WO 2009/106445PCT/EP2009/051761 PYRROLOPYRAZINE KINASE INHIBITORS The present
invention w@ gﬁi%yse of novel pyrrolopyrazine derivatives which arepJad: i e ksdphibitors and
selectively inhibit and are useful for the treatment of auto-immune and inflammatory 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. Abnoiinal kinase activity has been
implicated in a variety of human diseases including cancers, autoimmune and inflammatory diseases.
Since protein kinases are among the key regulators of cell signaling they provide a means to modulate
cellular function with small molggriginhiRsONNEIN AWK ENE firgemake good drug design
targets. In addition to treatment of kinasemediated disease processes, selective and efficacious
inhibitors of kinase activity are also useful for investigation of cell signaling processes and identification

of otherrgglilarfargets9bthelarewininigrestadha pivfesoplunisinasas)areadaaiy akeaiaplasmic
protein t)é;osjne_ kinases including JAK1, JAJC2, JAJC3 anﬁg‘:’Yl&E. Each of %? JAKSs is %%:er ntially

associated iRk RHEThimb St B Srarad-ats RROKIRY P8 SToPacB Al AT B0 . 16
(1998),;pRa 93322 i1dda8edAKs are activated following ligand binding and initiate signaling by
phosphorylating cytokine receptors that, per Sc, are devoid of intrinsic kinase activity. This
phosphorylation creates docking sites on the receptors for other molecules known as STAT proteins

(signal Beigadcarsareaivinens of fhmeeeisryiing i BREssHERISEH S ATEYHhtdkiious STAT
proteing; STk BIIIRS. 96 b6t BrAledY Hesiﬁ&im prelgiRaRtivaiRdavRhesRhgRAdatien of tyrosine
e

residues, and function both as signaling molecules and transcription factors and ultimately bind to
specifickRR SR iPHeEY 3 FIOHR IR ﬂiﬁb‘?@#ﬁ%’ﬂ@ﬂé‘&f%@t@lﬁi REQHEH HFRs e s8I betaL .,
(2000), &l AN erov faHS HEHHAROI MR BT 888 kW, 2RQPLHBAAARPGTIER 2009/ 0brh niheumatoid

arthritis, amyotrophic lateral sclerosis and multiple sclerosis, as well as in solid and hematologic
malignafieies atiErtadrs hesmisnBRERGBHOMESTRTBUR Jijeessh P BHIS P EEmponents of

multiple;potentially inferwingdsignaliiansduclinn: RAIYWAYSROCAdeNR A (RORQ) r R 19862056 79),
which indicates the difficulty of 5 specifically targetlng one element of the JAK-STAT pathway without

interferier} wigndipe theyrartrids SomeHBhtp T A RS T IOl adels Tt dantly
expressgd ipRUMVeukamiscallsdaspchildranswithaguie ivaphrblasiiclatkeniss ithegmost

common form of childhood cancer, and studies have correlated STAT activation in certain cells with
signals TeGiAHTh L5 RIS S YDRIFOIHBE STTIEI0108Y, YR IeEIIO BIdIa 6 471 BYer I Grrantistet al.,
(1997), Blogd.& '&1&@&%@5@@%@ g’#oc&@&s?z)n&llﬁbnﬁmaiWtﬁ&%@@@a&%g@wakamura et
al.,(1996), J. Biol: Chem. 271: 19483-8). They are also known to be important to lymphocyte
differentREIBPEHUH EHSFESIN survival. JAK3 in particular plays an essential role in the function of
lymphocytes, macrophages, and mast cells. Given the importance of this JAK kinase, compounds

which 1%0qdgiaie e QK AALYAY ?aﬁlﬂglfiqgéaeﬁ@amk%%%&ﬁ& 63 1gamBeiNseih{or Areating

diseases or conditions where the function of lymphocytes, macrophages, or mast cells is involved

(Kudlack et a1 JABGomdShY K2 TRaskna a8 Ks 15 enbmgeiahhy cuospse s sopigssigpipmic

Conditicfmmnwali},é%&eéml&ﬁéfiscé@%rpﬁmgyf@ammﬁgpr1 9l thesIAlk kinasesy particulasy JAKS,
e y

are contemplated to be thérapeutically useful include, leukemia, lymphoma, 20 transplant rejection
(e.g., panerssiyasteti osinanisend sfingone indirbtsieantipmiy RppHbRTSIRS e VIR #iE-versus-host
disease), augimmuns diseasesi(s g dianeies). anskinfiarmmation s asthmaoaligmieseactions).

Conditions which can benefit for inhibition-ofJAK3 are discussed in greater detail below. However, in
contrastias ke rEias paIyhIRIGREUS BESESEBRISEMNE KNORRASAGAT] RPOTAR SSHER VBB E S estricted

and regylated XRIRSSIOMRAVPSIRRS SRMBIASS AT IAKAK Ty Arsoused R dasiaty of cytokine

receptors, JAK3 is used only by cytokines that contain a ye in their receptor. JAK3, therefore, plays a

role in ok etsiginging FrctoRiR S Wh iRt BEERIF AR A by Ratsnbrrdating LoiMimtfFgamma

chain; ILagidteé dbd FutlerRord bsde %Q%haﬁﬂ IR Lintesasts Witk AmaTe-QiRersd theweeaptorsifor
cytokines IL-2, IL-4, IL-7, IL-9 and IL-21, while ) )
to specific DNA sequences present in the promoters of cytokine-responsive genes (Leonard et

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

~ JARUSTAT signaling has been implicated in the mediation of many abnormal immune responses

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



30 JAK2 interacts with, among others, the receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytgldnesdqdhetr receptors (e.g., IL-2, IL-4, IL-7, IL-9, IL-15 and IL;zl)kegeptor WO
2009/106445PCT/EP2009/051761 oligomerization occurs, resulting in the cytoplasmic tails of
associated JAK kinases being brought into proximity-and facilitating the trans-phosphorylation of
tyrosine residues on the JAK kinase. This trans-phosphorylation results in the activation of the JAK

kinase. Animatstugieshaverseaesicdadeal JAKD 19ban mpiays dcwitieal mle i Bsandolidymphocyte 5

maturation, but that LUC is constitutively required to maintain T cell function. Modulation of immune
activity DRFBHGI HfTHOVRERACHSHRE A CaH rod SIS SYIAYM&Sreatment of T cell proliferative disorders

such as transplant rejection and autoimmune diseases. In particular, JAK3 has been implicated in a

variety ghQiolagicalprocesSesT For-mmBlRie Pralifesalign and sy ivivalahsusng mast cells

induced by IL-4 and IL-9 have been shown to be 10 degendent on JAK3- and gamma chain-signaling
(SuzukitEREfuUeToD O BB ©80age221 86308 aD 21662010 &a criichndieass g dlaptby-alediated

mast C%Qﬁﬂ@ﬂ?'?&" &ﬁ@@&@§%@%@é@¥ﬁé@iﬁﬁ@sﬂﬁgﬁéﬁﬁj9§%mo§i%%riﬁ@%{ﬁmr]-
257:807-813), and inhibition of JAIC3 kinase has been shown to prevent type | hypersensitivity
reactiofsHREAIR SHIbRNER EMalaviya et al., (1999), J. Biol. Chem. 274:27028-27038). JAK3
inhibition has also been shown 15 to result in immune suppression for allograft rejection (Kirken,

(2001), Hranspt BHAG.333rA%SPARY, %?é%@uﬁ@ﬁﬁ%ﬁ&ﬁ&&@%%ﬁﬂa@ Rlizaladdndfie ggehanism

involved in early and late stages of rheumatoid arthritis (Muller-Ladner €t al., (2000), J. Immunal.

164:38%41B50n ¥ fhrmAiEe dnpitebiiica deeksnseldhssisost semrapal orroodyhibend rrBiepps. Res.
Commugy, 2687 127230 SRR PULRE KGRI RCIRHCANEES %%Eﬁm@ﬁ%é@ﬁé%é)gﬁs): mycosis 20

fungoides, a form of T-cell ymphoma (Nielsen et at., (1997), Prac. Natl."Acad. Sci.

941876415780y A HordMal dulgrentB oty lérall (Xoduyiagdmehahol 13885208 & 2041 46-52;
Catlett-RaleaneLhal ?égﬂﬂ‘@kﬁ!%&%@%%@s%ﬁ? inbiRiars a8 Hseldbifierapy,as

immunosuppressive agents for organ transplants, xeno transplantation, lupus, mulfiple scierosis,

rheu_ma@}%ra_w”rlﬁé,%ﬁ%ér?asfghenw@_Mﬂfgb@@@@éﬁ&@%_@ﬁﬁmmww%@wgﬁéﬁﬁ@r, asthma,
atopic dﬁhﬁ?&ﬁ%@y&muﬁmmﬁ%ﬁw@%&y e @E@&ﬁi&%&%&m@%aﬁéﬁ_ﬁﬁgﬁb‘%}?@&['s

disease, Leukemia and other indications where immunosuppression would be desirable

Non-hemggopdiesns e3gskawsore B Sz h s amposaapcrabbrel Bitibuih sheparedenalich significance
of §js hasyghiohe E@(@%&%ﬂ%%ﬁﬁ@s@&%ﬁm&%@%@@ HBEEAS G4 bANE marrow

transplants for SCID are’curative (Blood 103 (2004), Ep. 2009-2018), it seems WO
2009/1CBRASBET APPOUOsNyE the function of lymphocytes, macrophages, or mast cells is involved

(Kudiacz et al., (2004) Am. J. Transplant 4:51-57; Changelian (2003) Science 302:875-878).
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., grafi-versus-host disease), autoimmune diseases (e.g., diabetes), and inflammation (e.g.,
asthma, atlergic reactions). Conditions which can benefit for inhibition of JAK3 are discussed in

greater detail below.

However, corntrast to the relatively ubiquitous expression of JAK1, JAK2 and Tyk2, JAK3 has
25 amore restricted and regulated expression. Whereas some JAKs (JAKI, JAK2, Tyk2) are used
by a variety of cytokine receptors, JAK3 is used only by cvtokines 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; 11-2, IL-4, TL-7, IL-9, TL-15 and TL-21. JAK]
interacts with, among others, the receptors for cytokines IL-2, IL-4, IL-7, IL-9 and 1L-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, 1L-7, 11.-9, IL-15 and IL-21), receptor



-4- unlikely that JAIC3 has essential non-redundant functions in other tissues or organs. Hence, in
contrast wi 0%5\%51 rgets of immunosuppressive drugs, the restricted disg'ﬁbﬁﬂﬂﬁh%%? IS
appealing. Agents that act on molecular targets with expression limited to the immune sys]tem might
lead to an optimal efficacy:toxicity ratio. Targeting 3AIC3 would, therefore, theoretically 5 offer immune
suppression where it is needed (i.e. on cells actively participating in immune responses) without
resulting iganyeiiesis autside ffithese arllpapations.Althoughdafacive immme,spgponses have
been described in various STAT-I- strains (J. Investig. Med. 44 (1996), Pp. 304-311; Cum Op/n. Cell
Biol. 9(Poyshigpioomsvndy e (stibHoe Bistimamie onemietion ad tre sacurdunole Rolédles lack
enzymatig.Activity that:condsbhsriargpieswith 1 smalwaglecyisinhibitorsmhas contributed to their
non-selection as key targets for Immunosuppression. SYK (Spleen Tyrosine Kinase) is a non-receptor
tyrosine kinase that is essential for B-cell activation through BCR signaling. SYK become activated

upon bifdieptGtpRiss prv yaess BORah#hdnmitate e eanipeidilsgeterns TollowthgBER
activation, ioe deficient MR K IaRxbitay &%ﬂm%‘&ﬁ%ﬁﬁ Hrdeyelopment{ragngisl a Nature
378:303, 1995; Turner et al. Nature 378:298, 1995). Therefore inhibition of SYK enzymatic activity in
cells is propgseragty theauseHufgoaatonerhemeatisadye threedh i bfdtasioamgiohsgbody
productigpygif-addiiiene-e.leaf¥iin RiRsionaingand fireliaciaon it also plays a key
role in FccRI 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 biddgtihvdaphiddphbeylbest tapherdcdhain wirRte R ialitgiSH prdorssing andsisnggsetitial for

downstieiTrigRaling: anon SralMa Gl Biok At ﬁ%fﬁ%ﬁ)ﬁ%@%@s‘%@l T8RS pe
demonstrate defective degranulation, arachidonic acid and cytokine secretion (Costello et aL.
OndbgetrpABIAB 9B, J1d06) afhinaigy hhsibeamsmand dorighrarhaCiiogic Blgedt3bl iak ifbibit SYK

el Copotrl g o dticn S AR Ce T S SR R

antisen igonucleotides its antigen-in tration of eosli utrophiLs in an
animal fddevorastim@ $Stentoncherl. Bitmivendtsl 621028). 20020 5¥ i3 fleficientibosinaghils also

show i red: activation | fi ion. (Lach-Trifilieffe et al. lood 96:2506, 2000).
R R e T e
inflammiAteiy disedsbs (HAGHiIAgRisthhe mWO4 200808425 P CYHE P00 3105 176 2155 b vigw e the

oy dscdsie : e s he
anor S B e e SETRo Pl I AT RIMIALE JAK airor SYK

pqthwaﬁé'éiﬁd%ﬁ&bﬁ@seﬁ bé}fﬁgﬁiﬁébeé@dmpb@ﬂfi@é isHbe lehgsriosvidersuvsiandan trelapediisbenefits to a
wide V%%E%%&&ﬂ%@ﬁ&‘ﬁoﬁf%lﬂ%% hereinareneyel ézesg%&%?symﬁﬁ%%fm%ﬁvﬁ%m Y§8)n the

treatment of conditions In which targeting of the JAK and/or'SYK pathways or inhibition"ofJAK or SYIC
kinasesiapattid aapgtoks, latsaa reltherpdutisaiialiseiid for BheclremtBonhps. fae-romume.and

inflammaiery,cissasero i SRISLRNIAORYRUN ARrvalivasrRio dad 191, splegiliely INhibiL JAKS

and are useful for the treatment of auto-imm and inflammatory diseases. The compounds of the

in\%htio&lqum@@t@nﬁéﬁﬁmldwmwrﬁ@mmhnﬂ AeuBedal Netlerpyprdiopydzine derivatives
for the @2?&6’%@%%&%&@'%9@&1'@@%@@&% diSea58%, Whergin pyefessed gerapaynds

selectively inhibit JAK3. For example, the compounds of the invention may inhibit JAK3 and SYK,
whereirfgi&férreliasrpalurid8%ts bareenvs 16 9AKIE Df the JAK kinases and are useful novel
pyrrolopyrazine derivatives for the treatment of auto-immune and inflammatory diseases. 15
Further s 8 n f.the invention may inhibit. JAK3 and.JAK2, wherein preferred
compot A e e R B e R G TR e
derivatitg oty e dupentofitnte soherme dedrinfieichartitoris disedsss, Siypitdriiiabiaees 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 (J. Immunol. 168 (2002), pp. 2475-2482). Because
30 bone marrow transplants for SCID are curative (Blood 103 (2004), pp. 2009-2018), it seems



compounds of the invention may inhibit JAK3 and JAK1, wherein preferred compounds are selective

for JAK3 owag&ﬁ)ﬁ) igsases, and are useful novel pyrrolopyrazine derivati};(ei /@2& E’ 55% }g?atment of

auto-immune and inflammatory diseases. The application provides a compound ot Formula | wherein:
R s RIl. R2, R3, or R4; Rl is lower alkyl, lowgf_alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, 250r cycloalkylalkyl, optionally substituted with one or more Rh; Rh is Rib orRh; Rib

is halogen;\xe Ay JraY 1k Ll AR 0RYAAAARRETIRELQNIDFLIGL B RIGISHGEDIA(R1L),
-C(=0)CH2(Rie), -S(R11), -S(O)2§R|5, or -S(=0) (R11), lower alkyl, lower allcoxy, amino, amido, lower

haloalkFPPBHEhYItH Stheb AHECHER1 SNBSS BB AINAS ci GaNy %Y st HatEpsSciddidyioxy

optionau%gp%aﬁﬁ jtutednnith ARe: P RYRRigh é@&éwh@%@%ﬂxﬂﬁ%,t@m@fﬁﬁ%ﬁhé%\y&éﬁ'koxy, or
lower halo alkyl; Rie is H, lower alkyl, lower alkoxy, -CN, lower haloalm, phenfyl, heteroaryl, cycloalkyl,
(o} 12541

or heter@&sR Gaadidip arenting) sigesaiRyicTovarihal eaaRinp RadA, e UyeRsankine br
heteyocygtoalio sl%(%;agkzwgémﬁzae&m@@eeﬁ%eﬂx B dR A articipatiGREMNBAR IS

independently lower alkyl, phenyl, heteroaryl, cycloalkyl, heterocycloalkyL, or heterocycloalkyl
allcylentSBpRSTANY BOBSIREER G M IS SAESH MBsdRof these cell populations. Although defective

immune 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

16 small-molecule mhibitors has contributed to their non-selection as key targets for

Immunosuppression.

SYK (Spleen Tyrosine Kinase) 18 a non-receptor tyrosine kinase that is essential for B-cell
activation through BCR signaling. SYK become activated upon binding to phosphoryated BCR
and thus initiates 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 FcgRI via its SH2 domains and is
essential for downstream signaling (Taylor et al. Mol. Cell. Biol. 15:4149, 1995}, SYK deficient
mast cells demonstrate defective degranulation, arachidonic acid and cytokine secretion
{Costello et al. Oncogene 13:2595, 1996). This also has been shown for pharmacologic agents
25  that inhibit SYK activity in mast cells (Yamamoto et al. J Pharmacol Exp Ther 306:1174, 2003).
Treatment with SYK antisense oligonucleotides inhibits antigen-induced infiltration of
eosinophils and neutrophils in an animal model of asthma (Stenton et al. J Immuno! 169:1028,
2002). SYK deficient eosinophils also show impaired activation in response to FceR stimulation
(Lach-Trifilieffe et al. Blood 96:2506, 2000). Therefore, small molecuie inhibitors of SYK will

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



R2c is R2d or K R2d is halogen, oxo, or hydroxy; 122e is -N(R2)2, -C(=0)( R28), -C(=0)0( R2), -
C(=0)N(R gzd ﬁlﬁgggg(---ox R2g), -S(=0)2(R2g), -S(0)2 20N(R29)2, Iomg&%ﬁy&ﬁ@e{g%’ lkoxy, lower

haloalkyl, phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl, optionally substituted with
one or more R21; each R21 is independently H, hakagen, lower alkyl, lower alkoxy, lower haloalicyl;
25each R2g is independently H, lower alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is -C(=0)R3a;

R3a is iIqwesaly tnloweh SRR R 105 b ngReR3inirdenendentivithos lower alkyl; 30le
is -O(lea); R4a is H or R4b, R4b is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,

heterocdPeaGp i dAK spdionaR sOBNEEIWHTBReIS PhoramRIRnt Ul RESHRIRIENS hydroxy,
lower ajkyl, deyigthaloalkh 06/l sieyQnis Rbaivs optioRaitysubsiiitsduithiye Raviich come

together to fonu heterocyclic or heteroaryl ring system, optionally substituted with one or more Qib or
Q3'; QB IAIGYEHCRPARS P BRE DIO-E RIS fREF QY 8! ersalsofey)y Usiren 3{E0yGhe), -S(=0)2(0,

-C(9) UL (NP GEHOREIGH PRI %KD G - OLRL £hic N(
Q1e)C(=0)0(Q 1 e), or -N(Qle)C(_:O)N(ngz; each%l{e is independently H or
and/or SYK pathways or mnhibition of JAK or SYK kinases, particularly JAK3, and are

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

The novel pyrrolopyrazine derivatives provided herein selectively inhibit JAK3 and are useful
for the treatment of auto-immune and inflammatory diseases. The compounds of the invention
i0  modulate the JAK and/or SYK pathways and are useful novel pyrrolopyrazine derivatives for the
treatment of auto-immune and mflammatory diseases, wherein preferred compounds selectively
inhibit JAK3. For example, the compounds of the invention may inhibit JAK3 and SYK,
wherein preferred compounds are selective for JAKS3 of the JAK kinases and are useful novel
pyvirolopyrazine derivatives for the treatment of auto-immune and inflammatory diseases.

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

20  treatment of auto-immune and inflammatory diseases.

The application provides a compound of Formula 1

1 wherem:
RisR', R% R, or RY;
R is Jower alkyl, lower élkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
25 or cycloalkylalkyl, optionally substituted with one or more R™;
R'*is R orR';

R'"is halogen, oxo, hydroxy, or —CN;



each Q e'is independently lower alkyl, lower alkenyl, phenyl, benzyl, lower haloalkyl, lower

hydroxyall Ikyl, heterocycloalkyl, or heteroaryl, optionally substituted with one or more Qui; if
is Q'g or Q%béxg%%&%ggen, hydroxy, oxo, -C(=0)(e), or - N(le)Cer-O)(Q?%)];‘H/ler’g%fﬁ%?l%l}Jg1
independently H, lower alkyl, lower haloallcyl, lowergalkoxy, lower hydroxyallcyl, amino, phenyl, benzyl,
cycloalkyl, heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q", each Q'l is

independently halogen, hydrexy, '—QYYQD?M’ Fg{\{lgr(ﬁgljtqi# h}@i Iggyg\m? ke gh%a)’pg}a_rgzggﬁutically

I
acceptable salt thereof. In a fig t aspect, theré'is provided a compound of Formula’l” wherein: R is RI,

R2, R3,or R4;  R1is C1.Ralckaver-slarkdey gty beming, raedoalytyayideisyl, phenyl,

heterocycloaligl, or cycloalkyjallcyl, p@%gl %@[ﬁ%@gt@ﬁ & 0L 1&9; Ria is Rib or Ric; Rib is
halogen, oxo, hydroxy, or -CN; Egl"is -C(1:)0(1t.I5, -C(:O)Ck!glrg(l-'\ii?e)_, -S(Rif); -S(0)2(R15, or (RI),
C1-6 alkyl, C1-6 allcoxy, ami&rasnidealEnlosiapameglphdsiustershgnecyicroaiky,

heterocycloallcyl, cycloallcyloxy, orgietgracygl I ' tifited wi re Rid;
Rid is H, halogen, hydroxy, Ci_5 aIkyI,%ﬁggllh%%%?:g%%r?%ﬁg%%@r&’R le's %E?}%ﬁ%cg)al (Pyl, Cl.6

alkoxy, -CN, C1.6 haloalkyl, phenyhﬂ%@%@?ﬁhryl, cycloallcyl, or heterocycloallcyl, Rif is H, Cl allcyl,

C1_6 haloallcyl, phenyl, heteroarylRcngq@]l%&rahs;gqg%@&]&# Reis NR2N 5250 22 s
independently H or R2b;  each R2b is independently C1.6 alkyl, phenyl, heteroaryl; cycloalkyl,

heterocycloallcyl, or heterocycloalki&Hesisheye lI9rsepetrcitelpslithone or more R2';
R' is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,

10 _ cycloalkyl, or heterocycloalkyl;
R* is N(R™);;
cach R™ is independently H or R™;
cach R” is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with
i35 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=OIN(R™),. ~NR*¥)C(=0)( R™), ~S(=0n(R*®), -S(O);
20 N(R™),, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
optionally substituted with one or more R*:
each R* is independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkyl;
25 each R% ig mdependently H, 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;
30 R* is ~O(R™);
R*isHor R
R* is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,

heterocycloalkyl, heteroaryl, optionally substituted with one or more R*;



R2'is R2d or R2'; R26 is halogen, oxo, or hydroxy; R2e is -N(R2)2, --C(=0)( R2g), -C(=0)0( R29), -
- C(=0)N(R29)2, _N(R2)C(=0)( R2g), -S(=0)2(R2g), -S(0)2 N(2)2, 7b Q.6 alkyl, C1"6 alkoxy, C1-6
haloalkyl, phenyl, heteroaryl, heteroaryloxy, cycloallcyl, or heterocycloallcyl, optionally substituted with
one or more R2f; each R2f is independently H, hdalogen, C1..6 alkyl, C1. 6 alkoxy, C1.6 haloalkyl;
each 12.2g is independently H, C16 alkyl, C1 6alkoxy, C1.6 haloallcyl, or phenyl; R3 is -C(=0)12.3a;
R3a is C1"6 alkyl, C1.6 allcoxy, phBnyls BHRERBILY 343 pidnedgreedesigyivboc byemalkyl; R4 is
-O(R44); R4'is H or R4h; R41'is Cﬁﬁ@,&@/l, phenyl, benzyl, C1..6 haloalkyl, cycloalkyl,
heterocycloallcyl, heteroaryl, optionally Substituted with one or more R44; R4 is

haloge) Higdresey | Cpaoandly, sohsemtds a0 6 koot shery Substistteetwitis two Qla

which t ' ryl [i b Qppipnally substituted with one or
more QB T B R S B Bon6), -S(014), -S(-0)(Q10)
-5(=0)2(Qie), QC(CyivEst. AEroRQES)S{=61QLe), -Ce=0)(Qie), -C(=0)0(Q1e), -N(Q1e)2;
-N(Q14)C(=0) 11g) mg; 9C(=0)0(Q14), or -N(Q1e)C(=0)N(Q16)2; each Q'e is independently H or
Q' e each (2 4'?3 indépéndently C1.6 alkyl, C1..6 alkenyl, phenyl, benzyl, C1,6 haloallcyl, C1.6
hydroxyallcyl, cycloalkyf, hetetrctodlky) or-BETE6RY ) opiGrRl BTt With dne-or more Qff;

N(Q9S(=01(Q™), ~C(=ONQ'), —~C(=0)0(Q™), -N(Q); -N(Q™)C(=0)(Q'%), -
N(Q"*)C(=0)0(Q’?), or N(Q)C(=0)N(Q*);
each Q'° is independently H or Q'¢’;

each Q'° is independently lower alkyl, lower alkenyl, phenyl, benzyl,

lower haloalicyl, lower hydroxyalkyl, cyéloalkyl, heterocycloalkyl, or
17

*

heteroaryl, optionally substituted with one or more Q
Qs Q' or Q'
- Q'® is halogen, hydroxy, oxo, ~C(=0)}Q™), or -
N(Q™C(=0)Q"™:; |
gach th is independently H, lower alkyl, Jower haloalkyl,
lower alkoxy, lower hydroxyalkyl, amino, phenyl, benzyl,
cycloalkyl, hetérocyclo alkyl, or heteroarvi, optionally
substituted with one or more Q'
each QY is mdependently halogen, hvdroxy, lower
allkkyl, Jower haloalkyl, or lower alkoxy;

or a pharmaceutically acceptable salt thereof



Q 11is Q1g or Q'h; Q1g is halogen, hydroxy, oxo, -C(=0)(Q'h), or - N(Q1h)C(=0)(0); each Q11'
is independently H, C1-6 alkyl, C1.6 haloa kyl, C1,6 alkoxy, C1.6 hydroxyalkyl, amino, phenyl, benzyl,
7c  cycloalkyl, heterocycloallcyl, or heteroaryl, optionally substituted with one or more Q1';  each
Q1 is independently halogen, hydroxy, C1..6 alké4, Ci.6 haloalkyl, or C1.6 alkoxY; or a
pharmaceutically acceptable salt thereof wherein "phenyl substituted with two Qia which come
together to form a heterocyclic or heteroaryl ring system" as used herein means the two Qla radicals
on the phenyl ring join to form a saturated, partially saturated, or unsaturated ring system, containing
four to eightiatoms: INGRIPAIALIEGPRE MM pFufl Sriteigraaigms, the remaining ring atoms being
carbon resulting in a bicyclic ring system. In one variation of the above embodiment, R is Rl . In one
variation of the above embodiment, RI is lower alkyl. InoQne vat-Wien of the above embodiment, RI is
tert-butyl. In another variation of the above 1embodiment, RE-TRtert-butyl, Q1" is Q IC QIC.It Qie isif and
Qle' is pyrrolidine. In another variation of fiegbgva.embddiment, RI-is -CHC(CE13)3. -8- In another
variation of the above embodiment R’ is iso-bugyl. In"dnotRgr variation of the above embodiment, R1 is
iso-propyl. In one embodiment of the compouri of Z8xmufa |, R) is cycloalkyl. In one embodiment of
the compound of Formula 1, R' is heterocycloaLk}l. 5 In@ne embodiment of the compound of Formula
I, R] is benzyl. In one embodiment of the compound of Formula I, R1 is phenyl. In one embodiment of
the compound of Formula I, Ris R2. I wherein:

RisR',R* R’ or RY;
R s Che alkyl, C;¢ alkoxy, phenyl, benzyl, heteroaryl, cycloélkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substituted with one or more R'%; '
R is R or Re

R'®is halogen, oxo, hydroxy, or -CN;
R**is ~C(=0)O(R"), ~C(=0)CH,(R'%), -S(R"), ~S(O}(R"), or -S(=0)
(R*), Cygalkyl, Cy¢alkoxy, amino, amido, C;.haloalkyl, phenyl, heteroarvl,
cycloalkyl, heterocycloalkyl, cycioallyloxy, or heterocycloalkyloxy optionally
substituted with one or more R'?,
R'%is H, halogen, hydroxy, Cy.¢alkyl, Ci.s alkoxy, or C;. haloalkyl;
R¥isH, Cig alkcyl, Cy. alkoxy, —<CN, C,.¢ haloalkyl, phenyl, -
heteroaryl, cycloalkyl, or heterocycloatkyl;
| RM¥is H, C;. alkyl, C,.¢ haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; . ‘
R? is N(R*),;
each R* is independently H or R*;
each R? is independently C, ¢ 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(=O)N(R? )y, -NR*#)C(=0)( R*), ~S(=0)2(R*%}, ~5(0), N(R*).,



