WO 2009/106444PCT/EP2009/051759 PYRROLOPYRAZINE KINASE INHIBITORS The present
invention relates to the use of novel pyrrolopyrazine derivatives which are JAK and SYK inhibitors and

selectively%%%?gjw@%nd are useful for the treatment of auto-immune aﬁgm(ﬁ‘(gfé??diseases.

Protein kinases constitute one of the largest families of human enzymes and regulate many different
signaling processes by adding phosphate groups to proteins; particularly tyrosine kinases
phosphorylate proteins on the alcohol moiety of tyrosine residues. The tyrosine kinase family includes
members that control cell growth, migration, and differentiation. Abnormal kinase activity has been
implicated in a variety of human diseases including cancers, autoimmune and inflammatory diseases.
Since protein kinases are among the key regulators of cell signaling they provide a means to modulate
cellular function with small Wﬁ&tﬁmﬂ*ﬁﬁéﬁﬁ%%mmake good drug design
targets. In addition to treatment of kinasemediated disease processes, seléctive and efficacious
inhibitorEhefikisrastinvtivityrard aatsdautefubéar invesitigationmiresthsidpraliny prodess escaddidedtification
of otherssefulaiaaR el deiapeniic inierest The RS LMs pseslAIe 2 fanihngl avlopjasmic
protein tyrosine kinases including JAK1, J N an . Each ot the JARS s preterentially

associatedamitmethey iitrerspoplasmic portion of discrete cytokine receptors (Annu. Rev. Immunol. 16
(1998), pp. 293-322). The JAKs are activated following ligand binding and initiate signaling by
phosphgr }atin .cytokine receptors that, per se,.are devoid of intrinsic kinase activity. This

' phosphg%é & |o%%€}rlseeast8% 3%@%8%@%%%&)%%6?%%%%%% ?glgl othar r%né%gﬁ?ea%}igﬁa I ESTE R T proteins
(signal wdfsducepiant activaters of sdhisgnbbem)andithe phoppheindaediddikdvhindsiatious STAT
proteins,.STAT proteins, or STAT.s, are DNA hinding.proteins activated b ‘plglos horylation of tyrosine
e TR e st R S S S

specific iy sequéacesphese niin dive ptenibieesvdf, extgkiner espodisive genes (Léovand et al.,

(2000), gméélgrg%{v(%hi[salr{;@ﬂqol. %gzg:e 7'7'a8§8€£e qu 2 1%%%%%%&:4'?%-1” P2009/051759 rheumatoid
arthritis, amyotrop ic Tateral sclerosis and mu |pJf s‘cfleross, A5 Wel B8 T 981 A Shematologic

malignandissisusts asdesRemisating HisephentascinssithkidANG suandrSTARS hee camipanents of
multiple potentially intertwined, signaltransduction pat S.(Oncogene 19 (200 ..5662-5679),
hich i L e R R e R DR S s eadde R el withour
interferinglantizcotbevisjgmel thansoalctiguodathwaiesigherdals. kinaklspine udingnd &l CG3cianseabundantly
expressed ip prman eulernic.cells om children il acyie lrmehoblastic leukemia. e most
common form of chiidiao cancer, and studies have correlate TATHEVSHSHICEHEIN &S with
signals fegulatimgapoptdsis [ 10etEnmpdivatad. afd 996 Meti@ellf Bialr A4t Gfcdudander et al.,
(1997), gslé%%gl U%S%A éI%S%Z Kaneko et al., (1997), Clin. Exp. Immun 109.185-193; andNakamura et
, 0

al.,(199 em. 271: 19483-8). They are also Icnown to be important to lymphocyte
differentiation, function and survival. JAIC3 in particular plays an essential role in the function of

lymphoGiites Aia cfaphadgasasnil anostoells. Givengheriipadasiceyod dhis KiAkddnaged @rapgunds
which 1 d the athway, inclugjng those selectiye for JAKI, can be useful for treating
diseasei%rgacfobjn | |o%%dv%/ﬁ§§g'thgéa Eﬁ%ﬁgﬁ g‘é%ﬁ%ﬁ%%@f&?? \Q’C?S?ﬂ‘féaé%%% PO B ed
(Kudlacgeetiah o200} e nytdkiransplaot ABAxa7 Rahangelian. (@OORPSEipNCE30228Y 51323 K
Conditions in whic eting of the JAK pathway or modulation of the JAK kinases, particularly JAIC3,
are confermpia élgzﬁg@ég%ﬁlél Eé%ﬁﬁ@%@%ﬂ%ﬁﬁgg ,%%ﬁ@%iﬂ?ﬁ%ﬁ%ﬁ%&@ﬁ%%ﬂ%t rejection
(e.g., pancrpassishet, iransplant tejedtiar, honsimairaw andplamiapplicgiionslfea catafisversus-host
disease), autoimmune diseases (e.d., diabetes), and inflammati .g., asthma, allergic, reactions).
Cont O o e R DI B SRS W et h /el LA R Moy ever, i
contrasttd theivelativelyrabsarifttus )expréssion @il A KR Iantidd k2 idAsSBraas pbtaimmore restricted
and reggjﬁﬁeldp%( eremg,stl)?%ﬂ s,r oy Bﬁ'ﬂ%&%&% J&é&é gé&%te@ig %}k%gpﬁg%qation of tyrosine

residues, and function both as signaling molecules and transcription factors and ultimately bind

to specific DNA sequences present in the promoters of cytokine-responsive genes (Leonard et

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

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

such as allergies, asthma, autoimmune diseases such as transplant (allograft) rejection,



by a variety of eytokine receptors, JAIC3 is used only by cytokines that contain a yc in their receptor.
JAKS, ther I role in cytokine signaling for cytokines which receptor was shaown to date to

! oA O'€ IN CY gnaling for cy 2
use the cog{ﬁgn g/gmma chain; IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21. JAK %r?’i’eﬁ%%‘{%%‘&%?%mong
others, the receptors for cytokines IL-2, IL-4, IL-7, |l>9 and IL-21, while 30 JAIC2 interacts with, among
others, the receptors for IL-9 and TNF-alpha. Upon the binding of certain cytokines to their receptors

(€.9., ILBelnroi-dothends, bk RBhIL B bhal SERRIRNS YHR AORRL Qe 4R CTIERZ0Q/0R], 759, 53-

oligomerization occurs, resulting in the cytoplasmic tails of associated JAIC kinases being brought into
proximityCaRHrRE i IadRIphesHbARt sAdohRIsIMEYesidues on the JAK kinase. This
trans-phosphorylation results in the activation of the JAK kinase. Animal studies have suggested that

JAKS nofipiRaus ifieat Kale JR B I MTRRARXIR R MAMAYON. PULRLIQL s constitutively

required to maintain T cell function. Modulation of immune activity through this hovel mechanism can
prove useftiducting pestrrst GTagshpiRifebatvendistitRrsSiichvdgdhandpieat tbjedtiGaudiych
autojmmyns gliseases in paticulan JAIG bas Reer inlisated in, Avarist. of biplogigal processes.
For exarri)ﬂple, the%r%%eéragon and sﬁr\/ival of murine ma%t ce‘ﬁ%r@ﬁ%@i %}geﬁ?fi&a%qﬂ@é%%rve been
shown tBigELgageBER9anMasRvENK. 3- and gamma chain-signaling (Suzuki et al., (2000), Blood
96:2172-2180). JAK3 also plays a crucial role in IgE receptor-mediated mast cell degranulation
respon (M%@ ' al, . Blachem, Bi s..Res. Cammun, 257:807-813), inhibition of
JAIC3 Iiﬁﬁacse ag%gsegr%’s} %I\glv]tr?u?g )'g)?gﬁntr?y‘f)bél ?%Qy%)f rSSRsT |§/?%IP & |§%??H%Fl?a%%§)“é%g€)%r§laxis
(Malaviyduiddrah, Wi 9@)td IBigihcherne X1kamd28:2 7888 adikdifihitité ik adelockesn, shdwn 15 to
result in jm uppressionfor, allograft.rejection (Kirken, (2001), Transpl. Proc. 33:3268- 3270).
JAK3 kiﬁltf}tlsf{é};4 %%gfé %?g% %Sfeeg:lsfi?npb igéqtle%fﬁir?%ﬁg Crﬁe%%a%TanWgﬁ%\goﬁ%ﬁﬁ%ﬁ%%iﬂ?%nr%a %ﬁgt%%gges of
rheUmatdidraetrritist MIL(EICadMet. éi<dl. RROOD); AT 1pnin lnmdarki4 3894 (3907), Biwaitiak ouiytirsinhic
lateral s is.(Trie ok jochem Biophys, Res. Commun, 267:2 g%‘ié(il emia (Sudbeck
et al., (1%%% J&ﬁ%ﬂcgﬁcbeﬁl?éég?%ggf 1 énZ)%%ngﬁcg)gssiL‘%O%%% es'g ?g'?riﬁé) - ’e(ﬁ y}r'(r)]}phoma
(NielserCaeal. (A0 9P Br&e. Natt. sdcabioSoiowiSh Bd i8784t6760 lyandabnodifidesatigionyth (Yu et al.,
(2997), 4. Immunol. 159:520 -,5%10' Catlett-Falcone et al., (1999), Immunity 10:105-115). JA1C3
inhibitorﬁué%%%ae%ﬁt grlff)ay gs m#ﬁ r?ééﬁ“é%’? SV %S%Sr?%&f%arcc?r&ggﬁ%aﬁ?é%%s&?&r@ acr)(%%ql’antation,
lupus, mudipiesdesosid, mhetpetoidizcthtitisinysotiasis of yiie | diakates. andnpbwrainplidatkions from
diabete S opic dejmatitis,.autoimmune thyroid. disorders, ative colitis, Crohn's
it ase R S AL adih would be
desirabléispises e eratdpoietiv exertssfonc 63N 3 nashatsodhesraepbaed, aithaugtethdfunctioadl
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Conditions in which targeting of the JAK pathway or modulation of the JAK kinases,

particularly JAK3, 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 discases (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, in contrast to the relatively ubiquitous expression of JAK1, JAK2 and Tyk2, JAK3 has
25 a more 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; 1L-2, IL-4, IL-7, IL-9, 1L-15 and TL-21. JAK!
mnteracts with, among others, the receptors for cytokines 1L-2, IL-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., IL-2, IL-4, IL-7, IL-9, 1L-15 and 1L-21), receptor



WO 2009/106444PCT/EP2009/051759 -4- unlikely that JAIC3 has essential non-redundant functions
in other tis AR Hence, in contrast with other targets of immunosuppressive drugs, the
restricted distribution ofJAK3 is appealing. Agents that act on molecular tat% W%@?ﬂ?@ sion limited
to the immune system might Lead to an optimal effigacy:toxicity ratio. Targeting JAK3 would, therefore,
theoretically 5 offer immune suppression where it is needed (i.e. on cells actively participating in

immunegiespeBsesioviheuts esuitingithany sfissisAHisids ofFthese.sell pRRuUAtaNS 1Alfhough

defective immune responses have heen described in various STAT-v- strains (1. Investig. Med. 44
(1996), PEUSHYIER Proximito pid eeiiBingdhe bomy: nhe splaadagynnEtmsisinroasdissrisuliod AKSTATS
and the mg@ammmgq{@ 6sviaakeRaumaticRCtvitydhat 6puld begarggied with 10 small-molecule
inhibitors has contributed to their non-selection as key targets for immunosuppression. SYK (Spleen
Tyrosine ICinase) is a non-receptor tyrosine kinase that is essential for B-cell activation through BCR
signalind 1%l Hadémbaze sragsaehBrblAdAges pHosphoryartcBCRandR s Ritiatesdhgearly
signking yepisifallowing. BGR astivation, Mice defigientin. ibjt,an early,block in Bcel
development (Cliheng et al. Nature 378:3%3,%%Sg%%%¢£%ﬁaﬁﬁégi§%%§é}' I%% q.aFﬁléroef?ore

in hibitio%ﬂ@ﬁ@@ﬁﬂ%hﬁ%&ﬁhﬂﬁﬁ@@ﬂ?@%ﬁ@ﬁm@\@ tedherthforaitommimiiedisease
through ko ieets.oma RN BpGeR Lo addlian (p Rle gl XK n BCR signaling and
B-cell activation, it also plays a key role in FcaF}eI mediated mast cell degranulation and eosinophil
activation. Thus, SYK is implicated in 20 allergic disorders including asthma (reviewed in Wong et al.
Expert OpippitrrdstidAvadesi3:72 8n200atedSy K iridy wf thie lppiospharnytated Hammarghairhof FeaR1
via its SH2+ ins j ' r am,si ling, (Tayl tal. Mal. Cell. Biol, 15:4149,
T595). S L SR AT AR beokine
sediétiofcCadestiol AK Drodgenant3: 59513808k Thiswise has(beed) shiwd fer JiTarTiaologic
agents 33 that jghibit OV t cells.(Yamamoto et al. J Pharmacol Exp Ther 306:1174,
2003). Treatm.eﬁ?g?it g%%%%%%@é%#%@%%n e%@ﬁé?ﬁ%%cr?élg%%ri% ?,l%% TR NS of
eosinopfiikiatity heudtothMeSh BiverimaBmphigl. dtcas brmar(Stehiors 67 41 3)) mrduniobias: 1928, 2002).

SYK defjgigntie0si ils al i I ctivation in response to EGER stimulatio :

Lach T b L R SRR SR AL BRSO W55 be
useful faMeéitivept df. 4189GY-hdick Cinftardaio828i886385 Indiidinbibisiturias YO been shown
2009/1 15R20 %ﬁg;{ -5z 10 i f the num s conditions.that arg contemplated to
beggfitott)?ﬁ%glg%ant inV(()%Oi ' n%%g% af{?énr?ytl)(%t%agt jt ﬁc}}ﬁﬁﬁkﬁ éﬁ?}% E;%%@ayéﬁ?%gﬁmfﬁ&d? té% pparent
that new zﬁ?ﬁrpbﬂﬁ@iéii!l?@m@mlﬁﬁ@ basa é}ﬂdl@‘d&@lﬁlphmmﬁa% inetfoets iofaaﬁipgridi]%;e o
compo > [ n ide variety of pati Provide
herein Zér?e%g\l}gg 513% %&%ﬁ‘gﬁg‘?ﬁg erlggﬁ\f/‘es %Itr %gg irﬁ%aedge?a‘t(#%nrﬁngpgo%‘ itil’gc?%égi%@\)nich targeting
of the JARdird onBtpacHaress sléndribitidniof 3K, (REVICHindses Riaptigsdtbyg JAEnand are
therapeyj / f j ne-and inflammatory diseases. The novel
pyrrolopggrzg%/e}?g El%!{al%?\%%%érﬁ% %{e%é’ui(tfs%gﬁg%?y %ﬁ%ﬁnﬁ&k 'gr%%%g %Ss?éf&VFSP the treatment of
autlimfogeidesd diftammdtosldisenbesa Theatsmpbeinds B th@iaveNtionsnat BateliBa JAK 10
and/or i , f opyrazi rivatives far the t nt of
o e A e o DSLINES bbbt JAKS. For
exampl&ahitchrsaant slof 78 Iwlermmionitnd P iHibIt JAK3 and SYK, wherein preferred compounds

are selective for JAK3 of the JAK kinases and are useful novel pyrrolopyrazine derivatives for the
treatmeﬁqégfi%%iﬂ&ng%g anﬁlﬂir,gﬁammator diseases. Furthermaore, the compounds of the invention
It

, Use €rapy as Imnmunosuppr Z
may inhi AR A d Py ppressive agents for organ transplants, xeno
transplantation, lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes and
25 complications from diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid disorders,
ulcerative colitis, Crohn's disease, Alzheimer's disease, Leukemia and other indications where

immunosuppression would be desirable.

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



15 JAK2, wherein preferred compounds are selective for JAK3 of the JAK kinases, and are useful

novel pyrr %%iﬂ}(; 49 rivatives for the treatment of auto-immune and inf i jseases.
Similarly, %;g@compoﬁn(?s of the invention may inhibit JAK3 and JAK1, Whe%%§@§§¥%57%ompounds

are selective for JAK3 of the JAK kinases, and are.yseful novel pyrrolopyrazine derivatives for the
treatment of auto-immune and inflammatory diseases. 20 The application provides a compound of

Formulaghiwiigreis R is RhsR%cR%IAR 4R hisavvanalbvl 10 WaLAIENY: Phehbensy heteroaryl,

cycloalkyl, heterocycloalkyl, or cycloalkylalicyl, optionally substituted with one or more Ria; 25Rla is
RiborRiEO BB HEI OGSt VSRS UE R R S eSO To (s i lef =B HOHBNRISAEF GH2). (Rie),

-S(Ri 5,5 S4B RISy Qs Bt QA B 2ad QBT AlKYbIQWEL KB R BRA AT I W nune system
2009/106444PCT/EP2009/051759 -6- lower haloalkyl, phenigl, hgteroaryl, cycloalkyl, héterocycloalkyl,

cycloalkigRy e ejash sy ptohan i BerastEs reogidridia e, theoretically Rid
is Hs halgaenmieioxypionsio alfeRMiROnlower @l&soa&ycaqéiew&a{rem%ﬁ%s&%@ it iHhmiguer alkyl,

lower alkoxy, cyano, lower haloallcyt, phenyl, heteroaryl, cycloaticyl, or heterocycloalkyl; Rif is H, lower

alkyl, lofFEPISSARYDSH &R s dicary e aniicat ibesrse) breamiAtiatmAd murhgicfeqivds
N(R29)Zinmune responses have been described in various STAT™ strains (/. Investig. Med. 44 (1996),

pp. 304-311; Curr. Opin. Cell Biol. 9 (1997), pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic activity that could be targeted with
10 small-molecule inhibitors has coniributed to their non-selection as key targets for

IMMunosSuppression.

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 phosphorvated BCR
and thus mitiates the early signiing events following BCR activation. Mice deficient in SYK

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

treatment for autoimmune disease through its effects on autoantibody production.

In addition to the role of SYK in BCR signaling and B-cell activation, it also plays a key role in
FceRI mediated mast cell degranulation and eosinophil activation, Thus, SYK is implicated in
20 allergic disorders including asthma (reviewed in Wong et al. Expert Opin Investig Drugs 13:743,
2004). SYK binds to the phosphorylated gamma chain of FceRI 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
cosinophils and neutrophils in an animal model of asthma (Stenton et al. J Immunol 169:1028,
2002). SYK deficient eosinophils also show impaired activation in response to FegR stimulation
(Lach-Trifilieffe et al. Blood 96:2506, 2000). Therefore, small molecule inhibitors of SYK will

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



each R2' is independently H or R2b; each R2b is independently lower alkyl, phenyl, heteroaryL,

cycloalkyl, kyl, or heterocycloalkyl alkylene, optionally substituted with 150ne or more
R2g; R2. is&lg}tz(icj}g%gkgeg:iRZd is halogen, oxo, or hydroxy; R2g is -N(R2)2, ?5@85’6%%’37}?&:0)0(
R2g), - C(=0)N(R29)2, -N(R2)C(=0)( R2g), -S(=0)2(R2g), -S(0)2 N(R2g) 2, lower alkyl, lower alkoxy,
lower haloalkyl, phenyl, hetero aryl, heteroaryloxy, cycloalicyl, or heterocycloalkyl, optionally

substitufed;with, PR ALMAREARGRSH BAL dninderapdantyhdaioagn. lowssalkl, jower alkoxy,

lower haloallcyl; 25each R2g is independently H, lower alkyl, lower alicoxy, Lower haloalkyl, or phenyl,

R3 is -CTo0RnrRs thed fkvarding b YowestBIkexy it phanyIcaiaeiR 3 areah i RBIY isompepedtently H or
lower alik 30RAMIS HRARNE IV R PaRRys inRARISJIOWGF L@lﬂx‘fg RO By RENAN S IR g]ﬁ‘g?@ékyl"

cycloalkyl, heterocycloalkyl, heteroaryl, optionally substituted with one or more R4c; R4"| ogen,

“ C - - - -
hydroxﬁ‘ﬂwléil{gﬁrl%ﬁﬁéﬁ%ﬁﬁilﬁﬁgfrﬁ%% e alksxy  Qatieng 4Broidad hemusas Foty/droxy, cyano, or
halo.‘ge’])yrrolopwazme derivatives for use in the treatment of conditions in which targeting of the JAK

and/or SYK pathways or inhibition of JAK or SYK kinases, particularly JAK3, and are

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

The novel pyrrolopyrazine derivatives provided herein selectively inhibit JAK3 and are usefal for the
treatment of auto-immune and inflammatory diseases. The compounds of the invention modulate the JAK
10 and/or SYK pathways and are useful novel pyrrolopyrazine derivatives for the treatment of auto-immune
and inflammatory discases, wherein preferred compounds selectively inhibit JAK3, For example, the
compounds of the invention may inhibit JAK3 and SYK, wherein preferred compounds are selective for
TAK3 of the JAK kinases and are useful novel pyrrolopyrazine derivatives for the treatment of auto-
immune and imflammatory diseases. Furthermore, the compounds of the invention may inhibit JAK3 and
15 JAK2, wherein preferred compounds are selective for JAK3 of the JAK kinases, and are usefial novel
pyrrolopyrazine derivatives for the treatment of auto-immune and inflammatory discases. Similarly, the
compounds of the invention may inhibit JAK3 and JAK, wherein preferred compounds are selective for
JAK3 of the JAK kinases, and are useful novel pyrrolopyrazine derivatives for the treatment of auto-

mmmune and inflammatory discases.

20 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,
or cycloalkylalkyl, optionally substituted with one or more R'®;
25 R'™is R orR;

R™is halogen, oxo, hydroxy, or ~CN;
R 15 ~C(=0)O(R™), ~C(=0)(CHa)u(R'), ~O(CH)m(R"®), ~SR™), -
S(OR(R), or ~8(=0) (R, lower alkyl, lower alkoxy, amino, amide,



Q411 is lower alkyl, lower alkenyl, lower allcynyl, lower hydroxyalkyl, amino, or lower haloalkyl,
optionally I with one or more Q4'; Q46 isor Q4e; each Q4d is independently haloged, -
hydroxy, o%@?ﬁgb;tﬁeggé#Q% is independenly lower alkyl, lower haloallcyl,?ﬁ@ﬂf?gy%?,lmino,
cycloalkyl, phenyl, heterocycloalkyl, or heteroaryl, ggtionally substituted with one or more Q4f; each
Q4f is independently hydroxy, halogen, lower alkyl, lower alkenyl, oxo, lower haloalkyl,

lower alkoxy, lower hydroxyaykarasmiRe;, Witk thenuavisahat when R ggtgefgtﬁ JeEQ(R4a), R4ais H,

and Q4 is Q4E, then Q4a is not H; or a pharmaceutically acceptable salt thereof. In onhe aspect, there
is provided a compound of Foif@kyloNweksRe s RRIRNO R 3 tiopedly subRitigad)wélatlopl 0Ci,.6
alkoxy, phenyl, 1)=.71, heterﬁgfleeyeloalkyl, heterocycloalkyl, or cycloalkylalkyl, optionally substituted
with one or more Rh; Rh is Rib orRig; Rib is halogemoxo, hydroxyl, or --CN; RI'is -C(=0)0(1e),
--Cei=0)(CE12).(RI), --0(CH2).(R-1B, -8Rt lo &0)2yrrpsyolo @)kt agidcalky cCadiiksxyoramino,
RiniglO, haloallcyl, phenyl, heteroarmlwgyrﬁg;gmylheterocycloalkyI, cycloallcyloxy, or
heteiocycloalkyloxy optionally substituted with one or more Rid; Rid is H, halogen, hydroxyl, C1.6 alkyl,
animo, C1..6 alkoxy, or Ci4 -7a- R Ridislewerik sikdpwenatanzoxyansydawneClab tlikidatogivphenyl,

heteroaryl, cycloalkyl, or heterocyc%ggryh c%&ﬂ(gﬁ,'ﬁr Q&Q&wba%ﬂaloalkyl, phenyl, heterowl,

cycloalkyl, or heterocycloalkyl, .
R™ is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,

cycloalkyl, or heterocycloalkyl;
10 misQ, 1,or2;
R? is N(R™).;
each R* is independently H or R*®;
each R* is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with
one or more R
R* is R*¥or R™;
R*is halogen, oxo, or hydroxy; '
R* is ~N(R?®),, ~C(=0)( R*¥), —C(=0)O( R*), -
C(=0)N(R*®)z, -NR™#)C(=0)( R*), -S(=0)(R), ~S(0)
20 N(R*8),, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyi, or heterocycloalkyl,
optionally substituted with one or more R*}
each R™ is independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkyl;
25 each R is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyt:
R? is ~C(=0)R™,
R* is lower alkyl, lower alkoxy, phenyl, or N(R*™);;
each R is independently H or lower alkyl;
30 R is —O(R*);
R*is H or R*,



mis 0, 1, or 2; R2 is N(R2a)2; each R2a is independently H or " eachR2bis independently Ci.6
alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or heterocycloalkyl a licylene, optionally

substituted with one or more R2'; R2' is Rad or R2'; R2d is halogen, oxo, or hydroxy;

els -N(R2g)2,

-C(=0)( Rag), -C(=0)0( R2g), - C(=0)N(R22)2,TN(R2¢)YC(=0)( Rh), -S(=0)2(R2g), -3(0)2 N(R2g)2, 01.6
alkyl, C alkoxy, C1.6 haloalkyl, phenyl, heteroaryl, heteroaryloxy, cycloallcyl, or heterocycloalkyl,

optionally substituted with one or Foré R¥fr 3&Yleabﬂrﬁﬁﬁmemw¢mbfaﬁtymad9ggan@

-6 alkyl,

CI-6 alkoxy, Cl4 haloallcyl; e%%%%g%gg égg}/ygﬁé&;}%g&k%%ﬁ%%% fg:\glkO}( , C1.6 haloallcyl,
i nyf, _

or phenyl; R3 is -C(=0)R3a; R3b is et .6 alkyl, alkoxy,

3B 5 more

independently H or 01.6 alkyl; R4'}?SCQO(R4a); R44 is H or R4b; R4b is C1.6 alkyl, phenyl, benzyl,
C1-6 haloallcyl, cycloalkY], heterocycloak@bl@ﬁé@gg@gl{t}fggionaI subigt,uted with one or more

