WO 2009/ 106442 PCT/ EP2009/ 051757 PYRRCOLOPYRAZI NE

KI NASE | NHI BI TORS The present invention relates to the
wais@nbedmdvel pyrrol opyrazi ne derivatives whi CPCHER200951757

and SYK inhibitors and selectively inhibit JAK3 and

are useful for the treatnent of auto-imune and

i nfl ammatory di seases. Protein kinases constitute one

of the largest famlies of human enzynmes and regul ate

many different signaling processes by adding

phosphate groups to proteins; particularly tyrosine

ki nases phosphoryl ate proteins on the aIcohoI noi ety

of tyrosine \BSk Hbﬂaﬁﬁ: Iy
i ncl udes ne%%ers€#§ZFY%%%g§%qﬁi ESE ro , mgration,
and dlfferentlatlon Abnor mal klnase activity has

inplicated in a variety of human. di seases
The Plieﬁ?ﬂt emieﬁa%%%aé%%@ the usgd |nﬁﬁﬂrPéfff8Pﬂﬂ’Y¥%fqe£?ﬁﬁ%‘fe§ which are JAK and

SYK ﬂhfb%?seﬁ‘ld sé' {nﬂb‘?ﬂ JrAIK% AP &2 u@drh RIR{X réaﬁﬁeth%}’ auto 1mmune and

regul ators of cell signaling they provide a neans
inflacmpdodyatiass] | ul ar function with snmall nol ecul e

inhibitors of kinase activity and thus nake good drug

design targets. In addition to treatnment of kinase-
Proteipkifiageseg@nefitsie e opthedagsedamiss et hymen envymes pnd gpgnbsipsmany
dlfferénrt] IgR%ﬁn& a}frocggﬁséélf gﬁ n%}thlo%{#qa}/e n%og[%satl 2)90t81§1§f rtlcuflzﬂ[y tyrosine

kinasds @haiphbr;@ab ipateing o@tH&eiﬂcdhel oledy oft t@fcgﬁie&esﬁkﬂues The tyrosine kinase
therapeutic interest. The JAKs (JAnus Kinases) are
family iggiudes empbers hnt sanal cpll gEQXth. Migrgignnandeiffaeeagation. Abnormal

klnasé J&ﬁlvﬂ Pg‘sgbeéﬁ‘ﬂ icalédSara VJa’rAi% %tnﬁlx eaé@%l&fm%b&ﬁ‘wéﬁKs

I's pre erentla y associ at W e i ntracyt asm c
autom}mmmﬂ o ioflardmatrgtiBeys. Cknoeegrotemdphoesarg Anong tlmkﬁ:y regulators of

cell s1%g{u ngllfeéfcprp % g\%?e%as %Iﬁgﬁﬁ'ﬁat‘ﬁl %]i lﬁ]”gf-lrlggtab\]niA\g}sﬂe F@ft]i molecule inhibitors

of kinSde@Ra i EhdMu PRARP E&fdydrﬁ% UBGeif Wk Q. M ad BEEPIAF S rh&Rf kinase-
per se,” are devoid of intrinsic kinase activity. This

mediafsdatisshenr betsienselsasiat end eﬂmewbm@mblbutw orkindseactivity are also useful

. receptors f nol ecul es. k .a A
for infe§ifoR 7 et iaf e OB A RARGHDiRor S s PlytviBRs o
therapaiiit infe@egphosphoryl ated JAKs bi nd various STAT
proteins. STAT proteins, or STATs, are DNA bi ndi ng
proteins activated by phosphorylation of tyrosine
The JAKs (JAres Kinasds fann e fanoity bfodytopdssnsic gradin mgosme emabessndnding JAKI,

J AK2H&E§ g{ﬁ@%@g %Fa]itg {]il? J Stlg lgrteﬁqreéf%tl]éragsoggatedt \glﬂ? ﬁlecﬂltfrzilc%/toplasmic
rti ﬁ)bteisb@ﬁe dyRSIPRNRLYR0G LD, ReS ARG 06 (8998), fp2098)3229 - The JAK
PO A oy e e k18 (& 8. 47 ¥ The JAKs

ergy
are aCSVzgﬂhfqllnylﬁwlsgdnéé)rmdllirg)anddatt@tb SIgnahhe byrptipsrthionyatorfe aysakyne
receptq g t. per g Vor'g SIS 1§1usC g i al i gil ST aftt'l?)gacfeates
Pg{j ‘i‘n’ﬁﬁm‘é HF SEAL ST TR SN A5 B an PBgP AT
dockifigdiR6 bh @ik, reSebtérs 28 dler2B618c1¥ %w&mprotems (signal transducers
PCT/ EP2009/ 051757 -2 rheumatoid arthritis,

and acgiypiors prnecringioar and e pRepEPLYlate) M ping|varigey SFATipgoteins.
STAT;% ?@'ﬁJs o PST A"P ﬁgpel bf&%aﬂgdmg %PS%&H gcgdvgtewyl Iﬁ’l%%h%&ﬁgtlcﬁlu&ﬂyrosme

kema a
residues, and function both as s1gnahng molecules and transcription factors and ultimately bind

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

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

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

such as allergies, asthma, autoimmune diseases such as transplant (allograft) rejection,
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Thus, the JAKs and STATs are conponents of nultiple
potentially intertw ned signal- transduction pathways
W@ @veogawz 19 (2000), pp. 5662-5679), which i nelCT/EP289/051757

the difficulty of 5 specifically targeting one

el ement of the JAK- STAT pat hiday without interfering

Wi th other signal transduction pathways. The JAK
rheumitoi@ Si@isritis, BRlyorgdphic A, scler@isadndmadtipleclexsisesswell hdin solid and

primary | eukemc cells from chi]ldren with acute

hematplpgigapligiansies sush e fukemiammd yapheBismon f or m of

chlldhood cancer, and studies have correl ated STAT

Thus, %O]Ipﬁ “%%Wﬁ%%tﬁ%gﬂ&zﬂfsl (gfl n\q{iﬂt[lh S %)n%a]ﬁ% }n%,grg% %nal—

transdBtt®n p aﬂﬁvé‘y@l@n@ogeﬁbj 9 arudey, ppt 5@62—56'(9])9&K1)ch nﬁh&ﬁé’& the dlfflculty of
89: 4146 Kaneko et al. 1997), din. Exp.

specifipgly taggetingdne glegnak ahtlie éAL{t—S AT Haj_lg;g@ without Bﬁtgﬂfermg w1th other

3- 8). They are al so known to be

Sgnd@aﬁﬁh§ag p?%%égnphocyte differentiation, function and
surV|vaI JAK3 in particular plays an essential role

The JAK Hlﬁ‘a%esf Mﬁdle%:mks | HERORRMEBSex JTRGED Qﬁgﬁg&y 1AREmIB& s from
cel G ven the inportance of this JAK ki nase,

chlldrcmwpb @,nldg lymphqblasgﬁ lemtbduiaaﬂ@ mdre cMopéom;ag/chﬂdhood cancer, and

. 1hcluding.t elective f ul for .
studic et Oriathocd CEAT G Goh Y i el B SreRERAb: mnPhgsis
(DembdlIHRNAL Y(1686), VRLEICRNBIELS 16:271078Skurle®ddr St 41S (19970) BIGEd. 89:4146-52;
(Kudlacz et al., (2004) Am J. Trans | ant 4:51-57;
Kanekorei (PR CHod3sp. é@n@ﬁc@%tﬁé—%am=;kam%ﬁoﬁlsﬁl8%@ {.@Biol.

Chem}l\'g"el(::?%K‘%a{< Ig)ﬁtgggg z’lr%falsopﬁogx/jl}%% ??Eﬁﬁ‘%ﬂ) fof %ﬂ!}%té 8&{69{ntlgtlon

functlbloalbi‘sdrheﬁlapzeﬂti i phrtiyulasthyd an e’i;@d:nﬂﬁl':‘rolé mukefination of lymphocytes,

é nphoma, 20 transplant. rejection pancr eas
macropBagss. andapaspredlse Giien dbg inportapesmef th!érl Ag%mﬁsgngwwds which

o R 180 0B 5B LU AR, Al o
diseas¢eomgronditiag$ Wimare thé fumcgorc off lgmplhbcm&), maﬁmpﬂagdsmrsnm cabs is involved

oGS SENSHD R LADLELEL 22,80, G e dsrussed d0.os o,

Condﬁl@ﬁ@‘h'\%’lﬁbﬁ/ta@tlﬂg 'o? ST AR PARWRY @f‘m@ﬁulﬂ‘i%@-@f HAKEKARRases,
2, JAK3 has a nore restricted and regul at ed

paruc@lxm 8KBorre cvweme‘eaéedstol’ae t@emeu@gakkauseﬂ]mz:mdeymy:eraraelymphoma
transpgﬁ?llfgajebcg%g ;’f;? %E{)zﬁ[}gctg ﬁsé?t%%agmﬁglﬂﬁejrggtgogpgﬁﬁf? @gﬁr? K?fransplaﬁc’[ applications
(e.g., $18RBRERE-hodhHeRasd) NRitsifdie dieayes (&gl laBetes), 0d @KhRMEnation (e.g.,

t oki nes whi ch receptor was shown to

ignaling for c
asthm@,aq?]@rgl@rqggt@qsh é/@émﬁ Wélg:llp,ﬁ@n dregiH foy iphipitiqn of JAK3 arg discussed in
5 and IL-21. JAK1L interacts with, anong
gﬁawt#ﬁ%lbhbrﬁe receptors for cytokines IL-2, IL-4, IL-7,
IL-9 and IL-21, while 30 JAK2 interacts with, anong

Howe%ﬂ"ﬁqrc%ntrﬁﬁ% IRGERLAS ubRhitbks ec% ?é%gioﬂ_ NE7 RKP hﬁ\KiJQﬂH‘TﬁtE JAK3 has
bi nding of certain cyt oki nes o their receptors

a morg gesyyicted and 2egylated expressipn. Whegeas spmg 3AKsdJAK QJﬂK2 Tyk2) are used

recept.or, WO 2009/ 10 .PCT/.EP2009/ 051757
by a vy GOk G PR RE FORPSECINL It SSHTHG PHOTHE gt Fpfa i n thei
receptbl JAKDftha@sHes | fpﬁiy@@ rdIBKn kitoRine sidaglindfor BYtOKi@BS whithQeceptor was
proximty and facilitating the trans- hosghor | ation

showrgip Qagﬂ't@quﬁglerC@mrmpegangﬁa elppan; J M2, Wi-hdbel, L -15 and IL-21. JAK1
1ntera<gt%wi %gg@aﬁér&l tﬁg ké?:@ptro%sf‘& I:yc‘tokﬁlle; fLe—2,alﬂ—Jl,\1ﬁt7, (i’ﬂ—9ogndtlﬂ—921, while

JAK?2 interacts with, among others, the receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., [L-2, IL-4, IL-7, IL-9, IL-15 and IL-21), receptor
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Ani mal studi es have suggested that JAK3 not only plays
acritical role in Band T I ynphocyte 5 maturation,
wheaoottas2 JAK3 is constitutively required to neCTERIONI/T51757

cell function. Mdulation of imune activity through

this novel mechani smcan prode useful in the treatnent

of T cell proliferative disorders such as transpl ant
oligonet] Zatibn 6¢tud) ﬁesaumgilmndart@tdjﬂa&ﬁas esls of Asspeibfet JAKakinastAKSEing

has been inplicated in a varie of bi ol ogi ca
broug]r},trlg‘gpdgg@glltypé]fi fég&la%pé thettrpas- pbpmhp*y@t&nl A gyrgﬁae residues on the JAK
klnaseS YhiIt aﬁg r}})ﬁf)Wlﬂﬁ)n'@ﬁﬂts G2} e%chgﬂﬂl)‘ﬁ%q t}p:yJAI%klhag@d I'L-9

have to be ependent on JAK3- and ganma

chai n- S|gnaI|ng (Suzuki et al., (2000), Bl ood
Anim&&twlllebdradd ested N48J AKS oPdY plags & tHEtaAkole @h B 4n8 T §Ephocyte

receptor-nedi ated nmast cell degranul ati on responses
maturgthgsy, gyt tix@; Jé\tK?ms conS(tlilgg\@}y regp@@ﬁ@mlalgagbﬁygll fuymegon. Modulation of
immu% t}?rg 7%h8%Yst I?OV% I’neapa?ls%‘m P b}%rg @seﬁfl n t]nA K%ahae&%%? T cell

as 0 preve persen3|t|v

prolifd’r&ta\&t dlmsers sl asdtalnq)lamaajbytﬁcapmﬁi au(d]zﬂﬂrrﬁi\nb Vidsesdes. aI

(1999), J. Biol. Chem 274:27028-27038). JAK3

i nhi bition has al so been shown 15 to result in imune
In partsi@pm SAKB dins baon imipliogedinta vae‘jee}coﬂ lwalogkiak Menesse{szﬁatlf)xample the

33.3268- 3 J ve.al s
protfqsu G Pidsn S S RTE R SRR PRSI0 1149 BaF Py Sl o be
depenliétt ®n JM@Q afd gﬁmﬁﬂa%ﬁaﬁats@grﬁhag tduzuki & a( M20b@), Bleddrver21g2-2180).

al . 2000) | munal . 164: 3894-3901); famlia
JAK3 alfsycpﬂ% @rﬁr@cmlapl@rlaﬂg%tqcewt@%m@d(am regpt g¢ll degranylgippoysponses

(Mala? a :jnlg A I%Ch%%gw@s Co%ﬁ%%ré%Sééé?—S'l?)gggmnﬂlbltlon of

JAK3 kinkS6RasItz82 showiy quﬁrbﬁenz 6/ pt U mgpérdasitivaty fredciiond, inkdedhd anaphylaxis
Iynphona§5N|eIsen et é%lQQéh Prac. Natl. Acad.

