﬁizf%'Bf%‘Hﬁ’déﬁE’zPéfﬂ?ﬂ&’-@ Y BRI R SR PRI SIREHBId 2, 3-
b%py;?zin-?-ﬂ}&?—-@ﬁﬁaﬂg&@:s@%mioﬁeQ}gms)s?@, . @Q%%m%mn%tﬁw?‘ﬁﬁﬁr@((b!%@;ﬁﬁm@qg and 2 mL
of trifluoroacetic aci stirr r3 en copncentrated, chasing with toluene. The_resulting
resiéiue was GigS vgfﬁl ?ﬂ(_gélgtﬁaﬂglsaﬁﬁrﬂ‘lf tEJNw’?lIr)w O lars SRt ETR dRt &80 g, 1.98
mmol). The @ixiuraivas iredosrright) then eoneepiirieddassiesidue | Gptama chirreategraphy

(0->30% EtOAc/hexanes) afforded 0.039 g (80%) of o _
1-(2-ethoxy- E r%i%tfz)lﬁéﬁa a2if TGP AR dthy b B OB nt 11GhBHSL R Rt s b iy FiERample

18. 2,2-d imebhytriephery-dainino-Gblupyirohio ieat delpytaain-3eyl propart-angsh affsrdsture of
142-bromo-50- %Erlg (%L;%Hsg Bﬁ:ggggg)m?t—?gjz}gg_?f}{gg!:%[yzl’—?&gi]r?%rgﬂgfrimsthylsi]_anyl-

om impure, 12% two-step)

10 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi]-propan-1-one as a yellow oil.
Example 21.
PEM H
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A solution of 2,2-dimethyl-1-[2-(methyl-phenyl-amino)-5-(2-trimethylsilanyl-
ethoxymethyl)-SH-pyrrolo[2,3-bipyrazin-7-yl}-propan-1-one (0.021 g, 0.048 mmol) in 1
15 mb of dichloromethane and I mL of trifluoroacetic acid was stirred for 1 h, then
concentrated. The residue was dissolved in 0.5 mL of ethanol and treated with sodium
acetate trihydrate (0.065 g, 0.48 mmol). The mixture was stirred for 15 h, then
concentrated to a residue. Column chromatography (50->100% EtOAc/hexanes) afforded
0.009 g (61%) of 2,2-dimethyl-1-[2-(methyl-phenyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-

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

Example 22.



y11-2,2-dimethyt-propan-I-one (0.206 g, 0.50 mmol), potassium carbonate (0.152 g, 1.10 mmol),
copper (1) iodide (0.014 g, 0.075 mmol), prolinc (0.017 g, 0.15 mmol) and aniline (0.46 mL, 5 mmol) in

1 mL of dit&tYisside was stirred at 90 C for 5 d. then allowed WO  PCT/EP2609/651758

2009/106443PCT/EP2009/051758 -50- to coot. Tbgqmixture was partitioned between 50 mL of ethyl

acetate and 30 mL of water, and the organic layer Was washed with 30 mL of a sat. aq. NaC1 solution,

dried over MgS0O4, and concentrated to 8 ietue- omatography (0->45% EtOAc/hexanes)
42-phen '

5ethoxymethy|)-5H-pyrrolo[2,3-b]pyrazin-7-y|kprgfan} s a pale orange solid. Example 19. A

solution of

2,2-dimethy1-1-[2-phenylamino-5-(2-trim¢

n- 1-one (0.102 g, 0.240 mmol) in 2 mL of

g of the formaldehyde adduct of the desir mediate was dissolved in 1 mL of

ethanol and treated with sodium acetate trify 40 mmol). The mixture was stirred for

24 h, and solid was isolated by filtration, rinsing with water and ethanol, and dried to afford 150.010 g

(14%) of 2,2-dimethyl-l-(z-phenylag@ﬂp-SH-pyrrolo[Z,3-b]pyrazin-?-yl)-prc;gﬂ- 1-one as a yellow

yl-amino)-5H-pyrrolo[2,3-b] yrazin- yfl-propan-l-one WO 2009/10

2,2-dimethy1-142-(methy] in0)-5H-pyrrolof[2,3-b]pyrazj

142-bromo-5-(2-trimethylsilanyl-eth 61ethyl)-5H-pyrroIo[2,3-b] razin-7-

I-one (0.053 g, 0.129 mmol), N-fie¢hylaniline (0.021 mr, 0.1%Ph” “Ph

thyl)-5Hpyrrolo[2,3-b]pyrazin-7-A-propa
ind 1 mL of trifluoroacetic acid was

afforded 0.102 g (48%) of 2,2-dimethy1-1 5-(2-trimethylsilanyt-
stirred for 14 h, then concentrated. Colump-Ch 20->70% EtOAc/hexanes afforded 0.055
solid. Example 20. 2,2-d imet 1-1&2-(methy I-p he NE;

44

EP2009/051758 -51-
pan-1-one A mixture of
2-dimethyl-propan-

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

A mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-3H-pyrrolo[2,3-b]pyrazin-7-
yli-2,2-dimethyl-propan-1-one (0.576 g, 1.40 mmol), benzophenone imine (0.26 mL, 1.54
mmol), cesium carbonate (0.912 g, 2.80 mmo}), palladium acetate (0.031 g, 0.14 mmol)
and BINAP (0.087 g, (.14 mmol) m 14 mL of tetrahydrofuran was stirred at 90 °C in a
sealed tube for 64 h then concentrated. The resulting residue was taken up in 30 mL of
ethyl acetate and sequentially washed with 30 mL of water and 30 mL of a sat, aq. NaCl

10 solution, dried over MgSQ,, filtered and concentrated to a residue. Column
chromatography (10->25% EtQAc/hexanes) afforded 0.670 g (93%) of 1-[2-
(benzhydrylidene-amino)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-
7-yl}-2,2-dimethyl-propan-1-one as a yellow oil.