R44 is hAloken, hydroxy, C1.6 alkyl, Ci.6 haloalkyF or'C14, AfkoXy" O

Qi bsaligd: s halogen;

~ yis Ca..6 alkyl, C1,6 alkenyl, 01.6 alkynyd~&m6aligairoxyalkyl, amino, or C1.6 haloalkyl, optionally
substitu(@ﬁiy@lﬁa@@@&;more Q47; gic is Q4/1 or Q4e; each Q4(1 is independently halogen, hydroxy, or

cyano; da -
Q™ is H, hydroxy, cyzno, or halogen;

ab . '
Q™ is lower alkyl, lower alkenyl, lower alkynyl, lower hydroxyalkyl, amino, or lower .

haloalkyl, optionally substituted with one or more Q%
Q4C 15 Q4d or Q4e;
each Q% is mdependently halogen hydroxy, or cyano;

each Q% is independenly lower alkyl, lower haloalkyl, Jower alkoxy, amino

cycioalkyl, phenyl, heterocycloalkcyl, or heterg aryl, optionally substituted with

one or more Q*: '

4. '
each Q™1s independently hydroxy, halogen, lower alkyl, lower allkcenyl

oxo, lower haloalkyl, lower alkoxy, lower hydroxyalkyl or amino;

with the proviso that when R is R, R*is —O(R™), R* is H, and Q
or a pharmaceutically acceptable salt thereof

In one aspect, there is provided a compound of Formula I’

I!

| wherein:
RisR!, R%L R or RY,

1 :
R is Cy alkyl, Cy alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyi,

or eycloalkylalkyl, optionally substituted with one or more R
R”is R™®orR'
R is halogen,oxo, hydroxyl, or -CN;

R¥*is ~C(=0)OR"), ~C(=0)(CHy)(R'S), ~O(CH,)L R, —SRM); ~

S(ORRY), or ~8(=0) R, Cy.¢ alkyl, C,.¢ alkoxy, amino, amido, C,

hajoalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or

heterocycioalkyloxy optionally substituted with one or more R4

el

4. .
is Q%, then Q* is not H;

14 .
R*is H, halogen, hydroxyl, C.4alkyl, animo, C;. alkoxy,

ar C;.ﬁ haloa}kyl,



each Q4e is independenly CI.6 alkyl, C1-6 haloalkyl, C1.6 alkoxy, amino, cycloalkyl, phenyl,
heterocycloalkyl, or heteroaryl, optionally substituté@with one or more Q4r., each Q4fis
independently hydroxy, halogen ClI 6 alkyl, 01.6 allcenyl, oxo, 01.6 haloallcyl, 01..6 nlkoxy, C1.6
hydroxyalicyl 02 amino; with the provisoittas Hittee #ig, C24aRekiscyB{R4€,.) HRdalidl, and Q4 is Q4a,
then Q4a is not H;is or a pharmag&égggg&ggggggpigﬁﬁﬂ thereqs. 29, lpane embodiment of Formula |,

R is R. In'one variation of the above embadiment, R is [ower alkyl” In one variation of the above

embodiment of Formula the lower alkyl i§tésrgbﬁtﬁﬁliﬂ’laﬁb?ﬁ@IP%’Vilaﬂ}ﬂﬁ%f}iﬁ@%?ﬁﬂve embodiment of
Formula I, R1 is--CHC(CH3)3. In ardthierlyariztiorrpflthésabove embodiment of ormula I, R1 is
iso-butyl. 25 In another variation of the abgveiegabodiment of Formula I, R1 is iso-propyl. In one
embodiment of Forn#qlg kdjf?z; is cycloalkyl. In one embodiment of Formula I, R' is heterocycloallcyl. In
one embodiment of Formufa ?3’E.' is benzyl. WO 2009/106444 -8- In one embodiment of Formula |, R1
is phenyl. In one embodimest:d¥ Heirderepfierdiidep R one embodiment of Formula I, R is R2 andR2 is
NH(R2a). PCT/EP2009/ 051759 each R” is independently Cy.¢ alkyl, phenyl, heteroaryl, eycloalkyl,

heterocycloalkyl, or heterocycloalicyl alkylens, optionally substitutzd with
one or more R*% A '
. R¥isR¥or R .
R*is halogen, oxo, or hydroxy;
R is —N(R*8),, ~C(=0)( R*8), -C(=0)O( R’8), -
CE=OINR ™), ~NR#HCEO) R™), ~S(=0nR™), ~5(0)
N(R*¥),, Ci¢ alkyl, C, ¢ alkoxy, C,. haloalkyl, phenyl,
beteroaryl, heteroaryloxy, cyvcloalkyl, or heterocycloalkyl, .
optionally substifuted with one or more R,
each R* is independently H, haloger, Ci.
allyl, C,. alkoxy, C, ¢ haloaliyl;
each R? is independently H, Cy¢ alkyl, Crus
alkoxy, C;. haloalkyl, or phenvi;
R is —C(=OMR™, .
R¥ is C, 4 alkyl, C¢ alkoxy, phenyl, or N(R™);
‘ each R is independently H or C, alkyl;
Ris-O®™;
| - R®isHorR®; _
R* is Cy alicyl, phenyl, benzyl, C;. haloalkyl, cycloalkyl,
heteroeyeloallkyl, heteroaryl, optionally substitated with one or more
R*; .
R* s halogen, hydroxy, C.¢ alkyl, Cy.s haloalkyl, or
Cy.6 alkozy;
Q*is Q" or Q%
™ is halogen; . ‘
Q™ is C.4 alkyl, C. alkenyl, Cy alkynyl, C,. hydroxyalkyl, amino, or C,.
haloalkyl, optionally substitut=d with one or more Q*, ’
Q*is Q¥or Q™
each Q* is independently halogen, hydroxy, or cyano;



In one em dime of Formula 1, R is R2, R2 is NH(R2a) and R2a is R2b. 5 In one embodiment of
Foimula |, R is R2, R2 is NH(R2a) and R2a is+#§2b, and RTh is lower alkyl. In one embodiment of
Formula I, R is R2, R2.is NH(R25 and R2a is R2b, and R2b is isopropyl. In one embodiment of
Formula |, Ris R2, R2 is NE&(:RQE‘\anddEizhﬂsﬂE%iﬁ;@MyRZbﬁiBahﬁlﬁrDQ&Idaﬂwl.akﬂime embodiment of
rormua b Ris k2. ReiailiGiem and.RaadnReh. A 0zh 5 Yol ge gipodment o
Formula I, R is R2, R2 is NFI(R25 and RZa is R2b, and RZb'is heterocycloalkyl 10 alkylene. In one
embodiment of Formula |, R is R2, R2 is NEI(RZainé’FFOQQ?ZZ is R2b, and R2b is pyrrolidine. In one
embodiment of Formula |, R is R2cRQ s MidihRagytntyRaey iRk, ahd 820 & pylietidinyl methylene.

In certain embodiments ofof}giragg%zho%g ] J?]ea(ﬁo@p@.gw@&%g@&r%ggciﬁcally of foimula Il

- 15llwherein Rl is lower alkyl, lower alkoxy, phenyl, benzyl heterogryl,“cycl’oalgyl, heterocycloalkyl, or
cycloalkylalkyﬂ’lg’ﬁhfa?fﬁwes%ﬁs‘f‘ﬁfﬁ’i‘éﬁ%h ri%_‘@ﬁ?né’rg Rﬁ?Raﬁ*qézR‘i'b%r’ Bft Ribig%&ogen, oxo,
-hydroxy, or -GiNg p@miizisi=Qif—=R)epRH) s (=G:8)(CH2),(Riel, -0(CH2)41{1e), -Sall), - S(0)2(1115, or
-S(----0) (Rif), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy optionally substituted with one or more Rid; Rid
is H, halogen, hydroxy, lower ailcyl, amino, lpwer alkoxy, or lower haloalkyl; Rie is H, lower alkyl, lower
all%}ky, I@y%%?%‘@?&#ﬁ%ﬁﬁ@ﬂ’?ﬁ%ﬁ%éstgfoaryl, cycloalkyl, or heterocycloalkyl; Rif is H, lower alkyl,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloallcyl; mis 0, 1, or 2; and Q4 is as defined

herein. {p another aspeetnihais s %@ﬂ%ﬁt?ﬁ%%‘&%a@%ﬁﬁned above of formula II:

In one variation of the above embodimeﬁt of Formula I, the lower alky! is zerz-butyl.
In another variation of the ébove embodiment of Formula I, R is ~CHC(CH; ).
In another variation of the above embodiment of Formula I, R' is iso-butyl.
25 In another variation of the above embodiment of Formuls T, R is iso-propyl.
In one embodiment of Formula I, R’ is cycioalkyl.
In one embodiment of Formuia I, R' is beterocycloalkyl,

in one embodiment of Formula I, R’ is benzyl



0 Jlwherein 12.1 is C1.6 alkyl, Ci.6 alkoxy, phenyl, benzyl, heteroaryl, eyeloalkyl, heteroeyeloalkyl, or
cycloalkylalkyl, optionally substituted with one or more Rib; Rib is Rib orR’; Rib is halogen, oxo,
hydroxy, or -CN; &cis -C(-0)0(11."),-C(=-0)(CH2),"(111"), -0(CH2).(Rh), -S(R), - S(0)2(111), or-S(0)
CR'5, C1.6 al¥ft 20%M634# amino, amide, 014 haloalkyl, phenyl, heterearyf (GyBRIaIR(A 1759
hettrocycloalkyl, eyeloalkyloxy, or hztzroeycloalkyloxy optionnlly substituted with one or more Rid; R'd
is H, halogen, hydroxy, Ci.6 alkyl, amino, Ciicoxy, or C1.6 huloalkyit - 9a- RI'is H, C1.6 alkyl, C14

allcoxy, cyange Gin84alk1ae¥ 2. RSP, ggﬁﬁg&qyyl, cyelealkyl, or hettrocycloallcyl; RIF is H, C14 alkyl,
C haloalkyl, phenyl, hetemaryl, eyaloallcyl, or het=oeyeloalkyl; m is 0, I, or '2; and Q4 is defined herein.

In certain embodiments of formula Il, R’ is Jower alkyl, preferably tert-butyl. In certain embodiments of
formula 1, thESBBeL 5 BbLITIY Al fribPe specifically of formula I11: Ul wherein R2b is independently
lower alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or heterocycloallcyl alkylene, optionally
substitutedrrdtle Gt Orhemareidds R2RIS R2GOCRAGI(RS),

In one embodiment of Formula I, R is R?, R? is NH(R™) and R™ is R™.
5 Inone embodiment of Formula I, R is R?, R* is NH(R™) and R* is R®, and R is lower alkyl.
In one embodiment of Formula 1, R is R*, R? is NH(R™) and R* is R®, and R” is iso-propyl.
In one embodiment of Formula I, R is R?, R” is NH(R™) and R™ is R®, and R™ is heterocycloalkyl,
In one embodiment of Formula I, R is R?, R? is NH(R™) and R™ is R®, and R? is cycloalkyl.

In one embodiment of Fornwla I, R is R*, R? is NH(R™) and R* is R®, and R® is heterocycloalkyl

10 alkylene.
In one embodiment of Formula I, R is R?, R? is NH(R™) and R* is R®, and R™ is pyrrolidine.

In one embodiment of Formula ], R is R®, R” is NH(R™) and R* is R®, and R™ is pyrrolidiny]

methylene,

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

O
i

R

4

0O~ N
-

15 I wherein

R' is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R';
R*is R orR™;

R™is halogen, oxo, hydroxy, or ~CN;;



R2d is halogen, oxo, or hydroxy; R24 is -N(R2)2, -C(:=0)( R2g), -C(=0)0( R2g), - C(=0)N(R2g)2,
_N(R2)c(=0)( R2"), -S(=0)2(R29), -S(0)2 N(R2g) 2, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
-10- heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl, optionally substituted with one or more
R2f; each R2f is independently H, halogen, lower alkyl, lower alkoxy, lower haloalkyk each R2g is -
independently H, lower alkyl, lower allcoxy, lower h&o alkyl, or phenyl; and Q4 is as defined herein. In
another aspect, there is provided a compound as defined above of formula Ill. wherein Rab is '

independently C:.6 alkyl, pheRy] MethrS ARy etSARN BB bRy HoRN G oR3A. te¥dtykinalkyl

Pytrony., Vet NiRao oo B B e
ydroxy-, Yetis -N(Ragh, -C(= ag), -C(= ag), - C(=0)1s1(Ragh, -N(Rag)C(= ag),
-S(1)2(12.14), - S(0)2 N(_Rag)‘??@}'.éagméﬁéz- gﬁ%?édi%&%?@&f@%ﬁﬁh@?%?ﬁ? wylory,

cycloalkyl, or heMrocycloalkybyopliginaity substiitrag Matkens:pompiaR2tbeackKriglingependently
H.,, halogen, C14 allcy1,C).4 alkoxy; C1.6 haloBlkyl; each R4 is independently H. CI..6 alkyl, C1.5

alkoxy, C7-6 haloalkyl, or pliZB¥4d% *Q is defined herein.
R' is H, halogen, hydroxy, lower alkyl, amino, lower alkoxy, or

lower haloalkyl;
R is H, lower alkyl, lower alkoxy, cyano, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
o mis(},-l,drz; and '
Q" is as defined herein.

‘In another aspect, there is provided a compound as defined above of formula II:

() RI
ot
N ﬁ :

n wherein
R is C, ¢ alkyl, C;4 alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R
R™isR"PorrR™ :
R'®is halogen, oxo, hydroxy, or ~CN;
R 15 ~C(=0)OR'Y, ~Cl=0)CH)a®'S, ~O(CE)alR™, -SR'Y, -
S(OR(R, or=8(=0) (R™), C,.4 alkyl, Cy.¢ alkoxy, amino, amido,
'Cy.¢ heloalkyl, phenyl, heteroaryl, cycloalkyl, hetarocycloalkyl, -
eycloalkyioxy, ér hetcrocycioa]kyiaxjf opﬁoz‘ﬁaﬂy substtuted with
one or more R ' . ' 'ﬂ a _
' R is H_ halopen, hydroxy, C,. alleyl, amino, CH‘«; alkory, or
Cy.¢ baloallyl;



-10a- In certain embodiments of formula 111, R2b is lower alkyl optionally substituted with one or more
R2" as defined herein. In certain embodiments of formula 111, R2b is lower alkyl. In certain
embodiments of either formulae I, Il or lll, Q4 is I—T,Qr%/"droxy, cyano, or halogen, with the proviso that
when R is R4, R4 is -0(R44), R4. is H, then Q4 is not H. In certain embodiments of either formulae I, Il
or lll, Q4 is is lower alkyl, lower alkenyl, k@“ﬁﬁﬁ@%%ﬁ‘@% mggﬁ%gyb&mg lower haloalkyl,

optionally substituted with one or more Q4" as defined herejn. |n certain em oﬁ%gnents of either
formulae 1, 11 or 11I, Q4 is is lower alkyl, IRREF aRERTZTGWEF Sk i’,ﬂ%’w‘fv’é‘?ﬂ"& Galkyl, amino, or lower
~ haloallcyl, optionally substituted with oneeSrisnior@. loviiet alkyhivaliey et oalkptdoweat. alkoxy, amino,
cycloalkyl, phenyl, heterocycloalkyl, or hgtygygﬁyi, &M@%M%Etuted with one or more Q4f as
defined herein. In certain embodiments of either formulae I, Il or Ill, Q4 is is lower alkyl, lower alkenyl,
lower alkynyl, lower hydroxyallcyl optiondhy*SibstitateftSith one phenyl or heteroaryl, optionally
substituted with one lower allcyl. In certain embodiments of either formulae |, Il or lll, Q4 is is lower
alkyl, lower alkenyl, lower aék n é lower hydroxyalkyl. The application provides a compound of Foiliula
| selected from the gr p’% ?éﬁlg ﬁ&%ﬂ“- 1-(2-Bromo-5H-pyrrolo [2,3-b]pyrazin-7-y1)-3-methyl-butan-
1-one; 5H-Pyrrolo [2,3-b]pyrazine-7-carboxylic acid isopropylamide;

2-Chloro-5H- 5B ST BIRsAE AR L7k HoXy i s BW&%@@;%@&‘%penyl-SH-pyrrolo
[2,3-b]pyrazine-7-carboxylic acid isopropylamide; 2-I1sopropyl-5H-pyrrolo [2,3-b]pyrazine-7-carboxylic
acid isopropylamaidentbo@richtour-Rionny Tale [Rigdelnyazsunts ¥ 3ot ABeiiip OPRAmL Iz oNe |
(2-Bromo-5H-pyrrolo [2,3-b]pyrazin-7-yD-(1-methyl-cyclohexyl)-methanone; 1 -(2-Bromo-5H-pyrro o
[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1 -one ; _
1-(2-1sopropeny1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2.2-dimethyl-propan-1-onc; (2-Bromo-5H-pyrrolo

- [2,3-b]pyrazin-7-y1)-(1-methyl-cyclopentyl)-methanone; 1-(2-Ethynyl-5H-pyrrolo
[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan- 1-one; 1-(2-&thy1lggH-pyrro lo
[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1 -one ; 1 -(2- :SH-pyrro lo '
[2,3-b]pyrazin-7-y1)-2,2-dimethyl-3-pheny1!szEN\ -QRe; 1-[21‘(1 -Hydroxy-ethyl)-5H-pyrrolo

[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1 -ofte; 1 4#2-(MHydroxy-2-methyl-propyl)-5H-pyrro lo
[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1 - ohe; dro xy-o -to tyl-methyl)-51-1-pyrro lo [2 , 3-b]
pyraz -7 -yl] -2.2-dimethy 1-propan- 1 -one; 1-[2-(Hydro¥y-p henyl-methyl)-5 H -pyrro lo [2,3-blp yrazin
-7 -y1]-2,2-dimethyl-propan- 1-one; 1 -12-(Hydro xy-pyridin-4-yl-methy0-5 H -pyrro lo [2,3-b]pyrazin-7
-y1]-2,2-dimethy L-propanl -one ; 1 42-(Hydroxy-pyridin-3-yhmethyl)-5H-pyrro lo
[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propanl-one; (2-Bromo-5H-pyrro lo [2,3-b]pyrazin-7-y1)-((3aS,6aS)-
1-methyl-o ct ahydro-pegfglens1 -y1)- methanone ; (2-Bromo-5H-pyrrolo [2,3-b]pyrazin-7-y1)-(( 1
S,2S)-1,2-dimethyl-cyclopentyl 2;bme_thanone;é%lep-aBromoBH-p rrolo
[2,3-b]pyrazin-7-y1)-(1-methyl-Bycld SeppResath: W@ﬁ'é;%réﬁ%‘lkh‘?@m= cycloalkyl,
[2,3-b]pyrazin-7-y1)-(1-methyl-pyeiepantd idymethaneney (3 MBrami-Fhd t@Igally substituted with
[2,3-b]pyrazin-7-y1)-(1-methyl-cgclohegtgk}zgnethanone; Adamantan-1-y1-(2-bromo-5H-pyrrolo
[2,3-b]pyrazin-?-yl)-methanong, © ot o ’
(4-Benzyloxy-I-methyl-cyclohexy1)-(2R5t e BiRrrolo[2,3-b]pyrazin-7-y1)-methanone; (4-Benzylo
xy- 1 -methyl-cyclohexyl)-(5H-pyrrolo [2,3-b]pyrazin-7-y1)-methanane; 1 -(2-Ethyny1-5H-pyrro lo
[2,3-b]pyrazin-7-y1)-2,2-dimethy 1-propan- -olrslgl;ﬂogyn” OR0; orahy%me, '

R* i ~“N(R8),, -C(=0)( R*E), -C(=0)O( R*), -

C=0N(R*)z, -N(R*)C(=0)( R*), ~-S(=O1(R*®), ~S(0)2
N(R2g) 2, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,



1 -(2-Isopropenyl- 5 H -pyrro lo [2 ,3-b]pyrazin-7 -y1)-2 ,2-dimethyl-propan- 1 -o ne ; WO
2009/106444PCT/EP2009/051759 -12- 1-(2-Chloro-5H-pyrro lo [2,3
-b]pyrazin-7-y1)-2,2-dimethyl-propan- | -one; and | -(2 -Bromo-5H-pyrro lo [2,3 -b]pyrazin-7-y 1)-3
-methyl-butan- 1-one. In one embodiment, the application provides a compound of Formula!" wherein:
- Ris RIl, R2, Rs, or R4; 5RI is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, '
heterocycloalkyl, or cycloalkylalkyl, optionally substifuted with one or more Rla; RI' is Rib or Rib; Rib is

halogen, oxo, hydroxy, or -CN; RIC is -C(=0)0(Rib), :G(=0)(CH2)".(RIC), -0(CH2 ,"%&ﬁle), %é)l 15, -
10S(0)2(R15, or -S(=0) (Ric), lower alkyl, .Sévé%rgﬁ(’rg@fg?%én ﬁ%ﬁr&éﬁ%&%&%ﬁéﬁf PHe-
heteroaryl, cycloalkyl, heterocycloalkyl, cycloptitaidyysubstistedoeibloadiodayropfionally substituted
‘with one or more Rid; _ Rid is H, halpgen. lower alkyl..aming, lower alkoxy, or
15lower haloalkyl; Rl is H, lower alkyl, lower alkoxi/é, gf%mggﬁggﬁg%ﬁﬁﬁ’p lé)%ﬁ’?fie &rda ﬂ

cycloalkyl, or heterocycloalkyl;  fis H, lower alki®swakeraiolatigt, ksl theteroaryl, cycloalkyl, or
heterocycloallcyl; 20m is 0, 1, or 2; R2 is N(R22)2;., h R22 5 independentin lower alkyl, lower
" alkoxy, lower haloalkyl, or phenyt; and

Q* is as defined herein.

In another asp'ect, there is provided a compound as defined above of formula I1i:

whereln . : : :
R* is independently C; ¢ allcyl, phenyl, betercaryl, cycloalicyl, -
beterocycloaliyl, or heterocycloalky! alicyiene, optionaliy subsﬁmtcd
wi\‘h‘ongormorslik; ‘ | | o
© R¥ER¥orRE |
R¥is halogen, oxo, or hydroxy; e
| R™is -NR), ~C(=0)( B, ~C=0)O(R), —
CEEOMNER?), -NER#CE0N R, ~SE0RE), -
S(OY2 N(R™)3, Cyu alloyl, €, ¢ alicoiry, C,.¢ haloalicy,
phemyl heteroaryl, hatemzﬁyiazy, cyoloalioyl or
heterocyriozlicyl, optionally substituted with ope or
more R, . ‘
cach Rz-"-is indsp:g&snﬂy H, halogen, C;.4
aliyl, Co alicory, Gy baloaliyl,
each R¥ is imdependently 2, C, alirvl, G,
aﬁﬁcﬁ}’a Ci haivalkyl, or phenyl and

Q" is defined herein.



- each R2a is independently H or R2b; each R2b is independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with 250ne or more
R2"; WO 2009/106444PCT/EP2009/051759 -13tR2" is R2d or R2e; Rai is halogen, oxo, or hydroxy;
R2e is -N(R28)2, -Q=0)( R28), -C(=0)0( R2g), - C(=0)N(R4)2, -N(R28)2=0)( R2g), -S(=0)2(R2g),
-S(0)2 5N(R2) 2, lower alkyl, lower alkoxy, lower haloalkyl, phenyl, hetero aryl, heteroaryloxy,

-cycloalkyl, or heterocycloalkyl, optionally substituted with one or more R2f; each R21 is independently
H, halogen, lower allcyl, lower alkoxy, lower haloallcyl 10each R2g is independently H, lower allcyl,
lower allcd%yseiteieembdgiments of prews; THaRS J@KOWR:?&{SRQP@MEE@WﬂﬂmﬂaM mtrenyl, or
N(R3b)2; each.R3k:isiindependently H or lower alkyl; 15R4 is LO(R4'); 1211' is H or R4b; R4b is lower
alkyl, phenyl, benzyl lower haloalkyl, cycloalkyl, heterocycloalkyl, heteroaryt, optionally substituted
with one or more.R..; 20R4' is hz%l %m wﬁgrg\g}y wer a&lgfli,_ lower haloalkyl, or

In certain em! IMents OWSY a

In certain embodiments of either formulae I, I or ITT, Q° is H, hydroxy, cyano, or halogen, with
the proviso that when R is R®, R* is ~O(R*), R* is H, then Q" is not H.

In certain embodiments of either formulae I, IT or 1T, Q% is is lower alkyl, lower alkenvl, lower

alkynyl, lower hydroxyalkyl, amino, or lower haloalkyl, optionally substituted with one or more
Q* as defined herein.

In certain embodiments of either formulae I, II or III, Q4 15 1s lower alkyl, lower alkenyl, lower
alkynyl, lower hydroxyalkyl, amino, or lower haloalkyl, optionally substituted with one or more
lower alkyl, lower haloalkyl, lower alkoxy, amino, cycioalkyl, phenyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more Q as defined herein.

In certain embodiments of either formulae 1, 11 or 111, Q4 is is lower alkyl, lower alkenyl, lower
alkynyl, lower hydroxyalkyl optionally substituted with one phenyl or heteroaryl, optionally

substituted with one lower alkyl.

In certain embodiments of either formulae I, T or IT, Q” is is lower alkyl, lower alkenyl, lower

alkynyl, lower hydroxyalkyl.