In one embodiment of the compound of Formula I, R is R2 and R2 is NH(R2a). In one variation of the
above embodiment, R2a is R2b. 10 In one variation,of the above embodiment, R2b S lower alkyl. In
one variation of the above embodiment, R2b is so-propyl. In one embodiment of the compound of
Foiuiula I. R2b is heterocycloalkyl. In one embodiment of the compound of Folinula 1, R2b is
cycloallcyL. In one embodiment of the compouad GlRdrfMualkoR2E s rdeetodyploaiky hatkpherib. 15 In

one variation of the above embOdimenEé?&@a@lBX&[@i%ﬁBﬁﬂéﬁ,Qﬁ%é{@{&g%é?fc}ﬂ%ﬁ%\éﬁh s O1. WO

embodiment,R2b pyn-olidinyl methylene.is In one Vvariation of the apbove embddiment, Q
2009/106445PCT/EP20091051761 -9-SiPydbiniovidr wsrritareRite above embodiment, Q is Q1,

Q1Qle, QIC cleQ is pyrrolidine. In yet another variati@&gﬁ{h%ap@&m%{pg@gg@@'iésdﬁabg'cqnd
Qlelis lower alkyl. Q1, Q1 Icld Q, QQ Q-0(Q1le), 5 In yet angther variation of the above

embodiment, Q QI, Qla is Qlc, Qic Qld, Qld iss *8&Fioiddloafiel:Qle1 is methyl. In one embodiment
of the compound of Formula!, Q3a is QI11 In one vadatipR*6isheiahovembpdiment Qs Akegen. In
gnother variatfc?n of the above embodiment, Q&;'fhg O%Eigyx%f.o%%ﬂgngﬂe embodiment of the compound of
ormula |, Q1'is Q1c
R} is -C(=0)R*;
R* is C¢alkyl, Cialkoxy, phenyl, or N(R*);
each R™ is independehtly Hor Cigalkyl;
R* is ~O(R™);
R*is H or R™;
R is C;.¢ alkyl, phenyl, benzyl, Cy.¢ haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more R%;
R* is halogen, hydroxy, Cialkyl, Ci haloalkyl, or C,.4 alkoxy;
Q' is phenyl substituted with two Q' which come together to form a heterocyclic or heteroaryl
ring system, optionally substituted w;;.th one or more Q'® or Q%
Q' is halogen, hydroxy, oxo, or -CN;
Q"is Q" or Qlc;
Q' is —O(Q"), -S(Q"%), -S(=0)(Q"%), ~S(=0)(Q"), -C(=0)N(Q"*), -
N(Q'98(=0)(Q™), ~C(=0)(Q™), ~CE0)O(Q™), -N(Q'%z; -N(Q)C(=0)XQ'), -
N(Q')C(=0)0(Q"), or -N(Q')C(=OIN(Q™);
each Q'° is independently H or Q'¢;
each Q'¢ is independently C,. alkyl, Cy_¢ alkenyl, phenyl, benzyl, C¢
haloalkyl, Cy.¢ hydroxyalkyl, cycloalkyl, heterocycloalkyl, 61" heteroaryl, optionally
substituted with one or more Q'
Qlfis Q't or Qt;
Q'¢ is halogen, hydroxy, oxo, ~C(=0)Q™), or —
N(Q™C=0XQ™;
each Q' is independently H, Cy¢alkyl, C;haloalkyl, C;.¢
alkoxy, Ci.¢ hydroxyalkyl, amino, phenyl, benzyl,



In one variation of the above embodiment, Qitis Q1d,Q1d is-0(0), Qle is, and Q lower alkyl, optionally
substituted with one or more Q111. In one variation of the above embodiment, QICis methyl optionally
substituted with one or more Qii. 15 In another vafation of the above embodiment, Quis Qth andis
heterocycloalkyl. In one variation of the above embodiment, Q111 is morpholine. In one embodiment
of the compound of Formula I, Qiis Qie, Qic isc@:lealkrlelisteyoeiedontindr ot fetorimil optionally
substituted with one or more CP. In ongyariatonafiths,abous, odiment, Qie: is pyrrolidine,
optionally substituted with one or 20 more Q. WO 2009/10615_4'45_P T/EP2009/051761 -10- In yet
another variation of the above embodiment, Q is pipetféme, opteMaRdEnkthateswRNBAEYek ttore QL.
In yet another variation of the above embodimggi; Q& igafaareholipe, optigrally substituted with one or
more Q11. 5 In yet another variation of the above embodiment,s pyrrolidinon.e, l?(g;[ignqu supstituted

with one or Ricratermecail B aseRRRE B LR oMsEIRd BESFATRIE MEhGHe 81 %%€Rd, Qid is

-C(=0)(0), Qdnit: Qictnane @en's hetgteoysionlieit-opborallssaptitutedaditionaamare Quidn®
certain embodiments of foiinula 1, the subject com ounﬁls are more s eeg‘ifica‘!}%{ of fotr ula Il JEO

wherein RI EBGHS K0 256 SR&IG2HR ?ﬁﬁ,aosé}%we REELR %%6 1§, TSP iyt o
cycloalkylalkyn@ptionaiy shibkiittisesiyithconerarinarecRianRt N jORb DhdRE0aRibisthategemintxo,

nydroxy.or (ON; 1SKL s CCOIRIS, CLOCHARS), 800, SO2010, or S(-0)

Tn one variation of the above embodiment, Ris R’
In one variation of the above embodiment, R’ is lower alkyl.
In one variation of the above embodiment, R’ is zers-butyl.

In another variation of the above embodiment, R’ is zerr-butyl, O is Q*%, Q'¢is Q'¢, Q** is Q*,

and Q' is pyrrolidine.

In another variation of the above embodiment, R’ s ~CHC(CH)s.



(R15, lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl, heteroaryl, cycloalkyl,

heterocyclgﬂq% kyloxy, or heterocycloalkyloxy optionally substitut ore Rid; Rid
is H, halogen ygr){)%y Tower alkyl, lower alkoxy, or lower 20haloalkyl; RI W@%@Z‘ﬁé 6yI lower

alkoxy, -CN, lower haloalkyl, phenyl, heteroaryl, cygloalkyl, or heterocycloalkyl; R'H, lower alkyl, lower
haloalkyl" phenyl, heteroaryl, cycloalkyl, or heterocycloalkyt; and 25 Q1 is as defined herein. 1 Oaln a

second aspRehctNareiv Rovided R compaiindaffarnuigJlias defined above: Il wherein Rl is C1.6
allCYL 01-6 alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or cycloalkylalkyl,

optionally substituted with one or more lea; RI' is Rlb or Re; Rib is halogen, oxo, hydroxy, or -CN; RI' is

-C(= O)Wrwth@(&@)@m(@ébe@mmen@@wﬁgRorlsggt@mzsr) C1.6 alkyl, C1_6 alkoxy, amino,
amido, C1.6 haloalkyl, phenyl, heteroaryl, cycloalkyl heterocycloalkyl, cycloaLkyloxy, or

Cro b o O R M R e, TN GSHE L Rloato, phomy. heteroany,
cycloalkyl, or heterocycloalkyl; is H, C1.6 alkyl, C1-6 haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocictoalephbarth@x isf dedinedimhoden § Formula 1, R' is heterocycloalkyl.
5 Inone embodiment of the compound of Formula I, R’ is benzyl.
In one embodiment of the compound of Formula I, R' is phenyl.
In one embodiment of the compound of Formula I, R is R,
In one embodilﬁent of the compound of Formula I, R is R* and R? is NH(R™).
In one variation of the above embodiment, R* is R,
10 In one variation of the above embodiment, R*® is lower alkyl.
In one variation of the above embodiment, R is iso-propyl.
In one embodiment of the compound of Formula 1, R?" is heterocycloalkyl.
In one embodiment of the compound of Formula I, R*" is cycloatky!.
In one embodiment of the compound of Formula I, R* is heterocycloalky! alkylene,
In one variation of the above embodiment, R*" is pyrrolidine.
In one variation of the above embodiment, R% is pyrrolidinyl methylene.

In one variation of the above embodiment, Q** is Q.

In another variation of the above embodiment, Q™ is Q'¢, Q'°is Q'%, Q™ is Q'¥, and Q' is

heterocycloalkyl.



- 11 - In certain embodiments of formula I, R1 is lower alkyl, preferably tert-butyl. In certain
embodime%a%(%i}q%ﬁormula | or EL, Q1 is Dihydrobenzodioxinyl, benzodioxolyl,
dihydrobenzoxazinyl, |naolyl, dihydrobenzothiazinyl, quinolinyl or indazolyfgmg?ﬂf@ﬂl@tituted with
one or more Qlh or Q" as defined herein. Preferablyy Q" is indolyl, dihydrobenzoxazinyl or
benzoxazinone optionally substituted with one or more Q1b or Q as defined herein. In one

embodipert isalialian Riaydes.a.compringef Haimuiad selegied fqm e groypcongisting of
142-(2,3- 'hyd(o;benzo[l,4)dioxin-6-yl|—5H-pyrrolo[Z,’S-b%éz'n -%ﬁli- -methyl-Butan-1 -ore; 1
-(2-Benfdfl’,@]’éﬁ@)‘%éi-S-yl-Sl1-pyrro|o[2,3-b]pyrazin-7-y1)-3-methy|-buta:n- 1-one; 2,2-Dimethyl- 1
42-(4-methy1-3 ,4-dihydro-2H-benzo[ 1 ,4)oxazin-7-y1)-5H-pyrro lo [2,3-b]pyrazin-7 -y11- propan- 1

-one; 1ﬁg(;;lflal ﬂll - %%f r % - razin-7-yll-2. 2-dimethyl-prapan-zone; | 4%3 ,El-Indo
1-6-y1)-5iL|-‘pyr?%}I08 [f%f%%g% -§I%2%£Ad8|r¥11§ﬁ§&[%%a iﬁ-ohse, 1’-@-(&? Irdo1:5y Atng-pyrro
lo[2,3-bfpyrizidi- 72pt]Q 2adileretmylnrbpan- 1 -one;
647-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-yll-2,2-dirnethyl-4H-benzo[ 1,4)orazin-3- one;

2,2-Dirnethyl1-1 " - i Adai (e Ales Ald Ald le
42- 4-r2§1tﬁ§%%§?ﬁ8fh§aélra§5§&i(-)lgghez%}ff{ﬁ]%r%g(z)f%%?ﬁlQ—Ep@rré?o[és,égb]’p?ra]zq’lQ?éﬁlpﬂéffé?{-(ﬁohe;
647-(2, BB5imexiylQYopianstkyisH-pyrrolo[2,3-b]pyrazin-2-y1]-4H-benzo[1,4)oxazin-3-one;
647-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-blpyrazin-2-y13-4-methyl-4H-benzo[1,4]oxazin-3-one;

2,2-Dimethyl- 1 -PK 1 - r(i}gin-& hmethyl- -indo 1-6-y1)- 5H-pyrrolo [2,3-blpyrazin-7-yll-prop an- 1
-one; 2, -B}lll%gfﬁ%%fq%% tlﬂ@ﬁ}éﬁﬁ@%ﬂﬁﬁgﬁaﬂéﬁ 1-8-yd)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-propan-
1-one; 2,2-Dimethyl- 1 -PK 1 -pyrid-ylmethyl- 1 li-indo1-6-y1)-5H-pyrrolo[2,3-b}pyrazin-7-y1}-propan- 1
-0ne; In one variation of the above embodiment, Q" is halogen.
647-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-2,2,4-trimethyl-4H-benzo[1,4)oxazin-3-
one; . : .
647-(2, OrIRAERR YR iBRaR RS EhpVa et Bopply @z irisiuydieasethyl-2, 2-dimethy 1-4Hbenzo[1,4]oxazin
-3-one; 4-Benzy1-647-(2,2-dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1}-2.2-diraethyl-4H- WO
2006/198443REBHERINVORL olpbnbseaoklopandigpe; 1-1241-(
-Benzyl-pyrrolidin-3-y1)-1H-indol-6-y1]-5H-pyn-olo[2,3-b]pyrazin-7-y11-2,2-d eth ylpropan-1 -one;
2,2-Dimethy1-1- (24341 -methyl- 1,2,3,6-tetrahydro-pyridin-4-y1)-1H-indol-6-y1]-5H-pyrrolo [2,3-
b]pyrazin-7op Barrapani thome va erhinbannt, Q'°is Q', Q'¢is ~0(Q™), Q' is Q°°, and Q'° is
{647-(243:6l I-praRiany L BisRyLEalol?. 3:h] zin-2ry11-1H-mdol-4-y11- benzenesulfonamide;
2,2-Dimethy1-1 2’-€(915-piperi%]|5rl€'-4-31/1-1%&%%%-%/1 “5H-pyiro to [2,3-b]pyrazin-7-ylkpropan-1 -one;
2,2-Dimethy1-6[7-( 1 -methyl-cyclohexanecarbonyO-5H-pyrro to [2,3-b]pyrazin-2-yl] -4 H-

In one variation of the above embodiment, Q' is methyl optionally substituted with one or more

QH-

15 In another variation of the above embodiment, Q'is Q™" and Q'is heterocycloalkyl.
In one variation of the above embodiment, Q' is morpholine.

In one embodiment of the compound of Formula I, Q' is Q*, 0*is Q*, Q% is Q'°, and Q™* is

heterocycloalkyl, optionally substituted with one or more Q.

In one variation of the above embodiment, Q' is pyrrolidine, optionally substituted with one or
20 more Q'

In another variation of the above embodiment, Q'® is piperazine, optionally substituted with one

or more Q'



benzo [ 1,4]oxazin-3-one;

747-(2,2-Dj ro |ony1) 5H-pyrrolo[2,3-b]pyrazin-2-y11-4H-benzo[1,4]thiazin-3-one;
6-17-(2,2- Dk%r? J;ﬁéglpr?rﬁdﬁ)p|ony1) 5 H-pyrro lo [2,3 -b]pyrazin-2-yl] -2,2- dlmetﬁ’ 4%%?‘3’[’&527§fmeth
yl-4Hbenzo [ 1,4]oxazin-3-one; 10-
647-(2,2-Dimethyt-propiony1)-5F1-pyrrolo[2,3- b]pyrazm 2 -yl]-2,2-dimethyl-4-(2-morpho
4-ylethy) 45ROl #30(AZ153 2806 embodiment, Q

647-(2, 2-I§|%ethyl prr alonyl) SH- p?/rrolg[ezn% %]E)Iili?gzm 2 A ﬁl?srﬁi roxethonélrI X)S}rlr?étt ”’ieﬁr‘é’b%)-
2,2- dlméﬂmmm%@ﬁ&o[l 4]oxazin-3-one; N- {647-(2,2-Dimethyl-propionyl)-5H-pyrro to
[2,3-b]pyrazin-2- y1] -1H-indo I-4-y r methanesulfo namlde N-

{6-[7-(2, t) rroI02 ra | 1I | H-i doI 4-yllbe sulfon ml e 1
42-(4- Bgﬁ e[t:gé ep(’oi% %‘d’ﬁﬁa& SH- bL'éirlmz J&X Zin® é“yig’lkﬁrh 557013 §%]?6%/%:éizt H1-2,2-
dimethybprepancre Q)ne N-(4- (647-(2,2-Dimethyl- proplonyl) -5H-pynto to [2 3-Np
yrazirt-2-y1]-1-methyl- 1H-indo -4- ylsullamoyll -phenyt)-acetamide; N-(4-

iﬁlfzrfilf D';“ney‘h%ié%‘?g%?r;a% 1592\'14@ Br%;'% SRR LAY Aro Rena ) Liloxazine-4
{647-(2 4thimethyl l;nmrp@Hyl) 5H-pyrrolo[2,3-b]pyrazin-2-y1]-1-methy1-1H-indo1-4-yll -

' benzenesulfonamlde 1- 1244-(4-Amino- benzenesulfonyl) -3,4-dihydro-2H-benzo [

1 4]oxa H- rro 2,3-b]pyraz 2-dimethyl;propan- 1;one; 4-Chloro-N-
{6-7- (2 ?IJR)? qgtn é&ﬂ%ﬂé B&ﬁgzlmgz 3}51 %Qr%d‘él(idyif Ben%én @&@fa}aamlde

WO 20@71%@%%@@3&1%@5@%3@ dﬁmdﬂ@@&t@mtwwﬁ@l@ﬁmb}éd%ymb [2,3-b]pyraz
n-2-y11-1H-indol-4-y11-4-fluorobenzenesulfo nami de ; N- {647-(2,2-Dimethyl-propiony1)-5H-pyrrolo

[2,3- b]p¥razm -2-y1]- 1H -indo1-4-y11-4- methoxybenzenesuIfonamlde 6-Chloro-pyridine-3-sul on c acid
1647-(2'B ChREHSED 15’%%1’59%@}% UBIBS SOARSURAS Ar mwrdfﬁﬁécgﬁéaﬁ%ﬁ&fawid I
1647-(2,2- dlmethyl proplonyl) -5H-pyrro lo [2,3-b]pyrazin-2-y1]-1H-indo 1-4- yl} -amide;
6-Amino-pyridine-3-sulfonic acid 1647-(2,2-dimethyl-pfpiony1)-5H-pyrro lo [2,3-b]py1]-1H- indo
1-4-y1) -amide; ( 1 -Methyl-cyc lo hexyl)42 (4- methyl -3, dro-2H-benzo [1 ,4]oxazirt-7-y1)-5

H-pyrro lo [2,3-b]pyrazin7-ylkmethanone <
/’

0 i

wherein R’ is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally substituted with one or more R'*;
R"™igs R orR™;
R'®is halogen, oxo, hydroxy, or ~CN;

15 R'¢is ~C(=0)O(R"), ~C(=0)CHAR'®), -S(R'T), ~S(0)(R™), or -S(=0)
(R”), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R*%;

R' is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower

20 haloalkyl,

R'¢is H, lower alkcyl, lower alkoxy, —-CN, lower haloalkyl, phenyl,
heteroaryl, cycioalkyl, or heterocycloalkyl;

R is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; and

25 Q' is as defined herein.



2,2-Dimeth yl- 1 -(2-quino lin-5-y1-5 H-pyrro lo [2,3-b] pyrazin-7-y1)-propan- 1 -one ; 1 -[2-(1
H-Indazol-4-y1)-5 H-pyrrolo [2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1 -one; 1-[2-(1H-Indazo
1-5-y1)-5H-pyn-o lo [2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan- 1 -one ; 2,2-Dimethyl1-1 -(2-quino
lin-6-y1-5H-pyrrolo [2,3 -b]pyrazin-7-yp-propan-116ie; 2,2-Dimethy1-112-(1
-methyl-1H-indazo1-4-y1)-5H-pyrro lo [2,3-Npyrazin-7-y1]-propan- 1-one; 2,2-Dimethyl- 1-[2-(3-methyl-

1H-indazol-5-y1)-5H-pyrrolo,[2,3- razin-/-ylppropan-1 -ane;

2,2-DimethyT-1 ch)fl%ﬁ%?%’zérr?]é%ﬁ%ﬁjﬁé ogf-] Aty %?i%ﬁ%%[%%%ﬁ%@?ﬁ%ﬁ}-’?fﬁi’il-propan-l-one;
1- { 2-[ 1-( 1-Benzyl-pyrrolH-indol1-5-y1]-5H-pyrro lo[2,3-b]p yrazin-7-y11-2.2-dimethyl- propan-
1-one; 2,2-Dimethyl- 1 -[2-( 1-pyridin-3-ylmethyl- 1 H-indoﬂ;—S-yl)-ISH-pyrroIo
[2,3-b]pyrazin-7-y11-propan- 1 -one ; 2,2-Dimethyl- 1-[2-( 1 -pyridin-4-y Imethyl- 1 H-indo1-5-y1)-5
H-pyrro lo [2,3-b]pyrazin-7-y1]-propan- 1-one{&; ; - 2 43-(1-methyl- :
1,2,3,6-tetrahydro-pyridin-4-y1)- 1H-indo1-5-yl]-5- \3 - b]pyrazin-7-yl} -propan- 1-one;
2,2-Dimethyl- 1 -[2-(3-piperidin-4-y1-1H-indo |-5-y})-5 o4o [2,3 -b]pyrazin-7-y1]-propan-1 -one;
[2-( 1 H-Indo1-5-y1)-5 H-pyrro lo [2,3-b]pyrazin-7-yl] {*1 -m%]yl-cyc lo hexyl)-methanone ;
4-Amino-N- {647-(2,2-dimethyl-propiony1)-5H-pyrro lo [2,3-b]pyrazin-2-y1J- 1 -methyl- 1H-indo1-4-yl -
N-methyl-benzenesulfo namide ; and 4-Amino-N- {647-(3R2-dimethyl-propiony1)-5H-pyrrolo
[2,3-b]pyrazin-2-y1]-1H-indo1-4-yll -N-methylbenzenesullonamide. -1 4- In one embodiment, the
application provides a methog. for treati n ipflammatory and/ar autoimmune condition comprising
administering to a pai |5¥1T1?2ﬁnése(§lfﬁ&é§r%’gf é'ﬁ]%g}f}étrﬁ%'gﬁé’ gﬁ%@%ﬂ/@%ﬁ%’[ %}fct%%ﬁa’;fmpound of
Formula I. In one varationyolchiEaboveshalipilitle apiveliyetiodrifortreritommisesra®ilinistering an
additional therapeutic agent selected from a chemotherapeutic or anti-proliferative agent, an
anti-inflammatory agent, a&i{%nwmgrrﬁadulatory or inimunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascu

ar diseaseg, an agent for treating diabetes, or an agent for treating
immunodeficiency disorders. In OR&E srhdogiment, thedappficati€?Nprovides a method for treating an

inflammatory condition comprisingmﬂm&#@%@ g@@%ﬁwgﬁeﬁd Tﬁnﬁn of %&géﬁpfutig%%@ﬁective
iNR 14 “embodiment, the Application pr

amount of the compound of Formula I, wheréin' R is RI. In one plidation provides a

method for inhibiting T-cell prolifefti& digdede Coomtbaningramiriidring; obal pallighpiemded thereof a
therapeutically effective amount q{e{grmw%ﬁq%&§cf&9&g gehadinient, fhe application

provides a method for inhibiting T-cell proliferative disorder comprising administering to adpatient in
need thereof a therapeutically effB8fREEIBlRt S HRPierabs StRFERICEWithorewhBIRMIR is R2. In one

variation of the above method, the prolifgiéiive disreer, isganset N.ane, @ppgg&\ﬁr&, the Rplication
provides a method for treating a B-cell pg%ife tive diiorder comprising administering to a patient in
need thereof a therapeutically effective amdu &rﬂ’r@ﬁ%ﬂ’%@ Gires AR ’@Wﬁiment, the

application provides a method for treatirngarimmune sitonder haatidingoulpyls, multiple sclerosis,
rheumatoid arthritis, psoriasis, Type | dighetes, com % tions from organ transplants, xen
transplantation, diabetes, cancer, asthm%, ésfc%i%?&e%l %é;%ﬁ{%%ﬁg??ﬁﬁﬁwb%r&@g}d@fg??H@’grﬁfive
colitis, Groins disease, Alzheimer's disebsierauydieaidetrme, comprising administering to a patient in
need thereof Sjtheéagguéicgw effective amount of the compound of Formula |.

18 aennead ado e



- 1 5- In one embodiment, the application provides a method for preventing or treating all forms of
organ rejection, including acute allograil or xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized trangplants, comprising administering to a patient in
need thereof a therapeutically effective amount of the compound of Formula I. In one embodiment, the
applicajon praxides.amelliod far Rrevantiu;oigieating ol fors,gf prgan gjpction, including acute
allo graft or xeno gratit rejection and chronic allo graft or’xeno gratft rejection;. of vascularized or
non-vascularized transplants, comprising adininistering to a patient in need thereof the compound of

Formulad clieine-sirhisienanss gitanblioatioh qrividesaefiesbtat-ihiiing, bk dickviyl
comprising administering the compqund of Formula |, wherein the compound exhibits an ICso of 50
micromBI&YgP EEH ﬂ)ﬂ%@ogﬁéﬁﬁe Fored TBV)‘XIL@%UQ &)?ﬁﬁ%?@%’fﬁé’ﬁ’@ﬁ Ythe above
methodgthecempRundexbitiisram10ap! 108-Aasametairopless-ibepihvigadligchemical assay
ofJAKS activity. In one varjation of the above met pound exhibits an ICso of 10 nanomolar

hod, the com
or less MEBRTARTERS HEENE AT C5PACERIOPS AR éiiﬁt%tﬁpgﬁéde}‘ﬁ%ﬂﬂ?w%mﬁ Qoptic&ioft provides a
method fordahibitisg SYK activity comprising administering the compound of Formula I, wherein the
compound exhibits an ICso of 50 micromolar or less in an in vitro biochemical assay of SYK activity. In
one variation of the above method, the compound exhibits an ICso of 100 nanomo lar or lessinanin
vitro biochemical assay of SYK activity. In-one variation of the above method, the compound exhibits
an IC so of 10 nanoinolar or less in an in vitro biochemical assay of SYK activity. In one embodiment,
the applEatish BB A RAHBR TR IPETAY &7 ﬁmﬂamﬁﬁﬁﬁ%ﬁfggﬁﬁﬁi@ﬁ EestisiRdngome-administering
to a patiggyt weeshthanaef an anti-inflammatory compound in combination with a therapeutically
effective amount of the compound of Formula I. -1 6- In one embodiment, the application provides a
method for treating an inflammatory condition comprising co-administering to a patient in need thereof

a therap%é{%@@j|g_g{§§@6%%lgm%&m%ﬂﬂ?fﬁﬂ%%[é?jﬂt%%%iﬂ%%e%biﬂéﬁ, WM IRS..one;

~ compound of Formula'l. In one’embodiment, the application”provides a od for freating an immune

disorder dipeisingl chidiekainisidritinoraoipifehbln yeat: therbol-anctiniabitescubprsssant compound in
combinatianvith.a therapeuli effecti j[els poind of, Forr I, n diment,
e PP e o B S S
patient ipropsd thergof a therapeutically effective amount of an iminunosuppressant compound in
combination with the compound of Formul: nlication idas irmagceutical composition
comprisiﬁl Th %of%%ggn@oﬁgék%ﬁ) , ggdmgﬁvﬁﬁpgﬁéét%%%ﬂ;%ﬁggu&%ﬁ@ acceptable carrier,
excipient d2eilidandbi-6rd e ation it é. abdyer phrr haite ifcdimothpositipenfurdms; comprises an

additional the ug tselected f 9%97]' ot tic. or angi-proliferative agent, an
anti-inflaqﬁﬁ "‘é@?ﬁﬁg@% %Q?mﬁﬁtﬁ%g%?é{]g y or |ﬁ1§;§n%’s%§§lgs&l \;‘§lzr§1) éﬁf?éongéhrotrophic factor, an
agent fobHgalinir Dardidyasatieuidessep rmode @ rt-tolpireating 0iaba ke dirett driEhbenfof Ltdatimgn-3-
imnumoglegi_ciency disorders. In one embodiment, the application provides a use of the compound of
Formula”F'6t Il in the manufacture of a medicament for the treatment of an inflammatory disorder. In
one embdiDénttiiye kipii¢atotiproviddis pitse BitthezobinplourtimbRdirbleyirothdrpfecting ot a
medicament for, the treatment of an inflammatory disorder. In one embodiment, the application
providegraoﬁaé%f ofthe compound of Formula | or Il, in the manufacture of a medicament for the
treatmeng-9f-4h, 2«aimatiyine chsmrde S pyreo@riibddimpertzihe ap pichionzpf{didesamseont the
compoundof Bo/ula. ) he manufagiuie oL medisament.for e Saimentot an SuommuIe; one,
2,2-Dimethyl-1-[2-(1-pyridin-3-ylmethyl- 1 H-indol-6-y1)- 5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;

2,2-Dimethyl-1-[2-(1-pyridin-2-yimethyl-1H-indol-6-y1)- SH-pyrrolo{2,3-blpyrazin-7-vl}-propan- 1 -one;

2,2-Dimethyl-1-[2-(1-pyridin-4-yimethyl-1B-indol-6-y1)-SH-pyrroio[2,3-bipyrazin-7-y1}-propan- i -one;

6-[7-(2,2-Dimethyl-propionyl}-5E-pyrrolo[2,3-blpyrazin-2-yi}-2,2, 4-trimethyl-4H-benzo[ | 4 Joxazin-3-
one; |

6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[ 2,3-b]pyrazin-2-yl]-4-ethyl-2,2-dimethyl-4H-
benzo[1,4)oxazin-3-one;

4.Benzyl-6-[ 7-(2,2-dimethyl-propionyl)-SH-pyrrolo{2,3-blpyrazin-2-yl1-2,2-dimethyi-4H-