(Malagyp et thgAL9GA g Pt @17%’9)274' 8288383l AR imhikjtienhs glsabeen shown

to resif 1nqg1tn%un(ﬁislg§%%sésloért fog1 W%ﬂt éé%?%n?%?m@fﬁé t%é((}-b 16 Transpl Pr)oc 33:3268-

3270)JA83 klmlaa;dSIhIaw ssabeenusplivited nethe mechamsm 1nvolved in early and late

sagesioTAHREIARRALTOH, (VIOPa.Acho bl 00 by perunt huhrapan:

famlhé‘lrslrﬂdtltobﬁlc 1REAN bASLSis (THREetlal. di2BDEY, BoARS Blgﬁhys Res. Commun,
conpl i cations from di abetes, cancer, asthma, atopic

267:22486 Irdeuikeing (Sadbesikrarahe 1998)r Glin. GinserRiesr §;1569-4 8821t myeosis
. Al zhei y ' .
rneo B4 o B P RER S P LS PAC AR Acad Sci Ui

94:67 64TV SAHIULAS Fh D Re MR veth R desli, ()78, J. Immunol. 159:5206-5210;
Non- hemat opoi eti ¢ expressi on of JAK3 has al so been

Catletr-Eglgpneet al. o IO R®u Amupsy 1914831dhal  si gni fi cance of
this has yet to be clarified (J. Imunol. 168 (2002),
J AK3$@Pbm§§g %eﬁfsgtzl Eat%(}:/\aﬁg?%g}uagﬂlpg%gm?g %éfg}\}/\s/ tIor ar?;?lg tr%ggp?ants, Xeno
transp?a(ﬂ@a%og %Eﬁs rﬂlﬂtlﬁl@ SEBro Ve I%Q%ét%%ﬁﬂ%tlpqyoﬁgﬁg Q5 Yfapétes and
-4 unlik (g hat JAK3 has essential non-redun o
Complﬁqahena foers diabetss hanceri sglues amplqadg‘angtls,ra@m@mumn thyr01d disorders,

ulcerag}(gééh I8 F%ghfng S streggelr, éiqugﬁﬁ?rrslcﬁﬁ:flf OS u% c? S@ler indications where

immuB¢sappletdich wogilNHesletifdle.act on nDIecuIar targets with
expression limted to the imune system mght lead to

an optinmal efficacy: toxicity ratio. Targeting JAK3
Non-hgoatapoietih ek presnien oﬁJhPeKﬁ kdsi dal begn Sepoitedralihomgmee functional

signiﬁﬁg[ﬁ{%r E?}ﬁg ?ﬁ%ﬁg o B ¢ ﬁ%d DERaed i 18 280058 27894845 Bhocause

bone marrow transplants for SCID are curative (Blood 103 (2004), pp. 2009-2018), it seems
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responses) without resulting in any effects outside of
these cell popul ations. Although defective inmmune
w0 epomses have been described in various STATPCFEP2009/051757
strains (J. Investig. Med. 44 (1996), pp. 304-311;
Curr. Opin. Cell Biol. 9 (1997), pp. 233-239), the
ubi qui tous distribution of STATs and the fact that
unlikel nhae] AB BeLd secntiabadn-ddydamt fuhcaeid iviother tibaikes 6D©Hgdnsb €lence, in

tar%eted with 10 small-nol ecul e i nhibitors
¥

contragioiiith PYHGE BERSL OO IRETINORERPr&EIvE dryssnthg seskidsieq %@@Pgow gFJAK3is
B e G o e T
might Beadab bn opaletticany: tbm:n)yl gdmoBCRgsuu@g’IMKBl gfouHYKlebE{fomn‘éleoretically

ﬁ activated upon bindi.n ghos hOﬁgated BCR. .and t hus

offer impyne RPN WAFF ! i8] a?ﬂefi Gt FRYRAF PR I immune

respori%%)'vylﬁfo'u@fésul%g%l Qfgféfﬁécesruutél& &%ﬁes%%e%epahﬁo@nzxﬁﬁaﬁg\h defective
bl ock in B-cell devel opnent (Cheng e

1mmu@678¢8130@68 h59 $>eeﬁrdﬁrsnlebedem vatious SEALY estr}m& (ZQ@veSIIQQM)ed 44 (1996),

pp- 30%— Fé nhl(geélgélgg 9459%?{ %%{‘?};‘)g%h% tllg}\llﬁﬁﬁ%ﬁféstrlbutlon of

STATda6€ aﬁﬁaéthm Wigdte int Seids@8dkSen@imatié SaRvity BIREYould be targeted with
production. In addition to the role of SYK in BCR

small-giodeeals inbibiae Bs eentribated fo deir gan-splectinsas ks dgrseta fi ey

. i.n. FCccRI rmedi ated mast cell degranul ati on and

Hmﬂué%%? e%ﬁ?ﬁ activation. Thus, SYK is inplicated in 20
all ergic disorders including asthma (reviewed i n Wng

SYK tple@h Ty@%ﬂﬁrﬁm%) 0 d M%éﬁogy%&ﬁle]lgm%é%at 2004antia SO B-cell

inds to the phosphoryl ated ganma chain of FccRl via
activatiems thgphd¥R isrenalimg] SYK besoswractisiated apordondios te pimsphoryated BCR

and thiy OGO Y i i e s Db E B R g BlipnMich & Bienjn SYK

exhibié &g eanUblaék BINB-call a6Vl sHMine (@kdnd 2RI NayirOBT80 B EODSI T\ @fer et al.
(Costello et al. Cncog;wabls 2595, 1996). Thi's also

Naturgy3£3: %%ﬁ9gﬁo%erpf9fe i of %%K@n@g@rﬁtcsacgglty Hygells is proposed as a

ucaumglYoP oSy Aot sty S gt TRER e By,
SYK anti sense ol igonucl eotides inhibits
In ad@Abh 88he O WUESYK AFBER rs@nh@r%eiﬁfd BReBLaRRRbA St A8 plays a key role in

neutrophils in an ani nal of asthna (§tenton et
FceRIanediared mastregl]l deganuloten andzmgl))phgw(ix@g’f)jl.éf haigt SYK is implicated in

alere E AR iSSP iRl S pRE Rl et Gitn T RER Bues 13:743,

2004) 99Y R3ds t8 @hos e yiafeac@mn@aln MC@RW@ ils'HHDd dridifs and is

of SYK will 30 be useful for treatnent

of
essentigl firdgyoiswienie signalitee vt ora). Mok SeleBialnki-4idion95). SYK deficient
mast c%ﬁg {iﬁﬁons\%&%@e%w g %ﬁg&}gﬁﬁgﬁ%lg 5 1121% and c?to ﬂl ec,er\éﬁon
& nunmerous cond t1ons at are conte
(Costddleree hl. Onoygdne dat25081 1996y Athid 4lgp hawtheeth @ltdvﬁﬂfo@bhmh@cdwglc agents
and/ or SYK pathways it is imredi ately apparent that

that infikif BkF6tHgs!n A eeliddamameta phel &n%a@ma@mxg&%hﬁmé%l 174, 2003).
Treat & anit‘?gsdnﬂi en¥Sb hbl%%@d&?ﬁfﬁ&%&lﬁ g@w ugecpfn%‘ft'rgﬁ)n of

erapetlc enefits to evarlety of
eosmqpaﬂs et seutiPpbils ded ahenaimodat ef axtwed (Serpyn etoll olplyraaiaid 69:1028,

2002) Sﬁ ]lg\l,/ga%lgl\régtg%qs%p zllis]ogshtj)%/ie%ngp%tﬁg ggunvt%?% H&%ﬁ%é ?o csk stimulation
(Lachm{ﬂﬂ%fﬂele@m BlooliAt: 250652/(b€)d§|1‘}%§&§re RAkN hiowcare! Mhl%i%ﬂ%,of SYK will
and are therapeutically useful for the treatnent of

be useultior irearmaet cnpdeignfindured iftaynditoradissases including asthma.
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The novel pyrrol opyrazi ne derivatives provided herein
selectively inhibit JAK3 and are useful for the

wWQ e@atiawt of auto-inmmune and inflammatory di SPEEER2009/051757
The conpounds of the invention 10 nodul ate the JAK
and/ or SYK pat hways and are -Gseful novel
pyrrol opyrazi ne derivatives for the treatnent of

In vieRWif Ghd mamureusadvaditivhl amraieebytediptRab®Senwlitedyetrdatment involving
preferred conpounds selectlvel inhibit JAK3., For

modulayienpf we JpKeandmfpoUhasthypys e W%@%ﬁpﬁﬁrﬁn‘i thi N5 compounds
that m%éfﬁete%q( %ﬂfﬁor SM? ﬁffv&;btyﬁ h&d Ienref gs PR RS @Unﬁ)oun%is hould provide

ctive for JAK e JAK I nases and are use
substannwletherapeyltm blengfits v weledarietyadfi paesntﬁ dirotiied hareiatanendvel
aut o-i nmune and i nf] anmat or

pyrrolgpﬁrflﬁgﬁ: HJH‘I‘lVéthIEE T Bﬁfhlﬁé hicatpen q;fé:op Eﬁsf ii'n \}]ﬁ'hslﬁlag;lrgeting of the JAK

and/or! WKQJattha/;\K%r ARchidANEs JABF SYR 191&@5%@ rp’aﬁf&ma@@mq«m d8d are
are selective for JAK3 of the JAK kinases, and are

therapgetedallly usefukfor ghertreatrognt & 2itngmneimeiad i flaszmétory dibeases.
treatnment of auto-immune and inflamuatory di seases.

Simlarly, the conpounds, of the invention naiAinhibit
The ngwksyraﬂlapﬂrﬁme d%@tléphpr@w@feé ek teleduehy dahibit ¢AK3 and are useful

for thest% %%Eﬁtvo? atl L m]rﬁi}ﬁ% a‘ﬁfd %ﬁﬁnﬂl%r%glg gs? ’Tt hﬁgg%lg&ﬁldg %?ftﬁél 1nvent10n

novel pyrrolopyrazine derivati treat nent
modulafe thelf AKiamdion & Ydhpathwhyscamdat©nsefdimoeelgesrolopyiezine derivatives for the

treatm%g{) étj a%?qt#n%glu&%ow dﬁgmgﬁgq? }%ggsgﬁgxt egg?lrrl guglffz:irlfgfi co%_p%ugg selectively
inhibit IS, Bbkklampl ORI codlgeaNds ofﬁﬂ@ﬂ%lsntlcﬁlerﬁgﬁ/ InhidHeL AL PREYS YK,
cycl oal kyl, heterocycloal kyl, 25 or cycl oal kyl al kyl

wheregppretsngt Icymsgmgtswrmeé@tw far Jovks3 @frthﬂﬂyi\E kRhaes Ridearg gseful novel

R b Ric, Rb d , -CN;. V
POl e i et 2Rt o B OS] GG 75 90 S g e IR Py fiytases
FurtherfabreOfelddtigoahds ofSﬁBianEmtlo'lﬁﬁ@ Hh®i) JARS andS(AR), Wlﬁeﬁ"élﬁ)preferred

| ower al kyl, | ower al fé{ am no, am do, | ower

compgydds) algeksy][ectlmf@ﬁ)}AK?) o &l ﬂ(y]asesew ngplp@fpl’ novel pyrrolopyrazine

. e .
T
compdunde lod ,1n\5:nﬁ’b1d ma§ 11|1'1|11b1|ﬂ ahsgeand J A}(dt oXyreid prefeired |c51y1k)ounds are

| ower_ al koxy, —or | ower haloalk¥
selectlve forJ AK3 of the JAK Kkinases, and are useful novel pyrrolopyrazine derivatives for the

treatment of auto-immune and inflammatory diseases.

The application provides a compound of Formula I

O
R
Q\_ _N
\[\I\\?
2
N d

I wherein:
RisR',R% R’, or R%;
R' is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R'?;
R'%is R"®orR';
R™®is halogen, oxo, hydroxy, or —-CN;
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Rieis H Iower alkyl, |ower alkoxy, -CN, |ower
hal oal kyl , phenyl, heteroaryl, cycloal kyl, or

whedenoayr| oal kyl; Rif is H |ower alkyl, | owePCT/EP2009/051757

hal oal kyl , phenyl, heteroaryl, 10 cycl oal kyl, or

het erocycl oal kyl; R2 is N(R2&)2; each R2a is

i ndependently H or R2b each R2b is independently | ower

al kyl , phenglis het-2»)aRY), ~Cexo)@@(RYD,—S(R'), —S(0)2(R"), or —S(=0)
heterocycloal#yl or heteroc¥cloalk yl alk Iene

optional 'y dupsiaves byl upver allaxyenaingr apsie 1pwer hajeadkyl, phenyl,

Nigd egiugdastty demt B S,

- N(R2g) C( @éteﬁ@g@loalkﬁ@s@lﬁ(mﬂy ,subsﬁ(lﬁf)cﬂwuﬁ(bnéxl()ﬂﬁgje R,

Lg}l\g{ OZL l;|y| het \gﬁoalls i;-r gxlzégerb &mﬁ@éyil}g?vgi g?éyl 1 heef\ rzllﬁmxy, or lower

heterocycloalkylhdogﬁ§ponally substituted with one or
nore Ref; each Ref is i ndependent |y H, hal ogen, | ower
al kyl, |ower al RGxyH, Ilqwmalkl’yéllgwbmglkOX}QSCéTabilwaRélgloaB(yl phenyl,

independently H, . | ower | owner
hal oal kyl , or phgﬁyﬁoaryﬁfycg)alk& @ﬁﬁ{a é@%ﬁéfﬂs | ower
al kyl, |ower al k¥ HP RRVEY lalkyBloWeriRaalicyl Gt iyl Rh&broayl,

|ndependently Hor lower alkyl; 30 R4 is -Q(Rd4a); Rda
|s H or Rob: WO ombeoyldeadetaveeycpioto/ 051757 - 7 R4b

#q%ﬁi aIkyI phenyl, benzyl, |ower hal oal kyl,
cyc Q heterocycloalkyl het eroaryl, optlonally

SubStIEaﬂl&?ﬂzamlhﬁbpéﬁ@erﬁl@/mfﬂ% Ric Roc is hal ogen
hydroxy, |ower alkyl, |ower hal oal kyl,

or 5 1o
al koxy: @ paé:h&c psdgfiwpdeltt’lyépwgq q,yéﬂyphenyl heteroaryl cycloalkyl,
het er ocycl 0ﬁétgﬁ()lcycl&ﬁkﬂeB%&&By)lcloawl 'aﬁ@?énlsyoptlonally substituted with

substituted wth one or
one or more R*

R*is R2d or R*:
R*is halogen, oxo, or hydroxys;
R* is -N(R?®),, -C(=0)( R*), -C(=0)O( R*), —
C(=O)N(R*),, -NR*)C(=0)( R*), -S(=0)2(R*), -S(0)>
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;
each R* is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl;
R’ is -C(=0)R™;
R* is lower alkyl, lower alkoxy, phenyl, or N(R3b)2;
each R™ is independently H or lower alkyl;
R*is —O(R™);
R*is H or R*;