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



lower alkoxy; Q4 is Q4. or Q4b; Q4a is halogen; Q4b is lower alkyl, lower alkenyl, lower alkynyl, lower

hydroxyal IN9sQ% Jower 25haloalkyl, optionally substituted with one _ - 040 Q4d or
Q4.; eachl%dﬁ)?@ independently halogen, hydroxy, or cyano; each Q%@%%@oééﬂﬁggr%y lower

alkyl, lower haloalkyl, lower alkoxy, ammo, cycloalkyl, phenyl, heterocycloallcyl, or heteroaryl,
optionally substituted with 30one or more Q4f; each Q41 is independently hydroxy, halogen, lower

alkyl, lower afigeryho03B-j9weidaloatiirdower. atkaxyJonerhydroxyalkyl or amino; with the proviso
that when Ris R4, R4 is _0(R4a), R4ais H, and Q4 is Q48, then Q4a- is not H; 14-or a

pharmacedticaliFaldeptuRy s méresPicdiotist srpeRagNeshe application provides a method for
treating arzL@ﬂammgm?mm@mmmmm@@mm@w%@&iggsr@ﬁmmsﬂng to a patient in need
0

thereof a t[;erapeutical y effective amount of the compound of Formula I. In one variation of the above
method, the ABERRE FREEH BITTRIN SortdriEag Benirieherm g car KdeRmSARY Biaidpeutic agent selected

from a chemthesapryticaraNERIiRRtYe agentiRR ANtiAnlammaIRARRNt, an immunomodulatory

or irmnunosuppressive agent, a neurotrophic factor, an agent for treating cardiovascular disease, an

agent for the Tﬁ&@f&b@%@%P&ﬂ%@éﬂ??&%&tmm@mm&W@ers. In another
embodiment Bhghapplicatias iprovidasRmethadfor reatind-apiinfilanmatoncepdition comprising

administerlnE to a patient in need thereof a therapeutically effective amount of the compound of

Formula I, RPR- S PR YRCRISt Ak Bt ME Rt 2R HP AT ANRY@88:a method for inhibiting
T-cell prolite(gimgp%wg%@pmmiﬂm,@%ﬁ%@ﬁg@,@ﬁﬁﬁﬁ%ﬂ%}% Jdhergnfa therapeutically
a

effective amount of the compound of Formula I. In another embodiment, the application provides a

method fofRIBRIAG T-EeTrB IRl e b idbrash <O mpriEi o selrnarstdHiny eraopatient in need thereof a
therapeutiqadyga‘[f@ﬁgmg@@anm@}m%@gum@pff@fmﬁaﬂyug}gﬁm Rys:R2. In one variation of the

above method, the proliferative disorder is cancer, In another embodiment, the application provides a

method forlt@a}%ﬁli‘éﬂasﬁ-'ﬁw plferRting #dbrash compRes By SarpHStériT o a patient in need thereof
a therapeufically-gfigciveramonnt otiecompryndof HeHUIA-5-phenyl-propan-1-one;
1-[2-(1-Hydroxy-ethyl)-5H-pyrrolo{2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-one;
1-[2-(1-Hydroxy-2-methyl-propyl}-SH-pyrrolo[2.3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1 -
one;
1-[2-(Hydroxy-o-tolyl-methyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2.2-dimethyl-propan-1-one;
1-[2-(Hydroxy-phenyl-methyl)-5H-pyrrolo[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-12-(Hydroxy-pyridin-4-yl-methyl)- SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-
l-one;
1-{2-(Hydroxy-pyridin-3-yl-methyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-
l-one;
(2-Bromo-5H-pyrrolo[2,3-bipyrazin-7-y1)-((3aS,6aS)-1-methyl-octahydro-pentalen-1-yl)-
methanone;
(2-Bromo-3H-pyrrolo[2,3-b]pyrazin-7-y1)-((18,28)-1,2-dimethyl-cyclopentyl}-methanone;
(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-( 1 -methyl-cyclohexyl)-methanone;
(2-Bromo-5H-pyrrolo|2,3-b]pyrazin-7-y1)-(1 -methyl-cyclopentyl)-methanone;
(2-Bromo-5H-pyrrolo{2,3-blpyrazin-7-yl}-( I -methyl-cycloheptyl)-methanone;
Adamantan-1-yl-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-methanone;
(4-Benzyloxy-1-methyl-cyclohexyl)-(2-bromo-SH-pyrrolo{2,3-b]pyrazin-7-yl)-methanone;
(4-Benzyloxy-1-methyl-cyclohexyl)-(SH-pyrrolo[2,3-blpyrazin-7-yl)-methanone;
1-(2-Ethynyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
I-( 2—130}31“015 enyl-5H-pyrroio[2,3-blpyrazin-7-y)-2,2-dimethyl-propan-1-one;



In another embodiment, the application provides a method for treating an immune disorder including
lupus, multipje osis, rheumatoid arthritis, psoriasis, Type | diabetes, complications from organ
transplantsQ,]P )l?ezr?(g&Z{gﬁ%s%lantation, diabetes, cancer, asthma, atopic dermaﬁ@ ERRimimbnge thyroid
disorders, ulcerative colitis, Crohn's disease, Alzhgjmer's disease, and Leukemia, -1 5- comprising
administering to a patient in need thereof a therapeutically effective amount of the compound of

Formula L ty2epiecambedigets b aaplieatian proxideas methed foppreyening or reating al

forms of organ rejection, including acuté allogratft or xenogra tion and chronic allograft, or
xenograft tejédHomupiaprieiared dimaaziadoliafizee idisprmisosemprising administering to a
patient in need thereof a therapeutically effective amount of the compound of Formula I. In another
embodiment, the application provides a method for preventing or treating all forms of organ rejection,
including acute allograft or xenografl rejection and chronic allograft or xenograft rejection, of
vasculafiveteomimdivessdutheizodlteahsplamtsideco mprisipgudnoinistering 16 a patient in need thereof the
compound of Formula I. In another embodiment, the application provides a method for inhibiting JAK3
activity comprising administering the compound of(g:ormula I, wherein the compound exhibits an ICse
of 50 micromolar or less in an in vitro biochemical asgay®f JAK3 activity. In one variation of the above
method, the compound exhibits an ICEQ of 18 'molar or less in an in vitro biochemical assay of
JAKS3 activity. In one variation of the abovj 790, e compound exhibits an ICso of 10 nanomolar
or less in an in vitro biochemical assay ofJA Ltivity? In another embodiment, the application
provides a method for inhibiting SYK activity“sdmpriging administering the compound of Formula |,
wherein the compound exhibits an IC50 of 50 micromolar or less in an in vitro biochemical assay of
SYK activity. In one variation of the above methog, the compaund. exhibits an IC50 of 100 nanomolar
or less in an in vitro biochemical assay of SYK activity. In one variation of the above method, the
compo%éﬁ&hﬂs%tﬁém@éo of 10 nanomolar or less in an in vitro biochemical assay of SYK activity. In
another embogj e licati rovi ' Inf onditi
comprsing Go-sdabIa e o 8 bt L haria iy Aete e g AL CCpELey,
combination withcaaleetspeludanytisradtivebrisined ik compovee & Formula L -16- In another
embodiment, the appﬂ@a{g%ipggygda?s a method for treating an inflammatory condition comprising
co-administering to a patient ilr% need thereof a therapeutically effective amount of an anti-inflammatory
compound in combination wih tidi@eggioanet by doruta +-Thanother embodiment, the application
provides a method for treati Jimm isorder.c isin -agmjnistering.to a patjent in need
oo Combi e T e AL Eany oy

thereof an immunosuppressant compound in combination Wi tive amount of

thelBompound of Formula 1. #nGihdrembediteht) thevepsiicatidrmprolldey semisthodrakreating an
immune disorder comprising £0:R4mINIRANRE.IQ A RAULNL-R %gﬁﬂatﬁ\ leﬁgt%rg%%@%aﬁ_ﬂtjf:a”y effective
0

amount of an immunosuppressant compougd in"combinationyith the ompoun ortula I. The
application provides a pharrizeeaticap ssnap bsiimerdandeidiony thptioo hourdtsfired mitharhcadmixed
with at least one pharmacetgilggyyiagceptable carrier, excipient or diluent.

R is H, halogen, hydroxy, lower alkyl, amino, lower alkoxy, or
15 lower haloalkyl,
R'® is H, lower alkyl, lower alkoxy, cvano, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
20 mis @, 1, or2;
R? i3 N(R™),;
each R* is independently H or R*;
each R* is independently lower alkyl, phenyl, heteroaryl, cycioalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with

25 one or more R*;



In one variation, the above pharmaceutical composition further comprises an additional therapeutic
agent sele&@dﬁgm&gpemotherapeutic or anti-proliferative agent, an ant;;@fl/% ;Qg}/?ggent, an
inu-nunomodu at)ory or immunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating diabetes, and an agent for treating immunodeficiency
disorders. In one aspect, there is provided the use of the compound as defined above in the
manufacture of a medicament for theé:treatrgnt’ef an inflammatory disorder or of an autoimmune
disorder. In another embodiment, the appligg_tion'provides a use of the compound of Formula I, I', Il or
Il in the manufacture of a medicament foRthé HaRERBNH -1 iflfikatory disorder. In another
embodiment, the application provides a ugé:gf llpq;@@ygpggv@f RermutgLdndhemanufacture of a

medicament for the treatment of an inflammatory disorder. In,another embodiment, the apgplication

provides a use of the compound of Formtﬁésf?iNﬂ%fg)m,‘thﬂeg YakrdiaBite ot EMEBicamartor the
treagment of an autoimmune disorder. In gERAE! RRABPLIMENGL RS ﬁg@ﬂg}jag%pf@ggg@gmﬁ the

compound of Formula | in the manufacture of a medicament for the treatment of an autoimmune
disorder. -16a- In one aspect, there is préFERIE cdWipIHAY derriesliadodeieriesi e treatment

of an inflammatory disorder or of an autoigynsng diserdar:Hy angthee ephgriment, the application
provides a compound of Foimula I, I', Il or [Il, for use in the treatment of an inflammatory disorder or of

an autoimmune disorder. WO 2009/106444PC 1900808459 dantlyrRelafsircatonsrefides a
compound of Formula IV IVwherein: R is R, R2j0R3; @84y, lowerHatsdawer alkyl, lower allcoxy,
phenyl, benzyl, heteroaryl, cycloancyl, heterocycloalkyl, Sor ¢ cIoaIkyIaIkgf, optionally substituted with
ondbr more RI': Rla is Ribor RIG: Rib is halogerﬁaﬁkoe,{ ﬁyﬁiﬂﬁgﬁ?‘iﬂd@ﬂ}’ , lower alkyl, lower

alkoxy, lower haloalkyl, or phenyl;
R? is —-C(=0)R™,
R* is lower alkyl, lower alkoxy, phenyl, or N(R™);
each R™ is independently H or lower alkyl;

15 R*is ~O(R™);
R*is H or R*;

R™ is Jower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R

20 R* is halogen, hydroxy, lower alkyl, lower haloalkyl, or

lower alkoxy;
Qd is Q4a or stb;

Q™ is halogen;
Q™ is lower alkyl, lower alkenyl, lower alkynyl, lower hydroxyalkyl, amino, or lower
25 haloalkyl, optionally substituted with one or more Q*;
Q*is Q" or Q™
each Q™ is independently halogen, hydroxy, or cyano;
each Q* is independenly lower alkyl, lower haloalkyl, lower alkoxy, amino,
cycloalkyl, phenyl, heterocycloalkyl, or heteroarvl, optionally substituted with
30 one or more Q4f;
each Q*is independently hydroxy, halogen, lower alkyl, lower alkenyi,
oxo, lower haloalkyl, lower alkoxy, lower hydroxyalkyl or amino;

with the proviso that when R is R*, R is ~O(R*™), R* is H, and Q* is Q*, then Q* is not H;



Ricis -C(=0)0(Ri5, -C(=0)CH2(Rie), -S(RI4), -S(0)2(R14), or -S(=0) (Rif), lower alkyl, lower alkoxy,
amino, amide, lower haloalkyl, phenyl, 10hetcroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more Rid; R44 is H, halogen, hydroxy, lower
alkyl, lower allcoxy, or lower haloalLkyl; .14- RIlis H, lower alkyl, lower allcoxy, -CN, lower
haloalkyl, phenyl, 15heteroaryl, cycloalkyl, or heterocycloalkyl; RIf is H, lower alkyl, lower haloalkyl,

phenyl, beterpandacysioatind arhaierosyalpalicy!; R2 is N(R2a)2; each R2a is independently H or
R2b; 20each R2b is independently lower alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or

heterocycloalkyl alkylene, optionally substituted with one or more R2f; R2" is R2d or R2e; R2d is
halogen 0 X0. QL AN RVeAPR28 45N «%‘%z BP0 R28), - C(=0IN(R20)2,
_N(R2)q=0)(0R2Ig), -S(=Q§:.2(’R2g€)§E,Jl?l_sl,%%{)llgIg (R\%g s2‘,21(’ower g?ﬁ?/{??%ﬁﬁ%?na O%I,nlot\c/)v r&éjgfoakal, phenyl,
WO 2009/ X084 E3RCTIEP200O0BILYIBe 2tiguisterng i, hptemomripl ey ajietealieytherdneteiagycloalkyl,

optionalgﬁ%gg%gtmim&g%&ﬁ&%%gﬁo%qﬁﬁ?f is independently H, halogen, lower alkyl, lower

allcoxy, lower haloalkyr;

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

treating mmmunodeficiency disorders.

In another embodiment, the application provides a method for treating an inflammatory condition
comprising administering to 2 patient in need thereof & therapeutically effactive amount of the

compound of Formulz I, wherein R is R’

In another embodiment, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering 1o & patient in need thereof a therapeutically effective amount of the

compound of Formuia I

In another 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 I, wherein R is R%.
In one variation of the above method, the proliferative disorder is cancer.

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

compound of Formula I,

In another embodiment, the application provides a method for treating an immune disorder including
upus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type 1 diabetes, complications from
orgarn transplants, xeno transplantation, diabetes, cancer, asthma, atopic dermatitis, autoimmune

thyroid disorders, ulcerative colitis, Crohn's disease, Alzheimer's disease, and Leukemnia,



5each R2g is independently H, lower alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is -C(=0)R3a;
R3a is lower alkyl, lower alkoxy, phenyl, or N(R3b)2; each R3b is independently H or lower alkyl; 10R4
is -0(R4a); R4a is H or R4b; leb is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
~heterocycloallcyl, heteroaryl, optionally substituted\yith one or more 15124 is halogen, hydroxy, Iower
alkyl, lower haloallcyl, or lower allcoxy; Q is Q1, Q2, Q3, or Q4; (21 is phenyl, optionally substituted

with onecarBase Qs eard3d ¢ PARhaIvaes Tichkans kSRl SRR EMSu Py @1d or

Qie; or two Q1' come together to form a bicyclic ring system, optlonally substltuted with one or more
Qlb or Q#empound oigerizdi, -5(=0)2(Q1e), -C(-—0)N(0)2, -S(=0)2(Q1e), 75C(=0)(Q1e),
-0=0)0(Q1c), -1\1(Q1%; -N(Q1e)C(=0)(Q3C), - N(Q1)C(=0)0(Q1", or -N(Q1)C(=0)N(Q1"2; each Qie

is 'ndep%5'%M¥r%o%w@%@a@ﬂﬁu&%ﬁeg%?&g@g%%gé 5{%}'@%}%11%%'&6&”?311 forms of organ
rejection, including acute allograft or Xeno graft rejection and chronic allo graft or xenograft
rejection, of vascularized or non-vascularized transplants, comprising administering to a patent

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

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

n need thereof the compound of Formmula L.

In another embodiment, the application providee a method for inhibiting JAX3 activity comprising
‘administering the compound of Formula I, wherein the compound exhibits-an ICsy 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 1Cs0 of 100 nanomolar of less in )

an in vitro blochernical assay of JAK3 activity.

in one vanatmn of the above method, the compound exhibﬁs an 1Csp 0f 10 naaomola.r orless m

an in vitro biochemical assay of JAK3 activity.,

" In another embodiment, the application provides a method for inhibiting SYXK activity comprising
administering the compound of Formulz I, wherein the compound exhibits an ICs; of 50

micromolar or less in an i virro blochemical assey of SYK activity.

In one variation of the above method, the compound exhibits an ICsy 0f 100 némomolaz orless in

an in vitro biochernical assay of SYK activity.

In one variation of the above method, the compeund exhibits an ICsg of 10 nanomolar or less in

an in viro biochemical agsay of SYK activity.

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

combination with 2 therapeutically effective amount of the compound of Formula 1.



lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl, 30optionally substituted with one or more Qi
f; QIf is Q1g or Q1h; Qlg is halogen, hydroxy, oxo, or - Ce=0)(Q111); WO
2009/106444PCT/EP2009/051759 -19- Qlb is lower alkyl, lower haloalkyl, lower alkoxy, phenyl,
benzyl, cycloalkyl, heterocycloalkyl, or heteroaryl; optionally substituted with one or more Qji; 5Q15 is
halogen, hydroxy, lower alkyl, lower haloalkyl, or lowgg-alkoxy; Q2 is cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q2a; Q2a Q2b Q20; 10Q2b is
halogen, oxa, dﬂydr@mb&ﬁincr&%&.pp&%ﬁ:bﬁyﬂb@&ﬁé&@&bm@ﬁ@ ot ﬁﬂa@ﬁﬂcﬂ@md@gether to

form a bicyclic ring system, optionally substituted with ne o Ef(lg of %ﬁ 2d i Lls ?1h
S 0 oS PSR ST ol Ao TRCIENB 8 fekiigey: o
-N(Q26)C(a@(@ﬂamﬁiﬁ@%@@ﬁ;@)@(m&ombﬂﬁ@ﬁ?ﬁﬂ?ﬂéﬂwmﬁel@ndependently H or
Q2';
In another embodiment, the application prov1des a method for treating an immune disorder compristg co-
administering to 2 patient in need thereof an immunosuppressant compound in combination with

a therapeutically effective amount of the compound of Formula L.

In another embodiment, the application provides a method for treating an immune disorder comprising co-

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

Immenosuppressant cbmp@und in combination with the compound of Formuia L

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

admixed with at leagt one pharmaceutically acceptable carriet, excipient or diluent,

In one Variation; the above pharmaceutical composition farther con:pﬁées an additional
therapeutic agent selected from 2 chamotherapeutic or anti—proliferative agent, an anti-
inflammatory agent,_. an immunomodulatory or iinmunosuppressivc agent, a neurotrophic factor, -
an agent for treating cardiovascular disease, an agent for treatiﬁg diabetes, and an agent for

treating immunodeficiency disorders.

In one aspect, there is provided the use of the compound as defined above in the manufacture of a

medicament for the treatment of an inflammatory disorder or of an autoimmune disorder.
In another embodiment, the application provides a use of the compound of Formula I, I°, II or I in

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

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

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

In another embodiment, the application provides a use of the compound of For@ula LT or IO in

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

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

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



each Q20' is independently lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryi 20optionally substituted with one or more Q2f; Q2f is Q2s or Qa; Q2L4 is halogen, hydroxy,
0xo, or - C(=0)(Q2h); Q2h is lower alkyl, lower q%%oalkyl lower 25allwxy, phenyl, benzyl, cycloalkyl,
heterocycloallcyl, or heteroaryi optionally substituted with one or more Q2i; Q2iis halogen, hydroxy,
Iower alkyl, lower haloalkyl or lower alkoxy; 30Q3 is -0-Q3a, -S-Q3a, -C(=0)(Q3a), -S(=0)(Q3a),

3a r @A R3areneachd3a is
|nd %n%gé5 bt (550\%%%?%5% %ﬁo}lg%%g}%%%ff}%‘éeﬁ%wP%OW%1759 -20- Q3' is Lower alkyl,

Iowﬁﬂbﬁiﬂmﬂqrb{ ﬁfserddr oyctbatiant disrerary/Ei8eifs, or heteroaryl, optionally substituted with one or
more Q3d; Q3d is halogen, hydroxyl, lower alkyl, lower alkoxy, or lower haloalkyl; 5Q4 is Q4a or Q4b;
Q44 is H or halogen; and Q4b is lower alkyl, lower alkenyl, lower alkynyl, or lower haloalkyl; with the
pravissciist whesfRpRPeRANECADPR $5) v Repz sHNReHdS Fooulahel,Hag BhdoHisermthe

pharmacsktizallyaecaniable saltNersals an autoimmune disorder.



10 The phrase "a" or "an" entity as used herein refers to one or more of that entity; for example, a
Sornp(?lund\gﬁ;e‘{@%&)&%or more comp"ounds or at Ief_ast one compound. A%E%f@%/ﬁ%rl 5 "a" (pr
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 eggh group as provided 15 in the Summary of the
Invention or the broadest claim. In all other embodiments provided below, substituents which can be
present TheeapiiRmBqdivant andbicty are neluexplicitly defined retain the broadest definition provided
in the Summary of the Invention. As used in this specification, whether in a transitional phrase or in the
body of the claim, the terms "comprise(s)" and "comprising” are to be interpreted as having an
open-ended meaning. 20 That is, the terms are toint%rpreted synonymously with the phrases
"having at least" or "including at least" j\Vhenysed irf the context of a process, the ten "comprising”
means that the process includes at Ieast‘NEr' =] %
fe

Qeps, but may include additional steps. When
used in the context of a compound or compositign, thg’ teim "comprising” means that the compound or

composition includes at least the recited WFES O1'¢omponents, but may also include additional 25
features or components. As used herein, unless sp&ifically indicated otherwise, the word "or" is used
in theelusive" sense of "and/or" and not the "exclusive" sense of "either/or". The tem "independently”
is used herein to indicate that a variable is apdited in any onkstagtance without regard to the presence
or abseg&g ﬂf gva 'abltlg aving that same or a different definition 30 within the same compound. Thus,
in a compound in’w ich “*‘appears twice and is defined as WO 2009/106444PCT/EP2009/051759

-21- 'independ@ntly loavboaligr nitregerikohgbiRis Laribe Cakenabatl Risatian he wisegassleyione R
can pe carbon and the pther, nitrogen. When any v rialgél)e e.g., R, R', ar Q) occurs more than one
timePin any mo?éﬂtvgﬁr]of%ﬁr)ﬂa&l%(y epicting ant rhsae@é%m ' o?%‘ﬁ%ﬁﬁ%%%pbyed or claimed in the present
invention, its definitio®R8 énRéachidécurrence is independent of its definition at every other occurrence.

Also, combinations of substitugnt d/or varigbles are petmjssible only if such compounds result in
e ngg% ahg‘gr é) s y p

stable compounds. The sym ols Ethe ERa B aBont or drawn through a bond each refer to the

point  of attachment of a fuRCtional gEaERT o tHer-cherhigal Mok Y, the @st R he: muleoyle of
which 10 itis a part. Thus, fopexaple: Nep TN SRR e nA2 4 e TGS Sheny
10 heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R'%;
R'is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower
haloalkyl;
R is H, lower alkyl, lower alkoxy, —~CN, lower haloalkyl, phenyl,
15 heteroaryl, cycloalkyl, or heterocycloalkyi;
R'is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
R is N(R™);
each R* is independently H or R?;
20 cach R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with
one or more R*;
R* is R*or R,
R*is halo gen, oxo; or hydroxy;
25 R* is -N(R),, —C(=0)( R%), ~C(=0)O( R?), -~
C(=0)N(R™),, -N(R®)C(=0)( R*), -S(=0)(R*), ~S(O),
N(R?2),, lower alkyl, lower alkkoxy, lower haloalkyl, phenyi,



A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that the bond
may be att ' f the suitable ring atoms. The term "optional” or "Qpti " as ysed herein
means tha?gB s%ggg?algﬁ%lrﬁly described event or 15 circumstance may, but n%%qj%l?(}gcf’a@ﬁ?,agand that the
description includes instances where the event or gjgzumstance occurs and instances in which it does
not. For example, "optionally substituted" means that the optionally substituted moiety may incorporate
a hydrogen or a substituent. ~ The phrasey:eq@a10aiBRIAQ AN &AisvElE drgsyieRi-agsed
herein means join to foil," a 20 bicyclic ring system, wherein each ring may be mzq.de up of either 4-7
carbon atoms or 4-7 carbon and heteroat GBI sy Husd tiheaorimestltated. The te,in "about”
is used herein to mean approximately, in the regioR Rk YaugilphREaund. WkeRANR ieint jahout” 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 gené?&f?fﬁékféﬁh lowenBplapliylised herein to modify a
numgrical value above and below the stated valug by Revariancsepha8% 1 ver alkyl, lower
2009/106444PCT/EP2009/051759 -22- The definitions described herein may be appended to foini
chemically-relevant combinations, such as "hete?é%ﬂé?lé%@r“@mﬂ%m%,"
"arylalicylheterpéyelyk{=aljgytlcarbonyl,” "alkoxyalkyl," "cycloalkylalkyl" and the like. When the term
“alkyl" is used as a suffix following another term, as in "phenylalkyl," or "hydroxyalkyL," this is intended
to refer to an 5 alkyl ghoup, Iggf%ﬁa%ﬁﬁ]d lomisv e liseing %ﬁﬁi‘é/ﬂtlﬁ’é@(\%

th2éne to two substituents selected

from the other specifically-nameckroupdEhals ggﬂ}}e@mq&gygpgﬁwlalkyl" refers to an alkyl group
having one to twp, pher(gl,asubstituents, and thus includes benzyl, phenylethyl, and biphenyl. An

"allwlaminoalkﬁ" 18 3 ky)i group having one to two alkylamino substituents. "Hydroxyalkyl" includes

2-hyciroxyethyl, 2-hydroxyprefyis i @yefoxymethyl)-2-methylpropyl, 2-hydroxybutyl, 10
2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used herein, the
telt, "hydroxyalkyl" is used to defife &J0BsEebrhatBraikbrarslfesathderbabwydteelisim -(analkyl

refers to either an unsubstituted alkyd8EAATRICHS Thsdeminsissala: aneRasyHgiers to

either an aryl or a heteroaryl group, Compounds of formula | may exhibit tautomerism. Tautomeric
compounds can exist as two or 15*more interconvertable species. Prototropic tautomers result from

theymigration of a covalently bonded hydtogematanbaiwRSR e alams], TaVImars @gnesally exist in

equilibrium and attempts to isolate an individual tautomers usually produce a mixture whose chemical
and physical properties are consistent WithV& ###i% of compounds. The position of the equilibrium is
dependgn{sqglg:tgép@égbf@iyres within the molecule. For example, in many aliphatic 20 aldehydes and
ketones, such ag acetaldehyde, the keto form predominates while; in phenols, the enol form
predominates. €IS rORsIPaple ctheird i Q8aREaMeFHoN-2=0)-CH- Z-C(- 0H)=CH-),
amide/imidic acid (-C0)Nt* 4:-G{0H)=N-) and amidine (-C(=NR)-NH- .414 - C(-NHR)=N-)
taué%mers. The latter two are particularly common in heteroaryl and hetergcyclic ri(g“g?séa d the present

invéltion encompasses all t&litofhBHRIH I Hrthe chhipodtids) 25 FeetficarandE& Bt terms used

herein have the meaning commgnly 4ndgtstood by one of skill in the art to which the present invention
pertains, unless otherwise defined. Reference is made herein to various methodologies and materials
known to those of skill in the®k¥e{anEomge together to form a bicyclic ring system, optionally

substituted with one or more Q'° or Q'
Q™ is ~O(Q'%), ~S(=0)(Q"%), ~C(=OIN(Q )y, ~S(=0) AQ™), -
25 CEO)Q™), ~C(=0)0(Q), -N(Q); ~N(Q™)C(=0)(Q"), -
N(Q)C(=0)O(Q'?), or ~N(Q™)C(=0IN(Q")z;
cach Q'° is independently H or Q'*;
cach Q'° is independently lower alkyl, phenyl, benzyi,
lower haioalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
36 optionally substituted with one or more Q'
Q' is Q% or Q%
Q% is halogen, hydroxy, oxo, or ~