16a In a third aspect, there is provided the use of the compound as defined above in the manufacture
ofa medic%e%%;%m%treatment of an inflammatory disorder or of an autg&r% une disorder. In one
embodiment, the ‘application provides a compound of Formula I, H or HI, foru 1 e tment of an
inflammatory disorder or of an autoimmune disordgr; In a fourth aspect, there is provided a compound
as defined above for use in the treatment of an inflammatory disorder or of an autoimmune disorder.
WO 2003410644 RR&IHERRO9/051761 -17- The application provides a compound of Fonnula 11l
lllwherein: Ris RI, R2, R3, or R4; RI is lower alkyl, Lower alkoxy, phenyl, benzyl, heteroaryl,
cycloalkyt, hetetdcyemBaikyyEdidyciodik iAo bptivhaily-sursiliet Wit sie oriote RimeRig-s Rib
or Rig; Rifpsbalggen, oxo, hydroxy, or -CN; RIg is -Q=0)0(Rif), -C(=0)CH2(RIig), -S(Rif), -S(0)2(Ri5, or
-S(=-0) (R1), lower alkyl’, lower alkoxy, amino, amido, lower haloalkyl, phenyl, 10heteroaryt, cycloalkyl,
heteroc&c%gﬁ’g}ﬁﬂi‘)ﬂcﬂd&%ﬁﬁ%%?%@fév@@y@&%m?ﬁ%@@pﬁ%&%ﬁh@ﬁ&d*ﬁﬂrﬂéﬁmﬂm@ﬁﬁm; Rid

is H. halnganzhydroxynigner. alkyb, lower alkoxy, or lower haloalkyl; Rlis H, lower
alkyl, lower al,koxg{,] -CN, lower haloallcyl, phengcl, 15heteroaryl, cycloalkyl, or heterocycloalkyl; Rif is H,

lower alky R TARSEIRGE: HHERSIE Heter B Ty Higanegio b hrbtmsegiscamiyl RandatiRela)2:
benzenesulfonamide;
2,2-Diumethyl-1-[2-(1-piperidin-4-yl-1H-indol-6-y])-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-6-[7-(1-methyl-cyclohexanecarbonyl)-5H-pyrrolo[ 2,3-blpyrazin-2-yl]-4H-
benzo[1,4]oxazin-3-one;
7-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-y1]-4H-benzo[ 1 ,4]thiazin_-3~one;,
6-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-2,2-dimethyi-4-pyridin-2-yimethyl-4H-
benzo| 1,4}oxazm-3-one; _
6-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo{2,3-b]pyrazie-2-y1]-2,2-dimethyi-4-(2-morpholin-4-yl-
ethyl)-4H-benzo[ 1,4 }oxazin-3-one; |
6-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-b]pyrazin-2-yl}-4-(3-hydroxy-2-hydroxymethyl-propyl)-
2,2-dimethyl-4H-benzo[1.,4]oxazin-3-one;
N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-1H-indo-4-y1} -
methanesulfonamide; _
N-{6-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[ 2,3-b]pyrazin-2-yl}-1 H-indol-4-y1}-
benzenesulfonamide;
i-[2-(4-Benzenesulfonyl-3,4-dihydro-2H-benzo[1,4Joxazin-6-yl)-3H-pyrrolo{2,3-bipyrazin-7-y1]-2,2-
| dimethyl-propan-1-one;
N-(4-{6-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-yl}- 1 -methyi- 1 H-indo1-4-
visulfamoyl}-phenyl)-acetammde;
N-{4-{6-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl}-2,3-dihydro-benzo[ I 4Joxazine-4-
sulfonyl}-phenyl)-acetamide;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)- SH-pyrrolo]2,3-b]pyrazin-2-yl]-1-methyl-1H-indo 1-4-y1} -
benzenesulfonamide;
1-{2-[4-(4-Amino-benzenesulfonyl)-3,4-dihydro-2H-benzo{ 1,4 Joxazin-6-y1]-5H-pyrrolo[ 2,3-b]pyrazin-
7-yl}-2,2-dimethyl-propan-1-one;
4-Chloro-N-{6-[7-(2,2-dimethyl-propionyl}- SH-pyrrolo[2,3-b]pyrazin-2-y1]-1H-indo}-4-y1 -

benzenesulfonamide;



each R2g is independently H or R2b; 20each R2b is independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, het kyl, or heterocycloallcyt alkylene, optionally substi M ne_or more R2’;
R2g is RZRQQ%%){%%% is halogen, oxo, or hydroxy; R2g is -N(R2)2, -C(:%%(LE g Qﬂ’@é&%b( R29), -
C(=0)N(R29)2, _N(R2)C(=0)( R29), -S(----0)2(R2g)3-S(0)2 N(R2) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, WO 20091 06445PCT/EP2009/051761 heteroaryl, heteroaryloxy, cycloalicyl, or

heterocml?@lrvl(mlm%mﬁ%%m)mh%%m9@(@@&@% Ref1isdenendantly,H, halogen,

lower alkyl, lower alkoxy, lower haloalkyl; each R28 is indépendently H, lower alkyl, lower alkoxy,
Lower HRER7ERSTUBPHBIA: R3 is -C(----0)R3a; R3a is lower alkyl, lower alkoxy, phenyl, or each R3b is

indepengergl, g;@Ql%éﬁWﬁrAQBﬂyﬁ-ﬁﬂbﬁ%%ﬁﬂﬂ Qhﬁﬁel%ﬁ.ﬂ%a@ﬂwyi@mﬁé/étx{&‘zgzyh lower

haloalkyl, cycloalicyl, heterocycloalkyl, heteroaryl, optionally substituted with on€ or more R42; 15124’
is haloge: ﬁW&@?%éalkyl, lower haloalkyl, or lower alltoxy; Q Qi, Q2, Q3, or Q4; Q1 is phenyl,

optionally. syRstuiediwitls onerorimose QPR QY-8 hyi-propionyl)-5H-pyrrolo[2,3-bipyrazin-2-yi]-1H-

indol-4-yl}-amide;

Pyridine-3-sulfonic acid {6-[7-(2,2-dimethyl-propionyl)-3H-pyirolo[2,3-bjpyrazin-2-yl}-1H-indo1-4-
yl}-amade;

6-Amino-pyridine-3-suifonic acid {6-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yI]-1H-
indol-4-y!}-amide;

(1-Methyl-cyclohexyl)-[ 2-(4-methyi-3,4-dihydro-2H-benzo{1,4Joxazin-7-y1)- 5H-pyrrolo[2,3-blpyrazin-
7-y1] -methanoné; _
2,2-Dimethyl-1-(2-qumolin-5-yi-5SH-pyrrolo[2,3-blpyrazin-7-yl)-propan- i -one;
1-{2-(1H-Indazol-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one;
1-[2-(1H-Indazol-5-yh-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-quinolin-6-yl-5H-pyrrolo{2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-[2-(1-methyl-1H-indazol-4-yl)- SH-pyrrolo|2,3-bjpyrazin-7-yl]-propan- 1-one;
2,2-Dimethyl-1-[2-(3-methyl- IH-mdazol-5-y1)-5SH-pyrrolo[2,3-b]pyrazin-7-yll-propan- 1 -one;
2,2-Dimethyl-1-[2-(1-pyridin-2-ylmethyl-1H-indol-5-y1)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-propan- 1 -one;
1-{2-[1-(1-Benzyl-pyrrolidin-3-yl)-1H-indol-53-yl}-5H-pyrrolo[2,3-b]pyrazin-7-yl} -2 2-dimethyl-
propﬁn-— l-one;

2,2-Dimethyl-1-[2-(1-pyridin-3-yimethyl- 1 H-indo!-5-y1}-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-1-[2-(1-pyridin-4-yimethyl- 1 H-indol-5-yi)-5H-pyrrolo[2,3-blpyrazin-7-y1]-propan-1-one,
2,2-Damethyl-1-{2-[ 3-(1-methyl-1,2,3 6-tetrahydro-pyridin-4-yl}-1H-indoi-5-y1]-5H-pyrrolo]2,3-
bipyrazin-7-yl}-propan~1-one; '
2,2-Dimethyl-1-[2-(3-piperidin-4-yl-1H-indol-5-y1)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-propan-1-one;
[2-(1H-Indol-5-y1}-SH-pyrrolo[2,3-blpyrazin-7-yi]-(1-methyl-cyclohexyl)-methanone;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-y1}-1 -methyl- 1 H-indol-4-yl } -
N-methyi-benzenesulfonamide;
and

4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2.3-bipyrazin-2-yl]-1H-indol-4-y1} -N-methyi-

benzenesulfonamide,



20Qhalogen, hydroxy, -CN, -S(Q1"), -8(0)2(Q ), or Qicis Qici or Qie; or two Q1' come together to foiin a
bicyclic ring system, optionally substituted with one or more Q1b or Q'c; Q1'-0(Q),
-S(=-0)2(Q1e), -C(r=0)N(Qie)2, -S(=0)2(Qie), - 25€40)(Q1’),-C(----0)0(Q1e), -N(Q1)2;
-N(Q17C(=0)(Q1"),- N(e)C(--0)0(0). or -N(Q1)C(=0)N(Q1"2; eachis independently H or Q1&;

each Qle1,is NASRGRAG Y L%\ﬁyﬁéa%lgﬂ hmﬁféx'a_ henad Ak Raloalvh.cyslaaliv, dgterocycloalkyl, or
heteroaryl, 30optionally substituted with one or more QIf; QQ1g or Q14; Qbg is’halogen, hydroxy, oxo,’
or - C(=0j¢@it)nsvedio0n KoBn1sRE FRERPOTOS 17 6 PationiGibriscibtheraatiay ihtowpenteatialky|, lower

alkoxy, phenyl, SB&I%%%@&!%M}?&%{P%%M/L or heteroaryl, optionally substituted with one or

more 5 IS halogen, roxy, fower alkyl, lower haloallcyl, or lower allcoxy; Q2 is cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with one or more Q2a; Q2a Q2b or
Q2c; 19zh:isdnltgest, hxabbydmeyhed Nhe SEMS rrS(0) 2 Gitth o reeSipAieHinRRadsi@ainor Q2e; or

two Q2a_come together to finLu a bicyclic. ring system,, optionally substituted. with one or more Q21' or
02" Q adci?uona tgerapeutlc agent satfc & GOnce c)flemofh ?apeutuy o1 antz—prcﬁ&eratwe agent, aﬁantz-Q

inflammatory agent, an mumunomodulatory or Immunosuppressive agent, a neurotrophic fastor,
an agent for treating cardiovascular disease, an agent for treating diabetes, or an agent for
treating immunodeficiency disorders.

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

compound of Formuia I, wherein R is R,

In one embodiment, the application provides a method for mhibiting T-cell p'roli'ferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula L

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

compound of Formlz L, wherein R is R”.

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

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

compound of Formula 1.

In one embodiment, the application provides a meﬂlod for treating an immune disorder including
tupus, multiple scierosis, rheumatoid arthritis, psoriasis, Type I diabetes, complications from
organ transplants, xeno transplentation, diabetes, cancer, asthma, atopic dermatitis, autoimmune
tbyroid disorders, nicerative colitis, Crohn's disease, Alzheimer's disease, and Leukemis,
comprising administering to 2 patient in need thersof a therapeuticélly effective amount of the

compound of Formula L



Q2d is -0(Q2"), -8(=0)2(Q2"), -C(=0)N(Q2"2, -S(0) 2(Q2e), - 15ceroi(Q2e), _ce,™c00(Q2e), N(Q2e)2;
N(Q27Q,0)(Q2e), N(02e)C(=0)0(Q2e), or -N(Q2e)C(=0)N(Q2e)2; each 02' is independently H or Qw;
.each Qw is independently lower alkyl, phenyl, begfgl_, lower haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, 20optionally substituted with one or more 02f; Q2( is Q2g or Q2h; 025 is halogen, hydroxy,
oxo0, or - Q2b iéisréower alk)éI, lower haloalkyl, lower alkoxy, phenyl, benzyl, cycloallcyl, heterocycloalkyl,

.. or heterdatyt, BHTOHAR LHERISALCR R EHE SrRGRs G nE Kt Firsdl oW Lmiower

NHO( Oy OS2, o -NHC(OIN(D 35 sach OS s ndopendently O3 o OF: Qb F
3a), -C(=0)N(C , or - = . each QS is independently Q3b or Q3'; I

WO 200 BRAS P R0t D BTG S RO EP PSR f 3oLkl

heterocyclpalios-er hetrsaaalieplipaaly subsiitiiet onitheanensb marer@3enQ3d. is halogen, hydroxyl,

lower alkyl, lower alkoxy, or lower haloalkyl; 5Q4 is Q4a or Q4b; Q4d is H or halogen; and Q4b is

lower alkyl, lower alkenyl, lower alltynyl, or lower haloalkyl;
In one embodiment, the application provides a method for preventing or treating all forms of organ

rejection, including acute aliograft or xenograft rejection and chronic allograft or xenograit
rejection, of vascularized or non-vascularized transplants, comprising administering to a patient

in need thereof the compound of Foromle I.

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

rmicromolar or less in an in vitro biochemical assay of JAKS activity.

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

an in vitro biochemical assay of JAKS activity.

In one variation of the above method, the compound exhibits an ICsp of 10 nanomolar or iess in

an in vitro biochemical assay of JAKS activity.

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

administering the compound of Formnla I, wherein the compound exhibits an 1Cs 0f 50

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

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

an in vitro biochemicel assay of SYK activity.

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

an in vitro biochemical assay of SYK activity.

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

combination with a therapeutically effective amount of the compound of Formuia L.



R4 4a with the proviso that when R is R4, R4 _0O(R4a), K is H, and Q4 is Qid, then Q" is not H; is or a
pharmaceutically acceptable salt thereof 10 The phrase "a" or "an" entity as used herein refers to one
or more of that entity; for example, a compound re_f%s_ to one or more compounds or at least one
compound. As such, the terms "a" (or "an"), "one or more", and "at least one" can be used
interchangeably herein. The phrase "as defined herein above" refers to the broadest definition for each
group a oY ARRP I RIHECERHIFAISPIT AR VemA P HIth BB dRdp Sammain PERAEIBmbodiments
providedbelowistbstigants:wiiehcapheneseridikaebiombedipentayt WhichaimooieXptcitly
defined retain the broadest definition proyided, in the Symmary of tae ventign, As used in this
specificéﬁéh‘?ﬁﬁ%%ﬁé?oiﬁ’éqmﬁh%ﬁr{}&@%t’&nim%%dﬁ?w I%’i%?]fﬁﬁl Ims "comprise(s)" and
"comprising” are to be interpreted as having an open-ended meaning. 20 That is, the terms are to be

interpreteg, SynaRXERAUSl LIRS R 3RRS0a I 58 BREL.0 NEAingatsRsE cdMpRRised in the

context of a process, the term "comprising” means that the process includes at least the recited steps,
but may dduiuds ertditiongiastepss Wsd Algsd B (e BERESKODT SLTHTSEIRIIBE b ApesmiBi L HE keiil
“comprisinge means hat e caupguad ansompasion ineldiesal feast the recited features or

components, but may also include additional 25 features or components. As used herein, unless
specifically indicated otherwise, the word "or" is used in the "inclusive" sense of "and/or" and not the

"exclusiyg v senssRlmelhaiappiicalibs fermuciwiepaodentlysdsngsadheteindisdieicatepias gcvariable is
applied in any .one. instance without r%gr%rd to th_‘g’:n resgrlﬁcgaﬁ%% ence of a v?r(i@té%a having that same
a U s, n

or a diff USRI I B SARE Eor EEUVE ams

e compourel"“é?‘lll a com%oun in Which R" appears twice
and is defineehasuMR:200 WIREAERE TEBRAOCBIOGITS théindependé ntyFoarhdn br nitrogen”, both R's
can be carbon, both R"s can be nitrogen, or one R" can be carbon and the other nitrogen. When any

variable (e.g., R, R', or Q ) occurs more than one time in any moiety or foil'ula depicting and describing
compounids$ W%@%W%WW%W%WMS&B@&E

independgpt:oLits AaTIRIOR BheysrOIbarRaTUEBRSEHDIEeambinalinns of Smstituents and/or
variables are permissible only if such compounds result in stable compounds. The symbols "*" at the
end of a bond or"™ drawn through a bond each refer to the point  of attachment of a functional group
or other themmoatamietyio theveashaatitasFHoR COBReWHEhTTHeT SerEaseT B gofsHes@mple:

= i =% - -C| -- = < . . . . .
MeC(_O)%gél%ﬁggea{Ee select & Idfo%l a cﬁa%c?g.ﬁsﬁm or anti-proliferative agent, ap anti-
inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic factor,
an agent for tréa‘cing cardiovascular disease, an agent for treating diabetes, and an agent for

- freating immunodeficiency disorders.
In one embodiment, the application provides ause of the compound of Formula I or Il in
the manufacture of a medicament for the treatment of an inflammatory disorder.

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

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

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

the manufacture of 2 medicament for the treatment of an autoimmune disorder.

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

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




A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that the bond
may be attached to any of the suitable ring atoms. The term "optional" or "optionally" as used herein
means that a subsequently described event or 15 circumstance may, but need not, occur, and that the
description includes instances where the event or'éfcumstance occurs and instances in which it does
not. For example, "optionally substituted" means that the optionally substituted moiety may incorporate
a hydrogen Inralsubstiioenthdrb & phrasied tiwemd sUbstitutedweidriwei@dbabhdictinabme together to fotin
a heterocycie, ot 20, Nelerpaniiing SySip . 3 MRS areinngARS e G4 Adials on the pheny|
ring join to form a satrurate(fl partlafy saturategl, or unsaturated ring system, containing four to eight
atoms, incofpbranimgrerbsordetore N, 0, or S heteroatoms, the remaining ring atoms being carbon,
resulting in a bicyclic ring system. The term "about” is used herein to mean approximately, in the
region of, TG A BIRHOM. 2 WHRDIE IEIdaPeULSHSRL ORIV Sobuperica range,
it modifies that range by extending the boundaries above and below the numerical values set forth. In
general, thetghniredsment if gsdallaarainay fispifyrohohie fesiaesdisvsdnd below the stated value
by a variance of 20%. WO 2009/106445PCT/EP2009/051761 -22- The definitions described herein
may be appgndeg e fniin ehamicalyaslevant sopbinptionssicias BeIRA A ment
"haloalkylheteroaryl,” "arytalkytheterocyclyl,” "alkylcarbonyl," "alkoxyalkyL," "cycloalkylalkyl" and the
Like. When 2haniaftamanaier y<liseedpaer #urmkiimunnng Grdtker term, as in "phenylalkyt,” or
"hydroxyalkyL," this is intended to refer to an 5 alkyl group, as defined above, being substituted with
one to two substituents selected from the other specifically-named group. Thus, for example,
"phenylalkyl" refers to an alkyl group having one to two phenyl substituents, and thus includes benzyl,
phenylethyl, and biphenyl. An "alkylaminoalky!" is an alkyl group having one to two alkylamino
substituents. "Hydroxyalkyl" includes 2-hydroxyethyL, 2-hyciroxypropyl,
1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyL, 10 2,3-dihydroxybutyl, 2-(hydroxymethyt),
3-hydroxypropyl, and so forth. Accordingly, as used herein, the term "hydroxyalkyt" is used to define a
subset of heteroalkyl groups defined below. The term -(ar)alkyt refers to either an unsubstituted alkyl
or an aralkyl group. The teiin (hetero)aryl or (het)aryl refers to either an aryl or a heteroaryl group.
Compounds of fotluta 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/enol (-C(=0)-CH- Z -C(OH)=CH-), amide/imidic acid (-C(=0)-NH-
sc? -C(-OH)=N-) and amidine (-C(=NR)-NH- Z - 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 commonly understood by one of skill
in the.art t%rgg%}m rI:g)ﬁrsesent invent_ion pertains, unless othe.rvyise definedp&eé@eg%g%%g}ade 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, 10th Ed., McGraw Hill Companies Inc., 30 New York (2001).
Any suitablepnaiarialsandion: nesthedsderawntadhese of skill can be utilized in carrying out the
present invention. However, preferred materials and methods are described. WO
2(1091106445PCT/EP2009/051761 -23- Materials, reagents and the like to which reference are made
in the following description and examples are obtal Qblefrom commercial sources, unless otherwise
noted. The term "acyl" as used herein 8enot$ a groip of fott tula -C(=0)R wherein R is hydrogen or
lower alkyl as defined herein. The term ory*alkA QQyl" as used herein denotes a group of 5 fonnula
C(=0)R wherein R is alkyl as defined here L Th Cl_6 acyl refers to a group - C(=0)R contain 6
carbon atoms. The term "arylcarbonyl" as Use@herain means a group of fotHada C(=0)R wherein R is
an aryl group; the term "benzoyl" as used herein anHaryIcarbonyI" group wherein R is phenyl. The tet
"alkyl" as used herein denotes an unbranched or.branched chain saturated, monovalent 10
hydrocarbon residue containing 1 to 10 carbon atoms. ThetBsrMower allcyl" denotes a straight or
branched;gheiniygfogarpbn residue containing Ito 6 carbon atoms. "C1-10 alkyl" as used herein
refers to an alky] composed of 1 to 10 carbons. Examples of alkyl_ groups include, but are not limited
to, lower alkyl §roSpevise REBLnR¥s 2 by, BRspyl; erapyinasony (%ﬁ%ﬁ%ﬂuﬁﬂt@?"ﬁéﬁ@ﬁpﬁﬁbpentyl,
neogentyl, hexyh dyeRivkyameociplicka Whensthadermitalyl biswsecgas a suffix following another
tells), as in "phenylalkyl,” or ';{gydrqualkyl," this is intended to refer to an alkyl group, as defined above,
being substituted withfon& 5 thiBsubstituents selected from the other specifically-named group. Thus,
for example, "phenylalky!" d@b{@ﬁéﬁ%&&d&%[ BydroxyharemR’ is a phenyl radical, and R" is an
allcylene radical as defined herein wit [ '

the querstanJln that the attachment point of the 20
phenylalkyl moiety will be orfthéS atk{TEmOfEdidarEx Rt largdlky): radfieasRindigde SEaR are not

limited to, benzyl, phenylethyk '3-nheRyRISRYleJBeARERS, AnrRIKYmiBNbalky ha B iigralimdrare

interpreted similarly except R' is an aryl radical. The terms "heteroaryl alkyl" or "heteroarylancf/l" are
intéfpreted similarly except Re{gBpidraIRjosialy Petesorseiasiki paalealikiaske? "haloalkyl” as used

herein denotes a unbrancheg-e5branehad ehain AlkyarouR asdeginesabeugwherein 1, 2, 3 or
more hydrogen atoms are substituted, by a halogen. The term "lower haloallcyr denotes a straight or

branched chain hydrocarbon residde critaibRgsots Earei Hiemik Xhersh dkox s of kisee
hydrogen atoms are substituted by ialegen. Examples are 1-fluoromethyl, 1-chloromethyL,
1-bromomethyl, 1-iodomethyl, diflugrgmethyl, trifluoromethyl, trichloromethyl, triboromomethyl,

triiodomethyl, 1-fluoroethyl, 1-chlorBetiy i lovipodgnelan6a abetsTEpodoyms ekl Phsarhoethyl,
1-iggoethyl, 2-fluoroethyl, 2-chIoroqﬁmk@@rp@@@mygdpgg@myﬁ%gﬁ{%:hIoroethyl, 3-bromopropyi or

2,2,2-trifluoroethyl. "
R 1s 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, heteroarvl, 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*8), -C(=0)O( R*), -~

C=ONR ™), -NRF)C(=0)( R), -S(=0),(R™*), (O}

N(R?®) 2, lower alkyl, lower alkoxy, lower haloalicyl, phenyl,

]
Lh



The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon radical of 1 to 10
carbon at )0)or a branched saturated divalent hydrocarbon [ f 5 carbon
atoms (e.Sggééﬁﬁg&%%zCHZCH(i-PHCIZ-), unless otherwise indicated. E)%?gg%?r%ﬁt’(ﬁgé' é%s%é) 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-ethylbupdengringcleih-Akexyc 2k YEeH BEIRIRBEARs: By 0-alkyl
group, wherein alkyl is as defined above 10 such as methoxy, ethoxy, n-propylo%y, i-propyloxy,
n-butyloxy, i-butyloxy, t-butyloxy, pentylox3PPRBaHE SR ERIgHhY HhaiPssonmeate R ower alkoxy" as used
herein denotes an alkoxy group with a "lower alkyl:giotRasRIRWEuUslY SeliRgdCld-alkoxy" as
used herein refers to an-O-alkyl wherein alkyl is C140.  The term "hydroxyalkyl" as used herein
denotes an alkyl radical as herein defined wherelpeie b TS torser %@é}@i atoms on different carbon
atomys is/are replaced by hydroxyl groups. The teayyeyelQaliyl, asiaad Reiginreift R agaturated
carbocyclic ring containing 3 to 8 carbon atoms, i.e. cycloprop ? cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. "C3.7 cycloalkyr as usédkREMeile lesliwlegEPRARYEcomposed of 3to 7
carbons in thegeagbacyslipging. 20 The teiin "halogen” or "halo” as used herein means fluorine,
chlorine, bromine, or iogline. The term "heteroaryl” or "heteroaromatic” as used herein means a
monocyclic, bicyclic, 6r tityRETabidalow s kB Fin §1Brh<hARgat least one aromatic ring
containing four to eight atomg gerng ;1cEERALRHNA PHEIGHEQIRN, O, or S heteroatoms, the
remaining ring afoms being carbon, with the understanding that the attachment point of the heteroaryl
radital will be 35 i@ Fardmatic ring. As well known to those skilled in the art, heteroaryl rings have
less aromatic character thargthgir@licarbon counter parts. Thus, for the purposes of the invention, a

heteroaryl group need only have sgme degree of aromatic character. Examples of heteroaryl moieties
include monocyclic aromatic hetePocit I8¢ Hating - Phs sy kg raonmie weidhe eg 5 Hetardabivls include, but
is not Limited to, pyridinyi, pyrimi@é’ﬂéb@%ﬂ?ﬁlﬂ%}i,Mbﬂrﬁ}’[ﬁ%@ﬂi’ﬂﬂgﬁtﬁuted with one or more
2009/106445PCUEP2009/051761 25- imidazolyl, oxazol, isoxazole, thiazole, isothiazo le, triazo line,
thiadiazole and oxadiaxo line whi€h can optionally be substituted with one or more, preferably one or
twq ssubstituents selected from hydroxy,ﬁyai@q}aﬁlEghﬁ@f%%ﬂ%@mg@hq%%aﬁl Ithjo, halo,
haloalkyl, alkylsulfinyl, alkylsulfonyt, halogen, amino, alkylamino,dialkylamino, aminoalkyl, 5
alkylaminoaticyl, and dialkylaminoalkyl, 6T &k8%earbonyl and carbamoy1, allcylcarbamoyi,
dialkylcey hagioyh’ agylcgrbgimoyl, alkylcarbonylamino and arylcarbonytamino. Examples of bicyclic
moieties include, but are not limited to, quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, n2iBBA o RV EIRS RIS HIEEAVBRIAS STHBPISI& Bicyclic moieties can be optionally
substituted on either giyigishgWeyenthe point of attachment is on a ring 10 containing a heteroatom.
The tell," "heterocycloalkyr, "heterocyclyl” or "heterocycle" as used herein denotes a monovalent
satiftated cyclic radical, conSlstifg'B108& G iiﬁB?‘é“r‘l‘r%@: préferanly GhEE tv8rmys D hree rings, of
three to eight atoms per ringpingorPéEsting;one or more ring carbon atoms and one or more ring
heteroatoms (chosen from N,0 or S(0)0_2), wherein the point of attachment 15 can be through either

a carbon atom or a heteroat8hi™an ]\i\ﬁﬂﬁ?é‘éﬁegﬁﬁéﬂéﬂ%é WiRishie iRy Sap MR With one or

more, preferably one or two g@ihthiee-gubistitients sriected fogichydroxy, oxo, cyano, lower alkyl, lower
allcoxy, lower haloallcoxy, alkylthio, halo, haloalky! hg}%ox%alkyl, nitro, alkoxycarbonyl, amino,

allcylamino, ailcylsulfonyl, arylsulfo%l,‘ﬁfRQ%iﬁo" I Lga?ylﬁﬁfﬁagﬁﬂ%ﬁ% 'asﬂﬁﬂ)s)l} n%amino,
arylsulfonylamino, 20 alkylaminoca(t{emlé@mar@m%@hxl@m%ggmwwgw@G?tbonylamino,

unless otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, ox@ié(ﬁyl),qgﬁ%}@@ofhﬁnﬁ?ﬁ@tré@%@éﬁﬁ@pﬂényl, oxazolidinyl,

thiazolidiny1, isoxazolidinyl, morphelisyk)pipeazipyhdipeyidinylfetranydropyranyl, thiomorpholinyl,
quinuclidinyl and imidazolinyl. 25 The phrase "organ. rejection’ includes acute allograft or xenograft

rejection and chronic allograft or xenograft#&eQtionSiH B SRI JP s Atk b EhcbssEyL
non-vascularized (e.g. bone marrow, pangseatichigteiiegllsviragglaMsierocycloalkyl, or heteroaryl,

30 optionally substituted with one or more Q'F;
QY is Q' or QU
Q'% is halogen, hydroxy, oxo, or —
C=0)Q"™:



Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (MEN), atmospheres (Atm),
9-borabicygla[ nane (9-BEN or BEN), tert-butoxycarbonyl (Boc), 3Q di-tert- | pyrocarbonate
or boc anh@%i%ﬁgé%%ﬁm, benzyl (Bn), butyl (Bu), Chemical Abstracts R%‘%ﬁ%%%%ﬁ%ler (CASAN),
benzyloxycarbonyl (CBZ or Z), carbonyl diimidazqlgg WO 2009/106445PCT/EP2009/051761 -26-
(CDI), 1,4-diazabicycio[2.2.2]octane (DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0)nomy8-eng (RBN)u L Brwer haloalkyl, lower
diazabicyclo[5.4.0jundec-7-ene (DBU), N,N.-dicyclohexylcarbodiimide (DCC), 1,2- dichloroethane
(DCE), dichloromethane (DCM), diethyl azodicarboxylat&esEAbsH!-8er prapldakadicarboxylate
(DIAD), di-iso-butylaluminumhydride (DIBAL or D'BAL'K&%‘&?Q@Q%@U?%WP&?E&MW
N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine’ (DMAP), N,N-dimethxl ormamide
(DMF), dimethyl sulfoxide (DMSO), 1,1'-bis(diphenylph@&pHiRBéthahengspenore Q-
1,1'sis-(diphenylphosphino)ferrocene (dppf), 143- dimethylan@q@rgﬂ%gﬁﬁ;@g@g%rwgpg L
hydrochloride (EDCI), ethyl (Et), ethyl acetate 10 (EtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-
1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et20), O-(ﬁ%ﬁ@b@i%’ﬂ?i&z@@oﬂ?&mxﬂ
N,NINI-tetrameth i e QH%‘PS}{%@J& j ig-( je.aci .
1-N-hydroxybgwz1§tlngga%jgifl(e[H {0 t)l,Hhigh pressure ﬁ?ﬁ%%%%(?%%m ({%I?g!gi%?)%{?%g%giﬁ(%&,
lithium hexam&fyPHIEEzShe (LIHMDS), methanol (MeOH), melting point (mp), MeS02- (mesyl or Ms)"
methyl (Me), acetoniq'%‘ %FQ(EM&C‘QI&),’ m-chloroperbenzoic acid (MCPBA), mass spectrum (ins), methyl
t-butyl ether (MTBE), N-bromgsuccinimide (NBS), N-carboxyanhydride NCA%EN-chIorosuccinimide
(NES), N-methylmorpholine@l\lNﬂ\hﬁl‘i\g@ﬁe‘?ﬁwmi’éﬁbn@mMw}ib‘yn h&?&%@ {GFocHom&iPCC),
pyridinium dichromate (PDC@lpga@?,ﬁl &P ,e-;propyl (Pr), iso-propyl (i-Pr), pounds per square inch (psi),
pyridine (pyr), room temperature (rt or RT), ten-butyldimethylsily1 or t- 20 BuMe2Si (TBDMS),
triethylamme (TEA or Et3N)9D ¢ Q4c4paip 06§D i done - BISHTEMP o) igifiAatisnah3S02- (T),

trifluoroacetic acid (TFA), teframethyihepiang ¢ Sadieng’ttME®),
0-benzotriazol-1-yl-N,N,M,N-tetramethyluron um tetrafluoroborate (TBTU), thin layer c@romatography

(TLC), tetrahydrofuran (THF), trimethysir SRV 3S(TENED - toflEkBEdnic a8 MEchydrate (TsOH
or pJsOH), 4-Me- 25 C6HA4S02- or tgsyh(sF Nd s@Fy@ ca nhydree (NG A)sy Conventional
nomenclature including the prefixes_noggg2 n), is(oz(: -), s?go%r}g?ﬂygey??ertiary (%én-;)’and neo have
their customary meaning when usedWithEi@ Qndié}tﬂ/fw(@zf@gﬁ@) QD2pP. Klesney,
Nomenclature in Organic Chemistry, lWRAG 1973 Bekgarmiendzrgss, Oxford.). COMPOUNDS AND

PREPARATION 30 Examples of representative compounds encompassed by the present invention
and within the scope of the invention are §0iEed ih iKsreNEHY IPareakre sbavampiesland

preparations which follow are provided to gablg.thers iSkiled i thenart i Respuciearnardgrstand
and to WO 2009/106445PCT/EP2009/05061 i " |
20 optionally substituted with one or more Q'

Q% is Q% or Q¥
Q7 is halogen, hydroxy, oxo, or -
C=0)(Q™):
Q™" is lower alkyl, lower haloalkyl, lower
25 alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q?‘f;
Q% is halogen, hydroxy, lower alkyl,
iower haloalkyl, or lower alkoxy;
30 Q’ is —0-Q™, -8-Q*, -C(=0)Q™), -S(=0XQ™), =S(=0)(Q**"), -N(Q™)z. ~
NHC(=0)(Q*®), ~C{=0)N(Q*):, or ~NHC(=0)N(Q*)z;
each Q™ is independently Q*° or Q%
Q* is H;



-27- practice the present invention. They should not be considered as limiting the scope of the

invention, B BAR§AAS being illustrative and representative thereof In geperal ghanpipenclature used
in this Application is based on AUTONOMTM v.4.0, a Beilstein Institute computerized system for the

generation of ILTPAC systematic nomenclature. 52fjthere 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 stereochemisfry sflavetrudkyielonarpoitianof, alstrsturelisngt indisates withyfor
example, bold or dashed lines, the structure or portign of the structure is to be ipterpreted as
encompassing all stereoisor%rengtSﬂ?WfAﬁ’@nf%é 1&‘%@&1}3’% APESIPOENSs according to Formula

. 10 TABLET. COMPOUND SYSTEMATAGd¥AMEiroxkt[2ote3-Dihydeskentiaks, or lower
,4]dioxin-6-y1)-5H-pyrrolo[2,3-blpyrazin-7-yl]- 3-met hyl-but an- 1-one 1 -(2-Benzo [ 1 ,3]clio x01-5 -yl-
5H-pyrrolo[2,3-b]pyrazin-7- yl)-3-m i “putan- 1 -one 2,2-Dimethy1-142-(4-
methyl-3,4-dihgdrie-@H-ob€)f2o[ 1,410 xazin-7 -y1)-5 H- pyrro to [2,3 -6] pyrazin-7-yld - propan-Il-one

Q™% is H or halogen; and
Q™ is lower alkyl, lower alkenyl, lower alkynyl, or Jower haloalkyl;
with the proviso that when R is R’, R* is ~O(R™), R* is H, and Q" is Q*, then Q™ is not H:
or a pharmaceutically acceptable salt thereof,
i0

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

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

- The phrase "as defined herein above" refers to the broadest definition for each group as provided
15 m the Summary of the Invention or the broadest claim. In all other embodiments provided
below, substituents which can be present in each embodiment and which are not explicitly

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

As used m 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 s, the terms are to be interpreted synonymously with the phrases "having at least" or
"including. at least”. When used in the context of a process, the term "comprising” means that the
process includes at least the recited steps, but may include additional steps. When used in the
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 inctude additional

25  features or components,

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

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

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

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



1 42-(1H-Indo1-4-y1)-5Hpyrrolo[2.3-b]pyrazin-7-ylk 2,2-dimethyl-propan- 1-one WO

2009/1064 09/051761 -28- I-5 1-[2-( 1H-Ind01-6-y1)-5Hpyrro - In-7-y1]-
2,2-dimeth§ﬁgf%g%}?§61%?bne HN N 101 NH [-6 1 42-(1H-Indol1-5-y1)- ﬁ@ﬁ%%wﬁgﬁ&

[2,3-b]pyrazin-7-ylk 2,2-dimethyl-propan-1 -one .»1.
"mdependently carbon or nitrogen", both R"s can be carbon, both R"s can be nitrogen, or one R"

can be carbon and the other nitrogen.

When any variable {(e.g., R, R’, or Q ) occurs more than one time in any moiety or formula

depicting and describing compounds employed or claimed in the present invention, its definition
5 on each occurrence is independent of its definition at every other occurrence. Also,

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

stable compounds.

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

10 it 1s a part. Thus, for example:

MeC(=0)OR* wherein R* = +-——d or —i—{:] — McC(ﬁO)O—Q

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

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

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

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

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

substituent.

The phrase “phenyl substituted with two Q'* which come together to form a heterocyelic or

20  heteroary! ring system” as used herein means the two Q' radicals on the phenyl ring join to
form a saturated, partially saturated, or unsaturated ring system, containing four to eight atoms,
incorporating one or more N, O, or S heteroatoms, the remaining ring atoms being carbon,

resulting in a bicyclic ring system.

The term "about” 1s used herein to mean approximately, in the region of, roughly, or around.
25 When the term "about” is used in conjunction with a numerical range, it modifies that range by

extending the boundaries above and below the numerical values set forth. In general, the term .

"about" is used herein to modify a numerical value above and below the stated value by &

variance of 20%.



HN\ #NH 1-7 6-[7-(2,2-Dimethylpropiony1)-5H-pyrro lo [2,3- blpyrazin-2-y1]-2,2- dimethy1-4H-
benzo[1,4}zzisAweng O HN/ - N-—- 4i HN PCT/EP2009/051761
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The definitions described herein may be appended to form chemically-relevant combinations,
such as “hetercalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”
“alkoxyalkyl,” “cycloalkylallky!” and the like. When the term “alkyl” is used as a suffix
following another term, as in “phenylalkyl,” or “hydroxyalkyl,” this 1s intended to refer to an
5 alkyl group, as defined above, being substituted with one to two substituents selected from the

other specifically-named group. Thus, for example, “phenylalkyl” refers to an alkyl group
having one to two phenyl substituents, and thus includes benzyl, phenylethyl, and biphenyl. An
“alkylaminoalkyl” is an alky! group having one to two alkylamino substituents. “Hydroxyalky!"
includes 2-hvdroxyethyl, 2-hydroxypropyl, 1-(hydroxymethyl}-2-methylpropyl, 2-hydroxybutyl,

10 2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term “hydroxyalky!” is used to define a subset of heteroalkyl groups defined below.
The term ~(ar)alkyl refers to either an unsubstituted alkyl or an aralkyl group. The term

(hetero)aryl ot (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 predommates. Common prototropic tautomers include keto/enol (-C(=0)-CH- = -C(-
OH)=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 commonly 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.



L/O 111-8 2,2-Dimethy1-1 4244- methyl-3 ,4-dihydro-2Hbenzo[1,4]oz§zin-6-y1)-5Hpyrrolo
[2,3-b]pyra6}%-zﬁgyﬁg)gggan-l -one HN ? -19HN/N 647-(2’Z_Dlmeglé/’li:/EP2009/0517m
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Materials, reagents and the like to which reference are made in the following description and

examples are obtamable 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 "alkyicarbonyl" as used herein denotes & group of
formuta C(=O)R wherein R is alkyl as defined herein. The term Cy¢ acyl refers to a group -
C(=O)R contain 6 carbon atoms. The term "arylcarbony!" as used herein means a group of
formula C(=0)R wherein R is an aryl group; the term "benzoyl" as used herein an "arylcarbonyl"

group wherein R is phenyl

The term “alkyl” as used herein denotes an unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl” denotes a straight
or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "Cj-14 alkyl" as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are
not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, r-buty
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

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

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

The term “haloalky!” as used herein denotes a unbranched or branched chain alky! group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. The term
“lower haloalkyl” denotes a straight or branched chain hydrocarbon residue containing 1 to 6
carbon atoms, wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
are 1-fluoromethyl, 1-chioromethyl, 1-bromomethyl, 1-iodomethyl, diffuoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-



propiony1)-5H-pyrrolo [2,3- b]pyrazin-2-y1]-4H- benzo [1 ,4]ozazin-3-oneHN WO

2009/1064¢42P4addFRe$9/051761 -29-  1-10 6-[7-(2,2-Dimethylpropionyd)y:pt-aNs i 19.12.3-
b]pyrazin-2-y11-4-methyl4H-benzo [1,4]0 xazin-3-one HN\

24
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)q)or a branched saturated divalent hydrocarbon radical of 2 to 10
5 carbon atoms (e.g., -CHMe- or -CH,CH(i-Pr)CHz~}, 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, ~butyloxy,

pentyloxy, hexyloxy, mcluding their isomers. "Lower alkoxy" as used herein denotes an alkoxy

group with a "lower alkyl" group as previously defined. "C-j¢ alkoxy" as used herein refers to

an-O-alkyl wherein alkyl is Cy .

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

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

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

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

The term "heteroaryl” or "heteroaromatic” as used herein means a monocyclic, bicyclic, or
tricyclic radical of 5 to 18 ring atoms having at least one aromatic ring containing four to eight
atorns per ring, incorporating one or more N, O, or S heteroatoms, the remaining ring atoms
being carbon, with the understanding that the attachment point of the heteroaryl radical will be
25 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 mclude monocyclic aromatic heterocycles having 5 to 6 ring atoms and 1 1o 3

heteroatoms mclude, but is not hmited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,



2,2-Dimethy1-142-(1- pyridin-3-ylmethy1-1Hindo1-6-y0-5H-pyrrolo[2,3- b]pyrazin-7-y11-propan-1-one
HN 2,2-Dj ~1- [2-(1- pyridin-2-y1lmethyl-1Hindo1-6-y0-5H-pyrrolo
bipyrazin-?%%ar}é)%]iﬁ%?one HN\ 2,2-Dimethyl1-142-(1-
pyridin-4-ylmethy1-1Hindo1-6-y1)-5H-pyrrolo [2,3-_B}pyrazin-7-y 11-propan-1-one HN ,
6-[7-(2,2-Dimethy1- propionyl)-5H-pyrro lo [2,3- 1-14b]pyrazin-2-y1]-2,2,4- trimethyl-4H-
benzo[1dlexaan; 308 1, WiR20RRASAES REMERADARR 140 1131270 fe and oxadiaxoline

which can optionally be substituted with one or more, preferably one or two substituents selected

EgCei“}EPzﬁl)Ql&}Sﬂél

from hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy, alkylthio, halo, haloalkyl,
alkylsulfmyl, alkyisulfonyl, halogen, amino, alkylamino,dialkylamino, aminoalkyl,

5 alkylaminoalkyl, and dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonytamino and arylcarbonylamino. Examples of
bicyclic moieties include, but are not limited to, quinolinyl, isoquinolinyl, benzofuryl,
benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and benzisothiazole. Bicyclic
moieties can be optionally substituted on either ring; however the point of attachment is on a ring

10 containing a heteroatom.

The term “heterocycloalky!”, "heterocyclyl” or "heterocycle™ as used herein denotes a
monovalent saturated cyclic radical, consisting of one or more rings, preferably one to two rings,
or three rings, of three to eight atoms per ring, incorporating one or more ring carbon atoms and
one or more ring heteroatoms (chosen from N,O or S(=0)q.,), wherein the point of attachment

15 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, lower alkyl, fower alkoxy, iower haloalkoxy, alkylthio, halo, haloalkyl,

~ hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamine, alkyisulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,

20 alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, aryicarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, 1soxazohidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,

thiomorpholinyl, quinuclidinyl and imidazolinyl.

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

pancreatic islet cells) transplants.

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),

atmospheres (Atmy}, 9-borabicycio[3.3.1]nonane (9-BBN or BBN), tert-butoxycarbonyl (Boc),
30 di-zers-butyl pyrocarbonate or boc anhydride (BOC,0}), benzyl (Bn), butyi (Bu), Chemical

Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole



1-15 6-[7-(2,2-Dimethyl- propiony1)-5H-pyrrolo[2,3- b]pyrazin-2-y1]-4-ethyt-2,2- dimethyl-4H-
benzo[1,4) I ? éﬁiHN \\ 1-16 4-Benzyl-647-(2,2-

dimethyl-propiony } [

1-17 -12-[1-(1-Benzyl- pyrrolidin-3-y1)-1H-indo1-6, ¥1]-5H-pyrrolo[2,3- blpyrazin-7-y11-2,2-
dimethyt-propan-1-one Hr. - N\, *

(CDI), 1,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur triftuoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicycio[4.3.0lnon-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-

5 propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-
propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine
(DMAP), N,N-dimethylformamide (DMF)}, dimethyl sulfoxide (DMSO), 1,1%-bis-
(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-
dimethylammopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyi (Et), ethyl acetate

10 (EtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl
ether (Et,0), O~(7-azabenzotriazole-1-y1)-N, N,N"N’-tetramethyluronium hexafluorophosphate
acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure
liquid chromatography (HPLC), ise-propanol (IPA), lithium hexamethyl disitazane (LIHMDS),
methanol (MeOH), melting point (mp), MeSO,~ (mesyl or Ms), , methyl (Me), acetonitrile

15 (MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methy] r-butyl ether
(MTBE)}), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chiorosuccinimide
(NCS), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate
(PCC), pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature (rt or RT), zers-butyldimethylsilyl or -

20 BuMesSi(TBDMS), triethylamine (TEA or Et:N), 2,2,6,6—tetr_amethy1piperidine T-oxyt
(TEMPO), triflate or CF3S0»- (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
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsilyl or MeaSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-

25 CeHsSOz- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature
including the prefixes normal (), iso (i-), secondary (sec-), tertiary (tert-) and neo have their
customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Kiesney,

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

COMPOUNDS AND PREPARATION

30  Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations

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

pyrrolo[2,3-b]pyrazin-2-y11- 2,2-dimethy1-4Hbenzgﬁ?ﬁ@%&%f?gjﬁﬁe HN -\ **



411 1-18 2,2-Dimethy1-1- {2-[3-(1- methy1-1,2,3,6-tetrahydropyridin-4-y1)-1H-indol-6-y1]-

SH-pyrrolo[2,3-b]pyrazin-7- y1{-propan-1-one HN \ 4111 HN"--- N., 1-19 4-Amino-N- { 6- [742,2-
dimethyl-ptd 8M/19%443pyrrolo[2,3-b]pyrazin-2-y11- 1H-indo1-4-y11- benPETEMOAGATTEe H NKN ) "\

411 H e, HNO WO 2009/106445PCT_/EDZOOQ/051761 -31-

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

invention, but merely as being illustrative and representative thereof.

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

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

5 Ifthere is a discrepancy between a depicted structure and a name given that structure, the

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

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

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

TABLE I depicts exemnplified compounds according to Formula 1.

10 TABLEL

COMPOUND

SYSTEMATIC NAME

MP

I-1

1-[2-(2,3-Dihydro-
benzo| 1,4]dioxin-6-yi}-5H-
pyrrolo[2,3-blpyrazin-7-y1}-
3-methyl-butan-1-one

STRUCTURE
©

1-(2-Benzof1,3]dioxol-5-yl-
SH-pyrrolo[2,3-blpyrazin-7-
yl}-3-methyl-butan-1-one

1-3

2,2-Dimethyl-1-[2-(4-
methyl-3,4-dihydro-2H-
benzof 1,4Joxazin-7-y1)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-
propan-1-one

233.0-234.0

1-4

1-{2-(1H-Indol-4-y1)-5H-

pyrrolo[2,3-blpyrazin-7-vl]-
2,2-dimethyi-propan-1-one




HN 2,2-Dimethyl-1-[2-(1- piperidin-4-y1-1H-indol-6- y1)-5H-pyrrol [2,3- b]pyrazin-7-ylkoropan-1-one
2,2-Dimethy1-647-(1- methyl.- cyclohexaneearbonyl)-5Hpyrrolo[2,3-b]pyrazin-2-ylk
4H-benzoY Qf8R&3 i *4%ne HN 747-(2,2-Dimethylpropiony1)-5H-pyrrolo[8@t/EP2009/651761
b]pyrazin-2-y1]-4Hbenzo[1,4]thiazin-3-one HN \ 64./-(2,2-Dimethyl- propionyl)-5H-pyrrolo[2,3-
b]pyrazin-2-y1]-2,2- dimethyl 4 pyridin-2- ylmethyi-4Hbenzo[1,4)oxazin-3-one HN 647-(2,2-Dimethyl-

propiomy)y-SH=-pytrotef2;3=-bipyrazin-2-y1}-2;2=-dimethyl-4=(2-morphotin-4=-yt-ethyh)=4H-
HN \
N%
i
1-[2-(1H-Indol-6-y1)-5H-

I-5 pyrrolo{2,3-bpyrazin-7-yl]-
2,2-dimethyl-propan-1-one -

N -
W N
1-[2-(1H-Indol-5-y1)-5H-

I-6 pyrrolo[2,3-b]pyrazin-7-yi]-
2,2-dimethyl-propan-1-one

NeNH
HN \ -
N T
6-]7-(2,2-Dimethyl- LN
propionyl)-SH-pyrrolof2,3-

i-7 blpyrazin-2-vyl1]-2,2-
dimethyl-4H- HN
benzo[1,4]Joxazin-3-one O)\/QO

HN \ 7
2,2-Dimethyl-1-[2-(4- L
methyi-3,4-dihydro-2H-

I-8 benzo[ 1,4]Joxazin-6-y1)-5H-
pyrrolo[2,3-b]pyrazin-7-yl}- -
propan-1-one 0

O
HNTR
. L
6-|7-(2,2-Dimethyl-
1.9 propionyl)-5H-pyrrolo[2,3-
i blpyrazin-2-yl]-4H-
benzo[1,4)Joxazin-3-one H%\}J N
o




benzo[1,4]oxazin-3-one WO 2009/106445PCT/EP2009/051761 -32- 1-25 617-(2,2-Dimethy1-
propionyl)-5H-pyrro lo [2,3- b]pyrazin-2-y11-4-(3-

hydroxy-2- Wt HEthy1-propy1)-2,2-dimethyl-4H-benzo[1,4]oxazin-3-onBHG R 1-26 N-
}647-(2,2-Dimethyl- propiony1)-5H-pyn-o lo [2,3- b]pyrazin-2-y11-1H-indo1-4- yl} -methanesulfonamide
HN\N V\//s, NO1/ I-27 N- }6-[7-(2,2-Dimethyl- propiony1)-5H-pyrro lo [2,3-

1.4 11 _honzonoctdf amide-HN-\-N

b]pyralin 2 yl] 1H Ind\.J— = tle.I UCIIZUIICQUIIOF‘IL{IIII\.’PV LELLE Y I\! O
N\ - W
6-[7-(2,2-Dimethyl- ¢
1-10 propionyl)-SH-pyrrolo[2,3-
bipyrazin-2-yl}-4-methyl-
4H-benzo| 1,4 Joxazin-3-one —~N 5
C
O
2,2-Dimethyl-1-[2-(1- "N
111 pyridin-3-ylmethyl-1H-
B mdoi-6-yl)-5H-pyrrolo[2,3- =
blpyrazin-7-yl}-propan-1-one N g
o
O
2,2-Dimethyl-1-[2-(1- A
.12 pyridin-2-yimethyl-1H-
' mdok-6-y1)-5H-pyrroio[2,3- =
blpyrazin-7-yl}-propan-1-one N, /
N
O
2.2-Dimethyl-1-[2-(1- WL
13 pyridin-4-ylmethyl-1H-
indol-6-yh)-5H-pyrrolo[2,3- N==
blpyrazin-7-yl}-propan-1-one N
N
5
6-[7-(2.2-Dimethyi- wa
propionyl)-SH-pyrrolo]2,3-
1-14 bipyrazin-2-yl1]-2,2,4-
trimethyl-4H-
benzo| 1,4]Joxazin-3-one “R
)




\INO O }aRN.,...,0//S I-28 142-(4-Benzenesulfonyl-3,4-dihydro-2H-benzo[1,4]oxazin-6-y1)-5H- pyrrolo
[2,3-b]pyrazin-7-y11- 2,2-dimethyl-propan-1-one HN\a 0 IN'-\\ 0 1-29 N-r%4- 6-1L7- 2,2-Dimethyl-
propiony 1 3ERHISH42. 3- blpyrazin-2-y11-1-methyl- 1H-indo1-4-ylsulfa SQ{I'}E Hﬁgﬁﬂ)z%\‘cetami de N
- FO it N-N HO - WO 2009/106445PCT/EP2009/O_%:b?61 -33- 1-30 N-(4-1647-(2,2-Dimethyl-
propiony1)-5H-pyrrolo [2,3- b]pyrazin-2-y1]-2,3-dihydrobenzo[1,4]oxazine-4-

ANae

sulfonytt-phenyt)-acetamice 5
HW
6-[7-(2,2-Dimethyl- A
propionyl)-5H-pyrrolo{2,3-
I-15 blpyrazin-2-ylj-4-ethyl-2,2-
dimethyi-4H- b
benzo[1,4loxazin-3-one
[1.4] oS
ol
4-Benzyl-6-[7-(2,2- A
dimethyl-propionyl}-5H-
1-16 pyrrolo[2,3-blpyrazin-2-yll-
2,2-dimethyl-4H- Nob
benzo[1,4}joxazmn-3-one d O>/‘7/\
HM
1-{2-[1-(1-Benzyl- AW
pyrrolidin-3-yl)-1H-indo1-6-
[-17 yl}-5H-pyrrolo[2,3-
blpyrazin-7-yl}-2,2- Nz
dimethyl-propan-1-one Q\/Q/
O
e
ey N -—hN
2,2-Dimethyl-1-{2-[3-(1- \_s
methyl-1,2,3,6-tetrahydro-
[-18 pyridin-4-yl)-1H-indoi-6-yl]-
SH-pyrroio[2,3-blpyrazin-7-
yl}-propan-1-one A \
M
HN™ Ny ]
4-Amino-N-{6-{7-(2,2~ N\" Y
dimethyl-propionyl)-5H- {
1-19 pyrrolo{2,3-blpyrazin-2-vl}- H
I H-indol-4-yl}- N;;?_@—wp
benzenesulfonamide M ©




HN_ 0 N--S% 1-31 4-Amino-N-{6-[7-(2,2- dimethyl-propiony1)-5H- pyn-010[2,3-bipyrazin-2-y1]-
1-methyl-1H-indo1-4-y1} - benzenesulfonamide 9 "N/T- --N .._. - 1-32 1-12-[4-(4-Amino-
benzenesYHBrAfE) Y& 4§inydro-2Hbenzo[1,4]oxazin-6-y1]-5H- pyrrolo[2,3-BfpyER 2501
2,2-dimethyl-propan-1-one RN\ NH, NV 411N_}]-§3

O
HN T
| N N\—N y
2,2-Dimethyi-1-{2-(1- 7

120 piperidin-4-yl-1H-mndol-6-
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DOSAGE AND ADMINISTRATION

The compounds of the present invention may be formulated in a wide variety of oral
administration dosage forms and carriers. Oral admmistration 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,
inframuscular, intravenous, subcutaneous, transdermal (which may include a penetration
enhancement agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration, The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted 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 sohds, such as tablets or filled capsules, semisolids, powders, sustained release
formulations, or Hquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for
oral use; or in the form of suppositories for rectal or vaginal administration; or in the form of
sterile injectable solutions for parenteral use. A typical preparation will contain from about 5%
to about 95% active compound or compounds (w/w). The term "preparation” or "dosage form”

1s intended to include both solid and hquid formulations of the active compound and one skilled
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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 1s useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and mncludes excipients that are acceptable for veterinary use as well as human
pharmaceutical use. The compounds of this invention can be administered alone but will
generally be administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

“Pharmaceutically acceptable™ means that which 1s 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 veterimary as well as human pharmaceutical use.

A "pharmaceutically acceptabie salt” form of an active ingredient may also initially confer a
desirable pharmacokinetic property on the active ingredient which were absent in the non-salt
form, and may even positively affect the pharmacodynamics of the active ingredient with respect
to its therapeutic activity m the body. The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzovl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonte acid, 4-methylbicyclo}2.2.2}-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryt sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,
and the like; or (2) salts formed when an acidic proton present in the parent compound either is

replaced by a metal ion, e.g., an alkali metal jon, an alkaline earth ion, or an aluminum ion; or

H HN
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coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,

tromethamine, N-methylglucamine, and the like.

Soiid 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 generaliy 1s a
finely divided solid which s 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, tale, sugar, lactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethyleellulose, 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 formmulation including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, for example, in agueous 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 carboxymethyleeltulose, and other well known

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e.g.,
by injection, for example bolus injection or continuous infusion) and may be presented in unit
dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers
with an added preservative. The compositions may take such forms as suspensions, solutions, or
emulsions i oily or aqueous vehicles, for example solutions in aqueous polyethylene giycol.
Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,

polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl
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oleate), and may contain formulatory agents such as preserving, wetting, emulsifving or
suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in
powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution for

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

The compounds of the present invention may be formulated for topical administration to the
epidermis as omtments, 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
thickening and/or gelling agents. Lotions may be formulated with an aqueous or oily base and
will in general also containing one or more emulsifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

The compounds of the present invention may be formulated for administration as suppositories.
A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter 15 first melted and
the active component is dispersed homogeneously, for example, by stirring. The molten
homogeneous mixture 1s then poured into convenient sized molds, allowed to cool, and to

sohdify.

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

ingredient such carriers as are known 1 the art to be appropriate.

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

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

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

particularly to the respiratory tract and including intranasal administration. The compound will
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generally have a small particle size for example of the order of five (5) microns or less. Sucha
particle size may be obtained by means known in the art, for example by micronization. The
active ingredient is provided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluoromethane, trichiorofluoromethane, or

5 dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may conveniently
also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered
valve. Alternatively the active ingredients may be provided in 2 form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose, starch, starch
derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). The powder

10 carrier will form a gel in the nasal cavity. The powder composition may be presented i unit

dose form for example in capsules or cartridges of e.g., gelatin or blister packs from which the

powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controlled release administration of the active ingredient. For example, the compounds of the

15 present invention can be formulated mn transdermal or subcutaneous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen 18 crucial. Compounds in transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of
interest can also be combined with a penetration enhancer, e.g., Azone (1-dodecylaza-

20 cycloheptan-2-one). Sustained release delivery systems are inserted subcutancously into to the
subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

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

Suitabie 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

25  Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may
modify the formulations within the teachings of the specification to provide numerous
formulations for a particular route of administration without rendering the compositions of the

present invention unstable or compromising their therapeutic activity.

The modification of the present compounds to render them more soluble in water or other -
30 vehicle, for example, may be easily accomplished by minor modifications {salt formulation,

esterification, etc.), which are well within the ordinary skill mn the art. It is also well withm the



| 1-47 1- [211-(1-Benzyl- pyrrolid in-3-y1)-1H-indo1-5- y11-5H-pyrrolo[2,3- 1)]pyrazin-7-3/1} -2,2-
dimethyl-propan-l-one HN _ Il 1-48 2,2-Dimethy1-142-(1-
pyridin-3-y¥f &g/ 18444hdo1-5-y1)-5H-pyrrolo[2,3- b]pyrazin-7-y1]-propant{-BEERE/43LT61 N -

-43-
ordinary skill of the art to modify the route of administration and dosage regimen of a particular

compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to reduce

Lh

symptoms of the disease in an individual. The dose wili be adjusted to the individual
requirements in cach particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical practitioner involved.
10 For oral administration, a daily dosage of between about 0.01 and about 1000 mg/kg body
weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred
daily dosage 1s between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
15 day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is inittated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage s 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
20 personal knowledge, experience and the disclosures of this application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given disease

and patient.