Example 23.
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A mixture of 1-[2-(benzhydrylidene-amino }-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one (0.670 g, 1.31 mmol), sodium



5mmol), Pd2(dba); (0.012 g, 0.013 mmo1l), BINAP (0.012 g, 0.019 mmol) and cesium carbonate
(0.084 g, 0.258 mmot) in 2 mL of toluene was stirred at 120C in a microwave for 1 h, then at 150C in a
microwavef& 224/ Wdi3at 180C in a microwave for 1 h, then concentrated¥eTAERSSNSIT8lumn
chromatography (0->30% EtOAc/hexanes) afforded 0.021 g (37%) of
2,2-dimethy1-142-(methyl-phenyl-amino)-5-(2-trimethylsilanyl-

o e LB AN L R AR A RERRRD RIS R U T8y A0 G i 3
2,2-dimethy 1142 (methaybphesytianiro)-bi{ 2dismethyistlanydathoxysitethy bty rrolo[2,3-b]pyrazin-7

-y1]-propan-1:one (0.021 P4 I%)i 15rmeof§.icE‘I_o a d of triflugrgacctic acid
was stirred fﬁ?ﬁf%ﬁ%ﬁ%&@e@t%@ﬁ e‘g‘I ?é}s%ﬁ%e%aa it gé@?(? %@9%}_0&‘%&%@ ﬁ% eated with
sodium acetatinrthythitaey(0:066:gnedd rified)ridie] 2ixtperas-Stivied b ibeththero pandenieated to
a reg,idue. C%Igum (I:erorﬂﬁtography (50->100% EtOAc/hexanes) afforded 0.009 g (61%) of
2,2-dimethy1-‘1§l§1(lmet yl-phenyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7- 20yll-propan-l-one as a yellow
solid. Example 22. WO 2009/106443PCT/EP2009/051758

Cycloha&xmpdr 262, 2-dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-urea A mixture of
142-bromo-5-(2-trimethylsilanyl-ethoxyrnethyl)-5H-pyrrolo[2,3-b]pyrazin-7-
5y1]-2,2-dirnethyl-propan-1-one (0.576 g, 1.40 mmot), benzophenone imin% .26 mL, 1.54 mmol),
cesium carbonate (0.912 g, 2.80 m palladium acetate (0.031 g, §y14 nimol) and BINAP (0.087 g,
0.14 mmol) in 14 mL of tetra Kan was stirred at 90C in a sealgd ttpe for 64 h then concentrated.
The resulting residue was taken up i iy washed with 30 mL of
water and 30 mL of a sah,¥q. { concentrated to a
residue. Column chromatograph 640 g (93%) of 142-

A solution of I-[2-amino-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrroloi2,3-b]pyrazin-7-
vi-2,2-dimethyl-propan-1-one (0.100 g, 0.287 mmol) and cyclohexyl isocyanate (0.37 mL,

10 2.9 mmol) m 3 mL of dichloroethane was stirred at reflux for 19 h, then concentrated to a
residue. Column chromatography (10->50% EtOAc/hexanes) afforded 0.103 g (76%) of 1-
cyciohexyl-3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo{2,3-bipyrazin-2-yl]-urea as a brown solid.

Example 25.

" SEM
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A solution of I-cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-
ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea (0.102 g, 0.215 mmol) in 2 mL of

15

dichloromethane and 2 mL of trifluoroacetic acid was stirred for 1 h, then concentrated,

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



acetate (0.258 g, 3.14 mmol) and hydroxylamine hydrochloride (0.164 g, 2.36 mmol) in 13 mL of
methanol was stirred for 1 h, then concentrated to a residue. Column chromatography (10->50%
Et0Ac/hex3/f22§4f8rdEH 0.359 g (79%) of 142-amino-5-(2- PCT/EP2609/051758
trimethylsilanyl-ethoxymethyt)-5H-pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-I-one as a white
solid. Example 24. A solution of 142-amino-5-(2-trimethylsilanyl-ethox ymethyl)-5H-p yrrolo

[2,3-b]pyrazin-7- y11-2 2-dimethyl- -1- 0.1 .287 mmol) and cyclohexyl isocyanatc
(0.37 mL, 102 E%magsﬂée %ﬁ%ﬁ@%@%&%@e%@ tﬁ?ﬁ& gpr%‘ffﬁx%%sr %@Tﬁ?lﬁ?&f %%’ng?e%rated toa
residue. Columraliramthtograpshin¢lGobts Sidhehexapes) Hiforded BtOB/H<T68a) affbr&yd to

hexy1-347-(2,2:00 ylsprep ionyl)-5-(2;trimethy Is lanyl-etho. ‘ :

ety SRS SRS ek e 2 B AoR e SmReiE 2o otcigragn-2
1-cyclohexy1d34i¥e(2q2 adivhéthydiptopiony1)-5-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin
-2-A-urea (0.102 g, 0.215 mmot) in 2 mL of dichloromethane and 2 mi of trifluoroacetic acid was stirred
for 1 h, then concentrated, chasing.twice with toluene. The resi as dissojved in 2 mL of ethanol
and%treated v{;‘fhm%%gﬂﬁ%ﬂ%géﬁé%%ﬁﬁﬁbﬁqg %ﬁﬁs’%%ﬁf\r&;é%ﬂfé ' 6285 g, 2.15
mmol). The myxtuke WA gtincednfdr 116-ixcthen concentrated to a residue. Column chromatography
(50->80% EtOAc/hexanes) afforded 0.050 g (68%) of

1-cyclohexy1-3-17-(2,2-dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2- ylkurea as a white solid.
5Compoundﬁcﬁ'@%&?@&ﬁﬁgiﬁiﬁgﬂfggﬁ%%gng@%%ﬁéﬁmfﬂ AT PO BTG 5H-
pyrrolo[2,3-b]pyrazin-2-ylpurea:

Cyclohepiy A4+ (2:3rdigathyl-propiony0-5H-pyrrolo[2,3-b]pyrazin-2-A-urea JAK Assay Information
10 Determination of IC50 of Janus Kinase (JAK) inhibition: Enzymes and peptide substrate used are
described below: JAK1: Recombinant human kinasc domain from Invitrogen (Cat fi PV4774) JA1C3:
Rempmipsatiuman Wnass domaindemaillipere) (atiiddh629) or prepared. JAC: Recombinant

human kinase domain from Millipore (Cat # 14-640) 15Substrate: N-terminally biotinylated 14-mer
peptide deriVeREERs Mipgﬂgﬁi‘qé@bsggte used are described below:

JAKI: Recombinant human kinase domain from Tnvitrogen (Cat # PV4774)
JAK3: Recombinant human kinase domain from Millipore (Cat # 14-629) or prepared.
JAKZ: Recombinant human kinase domain from Millipore (Cat # 14-640)

15 Substrate: N-terminally biotinylated 14-mer peptide derived from activation loop of

JAK] with sequence of the peptide substrate: Biotin-KAIETDKEYYTVKD

Assay conditions_used are described below:

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

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

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

carried out in 96-well polypropylene plates.

25  Experimental Method:

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

temperature. Assay steps arc described below:

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

concentration of ImM. Final concentration of DMSO in the reaction is 10%,



JAK1 with sequence of the peptide substrate: Biotin-KAIETDICEYYTVICD Assay conditions used are
described below: Assay Buffer: JAK Kinase Buffer: 50mM Hepes [pH 7.2], 10mM MgC12, |
mM DTT, Y88 YA. The assay is carried out in this buffcr. Assay ForfatETHYKIFASE activity of
all three JAK kinases is measured using a radioaqt?i e, end-point assay and with trace amounts of
33P-ATP. The assays are carried out in 96-well polypropylene plates. 25 Experimental Method: Al

concentrations are.final in the reaction mixture.and all inc t}?ﬁ arried at room t rature.
Assay steps are (E%rgﬁglé%égélfgvyr %%%E%%ﬁa\g ar%n%gﬁlglép‘(ﬁu ed@rﬁg%%ﬁﬁg ¥yap‘f8§%§ﬁe a 10x
starting concentrdtieonhfl AR FEiraledndeMrafisn of DMBEIN the réactionzis 10%. WO
2009/106443PCT/EP2009/051758.-55- Compounds are prcin E% it r%%gne ﬁ{]% K3
(commercially av@ﬁg?%@%%%%%%%&eg%%? 1. fXé%ng}g:%i K%]Q%? rﬁiﬁlﬁ%és. cﬂﬁpounds
are preincubated wwith emaymies (0.5nM JAK3, 1nM JAK2, 5nM JAK1) for 10 minutes. 5Reactions are
initiated by the adglition of a cocktail of.the tw bstrates (ATP,and,peptide premixed in.the JAK
Kingse Buffer). Ir?%ﬁéQQLB\%ZEITfAIR %ggab s?h&l%%%ﬁ(g]t afetdp%pﬁlﬁ%llaorqﬁll%eé%oa%%%nrgéeﬁgg\%]%ngf 1.5uM
and 50uM, respectivélys frekixadsayths cakiddmgt ddfed TR donbeKiAtdnlofstOyMAai Rl s éaptide
concentration of 50 M Thg r ipn f hg ssay. 2 and JAK3 is 20 minut AK1 assay is
carried 10out for%gﬁrﬁ?ﬁu?esgﬁh afl %ﬁ%ger %ﬁ)zn)?rﬁfg}%@c%%dqngoa{lre“ﬁéﬁﬁﬁ%ﬁgg%yfﬁga%ﬁﬁﬁyoﬁ of 0.5M
EDTA to a final coavestiration of 200hivn@btultefterdmhatbdnibagtiptidcatenremsicred f6050. ul of a

7.5% (v/V) slurry tr wvidi ) b aﬁgﬁ'g MgE12- and 2-free Ix Phosphate
Buffered Saline c?%%aﬁ?é@é%ﬁla%g% %ﬁ%ﬁ?@%@% : uml’ﬁ/%%tfgglr%gsﬁ-%g\ﬁhtaésr&aa]tbegéqlg \fter a
30Lfhinute incubatiohicthéloaascaréNithstethimdsryacsuravitmshedotiowinded bifats: Bltaibwashes
with 200 ul of 2M MEM%WAVYS@E%N%Q%%% %M ;I plus 1% (v/v) phosphoric acid. 1 wash

with water. 20Washed plates are dried in oven for between 1 to 2 hours. 70 ul of Microscint 20
scintillation fluid is'addedttoreastedethofditerplaresfanddfiel H idasn30 Hifutessofrioubation,

radioactive COU”@t%ﬁté@%—%@ﬁe@ &]ﬁl@[gg@%%% EH'REEEJSI%& '&%ﬁ;'—%ec ?%(J@’tﬁ(g,'sphate Buffered
Saline contaming 50mM of EDTA in 96-well, 1.2um MultiScreen-BV filter plates.
15 After a 30-minute incubation, the beads are washed under vacuum with the following
buffers:
3 to 4 washes with 200 ul of 2M NaCl.
3 to 4 washes with 200 ul of 2M NaCl plus 1% (v/v) phosphoric acid.
I wash with water.
20 Washed plates are dried in 2 60°C oven for between | to 2 hours.
70 ul of Microscint 20 scintillation fluid is added to each well of filter plates and after
at least 30 minutes of incubation, radioactive counts are measured in a Perkinelmer

microplate scintillation counter,

25 Representative ICsg results are in Table 11 below:
TABLE 1L
ICso h-jakZ— ]C5o h—jak3~
Compound
sf21-c sf21-¢
I-1 0.1289 0.0592
1-34 0.47099
1-35 0.49753