Qa is @b or Q@c; @b is hal ogen, oxo, hydroxy, -CN,

-SCH3, -S(0O2CH3, or -S(=0OCH3; 10 @@Cis @d or Qe;
W@roovmes4@Ra cone together to forma bicyclic rPEEP2009/051757

system optionally substituted wth one or nore Qb

or Qc; Qdis _(Qe), -S(=02(Qe), -C(=0 N Qe)?2,

-S(Q 2(Re), - (=0 (Re), =0 ARe), -NQe)?2;

- N( Qe) C(=0) ( Q2R ,is towkb alNy PR IG( KD 1QReVer haibalkyl, cycloalkyl

-N(Qe) C(=0) N( e)2 each %{;} i's I ndependently H o

Qe: each Qe' erpﬁd: qr9aryb@@}101gllp()ﬁpbstﬁlht§%wlth one or more

benzyl, | ower aloalkyl cycl oal kyl, cycl oal kenyl

het erocycl oal kyl', " or heteroaryl optionally

substituted w th oneR6rs ]nzdo@n(;ﬁydro@ 16R¢r allsyl J@®eohaloalkyl, or

Qh; Qg is hal ogen, dr cyano, o0xo, or -
C(=0 (@h); @his IIGM%F?"]%P{X/I | ower hal oal kyl, | ower

Q’ s (%Jckﬁﬁéﬁll cy@l@hﬁ@mﬁrlpﬁlﬁﬁﬁhycl&h@ﬁzl )/(I)r’ he?éf@ir?ﬁb?ﬁf&nall substituted with one or
terocyc oal 25 or heteroaryl, |onaFIy
more QUbst i t ut ed mnth one or nore i; and C2| i s hal ogen
hg%BOfgb c&ano | oner al kyl, |ower hal oal kyl, or
| R or a pharnaceutlcally acceptable salt
t her eofy” lsialogan QRE, Malkd:at LON, 0SCHhe SROPCRIE aibcgthm@@Hg,
Ris R, In.,one ariation of the above enbodi nent,
is | ower: laIQ<yPrQ 2009/ 106442 PCT/ EP2009/ 051757 - 8

I n one fal e he J. )
Lo ol RLd B B o (RN, BIRAAIRA wohl o MAY substiuted
Conpouwﬁhm;fnesoﬁm QZblor Q2R1 | s - CHC(CHS) 3 | n one

enbodi nent of, t conpaoun

i so-butyl. fn léer(@rrEycr&(n@tho} ﬁ&eoﬁ%(ﬁ%)d@rré(@h@%) -

] ﬁé”‘étﬁpéungﬁjﬁ? Bt QPO R QO oS UG
enbodi nent  d{QIHA=EVHPQ h@reN((E%ﬁf(EfsrloaN[Q B:L S

het er ocycl oal kyl,.. .In on it of the conpound
of Forrmul a f3 Fssmgeeﬂ‘?? nﬂ Or r Q¥

each Q* is independently lower alkyl, phenyl, benzyl, lower
haloalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q*';
Q¥ is Q% or Q™
Q* is halogen, hydroxy, cyano, oxo, or —
C(=0)(Q™);
Q™ is lower alkyl, lower haloalkyl, lower alkoxy,
amino, phenyl, benzyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or
more QZi; and
Q* is halogen, hydroxy, cyano, lower alkyl,
lower haloalkyl, or lower alkoxy;

or a pharmaceutically acceptable salt thereof.

In one variation of the above embodiment, R is R

In one variation of the above embodiment, R' is lower alkyl.



In one enbodi nent of the conpound of Formula I, Rl is
phenyl . I n one enbodi nent of the conpound of Fornula
W0 200R10@84R2 and R2 is NH(R2a). 10 In one variR€T/8P2009/051757
t he above enbodi ment, R2a is R2b. In one variation of
t he above enbodi ment, R2b is8t ower alkyl. In one
vari ation of the above enbodi nent, the |ower alkyl is
In one ‘@af60PYthe absvetsmeboelivaerd| e fdwafaltyhés earfeyind of
Formula I, R2b is heterocycloal kyl. 1In one enbodi nent
of the conpound of Formula I, R2b is cycloalkyl. 15 In
In onemmebasliherdiofrgret confpoune ot Borpoumbl, Bt isFerMU(@1);. R2b i s
heterooyoloalkyl aIkerne In one variation of the
i odinent. th gl er al k i s pyrrolidine.
In one A ooﬁiémggﬂ g}ecompo]uﬁﬁ oveygﬁn‘glsofsglblﬁtty? t he al kyl ene
is methylene. In one varlatlon of any of the above
In oneadiitadiim@itos xheQZ)ni@uhebEF@oyﬂi DaR kW iso-bropghe vari ati on
of the above enbodi nent, i s heterocycl oal kyl ,

optional | y substi t ut ane re QRa. WO
5 In One’fg@ﬂd @ﬁ thseprney %9’7%” 37?% W?%aﬁ]g‘ﬂvari ation of

t he above enbodi ment, the heterooyoloalkyl i's

In onep%bo el r‘]cto(t% ’t}}ehconﬁ)rooécli; g% F% ?a& l? ete Lo¢ clgzgg%le In

anot her variation of the above enbodlnent, Q@ is
In one‘%‘iﬁ&ﬁm%t%? the! J@)nﬂ%%@ &f Fc‘ﬁ%{dléi 'R"rls Bénzghe above
enbodi nent, 2 is piperidine. enbodi nent of
t he conpound of Formula I, Q |s het er oaryl ,

In oneaPhbdanaédt\of Sheawinigouh@df Rbrintula DI iophemi.e QRa. I n one
vari ation of the above enbodi ment, the heteroaryl is
pyridine. In one enbodi nent of t he conpound of Fornmul a

In onel gmiglithentioé therawarpplind QREoIQR® arRf Q@@ iis NHR™).
heterocycloalkyl optionally substituted with one or

Q@d, 10 In one varlat&on of the above enbodi nent,
10 In Onet‘WélaH@% e Be ghpwAmEadimentoRpdi Bzi ne.  1n anot her
varlatlon of the above enbodi nent, Q2c is piperazine.

I n th r|at|o of the .above odinent t he
Inom%%?@ 9@%83‘%%641 %ByPF ﬁ @wra another variation

of the above enbodi nent, Cﬁc is pyrrolidine. In yet
Iy
i onAUP0T AL BBl R, AesceonBgel ABhonyi e
vari ation of the above enbodiment, Qc is plperldine.

In onel éYAAN SR @ie"ﬁ%ﬁﬁ ofhd bhEosRMPP UL 13Q*fetéf@€)1&wa§ky'l Q@ is

cycloalkyl. In one enbodi nent of the conmpound of
Formula I, @ is heteroaryl. In certain enbodi nents of

Inonémmmmmaahofﬂh&naqbpa@be@mpmmndémaw clmlkgl.speci fically
of formula I'l: WO 2009/ 106442 PCT/ EP2009/ 051757

15 In one embodiment of the compound of Formula I, R is heterocycloalkyl alkylene.
In one variation of the above embodiment, the heterocycloalkyl is pyrrolidine.
In one variation of the above embodiment, the alkylene is methylene.
In one variation of any of the above embodiments, Q” is heterocycloalkyl.

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

2
20  one or more Q.



10

15

-10 0 R @ NI N~H Il wherein RL is |ower alkyl,
| oner al koxy, phenyl, benzyl, heteroaryl, cycloal kyl,
waoewenoayr| oal kyl , or cycl oal kyl al kyl , opti onaPCHEP2009/051757
substituted with one or nore Rla; Rais Rbor Rc
5 Ribis halogen, oxo, hydroRy, or -CN, Rlc is
-C(=O QR f), -((=OCH(Re€e), -S(Rif), -S(0)2(R"), or
In one-\&(iatdn of Re povel conydiratitythe hbevekclahlkokiy pyadiidiae.
am do, | ower hal oal kyl, phenyl, heteroaryl,
cycl oal kyl, heterocycl oal kyl, cycl oal kyl oxy, or
In anoftfet epngicnl o dhdkatogr gymbpdinemalthe/heterbsydlealkdds pipethdioae or
nDre Rid 10 Rid is H, hal ogen, hydroxy, |ower alkyl,
ower al koxy, or lower haloalkyl; R e is H [|ower
In an%hq‘eyﬁﬂaqmrth%h@aiymbomenr &vel? valefaww phenyl ,
heteroaryl, cycl oal kyl, or heterocycloalkyl Rif is H,
heteroaryl 15

| .al k |, | hal oal k | > .pheny.
i anog B fiegior s HE ePBedLIy P PoRitnen i ¢ ac def i ned

herein. In certain enbodinents of formula Il, RLis
In one %fdémﬁ%rm% thoegoﬁfg%ﬁﬂ? by f&%{lﬁ "{% bljg ggtieﬂ)g £3 (}ﬁ"n ggll% srué)stltuted with
one ommoe @Pecifically of fornula I1l: O HN @ N\RZb N

NI1Il 20 wherein R2b is independently |ower alkyl,

phenyl, heteroaryl, cycloal kyl, heterocycloal kyl, or
In oneharigtier the abeygl eretiadjineniethe dpterasndlis pyridingst i t ut ed wi t h
one or nore R2c; WD 2009/ 106442 PCT/ EP2009/ 051757

-11-
In one emlbodiment of the compound of Formula I, Q* is heteroaryl, Q* is Q* and Q™ is

heterocycloalkyl, optionally substituted with one or more Q™.

In one variation of the above embodiment, the heterocycloalkyl is piperazine.

In another variation of the above embodiment, Q* is piperazine.

In another variation of the above embodiment, the heterocycloalkyl is pyrrolidine.
In another variation of the above embodiment, Q* is pyrrolidine.

In yet another variation of the above embodiment, the heterocycloalkyl is piperidine.
In another variation of the above embodiment, Q* is piperidine.

In one embodiment of the compound of Formula I, Q* is cycloalkyl.

In one embodiment of the compound of Formula I, Q* is heteroaryl.

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



R 2c is Red or Rte; Red is hal ogen, oxo, or hydroxy;
Rzeis -N(R2g)2, -(=Q(R2 ), -(=0Q R2 ), -
W@paIeRRg) 2, - N(R2g) (=0 ( R2g), - (=0 2( R2gNCT/EB009/851757

5 N(R2g) 2, l|ower alkyl, |ower alkoxy, |ower
hal oal kyl , phenyl, heteroarM-, heteroaryl oxy,
cycl oal kyl, or heterocycloal kyl, optionally

substituted with one or nore
i ndependently H, hal ogen, |ower
| ower hal oal kyl; 10 e@s [
al kyl, | ower alkoxy, l o kyl, or phenyl; and
@ is as defined herein. n enbodi ments of
formula I'll1, R2b is |ower yl Mptionally substituted
with one or nore 15 R2c as defined herein. In certain
enbodi nents of formula 111, Rgp is [ower alkyl
optionally substituted with one or nore Red as
defined herein. Preferably Red is hydroxy. In certain
egpediiRNMsSowér a@k}tl hRtvef QMkBRY, fi‘)ﬁeﬂyl Benz hétkﬂoar)@cybﬁ)alk
het er ocycl oal kyl ‘or heteroary optional ly substltute
whetarogy@dodkylnor eyclpbkyiadkd edntipaallh eyhstifnted0ith ancermererR

egch R2f is
[, | ower alkoxy,
ndependently H, | ower

enbodig&ntiyongtther formulae I, Il or I1l, Q@ is

cycl oa T Sor cydloalkenyl preferably cycl oal kyl ,

5 opti onal I y R%§halbg@rﬁdanyhr&@eoprcmre Qa as defl ned
herein. Ir1cgrtmr1enbo?rmnt5(ﬁ e?the IormJ ko
Ioor 111, B sCme)Q(R P GOPYHHBI i) SRR, or -5(=0)

I soi ndol i ny M)ét ; aﬁqg(gi %8\9%10&‘1?&39{”%{&1%0 %h‘ﬁ%%?&kfg}yﬂaioalkyl, phenyl,

mor phol i nyl, rcar

i ndol ylI , yetemd)aryjllqyckmytndyhlhewycv@z]oa}}dyh cyctlbalhgkolxg,, or
thlophenyl furan |ndazol i m dazol yl, pyrrolyl
25 oxazol yl ! DR RIBHITYIONY ArUally P HBRELTHh SRhergPTe R

10 pyrrol opyri di nyl rd iRYf HQlo ay iy &ﬂo‘%ly'lo P&lk?lnﬁi&éf alkoxy, or lower
substituted with one or a as flned herein. In

certai n enbodi nehilsalkfl; ei t her formul ae I, or 111,

Q@ is piperidinyl,e ol i di.nyl ndol yk)}yY
di hydr oi soqui nol QFgfmﬁ%ﬁ@hﬁ%ﬂﬂVFra%%ﬁbﬁg&f er haloalkyl, phenyl,

t et r ahydor car bonhdéahrydrcyeBalQE & hBtocycloRkiwnal |y
substituted with e Oor nore a as deylned herein. WD

2009/ 106442 PCT/ RP2gbolays1 7kkyl, lower hatpadied i phiepyl, heteroaryl,

15 embodi ment s of el tcrl]()ezlrlk floorr ekeroc cloahi 1; andI I, @ is
i ndol ylI , pyrldlnyX Paz trlazole,

Q’ is dshieinbenatkin. f ur anyl , |ndazonI |n1dazolyl pyrrolyl,
oxazol yl, yrazolyl t hi azol yl benzothlophenyl

In certgyy %Mbwlilta Phiprelari o sy aiymyaretessly GHaU)-

substituted with one or nore Qa as defined herein.