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

25  component, The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders 1n vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can

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

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

enable those skilled in the art to more clearly understand and to practice the present invention.
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24341- mefy 10992 ®-E3etrahydropyridin-4-y11-1H-indo1-5-y[]- 5H -pyrro RYEP2698d7id-7- yI 1
-propan-l-one HN 1-51 2,2-Dimethy1-142-(3- pigﬂidin-4-y1-lH-indol-5- yl)-5H-pyrro lo [2,3-
b]pyrazin-7-ylkpropan-l-one 1-52 [2-(1H-Indol1-5%y1)-5Hpyrrolo[2,3-b]pyrazin-7-y1]-

1-methyl-eyelohexyl)- methanon . : . :
( hlyhe)y &Ouﬁ(go be cons%deres as limiting the scope of the invention, but merely as being

llustrative and representative thereof.

EXAMPLES

Example 1.

5 6-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-bjpyrazin-2-y1]-2,2-dimethyl-4H-

benzo[1,4loxazin-3-one

6-Bromo-2,2-dimethyl-4H-benzo[ 1,4Joxazin-3-one (6 1mg, 0.24mmol, Bivorg. Med. Chem., 15
(2007), 5912 and bispinacolato diboron {73mg, 0.29mmol) were dissolved in 2.5ml 1,4-dioxane.

16 The solution and flask were purged with argon. Potassium acetate (59mg, 0.6rmmol) and
palladium bis(diphenylphosphino)ferrocene dichloride {10mg, 0.012mmol) were added and the
sealed reaction was stirred at 100C for 3hr. The reaction was cooled to room temperature and 1-
(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one (0.1g, 0.35mmol) was
added. The reaction was diluted with Imi 1,4-dioxane and (.6ml water, Palladium

15 bis(diphenyiphosphinoferrocene dichloride (15mg, 0.019mmol) and potassium carbonate
(98mg, 0.71mmol) were added. The sealed vial was placed in a microwave reactor and run at
150C for 30min. More palladium catalyst (7mg, 0.0095mmol) was added and the reaction
repeated at 140C for 30min. The reaction mixture was poured into ethyl acetate and sodium
bicarbonate solution. The layers were separated and the aqueous layer was extracted once more

20 with ethyl acetate. The combined ethyl acetate layers were washed with saturated sodium
chloride solution and dried over sodium sulfate. After filtration and evaporation, the residue was
purified by silica gel chromatography (methanoVdichloromethane) to give 31mg (35%) of the
product. MP = >300C, (M+H)" = 379,

Prepared as above:



HN 1-53 4-Amino-N- {647-(2,2- dimethyl-propiony1)-5Hpyrrolo[2,3-1) Thyrazin-2-y1}-
1-methyl-1H-indo1-4-y11-Nmethyl-benzenesullonamide a N' 00 WO
2009/1064X5P¢P/H165509/051761 -38- DOSAGE AND ADMINISTRATIORCEHEF eSpEdRUs of the
present invention may be formulated in a wide va[ié?jty of oral administration dosage forms and carriers.
Oral administration can be in the form of tablets. 5 coated tablets, dragees, hard and soft gelatine

capsules, SOUIONS. PIYsions, Syps, o ushEsions, Compounds otie presery invention are

efficaciois'when tere otherr ministration inc inu ravénous drip)
topical pargntergdnihtram iSdsiating dverons;isulethutabgodtwianddbadoWhighxkmay ifecltde a

penetration enhancement —ntng? ceal nasgé,“inh 'o:nf%q itory -admunistration, among
other 1 r%ﬁ?é?%f%&%%’éﬁ%ﬁ%en, ﬁlé& vefere %ngr?jrkliegr ofa m%\%lgggﬁ}é%?i gegwgelrally oral using a

convenient daily dosing regimen which can be adjusted according to the degree of affliction and the
patient's-fesponssrte ihe-paihennrsHientrA«aBpouna.an Compatntset iha presaniinyention, as

well as their pharmaceuticall eable salts, together with one or more conventional excipients,
carriers %‘grbaﬁlﬁ%?ﬁsj%grﬂ é%%%%&?rﬁo@@(ﬁ%@fgfﬂ?%%ﬂr?é%ﬁ%@@ﬁ%gé?%?ﬁﬁgé%%ns and unit dosages.
The phasmadeéudtjcakcarpositivtis-and 0dit ddsafé fokdis may be comprised of conventional

ingredients in conventional proportions, with or without additional active compounds or principles, and

the unit dgs forms may contain any suitable effective amount of the active ingredient

comme%'&?gfgﬁiﬁl?ﬂévifﬁg??d%’éwéﬁ{]xd’é’gﬁj‘)éﬁa%‘g@%dﬁé“’ nployate Phe Pramidatiesizin-

compositianRs Sdyering 6-bromo-4-methyl-4H-benzo[1,4Joxazin-3-one for 6-bromo-2,2-dimethyl-
4H-benzo[1,4loxazin-3-one. MP = 277-278C, (M+H)" = 365,

16 6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yli-2,2 4-trimethyl-4H-
benzo[ 1,4 Joxazin-3-one. Substituting 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl}-SH-
pyrrolo[2,3-b]pyrazin-7-yi}-2,2-dimethyl-propan-1-one for 1-(2-bromo-5H-pyrrolo[2.3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one, and alkylating the final product with sodium hydride
and todomethane in N,N-dimethylformamide, following general procedures for deprotection as

15 described in these Examples. MP = 265-266C, (M+H) = 393,

6-[7-(2,2-Dimethyi-propionyl)-5H-pyrroio{2,3-blpyrazin-2-yl}-4-cthyl-2,2-dimethyl-4H-
benzo{ .4 ]oxazin-3-one. Substituting 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl}-SH-
pyrrolo[2,3-blpyrazm-7-ylj-2,2-dimethyl-propan-1-one for 1-(2-bromo-3SH-pyrrolo{2,3-
blpyrazin-7-yl)-2,2-dimethyl-propan-1-one, and alkylating the final product with sodium hydride
20 and bromoethane in N,N-dimethylformamide, following general procedures for deprotection as

described in these Examples. MP = 224-226C, (M+H)" = 407.

4-Benzyl-6-[ 7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-y1}-2,2-dimethyl-4H-
benzof1,4]oxazin-3-one. Substituting 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl})-SH-
pyrrolo[2,3-bjpyrazin-7-yl]-2,2-dimethyl-propan-1-one for 1-(2-bromo-5H-pyrrolo[2,3-

25 Dbipyrazin-7-y1)-2,2-dimethyl-propan-1-one, and alkylating the final product with sodium hydride
and benzyl bromide in N,N-dimethylformamide, following general procedures for deprotection
as described in these Examples. MP = 248-249C, (M+H)™ = 469.



20 employed as solids, such as tablets or filled capsules, semisolids, powders, sustained release
formulations, or liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for oral
use; or in tHEiA/ Yisddpositories for rectal or vaginal administration; or iRGEERsHvaEsTEtile 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" 25 is intended to include

both sogd and Iiwi«é{{;}&n&%gns ffhe active compound and one skilleg WO _
2009/10628BE M1 EPR0 PR GO Jart TRV B ieciabenat BncadtivEirigredidnt tan exist in
differenbgrepasationadepesdngiribe arges ogamestissHe-aud on ihendasiied desaane for

hal kineti . t "excipient d herein refers t _ dthati ful
i prop G R ARG AT SOFRE oK GEREIIF SSTE. neRCIGNA oM AEhnar Blogicaly nor

otherwise 5 undesirable, and includes excipients that are acceptable for veterinary use as well as

human phannaseyiical use e copmonndshibiminysntion A [be adpnisieradalone but wil

generaiy be administered in admixture with one or more suitable pharmaceutical excipients, diluents

or carn@rRE L4 ith FOgSr & 1T e Fra8ErTRRetbP HRIfR 6 dtigHraria-drahddrasH¥maceutical
practice;yt@ Rkanmaaautisalyoacceptablac me apodli@r]bg'@dgﬁ@m!yiﬁtp,@eﬁﬂ&gﬁ.swmceutical

composition that is generally safe, non-toxic, and neither biolagically nor otherwise undesirable and

includethat Whick Ogcé%ﬁﬁle;féll%e?éﬂ?ﬁ%%%ﬁﬂ%%%ﬁﬁrﬁ%@éﬁ@aﬁ%@ zin-2-
"pharmatesticadiy-arceptablemsalinfosnntianiastive-nasedientmay alseinitipveerinr auesisable

ty on the active ingredient which were absent in the non-salt 15 form, and may

o ot
2vggrgﬁ%i\glg%gﬁi’gﬁléeﬁ%ﬂ%?ﬁﬂg’ﬁﬂB’%‘ Othe a2ele ingrediert ith respect to its therapeutic

activity in the body. The phrase "pharmaceutically acceptable salt" of a compound means a salt that is

ph@@ma@qmrwmwa%%@%p@mgﬁ%mm%@ggqg@pmag@g%@@ﬁyﬁ%gj;he parent

compound. Such salts inc acid addition salts, formed with inorganic¢ acids such as hydrochloric

acid, hydresishttabrazellsdincser it Subatiytipadsphbrencit( anatilsdasy formed with
organiceaids seay B RLYR A6ld, PIplaRis-asidn hexanaie Rt GYEIoPRaNE PIopiaRis acid gly colic

acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric
acid, citfiE R veblrsiezinrd -8l iyt BRI Ewrsicat itk viatngfiecdiial riaferiividcid,
methangsulfanic asid, sibanasyiioniasaeid, H@r%@@ﬁ%@@%i%ﬁﬁ%ﬁﬁ%{%ﬁ%ﬁgwmiC acid,

benzencsulfonic 25 acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic
acid, catFiTarEr oM C SRRt AR IBIEyBRsT 72 Biyse dixoraipies IV e IR AGid NI iddb e ftdhic acid,

3-phenylpropionic acid, trimethylacctic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamig.peich hydraimarhiiiaasidrslindiciadidpiean acid, mucenicagid. and tha kg or (2) salts
formed when an acidic proton present in'the parent compound éither is 30 replaced by a metal ion,
e.g., anvaiRAY pdthiterrohh AREHE- 2988 BRSNSl dridnlionier -63-tvirgethylsilanyl-
2009/ 1@%%%?3@%H§3»b}pyrazin-’?’—y}]—2,2»dimethy}~pr0pan—1-0116 for 1-(2-bromo-5H-
pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one, and alkylating the final product with
20 sodium hydride and 2-(4-morpholino)-ethyl bromide in N,N-dimethylformamide, following
general procedures for deprotection as described in these Examples. MP = 271-273C, (M+H)" =

492.

6-[7-(2,2-Dimethyi-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-y1]-4-(3-hydroxy-2-hydroxymethyl-
propyl)-2,2-dimethyl-4H-benzo!1,4]oxazin-3-one,

25 Substituting 1-[2-bromo-5-(2-trimethylsilanyl-cthoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-yi}-
2,2-dimethyl-propan-1-one for 1-(2-bromo-3H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-
propan-1-one, and alkylating the final product with sodium hydride and methanesulfonic acid 2-
phenyl-[1,3]dioxan-5-ylmethyl ester in N,N-dimethylformamide, followed by deprotection with
aqueous HCl in addition to the methods of deprotection as generally described in these

30 Examples. MP = 271-273C, (M+H)" = 492.



-40- coordinates with an organic base such as ethanolaminc, diethanolami.ne, triethanolamine,
tromethamine, N-methylglucamine, and the like. Solid foiin preparations include powders, tablets, pills,
capsules, ¥4eHEES WaptSositories, and dispersible granules. A solid carrier FRayEBa08HesdFdhore
substances which may also act as 5diluents, fIavoré'i g agents, solubilizers, lubricants, suspending

agents, binders, preservatives, tablet disintegrating agents, or an encapsulating material. In powders,
the carrjer erally is a finely divided solid which is a mixture with the finely djvided active
comporjgﬁtg'elir?’[ géé%éﬁcﬁ%?&#ﬁ%ﬂ%@?%gﬂﬂg ﬁ?%}i% "Eﬁ-é“’@gf{‘"e “H4ving the necessary
bindingreapaeityiiiosuitatite Proparionshand sompatiethinihe dhapelancssizendesirethSpitableycarriers
include but 10 are not limited to. nesium carbonate, magnesium stearate, talc, sugar, lactose,
pociin HEAAR Soh BB, TR G BN, SUTOA A Gy BRI OSS, 2 low
melting waxoed Coditute; dnd theolket GalidhfGronprafaratidnsanaytebintain 1ip. addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, s %u ilizing a eqts, and tfbe like. 15 L1 uidjl}ormulations alsg are sujtable for oral
administ é"(t?dg i 15"5%‘%%}78 TBIR A réﬁﬂ?ﬁﬂiﬁlb’%rﬁ' FOREEyrupk; e stwdous solutions,
aqueouscsusHeRsidnsnIhe SeiRcuteSld orsrprepanatinns yhighaeiiendeside Rrearvered to

liquid form preparatjons shortly before use. Emulsions may be prepared in solutions, for example, in
aqueoud Bt %%‘%QWBB}%%%BE%?ﬁr ﬁﬁ?l’&%mgﬁ%é’ﬁﬁ?%ﬁﬁm@ B dhE Ay IAlNCE Srbitan
monooleaimoe? dchigiatAtEnbien20] salliians cabre yireparesl s dissalving theractive 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 natugél{ ISR Wg’é‘i“h%,[Héﬁgﬂ@@ﬁ%ﬁé%@?%&ﬁﬁﬁ‘éﬁmm%%@@m%&%ﬁ@“other well
known suspending AgentsppithR sompandsaf hapieset inveptisnmray hedermulatas for
parenteral administration (e.g. qtg}r/{:ihn'ection, far example bolus injection or continuous infusion) and

may bePESEMEEH-ahtIBES PAFARB R pre- R Sy inhERR N hraR S dRinhel 3rERTeR T I in
-multi-dgsere@iTamers witinan aoded preseMativpathegempasitions MaytakR.swebdaimsds

suspensions, solutions, or emulsions in oily or aqueous vehicles, for example solutions in aqueous
polyethPRIA BIFCiST 30 e xiin Ak B aiRF o Ho Rk dotidsciirens imGERIEO LB & lsHittes include
propylepengtyCetopedyeibyient gheelioegelaiginilsitaiths Olivahi). andrinjectatle quganiy esters (e.g.,
etréyl WQ 2009/106445PCT/EP2009/051761 -41- (Ante), and may contain formulatory agents such as
preservi g? wetting, emulsifying or suspending, stabilizing and/or dispersing agents. Alternatively, the
active ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by
lyophilisatinniesy sliion or-sangtiviioneiane. use 'staﬁ@éilf@lgfy%lﬁo?zgﬁ‘tﬁﬁ%%pytogen-free
water. 5 The compounds of the present invention may be formulated for to;gical administration to the

epidelintdl ZsoHIATERS PEP BRI S FRIoTRE TG A FaASHRSHHAPBafchr IRt mérid e dldams may, for
examplg@ll%[@;W%W@@@@W@&Qim@m%ﬂgﬂm@@g@ggoﬂpf suitable thickening and/or

gelling agents. Lotions may be formulated with an aqgeous or oHii%ase and will in general also

containPi e SloRfEIBE faisy MG hgdte, abifiiy adbmyithdsarsrysuiomdriiosdsanding
agepts, HhirkanTeragsRigOr. COlRKPG AoaNiB LM URtiens sUiablefotopical administigtion in the

mouth include lozenges comprising active agents in a flavored base, usually sucrose and acacia or
tragacaf‘lm; pastilles comprising the active ingredient in an inert base such as gelatin and glycerin or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid carrier. 15

The compaunelyra therprasant ineaiian mav e pmulaegl lasadynsiiation a3 sugageiiories. A low

melting wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and the active

compoﬁ’éiﬂiférﬂ‘f%é@é@‘ﬁ’dﬁ%@’ﬁé@ﬁw%ﬁ”@%ﬁrﬁpi@:@y@ﬁﬁﬁr@rmﬁ@%éﬁkmﬁ@%geneous mixture is
then poprgdkinte opveRigNhsizadimeldspallevugd 10 6Rak: 8PE-IRRANNY indol-4-ylamine first

25 with sodium hexamethyldisilazide and iodomethane in N N-dimethylformamide, then with 4-
acetylamino-benzenesulfonyl chioride in pyridine) for 6-bromo-2,2-dimethyl-4H-
benzo[1,4Joxazin-3-one. MP = 275-276C, (M+H)' = 545,

N-(4-{6-[7-(2.2-Dimethyl-propionyl}-5H-pyrrolo{2,3-b]pyrazin-2-yi}-2,3-
dihydrobenzo[1,4loxazine-4-sulfonyl}-phenyl)-acetamide. Substituting N-[4-(6-bromo-2,3-
30  dihydro-benzol[1,4Joxazine-4-sulfonyl)-phenyl]-acetamide (prepared by treatment of 6-bromo-



20 The compounds of the present invention may be formulated for vaginal administration. Pessaries,
tampons, creams, gels, pastes, foams or sprays containing in addition to the active ingredient such
carriers as'HPe ROt the art to be appropriate. The compounds of the BFESEREIRYERIGA may be
formulated for nasal administration. The solutions gsuspensions are applied directly to the nasal
cavity by conventional means, for 25 example, with‘a dropper, pipette or spray. The formulations may

be provided.in a si or multidosc form.. In the, latter case rQRPEL.Qr pipette, this may be
pkiper i SRR s R ine et e i R R R
suspenbsionstpsiiéagsehtdradsnayyribisanéy beranhie et danakatniiie ey ropadk oddnietering

atomizi%sg PR Uln org%?%nds of the present invention may be formulated for aerosol
administration, O‘par’fi&u g}@t e respiratory tract and including intranasal administration. The

compound will WO 2009/106445PCT/EP2009/051761 -42- generally have a small particle size for
example-afihe oxdes-of {ive Ghirnierdpeopldess- SSuehadlsilicle pize.mag 9t abtadned-byi means known

in the art, for example hy micronization. The active ingredient is proyjded in g pressurized pack with a
e S e R R e A R e
trichlorgffisaromethané nbegicbiosotetrafuaredihanemor Darbeo dioxide iat dihernsthitald@igas. The
aerosol may conveniently alsq contain,a surf such as lecithin. The dose of drug may be
ControlET YA SHBHA U100 RNBIAEAER s SEHUB ] BRHEHER frag BB WA HECHIN AR of a ry
pf)wdr?rbégﬁ@tigamﬁlﬁyar]ﬂﬁavd&rh d-ilmpgfﬂﬁtﬂel) contp " Fwﬁlﬁbra,a-ﬂﬁt&tabiﬁlmwﬂﬁrzb{ilge‘]wzﬁiﬁsJa_ﬁ]ose, stgrch,
starc rivatives such as hydroxypropylm ellulos polyvi rrglidine. . The powder
10 carri ?’\%’mf‘fSEr g%aé%“fr%?é“ﬁascgﬁ%éi 93%%6&\/{?&8?%60 p6s%§r‘rlyr%1%é§/ é}g%gﬁgén}/g 'in unit dose

four' for example in capsules or cartridges of e.g., gelatin or blister packs from which the powder may

be jgdministered by meansokassinhalen-Yhemgasired . ferp BERRs gars bgprepared withenteric

coatings.adapted for susta ned or controlled release administration of the active ingredient. For
examplBIHE 2B BALTS PR LS ERBEEH e BN LA B oA (T STEE rSBRal o
sulbcutai&@@@f ¢ ﬁ,@r}égéiﬁl%éﬂ_%ﬂﬁ\ﬂ?g%ai%h?%%dfﬂ\@ﬁé_@ﬁé@Bii§d6|t_5§é @aa;mﬁagﬁtﬂismmwtaingd
release of the compound is necessary and when patient compliance with a treatment regimen is
crucial. EORISahalSHE N rsQsArAF ﬂ%%y-"gﬁgte&%’%relﬁéﬁ&@tl?%@@ﬁ&jﬂt@%%ﬁﬂ{%hesive solid
supportdrhereeipeynehad e e st tdmalso e wembined witb: avp et tatian enRaagereges Azone
(1-dodecylaza- 20 cycloheptan-2-one). Sustained release delivery. sy. S are inser

A R T N G A e s i A
encapsulate the compound in a Lipid soluble membrane, e.g., silicone rubber, or a biodegradable

polymet.eidlorpolyastic acid. SmiaRiejermudations alanasyith pharraseettigat caiHgss.4djiuents and

expcipients are described in Remington; The Science and Practice of Pharmacy 1995, edited by E. W.
Martin, RMEERSS Bomstiapiig BB Yot bdmsn! EAsHor PdiisyNei A SRR AT ation

scientistynavaosii-tedalmitatinpsmwithindbel teaghings ofithe-spesiicatiomtanmvide nymrrous
formulations for a particular route of administration without rendering the compasitions of the present

inventioh Bt OF EobipmsimsirtiBRER tridlaRraaRe At iz e Mbaication 8t e iiésent
compousds to render them more soluble in water or other 30 vehicle, for example, may be easily
accomplished by minor modifications (salt formulation,

N-{6-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-b]pyrazin-2-yl]- 1H-indol-4-yl1 } -4-fluoro-

benzenesutfonamide. Substituting N-(6-bromo-1H-indol-4-yl)-4-fluoro-benzenesuifonamide

{(prepared by treatment of 6-bromo-1H-indol-4-ylamine with 4-fluoro-benzenesulfonyl chloride

in pyridine) for 6-bromo-2,2-dimethyl-4H-benzo[ 1,4]oxazin-3-one. MP = 295-297C, (M+H) =
25 492,

N-{6-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-b]pyrazin-2-yl}-1H-indol-4-yl } -4-methoxy-

benzenesulfonamide. Substituting N-(6-bromo-1H-indol-4-yl)-4-methoxy-benzenesulfonamide

(prepared by treatment of 6-bromo-1H-indol-4-ylamime with 4-methoxy-benzenesulfonyl

chloride in pyridine) for 6-bromo-2,2-dimethyl-4H-benzo[1,4Joxazin-3-one. MP = 231-233C,
30 (M+HH) = 504,



esterification, etc.), which are well within the ordinary skill in the art. It is also well within the WO
2009/106445PCT/EP2009/051761 -43- ordinary skill of the art to modify the route of administration
and dosagé Petfitatréfia particular compound in order to manage the phatQHEBKARHIEE6f the present
compounds for maximum beneficial effect in patients. The term "therapeutically effective amount” as
used herein means an amount required to reduce‘%géymptoms of the disease in an individual. The
dose will be adjusted. to the individual requirements in each particular case. That dosage can vary
within Wit IRRED BaHBAIAY iR it Edis fabra Behrastioe Yo B Biae disBBNE e treated,
the ageyaind-penrnat heplihneenditivaiakhe asiono othemmadicamentsmithwihichitheppéieat is being

treated, the route and grm of administration and the preferences and experience of the medical

practitioNeP RVERRsd: 16 BEI St it atiBhe A adiRP o SAPS 61 BEHREEN St BB and about 1000
mg/kg kedioreioRioeariday shnuesbetapRopfisie-ranetherapyaadios ipeambinatianiherapy. A
preferred daily dosage. is hetween 7about 0.1 and.abaut 500 mg/kg body weight, more preferred 0.1
and’abStPTH6 }ﬂé’%‘?ﬁ‘b@d%ye]"gm Ara7oStipidlefred™ .0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per 15 day.

The daibyd@sRoR cARRR adMinisteredasaSig/gripRAe SIHLYE @gi osRgesypicalyrpetween 1
0s

and 5 d,o%at?es er day. Generally, treatment is initiated with smaller _ai%}es which are less than the

optimutdist B tRRISEmpBSHE neavadies - e Hakgeid (acreused by adekt mbrémiists until the
optimumpeferidox theanstivicial-patiant isireaehed,ng ohard inan-idib ntsatingidisrasas;described
herein will be able, without undue experimentation and in reliance on 20 personal knowledge,
experie??éfel%ﬁéﬁﬁlﬂ??i)i§8Fo@‘&’i‘@%f%rﬁédﬁﬁﬁq}ib’éﬁ%jbﬁ?é@ée?@ﬁf%%%eEﬁ%é‘ﬂ Iy Exéldie amount of
the gonppunds=0fthe present invention for a given disease and patient. The pharmaceutical
preparations are preferably in unit dosage forms. In such foil, thc preparation is subdivided into unit
doses containing appropriate quantities of the active 25 component. The unit dosage form can be a
packagedprapap }-%Sﬁgekla‘gé%r&@aﬁﬁfﬁ?g%@@ﬂé&%@éﬁ%%ﬁ%ﬁ@f@%ﬁsﬁbﬁ%&keted
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tablet, cachet, or lozenge itself, or it can be the appropriate number of any of these in packaged form.

The follSWitgeRmphed mgEtatdHnRe prabataeisrt dnt Mo dgiar ed i denne gEberipBlinds within 30 the
scope ghigioueation.d heas examRles AndRIeparatanswhichicllon are ravided. a @naple those

skilled in the art to more clearly understand and to practice the&esent invention. WO

20bb/1 6B EpEpdineolist zenehe ThEbods donahét HEsshdieeredPad iting thecope of the
inventiqRgpalperelyras deing -Hlusitative angngpresgyfative thereof

Examplie 2.

2,2-Dimethyl-1-[2-(1-pyridin-2-ylmethyi-1H-indol-5-y1)-SHpyrrolo]2,3-bjpyrazin-7-yl|propan-
20 l-one.

To a DMF (1 mL} solution of 1-[2-(1H-Indol-5-y1}-5-(2-trimethylsilanyi-ethoxymethyl}-5H-

pyrrolof2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one (50 mg, 0.11 mmol; prepared as

described in Ex. 45, only using the Sem-protected starting material) was added NaHMDS (0.25

mL, 1M m THF) and stirred for 20 min at RT. 2-Chloromethylpyridine hydrochloride (21.6 mg,
25 0.13 mmol) was added in a single portion. After stirring for 1 hr at RT TLC analysis (25%



EXAMPLES Example 1 5
647-(2,2-Dimethyl-proptony1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-2,2-dimethyl-4Hbenzo[1,4]oxazin-3-one
6-Bromo-2VeCdiiiefivgiafl - 1-benzo[1,4]oxazin-3-one (6 rug, 0.24mmol, BiodEy/Mreeis@hiert, 15 (2007),
5912) and bispinacolato diboron (73mg, O.29mmo%ere dissolved in 2.5ml 1,4-dioxane. 10 The
solution and flask were purged with argon. Potassitim acetate (59mg, 0.6mmol) and palladium
bis(dipt#e@dpl-&osphino)ferrocene dichloride (10mg, 0.012mmol) were added and the sealed reaction
was stifredat FEFETIrSBAR SThBSHE SRS RS td RS SR tEMparstie weipured mto 25 mL
(2-bromg-Shtpyeeleldidl Blaxreaiaté okt 3 -dimethyt-Rran-Eana (Q3g, B3mmoh-was.agded. The
- reaction was diluted wjth 1ml 1,4-djoxane and 0.6m1 water, Palladium 15 )

bis (O TpHEEDF B oL M EHABEIE L3R, 50 143l A BERBLSRIF Lxina e OBimg,
0.71mnadll) Werénadeeapinessealedvidwasplased ianpiciyavR deactasangin gb150C for 30min.
More palladium c tqli%\lgmg,é).?O%mmol) was added and the reaction rg{peated at 140C for 30min.