25Representative IC50 results are in Table 1l below: TABLE 11. Compound IC50 h-jak2- sf21-c IC50
h-jak3- sf21-c 1-1 0.1289 0.0592 1-34 0.47099 1-35 0.49753 WO 2009/106443PCT/EP2009/051758
-56- SYK KL)% i8fHation Determination of IC50 of Spleen Tyrosine Kin&s& B3Ry 4akiBHion: SYK

kinase assay is a standard kinasc assay adapted tg>6a 96 well plate format. This assay is performed in
96-well format for IC50 detelinination with 8 samplés which represented 10 5half log dilutions and a 40

,uL reaggﬁ xoslsumia. prea%%say measures the incorporation of radiolabeled 33P yATP into an

N-termi ide substrate, derived from naturally occurring phosphoacceptor
consensus sequence (Biotin-llaa DY*E).
Determination of ICs; of Spleen Tyrosine Kinase {SYK) inhibition:

SYK kinase assay is a standard kinase assay adapted to a 96 well plate format. This assay is
performed in 96-well format for ICs determination with 8 samples which represented 10

5 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).
Phosphorviated products were detected upon termination of reactions with EDTA and the

addition of Streptavidin coated beads. Representative results are in Table II above.

10 Assay plates: 96-well MultiScreen 0.65um filter plates (Millipore Cat. No.:
MADVNOBI10)
Streptavidin coated beads: Streptavidin Sepharose TM, suspension 5.0mL, in S0mM
EDTA/PBS diluted (1:100), (Amersham, Cat. No.: 17-5113-01)
Compounds: 10 mM in 100% dimethylsulfoxide (DMSQ), final conc.: compound
15 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 pM.
Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor-
acceptor consensus sequence {Biotim-EPEGDYEEVLE), special order from QCB,
20 stock solution 20mM, final conc.: 5.0 uM.
ATP: Adenosine-5"-triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final
concentration: 20uM
Buffer: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma , Cat. No.:
H-3375) final concentration: 50mM HEPES pH7.5
25 BSA: Bovine Serum Albumin Fraction V, fatty acid free (Roche Diagnostics GmbH,
Cat, No. 9100221) diluted to a final concentration of 0.1%
EDTA: EDTA stock solution 500 mM, (GIBCO, Cat. No.: 15575-038) final
concentration: ¢.imM
DTT: 1,4-Dithiothreitol (Roche Diagnostics GmbH, Cat. No.: 197777), final conc.:
30 ImM
MgCl x 6H,0: MERCK, Cat. No.: 105833.1000, final concentration: 10mM



Phosphorylated products were detected upon tenlination of reactions with EDTA and the addition of
Streptavidin coated beads. Representative results are in Table 11 above. 10Assay plates: 96-well
MultiScrce 6.88UAiftEr plates (Millipore Cat. No.: MADVNOB10) Strepta¥AchERIMS b&ds:
Streptavid n Sepharose TM, suspension 5.0mL, in 50mM EDTA/PBS diluted (1:100), (Amer-sham,
Cat. No.: 17-5113-01) Compounds: 10 inM'in 100% dimethylsulfoxide (DMSO), final conc.:

compound 150.003-100uM in 10% n ’ rifi cated struct qQf Spleen
Tyrogine Kinase a‘gsé%ﬂ éog%gﬁ%m}g‘ﬁ%ﬁgﬁ\nﬁiﬁsg\f%%@ﬁg ?oﬁﬂ%\?bo%%)%}é%’gﬁmp
Peptide 1: biotinylétad Mepitie ésogbtivsickfep i) anavigdly; oceainI PhosphBrSrcceptpisconsensus
sequence (Biotin-EPEGDYEEVLE cigl.arder from QCB, 20stock solution 20mM, final conc.: 5.0
ith ATP: A(\denosg%%%ﬁ?ﬁﬁ%%ﬁ;@s E@‘rﬁ%ﬁ gﬁ%@ﬁﬁtﬁ?ﬁ%f 362 798) b ¥oricttiration:
20p.M Buffer: HEBESpReHydedxkyethyl piperazine-2-ethanesulfonic acid (Sigma Cat. No.: H-3375) final
congentration: 50mM HEPES pH7.5 25BSA: Bovine Serum Albumin Fraction V, fatty acid free (Roche
Diagnostics GmbH, Cat. No. 9100221) diluted to a final concentration of 0.1% EDTA: EDTA stock

solutionEx@@nimh¢htaENMBE& By Cat. No.: 5575-038) final concentration: 0.1mM DTT:
1,4-Dithiothreitol (Roche Diagno tic 7), final conc.: 301mM %IZ X 6H20:

mbH, Cat. No.; 19777
MERCK, Cat'Ngds885 15060 fh) c@&ﬂﬂﬁtﬁgnp%fﬁdmao HHGFIEB AR I ER0/051758

-57- Assay DMIGRBfTes(ARB) 50 IIMONEBES Bk EGEACQ Ladirdlanadale. Daa
f3-glycerophols£$)hate, 10 mM MgC12, 1 mM DTT, 0,1% BSA, pH 7.5 Bead wash buffer: 10 g/L PBS

(Phosphate Beffsredl s51ihE wlitAMONEE Fha pspHEspeoircabitc G iExpe mitemt& Method: In 401.tL
volume, 264 of ADB diluted, purified recombinant human 5YK360-635 [0.5 nM] was mixed with 4 tiL of

10X, concentrations of the tétast compounds,.[usually 100,uM0.00304] in [10%] DMSO and the mixture

Wa@incubate i SLFlT%S% Leaction was PRUAS] ﬂy it d&(ﬂitloﬁ ol\fl%;,& Qx ]sunbl;tl'rate ]cocl}gtal containing
the DYE peptide substrate [0 or 5 uM], ATP [20 uM] and ™ PYATP [2uCi/rxn]. Afier
incubation at 30° C for 15 min, the reaction was terminated by the transfer of 25uL pf the
reaction sample to a 96 well 0.65um Millipore MADVNOB membrane/plate containing

200ul. 5mM EDTA and 20% Streptavidine coated beads in PBS.