CEOXQ™;



reference works setting forth the general principles of pharmacology include Goodman and Gilman's

The Phamwﬁ iﬁ%&gsis of Therapeutics, 10th Ed., McGraw Hill Comp 'f Goo 91 w York
(2001). Any Sl(}llta le materials and/or methods known to those of skill can%(g l% i’z'ed}?n c%%-ying out

the present invention. However, preferred materials@and methods are described. WO
2009/106444PCT/EP2009/051759 -23- Materials, reagents and the Like to which reference are made

in the following description and examples arc obtainable)framGesmesgiabaruiggs. plegsetherwise
noted. The teiin "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 “alkylcarbonA¥8E Y1 Her&fgens¥&Lalsbup of 5 foimula

C(=0)R wherein R is alkyl as defined herein. The term GdiGr0VIIAIENS 40 IRQHeUR T Qé{ﬁgﬁa@ontain 6
carbon atoms. The tell’, "arylcarbonyl" as used herein means a grou_{)}éof foilonia C(-0)R wherein R is

an aryl group; the term "benzoyl" as used herein an "ar%@éFHBWﬁt'“@ apStrhérelt R is phenyl. The teiin

"alkyl" as used herein denotes an unbranched or branched chajh,;safusated nrRpeYaISRE K y1,
hydrocarbon residue containing 1 to | 0 carbon atoms. The mini "Lower alkyl" denotes a straight or

branched chain hydrocarbon residue containing 1 to 6 carbon Rifidialesfkyd g ssaliy herein

refers to an alkyt eorpeRsed DL lRaalbeRs dtaIRnIes, ofralkidaEpHPSiN6IdE, Dutana ok limited
to, lower alkyl groups includg methyl, ethyl, propyl, i-propyl, n-butyl, [-butyl, [-butyl or pentyL,
isopentyL, nedEIREXH, heptyl, and octyl. 15 When the term “alkyl" is used as a suffix following
another term, as in "phénylghkyg;’@*;'hydroxyalkyl," this is intended to refer to an alkyl group, as
defined above, being substituted with one to two substituents selected from the other
spéfifically-named group. THs G- EEEMH AR BRERYEIRHN 6 tEs: thel PadfcHr FoRS (FErElR wis a
phenyl radical, and R" is an giRylan#® mdigal as defined herein with the understanding that the
attachment point of the 20 phenylalkyl moiety will be on the allcylene radical. Examples of arylalkyl

radicals include, but are notHr8ddo, BERANSHHEN AT, BBREHABIshIT SRR fafREALYy lalky!”, "aryl

alkyl", or "aralkyl" are interprgtedisipdarimexcept Wois eftayylyadical. The terms "heteroaryl alkyl" or
"heteroarylalkyl" are interpreted similarly except R' is gptionally an aryl or a heteroaryl radical. The

term "haloalkyl" as used herein derdtes ' BrancHed o Brahcfta e {@al)kyrﬁ@&p@slés defined

abgye wherein 1, 2, 3 or more hydr@g@@@m&@(e@g@gtjﬁﬁjgd}t{yﬁp’al@qgﬁma@@@?éjl‘mer
haloalkyl" denotes a straight or branched chainghgdzrocarbon residue conta%ging 1 to 6 carbon atoms,

wherein 1, 2, 3 or more hydrogen A HES) @t&eﬂ%‘%&%a]%ﬁ@ﬂﬁ@ ples are 1-fluoromethyl,

1-chloromethyl, 1-bromomethyl, 1-T@Q@r‘qﬁthquyﬁéﬁa@mgthylﬂgr{ﬂhtgromethyl, trichloromethyl,
tribromomethyL, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1- WO 2009/106444PCT/EP2009/051759
-24- bromoethyl, 1-iodoethyl, 2-fluoroethyE®TeRlordeifiFPSISFSIRO MR 2350 d0RAYE bongyl.

dichloroethyL, 3-bromopropyl or 2,2,2-triflupteethiybaling, t@ﬁ,ldaky},{lgg@%@g@@gﬁ{ﬁg@iﬁ&@g%§ a
divalent saturated Linear hydrocarbon radical of 1 to 10 carbon atoms (e.g., (CH2)")or a branched
sattifated divalent hydrocarbon radical of 9RgE!Ly substituted with one or fnore Q™

Q¥ is Q% or Q-
Q% is halogen, hydroxy, oxo, or —
CE=OXQ™;
Q™ is lower alkyl, lower haloalkyl, lower
25 alkoxy, phenyi, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q*;
QY is halogen, hydroxy, lower alkyl,
_ lower haloalkyl, or lower alkoxy;
30 Q' is-0-Q™, -8-Q, ~C(=0)(Q™), ~S(=0)(Q™). ~-S(=01(Q™). -NQ™, -
NHC(=0)Q™),~C(=0)N(Q™), or ~NHC(=0)N(Q*)s;
each Q™ is independently Q" or Q*;
Qs H;



5 carbon atoms (e.g., -CHMe- or -CH2CH(/-Pr)CH2-), unless otherwise indicated. Except in the case
of methylefg, the,QReN yalences of an aLkylene group are not attached toI;E(% fﬁ@ﬁﬂ%ﬁ;ﬁ%g Examples
of alkylene radicals include, but are not limited to, methylene, ethylene, propyléne, 2-~

methyl-propylene, 1,1-dimethyl-ethylene, butylenepa-ethylbutylene. The term "alkoxy" as used herein
means an -0-alkyl group, wherein alkyl is as defined above 10 such as methoxy, ethoxy, n-propyloxy,

i-propyloxy, n-butyloxy, i-butylexyidshutylexy ieeatdmuinaxylosy ingkidingdheirisomers. . ower

alkoxy" as used herein denotes an alkoxy group with a "lower alkyl" group as previously defined.
"C1-10 alkoxy" as used her@nti&fEred- AR eRaml JasttmesiRyithcong o13orn&tsiin "allcoxyalkyl” as
used herein refers to the radical R'§™,iywhaseih Rijadrallcoxyragicalidwas gsfiped hgrgin, and R is
an alkylene radical as defined herein with the understanding that the attachment point of the
alicoxyalkyl moiety will be on the aﬁ@;}%}éﬂadical. C1_6 alkoxyalkyl denotes a group wherein the alky!
portion is comprisedbfpl-§€arbon atoms exclusive of carbon atoms in the aLkoxy portion of the group.
Ci-3 alkoxy-C1_6 alkyl,denotes a group wherein the alkyl portion is comprised of 1-6 carbon atoms
and the alkoxy groupés 18 B8 .eﬁk%ﬁﬁples 20 are methoxymethyl, methoxyethyl, methoxypropyi,
ethoxymethyl, ethox;@hsg,@mgwggpwwgfqm@ggmmlamﬁﬁ@,@,wwgrqmggm;tyl, propyloxybutyl,
butyloxybutyl, t-butyloxyébutyl, methoxypentyl ethog%/pe@tyl, gprc%? toxypentyl including their isomers.
The terSih{T SXOES Ml ssthErBin BeRoted Binalky| ¥abiciiRS hisrGin.desmed vHirel one to tluee

hydrogen aignsnar-differsnicamenatamaistye replaced by hydroxyl groups. 25 The term
"cycloalkyl" as used herein refers to a saturated carbocyclic ring containing 3 to 8 carbon atoms, i e.
cyclopropyl, cyclobutyl, cyclopentyl cyclohexyl, adamantyl, cycloheptyl cyclooctyl or
octahydro-pentalen-I-yl. "C3_7 cycloalkyl" as used herein refers to an cycloalkyl composed of 3 to 7
carbonsrigt g £@reaclie G Thedeie ARBRNGQN IS oasidsed Maieihimeans fukie, ghiorine.
bromine, oriodine. WO 2009/106444PCT/EP2009/051759 -25- The term “heteroaryl” or
"hetero&PEAAKR ESUSE HEBITIAERARIP MBHD Sy dhdeasicori coTmpieydlichasiichl e SaonsSaing atoms
having %ﬂe%QQ%@@fﬂﬁH%’fj@9&%@&9&98{9%%’@é%%@%%?cﬁ@ﬁé@%ﬂl)j%%&‘?raﬁ”9 one or more N,
0, 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 aﬁ?%é‘ié?@%ﬂ"ﬁ ﬁﬁé@q‘ﬂawetésg?m‘mﬁmf@r@ﬁaﬁé@tWMttﬁefM@@aﬂamdom papts:viduds, for
e purapaResal D VATHORAARISTAMOERIR Qe AV hane. ST elearER. ol atomals character

Examples of heteroaryl moieties include monocyclic aromatic heterocycles vmgp 5'to ring atoms
and 1 tGgdetsrbibirisritiuel chubismetdivnitethed, qoybitiispyrinhiatingh pyragimypipyitiplyl, pyrazolyt,

10 imidaggid; xazolnisoxagele ARG isihigr glenlriazaling hiagiazole ang oxadiaxoline which

can optionally be substituted with one or more, preferably one or two subsftituenis selected from
hydroxy, cyano, alkyl, alkoxy, thio, lower hatoallcoxy, alkylthio, halo, haloalkyl, alkylsulfinyl,
alkylsulfenysethatcherspamimaiatiytamiho; dicdkytaniimozdpiirosalky nalley londinobdky k iaimad the
dialkylal!g]igga![gxh E'- , [kQxy | an rbamoyl. alkytcarbamoyi, 15 dialkylcarbamoyl,
arylcarbamoyi, a y}gg%?)égérﬁa%ﬁﬁ%n %rﬁ%gi%b?ﬁﬁlay?n rl;g.¥ fgr%%%n 0 ?gggﬁ%géﬁ(%&%ag 1%%Iude, but

aréthot Tihaitérd tles; tminolirsyte ibodutitrpliensd benzoimyisbenibtiiophersgl Henwioxazkds kenzisoxazole,
benzothigzole:ANK RERFISHIAZRJe, T ek OFISTFRNE. AR YSRE NBISiIeA R s il aieroan
group wherein feteroaryl is defined herein.

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

context of a compound or composition, the term "comprising" means that the compound or

composition includes at least the recited features or components, but may also include additional

25 features or components.

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

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

The term "independently” is used herein fo indicate that a variable is applied in any one instance
without regard to the presence or absence of a variable having that same or a different definition

30  within the same compound. Thus, in 2 compound in which R" appears twice and is defined as



20 The term (hetero)aryl as used herein refers to an aryl or a heteroaryt moiety as each is defined
herein..Th%@%gngﬁigcycloalkyl", "heterocyclyl" or "heterocycle" as useigjCb ﬁgiﬂﬂg%ng}%s a
monovalent saturated cyclic radical, consisting of one or more rings, preferably one totwo rings, or
three rings, of three to eight atoms per ring, incorpgiating one or more ring carbon atoms and 25 one
or more ring heteroatoms (chosen from N,0 or Se=-010-2), wherein the point of attachment can be
through idagERIEANRQA AT ChiBrRLeTORANR Rndhich GRm apsignally:be indersadently, supstituted
with one or more, preferably one or two or three substitucnts selected from hydroxy, oxo, cyano, lower
alkyl, IoRHBPSIRBRANGHE s AEHKBEPL &Ry Ithio, halo, haloalkyl, hydroxyalkyl, nitro, allcoxycarbonyl,
amino, alkylamino, alkylsulfonyl, arylsulfonyl, 30 alkylaminosulfonyl, arylaminosuifonyl,
alkylsuierulpming. axlsylonarning. elysaminaraiband oy aminacathanil. Alvlsaibenyiamino,
arylcarbonylarnino, unless WO 20(19/106444PCT/EP2009/051759 -26- otherwise indicated.
ExampKkepsthatang casieibiticaisnasindiecontoskd wotcliined 1o therprrgimylinyyratidinia definition
hexahygdroazenipyi-xetanyhdsiiahyareiureayieirahvdrothiophenyl axagolid t&tbﬁb,th'azq"dwh
isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl, thiomorpholinyl, quinuclidinyl
and imiSRPORAIOBSTHS sEpHEpRterBAE salllelexyr erctmes herei me s ananmqhede rssytlvalky|)
group whgeiphgtstagycloalkyl is defined herein. The phrase "organ rejection” includes acute allograft
or xenograft rejection and chronic allograft or xenograft rejection in the setting of vascularized and/or
non-vascularized (e.g. bone marrow, pancreatic islet cells) transplants. 10 Commonly used

abbreviabossidlisde:" a¢ eyl gLy aZzpidsoisOBUYTY Nt BN atrhospkecbs i) the point
9-borahieyalol3,2.41NgNans £9; ler rbanyl (Bo I-tert-butyl pyrocarbonate or
boc anhyéride B%CZO)?@eégﬁg%gﬁ%}%ﬁ%ﬁ%ﬁgﬁ %\%C{ %gé(tt%suézesgggﬁhat%o% Ylﬁgé}(r%a A@‘RN),
behyldkjcamohy ieBHoe@Mplrbonyl diimidazole (CDI), 1,4-diazabicyclo[2.2.2loctane (DABCO),
diethylaminosulfur trifluoride (DAST), 15 dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene
(DBN), 1,8- diazabjcyclc Olyndec-7-ene (DBU), N,N1:4lic xylcarbodiimidg,(DCC), 1,2-
dichloroethane (D%%%"giigﬁ or%#%fﬁ%[g‘éh(ﬁcﬁﬁ, dlgéthyl axbdicar xyi‘g?g((lﬁﬁQD)ﬁ, .
di-isopropylazodicarboxylatc (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H),
di-isopropylethylamine (DIPEA), N,N-dimethyl acetarnide (DMA), 4-N,N-dimethylaminopyridine 20

(DMAP) %B‘d@fﬁ%ﬁlﬂ}ﬁ%rm%‘@ﬁ?e@ & %pglmt%@bf | Siifexide APMREct vertex) indicates that the
1,11-his(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-
dimethyASRdifes Sp iR aledhy caMRIdIm & HR8 eBATE (EDCI), ethyl (Et), ethyl acetate (EtOAC),
ethanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et20),

0-(7-azglenzotriazaleslry L Noasivuranium H%'%Map@%&?&%@ﬂ%g'&%& Jd), geetic
acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure liquid chromatography (HPLC),
isoLproSARBIERAYE YA e etk R ¢t FLiviESyinHethapbigy aorHn oty pdint (mp),

MeS02¢(mesyl arMakimetabMeh aaaionitiie (MaChy, &e,-&}ke{@@%ebé%%ﬁ%%ﬁ%%@’ffﬁ), mass
spectrum (ms), methyl t-butyl ether (MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA),

N-chlorB8tfétH R daos NeShennietinfofieiee ek nsnirapIpsatoidodeo @IV pyridinium
chloroclyrgmatetPCC), pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr),
pounds per

The phrase “come together to form a bicyclic ring system” as used herein means join to form a

20 bicyclic ring system, wherein each ring may be made up of either 4-7 carbon atoms or 4-7

carbon and heteroatoms, and may be saturated or unsaturated.

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

When the term "about" is used in conjunction with a numerical range, it modifics that range by

extending the boundaries above and below the numerical values set forth. In general, the term
25 “about" 1s used herein to modify a numerical value above and below the stated value by a

variance of 20%.



WO 2009/106444PCT/EP2009/051759 square inch (psi), pyridine (pyr), room temperature (rt or RT),

tert-butyldi%%tli @M&M BuMe2Si (TBDMS), triethylamine (TEA or Et3N), _
2,2,6,6-tetramet¥1y plﬁer?tdine 1-oxyl (TEMPO), triflate or CF3S02- (TI), trifIl?(g:r"‘g)/g‘(l:)é2 |%9'§8|155(QT EA),

1,1-his-2,2,6,6- tetramethylheptane-2,6-dione (TMHB), 0-benzotriazol- |
-yl-N,N,N",N'-tetramethyluronium 5 tetrafluoroborate (TBTU), thin layer chromatography (TLC),

tetrahydrgfudan:{Tiohy dtdemihy sl OpN esSIIMB) RstRiHaRasHIfoNis-Agid, merghwstate (I SOH or
pTsOH), 4-MeC6H4502- or tosyl (Ts), N-urethane-N-carboxyanhydride’ (UNCA),. Conventional

nomenciaftirasinkfiRier)tharpheritelonbirhutenyasd (i prekdbribars esuelyl terainiqaebeydid neo have
their cusioraass eaNIRgWhaRy USRI Willianald m@ﬂtﬁg-i%aﬁ%?ﬂg Rl aKlesingY 10

Nomenclature in Organic Chemistry, IUPAC 1979 Pergamon Press, Oxford.). Examples of
represefERVEEHBEGH R Broih pagsdadlthe reetromadrbnthisdsimtardasia sofse fahe
invesﬂtioaugrpg%eapi,da%cam@@ felowingJablesdieseexpaples @ms%@aa{a&g nEdiaighay.are

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

inventioPtPheResHis i st @spendctbusadon miimplae sbepeakrhereBinteriokdurmerely as being

illustratiyeanddepiesentative tigseah Hrgensr ahuhadamenclatire HsaddmhisApplsation igbased
on AUTOI\V%%ITM v.4.0 ﬁaﬁggjilstein Ir?stitute vcomButerized syste?n{?%ﬁ%gei ge%]eration%of ISPAC

systemé‘ﬂg‘ﬁlﬁﬁ’é‘?ﬁﬁﬁiﬁ%islﬁml-@@*&?s@@&&w5@&7\?@&11%’ lgepRacabstiteanie aRydremmisdiven
that strygtietiTe Il eRisted IS UCIW SRR RCTIKLE m%%%igﬁ%&&%@%@»} i&iﬂ%&%{ﬁ%&?mistw
of a 20 structure or a portion of a structure is not indicated with, for example, bold or dashed fines, the

stri@turé-orpprdsigrihd nliodivcene bdintdrprspsamisri cen sasoml afteserdingbormerseds it.

TABLE hgepictaexemplifi e cAmRoundsas o ingdq Hmula htARKE | QUARISEBIEMATIC
NAME STRUCTURE MP I-1 1-(2-Bromo-5H-p)éerIo[2,3-b]pyrazm-?- y1)-3-methyl-butan-1-one N4,1 _
The term ~(ar)alkyl refers to either an unsubstituted alky!'or an aralkyl group. The term

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

Compounds of formula I may exhibit tautomerism. Tautomeric compounds can exist as two or

15 more interconvertable species. Prototropic tautomers result from the migration of a covalently
bonded hydrogen atom between two atoms. Tautomers generally exist in equilibrium and
attempts to isolate an individual tautomers usually produce a mixture whose 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

20  aldehydes and ketones, such as acetaldehyde, the keto form predominates while; in phenols, the
enol form predominates. Common prototropic tautomers include keto/enot (-C(=0)-CH- 5 -C(-
OH)y=CH-), amide/imidic acid (-C(=0)-NH- 5 -C(-OH)=N-) and amidine (-C(=NR)-NH- & -
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.

25 Technical and scientific terms used herein have the meaning cormmoniy understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
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.,

30 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.



e Nrril T Br 183-187.5 1-2 5H-Pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide WO
2009/1064 9/051759 -28- 1-3 2-Chloro-5H-pyrro lo[2,3-1Thy qzm% box I|c acid
isopropylami Ag?%gégég‘% - 1 4 2-Isopropenyl-5H-pyrrolo[2,3-b]pyrazinc- E; -carbox % 7c

isopropylamide 23

Materials, reagents and the like to which reference are made in the following description and

examples are obtainable from commercial sources, unless otherwise noted.

The term “acyl” as used herein denotes a group of formula -C(=0)R wherein R is hydrogen or
lower alkyl as defined herein. The term or "alkylcarbony!” as used herein denotes a group of

5 formula C(=O)R wherein R is alkyl as defined herein. The term Cy. acyl refers to a group -
C(=O)R contam 6 carbon atoms. The term "arylcarbonyl" as used herein means a group of
formula C{=0)R wherein R is an aryl group; the term "benzoyl" as used herein an "arylcarbonyl"

group wherein R is phenyl,

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

15 When the term “alkyl” is used as a suffix following another term, as in “phenylalkyl,” or
“hydroxyalkyl,” this is intended to refer to an alky! 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

20 phenylalkyl moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but
are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl”, “aryl alkyl”, or
"aralkyl" are interpreted similarly except R'is an aryl radical. The terms “heteroaryl aliyl" or

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

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

25 defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. The term
“lower haloalkyl” denotes a straight or branched chain hydrocarbon residue containing 1 to 6
carbon atoms, wherem 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyt,
trifluoromethyl, trichioromethyl, tribromomethyl, trilodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-
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bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2~
dichloroethyl, 3-bromopropyl or 2.2, 2-trifluoroethyl.

The term "alkylene” as used herein denotes a divalent saturated linear hydrocarbon radical of 1
to 10 carbon atoms (e.g., {CHz)y)or a branched saturated divalent hydrocarbon radical of 2 to 10
5 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

10 such as methoxy, ethoxy, n-propyloxy, i-propyloxy, r-butyloxy, i-butyloxy, t-butyloxy,
pentyloxy, hexyloxy. inciuding their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "Ci-1¢ alkoxy" as used herein refers to

an-O-aitkyl wherein alkyl 18 Ci.io.

The term “alkoxyalky!” as used herein refers to the radical RR"-, wherein R' is an alkoxy radical
15 as defined herein, and R" 1s an alkylene radical as defined herein with the understanding that the
attachment point of the alkoxyaii{}}i moiety will be on the alkyiene radical, Ci alkoxyalkyl
denotes a group wherein the alkyl portion 1s comprised of 1-6 carbon atoms exclusive of carbon
atoms in the alkoxy portion of the group. C,. alkoxy-C;s alkyl denotes a group wherein the
alkyl portion is comprised of 1-6 carbon atoms and the alkoxy group is 1-3 carbons. Examples
20 are methoxymethyl, methoxyethyl, methoxypropyl, ethoxymethyl, ethoxyethyl, ethoxypropyl,
propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl, butyloxybutyl,

methoxypentyl, ethoxypentyl, propyloxypentyl including their isomers.

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.

25 The term “cycloalkyl” as used herein refers to a saturated carbocyclic ring containing 3 to 8
carbon atoms, L.e. cyclopropyl, cyciobutyl, cyclopentyl, cyciohexyl, adamantyl, cycloheptyl,
cyclooctyl or octahydro-pentalen-1-yl. "Csz 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, chiorine, bromine, or iodine.
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The term "heteroaryl” or "heteroaromatic” as used herein means a monocyclic, bicyclic, or -
tricyclic radical of 5 to 18 ring atoms having at least one aromatic ring containing four to eight
atoms per ring, mcorporating 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 onanaromatic 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, oxazol, 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, haloalkyl,
alkylsulfinyl, alkylsulfonyl, halogen, amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
15 dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino and arylearbonylamino. Examples of
bicyclic moieties include, but are not limited to, quinolinyl, isoquinolinyl, benzofuryl,

benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and benzisothiazole

The term "heteroaryloxy” as used herein means an -O-(heteroaryl) group wherein heteroaryl is

defined herem.

20  The term (hetero)aryl as used herein refers to an arylor a heteroaryl moiety as each is defined

herein.

The term “heterocycloalkyl”, "heterocycelyl” 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

25 one or more ring heteroatoms (chosen from N,O or S(=0)g.»), 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,
oxo0, cyano, Jower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halo, haioalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,

30 alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,

alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless
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26-
otherwise indicated. Examples of heterocyclic radicals mclude, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,

thiomorpholinyl, quinuchdinyl and imidazolinyl.

53 The term "heterocycloalkyloxy" as used herein means an -O-(heterocycloalkyl) group wherein

heterocycloalkyl is defined herein.

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

pancreatic isiet cells) transplants.

10 Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), fert-butoxycarbonyl (Boc),
di-rert-butyl pyrocarbonate or boc anhydride (BOC;0), benzy! (Bn), butyl (Bu}, Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), 1,4-diazabicyclo[2.2.2Joctane (DABCO), diethylammosulfur trifluoride (DAST),

15 dibenzylideneacetone (dba), 1,5-diazabicycloi4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU), N, N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-
propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-
propylethylamine_(DIPEA), N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine

20 (DMAP), N.N-dimethyiformamide (DMF), dimethyl sulfoxide (DMSO), 1,1'-bis-
(diphenylphosphino)ethane (dppe), 1,1-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-
dimethyiaminopropyl}-3-cthylcarbodiimide hydrochioride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), cthanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethy! ester (EEDQ), diethyl
ether (Et;0), O-(7-azabenzotriazole-1-yl)-N, N,N"N’-tetramethyluronium hexafluorophosphate

25  acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure
liquid chromatography (HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS),
methano! (MeOH), melting point {mp), MeSO:- (mesyi or Ms), , methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl z-butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide

30 (NCS), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chiorochromate
(PCC), pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr)}, iso-propyl (i-Pr), pounds per
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square inch (psi), pyridine (pyr), room temperature (1t or RT), terz-butyldimethylsilyl or #-
BuMe,Si (TBDMS), triecthylamine (TEA or Et:N), 2,2,6,6-tetramethylpiperidine 1-oxyl
(TEMPO), triflate or CF3S80,- (T1), trifluoroacetic acid (TFA), 1,1-bis-2,2,6,6-
tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium

5 tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsityl or Me;Si (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH}, 4-Me-
CHaSO2- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature
including the prefixes normal (n), iso (i-), secondary (sec-), tertiary (tert-) and neo have ther
customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,

10 Nomenclature in Organic Chemistry, TUPAC 1979 Pergamon Press, Oxford.).

Examples of representative compounds encompassed by the present invention and within the
scope of the nvention are provided in the folowing Table, These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

15 invention, but merely as being illustrative and representative thereof.

In general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, 2
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 is to be accorded more weight. In addition, if the stereochemustry of a

20  structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

structure or portion of the structure is to be interpreted as encompassing alil stereoisomers of it.