- 6_{)-[]]? ‘a

Theredetiotmxd NS sttt RS I S BICH At EBRIGS R The layers were

separateghaagdiihe Allpeopiayeranas exiasiedranea e 28 withpthybaseate.dhecambined ethyl
i sodium chloride solution and dried over sodium sulfate.

acetate [%a%/e_rs aere wa?ed Wllth srgtug%&ﬁ ,

After il SR Sl VS5 Or BN et He SHUL SIY pATHETBY S Ie208) Thr DAy ialshg (| -pyridin-
(methanejietiahldroretdans) 1D-gie 3oy 3590 wiihe PrafehMP-512309G, WHH) 15 B9rRrepared
as above; _W&) ﬁgg{%@f%&PCT/EP2009/051761 -45-

2,2-Din\i\zlp ]14i 2-(4-Methy1-3,4-dihydro-2H-benzo[1,4]oxazin-6-yD-5H-pyrrolo[2,3-b]pyrazm7-y1]-pro
pan-l-one. Substituting 6-bromo-4-methyl-3,4-dihydro-2H-benzo[1,4]oxazine for 6-
bramo-2:2rdimetubdkd-benzo[1,4]oxazin-3-one. MP = 255-265C, (M+H) = 351.
647-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-4H-benzo[1,4]oxazin-3-one. Substituting
6-brom8&'l@-‘6@%¥;%,’f?(’i&laf?ﬂ-lﬁ%“ éW%%}b}%%l%?l?ﬁfﬁéﬂ%\'j&W@{ o[ P HBeaHIn 3 Bne. MP =
>350C, )1 5120 Bubdiin(Bng- Dimathyliprepienyl 3-pHtavkEehysilanyl-cthoxymethyl)-5H-
Io[2,3-bg%§éi@;§- ]-4-inctliy1}-4H;)be_nzoLalr ,4]oxazin3-one. Substitutin%

6-bromb4- ARV O Y doxal RSB TR FoRf'Y, 2-thmheAdoAi-BBR6f 1, 4]oxazin-3-one.

g/l P7= 22 ﬁ:ﬁé‘gﬁ l%@shiflekat_Eo ﬁﬁ&eﬂ'i_'@l)—SHipygrgl% 2,3 —b}pyrezizhi—]’-? g’l]zag-dime;t]hjlzizlpﬁopan-1 -one and
-[7-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3- razin-2-y11-2,2 4-trimethyl-4H-

be[hSz(o[ ﬂsggfilﬁ%?pgﬂ%%%t)& Jﬁ%é—chlo[romet]%){pyndmc%ydroch]oride.M = 225-227C, (M+H)™
142-brefrah-(2-trimethylsitanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethyl-propan-1-o
ne for 1-(2-bromo-5H-pyrrolo[2,3- b]pyrazin-7-0-2,2-dimethyl-propan- 1-one, and alkylating the final
product with sodium hydride and iodomethane in N,N-dimethylformamidc, following general

proceddreXRaRYdt o HEds-daderbig-iH indel ta el 2 psrEiH) = 393
647-(2, grYimethyinropiem@nneualala: domlynas bl ety 2rainaty oAb

benzo[1,4]oxazin-3-one. Substjtuting . _

142-brdRiSHR S -trNRYFRAZ A L et o SRR LR D B iy A dRY, 3-Bpy A amioly 12 2-4@imethyl-propan-1-0

nefor kngrigmnaai-pisrlatedy blBWariRoloyi )2 fraimethypropanideanenandalkydatingthe final

product with sodium hydride o . .
2-picolyl chioride. HCl salt for 2-chloromethylpyridine hydrochloride. MP = 256-260C, (M+H)’

=410,

2,2-Dimethyl-1-{2-(1-pyridin-4-ylmethyi-1H-indo1-6-y1)-3H-pyrrolo{2,3-blpyrazin-7-y1j-
propan-1-one. Substituting 1-[2-(1H-indol-6-y1)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

25 pyrroio[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one for 1-[2-(1H-indo1-5-y[}-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan- -one and
4-bromomethylpyridine, HCI salt for 2-chloromethylpyridine hydrochloride. MP = 267-272C,
(M+H)" =410.

1-{2-{1-{1-Benzyl-pyrrolidin-3-y)- I1H-indo-6-y1}-5H-pyrroio[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
30 propan-l-one. Substituting 1-[2-(1H-indol-6-y1)-5-(2-trimethylsilanyl-ethoxymethyl}-SH-



20 and bromoethane in N,N-dimethylformamide, following general procedures for deprotection as
described in these Examples. MP = 224-226C, (MH)- = 407.

4-Benzyl-847 2@ P1efidethyt-propionyl)-5H-pyrrolo[2,3-bipyrazin-2-y1]-2, 2 Reik{ER¥ 4 4ERIehz o[ 1,4] oxazi
n-3-one. Substituting
142-bromo-5-(2-trimethylsiIanyl-ethoxyrricthyl)-S13derrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-|—on
e for 1-(2-br -5H-pyrrolo[2,3- 25 blpyrazin-7-yl)-2,2-dimethyl-propan-l-one, and alkylating the final
product%\)ﬁfﬂ?é‘g?gﬁig%ﬂﬂaggjh%%%{%% T a‘épf%{‘T\il,'Rf@ﬁi i &l%ﬁﬁﬁ%s%ﬁo@v{ﬁg general
proceduressiar dapiotastionyasaescibefindhess byampies? MR-, 248r248C piivphi) =046 9ndWO
2009/106445PCT/EP2009/091761 -46- . . . :

- AminBR AP I SR B SEEyHASEE 2 shlommeey ervidinab aosieienesuifon
amide. SibstiRbing ¥-amindiN-(6ibromo-1H-indo1-4-yll-benzenesulfonamide for
6-bromo-2,2-dimethy1-4H-benzo[1,4]oxazin-3-one. MP = 285-292C, (M+H)' = 489.
2,2-Dimeth¥%I4-617-(1-meth I-cyclo_hexanecarbonyl)-SH-pyrroIoJZ,3-b}_ﬁ)yrazin-2-A-4H- 5 benzo

1, 4%)((,;2%1_ ggﬁtgygbﬁs'zﬁgtmgmethyi-1,2,3,6—tetrahydro-pyr1dm— -yD)-1H-indol-6-yl}-5H-pyrrolo[2.3-
(2-bromgikt-ayrmolej2psoplpyragin- SibiHltmethyicyclohexsetianoped@hyisilanyl-
1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1- one. MP = >300C, (M+H)H = 419.
747-(2,5‘2%%3/5%&%}@6 Wi‘?-‘%ﬁeBgﬂ%ﬁ?}%‘-%]?&%%%‘rﬁ@iﬁE%laﬂ%éﬁzldf’f}ﬁfﬁﬁAzﬁﬁ:@- r8demstituting

7-bromeifkl-genzatixdiiniazinshenedeutinomeRdimathylyatdhengnll, dlexazin BreseadIP =
>300C, (MH) = 367.

0 . s . .
647-(2,9%5i HyEBFﬁﬁli‘o"ﬁ%@E‘fiﬁB?/ﬁ‘Hl8[??%96T6%‘3‘21¥93§19¥]@é}§@8%%?ﬁ%¢%m§¥
yimethyhéitoaediz ofd o6 lonazin-Snatyy RUISINYIP = 247-254C, (M+H)' =414,
142-bromo-5-(2-trimethylsilanylethoxymethyl)-51-1-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyt-propan-I-o
ne for 1-(2-bromo-5Hpyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyt-propan- | -one, and alkylating the final
product%tﬁg%ﬁmlﬁ{}%ﬁ&@@ﬁadz%%casly%ﬁf&m&w:ﬁ%ﬁ%ﬂ?&émﬁ%\%—aﬁ&ia@%}r&wing
generalohe [Weserines §0[2d@m0ﬁ@%koe;tﬁ$.Slqgcﬁﬁﬁaﬂmm@ﬁﬂ%mﬁazﬁhe&hwﬁ%aﬂgz(IVI+H)* =
470. 647-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2 3-b]{)2yrazir1-2-y11- ,2-dimethyl-4-(2-morpholin-4-
yI-ethylpm%-ﬂ"Z’?dPﬂZﬁ Q%@ﬂf‘@pg‘%}bétﬁﬂﬁﬁ@r 14{Z-(1H-indol-5-y1)-5-(2-trimethyisilanyl-
142-bromerarteetrirnesnsianidetmxymeti)SHrpyraleléRy RiRwaan-énelim 2-dimethyl-propan-I-on
e for 1-(2-bromo-5Hpyrrolo[_2,3-%%razm-7-yl -2,2-dimethyl-propan-l-onc, and alkylatirtg the final
product iR R LRI RyaRFE SRa-2-pAthesaitotiie yatriBtairddan e RarmsiRyIRsHHRide,
followingygmﬂakﬁ@ompwggfmmgr@m@pmgescribed in these Examples. MP = 271-273C,
(M-11-11 492.
647-(2,2-Dimethyl-propiony1)-51-1-pyrrolo[2,3-b]pyrazin-2-y1]-4-(3-hydroxy-2-hydroxymethylpropy1)-2
,2-dimeﬁi&ﬂ‘ﬁljﬁgenzo[l,4]oxazin-3-one, 25 Substituting 1- [2-bromo-5-(2-trimethyls ilany 1- etho
xymethyl)-5H-pyrro lo [2,3-b] pyrazin-7- yil - 2,2-dimethy 1-propan- 1-one forgl-( 2-bromo -5H-pyrro lo
[2,3 -b]pyrazin-7-y 1)-2,2-dimethy Ipropan-I-one, and alkylating the fingl [ [
and methanesulfonic acid 2- ghenyl-[1,3]clioxan-5-ylfethyl ester in N,N=dimethylkormamide, followed
by deprotection with e | in additions; ods of depr Ectidn as generally described in
these 30 Examples. MB=R71-273C (it 1)- 2. WO 200946644
N-(6[7-(2,2-Dimethyl-piopighyl)-5H-pyrro Io[2,'{ggyrazin-z-yl]-lH-indol-v
Substituting N-(6-bromo-1H;indo1-4-y1)-methaneSylfapamide (prepared

2,2—Dirhethyl— 1-(2-tributylstannanyi-SH-pyrrolo[2,3-bipyrazin-7-yl)-propan-1-one

20 A nuxture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (1 g, 3.5
mmol}), hexabutyldistannane (2 mL, 4.1 mmol), and Pd(PPhs)4 (200 mg, 0.17 mmol) in dioxane
(16 mL) was stirred at 140 °C in a microwave for 30 min. The resulting mixture was treated
with additional Pd(PPhs)4 (135 mg, 0.12 mmol), stirred at 150 °C in a microwave for 30 min, and
concentrated. The crude product was purified by flash chromatography using 90 g of silica gel

25 and EtOAc in hexanes as eluant to afford 425 mg (25%) of 2,2-dimethyl-1-(2-tributylstannanyi-
SH-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one as a tan oil. M+H 494,



treatment of 6-bromo-1H-indo1-4-ylaminc with methane sulfonyl chloride in pyridine) for 6-
bromo-2,2-dimethy1-4H-benzo[1,4]oxazin-3-one. MP = >300C, (M+li) = 412. 5

N-1647-(2 Z{DiivatHibropionyl)-5H-pyrrolo[2,3-b]pyrazirt-2-y1]-1H-indo 1 -y iEE2peE AR ulfonamide.
Substituting N-(6-bromo-11-1-ind01-4-y1)-benzen%§uIfonamide (prepared by treatment of
6-bromo-1H-indol-4-ylamine with benzene sulfonyt'¢hloride in pyridine) for 6-

bromo- ,2-din?..eg1y1-4H-benzo[1,4]oxazin-3-one. MP = 275-285C, (M+H = 474. 2-12-Benzenesulfo
nylami i -fz,2-dimethyl-propionyl)-5H-pyrro lo[2,3-b]pyrazin-2-A- 10 phenoxy)-2-methyl-propionic
acid ethiyP estetetbyibstiiutibgyrrolidin-1-yi-pyridin-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one

1-12-brgmo-5-(2-trimethylsilanylethoxymethyl)-5H-pyrrolo[2, 3- razin-7-yl]-2,2-dimethyt-propan-1-on
o for 1-(O IS B2 B 3 B A TS o P a6 A PG e fina
product Withrpgtéssiunmrieit-Ditaxidecangt didzen eysytfoidyh chiGrice, i0. 2k Nwaishie iy fPdi@inie,
following, general procedyres for depratection as described in these Examples..MP = 93-95C, (M+H)- =
15555, 1ok GRS RS ST Ao L S o e o T bbb oyrasin. .
y1]-2,2-cisnkihy lpropansae neaGSdbstibutibgtional PA(PPhs) (27 mg, 0.023 mmol), stirred at 150 °C

4-benzenesulfony1-6-bromo-3,4-dihydro-2Hbenzoll,4]oxazine (prepared by treatment of

o bromia PRSP Bt ST S ORAHRRrob M PN 26 L0035 6% ith benzene
sulfonytotderitecia 2y pyndide) 665 Bidargm a2, Zdivhe thyi eddibear oldad{okazimiane. MP = 217-219C,
(M44-1( =-.477. o . LA ) , ‘
N-(4-16Eﬁ‘¥ffl£%}8|‘r%%¥ﬁi}’ﬁ ORI S BB SR AR A L PR PO S Sisliframoy
1 -phemdyracetamiden Sobstitiing Md 4¢(G-brbaradlpmettyl IHyipdd L-2-ditauthfanohénylLacetamide
(prepared by.treatment of 6-byomaq=1H-indol-4=ylamine first 25 with sodium hexamethyldisilazide and
oo AR TN Aot e e S TR BT B A G4 e pyricine)
for 6-bréMmdi3 Adimethyl-4Hbenzo[1,4]oxazin-3-one. MP = 275-276C, (M-11-1). = 545. N-(4-
{6-17-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y1]-2,3-

dihydro%egpzo 1,g]oxazine-4-suIlonyll-phenyl)-acetamide. Substituting N-[4-(6-bromo-2,3- 30

dihydro- fl,4]oxazine-4-suIfonyl)-phenyl]acetamide (prepared by treatment of 6-bromo- WO
2009/106445PC/‘T/EP2009/051761 -48- 3,4-dihydre;:ZH-benzo[1,4]oxazine(Bioorg. Med. Chem., 15
(2007), 5912)wth 4-acetylaminobenzenesulfonyl thdmide in pyridine) for {
6-bromo-2,2-dimathy1-4H-penzo[l,4]oxazin-3-one. MP 9\?7 -274 ,(M+H)ﬂmmino-N-
{6-47-(2,2-dimethyl Yoo -SH-pyreolof2; -blgy_rgzin-z-”ﬂ‘l- hyl-1H-i#dol: 5
4-y1{-benzenesulfonaprige. Substitiiting N44(6-bromo-1-n#etRyl-1H-indo1-4-Msylfarnoy1)-
phenyli-acetamide (pigpgdred by treatment of 6-bromo-1H-ing¥1-4-ylaminc first \ ogiD/Tp
hexamethyldisilazide and:odomethane in N,N-dimethylformar, l@with =
4-acetylaminobenzenesulfonyl chloride in pyridine) for =
6-lrome-2. Ayl flrd sk -Aloxazin:3rone. ot ow X Wi MgoHSsgpdium
M A e P i R S i L
ny1)-3,231eiro 2 MmEiEs- Tt AL BieAR-6591% -5H-pyrro lo [2,3-

blpyrazify frH 4, drdimethy eroRanahen 8 cHRSULING: NA b£ S0 M@: 2:3aiNY A1 Gyt solution in

benzo[1,4]oxazine-4-sulfortyl)-phenyl]-acetamide (prepared by treatment of 6-bromo-3,4-
dihydroPSHEn2 STT2]bx A 2i MBS e gV © el ot sV cdpdgdiepy e brown. solution of 2-
4-acetylapinpbenzanessliopyh chlarde imRYHoNe MRK ) in THE (2.5 mL). The resultant brown

6-bromo-2,2-dimethy1-4H-berizo[1,4]oxazin-3-one. ‘
20 solution was stirred for 1 h, treated dropwise with a solution of ZnCl, (163 mg, 1.2 mmol) in

THEF (2.4 ml.), stired at room temperature for 2.5 h, treated with a solution of 1-[2-bromo-5-(2-
trimethylsilanyl-ethoxymethyl}-SH-pyrrolo[2,3-blpyrazin-7-yi]-2.2-dimethyl-propan-1-one (164
mg, 0.4 mmol) and Pd(PPh;)s (9 mg, 0.008 mmol) in THF (2 mL), and stirred overnight. The
brown solution was quenched with saturated aqueous ethylenediaminetetraacetic acid (2.4 mlL),

25 stured for 15 min, slowly treated with saturated Na,COs and extracted with CH»Cly. The
combined organic phases were dried with Na,SO, and concentrated to give 300 mg of a residue.
The crude product was purified by flash chromatography using 12 g of silica gel and §-50%
EtOAc in hexanes as cluant to afford 100 mg (61%) of starting 1-[2-bromo-5-(2-



15 Followed by treatment with aqueous sodium hydroxide. MP = 174-176C, (MHY = 492, 4-Chloro-N- {
647-(2,2-dimethyl-propiony1)-5H-pyrrolo [2,3-b]pyrazin-2-y1]-1H-indo 1-4-y14 - benzenesu Ifonamide.
Substitutin§’R 2f8IHEA46-1H-indol-4-y1)-4-chloro-benzenesulfonamide (pr&pdvedzoystostenent of
6-bromo-1H-indo1-4-ylamine with 4-chloro-benzenesulfonyl chloride in pyridine) for
6-bromo-2,2-dimethy1-4H-benzo[1,4loxazin-3-oné5.3l\‘/lP = 264-266C, (M+H)- = 20 508. N-

{647-(2,2-Dimethyl-propiony1)-5H-pyrrolo [2,3-b]pyrazin-2-y1]-1H-indo1-4-y1
-4-f|uoréﬂgﬁ%gﬂ%f‘%ﬂqmgggﬁgﬁﬁiﬁW—@gb%Wﬂzﬁ?ﬁ 2y 19imsiiskemeasdnesarsAamide
(prepargdiloytieaiment ofbebsomoriiniadidyiamine withddiHorgbepzanesyifpgyichloride in
pyridine .forﬁ-kitqmo-iz,%dimet%]%ﬁbenzo% 4$0§§?zin-3,-one. MP = 295-297C, (M--H) =- 25 492. N-
1647-(2 2 BT Do TSR TS Byt oI 2 S Yy r ARTS2Y T - RRHE= 1P Be-mdirid 450,

xybenzenesulfonamide, Substituting N-(6-bromo-1H-indo1-4-y1)-4-methoxy-benzenesulfonamide
(preparggtireatment of 6-bromo-1H-indo1-4-ylamine with 4-methoxy-benzenesulfonyl chloride in
pyridine) for 6-br%3n§o-2 2-dimethé(1é_l-4H-benzq 1‘,4%oxazinl-3-one. MP = 231-233C, 30 (MH)- = 504. WO
20091 1662REBERA Eplr0dornEaEE- 15 BB iBre-pYrdineyalaioaid lerzin- 7-yl}-propan-1-one
1647-(2,2-gimeshydinripieny,>-LlinpyyelolR 3 lRyrarinmt YiplHdndeldrsLi-amidesS1bstitting
(6-bromo-1H-indol-4-y0-carbamic acid tert-butyl ester for . .
6-bromSEE%WM'J?HFRMQEﬁﬁﬂﬂlﬁﬁ%&@%?f@%%éd’ﬁ? deprsebisriwmimGotdakeétic acid in
dichloramTeihaneifanddhendreadentmithe:ehierednyriding BrpdanFaaride ippwridine, MP =
267-269C, (M+H) = 509. Pyridine-3-sulfonic acid i ‘

(647-(2 FHHB PRI MSHPE BiSSoy A SHOTE B B gabimtesipie apd NeldfudiihRrmfans dbstituting
pytidiner3nslifenit@Eido6-Romexlidrirdat-dyh) ranjidedprepareddny, taatsaenkRki0Ac, and
6-bromo-1H-ind01-4-{ amine with 3-pyridinesulfonyl chloride, HCI salt in E‘yridine) for

6-brom&F SR Ethy | PAEEHERIG P BR AT AR ForbPEt wesnadr At and (i and 1 combined
6-Aminodyridipaaseswitovigraci & 164X -dinteibit-Rremiand) odid-py Hal QI 23s IRV a8 UL - The
y11-1H-indC§1-4- 1 -amidg{.]@%b tituting (6-bromo-1H-indol-4-y1)-carbamic acid tert-butyl ester for
6-brom&-35-Hittiethy Y24 R ﬁiﬁ%&ﬁﬁ%ﬁgﬁe‘?ﬁ?ﬁ depiviecivn WithX¥Rioroacctic acid in
dichlorarfehandsantdherNieamantwih Gchiererpyriging@-subionyl denehloridg i pyridine. Then
using the m thoo{lff und.cifn JQOr .Chem., 2007 %72), 6797 to introduce the amine. MP = 213-217C,
(M¥H) 2AEYEY: ﬁ%’&@ﬁ% m-2ny éﬁ»@(ﬁ&ﬁ 04 213 PIDSTATIP I - N TRTR R L19RS i S lg T olieh DR
[2,3-b]p3sazin3rApvbgan201-one. To a DMF (1 mL) solution of
142-(1H-Indo1-5-y1)-5-(2-trimethylsilanyl-ethoxymethyl)-5Hpyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-pr
opan-l-one (50 mg, 0.11 mmot, prepared as described in Ex. 45, only using the Sem-protected starting
material W28 Sdded NaHMDS (0.25 mL, 1M in THF) and stirred for 20 min at RT.
2-Chloromethylpyridine hydrochloride (21.6 mg,
~

2,2-Dimethyl-1-[2-pyridin-2-yl-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-
20 7-yl]-propan-1-one

To THF (1 mL) at -78 °C was added dropwise a solution of £-BuLi (1.1 mL, 1.3 M solution in

pentane, 1.2 mmol). To the resultant yellow solution was added dropwise a solution of 2-bromo-

pyridine (60 uL, 0.6 mmol) in THF (2.5 mL). The reaction was stirred for 1 h, treated dropwise

with a solution of ZnCl (204 mg, 1.5 mmol) in THF (2.8 mL), stirred at room temperature for
25 2.5 h, treated with a solution of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

blpyrazin-7-yl]-2,2-dimethyl-propan-1-one (206 mg, 0.5 mmol) and Pd(PPhs), (30 mg, 0.026



25 0.13 mmol) was added in a single portion. After stirring for 1 hr at RT TLC analysis (25% WO
2009/106445PCT/EP2009/051761 -50- EtOAc/hexanes) shows a new more-polar product. The
reaction m¥kfPEAR/A%SHBured into 25 mL of saturated sodium bicarbonate SltiF &MU RCted With
EtOAc (2 x 15 ml_). The organic layers were combiped, washed with brine, dried over MgSO4, and
concentrated to give a yellow oil. Chromatographyié‘loz; 0%-13%-25% EtOAC in hexanes) gives
2,2-Dimethy1-142-0 - ) . : :

pyridin-?@@e?ﬁ%%ﬁ?i Aol B9 fmedrysrmiehi B prastionyms ey rSRd gy ff2rated aquoous
b]pyrazinkyhyidiaroparetibaone asia Ceamoi, fatleavivg igenatatidepyatestidnarecadues as described

in thes ples, the SE oyp was removed to give 2,2-Dimethy1-142-(1-pyr. . _

iy G TR ) T 5 B o SR B AR (a JO8: WGP BRI P
194-19669sck0sRre paketvasaboWe) ; and concentrated to give 300 mg of a brown oil. The crude
e e R e e R e e e S P el
142-(1 Hidratesk-8s yh) et (@ uifoetiylsilgriybethokgeathydhbHpyrralaidid-blpyrazdnadndirn srdimpethyl-pr
opan-l-ope for 142-(1H-indo1-5-y1)-5-(2- . . ,

ety T NS L S OB S AR 1 oA ALbe and 15
3-picolyl chloride, HC1 salt for 2-chloromethylpyridine hydrochloride. MP = 225-227C, (M+H)- = 410.
2,2-Dintethypiz £2-(1-pyridin-2-ylmethyl-1H-indo1-6-y1)-5H-pyrrolo[2,3-blpyrazin-7-y1]- propan-Il-one.
Substituting 1424 1H-indot-6-y1)-5-(2-trimethy Isilanyl-etho
xymethyl)-5Hpyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1 -one for 142-(1H-indol-5-y1)-5-(2- 20
trimethylsiIanyl-ethoxymethylf)’-%yn-olo[2,3-b]pyrazin-7-y1]-2,2-di ethyl-propan-I-one and 2-picotyl
chloride, HC1 salt for 2-chloromet yridine Hydrochloride. Mk”"=
2,2-Dimethy1-142-(1-pyridin-4-ylmethyyl:
Substituting 1-[2-( | H-indo1-6-y1)-5-(2-tsimethylsilanyl-ethoxywiethyt)-5H-
25pyrro|o[2,3-b]pyrazin-?-yll-2,2-dimet-fll-bropan- 1-one for 1-[Zt4{1-1-indo1-5-y1)-5-(2-
trimethylsilanyl-ethoxymethy1)-5H-pyrrofsiZ 3-b]pyrazin-7-y1]-2,2-d} yl-propan-l-one and
4-bromomethylpyridine, HC1 salt for 2-chlor, thylpyridine hydrockloride. MP = 267-272C, (M+H)I =
410. WO 2009/106445PCT/EP2009/05176{ -5}- pyrrob[2,3-b]pyrazin-7-y1]-2,2-dimethyt-propan-
1-one for 142-( IH-indol-5-y1)-5-(2-
trirfiéthylSitBmykdthbXyimenydio —ipyrroipf 2 81upyrakin: 2=yl 2.2 dinopthyl-propan-1-one and
methangsulfonic.agid 1- l-pyrialidin-35;34 rfor, 2-chloromethylpyridine hydrochloride. MP =
P S T e R e R T At S T R

indol-6{8BHapyidebio {ea3nblfy rarimdntlopr 6pame] b enSubstitGihg - [2- L )and

1H-indQ1:6-y1)-5-(2-1ri Is jlanyt: eth 5H. b ,

s e RO A, e S RS WMo g
ethoxyrﬂr@myol?)%@\Hibyqbq@?[m@:b]p@frazimm’mgf,zhdim@'thg%tqm&bbh@&o‘ﬁéh@r{dgﬁm\gﬂ@/hﬁapiperidone
for, 3-chlp MBIy PRITING DYHRGNIOHSS, AE SONWD o vernight, diluted with EtOAc, and

concentrated. The resultant residue was partitioned between H,O and CH,Cl, and the combined

organic phases were dried over Na,SOy4 and concentrated to give 85 mg of a yellow solid. The
crude product was purified by preparative thin layer chromatography using 90:9.5:0.5
CH2Cl:MeOH:conc NH4OH as eluant to provide 55 mg of a yellow solid. The yellow solid was
20 washed with MeOH, CH,Cl and Et,O to afford 28 mg (47%) of 2,2-dimethyl-1-(2-pyridin-2-yi-
SH-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one as a tan solid. MP 276-27% °C, M+H 281.

o
Br. N;\ \ —— e
\[N/ N [ A
[t} A

N H

Example 9.



10 methoxide for sodium hexamethyldisitazide. MP = 247-254C, (M+1-1) = 414. 2,2-Dimethy
t-142-(1-piperidin-4-y 1-1H- indo1-6-y1)-5 H-pyrro to [2,3-b]pyrazin-7-ylkprop an-1- one. Substituting
1424 | H-iNte RU8XAYB452 _trimethylsilanyl-ethoxymethyl)-5H-pyrro lo [2,3- B (FRARYEN 102 2-d
imethyl-propan- 1-one for 1-[2-(1H-indo t-5-yl )-5-(§3trimethylsiIanytcthoxymethyl)-SH-p yrro lo [2,3

-b]pyrazin-7-yl] -2,2-d imethyl-prop an- 1-one and 4= 15 methanesulfonytoxy-piperidine-1-carboxylic

e o TR AR A e e e

mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (1 g, 3.5 mmot),
hexabutyldistannaneu®: mikas4Harpsaolitand Re(ERbIU (Rt m, S-Bipyrupat)/ivlioxaasdbymL) was
stirred at 140C in a microwave for 30 min. The resulting mixture, was treated with additional
P (P RS TTAE g (64D ht B A LS SO PN e 36t AFEP onbetiated. The
crude wddiphwaspasiiesd Dy-fasikehirhaegrapnbyiusing 99501 silee gehdb,and EQAL (ndgexanes
as etuant tg afford 425 25%), of 2,2-dimethyt-1-(2-tributylstannany1- . ‘
o Dy b S BB P PO T o i SFASHLABI e was microwaved a
2009/1068 456 ME RR2O0IMO5EEGIxbAr Eample Fitered through a plug of celite. The filtrate was
2,2-Dimethy1-142-(6-pyrrotidin-I-yl-pyridin-2-y1)-5H-pyrrolo[2,3- razin-7-yl]-propgn-1-one A
s o5 L R R e A b S
0.23 mivig{(5; iroenat Gapy reotickinthaybp gridinea( B3 kmgo0:2 3otidn ol hand RAPRHIA)4 & (Rififid, 1:023
mmol) in dioxaneg (1 mL) was stirred Q.C.in.a microwave for 1 h. The resylting mi was treated
it 2O 5 BRI (35 18 L3 A Cifolt APTRTIE T ORI V50 ) e
cohtentrgte-dheigsheleyprodiuptmes [pLNihige by fashy G dnkieghapihyopaind -6 at sikedgel and
EtOAc in hex ty,3 C cutiye purifications by preparative thin layer chromatography using
2:1 hexg}r?lgs:%agzlcs%sﬁgqﬁané’ anJSIg 10%f crystallization from CH2CI2and ethyl ether to provide 1.5 mg
of 2,2-dimethy1-1-12-(6- pyrrolidin-l-yl-pyridin-2-y1)-514-pyrrolo[2,3-b]pyrazin-7-yli-propan-l-one as a
yellow pzagre MytH 350. Example 5. 15 2,2-Dimethy1-142-(4-pyrro|idin-I-yI-pyridin-2-y1)-5-(2-tr ethy
A S ST 0 R AR SRR djonarin -yt 5#1-pymolol2.
bipyrazin-7-yli-methanone.

15 (1-Methyl-cyclohexyl)-{2-(4-methyl-3,4-dihydro-2H-benzo[ 1,4 Joxazin-7-yl)-SH-pyrrolo[2,3-
blpyrazin-7-yij-methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-blpyrazin-7-
yD)-(1-methyl-cyclohexyl)-methanone and 4-methyl-7-(4,4,5,5-tetramethyl-[ 1,3,2 [dioxaborolan-
2-y1)-3,4-dihydro-2H-benzo[ 1,4 Joxazine following general procedures as described in these
Examples. MP 243-244 °C, M+H =391,

20 Example 11,

O
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2,2-Dimethyl-1-[2-(1-pyridin-2-ylmethyi-1H-indol-5-y1)-5Hpyrrolo[2,3-b]pyrazin-7-yl]propan-

l-one.