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

0O H
Q2 Ng N\ 2b
\[ N \
~
NTOR

m

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

heterocycloalkyl alkylene, optionally substituted with one or more R*;
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5 The application provides a conpound Forrmula | of the
group consisting of:

w@2(094¢c#4Benzenesul fonyl -1 H i ndol - 3-yl ) - 5H pyrPCI/BPRNBO51757
b] pyrazin-7-yl]-2, 2-di met hyl - propan- 1-one;
1-[2- (1H I ndol - 3-yl ) - 5H pyrrbl-o[ 2, 3- b] pyrazi n-7-yl ] - 2,
2-di net hyl - pr opan-1| - one;
2- Cycl ohex- | - enyR2GKRpYrROF:0[ 2, 3- b] pyr azi ne- 7- car boxyl
ic acid isopropyl am de,,.
2- Oycl ohexyl - 5H pyr r oRo[12h@ogg P¥X @A M¥dreX¥ar boxyl i ¢
acid isopropyl am de; fH2e:{ Xrp2e _ 28y (= 28y _
[ 2- (4- Acet yl - pi per azi ?1{ 11§ yﬁgR p)ﬁrT%ﬁ rg)gll-{yl)’] Q(SCI—)I-)Opg/lr{r 2)’I 0
[2,3-b] pyrazin-7-yl} C2QNRADERNRPEGEAORS 0r8E=0)2(R™), -S(0),

1-[2-(5- Met hoxy-pyridin-3-vyl)-5H pyrrol o[.2, 3- razi
] 7! yl ]( -2, 2-di m);t ﬁ% ) !}12%%}2{ ﬂ%\}sq{&HP}X, lower eLlony, ?Jvegr halzoaﬂ<yl, phenyl,

Y :
[ 1- (7-1sopropyl car banpbroakt RctdrOdrlogy eyl RAWYRZr Rerrdblycloalkyl,
)-piperidin-3-yl]-methyl-carbamc “acid tert-buty]

ester; optionally substituted with one or more R™;

2-(3-M9thy|amno-piperidin-l-ﬁg).-Sl—l- I olg‘[&g,S-b [a
zi ne- 7-carboxylic acid i &P y}séﬁﬁi%é?ée g l!i’ﬁ]d)g\l)\ﬁ?’%iﬂwer alkyl,
trifluoro-acetic acid; lower alkoxy, lower haloalkyl;

2,2-Dinethyl -1-(2-pyrrolidin-I-yl-5Hpyrrolo[2, 3-b r
azin-7-yl )}/pr op(an- P}/one; each Rzgis indep%%/ldently , lower 2111?3)//1, lower
1-[7-(2, 2-Di et hyl - propi ony ) - 2" - hdi n: -] 2
, 5" ]1bi[pyrrol o 2, 3-b] pyr azIXI%%%_107\9%(1;}fa?4aﬁ®1,nor]ph¥1|1yl, fid

Q% is R, dfidedveérbiyl - pr opan- | - one;
2,2-Dinmethyl-1-[2-(2-pyrrolidin-Il-yl-pyridin-4-yl)-5H
pyrrol o[ 2, 3-b] pyrazi n-7-yl]-propan-|- one;
1-[2-(1-Cyclopentyl -1H[1,2,3]triazol -4-yl)-5H pyrrolo

o e Pt AT BEORRL 00t e mor

R asideptheddheryih) - 5H pyrrol o[ 2, 3- b] pyrazi n- 7-
yl]-propan-1-one; 1- {2-
[ 2- (3-Di met hyl am no-pyrrolidin- |-yl)-pyridin-4-yl]
In certag}prﬁm@p@s PQfogmB}ap@ﬁ,/gm llq_lqwe;;] a}lky_lgp onally substituted with one or more

R as e R, PR RO Do oot i - 4-y1 - pyr i di - 4-y1 ) -

5H pyrrol o[ 2, 3-b] pyrazin-7-yl]- propan-|-one;
In cer@jrPerMbavimbnth of dithet Pornfulae I{ B-ardBthQF ispheteradyicthiateyl br heteroaryl

. -yl)-pyridjn:4-yl| -5H | . 3-b in-7-
OPUOI’S#}“ )Skbt%{}’g?# thﬂg Hé? ORABO é9é/r8‘ri 8%@@ E?F?']E%BSSI/ 351757
213

In certhir] enlicbiBed¥k BY eifier FSeiunal 112 YiT) ©5 ¥ IoaRlyPbrZy3tdaliey 1d preferably
zin-7-yl]-2,2-dinethyl-propan-1-one; '

cycloajkyl paptipnallysubydiugd; widbpng orgnyrefdT” pydefgied horedn.b] pyr azi n
-7-yl]-2,2-di net hyl - propan-1| - one;

In cerfaigl btz BELINE: FORAPLA W ok TRMOPY i Qi 5y HIRUIAR i Sbindolinyl,
cers yrﬁ ,ﬁ-d?ﬁyl ro- [ seofml nol i -?/S-]Jl‘%ne;l?y %}m Wit iSbindoliny
dihydroisoquinolinyle, piperazinyl, morpholinyl, tetrahydorcarbonlinyl, imidazolinyl, indolyl,
pyridinyl, pyrrolopyrazinyle, triazole, thiophenyl, furanyl, indazolyl, imidazolyl, pyrrolyl,
oxazolyl, pyrazolyl, thiazolyl, benzothiophenyl, pyrrolopyridinylor pyrrolopyrazinyl, optionally

substituted with one or more Q2a as defined herein.

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

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



1-[7-(2, 2-D net hyl - propi onyl ) -5H pyrrol of 2, 3-b] pyrazin
-2-yl]-3, 4-di hydro-| H qui nol i n- 2- one;
WQ@2(09406342- Di et hyl - propi onyl ) - 5H pyrrol o 2, 3-BEPEP2RY/051757

-2-yl]-2,3-di hydro-isoi ndol -1 -one;
1-[7- (2, 2- Di et hyl - propi onytH)2-5H pyrrol of 2, 3- b] pyrazin
-2-yl]-piperidin-2-one;

In certhir &fllﬁ(ﬂlnﬁeﬁls lﬁﬁglﬁ}dr fcnnmmeqn Vil or 1BHOPrindd1l ByiddibyIpyyeadbpyrazinyle,

. -2-y pyrrolidin-2-
triazolg, [}1239%7@-]511 el 3n%z?1y§pp1ﬂﬁzp]d|l d{ygoglmx‘gwlalz ipﬁra;o]y ]thlgzolyl

benzo&@dh’é@%?ﬁrrf()?ﬁ@n% gg rr(r)lgmfrgzmy Elonallylsabstltuted with 50|£1f or more

Q* asplefined ndrin3- b] pyrazin-7-yl]- propan I one;
2,2-Dinmethyl-1-[2-(4-pyrrolidin-I- pyr|d|n2yl) SH-

The a@%@%@ﬁéﬁb%%r afzﬁ)’:‘li] PZ‘T% %‘ (/J‘?fotg?—lgwp r°8‘ilséit]2‘g§ fo] pyr azi

n-7-yl)- propan | - one;

1-[2- (g 1Bénéellle§gﬂ&%g ?Jd%??ﬁy 5! ?—Iygra r‘?]r[g b%&@gz@]e?? %ﬁit H'lin‘?etly}ll propan-
l-oneest er;
BB TR b ol T e
2- CyélSl‘lel P@ﬁﬁ ﬁfﬁ&ﬂr&o?ﬁ?& @]pyrazme 7 -carboxylic a01d isopropylamide;
5-17 net h propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin

2-Cyelgherly]- SHmW@&nﬁaé-lﬂpmzhoﬂWarbo;@bp dcid isopropylamide;

(-G AR B R iy Sk mvmperd Simrarin g 2 imethyl-

propan-4:=ofle] - t hi ophene- 2- car boxyl | c acid cycl opentyl am de;

5-[7-(2,2-Dineth ropi on rrolo razin
1-[2- (521£/19lh]0XY-ﬂ?i}’6ﬁﬂﬁe%éE/ éfgawg@sa 3 é]mazgﬁ/ 7-yl]- 25 dlmethyPgrOPan 1-one;
fetra [ O-
-4 B BTt B S B ppingidin 7y regropeggpamic

acid tdebllftyl espdropan- | one

E‘}’ (2, 2-D net hY propi on]y % 5H pyrrol o[ 2, 3-b] pyra2| n
2-(3-Ms iajrnlflﬁ-lpwhléﬁ)e 3 )0‘,&—;-@515(9 of @&p}gazme 7-carboxyli¢ acid

1sopro_§§f_a§1 ?ét ﬁ?g%ﬁgf ]g oxy |C2:acgig||- gyz ;0| o[ 2, 3-b] pyrazin

2,2—Dﬁilinam§/hyJ(%}Ip‘yﬂohmhhyyl)Sf@mﬂeIo[l?) bpy2azin-7-yl)-propan-1- one

1075 g By b0y por sl d ety ity et SGireghvg 7y

2,2-difiettyl pfopar-1dfxet hyl - propi onyl) - 5H-pyrrol o
[2, gg ]| pyrazin-2-yl] -cyclopent-Il-enyl} -pyridine-
2,2-DimethybbX3H(2-pyaciidindt yiypyridst-éryl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
. 2,2-Di methyl -1-[2-(2-phenyl -cycl opent-I-enyl)-5H pyrro
O | o[ 2, 3-b] pyrazi n-7-yl ] - propan-1 -one; WD 2009/ 106442

1-[2- R dE52A08/ 10D 17D B ] triazbd 4571 L BH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-
? -(2,2- %Q E proplog};/l) 5pl—y|-pyrro by Y Y
propap-2-a®ep] pyr azi n- 2 yl'] -cycl opent -1 - enyI } -

e e e R RN T YBy i 8?’“‘1?12 253 Bgrain-7-
yl]-proffadzi-one2- Y| ] - t hi ophene- 2- car boxylic
1-{2-[2-(3-Dimethylamino-pyrrolidin-1-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(2-thiomorpholin-4-yl-pyridin-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one;
2,2-Dimethyl-1-{2-[2-(2-methyl-pyrrolidin-1-yl)-pyridin-4-yl]-5SH-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one;



aci d cyanonet hyl - met hyl -am de; (1-Methyl -cycl ohexyl)-{

2-[ 5- (norphol i ne-4-carbonyl)-thi ophen-3-yl]-5H pyrrol o
WO 200340d3kpyr azi n- 7- yl } - met hanone; PCT/EP2009/051757
1-(2- Furan-3-yl -5H pyrrol o 2, 3-b] pyrazin-7-yl)-2,2-di m

et hyl - propan- | - one; -13-
4-[7-(1- Met hyl - cycl ohexanecar bonyl ) -5H pyrrol o[ 2, 3-b] p

1-[2-M(BRilydZe-bindb h2 g phEieyAofl, Bdiyyragin-7agl]-d,2-dimethyl-propan-1-one;
et ro
1-[2- é?{@ll{yﬁrqqgﬂlpgiw)l)gjmyﬁy i%,ﬁﬂgpyrapﬁg -yl]-2,2-dimethyl-propan-1-one;

2-7-y EPTRERYL b B OPISE bl 5 Bl Y014 2.k PYFARblinolin-1

one; 2, 2- D wethyl-l [2-(2-pyrrolidin-1-yl-pyridin-4-yl)-5H

7B bipdarhgeathy S bpu et 3 Bl o cihvsiy gipelin-2-one:
2-[7- d2rB]lbgﬂethy1| ﬂroﬁid‘n?])ﬂﬁpbﬁ{rcaof? RLRYEBE-D-yTT-2,3-dihydro-isoindol-1-one;

an-|-on
1-[7-22- Dan@hvﬂepmpioam)ﬁél pyqrcvlo[Z Hblpytazi-3- yﬂ)]yplpdndm@ grie}

1-[7- @%ﬁﬁ?{th%p?%k]gﬁ%i) t%—)zéyrro o& ; bﬁ)y}‘azm 2%y1]-pyrrolidin-2-one;

1-[2- @mmabnsiynym frBfoQZSIH]pﬁHﬂﬁﬂ’hﬁh D12 dimpkinyypkd g N-dney | ) -
yrrol o[ 2 §W'A yrazin-7- Xﬁ%r ropan-| - one;
2,2- Dzrnzfglzi b5 pyrrali 1&21 ylfpyridgp ?I%pygy}q{%ﬁﬂﬂpyrazm 7-yl]-propan-1-
one: ~Y!)-pyridin-4-yl'l -5Hpyrrolo [2,3-b]pyrazin-7-
> yl}-propan-I|-one; 1- {2- [2-(3-Hydroxy-pyrrolidin-
2,2-Dlimythy - pY2-i(4HpRrrdtidih1-ylSgriat- mﬂpsﬁl%y&ohi[wrbapmmﬂ “W{1}-propan-1-
-2, 2- dinethyl -propan-1|-one; 1-
one; [2-(3,3-Difluoro-pyrrolidin- I-yI) pyridin-4-yl]

2 2—D‘éé5h1?¥[—r(9%?n&1% ﬁrlbilﬁénryﬂ%ldmg @ﬂﬁramg 72y1) -propan-1-one;

opan

[1-(7- Isc[p?ep(ykaﬁlmmmh—SH—yyrrqiy[ﬂLﬁb}pyt&zyi 3-yHHpipsridini3efl @yl ogubamic
L g 2, 2-di et hyl - propan-I|-one; 1- {2-

amdtTE T%@S‘%zFluoro pyrrolidin-

2-(3- MeWé/)anﬁMBJpﬁieﬁdﬂf NS %QMBIOQ 9 bﬂ}%frgmﬁ’d PXchABK P acid;}
-2, 2- dinmethyl -propan-I-
isopropglagnid®y c@mpburst with (i ffusito-déaticlacid; ) pyridi n-4-yl]

5—[7—(3,%;—[@?% }91 p?%%loﬁ%l)g%ﬂé{/r?@ [}%%—B}/pl[y%a _'152:2—:%/_1]Eih60)?gene—3—carboxylic acid
(wuﬂﬁfn;ﬁ%ﬁﬂmrﬁh@ﬁm&y4-yI) pyridi n- 4- yI] -SFprrroIo
yrazin 2, 2- di met hyl - propan-| -

5-[7-@.F @n(lqgmr@manSﬁ}jpyrmlom 3- bmﬂra&w?mlb zopgelnf] %Wréwhhc acid
cyclo E%L£E§ 2-di net hyl - propan-1 -one WD 2009/ 106442

B /1 B9/ 051757 -15 2,2-Dinethyl- - 12-[2-(] -oxo-
5-[7-@,24PihétapppiopiohiyN-54-yirrel pi2;, 3-8] pyrakiny Ryl Fhidphyiia-dlcarbox ylic acid