TABLE I depicts exemplified compounds according to Formula 1.

TABLE L
COMPOUND SYSTEMATIC NAME STRUCTURE MP
N
N
11 1-(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7 S’\ I 183-187.5

yh-3-methyl-butan-1-one Br

1.2 SH-Pyrrolo[2,3-blpyrazine-7-carboxylic N;)LN
- L. . I 'w
acid isopropylamide Nyt




OH 110 1-17 142-(Hydroxy-phenyl-methyl )-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethylpropan-I-one

MN \

OH #
WO 2009/106444

8.

PCT/EP2009/051759

2-Chloro-5H-pyrrolo[2,3-b]pyrazine-7-

.
Y_¢

g O
Z

)

1-3 carboxylic acid isopropylamide ’\\JECE 278-279
8]
A
14 2-Isopropenyl-SH-pyrrolo[2,3-b]pyrazine- N N
7-carboxylic acid isopropylamide M§=
A
15 2-Isopropyl-SH-pyrrolo[2,3-b]pyrazine-7- NN
carboxylic acid isopropylamide \=5__
(8
[-(2-Chloro-5H-pyrrolo[2,3-blpyrazin-7- ):H\,(
16 y1}-2,2-dimethyl-propan-1-one \sz 209-210
)
1.7 (2-Bromo~5H~pyrr0.lo{2,3~b]pyrazin~7»yl)~ NamV
(1-methyl-cyclohexyl)-methanone \—-(
Br
O
1-(2-Bromo-5H-pyrrolo[2,3-blpyrazmm-7- N
I-8 yl)-2,2~dimethyl-propan-1-one \[N’ N 213.0-214.0
8]
(P@N
1-9 1-(2-Isopropenyl-SH-pyrrolo|2,3-b]pyrazin- N/m\N
- 7-y1)-2,2-dimethyl-propan-1-one \‘§=
O
N
(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)- Vo
1-10 (I-methyl-cyclopentyl)-methanone \\“‘(B 206.9-207.9
L11 1-(2-Ethynyl-5H-pyrrolo[2,3-blpyrazin-7- N, N
y1)-2,2-dimethyl-propan-1-one L’&\ 229.0-231.0
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112-(Hydro ridin-4-yl-methyl)-5Hpynolo[2,3-b]pyrazin-7-y1]-2,2- dlmethér(% gan -1-one HN\i  ---
OH 19 1&4% ‘ﬁ{/rldln 3-yl-methyl)-5Hpyrrolo [2,3-b]pyrazin-7-y1]- 5 ﬁ/ylslﬁ?gpan 1-one
220,
0]
X
1-12 1—(ZiEthyl—SH*pyrro10[2,3~b]pyrazm-7-yl)u e 215.0-216.0
2,2-dimethyl-propan-1-one \-{\_
G
13 1-(2-Bromo- 5H-pyrrolo]2,3-b]pyrazin-7- %
) v1}-2,2-dimethyi-3-phenyl-propan-1-one \“_‘<Br
0
HN \
N —
114 1-[2-(1-Hydroxy-ethyl)-5H-pyrrolo[2,3- b N
) blpyrazin-7-yl]-2,2-dimethyl-propan-1-one o
O
1-[2-(1-Hydroxy-2-methyl-propyl)-5H- i M
I-15 pyrrolo[2,3-b]pyrazin-7-v1]-2,2-dimethyl-
propan-1-one on
O
HMN "\
N%
1-[2-(Hydroxy-o-tolyl-methyl)-5H- 7
I-16 pyrrolof2,3-bjpyrazin-7-y1}-2,2-dimethyl- OH
propan-1-one
3
HNR
N\);?_ﬁi
1-[2-(Hydroxy-phenyl-methyl)-5H- "
1-17 pyrrolo{2.3-b]pyrazin-7-yl}-2,2-dimethyl- oH
propan-1l-one




N OH 1-20 (2-Bromo-5H-pyrrolo [2,3-b]pyrazin-7-y0- ((3aS ,6aS)-1-methyl-octahydro -pentalen-1-

yl)-methanone HN N-...-- NH Br 1-21 (2-Bromo-5H-pyrrolo [2,3-b]pyra!)z(i:r,};£-l¥z%69 051750
((18,28)-1}5%%%‘@9{ﬂ§/?§€§clopenty1)- methanone HN /E fOST73
-30-
HMN \ 7
. N\ —= \
1-[2-(Hydroxy-pyridin-4-yl-methyl)-5H- 7
I-18 pyrrolo[2,3-bipyrazin-7-yl}-2,2-dimethyl- o
propan-1-one g =
Nt/

1-[2-(Hydroxy-pyridin-3-yl-methyl)-5H-
1-19 pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-
propan-1-one

(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-ylj-
1-20 ((3aS,6a8)-1-methyl-octahydro-pentalen-1-
yl}-methanone

(2-Bromo-SH-pyrrolo[2,3-b]pyrazin-7-yl}-

I-21 ((1S,28)-1.2-dimethyl-cyclopentyl)-
methanone Br
o
HNT
1 (2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)- N N
) (1-methyl-cyclohexyl)-methanone \\—/<
B
o
AN R
1.3 (2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)- DY
) {1-methyl-cyclopentyl)-methanone \\——/<
Br
O
HYT T
Lo4 (2-Bromo-SH-pyrrolo]2,3-bipyrazin-7-yl)- N

(1-methyl-cycloheptyl)-methanone \—<




NI '-,....,_<,-,N Br 1-22 (2-Bromo-5H-pyrrolo [2,3-b]pyrazin-7-y1)- (1-methyl-cyclohexyl)-methanone
HNN 110N\ ./Br 1-23

WO 2009/106444 PCT/EP2009/051759
-31-
5
Adamantan-1-yl-(2-bromo-5H-pyrrolo2,3- Nt
1-25 : N/
bjpyrazin-7-yl)-methanone \-—<
Br
G
HNT R
(4-Benzyloxy-1-methyl-cyclohexyl)-(2- N
1-26 bromo-5H-pyrrolof2,3-b]pyrazin-7-yl)- g ©
methanone b
G
HNT
N\—/N
127 (4-Benzyloxy-1-methyl-cyclohexyl)-(5H- 5
pyrrolo{2,3-blpyrazin-7-yl)-methanone 5
5
. 7 N
. [-(2-Ethynyl-5H-pyrrolo{2,3-blpyrazin-7- N N
1-28 : —
vhH-2,2-dimethyl-propan- I -one
A\
o]
-{2- ~5H- - 7111~ 7 v 7N
@)
HNT X
. 7N
1.30 [-(2-Isopropenyl-5H-pyrrolo[2,3-b]pyrazin- | N N
) 7-y1)-2,2-dimethyl-propan-1-one i
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1-24 (2-Bromo-5
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Br

-32-
O
BN o
1-(2-Chloro-5H-pyrrolo{2,3-blpyrazin-7-yl}- =
1-31 . N
2,2-dimethyl-propan-1-one A
Ci
H
g
1-(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7- 7N
I-32 yl)-3-methyl-butan-1-one S.ﬁN h
Br

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

the patient's response to the active ingredient.

A compound or compounds of the present invention, as well as their pharmaceutically useable
salts, together with one or more conventional excipients, carriers, or diluents, may be placed into
the form of pharmaceutical compositions and unit dosages. The pharmaceutical compositions
and unit dosage forms may be comprised of conventional ingredients in conventional
proportions, with or without additional active compounds or principles, and the unit dosage
forms may contain any suitable effective amount of the active ingredient commensurate with the
intended daily dosage range to be employed. The pharmaceutical compositions may be
employed as solids, such as tablets or filied capsules, semisolids, powders, sustained release
formulations, or liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for

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

the target organ or tissue and on the desired dose and pharmacokinetic parameters.

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

pharmaceutical practice.

“Pharmaceutically acceptable™ means that which is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic, and neither biologically nor otherwise undesirable

and includes that which 1s acceptable for veterinary as well as human pharmaceutical use.

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer a
desirabie pharmacokinetic property on the active ingredient which were absent in the non-salt
form, and may even positively affect the pharmacodynamics of the active mmgredient with respect
to its therapeutic activity in the body. The phrase “pharmacecutically acceptabie salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts inchude: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succimic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyi)benzoic acid, cinmamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesuifonic 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,
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and the like; or (2) salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth jon, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, tricthanolamine,

tromethamine, N-methylglucamine, and the like.

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

thickeners, solubilizing agents, and the like,

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

suspending agents.

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 n 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 m oily or aqueous vehicles, for example solutions in aqueous polyethylene glveol.



1-(2-Isopropeny1-5H-pyrrolo[2,3-b]pyrazin- 1-30 7-y1)-2,2-dimethyl-propan-1-one FIN N N\ N\ _
WO 2009/106444PCT/EP2009/051759 -32- The compounds of the present invention may be

formulated'Vf &Wﬁ‘g(\‘}éﬁety of oral administration dosage forms and carriérS T&FAP &M RStration can

be in the form of tablets, coated tablets, dragees, j}%r_d and soft gelatine capsules, solutions,
emulsions, syrups, or 5 suspensions. Compounds of the present invention are efficacious when

admim%‘%%%ﬂa?éé 8%‘?%[ 81“5%%&0:{/1%3@’8%‘ &9'&1&5‘&8{%{9,@91981'&5%‘%%ﬁ‘@%&@’&ﬂ&’é‘?r‘%ﬂﬁ(}e@c"g ol, .
parenteral, intramuscular, intravenous, subcutaneous, transdenna zw ich may include a penetration
enhanceshethagenglsatoatgvakial pmﬁmiaﬂdigupp@émaézéhmr@@nﬁt_@mramcmge@mér routes of
adminisijation. LR RISISHES RAMNEE S AYTINANQ0 1RIERS B!V, ARl MSIRf: Rifying or

suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in

5 powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution for

constitution before use with a suttable vehicle, e.g., sterile, pyrogen-free water.

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams
may, for example, be formulated with an aqueous or oily base with the addition of suitable

10 thickening and/or gelling agents. Lotions may be formulated with an aqueous or oily base and
will m general also containmg one or more emuisifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents i a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an imert

15 base such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient i a suitable hquid 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, by stirring. The moiten

20  homogeneous mixture 1s then poured mto convenient sized molds, allowed to cool, and to

solidify.

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

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

25 The compounds of the present invention may be formulated for nasal administration. The
solutions or suspensions are applied directly to the nasal cavity by conventional means, for
example, with a dropper, pipette or spray. The formulations may be provided in a single or
multidose form. Inthe 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

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



10 convenient daily dosing regimen which can be adjusted according to the degree of affliction and the
patient's response to the active ingredient. A compound or compounds of the present invention, as
well as thef¥ pR&EEHtically useable salts, together with one or more corffeEiSAAITaREBients,
carriers, or diluents, may be placed into the form of, pharmaceutical compositions and unit dosages.
The pharmaceutical compositions 15 and unit dosage forms may be comprised of conventional
ingredignts é@@%p%&é‘s“gf‘t%'eggr"eﬁg’% AR K'}tﬁ‘ g"{ag’zv ihout additional Qﬁﬁé&% %E’n%‘t?%%g?ﬁ principles, and
the unit dosage forms may contain any suitable’effective'amount of the active ingrediént
commepmticatianlyitto the inspmaedydailyt dodagd udingertuine ehuloyedt Thep remacesical will
Comp."?égé?é}?i %fgf&%@lfa}é&&i@t% §§%'éd%=r%%ﬁaﬁfé a9 é%%e‘?'h%%‘%% ISRopruselds, owders, |
sustaingd release 20tormulations, or liquids such as solutions, suspensions, emulsions, elhst, or filled
capsulgsifoclorsiktisenobde befed hofirmuppésitenes fbe rettéhorvagitabadminisiration; ditin the form
of WO /106444 CI‘é P2009/051759, -33- ter/iﬂke injectable,solutions for patenteral use. A typical
orepar o o o e e T 35hh sk s SeIe MBI LB BRIy, The term
"prepargtiorvibrotdosdye 6" idontendadaodnblodslfbibrsolidhand, ligoidefofinolationsaot the active

Compo‘&?&%@(?t?@%@%ﬁ‘h%%ﬂéh%r%%’é'lq%HQ%%%%E%E‘%%! alasive ngredient can existindiffergot
preparations depending on 5 the target organ or tissue and on the desired dose and pﬁarmaco&metlc
parametésrs caelinarsu iactipientthass igathiverdincrédee folaugompdune tiat isduse fulnigt gredparing a

phafm.a&ag%i.cﬂg&ﬂg?&%ﬁg% %ﬂ%qﬂt}ér%afsm@% ic fm&%it;%eaf %%i%gi%aéigyn%r Qfhenyise
undeS|ra Ie, anda inc ude ex0|p|ents at are acc pta eYor veterlnary use a eI as human
phHimatemival usewTtierosmpogndstpitiig meentitblcarnbdadministehes dovedstawill, xGugénerally

be admini i [ [.NOr itahl ' iRi dilwents o rriers
cetacto B S St
"Pharmeaseigticaill faaeptabietimeass thaitwhiCheipasddolirnprepticingraypbaiveacetadcal womposition

that ish%g};gsrﬁ%%s{%x 9@1&051%513@91&%&@&#&8&@seu.van,ge%%wiﬁﬁs@?ggg@@gﬁ}%ﬁaﬂ ipgludes

that w Is acceptable for veterinary as we a§humaﬁ'p armaceutica armaceutically
acceptasie saltniorbe afamateied Pigrecienoiayialieteinitially confer a desirable pharmacokinetic
property on the active ingredient which were absent in the non-salt form, and may even positively

affect the,pharmacoedynamics of the active ingredient with. respect to its therapeutic.activity in the body.
S s S ST e U Rk e
pharmaseutidaily rabeeptalenasith that gossessos therdésiredijphammaptiogicabagtivitdobibeparent
compoynd. 5161 sals Rclue; (1) aeid adign salts: fomed vt inorganis cids sueh as hycrochiorc
acid, h&c‘{ro romic aC|(§l, sul uric acid, nitric am?:ls, p ospﬂo“rlc ama, and thetl e, or formed with organic
acids sitksasiabetivv agitkpsepionivatigchexatoit aisidincyctopestariehr opiopiniadic, glyeslicyacid,
pyruvic 461, 2615 Acid malen & 25AGIG suseins acdl mac add maleic acid, trmarc acid,tartaric
acid, citric acid, benzoic ac ,aél-%4-‘ﬁy roxy enzoy’l enzoic acid, cinnamic acid, mandefic acid,
méthandsikfomisyacithsetitahapLaiolyiethaiticd 18-atishme adisedfonio hdisdyd ihxy etngresylfohic acid,
benzen id, 4-ch| zencsulfonj id, 2-naphthalengsulfonic,agid, 4-tolucnesulfonic
acid, ca%n%%g{:scgiﬁ)%% g%:ﬁ?%ﬁ?}ggﬁ]‘ﬁgfc%ﬁ%ﬁ%{%%ﬁno%%?%%é ‘3185;}%8’)}%{%?&%?%’ ticoheptonic acid,
cycloheptan-2-one). Sustained release delivery systems are mserted subcutaneously into to the
subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

lipid soluble membrane, e.g., silicone rubber, or a biodegradable polymer, ¢.g., polyactic acid.

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

30 present invention unstable or compromising their therapeutic activity.



30 3-phcnylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic
acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, WO
2009/1064%8PEY1-¥4H00/051759 -34- and the like; or (2) salts formed wHET ST 2O F8ton present
in the parent compound either is replaced by a me_ga}"ion, e.g., an alkali metal ion, an alkaline earth
ion, or an aluminum ion; or coordinates with an organic base such as ethanolamine, diethanolamine,
rethaneiaring; MR G e eUMBHSANInR. AN G 8 o Rl lm. RiePgTglions nclude
powders, tablets, pills, capsules, cachets, suppositories, anléla?speraule granules. ASofid carrier may
be one vitnidrelsubstamdesweliibh sastyalscoautizb el bie msndlavodnic agent$sgo fobilirersniubricants,

fedrelatbsiEmiest vedsmmap bl ind ’ Miplibricants,
suspendlngAOEA, bndes BrEsen/ales Rble dlicaraling sgenie LA sncapsiping matera

In powders, the carrier generally is a IS a mixture wi e finely divided active
comporeamnarytsiié e theatitianid fyoponent Hehoraiyrigionxed dataghecgamiardiaviag thdar

necessabhBIHinGCRRACIY MLakliehie RoRRIIBNR.ANd 6PMPARSd NG SfaRe P slaf esired

Suitable carriers include but are to magnesium carbonate, magnesium ggg}g}%?ltalc, sugatr,
lactose bpecfigiablelta¢h istatamigelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a
low melting wax, cocoa butter, and the like. Solid form preparations may contain, in addition to the

active 0 ngnt, colorants, flavors, stabilizers, buffers, artificial and natural sweefener
dispe rsﬁsﬁﬁ?ckﬁe]ﬁgaé,usé %i%#%&%\ééeﬁ%?uanr%ld the’ |éfe%?%rﬁ|]3 &%?n%r}ﬁtl%%%ma 5 uérr%&s?ﬁ ifgé?é: Sor oral
administyatignimoid declidisidsformul atidrv idiohl diFite elonel siokh & sytiupie dalixihs, iadivéhuss solutions,
agueous, sus I%_%n .These.include soli [g}g reparations which are intended to be converted to
liquid foﬁﬁ‘ypr%p%ragti%%n%as §?ﬁt§qﬁl§3r§§35§ r%’r%ﬁ%i%aﬁ]svﬁgy th%’rgﬁg?egl}ﬁbsoffﬁ%nig,gf%?oenxampIe,
in dquesuspropyienery el solutisnsornudyheatiteisem bisifyingddentg sucth ssdedithialtsorbitan

monooleale, O AGARR. Adeoupaoliiens. can e prenared by dissolving e agtive componen in
water and adding SUI?%QIG colorants, ? avors, stabi IZIng, an % ICKening ag S. AquUeous suspensions

can be praparcdltwyndispersingdhbefimelpdividedndctipecompofidnt inediate pwithtiveeoisaiatdrial, such
as natugal or. ithetic.: s, resins, methylcellulose, sodi carbox Icglul se, and other
ol okt LT R e S S et e
parentersigirminidentiveule e, dopriojection formxthmpby bolis: injectidnorticantioupys Anfiisfornkand

may be pr [ j [ peules, nre-filled.syringes.,small volume infysion or in
O e RS R ST
suspensions, 1$6lmighg, lodemwalgivrandnlst orcdeued s vedictesit ol exghgdie dotutighsiaraigueous

e S0 SRS 05H U RS S TR Ot
day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between I and 5 dosages per day. Generally, treatment is initiated with smaller dosages which

20 are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect for the individual patient is reached. One of ordinary skill in
treating diseases described herein will be able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures of this application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given disease

25 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
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

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

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



polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl oleate), and
may contain formulatory agents such as preserving, wetting, emulsifying or suspending, stabilizing
ancUor disBérdig 5’6@%‘/&5. Alternatively, the active ingredient may be in 5 BoWEERBH P 18Btained by
aseptic isolation of sterile solid or by lyophilisation. om solution for constitution before use with a
suitable vehicle, e.g., sterile, pyrogen-free water. The compounds of the present invention may be
fmmutaﬁq% ff%ﬁl%%% l&QEgﬂ‘éﬁtfﬁ\tf pa{gébee ?Qgg%t%ﬁ gnsdﬁ))'p %‘%’é‘ﬁj ’e% aarpg 06 .Og%nso’u%rd? "Ssm%’lil’l .
transdermal patch. Ointments and creams may, for example, Be formula ed with arPaqueous or oily
base withe thee pelditiba vivsoitableThoshivkenmite and focpeiinenagentd. fodionsrenay bidddrmulated with
an aquenlmonAl SR ARANLINOeRsIAL R3S SANAING one 8" MRIGLMUSINNY RIS, stabilzing
agents, dispersing agents, suspending agents, thickening agents, or co orlngpagents. ormulations
suitablelioriopicui adtinistrstidndd abdimoaththrciodeclof érngesavimprisingactivesiggngs in a flavored
base, uaﬂgu%ﬁ%raq]?er%gg%ﬁp?@@e%g)@gﬁcamh; pastilles comprising the active ingredient in an inert
15 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 meltinghixa&lvEIchSas a mixture of fatty acid glycerides or cocoa
butter i %wellted and the active component is dispersed homogeneously, for example, by stirring.
The molten eho’mogeneous mixture is then poured into convenient sized molds, allowed to cool, and
to solidify. The compounds of the present invention may bg formglated for vaginal administration.

Pessaries, tampons, creams, geis, pastes, foams or sprays.conggining in addition to the active
J ai

ingredient such carriers as are kn in the art to be afRropyate~38 The compounds of the present
invention may be formulated forgfasaMadministrat®n. Th utions or suspensions are applied directly
to the nasal cavity by convention ans, for examplexyith avdropper, pipette or spray. The
formulations may be provided in a single or multidosc foMthe latter case of a dropper or pipette,
this may be achieved by the patient administering an appropriate, predetermined volume of the

solutio suspension. In_the cas %] &fsrra ,tfis{ a tge achjeved for example by means of a
meterir:%ggf(?fﬁg'iﬁlér’gﬁk}g?sé%w(\% ’g Bﬁ%ﬁﬁ Ffd‘%%y 6@@7%@1 §%86- The compounds of the
present invention may be formulated for aerosol administration, particularly to the respiratory tract and

inclgdingdnRtraRasH.AciRiBH ationL bre.asmreundwil aeraraliihave @ smalkpaticlesizeNgriexample
of the order of five (5) microns or less. Such a particle size may be obtained by means known in the

art, for EXhiBle by RIRGUNZAFHAITIE & aRte gl SARARTEPiDIIdEn 4 ragilived pe with a
suitablespropellantsuahiag & caloreiisonarcamhon ISt g rampteishigrodifluoromeathane,
trichlorofluoromethane, or dichlorotetrafluorocthane, or carbon dioxide or other suitable gfas. The
aerosolwﬁﬁeéfiﬁﬂ}gl}ﬁ%grﬁﬂg/was then removed from the ice bath and heated to 140 °C for 3 days. The
dark mixture was cooled to rt and diluted with diethyl ether and water. The mixture was filtered
15 and then partitioned. The organic layer was washed with water and then brine, dried over
Na; S0y, filtered, and concentrated to afford a dark red oil. This was purified by silica gel
chromatography (4:1 Hexanes: EtOAc) to afford 290 mg of 2-Bromo-6-methyl-5H-pyrrolo[2,3-

bipyrazine-7-carboxylic acid ethyl ester.

Example 2.
20

2-Isopropenyl-5H-pyrrolo{2,3-b]pyrazine



also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered valve.
Alternatively the active ingredients may be provided in a form of a dry powder, for W example a
powder mi¥ Bf3HE/ e¥i#tound in a suitable powder base such as lactose, st&rEEF3M4PEF Hafivatives
such as hydroxypropylmethyl cellulose and ponviQ%@t_)yrrolidine (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 blistex packs fram which wder may he administered by
means%osffélorpfr?ﬁg?grl. ﬁ%ﬁ%ﬁ%gkﬁ’a’r %ﬁﬁu% |Sﬁ?gaﬁ%@ﬁggdg\ﬁ?ﬁ%ﬁ%%@oa rgs adapted for
sustainethwor ; pnomellechréleliseademnistt o mef 2itraciiNg mgasdientdrboexanipie nibeccampbunds of
the presentinvention can be formulated in transdermal utaneaus drug.delivery devices. These
delivery%l %@éfgmeg%@elpag\l}g?ﬁ%%s oﬂ%@f ré?\%ﬂ%t%#]%é? Te ggfe‘%ﬁ rlé%@n%%énu%%)?f%ggswa%eand when
patient comipliatce didtkeactfdtmentndginten(iforidiahdJompdand8tfan$denmall20 deliviery systems
are frequently attached to .an skin-adhesive solid s rt..Ihe col d of interest can also be
CoribT g 3 R B A O N S e S e e e
releasevdaiveryisyisrethdare idsed e adiobit dtieozds ynd outeltbaubtermal tapbtdiy Kitgegy or
injection. The subdermat implants encapsulate the compound in a lipid soluble membrane, e.g.,

siliconer r, Q(.a biodegradable polymer, e g., polyactic acid, 25 Suitable formulatiops along with
pharmazc_iggga% ‘%Pﬁ%@ﬂ Eﬁ(fé%@s %h%%ﬁ(ﬁ)g%% %‘ﬁé 'anéy 3%8&%&&?@7 RETgtSH PIFES igﬁ &R %nd

Practicéehitharfhasyrd 95, 3eipechbindfoh WiastienbtacheBeddlisthing €abedanyhdQilk editjgdes, Easton,
Pennsylvania. A skilled formulation scientist may modify the foiniulations within the teachings of the
specification to provide numerous formulations for a particular route of administration without rendering

the ¢ontpasitidns .of the 30 present invention unstable or compromising their therapeutic activity. WO
2009/106444PCT/EP2009/051759 -37- The modification of the present compounds to render them

more soluble in water or other gghiCRy, for example, may be 1l mplished by minor
[fication, etc.), which are w thin the ordinary skill in the art. It is

modifications (salt folululation, esfeLil
also well within the ordinary skill‘of th& art to modifythe route ¢ fad ninistration and dosage regimen of
a particular 5 compound in ordeifto nfanage the pharmacokinedics 4f the present compounds for
maximum beneficial effect in patients\ The term "therapeutically eff§ctive amount” as used herein
means an amount required to reduce Symptoms of the disease in a ividual. The dose will be
adjusted to the individual requirements in each particular case. That dosage can vary within wide limits
dependmp tponidHripRerosE faatons [Surhas:thenseverity of the disease to be treated, the age and
general health condition of the patient, other medicaments with which the patient is being treated, the
route and foil]] of administration and the preferences and experience of the medical practitioner

involved: 16p oraiirnristratibRY el tBSGE 8 penkesrras Blonyand kb sbirnoao 1§y body

weight per dessshauD hesanReRiate DNVIONOHETaRY ARKIRNIM RAIBINALeRIMBIaPY-A fRreferred 15
dalel)g dosage is between about 0.1 and about 500 mgé? body welght, more ﬁreferred 0.1 and about
10

g RS R SR RIas P B e 1 9 AmBaba Srrtahuiks el WaIBRE bk dal) Thus, for

adminisiraéogitend; Ak ghpeEIeHeAN0:d §oR88! MG WAUH Deaheul 4Mode{l. 4.9:per day The daily
dosage can be administered as a single dosage or in divided dosages, typically between 1 and 5

dosageSOPRite SHRATEY AiRFC Fehp MR Wthd nRShydrd sERgd Saviien 2blersdedadhan the

optimuritasesetihecampaunddidearsaiandha tlosage isdnesaanseuby smallinstamentsuniithe
optimum effect for the individual patient is reached. One of ordinary skill in treating diseases described

herein WIEDE dbI8%without undue experimentation and in reliance on personal knowledge, experience
and the disclosures of this application, to ascertain a therapeutically effective amount of the

compounds af sheiprgaenbivantien fon a,8iven 4isease 29 ArtRFEeNbpyrazine was prepared
following general procedures described in these Examples and was TIPS protected following

general procedures described in these Examples.