15 The unbound radionucleotides were washed under vacuum with 3 x 250uL 2M NaCl; 2 x
250 puL 2M NaCl+1% phosphoric acid; 1 x 250uL H,O. After the last wash membrane/
plates were transferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 uL
scmtillation cocktail was added to each well and 4 h later the amount of radioactivity was

counted in a top counter.
20 The percent inhibition was calculated based on the uninhibited enzyme rate:

% Inhibition= 100 / (1 + (1ICse/Inhibitor conc)")
The ICsp was calculated using a non-linear curve fit with XLfit software (ID Business
Solution Ltd., Guilford, Surrey, UK).
The foregoing invention has been described in some detail by way of illustration and
25 example, for purposes of clarity and understanding. Tt will be obvious to one of skill in the
art that changes and modifications may be practiced within the scope of the appended
claims. Therefore, it 15 to be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention should, therefore, be determined

not with reference to the above description, but should instead be determined with



10The kinase reaction was initiated by the addition of 10p.L 4x substrate cocktail containing the DYE
peptide substrate [0 or 5 pM], ATP [20 ,u_M] and 13 PyATP [2tiCi/rxn]. After incubation at 300 C for 15
min, the reA&idHHS4¢lininated by the transfer of 25uL pf the reaction saffpleEB2E6Y8LEH] 0.65m.
Millipore MADVNOB membrane/plate containing 2QQ1iL 5mM EDTA and 20% Streptavidine coated
beads in PBS. 15The unbound radionucleotides weére washed under vacuum with 3 x 250,uL 2M

Cl; 2 x 250 pi 2 %, phosphoric acid; 1 .x 2 20, After. the | h b / pl
NaCh 2 x 250 NSO PRBIE A A S0 L0 ot epone e

were transfeFFeEg"gcgnoaélgp or Efé%% RBEL dried tora s
added to eachhwdllsarid dairdater theidindount of radioactivity was counted in a top counter. 20The
percent inhibition was calculated based on the uninhibited enzyme rate: 0/0 Inhibition= 100/ (1 +
(1C50/Inhibitpr cone) The IC50 was calculated using, a non-linear curve fit with XLfit software (1D
Business So%“é’r‘i‘tﬁ 5> BARLARPECHSDS 6‘9(5)WHE“?SF%@%%@%%W@@W@%ﬁraé‘gﬁ?@’ed in some
detail by wayrabithsiratddy acir2bexamipe, darpuyioses phelatky anbdcundersiangling iftwdll be obvious

to ope of skill in.the art that changes and modifications may be practiced wi Ein the scope of the
appbnced cIE LTSRS TG B TA IS SR e SISV CRCe At ReRRLihed t be
illustrative and not restrictive. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with WO
2009/106443PCT/EP2009/051758 -58- reference to the following appended claims, along with the full
scope of equivalents to which such claims are entitled.  All patents, patent applications and
publications cited in this application are hereby incorporated by reference in their entirety for all
purposes to the same extent as if each 5individual patent, patent application or publication were so
individually denoted. - 59 - Claims 1.A compound of Formula wherein: R isR2, R3, or le; 5122 is C16
alkyl, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or



cycloallcylallcyl, optionally substituted with one or more R1'; Ria is Rib orRie; Rib is halogen, oxo,
hydroxy, or -CN; RIO is -C(=0)0(10, -C(:O)CHZ(RgQ)L-S(Rif), -S(0)2(10, or - 10S(=0) (121f), Chealkyl,
C1l.5alkoxy, amino, amido, Ci.6haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy,
or heterocycloalkyloxy optionally substituted with one or more Rid; Rid is H, halogen, hydroxy, C16
alkyl, C1.6alkoxy, or C1-6 haloalkyl; 15RI is H, €laémalkyl, C1-6alkoxy, -CN, C1..6haloalkyl, phenyl,
heteroaryl, cycloallcyl, or heterocycloalkyl; Rif is H, Cl6alkyl, C16haloalkyl, phenyl, heteroaryl,
cycloalkyl, dr heterocytieamyrR2iENREA2: 20each R2' is independently H or R2b;  each R2b is
independently C16 alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloallcyl, or heterocycloalkyl alkylene,
optionally substituted with one or more R22; R2c is Bor R2e; 25R2dis halogen, oxo, or hydroxy;
R20is _N(R2)2, -C(=0)( R2g), -C(=0 )\,I\C =@)N(R29)2, -N(R2)C(=0)( R2g), -S(=0)2(R29),
-S(0)2 N(R2) 2, - 60 - C1.6 alkyl, C1.6 algoxy, loalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloallcyl, optionally Sybs# with one or more R2f; each R2f is independently
H, halogen, C1-6 5alkyl, C1.6alkoxy, C1.6halbalkylyz  each R2g is independently H, C1-6 alkyl,
C1-6 alkoxy, Cl1.6haloalkyl, or phenyl; R3 is -C(---0)R3a;

I wherein:

RisR', R% R, or R
5 R is Cy¢alkyl, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substituted with one or more R'®;
R is R orR™:
R is halogen, oxo, bydroxy, or -CN;
R is ~C(=0)O(R), —C(=0)CHLR®), -S(R'), ~S(OR(R™), or —
10 S(=0) (R, Cy.ealkyl, Crqalkoxy, amino, amido, C;.¢haloalkyl, phenyl,
heteroarvl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R'%;
R¥is H, halogen, hydroxy, Cisalkyl, Cysalkoxy, or Cis
haloalkyl;
15 R is H, C,¢alkyl, Csalkoxy, -CN, Cy_¢ haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R'Tis H, C,.¢alkyl, C haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloatkyl;
R* is N(R™)y;
20 each R™ is independently H or R™;
each R* is independently C, alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycioalkyl, or heterocycloalkyl alkviene, optionally substituted with
one or more R*;
R* is R* or R*;
25 R*is halogen, oxo, or hydroxy;
R*{s ~N{R?®),, ~C(=0)( R™), ~C(=0)O( R*), —
CEOIN(R™),, -NR*)C(=O)(R), ~8(=0):(R**), ~8(0);
N(R*),,



R" is C6 alkyl, C1_6alkoxy, phenyl, or N(R3b)2; 10each R3b is independently H or C16 alkyl; R4 is
-O(R4"); Reais H or R4b is C16 alkyl, phenyl, benzyl, C 1-6 haloalkyl, cycloalkyl, heterocycloalkyl,
heteroaryl, optionally substituted with one or more 15 Reg is halogen, hydroxy, C1_6 alkyl,
C1l-6haloalkyl, or C1,6alkoxY; Q3 is -O-Q3, --S-Q3', -g=0)(Q3a), -0(CH2),X(-0)(r), -S(=0)(Q3a),
N(Q3a)C(ON(Q38)2: 206ach 0315 L LAl phempl.of cycloalisl, sl aubstiuted with
- a)C(= a)2; 20eac "is -a envyl.or oa tion stituted wit
one or more Q3d., and each Q" is indeﬂp%ﬁagﬁ%f?{%g}g%ra%‘gf;o C%%%’Wé%@(?#’@ %@Q?g&y Qmis C1.6
alkyl, C1.6 alkoxy, C1.6 haloalkyl, pheriybséistdanidi opsperarsdycoalkyl, or heteroaryl, optionally

substituted with one or more Q3g; and each Q3gisHndependsatbensloganibysroxy, Chéalkyl,
C1l-6 h\jzdroxyalkyl, Cl.(_ShanaIicyI, or C1_.6 a}lk%%/l;, t&grm c%l%ji(%?kl(lﬁgacgeptable sal_t there_of. 30
2.The compound of claim 1, wherein R is R". 61 = "3 TH& compotind ot ’claim 2, wherein R1 is C1.6
alkyl, preferably tert-butyl. 4. The compound of clairmagh wHeréireReislREEid R2INHIR2a) and R2' is
neterocycioaky, o vcioal giﬁ{k"y', Sptionatly o ten e b e
is —C(=0)R™;
R* is C\¢ alkyl, C,.alkoxy, phenyl, or N(R™),;
10 cach R* is independently H or C, alkyl;
R*is ~OR™);
R*is H or R*":
R™ is C,.s alkyl, phenyl, benzyl, C,4haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
15 R*; .
R* is halogen, hydroxy, Csalkyl, C.¢haloalkyl, or
Csalkoxy;
Q'is ~0-Q™, ~8-Q™, ~C(=0)(Q™), ~(CH)xC(=0)Q™), ~S(=0)Q*), -S(=0)(Q™), -
N(Q ™2, -N(Q*)S(=0)(Q™), ~N(Q™)C(=0XQ™), ~C(=OIN(Q ™), or ~N(Q™)C(=OIN(Q™);
20 each Q% is H, C, ¢-alkyl, phenyl or cycloalkyl, optionally substituted with one
or more Q*"; and
ecach Q**is independently Q* or Q%
(™ is halogen or hydroxy;
Q3fis Ci 4 alkyl, Cygalkoxy, C,¢ haloalkyl, phenyl, cycloalkyl,
25 heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q°%;
and
each Q% is independently halogen, hydroxy, Calkyl, Ci
hydroxyalkyl, Cy¢haloalkyl, or C, 4 alkoxy;
or a pharmaceutically acceptable salt thereof,
30

2. The compound of claim 1, wherein R is R',



10R'a is le or Ric; Rib is halogen, oxo, hydroxy, or -CN; RIO is -C(=0)0(e), -C(=0)(CH2)412.1,
-0(CH2)ale), -S(Rif), - S(0)2(10, or -S(=0) (WI),“C% -6 alkyl, C1-6 alkoxy, amino, amido, C1. 6
haloalkyl, phenyl, heteroaryl, cycloallcyl, heterocycloalkyl, 15cycloalkyloxy, or heterocycloalkyloxy
optionally substituted with one or more Rid; Rlii is H, halogen, hydroxy, C1.6 alkyl, amino, C1.6alkoxy,
or Cl.6haldalkyl;  The compound oRigiig ¥ wGdrbratkyt, G 1 BatkexyfeeytdnerGinghaloalkyl, phenyl,
20heteroaryl, cycloalkyl, or heterocycloalkyl; RI" is H, C1-6alkyl, C [-6haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; mis O, 1, or 2; and Q3 is as defgr]ed claizgn 125A cogppound according
to claim 1 of-formula [fibe cgpround péesiimronhierainB peRdemtily cTEEKky) héEnys Reteroaryl,
cycloalkyl, heteragyqtéalkyl, anieterocycloalkyl alkylene, optionally substituted with one or more R2d;
5R2d ig R2(lor R2d; R211 is halogen, oxo, or hydroxy; R2d is -N(R2)2, -C(=0)( R2), -C(=0)O( R2g), -
C(=0)N(R29)2, _N(R2)C(=)( R29), -S(=0)2(R29), - S(0)2 N(R2)2, C16 alkyl, C1.6alkoxy,
C1-6haloallzyl, 10phehyhetendarghriiemeiodepioxyf dyeiuddkdil, or heterocycloalkyl, optionally