[ 2, 3- b]pyra2|n- 7 yl } - propan-1 - one;
(tetrahydro-pyran-4-yl)-amid
1-(2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-3-carboxylic acid;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-3-carboxylic acid (2-
dimethylamino-ethyl)-amide;
1-{2-[2-(3-Methoxy-phenyl)-cyclopent-1-enyl]-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one;
6-{2-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-cyclopent-1-enyl }-pyridine-
2-carboxylic acid ethyl ester;
2,2-Dimethyl-1-[2-(2-phenyl-cyclopent-1-enyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;



1-[2-(2-Cycl opent-1|-enyl -pyridin-4-yl)-5H pyrrol o[ 2, 3-
b] pyrazin-7-yl]-2, 2-di net hyl - propan-1| - one;
W@ 200hB0dayl - cycl ohexyl ) -[ 2-(2-pyrrolidin-I-yl-pRCT/EPIV0%O51757
yl)-5H pyrrol o[ 2, 3- b] pyrazi n-7-yl ] - met hanone;
1-[ 2- (4- Hydr oxy- 3, 4,5, 6-tet rEhydro- 2H[ 1, 2' ] bi pyri di ny
| -4'-yl)-5H pyrrol o] 2, 3- b] pyrazi n-7-
5-{2- W ﬂ2—2DZméﬂhlyEpﬂmpionQI)Cﬂ}prﬂrd@UEf% -b]pyrazin-2-yl]-cyclopent-1-enyl }-1H-
c%/ cycl ohexanecar bonyl ) - 5Hpyrrol of 2, 3-b] p
mdoley% s%ioﬁchm thyl é?ﬁﬁéne 2-carboxylic acid

4-[7- (g_lfdg{h?%k%@%}%??ﬁ%%?%gl tSIH;—jP%rroli)DC?)aF][?%a 132 tyHl thi hene 2 cilrboxyhc
acid cyanoBtdtipymiohg-angda- b] pyr azi n- 7- yI } (1

(-MEB e T U o ShpaT g Cafbogz%%lﬁg%%n Fullopenrelofd§-

b]pyrazﬁi#@yrﬁlehfan&& 3-b] pyrazin-7-yl} -
- cycl ohexyl ) - met hanone; (1- I\/let hyI cycl ohexyl ) -{

1-(2- Elrpm3(ﬂ5ékpy%9m&$rbmwphlamlh2 A=dpinythylspiogam-1 4ngl | - 5H-p
2 3. i n< Z-yl}- - . .
- RSB D SRy by TR oG L Bignpgae B borvie

acid (I- gt;h?} Eﬂo@yl')aﬁmﬂe 7-yl} - (1-nethyl -
exyl ) - met hanone;

{2- [Sﬁt%yqr@sde -papcstdiing freatbogyl) H&ﬁ@he}l I wilopheyirglol.3-b]lpyrazin-

T RRE R bR Y (S

2,2- Dﬁ:‘mEthyERXE@E ply atolockiyimey1psiriddr-aaa)- S gy elotv[2,3-b]pyrazin-7-yl]-propan-1-
[3.1.0] hex-3-yl)-pyridin-4-yl] -5H
one; pyrrol o[ 2, 3-b] pyrazin-7-yl }-2, 2-di net hyI propan-| - one;

2,2—%@?%@f—b¥é—'(%¥%l @{é%w&roiZH [ %]bl}h};l‘ldl 51) 511 pyrrolo[2,3- bﬂparrazinﬂ—

( or phol'i ne- 4-car bony H-pyrro
yll-préan3t-otd; pyr azi n- 7- yl } - net hanone;

1-{2- %&Zpﬁ%@ﬁ@%?%{ﬁ%%@ﬂﬁ%?ﬁéﬁr 1%9 115?1 %a'io[?' LBy P20

dlmeﬂg}‘l%gﬁ’aln
Met hyI cycl ohexanecar bonyl ) - 5H pyrrol o[ 2, 3-b] p
2,2- Dymatbvhl 22¢}-Thiempmpphemd-A-pyaidbokyDrd1-paup(2,3-b]pyrazin-7-yl]-
Xcl gpentyl - met hyl - am de; {
propaiy” [%16(4 Hydr oxy- 4- met hyl - pi peri di ne-

2,2-Dlime@k b ongl[2 (2 h@165yridiiMint 1-yBiypid-0ly0- $--pgrrblopy,B adpytazin-7-
1) Prsp%/nj (1- met hyl - cycl ohexyl ) - met hanone;
y
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1-{2- Kj ?Z%lgd% % lpgrr{)ﬁéh plhﬁl? %g?ldglai QH’% b?rrol%ﬁi 9b]pyrazm 7-yl}-2,2-

dlmetlﬁfl{p'fe;(ah-]veﬁdayl cycl ohexanecar bonyl ) - 5Hpyrrol of 2, 3-b] p
razin- t hi.op hene 2-carboxylic W) 2009/ 106442
1-{2- ?EBZ@WPG’B’IIWBG}IH -yB-pysdingt-yll- 5H -pyrrolo[2,3-b]pyrazin-7-yl}-2,2-

dlmeﬂ(ﬂ-ﬂ?é@a‘h%}fn@,t hyl ) - met hyl - am de;
1-[2-(2-Azepan-1-yl-pyridin-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-{2-[2-((S)-3-Fluoro-pyrrolidin-1-yl)-pyridin-4-yl]-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one;

1-{2-[2-((R)-3-Fluoro-pyrrolidin-1-yl)-pyridin-4-yl]-SH-pyrrolo[ 2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one;

1-{2-[2-(1,1-Dioxo- 1X6—thiomorpholin—4—yl)—pyridin—4—y1] -5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-
dimethyl-propan-1-one;

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



2-[5-(3-Hydroxy-pyrrolidine-I|-carbonyl)-thiophen-2-yl]
WO 299Dl 0 [ 2, 3-b] pyrazin-7-yl} -(1- PCT/EP2009/051757
nmet hyl - cycl ohexyl ) - met hanone;
5-[7-(2, 2- Di et hyl - propi onyt)5-5H pyrrol o[ 2, 3- b] pyr azi n
-2-yl]-thi ophene-2-carboxylic acid
2,2 D@maﬂhgm{ by[R (e byI*-gfbsieipholin-4-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]pyrazin-
gz 2- Di met hyl - propi onyl ) - 5H pyrrol of 2, 3- b] pyrazin
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1-[2- (?Sé}(/c(ldgpelﬂg?oﬂgypﬁ{cﬁﬂ ﬁﬂl?g}lg}gﬂ [2 3- l?]pgraz n-7- ] 2, % ﬁ}ncl)ethyl npropan 1
one; -2-yl] -5Hpyrrolo [2, 3-

b yra n- 7- d one; < 2- .
Mgttt 4P2€%‘Plbdd‘5:§r3)q SoRa: 1 proloEt B e 11
Hwﬂmhéks b]pyra2|n 7-yl} -2, 2- dlnethyl propan-| - one;

- Di net hyl - {
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d ( b] pyrazi n-7-yl}" - propan-1I-one;
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(2- [5?(3,[3;1;)% ﬁ? gipﬁggndé%}/l = RH8RN LI rer B RY.5 O RE Ao 3,0 BYLBRL P y1)-(1-

methchSic&lbllmmbl-r}letﬁZI&ﬁlbﬂl ne- 3- car boni t rile; 1- { 2-
ﬂé r oxy- pi peridi ne- carb y ﬁ hi ophen- 2-yl ]
{2-[5: (é w?)i’,}bp@el[lcimgltﬂaﬁ%né@rthloph% ? ylJ-5SH-pyrrolo[2,3- b]pyrazm -7-y1}-(1-
an-1-one; 1- {2- [4-(Azetidi ne-
nwﬂw?c%ﬂ@%&§9l & ﬁ%%ghen 2-yl] -5Hpyrrol o
(1- Mcﬁtﬁylasyb]qhyxjdi I{ P Z(1Hoko~12 -t cnomph biyh-4- yhr- pypahin4-ydheéH-pyrrolo[ 2,3-
D%h Qy 1- 12- [4- (pyrrolidine- |

bhwnugh?@ Yappi%phen- 2-yl | -5H pyrrol o
(2- [5[(%z§mm1&yrcazﬂoﬁyﬁ tmobhen PNOPSELD rrgl&ﬁz 3%#2yr£%1£®t%m(1 ~ndethyl-

- (piperidine- |-carbonyl) en- 2-vyl
CydOM%VDﬂyﬁh@kme[z 3- b]pyra2|n 7-yl} - propan-I-one;

s RGO bt A S U

methyﬂ'lt: bhiexlyD[BetBanddkpyr azi n- 7- yl } - met hanone;
4- Di et hyl am no- ?lperldlne | - car bony t hi ophen-

1-{2- [22 ?gRsﬁRkﬁeréroeW{nztm ﬁj%yrba:ypwwl 0]hex-3- yD)pyrldm -yl]-5H-
I I
pyﬂd¥t %Q§QW%EPVR?P?%(SH§ﬁ§i&(gﬁbg?o 2, 3 b] pyrazin-7-yl)-2

(1- Metﬁy]@hyﬁhﬂlhyjd) ;{)E{Dﬁ)mofphohﬁe 4-carbonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-
2-Dinet hyl -1 -(2-pyrrolidin-Il-yl-5Hpyrrol o[ 2, 3-b] pyr
b]PYraéﬂ Ay Sﬂeshaﬁ?%an | - one;

5-7- (,]151,{4]3%1% 1&%&@%&&}bog%ﬁyr p &alo? 3. B}fﬁﬁihﬂ iy thidphemib L2rboxylic

rrol o
acid dtipdadnidet hyl - pr opan-1-one; WD 2009/ 106442

5 —[7—(Fl>g\/rl/et%P Q}cf)c éh%?(%r?eSCZrbongflg—5H—pyrrolo[2,3—b] pyrazin-2-yl]-thiophene-2-carboxylic
acid cyclopentyl-methyl-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-(1-methyl-cyclohexyl)-methanone;
5-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid bis-(2-hydroxy-ethyl)-amide;
5-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic



N-{
1-[7-(2, 2-Di net hyl - propi onyl ) - 5H pyrrol o] 2, 3- b] pyrazin
WO 2009h19642/r r ol i di n- 3-yl }-acet am de; PCT/EP2009/051757
2,2-Dinethyl -1-[2-(2-met hyl -pyrrolidin-1-yl)-5H pyrro
0[2 3-b] pyrazi n-7-yl] - propantd-- one;

1-[2-(4-Acetyl - pi perazin-1-yl)-5H pyrrol o 2, 3-b] pyrazi
acid (Ilh?dmkﬂ/ eﬂ],yB el ethpl-dnytide pr opan | one

- 1- (2- nor phol i ﬁ¥rrolo[ b] pyr a
{2- [SZ(BTHyﬂr%}) pﬁf@ﬁiél?? I- ceqlp@nyl) thlophen 2- yl] -pyrrolo[2,3- b]pyrazm 7-yl}-(1-
1nﬂhy%c%§d&§y§“ﬂ8£ (ﬁ@dol -yl )-5H pyrrol of 2, 3-b] pyrazi n-7-
i met propan | - one;

5-[7-@53- Dir(l&hylbplbppoyly]l){itﬂbpyﬂrely[2),3—5]-p-ypawi1r—@4yd)][—tﬁio’.i)hbquay{canbiomﬁ’c acid

I me hyI propan-| - one;
CYMK%?E%*PW AR - 5H pyrrol o[ 2, 3-b] pyrazin-7-yl)-2, 2-di m

5-[7- @tﬁbhm&hﬂpﬁtﬂp on?l'?—%H yrr010[2 3- b]é)yrazm 2-yl]-thjophene-2-carboxylic acid
I ndazol FE yrrolo ] pyrazin-7-yl)-2,2-d

bis- (21hy§thyfeﬂpdbpardet one;

- AR AR ot eyt s Do bt g pFiBlof2
‘Mpyu&uﬁ?%ﬂﬁEQhﬂhm&wig(ifna(ﬂmg tetrahydro (3-carbol in-2-yl
rrolo[ 2,3 pyrazin-7- 1-on

1-{2 ?15 {/’Vze(lélnz Ippareemy)-thinpbpi-nyl- ?ﬁmepw@[séﬂﬂpzraambﬁ Wﬂa&dﬁnethyl-

ropang-ohel - 1Hindol - 3-yl } - acet ami de;

propary’ é{]& met hyl -1-[2-(1, 3, 4, 5-t et r ahydr o- pyri do[ 4, 3- b] i nd

2,2-DohetByl1 xzqsk(pwaslcdlme{ P-carblohpy-tieia piren72- yms]H-py@@am,3-bmwzin-7-y1}-
2,2-Dinmethyl -1-[2-(3-phenyl -pyrrolidin-1-yl)-5Hpyrro

mva%ﬂzms b]pyra2|n 7-yl]-propan-1-one;

2,2- Dé[ln%té%ztgn{g?ég 1gnr1?1lne ﬁ"c‘:’aﬂy({nryﬁl tﬁ[o%hgh ?Jy@]%ﬁl%'yﬂrol o1y, b)b]gylgzm 7-yl}-

propai-12n8} net hyl -1 -[ 2- ( 2- nethyl i m dazol -1 -yl)-5H pyrrol of

. 2) - b i el 7- | .7
3-Dirg BB R TV 35 dBlig nsﬂpl%yg SCHWHP]&I% oiagEin2-y)|-fhiophene-
2cmboﬁﬁggﬁéﬁ&h@B2mﬁﬂ§&ﬁkJaZ'n -yl]- propan-I-one;
Et hyl -i m dazol -1 -yl )-5H pyrrol o[ 2, 3-b] pyrazi n-

1-{2-[5-(A-Hydrozy-gil pessiclingt 1- pzrrb@taﬁ) thiephen-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
(2-thi ophen-2-yl -5H pyrrol o[ 2, 3-b] pyraz

22-diff e Pophiiane: (0 1L
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razin-7-yl]-propan-I-one;
proparp- 120085 et hyl - 1- ( 2-t hi ophen- 3-yl - 5H pyrrol o[ 2, 3- b] pyraz