Example 4.



The pharmaceutical preparations are preferably in unit dosage forms. In such form, the preparation is
subdivided into unit doses containing appropriate quantities of the active component. The unit dosage
form can b&Q HYLAEMY preparation, the package containing discrete quaF§itlé&rap(sYeHafition, such
as packeted tablets, capsules, and powders in vialgpr 30 ampoules. Also, the unit dosage form can be
a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate number of any of these in
packaged foiin. WO 2009/1146444PCT/EP2009/051759 -38- The fgllowing examples illustrate the

preparation and biological eval tionlof compounds within thg, sco jE of the invention. These examples
and preparations which follcﬁb'éﬁpﬁ)vided to enable thod& skitEd iy rt to more clearly

understand and to practice th sent invertiersThey shoe=Rot beftonsidered as limiting the scope
bei gkive thereof. EXAMPLES Example 1.
aid ethyl ester 10 To a flask charged

of the invention, but merely
Br 2-Bromo-6-methyl-5H-pyrr ,3-14pyrazine-7-carboxyl
with 20 mL of anhydrous N-meythl lidine at OC was added 68-% NaH (840 mg, 21 mmol). After
stirring 15 min, ethyl acetoacetate’(2.73 g, 10.8 mmol) was addéd slowly. After stirring an additional 20
min 3,5:Dibromo-pyrazin-2-ylamine (5.04 g, 2 mmﬁl&'l.'he reaction vessel was then removed from the
ice batifz %@éﬁ%ﬂé‘%@@%@ B PR AW S BRI Han diluted with diethy!
ether and water. The mixture was filtered 15 and then partitioned. The organic layer was washed with

water anddhgapinesaripaaierNazsediditeregdhandiconsentiies faaffierd agagk zed oil. This was
purified by silica gel chromatqography (4:_1 Hexanes: Et0OAc) tg afford 290 mg o

f
2-BromBBIRIAYI-SHPY ORI SUBYFALSiAE 7 Rsrdbag el BtprasprcBaismpieg. G83
2-Isepropepylabiixpytrpial, 8t blpy aziemmol) were combined in DMF/toluene (1:3, 5 mL). The

flask was purged twice with argon and then carbon monoxide was bubbled in for 1 min. Added

Sillustrative and repre

isopropyl amine (128 mg, 2.16 mmol) and stirred for 1 hr at 100 C. After 45 min, removed
volatiles under reduced pressure, partitioned the residue between ethyl acetate and water,

extracted twice, dried (NaxSQy), filtered, and purified on silica gel to obtain 76 mg.

10 Example 5.

2-Isopropyi-SH-pyrrolo[2,3-bipyrazine-7-carboxylic acid isopropylamide

2-Isopropyl-SH-pyrrolo[2,3b]pyrazine-7-carboxylic acid isopropylamide. 2-Isopropenyl-3H-
pyrrolof2,3b]pyrazine-7-carboxylic acid isopropylamide (60 mg, 0.25 mmol) was dissolved in

15 ethanol (10 ml.) and palladium on carbon was added (8 mg). The reaction mixture was shaken
for 2 h on a Parr hydrogenator under 55 psi hydrogen, followed by filtration through celite.

Volatiles were removed under reduced pressure to give 60 mg,

Example 6.



WO 2009/106444PCT/EP2009/051759 -39- 2-Isopropenyi-5H-pyrrolo[2,3b]pyrazine.
2-Bromo-51-1-pyrrolo[2,3-b]pyrazine (400 mg, 2 mmol), prop-1-en-2-ylboronic acid (190 mg, 2.2
mmol), pot‘gg)s%/?ﬁ Kitdnate (838 mg, 6 mmol) and PCT/EP2609/05175
1,1'-bis(diphenylphosphino)ferrocene-patladium(H)dichloride (249 mg, 0.3 mmol) were combined in
dioxanc (40 mL) and water (10 mL) and heated at 105 C for 1 hour. The reaction 5 mixture was poured
into ethyl acetate, extracted with ethyl acetate. Then the combingd extracts were washed with brine,
dried (Na2S04), filtered, and purifiedom\silica get to obtaip=ta4 mg.
243-(,3-Dirnethyl-pyrrolidin-l-y1)-pH& H -pyrrolo[2, Cﬁzinc was prepared from 2-
bromo-5-H-pyrrolo[2,3-b]pyrazine follgyving general proced Y esttescribed in these Examples. 10
Example 3. 7-lodo-2-isopropeny1- 5H‘\pg¢$6%[ 3-b]pyrazing_ __

7-lodo-2-isopropeny1-5H-pyrrolo[2, 3b]pyrazme 2-Isopropeny -5H -¥yrrolo[2,3b]pyrazine (89 mg, 0.56
mmol) was dissolved in DMF (5 mL) and potassium hydroxide (200 mg) was added, 15 followed by
dropwis d ion \%{dlssol in DMF "bl(g ter stirring 3 h, the
reactlor{g W%(.{S {poure m%%étgg &Oécgtqei%p i eth ac&atem?}%)]é)co fﬁ{éd extracts were washed
with wadambllmkfmdl&lynldnme Ocﬁﬁbdn@ﬂazgaﬂﬁmwdrmd&mmémmmﬂwrumwmmwpl‘éssure.

The cru

243-(3, ég %?ﬁgp ESF%'I%S(? \Qlfas JB)éil ééﬁ???@- pyn%%f EDBZt)]T[:])yra nghvc\/énstﬁpéﬁgggd following
gen@ramrtﬁweﬂwgmdm tiepcintinesaEstamyg e‘sthm‘dms%fﬂ@& frotetted Thkbowirtgrgenar dhen
procedyii RRAHRER 1LINERE MAMAIRS FRTRIE A MRAIOUHGAHIRIALERFIRALO -40-

layer was washed with cthyl acetate four times, then the combined organic layers were dried

over magnesium sulfate, filtered, and concentrated to carry on to the next example.

Example 7.

10
2-Chloro-7-t0do-5-triusopropylsilanyl-5H-pyrrolo{ 2, 3-bjpyrazine

A solution of the 2-Chloro-7-iodo-5H-pyrrolo[2,3-b]pyrazine from the previous step in 30 mL of
tetrahydrofuran stirring at 0 °C under argon atmosphere was treated with Hthium
hexamethyldisilylazide (6 mlL, 1 M in hexanes, 6 mmol), followed by triisopropylsilyl chloride

15 (L.1mL, 5.2 mmol). After 30 m at 0 °C, the solution was warmed to ambient temperature and
difuted with 20% ethyl acetate in hexanes, then washed twice with water and once with brine.
After drying the organic layer over magnesium sulfate, filtration was followed by solvent
removal and flash chromatography of the resultant residue using 2.5% ethyl acetate in hexanes,
to furnish 2-Chloro-7-iodo-5-triisopropylsitanyl-5H-pyrrolo[2,3-bjpyrazine (1.68 g, 95% over

20 two steps).

Example 8.



2-Isopropeny1-5H-pyrrolo[2,3-11pyrazine-7-carboxylic acid isopropylamide
2-Isopropeny1-5H-pyrrolo[2,3b]pyrazinc-7-carboxylic acid isopropylamide, 7-lodo-2-
|sopropen§/"]1g§flp%§/$g31‘6‘[2 311pyrazine (154 mg, 0.54 namol), palladium gggtmtm?%g’fnb”@g% 5 mmol)
and xanthphos (17 mg, 0.03 rnmol) were combineghin DMF/toluene (1:3, 5 rtiL). The flask was purged
twice with argon and then carbon monoxide was bubbled in for 1 min. Added isopropyl amine (128 mg,
2.16 mmol) and stirred for | hr at 100 C. After 45 mm, removed volajjgs under reduced pressure,
partitioned the residue between ethyl acgtate and Water extracted tW|e d'ed (Na2S04), filtered, and
purified on silica gel to obtaln 6 M=) Example 5. N
zine_X-carboxylic aci pro lar

2-Isopropy1-5H-pyrrolo[2:3-b]py :
2-isopropyl-5H-pyrrolo[2,3 frazin 7‘% boxyllc aC| Ty
2-Isopropenyl-5Hpyrrolo[2, azi rboxyllc acid |r5}&(;pynald (60 mg, 0.25 mmol) was

T

dissolved in 15 ethanol_ (10 mL) and palladll‘ﬁh on carborfwazadl ). The reaction mixture
was shaken for 2 h on a Parr hydrogenator under 55 psi hydrogen, followed by filtration through cclitc.

VolatilesArerlpsmaveisepiony ity rasaalel o gNesstry Bkimpidiaetipybpropan-1-ol
2009/19%1416%%5&029%@5&8 jlgﬂ&iypﬂﬁp%@}@l&w SfiArhigR-piiseyrolofnkinywagine (0.62 g, 4

mmol) in 20 mL dimet ZFJFIi;lformaml e at 0 C under argon atmosphere was treated with potassium

hydroxidestovad i B4k mbirgisendysaitrigding VESGUaes # HHBHE [@088% s Mfimbl) AThe mixture

Wasg  golution of isopropylmagnesium chioride with Hthium chloride (3 mL, 1M, 3 mmol) was added
via syringe. After 10 m, neat pivaldehyde (0.325 mL, 3 mmol, distilled) was added all at once.
After 1 h at -78 °C, the reaction was quenched by the addition of saturated aqueous ammonium
chloride, then diluted with ethyl acetate and allowed to warm to ambient temperature. The
organic layer was then washed successively with saturated aqueous sodium bicarbonate and
10 brine. After drying over magnesium sulfate, the solution was filtered and solvent removed, and

carried directly into the next step.

Example 9.

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

15  The residue from the previous example was dissolved in 30 mL methylene chloride and treated with the
Dess-Martin periodinane (0,76 g). After 10 m, the reaction was diluted with cthyl acetate and washed
successively with saturated aqueous sodium bisulfite, saturated aqueous sodium bicarbonate and brine.
After drying over magnesium sulfate, filtration, and solvent removal, the residue was taken up in 30 mL
of tetrahydrofuran and treated with 10 drops each of 1 M sodium hydroxide and saturated aqueous

20  sodium bicarbonate. The mixture was stirred for 2 h, then diluted with cthyl acetate and washed two

times with saturated agqueous sodium bicarbonate and once with brine. The organic layer was dried over

magnesium sulfate, filtered, and concentrated under reduced pressure. Flash chromatography using 20%

ethyl acetate in hexanes then furnished the desired 1-(2-Chloro-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-

dimethyl-propan-1-one (0.18 g, 59% for the sequence). The material was a solid, m.p. 209-210 °C.



5 warmed to ambient temperature and stirred at that temperature for 10 m. The mixture was then
diluted with ethyl acetate and washed with saturated aqueous sodium bisuifite. The aqueous layer was
washed WW&%’%éféte four times, then the combined organic layers ngéfﬂ??éaﬂ%éwﬁ?agnesium
sulfate, filtered, and concentrated to carry on to thg next example. Example 7. 2-Chloro-7-iodo-5-
sopropylsilany1-5H-pyrrolo[2,3-b]pyrazine A solution of the 2-Chloro-7-iodo-5H-pyrrolo[2,3-blpyrazine
from th% )p&revif% step in 30 mL of tetrahydrofuran stirring at 0 C under argon atmosphere was treated
with Iithlumn}?examethyldisitylazide (6 mL, 1 M in hexanes, 6 mmol), followed by triisopropylsilyl
chloride 15 (1.1 mL, 5.2 mmol). After 30 m at 0 C, the solution was BMeC :to ambient temperature
and diluted with 20% ethyl aqgtatei}n hexanes, then washed twice Jvith Watepyand once with brine.
After drying the organic laygr T magnesium sulfate, filtration weasJolewed by solvent removal and
flash chromatography of the r residue using 2.5% ethyFIécetalt\e in hdxanes, to furnish
2-Chloro-7-iodo-5-triisépropyiSilany1-5H-pyrrolo[2,3-b]pyrazine (1.68 g,_95%6 over 20 two steps).
Example 8. WO 2009/106444PCT/EP2009/051759 -42- Ho
1-(2-Chloro-5-triisopropyisilany1-5H-pyrro [2,3-b]pyrazin-7-y1)-2,2-d imethy 1-propan-1 -01
2-Chlorb-(Z-Beaxb-Fiispprapy[Silary paldzpyi-ol0f2, 3-bipythzine(fab6l gyrk. 28 flattop was dissolved in 10

mL of dry tetrahydrofuran and stirred under argon with. cooling.to -78 (. lution of i
isoproSiﬁnaa?j%%i8n%%&%’%%a"egv?/ft%ﬁﬁﬁlﬁgrﬁ%ﬁdgizg’g‘ naL, Q?f ,1%4r$17 %Lg)ovﬁgﬁg}?aaoerae\tﬁg%eyﬁn%g . After
10 th, néatpivaddethyde (O82mimim3 honidd.( disMlédhavasaddedlalBatromod). Afteritdatain78 C, the

reaction was guenched by the addition of saturated agueoys ammaopiu oride,.then diluted with
gt e U s e R T
succesdilie ypinithresaturatettdguedis sodisrrbicinbbhhtehandddddrind)-Aft€r daring dvVeHE@gnesium

sulfate, e spution s fitered and solvenkremoved, ANY SATEA ATRALINRUD B LR lgp fprampte

NaCl solution and 300 mL of ethyl acetate. The mixture was filtered through a plug of celite and

10 the layers were separated. The aqueous layer was extracted with 300 mL of ethyl acetate. The
combined organic layers were dried over MgS8Qy, filtered, and concentrated to a residue. Silica
gel chromatography (20 ->60% EtOAc/hexancs) afforded 2.50 g (89%) of 1-(2-bromo-5H-
pyrrolo{2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one as an off-white solid.

Example 11,
SEM

N H
/E:\\ ) N\ N,
4 ,[ /
By N Br N/

15
[-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-

propan-i-one

Sodium hydride (60% in minerai oil, 0.019 g, 0.48 mmol) was added to a stirring solution of 1-
(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2.2-dimethyl-propan-i-one (0.094 g, 0.33 mmol) in

20 1.5 mL of NN -dimethylformamide at 0-5 °C. The bubbling yellow mixture was stirred at 0-3
°C for 15 min., then 2-(trimethylsilylethoxymethy! chloride (0.075 mL, 0.42 mmol) was added.
The resulting cloudy vellow mixture was stirred at RT for 3 h, then partitioned between 10 mL
of water and 10 ml of ethyl acetate, The orgamic layer was sequentially washed with two 10 mL
portions of water and 10 mL of 2 sat. aq. NaCl solution, dried over MgSQy, filtered, and



1-(2-Chloro-5H-pyn-olo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one 15 The residue from the
previous example was dissolved in 30 mL methylene chloride and treated with the Dess-Martin
periodinan® P 78/4§%4fter 10 m, the reaction was diluted with ethyl acetateCdnetPAaE Slccessively
with saturated aqueous sodium bisulfite, saturated gqueous sodium bicarbonate and brine. After
drying over magnesium sulfate, filtration, and solvent removal, the residue was taken up in 30 mL of

tetrahydrofuran %id[treated with .10 drops h of 1 M sodium.h iIde and saturate us 20
sochum R e R S R R R R o
times wgtfP3&th et edi g hemmiso di{itrbbicarbibi e suath pisdenyitht hoimendthgl prddupiprtale2Was dried
over magnesium-su fitered,,and concentrate er reduced pressure. .Fla romatography
g SN T S AT R e IR (T et R e B AR
1-(2-ChiordisMigyrrolo[2,3-1fipyrazin-7-y1)-2,2- dimethyl-propan-l-one (0.18 g, 59% for the sequence).
The material was a solid, m.p. 209-210 C. WO 2009/106444PCT/EP2009/051759 -43- Example 10.
1-(25-Br%rpo-Sy-%rrolo[Z,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-|-one To a slurry of

5-bromo-f,n/’1? fazaindole (2.97 g, 9.95 mmol) in 40 rriL of dichloromethane at 0-5 5 C was added
diethylaluminum chloride (1.0 M in hexane, 30 mL, 30 mmol). The reaction mixture was stirred at 0-5 C
T}/mixture was heated to reflux and
W

for 30 min., then pivaloyl chloride (12 mL, 97 mmol) was added.
stirred for 15 h, then cooled to 0-5 C. Sat. ag. NaHCO3 (40 n'r&k carefully added, and the mixture
' d 300 mL of ethyl acetate. The

e
was then partitioned between 300 mL of a sat. ag. NaC1l sol?um n
mixture was filtered through a plug ofteetife and 10 the layerg’were\separated. The aqueous layer was
extracted with 300 mL of ethyl acetgfe. ombined organic laygrs dried over MgS0O4,
filtered, and concentrated to a resffjue.~Jilica gel chrermatograph 2>60% EtOAc/hexanes) afforded
2.50 g (89%) of 1-(2-bromo-5Hpyr -blpyrazin-7-y1)-2,2-d ep_, [-propan-1-one as an off-white
solid. Example 11. |
42-bromo-5-(2-trimethylsilanyl-ethoxymethy1)-5H-pyrrolo[2,3-1)]pyazin-7-y11-2,2-dimethylpropan-l-on
e Sodium hydride (60% in.mineral oil, 0.019 g, 0.48 mmol) was added to a stirring solution of 1-
(2-bronto EETHyFSIR A BIRFARIE Y2 S-SRV prOBaReT Ion e (HR OO 4 G rors TR

pyrrolo[2,3-blpyrazine (7.4mmol, teq) was dissolved in 74ml of tetrahydrofuran. The reaction

flask was cooled n an ice bath and 8ml lithium bis(trimethylsilyDamide (1M hexanes solution,

10 8mmol, 1.08eq) was added dropwise. The reaction solution was stirred at room temperature for
20min. The reaction was cooled in an ice bath and 1.7ml tritsopropylsilyl chloride (7.94mmol,
1.07eq) was then added slowly. After 1hr. at room temperature, more lithium
bis(trimethylsilyl)amide (0.4ml, 0.4mmol, 0.05¢q) and trisopropylsityl chloride (0.2ml,
0.9mmol, 0.12¢q) were added. After 1hr. more the reaction was complete. The reaction flask

15 was cooled in an ice bath and ethyl acetate, water and sodium bicarbonate solution were added.
The layers were separated and the aqueous layer was extracted once more with ethyl acetate. The
ethyl acetate layers were washed with saturated sodium chloride sohition, dried over sodium
sulfate, filtered and evaporated. The crude residue was purified by silica gel chromatography

{ethyl acctate/hexanes) to give 2.3g (64%) of product and 0.84¢ of starting material (35%).

20  Example 13,



20 1.5 mL of N,N'-dimethylfollamide at 0-5 'C. The bubbling yellow mixture was stirred at 0-5 C for 15
min., then 2-(trimethylsilyl)ethoxymethyl chloride (0.075 mL, 0.42 mmol) was added. The resulting
cloudy yelw MGTE4#as stirred at RT for 3 h, then partitioned between TEHEGP AR Shd 10 mL of
ethyl acetate. The organic layer was sequentially washed with two 10 mL portions of water and 10 mL
of a sat. aq. NaC1 solution, dried over MgSai, filtered, and WO 2009/106444PCT/EP2009/051759
-44- concentrated to an orange oil. Silica gel chromatography (10% EtOAc/hexanes) afforded 0.129 g
(93%) of slightly impure 142-br0m%5§}trimethylsiIanyl-ethng{ip 1)-5H-pyrrolo[2,3-
b]pyrazin-7-y1]-2,2-dimethyl-ptgparklfone as a yellow oil that wag'used without further purification. 5
Example 12. 2-bromo-7-iodo-5 iisobfgrop Isi any1-5H-pyrE&[_2-,§rb ine. 2.4g of
2-bromo-7-iodo-5Hpyrrolo[2,3-b]pyra he 7.4mmol, leq) was dissplv of tetrahydrofuran.
The reaction flask was cooled in ag. ahd Rrakitium bK ' yi¥lyJamide (1M hexanes
solution, 10 8mmot, 1.08eq) was ajjded Hropwise. The reactior| solufion wasistirred at room
temperature for 20min. The reactioﬂﬁxf%' cooled in an ice bath |?;x::r’f‘.?ml triisopropylsityl chloride
(7.94mmol, 1.07eq) was then added Bllpwly. After lhr. at room te fgerature, more lithium
bis(trimethylsilyl)amide (0.4m1, 0.4minol, 0.05eq) and triisopropylsilyl chloride (0.2m1, 0.9mmol,
0.12eq)1 wereragdeslrAliesthry iRibie, i reantton] Nasgorpletd -dine tedatieth fiapkoparwiasicooled in an

coparatb O UG IS B P R R B LB U BT et i it layers
were washet, vt sgtutadtsediuhyahifiice Sokiton:idretoveskddivasyliedactiteredaand
aver2 SEEAIET o HTRC A SHG Pt A puSiRy 20 ERERA b T waged ) 1©

2009/106344GEE P 2602/ 054708 hihaccBiBehyde (distilled, 10,7 1mmol, 2.5eq) was quickly added.

1-(2-bramo-5-triisopropylsilany1-5H-pyrrolo[2 3- razin-7-y1)-2,2-dimethyl-propan-I-of.. 2.05g of
2 rom A ey A o o R SRR WAL LAV 1 o
of dry tetsaidiaftdahe hiersdlwiesomasmpaladdn Aty icelaceinherb@ihvere added to the

reaction mixture and the layers separated. The aqueous layer was extracted once more with ethyl

10 acetate, and the ethyl acetate layers were washed with saturated sodium chloride solution, dried
over sodium sulfate, filtered and evaporated. The crude residue was purified by silica gel
chromatography (ethyl acetate/hexanes) to give 0.39g (20%) of product and 0.64¢ of the product

acetal (27%). Both compounds are carried mto the next reaction.

Example 14.

15

1-(2-bromo-5H-pyrrolof2,3-blpyrazin-7-y})-2,2-dimethyl-propan-1-one. 0.4g of 1-(2-bromo-5-
triisopropylsilanyl-SH-pyrrolo[2,3-b]pyrazin-7-y13-2,2-dimethyl-propan-1-ol (0.9mmol, leq) was
dissolved in 9mi of tetrahydrofuran. 1.8ml of tetrabutylammonium fluoride (1M THF solution,
1.8mmol, 2eq) was added and the reaction was stirred at room temperature. After two hours, the
20  reaction was complete and water, sodium bicarbonate solution and ethyl acetate were added. The

layers were separated and the aqueous layer was extracted twice more with ethyl acetate. The



5 under argon. 1.91m] of butyl lithium (2.13M hexanes solution, 4.07mmol, 0.95eq) was added. After
30 sec., 1.16m1 of trimethylacetaldchyde (distilled, 10.71mmol, 2.5cq) was quickly added. The mixture
was stired 888 #Hif*44t -78C, then quenched by addition of ammonium cHidrERFMIfiER and then
stirred to room temperature. Ethyl acetate and watgr were added to the reaction mixture and the layers
separated. The aqueous layer was extracted once more with ethyl 10 acetate, and the ethyl acetate

ayers wrg waslied il srgled sedium.ahloride salution,dried oyer,sodum,sulfate fitered and
evaporated. The crude residue was purified by silica gel chromatography (ethy! acetatethexancs) to

give 0.3944209%) of snouitest wnelrgsBitig.of the product acetal (27%). Both compounds are carried into
the next reaction. Example 14. 1-(2-bromo-5H-pyrrolo[2,3-b]pyraztn-7-y1)-2,2-dimethyl-propan-1

-one. 0.4g of 1-(2-hromaq-5- triisopropylsj 1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dim -propan-I-ol
(0.9mm.f)f 189y ng BRI ﬁ%@%f’ fe%%q? %ﬁ%&%ﬂ%ﬁﬁ%ﬁ%&[@@ﬁ&%@ﬁ%‘?ﬁdﬂw e (1M
THF soliitidnrdn@nhmel, 280} Wassaddeth anddimaeachichnas, dtireed atseddetiemp ehatmietidter two
hougs, tﬁr{%r % 5??&&;% evl\]/las.r%L ngénlg\tg and_v%atertﬁodip bicarbona}(e iolu&i{gn gcpn et%l acetate were
added. The ayers'were gpa‘r’la‘e and’ fhce"g&ﬂeoeurse?gﬁg?v\\ygg‘é’? racted twiceHisTe 'i‘fﬁlt&rhyl acetate.
The W&069HQ6844RCHERIONVQBI5Q vkt thylacetatelayeparatedeandtieshwatiusatyrated
sodium _chloride solution, dried over sodium sulfate and evaparated to a residue. The residue from the
it i Rty s e - e R e

g compound was 3?3%%&/0
Dess-Madinmpetiadidancl(@idmdtald byvbeg)ivas adifed dildthé mikture & stictetilat redmrteidperature.

After one_hour the reaction was,worked u idition of water, sodjum. bi 0 olution and ethyl
cetate e e R B A R T RO ke once
mdie. Tiredtttyl acetate layers were washed with saturated sodium chloride solution, dried over
sodium sulfate, filtered and evaporated. The crude residue was purified by silica gel chromatography
(ethyl aﬁgtatellge%anes) to give 0.53g (85%) of 10 product. Example 15.