To THF (I mL) at -78 C was added dropwise a solution of t-BuLi (0.78 mL, 13 M solution in pentane, 1
mmol). To the resultant yellow solution was added dropwise a brown solution of 2-
bromo-4-pYfbldititg44pyridine (110 mg, 0.5 mmol) in THF (2.5 mL). The FESUHRHISWAL20 solution
was stirred for 1 h, treated dropwise with a solutio é’f ZnC12 (163 mg, 1.2 mmol) in THF (2.4 mL),
stirred at room temperature for 2.5 h, treated W|th solutlon of 142-bromo-5- (2-

il AL 8 NG0B ) R E (2 e S AU SGHE 4 b, solution

was quembk:[%ﬂbmmwmmeﬂ- ] e nmtet(afaﬁqld}adldrﬁﬂoﬁl lplls)gaZ&isﬂ;rred for 15 min,
slowly treate |th g Z?a NaZCO nd extract §% CH2 12.The C%g‘l phases
on Tigl) Wa
C E)t of A re sn% THeEfu progégép

WS
were drlea w M

onc%n AR glve
purifiedrbly. fladh:chidM atatsaphy ﬁmﬂg ﬂﬂz@bﬁ@ll@@dbﬂﬂde@h&@%ﬁt@é\bymhaﬁams asd eltmag)t to

affo d 61% |ng 1-[2-bromo-5-(2-. WQ.2009/106445 009/05176]1 -53-
tnrnethlﬁgﬂaﬁ%‘ls E{Fh\'cv))§1<ym Blgﬁ pgi/ Bf)orf? 3p pffﬁ%&lln fl il rcﬁlra}gtfrhﬁ‘pr(é)npl)aa A- ]%Eg as a yellow oil
and 50 ki {26%6) k) 2hdinethyeds M@-¢4piprrotictine: yH}hyrtdfmibyh)iﬁa(ﬂa was poured into 25 mlL
tnmethyl ilan oxymet M9 2 3 b yrazin yIk e I\/I+H 4 xam le 6.5
2,2- D.meﬁhyié{f%zg ]%Irlot%%%% fﬂ %/?IOCIIP - -y % 6%yrro %t%pyra L o?)%lr? foHe A yellow
Solutlorizryferq were combined, washed with brine, dried over MgSO4 and conccntrated to give a yellow

2,2- dlme hy, 142 AL YlsRYidin=2zy - - 2 trl eth an Ie rrolo[2,3-b]py
razin-7- y péopan %’Xgﬁx(%gén()l %PS{ ﬁq/(’n%?fﬁ am?_ Fi Uoroace?&ll)ai%%S mL) was
stifred wubmﬂemtaﬂjiéifmdblhﬁmh&d@ttamdt@mi azﬁmtquesdrwﬁﬂy}t)eﬁ]emeﬂwloez A-suspension of
the resi 03H20 70 m in EtOH as stirre mperature
overmgﬁﬁ’%ﬁ (I? v@flﬁpé?(%c anc é%ncce?(r)\ rategﬁ? %e fesu ?rﬁefnr ue vl\/lacsS B”a#ltglg%edﬂget%hve%n H20
and CHEGI2yang the Sbivilyrre @rgammmsz@sgweré,mﬂhmo&eﬂm2$0pwdmebmnﬂaﬂe&{o give 40
mg of ay The rQ urlfled | t using
A S L e e TR R VI IR

pyrrolidifA-yl-pyridin-2-y1)-5H- pyrrolo[2,3 blpyrazin-7-y11-propan-l-one as a yellow solid. MP 260-263
C M+H 350. Example 7 2,2- Dimethyl 142-pyridin-2-y1-5-(2ethylsilanyl- ethoxymethyl) -5H-pyrro

blpyrazin- 2 ro Eﬁig%ﬂat 780 Was 2 de Wlse a solution of t-BuLi
iﬁ éﬁar%pmn’slo?d% gd 1P Gfg(){‘r]?itlo &r C8CH CIein

in pen esu an eliow <6 uPon was ‘added dropwisc a
solutlon of 2-bromopyridine (60 uL, 0.6 mmol) in THE (2.5 mL) The reaction was stirred for 1 h, treated

dropwisk {01 & isGietion-pi£elia-£204- mgiddSLRmOLs in-fitho (@8 ﬁﬂ;m&m@daa}opmdemmture for

25 2.5 h, treat d with tio -9- |Ian thox 5 rrolo[2,3-
b]pyraanO? }91 2P dlﬁg%lvl prggg’n-%ﬁ@Wé C?g H: %éﬁe&?éﬁg 3%_5‘ r&é BHB26 WO
2009/106445PCT/EP2009/051761

2,2-Dimethyl-1-[2~(1-pyridin-3-ylmethyi- 1H-indol-5-y1)-5H-pyrrolo[2,3-b]pyrazin-7-vi}-

propan-1-one: (M+H)" =410; MP = 170-171 °C;

20 2,2-Dimethyl-1-[2-(3-pyridin-4-yimethyl-1H-indol-3-y1)-5H-pyrroio|2,3-bjpyrazin-7-yl]-
propan-1-one; (M+H) =410; MP = 241-243 °C;

2,2-Dimethyl-1-{2-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl)-1 H-indol-5-y1]-5H-pyrrolo]2,3-
bipyrazin-7-yl}-propan-1-one: (M+H) = 414; MP = 263-265 °C; only using N-

methyipiperidine-4-one and sodium methoxide in methanol at reflux m the first step;

25 2,2-Dimethyl-1-[2-(3-piperidin-4-yi-1H-indol-5-yI)-5H-pyrrolo[2,3-bipyrazin-7-yl]-propan-1-
one: (M+H) = 402; "H NMR (DMSQO): & 8.98 (s), 8.47 (s), 3.1 (d, br), 2.95 (m), 2.73 (t, br),
1.54 (s} ppm; only using N-Boc-piperdine-4-one and sodium methoxide in methanol at reflux in

the first step, followed by transfer hydrogenation using ammonium formate and Pd/C in



-54- mmol) in THF (2 mL), and stirred overnight. The reaction was quenched with saturated aqueous
ethylenediaminetetraacetic acid (2.5 rnL), stirred for 15 min, slowly treated with saturated Na2CO2.
(--4 mL) uMtP pR2E9¢44d partitioned between H20 and EtOAc. The combingd?dF§aiY Bhd¥es were
dried with Na2S01 and concentrated to give 300 n g"of a brown oil. The crude 5 product was purified
by flash chromatography using 12 g of silica gel and 5-40% EtOAc in hexanes as eluant to afford 87
mg (42(1){%%8](11 1 3¢ reflux prior fo remmoval of protecting groups; sqgdi ethoxige 1 anol wa

2,2-dime yi-(14aé-pyr|&w-é-y1-§- -trlme{ﬁ)yf)a anﬁ%ﬁo@rﬁe‘%ﬁ%-pyrrcﬁofiglg]]%)yrazm-si-yl]-propa
n-l-one wsditariagit. ¢ st i il 2 ExetmnipletBano L@ the deprotection step.
2,2-Dimethy1-1-(2-pyridin-2-y1-5H-pyrrolo[2,3-b]pyrazin-7-yE-propan-l-one A yellow solution of
2,2-dimeth 1-§1Aﬁ-pyridin-2-y1-5-(2-trirnethylsilanyl-ethoxymethyO-SHPrT91912,3-blpyrazin-7-yll-prop
an-1-0 X%‘,Pr%g, 0.2 mmol) in CH2C12 (1 mL)and trifluoroacetic acid (0.5was stirred at room
temperature for 4 h, concentrated, and azeotroped with toluene twice. A suspension of the residue and
NaOAc3H20 (29§ mg=2ymmol) 15 in EtOH (1 5 m})jvag=stired at room temperature overnight, diluted
with EtOAc, and,cor @ @8: The resultant residug riitidned betweea,l%HZClZ and
the combined Ghganjc phases were dried ayer, Na2§Q4 and concentrated ta give 85 g of a yellow
solid. The cyd =@ ot was purified by y ' @ Jyer ¢ ro\?%rap ing 90:9.5:0.5
CH2C12:MeOH:€orte NH40OH as eluant t ide g gf a yellow.goligk solid was 20
washed with MeOH, GH2CI2and Et20 to afford 28 mg (47%) of 2,2-dimethy1-1-(2pyridin-2-y1-
5H-pyrrolo[2,3-b]pyrazin-7-y1)-propan-1-one as a tan solid. MP 276-278 C, M-r(H 281. Example 9.
WO 2009/106445PCT/EP2009/051761 -55- 142-(3-Ethyl-pheny1)-5H-pyrrolo

[2,35b]pyragion N lheRy dethynpropan-i-0ng A-reiciewayve tube waseharges wigh- 1 H-indol-5-
1-(2-bromo-5H-pyrrolo[2,3:-h]pyrazin-7-y1)-2,2-dimethyl- propan-l-one (152 mg, 0,54 mmol)
3-ethyIShERSIEEGRIE AT (8 Ty f*o%@u?ﬂr%&emi%)fé(&fp enyishBEpHiRG! |- -2]dioxaborofan-
)ferrocenegjginhtareopalladiveagthr{eBomgnidd42 mmol), and K2CO3 (186 5 mg, 1.34 mmol). Dioxane
(4 ml) and water (1 ml) were added, and the tube was microwaved at 150 C for 45 mm. The reaction
mixture was filtered through a plug of celite. The filtrate was collected and partitioned between EtOAc/
water. Tierdrganimyereivdos e‘fﬁe%f@al,odﬁéé@y%mmé@@a@qma}é&,ba%e%ﬂe&wm givihg a dark

brown sglidy Hhenckbdeprodibivwasmunfied by siica gelchromateaiaphy #sing Aera0%TELOAC in
hexanes as eluant provided 82 8m§ (50%) of 10
[ H

149(3-MAH IR J B pyRtold[303BI S 2R 2 o RBlstRYFRBp At RO ETEEdSetiod's8iid. MP

199-20@1 € M4t 15:808.0% MeOH/dichloromethane) shows two new less-polar products. The

reaction mixture was poured into 75 mL of saturated sodium bicarbonate solution and extracted
with EtOAc (2 x 50 mL). The orgamic layers were combined, washed with brine, dried over
MgS04, and concentrated to give a yellow oil. Chromatography (Si0,; 0%-5%

15 MeOH/dichloromethane) gives 4-amino-N-(6-bromo- 1 -methyl-1H-mdol-5-y!}-N-methyl-
benzenesulfonamide as the less-polar product (MS = 394, 396 [M+H]) and 4-amino-N-(6-
bromo-1H-indol-3-yl}-N-methyl-benzenesulfonamide (only 85% pure) as the more-polar product
(MS = 380, 382 [M+H]). The corresponding boronates were separately prepared following
general procedures as described in these Examples: 4-Ammo-N-methyl-N-[ l-methyl-6-(4,4,5,5-

20 tetramethyl-] 1,3,2]dioxaborolan-2-y1)-1H-mndol-5-yl}-benzenesulfonamide: (MS = 442 [M+H]);
4-Amino-N-methyl-N-{6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl}- 1 H-indol-5-yli-
benzenesulfonamide, following chromatography (S102; 1%-5% MeOH/dichloromethane): (MS
=428 [M+H]).

Example 13.



Example 10. (1-Methyt-cyclohexy1)42-(4-methyl-3,4-dihydro-2H-benzo[1,4]oxazin-7-y0-5H-pyrrolo[2,3-
b]pyrazin-7-yld-methanone. 15 (1-Methyl-cyclo hexyl)-[2-(4-methyl-3 ,4-dihydro-2H-benzo [1,4]o
xazin-7-yl)YsR 2808442, 3- blpyrazin-7-yll-methanone was prepared startfi§{FFEEa08/651761
(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7- y1)-(1-methyl-cyclohexyl)-methanone and
4-methyl-7-(4,4,5,5-tetramethy41,3,2]dioxaborolar -82-y1)-3,4-dihydro-2H-benzo[1,4]oxazine following
general procedures as described jp.these Examples. MP 243-244 C, M+H = 391. 20 Example 11. WO
2009/106445PCT/EP20Q9/0517 -56- To a DMF (1 mL) solution of
1-[2-(1H-Indo1-5-y1)-52(2-®igerethyIsilanyl-ethoxymethyl)-5Hpyrrolo[2,3- g
opan-1-one (50 mg, O} epared as described in Ex. 45, only u He 7 -protected
starting material) waS adg€d NatiMDS (0.25 mL..LM.ig THE) and stjseet 20 at RT.
2-Chloromethylpyridine hydrochlggde (21.6 mg, 5 0.13 mmot) was aflded in a sing{g _portion. After
stirring for 1 hr g#RNJLC apalygfs (28% EtOAc/hexanes) shows a pewmore-polag/product. The
reaction mixture poured ifth25 mL of saturated sodium bicafponafe solutigfirxgnd extracted with
EtOAc (2 x 15 mLy=The organic layers were combined, washed witleb¥ine, dried over MgSO4, and
concentrated to give a yellow oil. Chromatography (Si02; 0%-13%-25% EtOAc in hexanes) gives
2,2-Dimethy1-142-(1- 10
pyridin-R4AraeelopentiiasssIHspyrelop2idrhéahysira iyl ctiiodymetinghpEbp pyricone] 2, 3-

b]pyrazin-7-A-propan-I-one as a clear oil. Following general procedures as described in these

Exampl - as remove, Ve . . .

D o R e S ol e
(47%; M wraio TNHHI M d941196p@)- 161€ oPplnds e pared) usihgrih e Edigidiomaned SEM
remov te desqri -, - et eeers

o (B RIS feid s st fop s b thep comeentrncd to  vllow ol Sjicagel o
= 478; ChINWIROMMBDJ06-8097 Fs)) BediB:(a)ie8) A8 (et)e 6 BO (@ pppiinswhite solid. 'H NMR

22 DIme L4 G BV e Sl et S RIIRBIA IR PR gl rovar-+one:
2, 2-Dinpetiiytt1 A2 Sopiyiidiv-dissmhethy 11t Linde1hBagl }EHysodlok 3vbiyca T it spdapan---one:
(M{tH)' 7410, MP = 2 Y o =

3 ety ARttt 0047 ol Ths coloriess mixigre s st o Shien o o

b] pyraﬁﬁ@%ﬂlrgﬁ@baﬁhbanféé'%mww stioacliR v 2885265 Gf ohlyl esifigdNmethylbiperidiee-4-one and
SOd'“mI‘HQH}géh‘-’ﬂ? i @%QQ %%%Hﬁﬁﬁ%%ﬂ%ﬁéﬁ%ﬁgﬁ@ %? W%TE dé{%]ﬁme of ?7‘;-%;1%- . NaCl

2,2-Dimethy1-142-(g§,-p|per| In-4-y1-1H-indol pyrro yrazin ropan-1- one:

(M+H)sdudgz:, FrkMeRvEDMS):68o8d s BeaTcitradd (o, b 205 1), . 73 el desd ks)yppm; only
using NeBoG-Riners ne s R, SO xide in methanol at reflux in the first step, followed by
ransier Ty Al og g At e S R s A Boooros1 761
-57- methanol at reflux prior to removal of protecting groups; sodium methoxide in methanol was used

in placésfmpliurh acetate in ethanol in the deprotection step.

: O
~

1-[3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl}-pyrrolidin-2-one

y Yy e o

To a flask charged with 1-(3-Bromo-phenyl)-pyrrolidin-2-one (713 mg), bis(pinacolato)diboron
(1.51 g), [1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(1l) complex (121 mg) and
20  potassium acetate (874 mg} was added 10 mL of DMSO and the resulting mixture stirred at 90



Example 12, 5
4-Amino-N-methy1-N41-methy1-6-(4,4,5,5-tetramethy141,3,2]dioxaborolan-2-y1)-1H-indol-5-
y11-benzef@iidrdtiide and PCT/EP2009/051761
4-Amino-N-methyI-N46-(4,4,5,5-tetramethyl-[1,3,gwpxaborolanZ-yl)-lH-indol-5-ylkbenzenesulfonami
de. To a DMF (6mL) solution of 4-Amino-N-(6-bromo-1H-indo1-5-y1)-benzenesulfonamide (750 mg,
2.05m was,added NaHMDS (2.77 mL, 1M.in T and stirred for.20 min at RT. 10 Methyl iodide
(0,153 o 08 T R MR 4 ey MRl TR o Ses T Mk ey e (Lovs
MeOH/dgichitsamethanershawsawiodnhio te sshalar b thectsgdihe phactionsndixtdrevards pB60red into 75
mL of saturated sodium bicarbanate solution apd extracted with EtOAC. ( 0 . The organic layers
were o o B T R Ty e
Chromatogrephy{Sid2] 0266 %15 MeOHAER)6fbehathethg)-fives Jdioxaborolan-2-yl)-phenyl]-
4-aminQ-N-(6-bromo-1-methyl-1H-indo1-5-yl)-N-methylbenzenesulfonamide .as.the less-polar product
e S S B T S B i oy
85% pue)mestHwmybraeepolar product (MS = 380, 382 [M+H]). The corresponding boronates were
separately prepared following general procedures as described in these Examples:
4-Amino-N-methyl-N41-methy1-6-(4,4,5,5- 20
tetramethy141,3,2]dioxaborolan-2-y1)-1H-indol-5-A-benzenesulfonamide: (MS = 442 [M+H]);
4-Amino-N-methyl-N46-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H-indol-5-y1]-
benzengskKlfagamidé;falcwing chromatography (Si02; 1%-5% MeOH/dichloromethane): (MS = 428
[M+H]). Example 13. WO 2009/106445PCT/EP2009/051761
1-(2-cyclopentyloxy-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-l-one A solution of

14 cydhepamiyioxich-¢ 1Cimethidsiankeiboxyatreihyhibitigy/rolo[2,3- 5
blpyrazin-7-y11-2,2-dimethyl-propan-1-one (0.01 0.041 mmol) in 1 mL of dichlorornethane and 1
mL of tzl#%ﬁ?ﬁ%%‘fcaéq cpa?@f&%\%/gg%ﬁ te?d'liggff ] 8%%8%@3&%%& to a yellow oil. Silica gel
chromatography (0->40% EtOAc/hexanes) afforded 0.012 g of a white solid. 'H NMR spectroscopy
indicated that thisjiternediste.mas: thexlenmaldenysa.as duch ohinecdesired: proquct; She solid was

dissolved in 1 mL of ethanol and the solution was treated with sodium 10 acetate trihydratc (0.064 g,

0.47 mmo1). The '¢tor &S PRYa PALes kipprs 8 THaTh &0 ToNtEmPAtG #rhe feidh e haP B itioned

between 5 mL of giiit aretatatanchbiinhanf kraies dbhe Lrganicvaigionag seguentiptly washed with 5
mL of water and 5 mL of a sat. agq. NaCl solution, dried over MgSO4, filtered and concentrated to

0.067 g (57%) of YU IEIGPRRTEAI S-S BIBIZ! DIpsFAARUAS 451y A AR ERIIRAE as a

slightly impure whitgksolicth 12 duxaneni€ thé peptide substrate: Biotin-KAIETDKEYYTVKD

Assay conditions_used are described beiow:

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

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

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

carried out in 96-well polypropylene plates.

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

temperature. Assay steps are described below:

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

concentration of ImM. Fmal concentration of DMSO in the reaction is 10%.



143-(4,4,5.5-Tetramethyl-[1,3,2]dioxaborolan-2-y1)-phenyll-pyrrollidin-2-one To a flask charged with
1-(3-Bromo-phenyl)-pyrrolidin-2-one (713 mg), bis(pinacolato)dihoron (1.51 g),
[1,11-bis(HfhERABAGEPhino)ferrocene]dichloropalladium(ll) complex (12 G EEHEZE bstassium
acetate (874 mg) was added 10 mL of DMSO andéﬁie resulting mixture stirred at 90 WO
2009/106445PCT/EP2009/051761 -59- C for 16 h."The reaction mlxture was cooled and filtered over
celite. The mlxturﬁé) aSt??ii[ gartltlongu at water ag)déd thane ar}glthe org; c phase
was dried over Na258 eredran concentr Weﬂ lon by rom\éfaograp ’(0-1000/
ethyl acetate in hé)@ﬂéé}%fﬂm;bsae%ﬁ}rmigl OAK2, 5nM JAKT) for 10 mmutes

143-(4,4.5,5-Tetr Ir[1 3 | 1)-phen yr |d| -2-0ne Sub ent steps
involved the stang éngé[u |(]:l£13p o%l and A a%?ﬁgggr f)?n{ya onbuﬁ\ti?t si % ?ormatlon 10
Determination of t@ﬁ‘@dofmamu&ﬁmahe {MmhnblﬁaffeEnhymeéMd/[bAﬁBdawbsﬁéﬁﬁ arsedhare
described below: JAK al?gcoerggltncaontcghjtm%n kin aln ég)t;@dlrrlg%trg cn, C /%%EVMM JAICS:
RecCombinant hurﬁa% thase domain trom Ppor(ﬁ ?L 5) 0 pared. *RELdmbinant
human kinasc dorsairedron Md,hp@i@(@at@mm%@m)fﬂfﬂshbsncatfepe}tﬂécmmtiytmmnwﬁﬁéde4 mer
peptide derived fr. Clivation. lqop of J tid strate:

Biotin- KAlETDKE% f&tﬁ’%ssgbe%‘éﬁ‘?ﬁ?%é%%%g are escnfzwdlbe gw TARPIE géjaréleﬁer JAK
Kinase Buffer: SOmeMcéﬁbm{mHei ZylﬂﬂaﬁMMg@mnan@dm@@mg#mmrﬁeAbTh@mwm carried
out in this buffer. t: kinase ac IVI JAK kinases is measured using a
radioactive, end- p%?ﬁtzg gl(/ﬂ:ss%%g% Wit Iltarg(é%ng%]oun f? :@E’H}ﬁ}P The assays are carried out in 96-well
polYpropylene platésil 2% Expermenta-Methad: tAthsforedritrafibng afe firfdhifvthesteastioh mixture and

o o OIS AL S SRR, A s ape e doscrihe Relu Ganwonads or

serially diluted in typically at a 10x starting concentration of 1mM { Concentration of
DMSO in the readiidmiscd0%6ning SOmM 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:
15 3 to 4 washes with 200 ul of 2M NaCl.
3 to 4 washes with 200 ul of ZM NaCl plus 1% (v/v) phosphoric acid.
1 wash with water.
Washed plates are dried in a 60°C oven for between 1 to 2 hours.
70 ul of Microscmt 20 scintillation fluid 15 added to each well of filter plates and after
20 at least 30 minutes of incubation, radioactive counts are measured in a Perkinelmer

microplate scintillation counter.

Representative 1Cs results are in Table 11 below:

TABLEIL
25 }Cj() h-jakB—
Compound

sf21-¢

1-49 0.1522

1-50 0.1548

1-52 0.03242

i-54 0.1579

SYK Assav Information




WO 2009/106445PCT/EP2009/051761 -60- Compounds are preincubated with enzyme (0.5nM JAK3
(commercially available), 0.2111v1 JAK3 (prepared), 1nM JAK2, 5nM JAK1) for 10 minutes. Reactions
are initiate¥ By*8RU Afthtion of a cocktail of the two substrates (ATP and p&StIIBPRIEHAREE N the JAK
Kinase Buffer). In the JAK2/JAK3 assays, ATP an"%ft[le 5 peptide are used at concentrations of 1.5uM
and 50uM, respectively. JAK1 assay is carried out at an ATP concentration of 10uM and a peptide

conceng%ﬁio% ?f SQ&I]\/I. s duPigtiFn z?tllhi% ass i@és%’z‘é%f‘“@fm is 20 minutes. JAK1 assay is
carried out for 48 minutes With A hte enzymes, reactions arett }%ﬂated by the addition of 0.5M

EDTA tbBHikalasorssntrationanf 1Q0mids 1 225yul dafptedninatedwelhplinasoareatransiened to 150 ul of a

7.5% (v/v),slurry. of streptavidin-coated.sepharose beads, in MgC12- and CaC12-free Ix Phosphate
Eutforcl SO g SO Lot AEAe R S RGBS e e LA
30-mindituineubatibn 4thelbeaddaresiaabed indesnyactusmyithcthe dolewing bofersldbiio?Pwashes
with 200 2M Na(Cl. 3 ta 4 washes with 200 ul of 2M NaCl plus 1% (v/v) phosphoric acid. 1 wash
Wit%Watellzrg‘.l]&jlé%‘i‘?e&g1 é‘t@g}%l\%ﬁ)é%ﬂy\ga I RPBEE e SRS TRBURS ey G GFHSF Ricroscint 20
scintillafibss flid iscpddas tecanahsapitaifiBplatemand/aitsr 2oatieastaQdnues higeubation,
radioactive counts are measured.in a Perkine icroplate scintillation counter, Representative 1C50
esuis BT B AB B BB SO P4 LT SRS lpsapied bodds.

Representative results are in Table 11 above,

Assay plates: 96-well MultiScreen 0.65um filter plates (Millipore Cat. No.:

10 MADVNOB10)
Streptavidin coated beads: Streptavidin Sepharose TM, suspension 5.0ml., i S0mM
EDTA/PBS diluted (1:100), (Amersham, Cat. No.: 17-5113-01)
Compounds: 10 mM in 100% dimethylsulfoxide (DMSQO), final conc.: compound
0.003-100uM in 10% DMSO

15 Enzyme: SYK RPA purified, truncated construct of Spleen Tyrosine Kinase aa 360-
6335, stock solution I mg/mlL, MW: 31.2 KDa, final conc.:0.0005 puM.
Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor-
acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB,
stock solution 20mM, final conc.: 5.0 uM.

20 ATP: Adenosine-5’-triphosphate 20 mM, (ROCHE Cat. No.: 93202720}, final
concentration: 20uM
Buffer;: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma , Cat. No.;
H-3375) final concentration: 50mM HEPES pH7.5
BSA: Bovine Serum Albumin Fraction V, fatty acid free (Roche Diagnostics GmbH,

25 Cat. No. 9100221) diluted to a final concentration of 0.1%
EDTA: EDTA stock solution 500 mM, (GIBCO, Cat. No.: 15575-038) {inal
concentration: 0.1mM
DTT: 1,4-Dithiothreitol (Roche Diagnostics GmbH, Cat. No.: 197777), final conc.:
ImM

30 MgCl; 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.ImM B-glycerophosphate, 10 mM MgCly, I mM DTT, 0,1% BSA, pH 7.5



1-50 0.1548 1-520.03242 1-540.1579 SYK Assay Information WO 2009/106445PCT/EP2009/051761
-61- Determination of IC50 of Spleen Tyrosine Kinase (SYK) inhibition: SYK kinase assay is a
standard Ki828%3494¢*adapted to a 96 well plate format. This assay is peFlofFea88LHell format for
IC50 determination with 8 samples which represe[gid 10 half log dilutions and a 40 tiL reaction
volume. The assay measures the incorporation of radiolabeled 33P 5ATP into an N-terminally

biotinylated peptide substrate f?eri d rally occurr hos :}10 cansepsus sequence
(Biotind Ina Dy r O et B R e R B b T oA with EOTA
and the addition gftStEptavisitnicoated beads. Representative results are in Table H above.

Assay plates: 96-well MultiScreen 0.65um filter plates (Millipore Cat. No.: 10MADVNOB10)
Streptavidin coated beads: Streptavidin Sepharose TM, suspension 5.0mL, in 50m1M EDTA/PBS

diluted Exp@dméambMetimdCat. No.: 17-5113-01) Compounds: 10 mM in 100% dimethylsulfoxide

O Il BTSS0S AN D0 Ao, RTK TP, e

construc pl\feoeirlﬁeyro nase aa = STOCK Ssolution
conc.:0QB08 M. Peptida flotinyatecpeptisk:is dariveaiamda, Natuiaky ooguringphesgher-acceptor

consensus sequence (Bigtin-EPEGDYEEVLE), special order from QCB, stock solution 20mM, final
conc.: ds.]c?‘,’/asﬁg%&Srﬁg.g&%‘é%ﬁﬁﬁévﬁ?im‘?&bﬁﬁﬁig’ﬁé HRBEHE Cat. No.: 93202720)final
concentration: 20uM Buffer: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma, Cat.
No.: H-384 R)fiRaheanssniralion: 2 BERESRIA 651011 4x substrate cocktail containing the

DYE peptide substrate [0 or 5 uM], ATP [20 uM] and * PyATP [2uCi/rxn]. After incubation at
10 30° C for 15 min, the reaction was terminated by the transfer of 25ulL pf the reaction sampie to a

96 well 0.65um Millipore MADVNOB membrane/plate containing 200ul. SmM EDTA and
20% Streptavidine coated beads in PBS.

The unbound radionucleotides were washed under vacuum with 3 x 250ul 2ZM NaCl; 2 x 250 L
2M NaCH-1% phosphoric acid; 1 x 250uL H,O. After the last wash membrane/ plates were
15 transferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 pL scintillation cocktail

was added to each 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:

% Inhibition= 100 / {1 + (ICs¢/Inhibitor conc)™)
The ICsq was calculated using a non-linecar curve fit with XLf{it software (ID Business
20 Solution Ltd., Guilford, Surrey, UK).
The foregoing mvention has been described in some detail by way of illustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that
changes and modifications may be practiced within the scope of the appended claims. Therefore,
it is to be understood that the above description is intended to be illustrative and not restrictive.
25  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.