2 D L B B EsahomYrigphon Y b Byp iy Pl 1)
pmmanl(yk) propan | - one

yrazol E ﬁ yrrol bl p
2,2- Dg,mgtilyhlj%[fl](p}@pa%lgﬁ 1rcagq%1yl) thlophen yl]-5 pyrrolo[ 3 b]pyrazm -7-yl}-

pmmanlk%l(z 2-Di et hyl - propi onyl') - 5H pyrrol o[ 2, 3-b] pyrazin
yrazol e-|l -carboxylic acid tert- butyl ester;
(1- M@hﬁ-@chmehxlb ~{ R{§-24-pyatiad glipetazphe- bleagbpnylpitapphed-byiypthpyrrolo[2,3-
b n=7?%¢%gFro an-1| - one;
Ipyrazin, H@POBE: [ 2 (2H- pyrazol - 3-yl ) -5H pyrrol o[ 2, 3-b] p
{2- [SY(ﬂﬂjlh{étﬂyié/[hl]nDHﬁ&?ld@ﬁb'i <&B6ny 1? -thiophen-2-yl]-5H- pyrrolo[2 3-b]pyrazin-7-
-(2-pyrrol -1 - Ff yrrolo[2 b] pyrazin
yl}-(1- metwl)cml@paﬁ)medmone
1-(2- é%c%op&:nﬁyqn? E)h (;l (?][lj,gqﬁf){/rglzm% y )2 2,3 le%lro;ga% 130 A;py
2,2- Dzmathga Ir@prfrohdlﬁa Y13 12p9tro ol Y, B -bPhyrRMA70y19brbpan ] giet azi
-7-yl)-propan-1-one; W 2009/106442 PCT/ EP2009/ 051757
1-[7- (2 2-Dimethyl-propionyl)-2'-pyrrolidin-1-yl-5H-[2,5'Tbi[ pyrrolo[2,3-b]pyrazinyl]-7"-yl]-

2,2-dimethyl-propan-1-one;
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3-[7-(2, 2- D et hyl - propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin
WO 2009119644+ | ndol e- 5-carbonitril e; PCT/EP2009/051757

1-[2-(5-Fluoro-1 Hindol-3-yl)-5H pyrrol of 2, 3-b] pyrazin

-7-yl]-2, 2-di met hyl - pr opan- FLne;

[2-(1H I ndol -3-yl)-5Hpyrrol o[ 2, 3-b] pyrazin-7-yl]-(1-m

N- {1@'(11@”2 [D:M@tlgﬂﬁ%?ﬁ@n;ﬂ’ﬁﬁh@fymmﬂ ,31b]pyrazinf2- ﬁLl-](p&rrbMdthBéyl-} acetamide;
t
2,2 D[l@etéylo %%rﬂei\{hﬁ Pyrl})hdmzl Zl)élfhﬁYrﬁ‘g}PLJp} Bb)a(ﬁazm awé] propan-1-one;

1-2-drhde rrgtlg@ Ladelr: ﬁ;xp%ﬁgww B1p9k2i379110¥5 A% h &n i fobark1 -one;

propan
2,2-Dimé Ry Bétiz-ojdophidiinep ik fH D yyilol @ B3l pyakiaf 2 yB-podewr laanay - 7-

[).-2,
12 Do T Y DA B B B b S i Al 3-4jms halpiopin-4 e
S P oy 13 ety hromeey e
1-(2-Bgl byb§ Hapireldl233 Yo pragipaifry])-Johrdimethyl-propan-1-one:

1-(2- ﬂ'fgg 2 glﬂé}ﬂgﬁlr%%g%gk]pyra? %zryq Q 2[5 fnethy1 By rpgr% I1none yll

1-[2- (JS 4 @ﬂ{ylﬂ"b I AdGbquinolin)2-St et b?ﬂrol@[‘i PYIPyed -2, 3 bbpiimadlyRpropan-
-yl ]-2, 2- dlnethyl propan one;
10ne‘22D|methyl -[2-(1-nmethyl -1 Hindol -3-yl)-5H pyrrol of

2,2- D%mgfh@ %{. ﬁf'?q 97[%] J(\%c{% Qlf(ll g%/)rSrHo PY%OIO ,3- Jg@yrz;/zrlrrl gl yl]-propan-
1-onef 2, 3- b]pyrazm 7-yl]-propan- I one; 1- {2 [1

oxy 1H- i ndal
2-{1- 2(232%@9@@%})@1)1;01191 )}SH 2}/12013[?"% ﬂ.mraznbﬁdéh}]Hrm%q{e} -yl }-acetamide;
2,2- Dﬁ?@%ﬁ’?EE é}’9r405 eH’a ﬁdé(qél)?{ ﬁ]ﬂicﬂﬂ' Qrﬁ}[ gf:lzgiﬁlro‘?(l[ﬁwlﬂﬁ&ﬁzm 7-

di net hy
yll-prefad-IMethanesul f onyl - et hyI )-1Hi ndoI 3-yl] -5Hpyrrolo

.2, 3- jn-7-yl} -2, 2- th
22 Dy b b S RhS b i Lo S DS TenoP BRS Pt 2B gypmay 1-one:
l
b P P SR P Eimeta  progalooncs .
2,2-Ditagghl-12[ 22Q2dmﬁﬂ§1yhymdp¢®ﬂaﬁ) |5an@rolo[2 3-b]pyrazin-7-yl]-propan-1-one;

S L e B

propaﬂ-l[o%re(4 nmet hyl - pi perazin-1-yl)-ethyl]-1HI ndoI 3-yl }-
E]o rrol o[ 2, 3- b;}?yr azin-7-yl) opan- | - one;

1-[2-(2-Eghytyipidapgh- 1-yh): yrrplp{%é-bﬁmfr%m%ﬁl 22y¢ln@th§@rﬂ>50pfn 1-one;

2,2- D@el}tmoll 23ﬂ1¥4ljh8rr1] 2%%?%{@9{2@3—%]&&% %Qlﬁpropan 1-one;

22 Dbk Hs[m( mmﬂohmmmmhbw[z prigpyth)in T peglan -y

rr oI o I]ﬁ g) razin-
2,2- Dzmgthéﬂy ﬁ Hyﬁt@lo[2 f b]mrampf yl)-propan-1-one;
S i e

2,2- Dim}eplyyla]z[ﬂqélﬂ—pyr}m(ﬂ @y]dﬁhispylycblekj’.r?ephxyrdmmﬁﬁd] -propan-1-one;

4-[7- (; 2%)]61}6@& ﬁ?mo%)[liﬂg Iﬁ&r]@iﬁ%l?)rtl)]g—ﬁrlégl%oi yl:])' p%rlrgzoPeH[ QXr{)oxyhc acid tert-

butyl dstdr2- (6- Met hoxy- | H-i ndoI 3-yl)-5H pyrrol o[ 2, 3- b] pyr azi
n-7-yl]-2, 2-di met hyl - ganl one; 12-
2,2-Dimetif - 1at7-piorazst Hyy 1y SH: Hyrrn 6 3®J1wr§1zm€Hdbpmp@nﬁ one;

2,2- DEmét%yPl ny 34! pyrazoyg yl)- S?H pyrrofnfﬁ Eyb] pyramH a7nyl] -propan-1-one;
2,2-Dimethyl-1-(2-pyrrol-1-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-[2-(1H-pyrrol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-1-(2-thiazol-5-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one;



1-one; WO 2009/ 106442 PCT/ EP2009/ 051757 -19
2,2-Dinethyl-1-[2-(6-norpholin-4-yl-pyridin-3-yl)-5Hp

wQq eeooliaf4®; 3- b] pyrazin-7-yl]-propan-1- one; PCT/EP2009/051757
(1- Met hyl -cycl ohexyl ) -[2- (6-norphol i n-4-yl -pyridin-3-y
| )-5H pyrrol o 2, 3-b] pyrazi n-18-yl ] - net hanone;
1-[2-(1H I ndol -3-yl)-5H pyrrol o [2, 3-b] pyrazin-7-yl]

3-[7- (2,2§[21ﬂ(ﬁt}f§gtﬂﬂw101pﬂpBHprrl}O'ld[ﬂ3 b]p?/razm 2-yl]- 1HI 1n[d81635 gz]lrgg)/rru;réle
I-[2-(p4] u;org—llﬁ gldg a-ly}}e}}k\}ayrrayob%éﬁjpyr%@ﬂ yl] -2,2-dimethyl-propan-1-one;
R
1-{2-[2; (2-H3ifdm>t3h§'4h*yﬂm[><2m_(3ﬂﬂlyﬂ p@'"yf)OllH}ﬁrﬁlol%3@31]9§H’?Pd’irﬂ01®2,33%]p§1‘ﬁkilﬁ-7-yl}-
22T [ 5° (T yr ol of 3. 3 pyr 1 i n-3-y1) -5t p

1-[2- szz @S@%éatyﬁ)'—iﬁl?)&f@?d @3%@%&@3@@ -dinf - o 1-one

y b] pyr i d| n-3
1-(2-B¢h;0[5khipyh¢rblﬁ[ SHalybl]oqu{Rézb]pymzmﬂ yl)ﬁrbémnr—thylmepan 1-one;

22T oS e aptes 5 St BpfBoPas BvBinin 2t prapp 1 -one:

2,.2- Dl?néﬂln}l mfzouaﬂﬁedhyp NE;indol{2y1} 5H- gﬁr({léﬂ%]}@r&h@ef}ﬁl]d}brﬁpaﬂ 1-one;
1.J|)n -oxo-ethyl] -1 Hindol
112 (g o ST BTp - BT 1522 Comeshitbpiopn frasgian-

b8 T D T PR RS U
2,2-Diniedlhy1-13F2¢{ 1) mbihy pyHriad €1 Ry13-5B1-pyri @13 2,3- b]byydz]rr mgiu]h;aﬂpmm -one;
2.2- Dlmf’tilykhi%é%ﬁb?nyéa 15’&?3&&91& YO yH PRl %P]wr'c]mﬂmllnﬁfepargl one;
2 R, AL ST PSR 5
propag(—rl'rcdien- 3-yl)-5H pyrrol o 2, 3- b] pyrazi n-

7-yl] - hapone; . .
12 oD AR 1 5 mirrelef2, 3 P iaz By T ¥ B 23 Simety oy ey frone:
1-{2-517 %Metl%n&u@ﬂoﬂﬁtau 1y-RHORASE3-yA¥H-pyrrolo[2,3-b]pyrazin-7- 1&)2,2-
E Met hyl = cycl ohexanecar bonylpgl 5H pyrrol o[ 2, lp
dimeﬂwlavzop&nzl 9hd:- t hi ophene- 2-carboxylic acid

1-[2- (gllt/lgh(o%y Il,}%f 1}1@3 A’B%}? mﬁrglﬁ[ % b %yr%Zén 7-yl]-2,2-dimethyl-propan-1-one;
1-[2-(h fﬁmm{lﬁidbi nylpﬂhfmrr%}o)[kb b pyan ! 7- gl 0 1-dinst o)L PYsal None;
7-y met h - et hanone;

2,2- Dsne[tfryl(lz 22(55mﬁ%\wh§/1¥1 lp‘#@pﬁ rzjlmﬁﬂ pBFRlpks F-blraTZiB 7 1] lpyeaz-frone;
2)- Dw?eéy}lh ﬁg’{' fﬁ&nlg@ﬁg ?fp%?nﬁg'lei S13%hf1-4 Aindol-3-y1}-5H-pyrrolo[2,3-
b]pyrazin-7-yl)-propan-1-one;
2,2-Dimethyl-1-{2-[1-(2-morpholin-4-yl-ethyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one;
1-{2-[1-(3-Hydroxy-2-hydroxymethyl-propyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl } -
2,2-dimethyl-propan-1-one;
1-{2-[1-(3-Hydroxy-2-hydroxymethyl-propyl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-SH-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(6-methyl-1H-indol-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
1-[2-(6-Methoxy-1H-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-{2-[1-(2-Amino-ethyl)-1H-indol-3-yl]-5SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-

1-one;



2- Cycl opropyl -5H pyrrol of 2, 3- b] pyr azi ne- 7- car boxyl i c
acid ((S)-2-hydroxy-1, 2-di nethyl - propyl)-am de; WO
wWQo®9Nnaen42 PCT/ EP2009/ 051757 - 20 PCT/EP2009/051757
4-[7-(1- Met hyl - cycl ohexanecar bonyl ) - 5H pyrrol o[ 2, 3-b] p
yrazi n-2-yl]-thi ophene-2-carbbxylic acid;
4-[7-(1- Met hyl - cycl ohexanecar bonyl ) -5H pyrrol o[ 2, 3-b] p
2,2-Dyiathiyn1 22 Y6-jndrphdipheRe paidiasbax g HigyrrasRB-b]pyrazin-7-yl]-propan-1-
(2-am no- 2- net hyl - propyl ) -am de; {
one; 2-15-(4-Di met hyl am no- pi peri di ne-1-carbonyl) -t hi ophen-
I rel B5.8]
(1- Meﬁr}x }rcloﬁ&gﬁ)\(? (?yﬂg?'%ﬁexyig ﬁ)rfr)é/ﬁﬁanogD -5H-pyrrolo[2,3-b]pyrazin-7-yl]-
nwﬂmﬁeﬁyclopropyl SFprrroIo[Z 3- b] pyrazi ne-7- car boxyl i c

-Gy ST S £t B b BV Ry ¢

121%69& ﬁQI @1@@1 10[2,3-b 7-y1)-2,2-dimethyl- 1-
< oy Doy P T 3ot 3 ym peopay ones

2,2- sz:ﬂyyl]l- @yﬂ&bpﬁrwlow bh»wﬂm%bdﬂmmlo[b&{bjrpyr@anéryll propan-1-
and

one. o. Thi ophen- 2-yl - 5H pyrrol o[ 2, 3-b] pyrazi ne- 7- car boxyl i c

2 2-Dasgib@yl- B{ DY M pyyol[ 2,24 pRidiy-B=yl PEERKI Dol ADI3AE pyra BinON§1]-propan-1-
aspect, the application provides a nethod for treating

one; an inflanmmatory and/ or aut oi nmune condltlon

S R S e o e

one; Fornula . 5 In one variation of the above nethod t he
ve nethod further conprises adm nisterin
2,2- Dlé’éf‘cﬂ]iliflrlo[r?a {1-ppdyhpdryreled ngérhlpgréqhéérﬂéﬁﬁw o2 3-blpyrazin-7-yl-
t herapeutic or anti-proliferative agent, an anti -
pmmaﬁgﬁﬁﬁnnatory agent, an i munonodul atory or
2,2- Dlnmthjy‘ldsm}bf €5 axor2-pagpeartin- 1aylreghud ot Hopdnl S-fldotepyrrolal?,3-b]pyrazin-
791 %P for treating cardiovascul ar di sease, an agent
Y1} -Pipapiledli ng di abetes, or an agent for treating
1-2-{ IMUNEARTih & pRREYNindi- §Qf2d&(oseth§llq) 1HinABE3 3R\ pyriolif2,3-b]pyrazin-7-
appl i cation provides a nethod for treafing an
yD-2,3-dfmheAlytetropap- bondli ti on  conpri si ng adn1n|ster|ng to a