substituted with one or more R2f; O ]
R
Q N
\[ x \
~
N
N H

I wherein
R’ is Cysalkyl, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionaily substituted with one or more R';
10 R is R orR';
R'"is halogen, oxo, hydroxy, or ~CN;
R'is ~C(=0)OR"), ~C(=0)(CH:)u(R"), ~O(CH)u(R"), ~S(R"), -
S(O)(R', or -S(=0) (R, C,alkyl, C,s alkoxy, amino, amido, C,.
¢ haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl,
15 cycloaltkyloxy, or heterocycloalkyloxy optionally substituted with
one or more R}d;
RMis H, halogen, hydroxy, Cyalkyl, amino, Cys alkoxy, or
C;ghaloalkyl;
R¥isH, Cy alkyl, Ci.salkoxy, cyano, Cishaloalkyl, phenyl,
20 heteroaryl, cycloalkyl, or heterocycloaikyl;
R'is H, Cisalkyl, Ci¢haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloaikyl;
mis0, 1, or2; and
Q" is as defined in claim 1.

25

6. A compound according to claim 1 of formula III:



each Rar is independently H, halogen, C1-6 alkyl, C1,6 alkoxy, C1.6haloalkyl; each R2g is
15independently H, C16 alkyl, C1.6 alkoxy, C1-6 haloalkyl, or phenyl; and Q3 is as defined in claim 1.
7. A compound according to claim 1 or 5, wherein"R1 is C16 alkyl, preferably tert- 20butyl. 8. A
compound according to any one of the claims 1 to 7, wherein Q3" is C16 alkyl, phenyl or cycloalkyl,
optionally substituted with one or more Q3d, wheyein QISd is as defined in claim 1. 25 9. A compound
according to claim 1 selected from the group consssiiagf,of:

2-(Cyclopentyl-methyl-amino)-5H-pyatalo $<b]pyL

2009/106443PCT/EP2009/051758 -63- N ﬁ
N17-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-benzamide; Cyclohexanecarboxylic acid
[7-(2,2-dimethyl-propiony1)-5H-pyrrolo[2,3-b]py#zin-2-y11- amigen
N-P-(2,2-Dimethyt-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yli-N-methyl-benzamide;

N47-(252-Dimethyl-propiony1)-5H;pyrrolo[2,3-h]pyrazjn-2-A-benzenesulfonamide;
N-7-(2,2-Dimethyl-propionyl)-5%‘%E)/%/Pé%@?‘%’i‘?@‘%‘])p3‘/’?{;‘?‘12%1 Eﬂ%ﬁﬁ%%?ﬁ%%ﬁ%@%ggﬁfonamide;
7-(2,2-Dimethyt-propiony1)-5H-pyresiefel@libyralriteec oy caribastyiicy i cimetiiy ambidioyted
7-(212-Dimethyl-propiony1)-5H-pyrelRl 2, 3:0dpyrazine-2-carboxylic acid isopropylamide; |
-(2-Acety|-5H-pyrrolo[2,3-b]pyrazin-?-yl);Z,Z-Qimét_;pyl-propan- 1-one; | -(2-Isobutyry1-5H-pyrro lo
[2.3-b]pyrazin-7-y1)-2,2-dimethyl-propaf-1:2ne” 2 2: Dimethyl- 1 -[2-(2-methyl-benzo y1)-5H-pyrro lo
[2,3 -b]pyrazin-7-yl] -propan- 1 -one; | -(2-Bernktydkskepyroadpor hydroxy;
[2,3-b]pyrazin-7-y0-2,_2-dimethy|-propan-1 ~ONe i N(R™),, —C(=0)( R’), __Cézol)o( R . |
7-(2,2-D|methyl-proplonyO-SH-pyrrolo[2,3-b]era2|ne-22-carpo>§ ic acid gye opentylamidc;
2,2-Dimethyl- 1 42-(pyridinc-4-carbonyl)-5H-py O ® 61y ZrCRIRppopSiTOERE). -
2,2-Dimethy1-142-(pyridinc-3-carborty1)-5H-pymelsi{R:8-b Ipyrazn; Cyllareepan; | hereidt(2-Cyclo
heptylo.xy-5 H-p yrro lo [2,3-b]pyrazin-7-y0-2,2-dimethyl-propan- 1 -one; 1 -(2-Cyc.to hexylo
xy-SH?Byrro lo [2,3-b]pyrazin-7-y1)-2,2-dimet é’flﬁ)}rﬂd%lg%f{ r?e%;ﬁt@(%ﬁ%)ﬁ%%%fﬁf@r%
[2,3-b]pyrazin-7-yl)-2,2-dimet hy 1-propan- 1-beferoby(RoakivbyopiBiHafymedsgtuted with one or
[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan- 1-ongg2p2:Dirnethyl- |
42-(2-morpholin-4-y1-2-oxo-ethoxy)-5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan- | - one; |
42-(1,2-Dimethyl-propoxy)-5H-pyn-o10[2,3-b]pyrazin=f- R‘%—ﬁ,?%ﬁﬁ%qw}yp%ﬁaﬁg%&ié; 1
-(2-1sobutoxy-5H-pym lo [2,3-b]pyrazin-7-y0-2,2-dimeltityl-Progamxyl ©OnépldARyD each R* is
-Benzyg-lH-[l,2,:_B]trlazol-4-y1)-5H-pyrroIo[2.3-b]pyr% 'Zﬁ}{él{ﬁr%‘,‘Hﬂ%@ﬂ,‘@{%&%k},'ﬁ?ﬁe; 1 -Cyclo
hexy1-347-(2,2-dimethyl-prop iony11-5H-pyrro to [2,3-b]p yrazinh-2-ylrurea,
1-Cyclohepty1-347-(2,2-dimethyi-propiony1)-5H-pyrfSIopsLipyiesyh-2Ipurea;
2,2-Dimethyf-k42 deneashyi-plhenyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1 -one; | -(2-sec-Buto
xy-5 H-pyrro Lo [2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan- 1-one; 2,2-Dimethy1-1
-(2-phenylamino-5H-pyrro IM2,3-b]pyrazin-7-yl)-propan-1 -one; 1-(2-Cyclopentylo xy-5H-pyrrolo
[2,3-b] pyraﬂnj_yo_z’g.g@mmﬁyﬂ.lgqagﬁgmg je@hem 1 or 5, wherein R'is C,.¢alkyl, preferably tert-

20 butyl.