(2-Bromo-mpyn-olo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)-methanone

(2-Bromo-5H-pyrrolo{2,3-b]pyrazin-7-yl)-( 1-methyi-cyciohexyl)-methanone

A suspension of 2-bromo-5H-pyrrolo{2,3-blpyrazine (104 mg, 0.53 mmol) in anhydrous

15 dichloromethane (3 ml) was cooled to 0 °C under N,. Diethyl aluminum chloride (1M in
hexanes, 1.57 ml, 1.57 mmol) was added quickly, and the reaction mixture was stirred for 30
minutes. 1-Methyl-cyclohexanecarbonyl chloride (844 mg, 5.3 mmol) was added dropwise, and
the reaction mixture was refluxed overnight. The reaction mixture was cooled to 0 °C and
guenched with saturated aqueous NaHCOs. The biphasic solution was concentrated, and the

20 remaining aqueous solution was extracted with cthyl acetate (3x). The organic layers were
collected, dried over MgSQy, filtered, and concentrated giving a greenish oil. The residue was
purified by silica gel chromatography using 20-50% EtOQAc in hexanes as eluant to provide 144
mg (85%) of (2-bromo-5H-pyrrolo{2,3-bipyrazin-7-y1)-(1-methyl-cyclohexyl)-methanone as a
light yellow solid. MP 198-199 °C, M+H = 322.

25 Example 16.



A suspension of 2-bromo-51-1-pyrrolo[2,3-blpyrazine (104 mg, 0.53 mmol) in anhydrous 15
dichloromethane (3 nil) was cooled to OC under N2. Diethyl aluminum chloride NM in hexanes, 1.57
ml, 1.57 mHBIFNEL%4dted quickly, and the reaction mixture was stirred foP 88/ FHpHEEs1759
1-Methyl-cyclohexanecarbonyl chloride (844 mg, 5,3 mmol) was added dropwisc, and the reaction
mixture was refluxed overnight. The reaction mixture was cooled to 0 C and quenched with saturated
aqueous NaHCOS. The biphasicsolutign was concentrated, and the 20 remaining aqueous solution
was extracted with ethyl acet " The organic layers were collected, drj ovegf MgSO4, filtered,
and concentrated giving a gr
20-50% EtOAc in hexan N
(2-bromo-5H-pyrrol i\-b]pyrazin-7-y1)-( *methyl-cyclohexyl)-meth&#one as a light yellow solid. MP
198-199C, MTH = 322.*WO 2009/10644415CT EP2009/051759 -47- Potassium tert-butoxide (1.0 M in

tetrahy@*&%ﬁ%ﬂn‘f@rp—%}é@eﬁIW_%V’L’@& G drapuase 10 asoiutian ot o ¢ added dﬂ%‘%}s to

3,5-bis-trimethylsilanylethynyl-pyrazin-2-ylarmine (4.36 g, 15.2’'mmoll in 60 mL of tétra uran. The

reactior? AREIPE Mas-RetelitoctBRlikande et foramnh allowad (6866l 513 Rt intdatdd ofith 100
mL of waigi HheresyItingmixture was-diluied with-230 mok.of ﬁ%@ﬂiﬁ%ﬁtﬁ? flisted;throygh a plug

of Celite, rinsing with 200 mL of ethyl acetate and 100 mL of water. The filtrate layers were separated,

andthet®ighnibraispssgue i cNasked with ioeo 2odting. pivtions ef diktedanthZU0 mil of a sat. aq.
NaCl sQlyiprsdriedQyerMas G flieredansk m@,@%%w&%)é 91144(?%’9112‘( acetate ar%d 100

2-ethyny1-5H-pyrroI§1§,3-b]pyrazine as animpure brown 10 solid that was used without further
purificafinC Exateibld by filtrpielastryriyasiangyreio g thipgrasiie fayd) Raueitethypioganitbone

Diethy gm0y REnRHR A O N NaHenRpm ok o 19 LI MASAAHEE 408 BHERGNSIAN LS of
impure 2-ethyny1- H-pyrrolo$2,3-tg£)yrazme (0.911 g, 6.36 mmol) in 25 mL of dichlorométhane at 0-5

'C. The i¥fb¢anRsshEatstfe -3t b E forod@wilmmykedipvatel Snloblterezisamt 28 3nemmbiy was slowly

adged. {ina MW was haaled gty antstigred for 6 h then cooled to 0-5 C. Sat. Ag. NaHCO3 (50

mL) was carefully added, and the resulting mixture was diluted with 100 mL of ethyl acetate and

filtered through a plug of Celite, rinsing with ethyl 20 acetate and water. The filtrate layers were

separatewianls the aqueous layer extracted with 250 mL of ethyl acetate. The combined organic layers

were dried over MgSO4, filtered and concentrated to a residue. Silica@et chgomatography (20->60%
NN

EtOAc/hexanes) afforded 0.18Q,g (12%0) of
1-(2-ethyny1-5H-pyrrolo[2,3{p]p i 7-y1)-2,2-dimethyl-propan-I-¢gine ag a pyown solid.
e =
P / {, N

h?

&
1-(2-ethynyl-5SH-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one

Diethylaluminum chioride (1.0 M in hexanes, 19.1 mL, 19.1 mmol) was added to a suspension
15 of impure 2-ethynyl-5H-pyrrolo[2,3-blpyrazine (0.911 g, 6.36 mmol) in 25 mL of
dichloromethane at 0-3 °C. The mixture was stirred at 0-5 °C for 30 min., then pivaloyl chioride
(7.8 mL, 63.6 mmol) was slowly added. The mixture was heated to reflux and stirred for 6 b
then cooled to 0-5 °C. Sat. Aq. NaHCO: (50 mL) was carefully added, and the resulting mixture
was diluted with 100 mL of ethyl acetate and filtered through a plug of Celité, rinsing with ethyl
20 acetate and water. The filtrate layers were separated, and the aqueous layer extracted with 250
ml. of ethyl acetate. The combined organic layers were dried over MgSQ,, filtered and
concentrated to a residue. Silica gel chromatography (20->60% EtGAc/hexanes) afforded 0.180
g (12%) of 1-(2-ethynyl-SH-pyrrolo]2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one as a brown

solid.

25  Example 19,



1-[2-(1-Hydroxy-ethy 0-5H-pyrrolo[2.3-b]pyrazin-7-y1]-2,2-d ethyl-propan-l-one: Step 1
1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyt-propan-1-one (1.5g, 5.3mmol) was 5 partly
dissolved W‘iﬁl“ﬁ}i/ 'Whtthe, and ethylene glycol (0.9m1, 15.91=01) and thetiptGta&ti&EKoTic acid
hydrate were added. The mixture was refluxed Wltg Dean-Stark-type trap attatched for 24hr. The
reaction was cooled to room temperature and ammonium chloride solution, water and ethyl acetate
were added. The layers were separated angge agueous layer was extracted twice more with ethyl

acetate. The comhjned;ethyl acetate layerg wdgre washed 10 #lith saturated %()Nd m cI&Iorlde solution
and dried over 8odi ulfate. AfteF iltr3t d evapB tiom-theFesidue was pu by silica gel
chromatograph yl acetasefiexaresio givelsidy ( of Steps N7

2-bromo-7-(2-tért-blityl41,31ctidxol ¥0-5H-pyrrolo[A3-blpyrazine—Step AN
2-bromo-7-(2-tert-bytyl-[1,31clioxolan-2;y0-5H-pyrrolo[2,3- %/razme (0.2g, 0.6Lmmol) was 15
dissolved in 6mltetrahydrofuran. Sodium hydride (49mg, Fhmol, 60% minéraPsil dispersion) was

added %_/&n ture stirred for 15min, T ixture di ina |ce/ etone bath and butyl
Iithium?o IP[% %ntmol]l éétﬁ xa?tO % go A 1\1/1\/;}2 %?& Fﬁflt i, acetaldehyde

(85111 51ep2mmol) was added. After a further Ihr, ammonium chlorlde solution was added, then water
and ethyl acetate. The layers were separated and the 20 aqueous layer was extracted once more with

ethyl ac The bined ethy. cetate ere washed with satur ted sodium hIorlde solution
and drle{edz%\%?@8 §H?a f E\T@%"ﬁ%ﬂ 3@1% 21 EV Eﬁrﬂt’éi?e]s \%véé é)ud? )Wgﬁlca gel
chrcmap@gtammsaneman@t/ﬂtptaimmatﬂaeﬂma@g@a@mgﬁﬁl%)%ﬁmo1) and then p-

14742- te but dIOX azin-2- ethanol. +H +=292. 25 Step 3
plcs it e e A T e R
dissolveet i Toof24 - dr@xana;taj\:t Rydcochidric Mﬁt (trapelytwasieddechanthinenoiktiye was stirred

for 181 Th ti tralized b f sodium bicarbonat
2009/ L0BAPCIEP D107 CaCorghah, LG IR BECLARD R W0 S T ayers

were sepayaiedand rtxhe;caqmeatsnsttaymwva&m@ramedammm@tﬁwﬁtﬁeatﬂwhaaatataemw bined

acetate Ia ers we e washed with, saturat um chI ride s utlon ried over sodium
e A B T T A L ot A P g vt an
cluomat@gpamty(mmmm ehleraumicihibbe}itiod gectistatizeg ipom @ty acatatberanesdogive
65mg (1378) Al R9AuetMP 5 1938206 Mt iaio 298 h-2-y1)-5H-pyrrolo[2 3-blpyrazine.

Step 2
2-bromo-7-(2-tert-butyl-[1,3]}dioxolan-2-y1)-5H-pyrrolo|2,3-b]pyrazine (0.2g, 0.61mmol) was
15 dissolved in 6ml tetrahydrofuran. Sodium hydride (49mg, 1.22 mmol, 60% mineral oil
dispersion) was added and the mixture stirred for 15min. The mixture was cooled in a dry
ice/acetone bath and butyl lithium (0.37ml, 0.92mmol, 2.5M hexanes solution} was added
slowly. After Smin, acetaldechyde (85ul, 1.52mmol) was added. After a further 1hr, ammonium
chloride solution was added, then water and ethyl acetate. The layers were separated and the
20 aqueous layer was extracted once more with ethyl acetate. The combined ethyl acetate layers
were washed with saturated sodium chloride sotution and dried over sodium sulfate. After
ftltration and evaporation the residue was purified by silica gel
chromatography(methanol/dichloromethane) to give 109mg (61%) of 1-[7-(2-tert-butyl-
[1,3]dioxolan-2-y1)-5H-pyrrolo]2,3-bipyrazin-2-yl]-ethanol. (M+H)" = 292,

25 Step3
1-[7-(2-tert-Butyi-[ 1,3 Jdioxelan-2-y1)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-ethanol (105mg,
0.36mmol) was dissolved in 4m! of 1,4-dioxane. 3M hydrochloric acid (1.2ml) was added and

the mixture was stirred for 18hr. The reaction was neuntralized by addition of sodium bicarbonate



Prepared following general procedures described in these Examples:
142-(1-Hydroxy-2-methyl-propyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan- 1 -one.
Substitutin R eBtiyPatdthyde for acetaldehyde in Step 2. MP = 148-150C POWHEEA0E769 7- 10
(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazine-2-carboxylic acid isopropylamide Substituting
carbon dioxide for acetaldehyde in Step 2. Then folléwing general procedures described in these

Example sm lamine and contlnw ith.Ste P = 206-208C, (M+F) = 289.

1-(2- Ace? é‘?—? pYITo él%kf;é %ﬁr%%q:\- 190 1515 %ﬁ‘% I@T %ﬁ&%%%%ﬁ%ﬁé%ﬂ%@?ﬂ?@b‘% was
treated W}ttr @@sgmamtﬁd pededinane;fotdwing gereitiqrostdue sihbl deseribed-dn thege Examples.
MP = 221-2: M

@ o ihY p?‘r*)rfo SR, PR e e RSB R SR £ fbgion
methy|-pndpyip&iaHpyrihel of2iB:blpysaninfey by 2iBedimeeéthyl-propan- 1-one was treated with
R PR R BRSPS R SRS A GRS RIS ME 75 235C

20142 @yl (wped to b olgthyd ) SHMB rrol 62 153 ]py ity 7=y 2312, 2-dimethyl-propan-l-one. Substituting
o-tolualdehyde for acetaldehyde in Step 2. MP = 181-183C, (M+H)I = 324. 1-

[2-(Hyd methyl rro lo [2.3- in-7-y1]-2,2- dlmethyl propan-l-one. Substituting
ezl OP L B R B8 e S AL B T RAPPRTFS 310,

(2H2 (?umbmym-zgmaﬁmmhﬁ%ﬂmygz)ﬁﬂmms -B] pyfazaﬂ-?ﬁymzmmﬁltﬁy@%ﬁmﬁma% )
ydr - met zi imethy an-l-one was treated wit
Dess- l\?/ n%%t%fl ]i?1°ag eyrfio ér‘?@ ?r%g%ég?ﬂ{eﬂ%’ S?‘l'g A%?l E@Mﬁﬁﬁes P Z-152-154C,
('\r/:m| & 32!211ﬂe(2y8mmﬂ| yﬁkﬁiﬂymmtoﬂﬁ[a mb}{fﬁmn%&lda%%ﬂmﬁﬁbﬂ'@@ﬂ%ﬂaﬁg@e 1ﬁ2 (Hydroxy-

pheny rolo[2 razin pro n-l-one was treated with WO
2009/1(%1}3? g I‘—.’%&BB §fg5% §6etg é@'ﬁgﬁaﬁcﬁtﬁ%ﬂ %Waﬁlﬁanﬁ%é’@lcﬁ%ﬁ%gdures
describéesimitiedse Exaniplesipl4p ugafg 38zofMtakhireuddBontinuing with Step 3. MP = 206-208C,
142-(Hy pyr et ro razin-7-y11]-2, 2-di thyI propan-I-one.

Substit m% pyrilglnecgﬂrt%xé[h%eﬁ'u g‘%{&l e% 31%;(%/5@ fgt) E}%‘ H] ’é@ofafg - VIS H)-1 5=311.
1 -[2- (HyddockpiSyeidinvBxy troaett y)ich Hdpyridtbofa, ﬁeblﬁiy’fﬂi’dﬂfﬂlﬂﬁ&ﬁ@m&@kbm’&d&é@ﬁﬂu“ng
S-pyrdinecarboraldRinds. for Aee gy ds I Sep g MP = 192-104C, (M- =- 311

1-(2-Isobutyryl-5H-pyrrolol2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one. 1-[2-(1-Hydroxy-2-
methyl-propyl)-5H-pyrrolo[2,3-bjpyrazin-7-y1}j-2,2-dimethyl-propan-1-one was treated with
Dess-Martin periodinane, following general procedures described in these Examples. MP = 233~
235C, (M+H) =274,

20 1-[2-(Hydroxy-o-tolyl-methyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one.
Substituting o-tolualdehyde for acetaldehyde in Step 2. MP = 181-183C, (M+H)" =324,

I-[2~(Hydroxy-phenyl-methyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one.
Substituting benzaldehyde for acetaldehyde in Step 2. MP = 168-170C, (M+H)" = 310.

2,2-Dimethyl-1-[2-(2-methyl-benzoyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-i-one. 1-[2-

25 (Hydroxy-o-tolyl-methyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was
treated with Dess-Martin periodinane, following general procedures described in these
Examples. MP = 152-154C, (M+H) =322,

1-(2-Benzoyl-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one. 1-[2-(Hydroxy-
phenyl-methyl)-5H-pyrrolo[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one was treated with



2,2-Dimethy1-142-(pyridine-4-carbony1)-511-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1-one. 1-[2- 10
(Hydroxy-pyridin-4-yl-methyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2.2-dimethyl-propan-1-one was treated
with Dess% ﬁgﬁ‘&i‘ inane, following general procedures described in ETBUEA é%g MP =
218-220C, (M+H)E = 309.

2,2-Dimethy1-142-(pyridine-3-carbony1)-5H- pyrrof?)?Z 3-b]pyrazin-7-ylkpropan-1-one. 142-

(Hydroxy eyﬁvﬂma&ﬁ g&ma Me Mgg il 5%%%@&&% ab”ﬁﬁﬂééké)ﬁ%@ﬁ{éﬂ'e?ﬁ@[#vaﬁéé treated

with Dess-Matrtin p r|od|nane owm enera procedures described in these Examples MP =
218-22082, (Wi+H)- = 3. Example 20.
(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cycloheptyl)-methanone A suspension of

2-brom rrolof2,3- razine 0 0.50 in anh 0 d| o ometha e (10 ml)
was coglgH @ﬁ Oxic@” ’bﬁng%)Pétﬁl (&1 E\}mnu Fﬁ%@%ﬁﬁ a%?rs % mrclz)l g\}vas
added 6uluﬂ([wmrgj4ﬂwnéamwrbmmhydmﬁasmmw@hﬁ&mrﬂnw§ Metﬁ;ﬂ%%l@h@ﬁta@éttﬁbonyl
chlqride (. mg, 5.05 mmol.) was added dropwise, and the reaction mixture was refluxed overnight.

The reacfion mixture was cooled to 0 C and quenched with saturated aqueous NaHCQO3. The biphasic
solution was concentrated, and the 25 remaining aqueous solution was extracted with ethyl acetate.

The ordafic{ [aydrsxwereidolidetddneiied- Gybpw@&ipzmﬂn@mdzianﬂ}d@ﬁc%\mﬁmtemygmggaa padedrown

solid. The re5| uew rified b I hro raph 1 40/ é\(;% es as cluant
providi dﬂ%% é)"p &?ﬁcgrg%gléﬁ\p%erréfoﬁ aﬁ& r(zg)czf\{ra1 (1%/I réethy S@:%ég 2f%ﬂmethanone
as awfﬁ@sohd MP 197.7-198.2 C, M+H = 336. WO 2009/106444PCT/EP2009/051759 -51- Example
21 4-Benzyloxy-lI-methyl-cyclo hexanecarbonyl chloride A solution of

4-benzyloxy-]-methyl-cyclohexanecarboxyli d (1.71 g, 6.89 mmpl)_jn thion orlde mI) was
oo IO T AR e Wb GG ORGSR SIS 57 (9006 of
4- bIQnZ3(hﬁ%&rbﬂ?ﬁ?ﬁﬁ%@%ﬁfﬂ%@%bDﬁyh@MPRi,dso%ﬁﬁ'ﬁﬂdvyik}ill Eoc&mmlgdzgrc(ﬁaﬁenzndavf as
xy-I-methyl-cyclo hexy romo razip-7-yE-meth Aso ution o
 rom LIS Y FaB L SR S BB ity RSO Oy R 6 Hese

methyl mmb%amamme(Mem%m% 05 mmol) in anhydrous Toluene (16 ml) was treated

with Et2A1C1 (1M in Hexancs, 5.36 ml, 5.36 mmol), dropwise. The reaction mixture was stirred at 90

C for 16 hours. The reaction mixture was cooled to room temperature, quenched
2,2-Dimethyl-{-[2-(pyridine-3-carbonyl)- SH-pyrrolo[2,3-b|pyrazin-7-yl]-propan-1-one. 1-[2-

(Hydroxy-pyridin-3-yl-methyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was
15 treated with Dess-Martin periodinane, following general procedures described in these Examples

MP = 218-220C, (M+H)" = 309.

Example 20.
(2-Bromo-5H-pyrrolo[2,3-b|pyrazin-7-yl)-(1-methyl-cycloheptyl)-methanone

A suspension of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (100 mg, 0.505 mmol) in anhydrous

20  dichloromethane (10 ml) was cooled to 0 °C under N,. Diethyl aluminum chloride (1M in
hexanes, 1.50 mi, 1.50 mmol) was added quickly, and the reaction mixture was stired for 30
minutes. 1-Methyl-cycloheptanccarbonyl chloride (882 mg, 5.05 mmol) was added dropwise,
and the reaction mixture was refluxed overnight. The reaction mixture was cooled to 0 °C and
quenched with saturated aqueous NaHCO;. The biphasic solution was concentrated, and the

25  remaining aqueous solution was extracted with ethyl acetate. The organic layers were collected,
dried over MgSQ, filtered, and concentrated giving a pale brown solid. The residue was
purified by silica gel chromatography using 19-74% EtOAc in hexanes as cluant providing 55
mg (32%) of (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-( 1-methyl-cycloheptyl)-methanone as a
white solid. MP 197.7-198.2 °C, M+H = 336.



with sat. NaHCOS3, and extracted with ethyl acetate (3x). The organic layers were collected, dried over
MgSO4, filtered, and concentrated giving a dark brown oil. Silica gel chromatography 15 using 0-50%
Et20 in DCYVPRE 4 provided 205 mg (18%) of PCT/EP2009/051759
(4-benzyloxy-1-methy|cyc|ohexyl)-(2-bromo-5H-py_rg?_lo[Z,3-b]pyrazin-7-y0-methanone as a pale
yellow solid. M-H = 426. Example 23. 20
(4-Benzgl9i>r%/-lfcr'3§thyl-cycIohexyI)-(SH-pyrrolo[2,3-b]pyrazin-7-y1)-methanone A solution of
(4-benzyf<oxyr3l-met‘hyl-cyclohexyl)-(z-bromo-5H-pyrroIo[2,3-b]pyrazin-?-yl)- methanone (13 mg, 0.03
mmol), kBeh{ylomy,lend2imrepbloanszitesrBaid ¢hmdy), in EtOH (8 ml), was hydrogenated for 2 days
under 112 atmosphere (1 atm). The reaction mixture was filtered through a plug of collie using THF

and DCM. The filtrate was concentrated to a white WO 2009/106444PCT/ER2009/051759 -52- solid,
ovhich viSS A b3 ST Gl JrRERH A M U QrOUICEED 11 D oCeRIER FRG o mo
(82%) aftidrinzyflaxij-vmsettijleyciohexyd) e HFpyrrelofidi3 hipwieziney cyhremefdreorndgs a white

solid. MH = 350..5. JAK Ass ormation Determination of 1050 of Janus Kinase (JAK) inhibition:
e ST R LR S T TS e R T
from Inwittogen (Cat it PV4774) 10JAK3: Recombinant human kirtase domain from Millipore (Cat #
14-629) or prepared. JAK2: Recombinant human kinase domain from Millipore (Cat 74 14-640)

Substraée:‘ N%}Er inally biotinylated 14-mer peptide derived from activation loop of JAK1 with
sequen S%F ee%eptide substrate: Biotin-ICAJETDKEYYTVKD 15 Assay conditions_used are

describetBetawo AsdamBhifierydibKekitingb Bofferss0pyMdtaes Bptyré2)- 10mivhddgeda: 1mM DTT,
1mg/m1 BSA. The assay is carried out in this buffer. Assay Format: The kinase activity of all
three JAK kinases is measured usin% a radijoactive, en%,-ﬁoint assay and with trace amounts of

31'13-AFBO FHERE AT AR DERMREI Bat P SEERER HoRDrdRyere shaes) Eifsbreiariméthod: Al
congentiigyiscatavfibadiadiBIeA/NG MBIEsaNe al meWRlioRsIE Al Ted.atd ePamtienpgrature.
Assay steps are described below; ‘ ‘ . ] '
treated with EGAICT (1M m Hexanes, 5.36 ml, 5.36 mmol), dropwise. The reaction mixture was
stirred at 90 °C for 16 hours. The reaction mixture was cooled to room temperature, quenched
with sat. NaHCOs, and extracted with ethyl acetate (3x). The organic layers were collected,
dried over MgSQy, filtered, and concentrated giving a dark brown oil. Silica gel chromatography
15 using 0-30% Et,0 in DCM as eluant provided 205 mg (18%) of (4-benzyloxy-1-methyi-

cyclohexyl)-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-methanone as a pale yeliow solid. M-H =

426.
Example 23.
O
Bra N E—
l N\
N/ N

20  {4-Benzyloxy-1-methyl-cyclohexyl}-(5H-pyrrolo[2,3-blpyrazin-7-yi)-methanone

A solution of (4-benzyloxy-1-methyl-cyclohexyl)-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl1)-
methanone (13 mg, 0.03 mmol), KOH ( 1 mg, 0.02 mmol), and 10% Pd/C (10 mg), in EtOH (8
ml), was hydrogenated for 2 days under H; atmosphere (1 atm). The reaction mixture was

filtered through a plug of celite using THF and DCM. The filtrate was concentrated to a white



Compounds are serially diluted in 100% DMSO typically at a 10x starting concentration of 1mM. Final
concentration of DMSO in the reaction is 10%. Compounds are preincubated with enzyme (0.5nM

JAK3 (conthferediPedtdilable), 0.2nM JAK3 (prepared), 1nM JAIC2, 5nM BAKEFHP(H Mifutes.

Reactions are initiated by the addition of a cocktai_lguthe two substrates (ATP and 30peptide premixed
in the JAK ICinase Buffer). In the JAK2/JAK3 assays, ATP and the WO

2009/106444PCT/EP2009/051,/759.-53- tide are used at concentrati of M and 50uM,
ool i S R R B R R A R aton
of 50uNprdhéroig tatien 82 theoh b foy 10AK2 -smet Al Scis RO A Gié g dAKRA[ Adsalpisacarriegbut for 40

minute%é/t\ﬂh@l Et%{gle‘ﬁ%{gﬁg_, mﬁiggn&gre terminated by the addition 50f 0.5M EDTA to a final

concentration of 100m ul of terminated reactions are transferred to 150 ut of a 7.5% (v/v) slurry
of streptavidin-coated sepharose beads in MgC12- and CaC12-free Ix Phosphate Buffered Saline
containing 50mM of EDTA in 96-welt, 1.2um MultiScreen-BV filter plates. After a 30-minute incubation,

theé)eaﬂggfgs\é\éasg%grugger vacuum with the following 10buffers: 3 to 4 washes with 200 ul of 2M
NacCl. ul of 2M NaC1 plus 1% (v/v) phosphoric acid. 1 wash with water.
Washed plates are dried in a 60C oven for between 1 to 2 hours. 1570 ul of Microscint 20 scintillation
fluid is ?Pqutd tgnggcg wﬁhqf ﬁ%tﬁra Qh%t?& aigscé _ﬁjt%f{?%%?g}tisonminutes of incubgtion, radioactive counts
are measured in a Perkinelthér mlcropIaH: SEmtihaton counter. Representative 1050 results are in
Table 18rbglovs 20 FABIE &bstGEOkefhkR: 1€60 PejakSe €ompound

JAK1: Recombinant human kmase domain from Invitrogen (Cat # PV4774)

10 JAK3: Recombinant human kinase domain from Millipore (Cat # 14-629) or prepared.
JAK2: Recombinant human kinase domain from Millipore (Cat # 14-640)
Substrate: N-terminally biotinylated 14-mer peptide derived from activation loop of

JAK1 with sequence of the peptide substrate: Biotin-KAIETDKEYYTVKD

I5  Assay conditions used are described below:

Assay Buffer: JAK Kinase Buffer: 50mM Hepes [pH 7.2], 10mM MgCl,, ImM DTT,
Img/ml BSA. The assay 1s 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

20 carried out m 96-well polypropylene plates.