R R S 2B SR SHSEE i

7yulhem@mﬁwaspect the application prOV|des a nethod f or

|nh|b|t|n€ T-cell proliferative disorder nPrlsin%
2.2-Digmpilils et §- Ry metypairerain-| whnkex-ethel edt-ingol-3-yl}-5H-

K > et jye anount of the 15 conpound
pyrro%%gﬁ)%zll&? 3}1%@5%%83/ Maa2 PCT/ EP2009/ 051757 <21 1 n
(1-Meting- cglslpp@ttyl) el -appyil-d 8k pyarol pldsbipesida-Ieh) ot pfioslo[2,3-b]pyrazin-

inhibiting T-cell proliferative disorder
7-yl]-methanone;

1-[2-(5-Methoxy-pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid (1-ethyl-propyl)-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-(1-methyl-cyclohexyl)-methanone;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid (2-
hydroxy-ethyl)-methyl-amide;

2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid ((S)-2-hydroxy-1,2-dimethyl-
propyl)-amide;
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15

conprising admnistering to a patient in need thereof
a therapeutically effective amount of the conpound of

wo-0ab@43 , wherein Ris R2. In one variati on BET/EP09/051757
above nmethod, the proliferative disorder is cancer. 5
In one aspect, the applicati¥h provides a nethod for
treating a B-cell proliferative disorder conprising

4-[7-@cmiethiys-t pol e afie@ agbopalh i5&npyrrdlo 6B H] pyheie iyl jathiophene-2-carboxylic

therapeutically effective amount of the conpound of

¢id; Fornula I. I'n one aspect the application provides a

i G haugli N .
e o PR 2P B PR Pene 2-carborie
acid (bsmnm%—m&,thmiD@yﬂ) gdingloet es, conpl ications from 10

(3 e A e bicu [ ubp iy i Rhen e e e o ppyepzin -

yl}- (1%aﬁ§1darcﬁ>hesa§1§%[e@{dnsﬁe colitis, Crohn's di _se_ase
i er' s di sease, and Leukenla conpri sing

2- Cycaelmpmlsiféfpmglwma)]mawemﬂ carbongliciacith 6F-bdrony-2,2-dimethyl-propyl)-
t herapeutically effective anount of the conpound of
“Formula I. In one aspect, the application provides a
2- cyélgéﬂapyl $RHyRORYEBIH| PNafhe-Vic@riok e adidl 1drPhiglagfid@r gan
rejection, including acute allograft or xenograft
2-[7- (r2e% Q@pq:tbﬁl H‘ﬁglO@]yj]r)-@ﬂﬂ gyraq)lp[;’g?r Bipyragin- ?(éfﬁ]o@frg:flq 1-carboxylic acid tert-
bu@d%ﬁ%@%f on, of vascul arized or non-vascul ari zed
rahspl ants, conprising admnistering to a patient in
2-Thioplegh-2- bEﬁHCp‘yrr&wld[D Srigpetakinegldayb@dylie atid (8- hadoupi2, DHinidieyl-
compound of Formula |I. In one aspect, the application
propyragiifitles a net hod for preventing or treating all forns
of organ rejection, including acute allograft or
xenograft rejection and chronic allograft or xenograft
20 rejection, of vascul arized or non-vascul ari zed
In onel dsp&tg th@plicaGHTProl e nd@iidTos trsmrfggmtlﬁﬂanmtowmci/oﬂ n
need t hereof the conpound of Forrmula I. In one aspect
autoimrpanegamd|tioatcoBprising ey staring toopptieat iningpd Bicrqohg t@%mutlcaﬂy
tering the conpound of
eﬂba@%%ﬁ%F@'#ﬁﬁﬂﬁgéﬁn fﬁggg%ﬂ%gund exhibits an I C50 of 50
m cronolar or less in an in vitro biochem cal assay of
In oneA3tiSE b thE bi¥ovedRethBd ARECBRE inddth RN futhert fﬁﬂ@é’ z?dmlmsterlng an
met hod, the conpound exhibits an 1C50 of 100 nanonol ar
additigral ﬂ@gagpeutmc agent sateoydck ﬁr@m@ cﬂjgmthem@butgs@rgylthfroljfﬂmwe agent, an anti-
infla act] Vltgnt |0 one (yar u?t ono miin iye a a e reto hic factor,
Y A e R P R R B fbl R%WSFF&F é{‘F %‘?n 1 HELIFYPP
an ageAPfdrrefihd EarBio0SRENT gi3kasa; efif fod AEinacdibekdsyor MM gent for
2009/ 106442 PCT/ EP2009/ 05175 -22 In one aspect, the
treatinggpimunadefimensy Nogdass-a met hod for i nhibiting SYK
activity conprising admnistering the conpound of

For mul I, wherein the co d exhi bits_ an | C50
In oney 7 ey By ApPIE R ERvIdES 3 TRt En e Bl B ORI
compr?s\ﬁlfg afhinkhdrdhe tb H p@ﬁ&lt\h@ﬁééﬂtth&@opi theR@e@RAUe ef’f@étmqlmount of the
e conpound "exhibits an 1C50 100 nanonol ar or | ess

Com@mnﬂiﬁFaﬁnuhIVWhWEHﬁiudhenlcaI assay of SYK activity.

amide

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

compound of Formula I.
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In one variation of the above nethod, the conpound
exhibits an 1 C50 of 10 nanonolar or less in an in
waeRaeaodenchem cal assay of SYK activity. |n oPEI/EP2009/051757
aspect, the application provides a nmethod for treating
an inflanmmtory condition ebnprising co-administering
to a patient in need thereof an anti-inflammtory
In oneCBpEOUAE applicatiéh preRiienactiodNot mhébitileTapk lptdlﬁéﬂahye dlsorder
effective apnpunt of the compound of Forpula I. In
compridRERAMINESEEAING I P.Pe%\%nté%niﬁﬂgg?ra@%a therppeisally sffefftw@m%@t of the
cmnp&ﬂﬂkﬁ&%ﬁﬂﬂﬁﬁo%ﬂm%ﬂﬂgh oNn conprising co-admnistering
to a patient’ in need thereof a therapeutically
effective anount of an anti-inflammatory conpound in
In oneGRARRLGRLT BB aBbtchmétied, aROPrOURGatDfe drefridHidcdnced. N One
aspect, the appllcatlon provides a nmethod for treating
an i mmune di sorder conprising co- 15 admnistering to
In oneaaspeat) teertpplivatieeprov kies e afetlan fonreatmgupipiceld pamiferative disorder
nd. i n. conbination wt a.t her apeut
compigRF BT THRGING PORH AL s B RB IS ciedtivg agiqunt of the
comp@hR&#ForhiMg 1appl i cation provides a nethod for treating
an i mmune di sorder conprising co- admnistering to a
patient in need thereof a therapeutically effective
In onead3peunt thehp@itatiomploniies p piegisgiaiot treaimgaunthniune disorder including
combi natjon wi th the conpound of Formula |I. 20 The
lupus, gpfipkeat} e&frlSpﬂ@vma@é arthyiiy Reqsiasisi Evne Idiphstssi qanpplications from
organ ?19 Arﬁé ani} B%?LHHd(? ?{geté:so&{.ﬁ'&la %thma aﬂgﬂlé ﬁgrn)ﬂtlttllg a%ttmmmune
t one ceutlca y accepta e carrier,
thyrmé )dmlomeeer,} ulceratlde coléting, Créohm'sahseava rAlAteiimer's dltmsa kandf &eukemia,

complgglggr g r%ﬁ%}cén%%hg%%& ﬂﬂf"clna In%gietﬁ%'lrreé i faga }ez[?ggctlve amount of the

comp&MAMRIFHIRhARqUti c or anti-proliferative agent an anti -
|nflannatory agent, an i mmunonodul atory or
I nMmunosuppr essi ve agent, a neurotrophic factor, 25 an

In oneaxgpdit, thehpglicaadn p@viies dineetasiclal preventigas ercatiy AYEMns of organ

for treating diabetes, and an_agent for treating

rejectipprigfygBEREE AH9eaftos eraeEalt (RiscHonsrd obanis allograftor xenograft
c

rejectlggéfglpécg@%{zgg g_;? ggn v %ggggecgﬁﬁlgﬁﬁﬁ{% F%ornﬁ%ljl&zn%a?plbllhfsgeﬁ*ﬂng F(I) a patient
in need thetrérd a thempduichlly effativa amedmtoﬁ nen¢onfipunt loé Fomadb e nt

of an inflammatory disorder. In one aspect, the

application provides a use of the conpound of Fornmnula

In onejasperti the apilisatiene pighislep p meghadef@l preneHingray treptiieg all forms of organ

rej ectlii)fl %ﬁ&ﬁ&{ﬁ% ﬁl&flte %ﬂP {!%Igft of %&?&fy regécglgg gﬁ&é 8hr§%nc?1}11§ Q%gt r%r) ())(Srrll%graft

rejectlofl d?@ramﬂlalzkd olr hOIOK/adch]arlzdadﬁtriﬂ&@lanfmmiﬁlaﬁsﬁmg‘ &lnoihiséring to a patient
, medi canment for the treatnent of an autoi nmune
in neegithegeidhe cqmpaynd ohEpEeyla It he appl i cation provides a

use of the conpound of Formula I in the manufacture of

r the trea

in oncGs 0 BF Wi st b %%Og'ygwﬁvbeﬁ?% EARS P esomprising
admin@TRRURE c@tﬁ}fxﬁﬁlﬂrﬂﬂﬁrﬂmlﬂﬂ whérelnl the céBipoutdieexhibits B ICHOf 50

treatnment of an inflammatory disorder or of an

microggtag ofrteshial 4 g ofltrebiochmmaical mptay CAT AERS asHvY.-des a
conmpound of Formula IV

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

an in vitro biochemical assay of JAK3 activity.

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

an in vitro biochemical assay of JAK3 activity.
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O RQN I\ NN HIV wherein: Ris R, R2, R3, or
R4; 15 Rl is lower alkyl, |ower al koxy, phenyl,
whem2siedshet eroaryl , cycl oal kyl, heterocycl oal RgI/EP2009/051757
cycl oal kyl al kyl , optionally substituted with one or
more Ra; Rais Rbor Rc2R b is hal ogen, oxo,
hydroxy, or -CN, Rlc is -C(=OQ R f), -C(=OCH2(Ri e),
In one-aSpd&itfthe ap;ﬁ(c@ﬁ&{ Ro)xlde@ﬁ meﬁ(od@))r inAdbiGig YK alcavx&y c@hiﬂydmg

| ower al koxy , am._do, |ower hal oal kyl,

admingderinedhe me(?,ly]é| o gpm}pla Ih@b@?’é‘éy‘% F(ggp%wd exhlblts an 1850 of 50
nucroﬁ%gas Ry i in ko blasﬁ&ﬁleﬁyagéagﬁglsglg AiVR! ional Iy

tituted w one or nore hal ogen,
hydroxy, |ower alkyl, |ower alkoxy, or |ower
In oneh@lri@abkyt the b0 MBethsd, Hhe & undleiNibits h@YEY, ol B@¥3homolar or less in
-CN, | ower hal oal kyl, phenyl, heteroaryl, cycloal kyl,

an in ‘GVOWGICQ?@WMS@@I o3 YK\WGipi09/ 106442 PCT/ EP2009/ 051757
-24 Rf is H [|ower al kyI Iovver hal oal kyI phenyl

het er.oar C 0 or C cIo kyI
In oneepsiy 50! W R VGRENEE W sDBRAGHE Y g TRater 18 Taaghotar or less in
an in V4B bio%hemﬁp@s@ge&ftéwlaemt al kyl, phenyl, heteroaryl,
cycl oal kyl heterocycloalkyl or heterocycloalkyl
al kyl ene, optlonally substituted with one or nore
In oneRRpect RRE apickich provideeia nieltbd fSr hazitﬁgem 1nﬂ>a¢ﬂ1;nawﬁry condltlon
hydroxy; 10 R2eis -N(R2g) 2,
compl)tsmg c%edx@np\q(tq:@@ tQ a pay IFQZ@}I §nt1 1n§(1m@}aﬂrw_s@§n,pound n
comblﬁ% %ﬁh PIQ}&%)euafal y%'&tl@é M&unt O?Y}f‘crcoﬁlﬁﬁffc}’ of FSWRIa 1.

pheny

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

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

In one aspect, the application provides a method for treating an immune disorder comprising co-
administering to a patient in need thereof an immunosuppressant compound in combination with

a therapeutically effective amount of the compound of Formula I.

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

immunosuppressant compound in combination with the compound of Formula I.