8. A compound according to any one of the claims 1 to 7, wherein Q™ is Cy alkyl,

phenyl or cycloalkyl, optionally substituted with one or more Q, wherein *® is as defined in

claim 1,

25

9. A compound according to claim ! selected from the group consisting of:
2-(Cyclopentyl-methyl-amino}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
1-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-2,2-dimethyl-propan-1 -one;
1-(2-Cyclopentyloxy-5SH-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-i -one;



|. 42-(Cyclopentyl-methyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan- 1-one; - 64 -
2,2-Dimethy1-1-(2-phenoxy-5H-pyrrolo[2,3-b]pyrazin-7-y1)-propan-1-one; 2,2-Dimethy1-1-
{244-(4-mSKiYRIIPaPaFIA-1-ye-phenylamino]-5H-pyrrolo[2,3-13]pyrazin-7-yAA T EBHBADS AEs;
1-Cyclohexy1-347-(2,2-dimethyl-propiony1)-5H-pyrro lo [2,3-b]pyrazin-2-ylkurea;
1-Cyclohepty1-347-(2,2-dimethyl-propiony0-5H-pyttolo[2,3-b]pyrazin-2-ylkurea;

147-(2,2:Dj -propionyl1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-2,2-dimethyl-propan-1-one; and
142-(6-%71“&&?%@%%?&5@5 ifo -é'f%m%{gééﬁm%ﬁﬁﬁ@ﬁ%?gﬁiﬂ%thyI-propan-l-one. 10.
Use of tiigycoimpanachobeidindiidtie (hangiaetbve nbaiosdicmentbosthe Sisaiment ofjan

inflammatory disorder or a of an autoimmune disorder. 11. Compound according to any one of the
claims £8% or use in the treatment of an inflammatory disorder or of an autoimmune disorder. 10

N-[7-(2,2-Dimethyl-propionyD-5H-pyrrolo[2,3-bjpyrazin-2-yl]-N-methyl-benzamide:
N-{7-(2,2-Dimethyl-propionyl)- SH-pyrrolo[2,3-bjpyrazin-2-yl}-benzenesulfonamide;
N-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-bjpyrazin-2-yl}-N-methyl-
benzenesulfonamide;
7-(2,2-Dimethyl-propionyl)-5H-pyrrolo]2,3-b]pyrazine-2-carboxylic acid dimethyiamide; |
7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazine-2-carboxylic acid isopropylamide;
1-(2-Acetyl-5H-pyrrolo[2,3-bjpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Isobutyryl-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-dimethyl-propan- 1 -one;
2,2-Dimethyl-1-[2-(2-methyl-benzoyl)-5SH-pyrrolo[2,3-b|pyrazin-7-yl]-propan-1-one;
1-(2-Benzoyl-SH-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
7-(2,2-Dimethyl-propionyi)-5H-pyrrolo[2,3-b]pyrazine-2-carboxylic acid cyclopentylamide;
2,2-Dimethyl-1-[2-(pyridine-4-carbonyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-1-[2-{pyridine-3-carbonyl)-5H-pyrrolo[ 2,3-b]pyrazin-7-vl]-propan-1-one;
1-(2-Cycloheptyloxy-5SH-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1 -one;
1-(2-Cyclohexyloxy-5H-pyrrolo[2,3-bipyrazin-7-y)-2,2-dimethyl-propan-1-one;
1-(2-Isopropoxy-SH-pyrrolo{2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Ethoxy-5H-pyrrolo{2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyi-1-[2-(2-morpholin-4-yl-2-oxo0-ethoxy)-5H-pyrrolo[ 2,3-bpyrazin-7-yl]-propan-1 -
one;
1-[2-(1,2-Dimethyl-propoxy)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-(2-Isobutoxy-SH-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyi-propan-1 -one;
I-[2-(1-Benzyl-1H-[1,2,3]triazol-4-yl)-SH-pyrrolof2,3-b]pyrazin-7-yi]-2,2~-dimethyl-propan-1 -
one;
1-Cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-urea;
1-Cycloheptyl-3-[7-(2,2-dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-urea;
2,2-Dimethyl-1-[2-(methyl-phenyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
1-(2-sec-Butoxy-SH-pyrrolo[2,3-b]pyrazin-7-y])-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-phenylamino-5H-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one;
1-(2-Cyclopentyloxy-5SH-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan- -one;
1-{2-(Cyclopentyl-methyi-amino)-5SH-pyrrolo[2,3-bpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
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2,2-Dimethyl-1~2-phenoxy-5H-pyrrolo{2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-{2-{4-(4-methyl-piperazin-1-y])-phenylamino]-5H-pyrrolo[2,3-blpyrazin-7-yl } -propan-
1-one;

1-Cyclohexyl-3-{7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi]-urea;
1-Cycloheptyl-3-{7-(2,2-dimethyl-propionyl}-SH-pyrrolo[2,3-blpyrazin-2-vI]-urea;
1-{7-(2.2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-2,2-dimethyl-propan-1-one; and
1-{2-(6-Methoxy-pyridin-2-ylamino)-5SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one.

10, Use of the compound of claim lin the manufacture of a medicament for the
treatment of an inflammatory disorder or a of an autoimmune disorder.

11, Compound according to any one of the claims 1 to 9 for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.