BSA: Bovine Serum Albumin Fraction V, fatty acid free (Roche Diagnostics GmbH, 25Cat. No.
9100221) diluted to a final concentration of 0.1% EDTA: EDTA stock solution 500 mM, (GIBCO, Cat.
No.: 15578¥@3¥P¥i8t4Sncentration: 0.1mM DTT: 1,4-Dithiothreitol (Roché BI4Grdeti¢siErhbH, Cat o.:
197777), final conc.: | m1M 30MgC12 x 6H20: MERCK, Cat. No.: 105833.1000, final concentration:
10mM Assay Dilution Buffer (ADB): 50 mM HEPES; 0.1mM EGTA, 0.1mM Na Vanadate, 0.1mM
/3-glycergphosphate, 10 m C12, 1 mM.DTT, 0,1%.BSA, pH 7.5 WO :

2000/ OUIEBET bR et e lGan s el s e RO ey it
2M NaG®i+dRsqulosphivric axickt E Xperihpentakddathidd sBriw 404noiurhesdouldisfdaBBdituted, purified

recombj n,SYK [0 lL.was WI .1 , of 10X concentrations of the test
compo&%%}tgﬁﬁ%ﬁ%%ﬁﬁﬁ? %'ég‘%%%%ﬁ%ﬁgb%{]% a%%éﬁt)#e&mixture was incubated for 10 mm at
RT. The kinase reaction was initiated by the addition of 104 4x substrate cocktail containing the DYE
peptide substrate [0 or 5 04], ATP [20 *LIM] and 33PyATP [21.1Ci/rxn]. After incubation at 10 30 C for
15 min, the reaction was telminated by the transfer of 254 pf the reaction sample to a 96 well 0.65um
Millipore MADVNOB membrane/plate containing 200uL 5mM EDTA and 20% Streptavidine coated
beads in PBS. The unbound radionucleotides were washed under vacuum with 3 x 2504 2M NacCl; 2 x
250 ttL 2M NaC1+1% phosphoric acid; 1 x 2504 H20. After the last wash membrane/ plates were 15
transferred to an adaptor plate, heat dried for 15 min at 60 C, and 50 ,uL scintillation cocktail was
added to each well and 4 h later the amount of radioactivity was counted in a top counter. The percent
inhibition was calculated based on the uninhibited enzyme rate: % Inhibition= 100 / (1 + (1C50/Inhibitor
conc)’) The 1050 was calculated using a non-linear curve fit with XLfit software (ID Business
20Solution Ltd., Guilford, Surrey, UK). The foregoing invention has been described in some detail by
way of illustration and example, for purposes of clarity and understanding. It will be obvious to one of
skill in the art that changes and modifications may be practiced within the scope of the appended
claims. Therefore, it is to be understood that the above description is intended to be illustrative and not
restrictive.



25 The scope of the invention should, therefore, be determined not with reference to the above
description, but should instead be detelmined with reference to the following appended claims, along
with the full scope of equivalents to which such claimre entitled. WO
2009/106445PCT/EP2009/051761 -63- All patents, patent applications and publications cited in this
application are hereby incorporated by reference in their entirety for all purposes to the same extent as
if each individual patent, patent application or publication were so individually denoted. - 64 - Claims A
compound of Formula | wherein: 5R is Rl, R2, R3, OidRds Rlis C5 alkyl, C 1_6 alkoxy, phenyl,
benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or cycloalkylalkyl, optionally substituted with one or
more Ria; RRib or RicARaunpRuhdlogenao] hydroxy, or -CN; 10R1' is -C(--0)0(R1f), -C(=0)CH2(lee),
-S(Rit), -S(0)2(R11), or -WO) (Rif), C16 alkyl, Cl.6alkexy, amino, amido, C1_6haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, dbhetrocycloalkyloxy optionally substituted with
one or more Rid; Ridis HQR 0,

heterocycloalkyl; R'1lis H, C 1 _6 alkyl, C 16 halhalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; N o

) I wherein:
5 RisR,RL R or RS |
R' is C 4 alkyl, Calkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substituted with one or more R'3;
R%isR'PorR';
R'®is halogen, oxo, hydroxy, or —-CN;

10 R¢is —C(=0)O(R'Y), ~C(=0)CHL(R'®), ~S(R'), ~S(O1(R'H, or —S(=0)
(R, Crg alkyl, C,.; alkoxy, amino, amido, C,.¢haloalkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy optionally
substituted with one or more R'?;

R'is H, halogen, hydroxy, Cy.s atkyl, C,.¢ alkoxy, or Cy.¢ haloalkyi;

15 R'¢is H, Cialkyl, Cyalkoxy, ~CN, Cy.c haloalkyl, phenyl,

heteroaryl, cycloalkyl, or heterocycloalkyl;
R'fis H, Cysalkyl, C,. haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl;
R? is N(R*),;
20 each R™ is independently H or R*®;
each R™" is independently C;.4 alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or
more R*:
R*is R or R*;

25 R*is halogen, oxo, or hydroxy;

R is ~N(R™)y, —C(=0){( R*), -C(=0)O( R*), —
C(=0)N(R*),, -N(R*)C(=0)( R*), ~S(=0)(R*), -S(0)> N(R*),



R2 is N(R2a)2; 20each R2a is independently H or R2b; each R21'is independently C1.6 alkyl,
phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, or het gqcycloalkyl alkylene, optionally substituted with
one or more R2'; R2' is R2d or R2e; 25R2d is halogen, oxo, or hydroxy; R2e is -N(R2)2, -C(=0)(
R2g), -C(=0)0( R2g), - C(=0)N(R292, _N(R2)C(=0)( R29), -S(=0)2(R2g), -S(0)2 N(R2g) 2, - 65 -

C1.6 alkyl, C1_6alkoxy, C1-6 haloallcyl, phenyt, belesoaryl; sietesoaryloxyoaayalqmkyi, Meteroaryl,

heterocycloallcyl, optionally substituted with ong or more R2f; each R2b is independent]y H, halogen,
C1.6 alkyl, C1_ 56 alkoxy, CI -6 haloal )%;e %’gﬁ‘ﬁﬁﬁ%gc?’s"jﬁ]%éeHgﬁﬁﬁ??{cf?i%‘ﬁl@?@f alkoxy,
cl_6haloalkyl, or phenyl; R3 is -C(=0)R8hbstituted with orlR3a iso@IR % alkyl, C1_6alkoxy, phenyl, or

N(R3b)2; 10each R3b is independently H or C16 alkyl: R44is-0(R4a); i r R4b. R4l is C1.6
alkyl, phenyl, benzyl, C _6 haloalkyl, cycloalkyl, hete%%%@c oé?ﬁ%ﬁ%?gé ﬁgyy?%bgtllo eé\’fl)(/j §B%H§K%U éd with
one or fnore R4"; 15R4" is halogen, hydroxy, Gtkogyafky, i@loahaioalkyl, or Cl alkoxy; Q' is phenyl

substituted with two Qia which come together to faun iiRtereeyslic.QiaIEIOFY] £IRG VS8 Moxy,

optionally substituted with one or more Q1 b or Q le;
C1.¢ haloalkyl, or phenyl;

R? is -C(=0)R*,
R* is Cpgalkyl, Calkoxy, phenyl, or N(R**):
10 each R® is independeht]y H or C,.salkyl;
R* is ~O(R*™);
R* is H or R*:
R* is Cp¢ alkyl, phenyl, benzyl, Ci4 haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more R*;
15 R%is halogen, hydroxy, C;¢alkyl, Cy.¢haloalkyl, or C;4alkoxy;
Q' is phenyl substituted with two Q'* which come together to form a heterocyclic or heteroaryl
ring system, optionally substituted with one or more Q'® or Q';
Q'* is halogen, hydroxy, oxo, or —CN;
Qlcis Q" or Q'

20 Q' is~0(Q"), =8(Q"), ~S(=0)(Q"), ~S(=01(Q"). ~C(=OIN(Q*), —
N(Q")S(=0)(Q"), ~C(O)Q™), <C(=D)O(Q"), -N(Q'*)z; ~N(Q )C(=0)( Q') ~
N(Q')C(=0)0(Q"), or -N(Q'*)C(=OIN(Q*);

each Q'° is independently H or Q'¢’;
ecach Q'® is independently C;.s alkyl, C,alkenyl, phenyl, benzyl, Ci.¢
25 haloalkyl, C,.¢ hydroxyalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q'%,
Qs Q' or Q';
Q'¢ is halogen, hydroxy, oxo, ~C(=0)(Q™), or —
N(Q™MC(=0)Q™);

30 each Q™" is independently H, C).¢ alkyl, C,¢ haloalkyl, Cy.¢

alkoxy, Cy.¢ hydroxyalkyl, amino, phenyl, benzyl,



Qlb is halogen, hydroxy, oxo, or -CN; (pis Qid Qie;or 20Qid is -0(Q1e), -S(Q1e),
-S(=0)(Q1e),-C(=0)N(Q1)2, - N(Q1b)S(=0)2(Q1e), -C_g=9)(Q I e), -C(=0)0(Q1e), -N(Q1e)2; -N(Q
e)C(=0)(Q) - or -N(Q1e)C(=0)N(Q1e)2; each Qle is in gpendently H or Qle'; each Q™ is independently
C16 alkyl, C1_6alkenyl, phenyl, benzyl, C1-6 25haloallcyl, Cl-6hydroxyalkyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally subsiiiéerkyvith-ene:r1eansd, QF fietdohis Qldiondb; Qlg
is halogen, hydroxy, oxo, -C(=-0)(Q1b), qr - N(Q1h)Ce=0 (;Blb ; 3Qeach Q'b is independently H, C1.6
alkyl, C1.6haloalkyl, C1-6 alkoxy, C1.6ﬁ‘\§6s}bti}§?§|@§}%ﬁ:é)mr%,_ Henyl: benzyl, - 66 - cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally substitutedeadti(Dhie mriopend @iy halogach@doisy, C; .6
independently halogen, hydroxy, C1-6 alkyl, C1- loalkyl,.or.C1.6 alkoxYl 50r a pharmaceutically
acceptable salt thereof wherein "phenyl substﬁ]a(%é@{ﬁﬁ#\%zg%i’ao@v fé%!ﬁggﬁé together to form a
heterodycliobi hetareaeytically spseptablasalicbdrbefraiterriodinbene tweosGluechditalz oRtietptenyl ring

join to form @ saUyRLGH, RATIAIY AR A HDRAIFARAI NG SYSIE M CORIARINALANR Réfg'ltﬁﬁtom&

incorporating one or more N, 0, or S heteroatoms, the remaining ring atoms being carbon resulting in a
bicyclic ringr&jstéheriberbend samistuiiiore mir et g eraieds oTHEs BRSO iiHg SferEm 2,

wherein R1dsaGinfa 2yl retareiibnierinbutyb: 4 dlkecomeound, of slainbavhereis RigiRiand R2

is NH(R2a), preferably wherejn R2a . ., S
ring atoms being carbon resulting in a bicyclic ring system.

10
2. The compound of claim 1, wherein R is R,
3. The compound of claim 2, wherein R'is Cre alkyl, preferably tert-butyl.
15 4. The compound of claim 1, wherein R is R? and R? is NH(R®), preferably wherein R*
is R* as defined in claim 1.
5. The compound of claim 1, wherein Q'* is Q'®, preferably wherein Q' is halogen or
hydroxy.
20
6. The compound of any one of claims [-4, wherein Q" is Q.
7. The compound of claim 6, wherein Q'¢is Q'¢, Q'¥is ~0(Q'%), Q'° is Q'¥, and Q' is C;.
¢ alkyl, optionally substituted with one or more Q*'.
25
8. The compound of claim 6, wherein Q'°is Q'¢, Q"¢ is Q'%, and Q'% is heterocycloalkyl,
optionally substituted with one or more Q'~.
9. A compound of formula I according to claim 1:
O 1
R
1
N
S
N
N i
30 I

wherein R’ is Cgalkyl, C,alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,

heterocycloalkyl, or cycloalkylalkyl, optionally substituted with one or more R'®;

4



is R2b as defined in claim 1. 5. The compound of claim 1, wherein QI is |h, preferably wherein Q11" is
halogen or hydroxy. 6. The compound of any one of %l_}iims 1-4, wherein Q1 7. The compound of
claim 6, wherein Q1 is Qia, Qia is _0(0), Qie is Qle', and Qle' is Cl. 6alkyl, optionally substituted with
one or more QIf. 8. The compound of claim 6, wherein QI is Q1le, Qle is Q10', andis heterocycloalkyl,
optionally substituted witlrtnemP prare; (21f. 9. A compound of formula Il according to claim 1: 30
wherein Rl is C1-5 alkyl, C1.5 allgpxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substi ted li’ﬁ?ﬁgghé”bcf” A‘@%{@W@L RI'is RiborRIc; Rib is halogen, oxo,
hydroxy, or -CN; RI' is -C(=0)0(R15s -C=0)CHR{R L CH@OIFL-R0)2(3A2Y, o8 (SKHR) (Rif): ST+BRIKY|,

C1,6 alkoxy, amino, amido, C1.6haloalkyl yl, Bheteroaryl, cycloalleyl, heterocycloalkyl, | _
cycloalkyloxy, or heterocycloalk@%i&%ﬁ%%%@%ﬁ%%ﬁ%ﬁggl With %Yﬁégg’rﬁ{&?ea?&%?%%lfsn " halogen,

hydroxy, C1_6 alkyl, C1,6 alkoxj¢era@ledyaloalikyl; exredsciaalkgl.alkylody®atkoxy, -CN, C1,6
haloalkyl, phenyl, heteroaryl, cygloglsyl. QL RSISLQHRIBAN s 1R ML Ritrdn@ alkyh,CRi6haloalkyl,

phenyl, heteroaryl, cycloalkyl, or -
R is H, halogen, hydroxy, Ci.s alkyl, C,salkoxy, or Cy¢haloalkyl;

R'isH, Cy.¢ alkyl, Ci¢alkoxy, —CN, C,¢ haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;

10 R'is H, Cisalkyl, Ci haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; and

0! is defined according to any of the claims I to 8.

10. A compound of Formula I according to claim 1 selected from the group consisting oft
15

1-[2-(2,3-Dihydro-benzof 1,4]dioxin-6-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-3-methyl-butan- I -one;
1-(2-Benzo[ 1,3]dioxol-5-y1-SH-pyrrolo[2,3-b]pyrazin-7-yl}-3-methyl-butan-1-one;
2,2-Dimethyl-1-[2-(4-methyl-3,4-dihydro-2H-benzo| 1,4 Joxazin-7-yi)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-
propan-1-one;

1-[2-(1H-Indol-4-y1)}-5H-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-one;
I-[2-(1H-Indol-6-yh)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one;
[-{2-(1H-Indol-5-y1)-5H-pyrrolo[2.3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-2,2-dimethyl-4H-benzo[ 1 ,4]oxazin-3-one;
2,2-Dimethyl-1-[2-(4-methyl-3,4-dihydro-2H-benzo[ 1,4]oxazin-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one;

6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl}-4H-benzo[ 1 4 Joxazin-3-one;
6-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl}-4-methyl-4H-benzo{ 1 .4 Joxazin-3-one;
2,2-Dimethyl-1-[2-(1-pyridin-3-yimethyl- 1 H-indol-6-y1)-5H-pyrrolo[ 2,3-b]pyrazin-7-y1]-propan-1-one;
2,2-Dimethyl-1-[2-(1-pyridin-2-ylmethyl- I H-indol-6-y1)-5H-pyrrolof 2,3-b]pyrazin-7-yl]}-propan-1-one;
2,2-Dimethyl-1-[2-(1-pyridin-4-ylmethyl-1 H-indol-6-y1)-SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one;
6-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-blpyrazin-2-y1}-2,2 4-trimethyl-4H-benzo[ 1,4 Joxazin-3-



heterocycloalkyl; and Q1 is defined according to any of the claims 1 to 8. 10.A compound of Formula |

according to claim 1 selected from the group consisting of: 15

142-(2,3-Oitfydf8eaEt 1, 4]dioxin-6-y1)-5H-pyn-olo[2,3-b]pyrazin-7-y11-PGRERPARAHIOL -one;

1-(2-Benzo[1,3]dioxo1-5-y1-5H-pyrrolo[2,3-b]pyrazjn-7-y1)-3-methyl-butan- | -one;

2,2-Dimethy1-142-(4-methyl-3,4-dihydro-2H-benzo[1,4]oxazin-7-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y11-

propan-l-one; 142-(1 H-Indo1-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan- | -one;

1-12-(1P|QTndo1-6-y1)-5H-pyrroIo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-l—one;

142-(1HsHHo1; Eiymlﬂrw@pio{@,@ﬂﬁ}@yfﬁﬂiﬁtﬂsy&]p&raﬂmmwm@m A BRRthyi-4H-

647-(2, Eﬁ % gw? ‘3/1) -5H-pyrrolo[2,3-b]pyrazin-2-y1]-2,2-dimethy1-4H- benzo[l 41oxazin-3-one
; 2,2-Di r@i e ﬁ’yi 3,4-dihydro-2H-benzo[1,4]oxazin-6-y1)-5H-pyrrolo[2,3-b]pyrazin-7-ylk

propan H-dl’!lﬁjzyi-(% -[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl}-2,2-dimethyi-4H-
647-(2, ﬁ}r.z E ro g 1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-4H-benzo[1,4]oxazin-3-one;
647- (2 t 3}7%@% -5H-pyrrolo[2,3-b]pyrazin-2-y1]-4-methyl-4H-benzo[1,4]oxazin-3-one;

2,2-Dimethy111 4R Hidnpyrigin-Shidimotiyyil 1 Hhad b-6-61) 3 Hobpy s 0o & Bridiviazing -yiKpepaiinti-one;
2,2- Dlme'{ﬂly 112 1-pyridin-2-ylmethyl-1H-indo1-6-y1)-5H-pyn-olo[2,3-1Thyrazin-7-yl]-propan-l-one;
2,2- Dinfetiy 143N pyridin-4-ylmethy1-1H-indo1-6-y1)-5H-pyrrolo[2,3-b]pyrazin-7-ylkpropan-1-one;

647-(2,Z2DiinetkytyiropiDi§i)-ahbthytrd/D[2 Bblpyrazingdsdi-2 24-tiimatiyl ¢Hbenzofd-Algxazin-3-
WO 20 /10644 P T/EP2009/051761 -68- one;
647-(2. E)wrﬁe]t%yl Hy’l) B pyrrolo[2.3-b]pyrazin-2-y1]-4-ethyl-2,2-dimethyl-41-1- benzo [ 1,4]o

xazin-3 %Amléeﬁén{fy[ﬁ@? A izneciyiepbypiprop) 51y Pyaiiel Y3 dipl2 a anidpyiaziniddyild-2i2-
-dimethy1-4H- b nzo 1 .4]oxazin-3-one; 1- f2-[1 -( 1-Benzyt-pyrro lid

n-3-y1)- B goli m gf—i -pyrrolo[2,3-b]pyrazin-7-y11-2,2-dimethylpropan-1-one; 2,2-Dimethy1-1-

12-[3- (1%@1;&&91;;2,‘8 ’B{tblﬁwddm&@'m‘i‘iyﬁm*ﬂ WGE@%MSH pysipled2i3 7- 5)1} -propan-1-one;
yrazin ino 1647 r r

-b]mazm-ﬁl-%bl{J yl'é&fﬁ Iﬁ?"iﬂA i ehr,%\ié% fttSiamid r)ngg] }éy%(ﬁBBr%}melﬁ}/ 73 ﬁ I3

2,2- D'mﬂmﬂl‘mﬂﬁz—mﬁeﬂfrﬂhn -4-y1-1H-indo1-6-y1)- 5H -pyrrolo[2,3-b]pyrazin-7-y11-propan-l-one; 2,2

D methy3 B el ey 0 ResANSSaIbORALS H Yo I 23 DA 24 b benzol

4]oza2|n
-[7- (2,2 Dimethyl-propionyl)-5SH-pyrrolo[2,3-bpyrazin-2-yl}-2,2-dimethyl-4-pyridin-2-ylmethyl-4H-

benzo| 1,4 Joxazin-3-one;

6-[7-(2,2-Dimethyl-propionyl)- SH-pyrrolo[2,3-b]pyrazin-2-yl}-2,2-dimethyl-4-(2-morpholin-4-yl-
ethylj-4H-benzo[ 1,4]oxazin-3-one;
6-(7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-4-(3-hydroxy-2-hydroxymethyl-propyl)-
2,2-dimethyl-4H-benzo[ 1,4]oxazin-3-one;
N-{6-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yi]-1H-indo -4-yl} -
methanesulfonamide;

N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-1H-indo1-4-yl} -
benzenesulfonamide;

1-[2-(4-Benzenesulfonyl-3,4-dihydro-2H-benzo[ 1,4Joxazin-6-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-
dimethyl-propan-1-one;

N-(4-{6-[7-(2,2-Dimethyl-propionyl}- 5H-pyrrolo[2,3-b]pyrazin-2-yt]-1-methyl-1H-indo1-4-
visulfamoyl}-phenyl)-acetamide;
N-(4-{6-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-y1]-2,3-dihydro-benzo[ 1,4 Joxazine-4-
sulfonyl}-phenyl)-acetamide;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yi}-1-methyl-1H-indo-4-y1 } -

benzenesulfonamide;



747-(2,2-Dimethyl-prop ony1)-5H-pyrro lo [2,3-b]pyrazin-2-y1]-4H-benzo [1,4]thiazin-3 -one;
647-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]pyrazin-2-y11-2,2-dimethyl-4-pyridin-2-ylmethyl-4Hben
z0[1,4]oxaMA-BEsno4ga7-(2,2-Dimethyl-propiony1)-5H-pyrrolo[2,3-b]maz BCT/EP2009/651761
-y1]-2,2-dimethy1-4-(2-morpho lin-4-y1- ethyl)-4H-benzo [1,4]oxazin-3-one;
647-(2,2-Dimethyl-propiony1)-5H-pyrrolo [2,3 -b]pyrazin-2-y1]-4-(3

-hydroxy-2-hydroxymethy1-propyl)- 2,2 -dim -41-1-benzo[1,4)o xazin-3.-Qne ; .
Nepp etttk i b b A e R A e N S T
N-16477(212-Dimbihythplapigayl)-bht:pyrrolo[2,3-b]pyrazin-2-y1]-1H-indo1-4-y11-
benzenesulfonamide; 142-(4-Benzenesullony1-3 4-dihydro-2H-benzo[1,4 -6-yb-5H-
R o T e o R R e D
[2,3 -b]pyrazin2dyddataidethyl-1H-indol1-4- ylsulfamoyll -phenyl)-acetamide; N-(4-
{6-17-(2,2-Di 1-propiony1)-5H-pyrralo[2,3- razin-2-y1]-2,3-dihydro-benzo[1,4]oxazine-4-
Suifony S b e AR i B B s I i (B o
-b]pyrabimz:yddulfonetiivid: 1H-indol-4-y11- benzenesulfonamide; WO
2009/106445PCT/EP2009/051761 -69- .1- , : : ‘
(ot (0 B BRSO 2 RS DR s e b s o
pyrazinZeyids2 2 thetindct -propan-1-one; 4-Chloro-N- 1647-(2,2-dimethyl-propiony1)-5H-pyrro to
[2,3-b]pyr -y1]-1H-indp1-4-y11- be lfonamide; N- . " .
P S R R el e e el e B S
Ifonamiciep iIN~{B47a{Ri2-Dimethyl-promonyl1)-5H-pyrrolo[2,3-b]pyraz
2-y11-1H-indol-4-y1{-4-metho sulfonamide; 6- ro-pyridine-3-sulfonic.acj 47-(2,2-d
ey RO o BB oy T o T e S hohit 1k
{6-[7-.(2y2}-dsir§t.hgd-propionyl)-SIH-pyrro lo [2,3-hipyrazin-2.-y1]-1H-md01-4- yll -amide; . _
fﬁrﬂg%j%égﬁ%iﬂé}% gfé% %f/hj ﬁgﬁj{@%{f‘é{i&@?ﬂ9pr%¥%25%§5}9é/{f%!%1%‘ RRyiaznZay oy 1
hy1-3,MbyéFgLEHHﬁém;zo[l,4]oxazin-7-y1)-5H-pyrroIo[2,3-b]pyrazin7-y11-methanone;
(1-Methyl-cyciohexyl)-{2-(4-methyl-3,4-dihydro-2H-benzo{ 1,4 Joxazin-7-y1)-SH-pyrrolo| 2,3-blpyrazin-

7-yl}-methanone;

2,2-Dimethyi-1-(2-quinohin-5-yl-5H-pyrrolo{2,3-b]pyrazin-7-yl)-propan-1 -one;
1-[2-(1H-Indazol-4-y1)-5H-pyrrolo[2,3-blpyrazin-7-v1}-2,2-dimethyl-propan- -one;
i-[2-(1H-Indazol-5-yI)-5SH-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyi-propan-1-one;
2,2-Dimethyl-1-(2-quinolin-6-yi-5H-pyrrolo[2,3-bjpyrazin-7-yl)-propan-1-one;
2,2-Dimethyi-1-[2-(1-methyl-1H-indazol-4-y1)-5H-pyrrolo|2,3-blpyrazin-7-vt]-pronan-1-one;
2,2-Dimethyl-1-[2-(3-methy!-1H-mndazol-5-y1)}-SH-pyrrolo{2,3-b]pyrazin-7-vl]-propan-1-one;
2.2-Dimethyl-1-[2-(1-pyridin-2-yimethyl-1H-indol-5-y1)-5H-pyrrolo[ 2,3-b]pyrazin-7-ylj-propan-1-one;
1-{2-11-(1-Benzyl-pyrrolidin-3-y1)- [H-indo1-5-y1}-SH-pyrrolo[2.3-b]pyrazin-7-yi} -2, 2-dimethyl-
propan-1-one;

2,2-Dimethyl-1-[2-(1-pyridin-3-ylmethyl- 1 H-indol-5-y1}-5H-pyrroio[ 2,3-b]pyrazin-7-yi]-propan-1-one;
2,2-Dimethyl-1-[2-(1-pyridin-4-ylmethyi-1 H~indoll~5—y1}~5 H-pyrrolo{2,3-blpyrazin-7-yll-propan-1-one;
2,2-Dimethyi-1-{2-[3-(1-methyl-1,2,3,6-tetrahydro-pyridin-4-yl}- 1 H-indo-5-y1]- SH-pyrrolo{2,3-
blpyrazin-7-yl}-propan-1-one;

2,2-Dimethyl-1-[2-(3-piperidin-4-yl-1H-indol-5-y1}-5SH-pyrrolo[ 2,3-b]pyrazin-7-yl}-propan-1-one;
[2~(1H-Indol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyi-cyclohexyl)-methanone;
4-Amino-N-{6-{7-(2,2-dimethyl-propionyl)-SH-pyrrolo{2,3-blpyrazin-2-yl]-1-methyi- 1 H-indol-4-yl } -

N-methyl-benzenesulfonamide; and



2,2-Dimethy1- -(2-quino lin-5-y1-5H-pyrrolo [2,3-b]pyrazin-7-y1)-propan-1 -one; 1424
1H-Indazol-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-I-one; 1-[2-( | H-Indazol-5
-y1)-5H-pyrrolo [2,3-b]pyrazin-7-y1]-2,2-dimethyl-prob2(91-'1 -one; 2,2-Dimethyt- 1-(2-quino
lin-6-y1-5H-pyrrolo [2,3-b]pyrazin-7-y1)-propan- 1 -one; 2,2-Dimethyl-142-(1-methyt- 1H-
indazol-4-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yll-propan- 1-one; 2,2-Dimethyl- 1 42-(3-methyl- 1 H-indazo
1-5-y1)-5H-py Rl R 3rbinvaz itk -propaRy )'—%Elleg})%a%i@ﬂlﬁﬂ]%%’éﬁ@;@i@bﬁﬂ%a%1Y4-'§rl?—tNYAnbthyI—
1H-indol-5-y1)-5H-p?/rroIo [2,3-b]pyrazin-7-y11-propan- 1 -one; 1- {2-[1-(
1-Benzyl-pyFoRassiPPA ¢S ndol-5-A-5H-pyrrolo[2,3-b]pyrazin-7-y1) -2,2-dimethytpropan- | -one;
2,2-Dimethyl- 1424 1 -pyridin-3-ylmethyl- 1 H-indo1-5-y1)-51-1-pyrrolo [2,3-b]pyrazin-7-y1]-propan- 1
-one; 2,2-Dimethyl- 1 -[2-( 1-pyrid in-4-ylmet hyl- 1 H-indo1-5-y1)-5H-p yrro lo
[2.3-b]pyrazin-7-ylppropan- 1 -one ; 2,2-Dimethyl- - {2-[3-(1-methyl- 1,2,3 ,6-tetrahydro-pyridin-4-y1)-
1H-indo1-5-y1]-5H-pyrro to [2,3- h]pyrazin-7-y11 -propan- 1-one;

2,2-Dimethyk-1:[2-(3-pineridin-4ry1-1Hindol- -5H-pyirgl - -7-yh-propan-1 -one;
-@ndoL sy S Bl RO,
647-(2 2-diétriirpropsminylsmdelrkoldh2ebsrypihppdy uinofrsthyrinddzidodpdopativ
N-methyl-bepzenesid Homamids: Rad o7 Bro-AEIRD 14Gh({ dh-4FlmsHM-Rrpiony1)-5H-pyrrolo[2,3
-blpyrazin-2-y1]-1H-indo1-4-y1) -N-methylbenzenesulfonamide. 11. A compound according to claim
1 or 9 wherein Q1 is dihydrobenzodioxinyl, benzodioxolyl, 5dihydrobenzoxazinyl, indolyl,
dihydrobenzothiazémpoguinekoydias dazalyl eptianabyisabstitume i anewaroeseiRld) or Ql' as
defined in any one of claims.lto 9. 2. A compound accordjng to claim r 9 wherein Q1 is indolyl,
cinycoben RS SER IS AHE T B BLIITE it QA A BIDOPER e B
in anyléne dftol&ims 101 to 9. 13. Use of the compound according to any one of the claims 1 to 10 in
the manufacture of a medicament for the treatment of an inflammatory disorder or of an autoinunune
disorder. 1514.Compound according to any one of the claims 1 to 10 for use in the treatment of an
inflammatorAdiseés @é thercotmeenstenvrrilingtdisordee. of the claims 1 to 10 in the manufacture of a

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

15 14, Compound according to any one of the claims 1 to 10 for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.