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

temperature. Assay steps are described below:

25 Compounds are serially diluted i 100% DMSO typically at a 10x starting
concentration of 1mM. Final concentration of DMSO in the reaction is 10%.
Compounds are preincubated with enzyme (0.50M JAK3 (commercially available),
0.2nM JAK3 (prepared), InM JAK2, 5nM JAK1) for 10 minutes,
Reactions are initiated by the addition of a cocktail of the two substrates (ATP and

30 peptide premixed in the JAK Kinase Buffer). In the JAK2/JAK3 assays, ATP and the



sf21-c st21-c 1-3 3.5358 3.8826 1-21 2.7526 1.493155 1-25 1.0478 0.2855 SYK Assay Information
Determination of IC50 of Spleen Tyrosine Kinase (SYK) inhibition:  SYK kinase assa%is a standard

kinase as§g9 é’l%?ﬂt%‘% a 96 well plate format. This assay is 25 performeﬁqﬁ/ BB

fMat for 1050

determination with 8 samples which represented 193half log WO 2009/106444PCDEP2009/051759

-54-

10

15

20

25

peptide are used at concentrations of 1.5uM and 50uM, respectively. JAK] assay is
carried out at an ATP concentration of 10uM and a peptide concentration of 50uM.
The duration of the assay for JAK2 and JAK3 is 20 minutes, JAK] assay is carried
out for 40 minutes. With all three enzymes, reactions are terminated by the addition
of 0.5M EDTA to a final concentration of 100mM.
25 ul of terminated reactions are transferred to 150 ul of a 7.5% (v/v) slurry of
streptavidin-coated sepharose beads in MgCly- and CaCly-free 1x Phosphate Buffered
Sa_line containing 50mM of EDTA in 96-well, 1.2um MultiScreen-BV filter plates.
After a 30-minute incubation, the beads are washed under vacuum with the following
buffers:

3 to 4 washes with 200 ul of 2M NaClL

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

1 wash with water.
Washed piates are dried in a 60°C oven for between 1 to 2 hours.
70 ul of Microscint 20 scintiliation fluid is added to cach well of filter plates and after
at least 30 minuies of incubation, radioactive counts are measured in a Perkinelmer

microplate scintillation counter.

Representative 1Cs; results are in Table II below:

TABLE M.
IC5{) h—j ak2- ICS(; h—j &k3-
Compound
sf21-c siZ1-c
I-3 3 5358 3.8826
1-21 27526 1.493155
1.25 1.0478 0.2855

SYK Assav Information

Determination of ICsq of Spleen Tyrosine Kinase (SYK) inhibition:

SYK kinase assay 18 a standard kinase assay adapted to a 96 well platé format. This assay is

performed in 96-well format for 1Cs; determination with 8 samples which represented 10 half log




dilutions and a 40 uL reaction volume. The assay measures the incorporation of radiolabcted 33P
ATP into an N-terminally biotinylated peptide substrate, derived from naturally occurring

phosphoad¥BAYFE8A¥nsus sequence (Biotin-llaa DY*E). Phosphorylated pFOERIE Ridrdtetected

upon termination of reactions with EDTA and the z_iglg_ition of Streptavidin coated beads. 5
Representative results are in Table Il above. Assay plates: 96-well MultiScreen 0.65um filter plates

(Milliporg, Cat. No.. MADVNOB10) Streptavidin coated beads: Streptavidin Sepharose TM, suspension
5.0t T SOV AT AR (L 100y (Ariorah A AR 6. 42 B0 00 TRl BOanad: 10 o
in 100% cmiethybsuifoxidatMIS @ finakeans:padanpoundt6,. 083vE0 Grivh i kQ%t PMER-mpzyme:
SYKRPA purified, truncated construct of Spleen Tyrosj j aa 360Q- 635, stock solution 1 mg/mL,
VWY 3131 AT GG O UDOS R I EHRAE 1 Boiytated UL e BURURt Ho S hatural
occurrinigtptiedphot: tthadceptnbéonseinaysvddgEBive fRiatin ARG BEWhiE)idpeswtoisadfrom

QCB, stock solution 20mM, final ._:% .M. ATP: Adenosine-5'-triphosphate 20 mM, (ROCHE Cat.
No.?%%@%ﬁ%%#ﬁl rceos%ée%{ga igg%dgﬁu %BVC‘ Buffer: HEPES: 2-Hydroxyethyl
piperazinc-2-ethanesulfonic acid (Sig a , Cat. No.: 20H-3375) final concentration: 50mM HEPES pH7.5

BSA: Bovine SerumsAlbpiaiis:Frectian My liaty-asid fseertRuche Risagnastigs e mpHNeat. No. 9100221)
15575038 el CHAENAMBAL b, Im1v1 25DTT- 1.4-Dithiothreitl (Roche Diagnostics Gmbt
-0, 1, gnostics GmbH, Cat
No.: 197777), finad gopravidin b MgCi2ad 61820 MERCK(Bato NIV 058341080, fimadl, eesoemiration:
_1(?m_M Assay Dllgt}é()ﬂ@yﬁflglr#m%)( E:;O mh&?%’&; %]ég!\%EGT? gb%rg M Na Vanad.ate, 0.1mM
j3-glycerophosphate, 10°r gERi Ry BRI Jor 75 3bBe4H wash buffer: 10 g/L PBS
(Phosphate bufferesrsgdine)swith M MaGhcd%ipbasphafcsatidDMSO), final conc.: compound
0.003-100uM in 10% DMSO
Enzyme: SYK RPA purified, truncated construct of Spleen Tyrosine Kinase aa 360-
635, stock solution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 uM.
Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor-
15 acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB,
stock solution 20mM, final conc.; 5.0 uM.
ATP: Adenosine-5"-triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final
concentration: 20uM
Buffer: HEPES: 2-Hydroxyethyl piperazine-2-cthanesulfonic acid (Sigma , Cat. No.:
20 H-3375} final concentration: 50mM HEPES pH7.5
BSA: Bovine Serum Albumin Fraction V, fatty acid free {(Roche Diagnostics GmbH,
Cat. No. 9100221} diluted to a final concentration of 0.1%
EDTA: EDTA stock sotution 500 mM, (GIBCO, Cat. No.: 15575-038) final
concentration; 0, 1mM
25 DTT: 1,4-Dithiothreitol (Roche Diagnostics GmbH, Cat, No.: 197777), final conc.:
I'mM
MgCh x 6H,O: MERCK, Cat. No.: 105833.1000, final concentration: 10mM
Assay Dilution Buffer (ADB): 50 mM HEPES, 0.1mM EGTA, 0.1mM Na Vanadate,
0.1mM B-glycerophosphate, 10 mM MgCl,, 1 mM DTT, 0,1% BSA, pH 7.5
30 Bead wash buffer: 10 g/L PBS (Phosphate buffered saline) with 2M NaCl+ [%
phosphoric acid.



WO 2009/106444PCT/EP2009/051759 -55- Experimental Method: In 404 volume, 264 of ADB diluted,
purified recombinant human SYIC360-635 [0.5 nM] was mixed with 4 uL osjcj,logs(lj%w}g%gagtions of the
test compgﬂ%&gﬁﬁgﬁ%fy 100u1M- 0.003uM] in [10%] DMSO and the mixture was incubated for 10 min
at RT. 5 The kinasc reaction was initiated by the aggition of IOuL 4x substrate cocktail containing the
DYE peptide substrate [0 or 5 uM], ATP [20 JIM] and s’ PyATP [2uCi/rxn]. After incubation at 300 C for
15_ min, LSRRI WRASHRIinated by the t_ra_nsfer of 25uL pf the reaction sample to a_9_6 well 0.65 um
Millipore MADVNOB membrane/plate containing 200uL 5mM EDTA and 20% Streptavidine coated
beads in P&S. Y0!The, 36pdumd YaBichiluttdoniassarsanaynedt hntdenvackandwih B8 280Lvam
NaCt; 2 x 250 4 aCl-(1% phasphoric acid. 1 x 2504 H20, After the | S e/ plates
ot e G R B T et s O RS TG il i e
added {d @4a¢hiMSDand! 41k latenthesamoanbatdadioHetvityaa$ .counted in a top counter. The percent
inhibition was calculated based on the uninhibited enzyme rate: 15% Inhibition= 100 / (1

(1C50/Inhibitor cane)) The IC50 was, calculated using.a non-Jinear curve fit with XLfit software (ID
e S bl OB o S0y, EAHHE TR UG ThOUIGH Y Kb HRERBE 4 T some
detail bﬁ%)f;%kﬁ%%@@&&@m@@m@w@p pPoROSRS.Qf elartyanehuedeistandiegidtyyiie abvious to
one of skill in the art that 20 changes and modifications may be practiced within the scope of the
append¥df €ldimd SThisxdioresicintonse tmaerstobbiiveg triesboo dedcnptiomdsdhtentieanio toen
illustratiye a restrictive. T 9@2% the invention,should, therefore, he ined not with
referen?:/ge %%ﬂggi%%}e%f&?fﬁt%@gu S (%){JP& %g%%e)o%ed% gl%il%n Sv%‘r?j“rgr%}geﬁ@g?ég t?i%c{llollowing
appended ¢lairas alahgovitht e bal saopBof equivalents to which such claims are entitled. 25 All

patents, patent applications and publications cited in this application are hereby incorporated by
reference in their entirety for all purposes to the same extent as if each_individual patent, patent

applicatid BRUBCE P RRIRS P uRT A e acuum with 3 x 230uL 2M NaCL 2 x 250 ul
2M NaCl+1% phosphoric acid; 1 x 250uL H,O. Afier the last wash membrane/ plates were

transferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 pl scintillation cocktail

was added to cach well and 4 h later the amount of radioactivity was counted in a top counter.
The percent inhibition was calculated based on the uninhibited enzyme rate:

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

along with the full scope of equivalents to which such claims are entitled.

25  All patents, patent applications and publications cited in this application are hereby Incorporated
by reference in their entirety for all purposes to the same extent as if each individual patent,

patent apphication or publication were so individually denoted.



- 56 - Claims 51.A compound of Formula I' wherein: R is RI, R2, R3, or R4; Rlis C1.6 alkyl, C1.6
alkoxy, phenyl, benzyl, heteroatyl, cycloallcyl, hetef@cycloallcyl, or cycloallcylalkyl, optionally
substituted with one or more R1% 10RI is Rib or RI'; Rib is halogen, oxo, hydroxy, or -CN; RI" is
-C(=0)0(R15, -C(=0)(CH2)4Rle), -0(CH2)n(R1c), -S(R1f), - S(0)202.1f), or -S(=0) (RI), Ci.6 alkyl, C1.6
alkoxy, amino, amido, C1.6 haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
15heterocycloalkyloxy optionally substituted withagg or more lel; Rid is H, halogen, hydroxy, C1,6
alkyl, amino, Ci.6alkoxy, or C1.6 haloalkyl; Rle |snﬁ, C1.6 alkyl, C1.6 alkoxy, cyano, CI 6 haloalkyl,

phenyl, Beteroaryl, cycloaliephoardstemaxgiqalkyl; 20lef is H, C1.6 alkyl, Ci.6 haloallcyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; -57- m 65 0, 1, or 2; R2is N(R272;

R
Q' N\
0
N/ N

. r wherein:
RisR, R%, R%, or RY;
R'is Cig alkyl, C,.¢ alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, hetcrocycioa]kyi,
or cycloalkylalkyl, optionally substituted with one or more R'*: | |
10 R*isR™orR';
| R™ s halogen, oxo, kydroxy, or ~CN;
R is ~C(=0)O(R"), ~C(=0)}(CHa)m(R "}, —O(CHy),s(R'%), ~S(R™, -
S(0)R"), or ~8(=0) (R, Cy.¢ alkyl, Cy.¢ alkoxy, amino, amido, Cy.
haloalkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
15 heterocycloalkyloxy optionally substituted with one or more R':
R is H, halogen, hydroxy, C;4 alkyl, amino, Cy.¢ alkoxy, or
C,i.¢ haloalkyl;
R is H, Cy.¢ alkyl, C14 alkoxy, cyano, Cy. haloalkyl,
phenyl, heteroaryl, cycloalkyl, or heterocycloalicyl;
20 R'is H, Ci alkyl, C,. haloalkyl, phenyl, heteroaryl,
' cycloalkyl, or heterocycloalkyl;



each R2d is independently H or R2b; each R2b is independently C1.6 alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or more R2e;
R2e is R" or R2d; R2d is halogen, oxo, or hydroxy; R24 is -N(R2g)2, -C(=0)( R"),R"), - C(=0)N(R2)2,
-N(R2)C(=0)( R29), -S(=0)2(R29), -S(0)2 N(R2)2:5Gi_6 alkyl, Ci_6 alkoxy, C1.6 haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloallcyl, optionally substituted with one or more R2f;
each R21 isindependently H, halogen, C1-6 alkyl, C1.6 alkoxy, C6 haloalkyl, each R2g is
independently H, C1.6 alkyl, C1-6 alkoﬁlfs({fl-]éi?fglbalkyl, or phenyl; R3 is -C(=O)R3a; R3als C1_6
alkyl, C1.6 alkoxy, ptienyiRébeach R2b is independently H or C1.6 alkyl; R4 is -0(e); R44 is or R4b

R4b is C1.6 alkyl, phenyl, benaylGla§,brlealku oexetoalkyl, heterocycloallcyl, heteroaryl, optionally
substituted with one or more Rid; ch

alkoxY; Q4 is Q46. Q4b;or Qta ise?]alfc%%éelsf;i;rl1 egea%l?ﬁg, .}[/%T&%g%{%%%éﬁgl%yglghag{%%l;)l/l ’81-21.6
hydroxyalkyl, amino, or Clsgerraisiidiy ophsisemysbstialelnmitreneysihsiatfariotc is Q4d Q4e;
each Q4d is independentlyhalogenr, #iydroxy, or cyano;
R*is R¥or R*™;
R*is halogen, oxo, or hydroxy;
R*i5 ~N(R),, ~C(=0)( R*), ~C(=0)O( R), -
CEONR™),, -NR*®)C(=0)( R*), -S(=0)(R™), -8(0);
N(R*),, Cy.6 alkyl, C, 4 alkoxy, C; s haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
optionally substituted with one or more R*;
each R*' is independently H, halogen, Cy ¢
alkyl, C,¢ alkoxy, C,s haloalkyl;
each R*E ig independently H, Cy alkyl, Cis
alkoxy, C haloalkyl, or phenyl;
R’ is —C(=0)R*;
R*is Cy4 alkyl, C;. alkoxy, phenyl, or N(R*™),:
cach R* is independently H or Cy ¢ alkyl;
R* is ~O(R™);
R*is H or R*;
R* is C,.4 alkyl, phenyl, benzyl, C,.¢ haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R*
R* is halogen, hydroxy, C, alkyl, C,.¢ haloalkyl, or
Crs alkoxy;
Q4 is Q4a or Q*;
Q™ is halogen;
0% is Cy alkyl, Cy alkenyl, C,.¢ alkynyl, C, hydroxyalkyl, amino, or C
haloalkyl, optionally substituted with one or more Q%
Q*is Q" or Q™
each Q* is independently halogen, hydroxy, or cyano;



-58- each Q4a is independenly C1.6 alkyl, C1_6 haloalkyl, C1-6 alkoxy, amino, cycloalkyl, phenyl,
heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q4f; each ris independently
hydroxy, halogen, CI.6 alkyl, C1.6 alkenyl, oxo, Cii6 haloalkyl, C1_6 alkoxy C1 6 hydroxyalkyl or
amino; with the proviso that when R is R4, R4 is-8R4a), R.4a is H, and Q4 is Q4a, then Q411 is not
H; or a pharmaceutically acgepigble iﬁé‘é};m@e\}ﬁf&% ANg eompRURd o ¢laimk L, aherein R is W. 3. The
compound of claim 2, wherein R1 is CI 16 allky, greferavli()?lr%/ tert-but ; 4. 1;I'he %?Zm%ound of claim 2,
where 11{1 is cyclodHT &y T BoRBEIRE St Lith R e TR IR A RS BR O AN (B 2a) and R2a is
R21', preferably R2b is C1.6 alkyl. 6. A compouneiecording to claim 1 selected from the group
consisting of: 1-(2-Bromo-5H-pyeglof?: 3-Neyeagindg sllosmelbunbolaand 008, akenyl,
2-Chloro-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid i opylamide; .
2-Isopropeny1-511-pyrrp|gpf%,’§':zbﬂqlp§}r°§§%{é-4 .fcagg%}ajg;%’iégﬁ%{lrg gg%%?q%yaté}lﬁ?de; .
2-Isopropyl-5HipyrrotefsathapyraRinel ~-Ratbdific-deidsiSopiofyaMidden @ is not I
1-(2-Chloro-5H praelel2:Bchipytaginble yi) 2s2«dimethyl-propan-1-one;
(2-Bromo-5H-pyrrolo[2,3-1Thyrazin-7-y1)-(1-methyl-cyclohexyl)-methanone;
1-(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Isopropeny F:5H-pf SRR FATN- 749152 B yfnethyl-propan-1 -one;
(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclopentyl)-methanone;
1-(2-Ethyny1-5Hspyrrolgfe 3:hipwazintdiny 3)whglimethy]-piepapekABg: rer-butyl.
1-(2-ahy1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Bromo-5H-pyrrolo[2,3-1Thyrazin-7-y1)-2,2-dimethy1-3-phenyl-propan-1-one, 142-(1
-Hydroxy-ethyl)-BH-pyridkofeumasiisyebdriry thepip Riinstiptbrbpan-1-one; 142-(1
-Hydroxy-2-methyl-propy1)-5H-pyrrolo[2,3-1Apyrazin-7-y1]-2,2-dimethyl- propan-1-one;
142 (Hydroxy-o-to1y1-ethyl)-kipyrolol? Jibleyraaingsy k2 Adimelhylaiopga: - 58 a - 1-one; 1
-{2-(11ydroxy-phe'ny|-meﬁ'\y - Hip'yrroﬁ) 2,3-blpyrazin-7-y11-2,2-d ethyl-propanl -one; 1
42-(Hydroxy-pyridin-4-Jraty k-5 8 oy6id{2,3 -Npyrazin-7-y1]-2,2-dimethylpropan-1 -one; 1
-{2-(Hydroxy-pyridin-3 -yl-methyl)-5H-pyrrolo[2,3 -b]pyrazin-7-y1]-2,2-dimethylpropan- 1 -one;
(2-Bromo-5H-pyrsolo[2 3 shipyraginayb (3185 $aSadi 1ot peipbydigmpentalenl -yl)-methanone;
(2-Bromo-5H-pyrrolo[2,3-b pyrazin-?-y]i)-((i S,2 );iél,f-digg?éthyl-% lopenty1)- methanone;
(2-Bromo-5H-€'§%1’1%rI%‘f235- IV P R -SRI R &tifone: (2-Bromo-5H-pyrrolo[2,3
-b]pyrazin-7-yAaibroviétiprayo[apeblyparietianabesylic acid isopropylamide;
(2-Bromo-5H-pyrrolo[2.3-blpyrazin- -y ﬁ}l lethyl-cyeloheptyp-met sAdamantan- 1
-yl-(2-bromo-€l¥—79 31}?%’%&%/% périgizlhé-q/j- [‘I-i]mecthanonegﬁ < %B%I ’
2-Isopropyl-3H-pyrrolo[2,3-blpyrazine-7-carboxylic acid isopropylamide; Co
1-(2-Chloro-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
(2-Bromo-5H-pyrrolo{2,3-bpyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone;
1-(2-Bromo-5H-pyrrolo[2,3-bipyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Isopropenyl-SH-pyrrolof2,3-bjpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclopentyl)-methanone;
1-(2-Ethynyl-5H-pyrrolo[2,3-b]pyrazin-7-yl})-2,2-dimethyl-propan-1-one;
1-(2-Ethyl-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-3-phenyl-propan-1-one;
1-[2-(1-Hydroxy-ethyl)-5H-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;

1-[2-(1-Hydroxy-2-methyl-propyl}-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-
propan-1-one;
i-[2-(Hydroxy-o-tolyl-methyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-



(4-Benzyloxy-1-methyl-cyclohexyl)-(2-bromo-511-pyrrolo[2,3 -b]pyrazin-7-y1)- methanone; 1
-(2-Ethyny1-5H-pyrrolo[2,3 -b]pyrazin-7-y1)-2,2-diragthyl-propan-1 -one;
1-(2-Isopropenyl1-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one; 1
-(2-Chloro-5H-py#s-olo[2,3 -b]pyrazin-7-y1)-2,2-dimethyl-propan-1 -one; and

L of ornmia 1 6 TRREAIA I LB S Gy Whany Basst PRavs Socloaig,

heterocycloalkydnar cycloalkylalkyl, optionally substituted with one or more RI% RI' is Rib or Rl e; Rib

s halogen, 0xp. bt Op o 4380 BB SR NRMHLS1 G OHCHINFADIAHGD) " 0)
S(0)2(le5, or-SZE)% '5, ésf.%yalkyl, 1.6 allgg)xy, aprgl}i%cﬁ),%midg%lﬁ hjgalkyl, pher%/l, lieteroaryl,
cycloalkyl, heb&8dtSafkyl, cycloalkyloxy, or heterocycloallryloxy optionally substituted with one or

more RId; RidigHrhaegenyhmdroxyl-Gihalkyi-prmite] G116 mioiy./Qt|Q aildasalkyl; RI'j H, C.1.6
alkyl, C1.6 alkoxy, cyano, C1.6 haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloallryl; R11is H,
C alkyl, 01.6 ﬁ%ﬂé/ﬂ} flb%enyl, heteroarYl, cycloalkyl, or heterocycloalkyl; mis 0, 1, or 2; and Q4 is
defined accordirgrianckaitplre502.8-Bmorapoiind)-4Cobrbinty tomuttint-dotisimpratalen-

1-yI}-methanone;
(2-Bromo-5H-pyrrolo{2,3-blpyrazin-7-yD-((18,28)-1,2-dimethyl-cyclopentyl)-
methanone;
(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yI)-(1-methyl-cyclohexyl)-methanone;
(2-Bromo-5H-pyrrolo[2,3-bipyrazin-7-yl)-(1-methyl-cyclopentyl)-methanone;
(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-cycloheptyl)-methanone;
Adamantan-1-yI-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl}-methanone;
(4-Benzyloxy-1-methyl-cyclohexyl)-(2 -bromo-5H-pyrrolof2.3-blpyrazin-7-y!)-
methanone;

1-(2-Ethynyl-5H-pyrrolo| 2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
1-(2-Isopropenyl-SH-pyrro 10{2 J3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
1-(2-Chloro-5H-pyrrolof2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one; and
1-(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-3-methyl-butan-1-one.

7. A compound according to claim 1 of formula II:

8]
R]
Q* N
\[.\ \
o
N R

H wherein
R is Cy4 alkyl, C,. alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R
R'™is R orR’S;
R'"is halogen, oxo, hydrexy, or ~CN;



0 H ? in wherein R2b is independently 07.6 alkyl, phenyl, heteroaryl, eyeloallcyl, heterocycloalkyl, or
heterocycloalltyl allcylene, optionally substituted with one or more R.2-" is R2d or Rat; R2g is halogen,
oxo, or-hydroxy; R2" is -N(R)2, -C(=0)( R22), -g=0)0( leg), - C(=0)N(R.4)2, N(R2)C(=0)( R29),
-S(=0)2(1828), - S(0)2 I'q(R29g) 2, C7-6 alkyl, Cc78 fcoxy, C7-6 haloalkyl, phenyl, heteroaryf,
heterowyloxy, cycloallcyl, or heterocycloalkyl optionally substituted with one or more R2f; each R2f is

independently H, halogen, C1-6 GLH ?Q@l@ﬁ&[@ﬁ G?PE%QEES) r@g tly H, C7.6 alkyl,
and Q4 15 ding to

C7.6.allcoxy, C haloallcyl or phenyl eflnqg accor claim 1 - Use of the
compound of claim 8 in the manuiderRe o el cEmeht- f&P‘ﬁﬂ r@ﬂﬁ?@nmﬂarﬁfp&mmatory

disorder or of an autoimmune disoygesicily Cairapd Untactor cdynigdiyanyioneydbtliglclaims 1 to 8 for
use in the treatment of an |nflam@}gﬁg%@g@g%&gmwég}%gﬂ§9{%&m with
one or more Rld ,

RMis H, halogen, hydroxy, Cy.¢ alkyl, amino, (31 - alkoxy, or

C,.¢ haloalkyl;

R'is H, Cy alkyl, C,¢ alkoxy, cyano, Cy.¢ haloalkyl,

phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl;

RY is H, Cig alkyl, Cy. haloalkyl, phenyl, heteroaryl,

eyeloalkyl, or heterocycioalkyl;

mis 0, 1,0r2; and -

Q4 is defined according to claim 1.



-54.

A compound according to claim 1 of formula IIL:

4 :
Q\[l\\ \ R
o N
: H

m

wherein
R is independentty C, 4 alkyl, phenyl, .hstcroaryl, cycloalkyl,
neterocyeloalicyl, or hetcrocycloalkﬁ alkylene, optionally substituted
with one or more R*; 4_
R¥ is R¥ar R%:
R™is halogen, oxo, or hydroxy;
R™is —N(R),, ~C(=0)( K™), <C(=0)O( R2), ~
CHOINR ), -NERHCEON R™), -S(=0n(R™), -
S(0), N(R™),, .4 alkyl, Gy alkoxy, Cy.¢ haloalkyl,
_phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or
heterocycloalkyl, optionally substituted with one or
more R* ‘ | |
cach R¥ is independently ¥, halogen, Cy.
aIlcyL- Cis a]koky,lcl.ﬁ haloalleyl;
each R* is independently H, C, aucyl; Cisg
alkoxy, Ci.¢ haloalleyl, or phenyl; and

Q4 is defined according to claim 1.



60-

9. Use of the compound of claim 8 in the manufacture of a medicament for

the treatment of an inflammatory disorder or of an autoimmune disorder.

10. Compound according to apy one of the claims 1 to & for use in the reatment of an

.inflammatory disorder or of an autoimrnune disorder,