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

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

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

treating immunodeficiency disorders.



het eroaryl, heteroaryl oxy, cycloal kyl, or
het erocycl oal kyl, optionally substituted with one or
wOore0e/16842 15 each R2f is independently H, hal BGEREP2009/051757
| ower al kyl, |ower al koxy, |ower haloal kyl; each Reg
is independently H, |ower at¥yl, lower al koxy, |ower
hal oal kyl , or phenyl; R3 is -C(=O R3a; 20 R3a is | ower
In oneadsfiadt, tht apyicafbkpeoyidep b @y df, the borhlf)&abl)ozf Foeadla IR[I&h‘ IIBin the
i ndependently H aor lower alkyl; . R4 is -Q Rda Rda is
manuﬁaptafe @ﬁ@bmﬂh%n@g forgfie Freafmept C & %ﬂaﬂwmawﬁ digprder. oper
hanaIkyI cycl oal kyl, 25 heterocycloalkyl
het e i onal subs tut ed wt 2ne ar re
i ond b IR Mo P SAPY D5 b 5ot Ry M St of

a medit@neal fioy the tR¥atmé@\We hn ﬁifiﬁﬁﬁﬂato@ disor&dk, @, @, or 4
30 QL is phenyl, optionally substituted with one or

nore Qa;, Q@ais Qb or Qlc; Qb is hal ogen, hydroxy,
5 In one-dSpEct-th¢ GpmicatierSpdy Riech @pe ofathe eSHp@nd@ doymul@lIcIlios I, ¢th the

WD, 2009/ 106442 PCT/ EP2009/ 051757 -25 or two
manu%t&%ﬁ e P ERTHE L0 1BC FE? et ia@f&tql@n}‘}nﬁ&@\‘fg{em

optionally substituted with one or nore Qb or QLC

In one%%cié,?thé _%pg(cg%jnt 68&5:(1@ _gé%g:g tPf Eﬁ%@%ﬂ'ﬂfﬁ&%?]{l%ﬁ 7 manufacture of
a medicMrRh e ElirQdahe) of abaoRuep@ FEH ), or
-N(Qe)C(=ON(Qe)2, each Qe is independently H or
Q"; each Q" is independently |ower alkyl, phenyl,
In onetyspeny] the appigetiothpilogilek ¢ compgaridoz] Hoyinula I, IT or II1, for use in the

10 weatn SLANFURAIN cisRlreLs Fapatlipm IR 5 or G
Q

i g i s hal ogen, hydroxy, oxo, or -

The application provides a compound of Formula IV

0
R
QN
T\I\\?
z
N R

15 R' is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,

IV wherein:

RisRY, R% R?, or R*:

or cycloalkylalkyl, optionally substituted with one or more R'?;
R'%is R"®orR';
R'®is halogen, oxo, hydroxy, or —-CN;
R'“is -C(=0)O(R""), -C(=0)CH,(R"®), ~S(R'), ~S(0)(R"), or ~S(=0)
20 (le), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R
R isH, halogen, hydroxy, lower alkyl, lower alkoxy, or lower
haloalkyl;
25 R s H, lower alkyl, lower alkoxy, —CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
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C(=0(Q&h); Ahis lower alkyl, |Iower haloalkyl, |ower
al koxy, phenyl, benzyl, cycloal kyl, 15

woewenoayr| oal kyl, or heteroaryl, optionally PCI/EP2009/051757

substituted with one or nore QL'; QL' is hal ogen,
hydroxy, |ower alkyl, |ower2dal oal kyl, or | ower

al koxy; @ is cycloal kyl, cycloal kenyl,

het er ocycl oal kyl R'"ds Hheives akiyy,loweitalaiiall) phenyl, heteroaryl,
substituted with 20 _one or nore Qa; Qza i's QZb or
@c; @b is hal o@%oalﬁfloor}}?%?‘aﬂpalkbl\l

-REQDN &‘@% or -S(=QCH3; c is Q2d or Q2e or t wo
Qa cone oget her to forma bicyclic ring system

opt i oneddhyR™ RGndepesddntlyttedr Rft h one or nore b or

Gy B L A Sy i S ey s

- N(Q2e) ¢ 0)1&@%% loalk ¥ GRRAGHHA IR Gyl optionally substituted with
-N(Qe) (=0 N on ) 2; iéiac QzeQ% |%epgn ently Hor o

Qe; 30 eachnmemoneéil,ndependently | ower al kyl,
phenyl , benzyl, b&) bd hg{zg,al kyl, cycl oal kyl,

heterocycloalkyl cgaryl, optionally
substituted with one R?dlmaﬂg @on@gfh dﬁ)xgggg or @h;
WD 2009/ 106442 PCT/ EP 09/ 0512g57 - 26 i s hal ogggn,
hydr oxy, oxo, or - it DB )zQZ(FK—iOs)( bxmc(apl?@( ) =

| ower hal oal kyl, | owe Y, , %
cycl oal kyl, 5 heter OC)%T ojalﬁ(( X%’ ﬁ Z(IE% (ggr g ~S(=0)2(R™), -5(0),

optional ly substitutSdR% 1, ﬂbmeﬂl{:}ﬂ loweealiRiy, 16 hafoalkyl, phenyl,
hal ogen, hydr oxy, Iomer al k | owner haloalk¥l or
| oner al koxy; QB is - psteroaryk fggf-éoar@]@x@)qydg)g} or heterocycloalkyl,

S(=0 , -S(=0)2
-_Cg =o§ (I\IEBQ??’JI) 5 (()r 2 N}(_Igt?alsall Ngl:%ﬁﬁ)tgd with ohEHGK mQ}e(Ig&a)
each R™ is independently H, halogen, lower alkyl,

lower alkoxy, lower haloalkyl;
each R* is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl;
R’ is -C(=0)R™;
R is lower alkyl, lower alkoxy, phenyl, or NR™),;
each R™ is independently H or lower alkyl;
R*is —O(R™);
R*is H or R*;
R* is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R
R* is halogen, hydroxy, lower alkyl, lower haloalkyl, or

lower alkoxys;

Qis Q', Q% Q’, or Q%

Q' is phenyl, optionally substituted with one or more Q'*;
Qla is le or Qlc;
Q" is halogen, hydroxy, -CN, -S(Q"®), ~S(0)»(Q®), or ~S(=0)(Q"*);
Qlc is Qld or Qle;
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each Ba is independently Bb or Bc; @Bb is H @@c is
| oner al kyl, |ower hal oal kyl, phenyl, cycl oal kyl,

woewenoayr| oal kyl, or heteroaryl, optionally PCI/EP2009/051757

substituted with one or nore (Ba; 15 3d is hal ogen,
hydroxyl, |ower alkyl, Iower2al koxy, or |ower

hal oal kyl ; 4 is da or Ub; da is H or hal ogen; and

Qb is | oweor ﬁ&&@ia,cohﬁw&gethﬂrk@ﬂymalbleyﬂfc &gy, optionally

| ower hal oal kyI 20 with the proyiso,that when Ris

R4, R4 is - EyoRERyedruith P%e‘PmearﬁcQQ@rQs 'Qda, then da is

not H, or a pha e Pt ap levt h ley
The phrase "a" Q‘m& @(Q %G% sLd Z@@r)ef g’gg@{ c()Q )

on]e or nore of tﬁ?(atO){Qf)taC( Og:@(@]i)anm(@le)za—N@‘Fﬂﬁt(u@d(Qle)—
refers to one or [.£.C nds or. Aat. ne.
corrpound As suchﬂgB P%@"Bﬁ@ &ﬁ )é(e"_\ﬁ)%y(& ne or
nore", and "at |gastQ lelilsqnd%@ﬁdé}ﬁl qs;@gqlehter changeabl y
herein. 25 The phrase fi neg herei n above" refers

to the broadest defingachdd® flemdemqie@tml@weaelkplr obémpdbenzyl,
in the Sunmary of the,lnv n, or .t gadest
In all other enbodi neft"s" § éileaydB%fe( et%ﬁ?ﬁ%@?"ﬂﬁ@n?rsheteroaryl’

whi ch can be present baicanhseBaMdRIth odde: Mbich!ar e
not explicitly defined retain ghe b{oadest definition

provided in the Summary onthéQ et on. As used in

this specification, whether 14 hr as

or in the body of the claim th@ %Qlt%égﬂ %%}OXE; 5487 r

"conprise(s)" and "conprising" @(f()l(Q“be I nter pr et ed

as having an open-ended neaning. , That is, the

are to be inter pret ed synonym)u9 yls\l\ﬁ"i’fﬁ LN 1BWP%]%3é%alkyl lower

"having at least” or "includin e gﬁ@

in the context of a process, thglkta%y’r%ﬁ@%%nbpenm ) L

nmeans that the WD 2009/ 106442 Pﬁﬁ%ﬂﬁ@ﬁﬂ&ﬂkﬁdeﬂ&kroa@V Optlonally

process includes at |east the rg@)l ted%lstﬁg but

i ncl ude additional steps. Wen UESEMSE Y On?:%rn‘?%‘i‘?t

a conpound or conposition, the term q&quﬁbgﬁgrpgyd@equweralkyl

that the conpound or conposition includes at |east

the recited features or conponents, terhalpalklykor lower alkoxy;
ésuc%ecloaﬁ% tcgglgl% 8n¥le€e§er|ocycl%a&k§§a%te(gc?’%z% \(Rﬁgéé}l’sallgfﬁggstituted with

V\@]ﬁéjor[ﬁére@zs used in the |ncI u3| ve" sense of

‘and/ or’ and not,the "exclusive" sense of "either/or"

The t ef isiidep@ndent | y" is used herein to indicate

that a vari n n st .

wi t hout regglrmdl@thl‘ﬂ%lgﬁpI%IX ed?](%( o?&Ngbgcejﬁge sgp%m’or S(=0)CH;;

vari abl e ha@rng QzﬁaﬁQ%eame or a different definition

w thin the sane cgnpound Thus, in a conpound in which

R appears PWWeQarsamedogrihar e fpraca higyelichigspigamepyonally

car bon or nifiQARR witkOhdlisreqgn dpg2gar bon, both R's

can be nitrogen, or one R ) , ,
Q*is —0(Q™), —S(=0):(Q*), ~C(=0)N(Q™),, -S(0) 2(Q*), -

C(=0)(Q™), ~C(=0)0(Q™), -N(Q™)z; -N(Q*)C(=0)(Q*), -
N(Q*)C(=0)0(Q*), or -N(Q*)C(=O)N(Q™):;
each Q* is independently H or Q*;
each Q* is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,

optionally substituted with one or more Q*';

) 2h
Q7 is Q% or Q™



10

15

20

25

30

can be carbon and the other nitrogen. Wen any
variable (e.g., RR R, or QQ occurs nore than one tine
WO pooangs4udi ety or fornula depicting and descrP@i/RBR009/051757
conmpounds enpl oyed or clainmed in the present
invention, its definition e#-each occurrence is
i ndependent of its definition at every other
occurrence. Also, 15 conbi nati ogst 1@fhal$>gh§thiytiuﬁm@xo, or —
and/ or vari abl es are perm ssi bI e on| é%l f such
conpounds result in stable co )The synbols "*"
at the end of a bond or drawn t
refer to the point of attachrreqmllg?az\é}fu cﬂlogjﬁg loalkyl, lower
group or other chem cal noiety hldioxy]@hemdibemfzylt becloalkyl,
nol ecul e of which it is a par Thus, exanpl e: .
MeC(=0) OR4 wherein R4 or -1-< I\/E?Efm@@ﬁgylzﬁrxbfn%%r&l optionally
drawn into ring system (as oppomugu%dc‘g{ﬂmggg&qn@ite@?
di stinct vertex) indicates that the
attached to any of the suitable ri ngQatl@thgéméydreKmloweralkyl

"optional” or "optionally" as used herei )
subsequent |y described event or cir Om{ﬁglﬁ @( ﬁﬁf/ro%eﬁtalkoxy’
nees NoiQ™ oscQh, @@:@))(@331 -ShesyrisprdpiNcNuges,, -

i nstances where the 25 event or circunstance occurs

aN@Q(n@t)@]&esC(l—ﬁ))W@ch Pt -Nide =dt(Q aIi:or exanpl e,

"opti og&?e%z i 1H9 fh&é‘htﬂ? pEegps that the optionally

subst i noi e may “i hcor porate a hydrogen or a

subst i t uent Q3b\/i@}2009/ 106442 PCT/ EP2009/ 051757 -28 The
phrase "cone,together to forma bicyclic r ent’

as used her &rs ﬂac%§11ﬁYb|1ﬁW?r&laﬂQﬁllfﬁlepheBylembﬁkﬁﬂ lilfaerocydoalkyl
carbon at ome Bt B e R Py

be saturated or @ik laﬁla]rogerednydﬂibtgl ﬂcewemaﬂqﬂxduWér alkomedlower
herein to mean aﬁg OIE mately, in the region of,

roughly, or aroulti®dEYmen the term "about” is used in
coRjiunttireit-wi th a numerical range, it nodifies that
range b ext endi ng the boundaries above and bel ow t he
numer i €alisVh¢nhedogsetanfdorth. I n general the term

"about \\4 s, used herein t merica
above. Snd SOy Behdblitr ST Rl

with tROBfoviED ehad afheRiRt is ISR URSC(REGR N @ 1g] hdr@Yis IR, appeptedhot H;
to formchem cal |l y-rel evant conbi nati ons, 10 such as

or a phayepequsishlkyacgeRinble salhfieefky| het eroaryl |, *

The p};u% 4 a'&)’%{"ﬂe&?ﬁf%y&s'&{ lhf:lis:lq aF é’} Cdg}{ebogm%q{e of thlé(lt ent\}% for example, a

oxyal cl oa
compdid'md réfersnto oat oy o eeommddmral&uf <f)ne)<conﬁm>|uhd)V\A@guch the terms “a”
. another term as_in "phenylal kyl," or hydroxyal kyl,
(or “ap R ‘P or W%na@a %tée%sg?r@r ce%bﬁﬁsedapwmhaage&hb e
defi ned above, being substituted with one to two

ubs,
The pﬁ'rsseei ItafsI fgl?e%dsh Hg@ove 6e%rsrp?.&] eebro?&erste c'ieflgrl[t,bqn for each group as provided

in the Spheyy af iy |I venéibe 6§thtaca>r@daleﬁldmﬂn. gh @URther embodiments provided
below, substituents which can be present in each embodiment and which are not explicitly

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

As used in this specification, whether in a transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least" or

"including at least". When used in the context of a process, the term "comprising” means that the
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15 having one to two phenyl substituents, and thus
i ncl udes benzyl, phenyl ethyl, and bi phenyl. An
WO a00rgtd@ws noal kyl " is an al kyl group havi ng oneCT/BP100®051757
al kyl ami no substituents. "Hydroxyal kyl™ includes
2- hydr oxyet hyl , 2-hydroxypr eyl ,
1- (hydr oxynet hyl ) - 2- met hyl propyl, 2-hydroxybutyl,
proces? igcladda ydlteastythelicyited efshyatrmxyiietudy hiditional steps When used in the
3- hydroxypropyl, and so forth. Accordingly, use
contefﬁ@f 8 FHmPP‘FRéi Qré:rompowandiesz KRy compEsipg e‘é‘e%fh? taaéfth%@r%\vound or
I
comp&g?)?lnelh 19&3 hi?tlc%]% Fé&tg@tf%ﬂglést ﬂ‘ecj nﬂarﬁtg l}%\gtn} ?glsggﬁclude additional
r&aumahkybnmpnansaralkyl group. The term (hetero)aryl or
(het)aryl refers to either an aryl or a heteroaryl
group. Cbnpounds of fornula I may exhibit tautonerism

As userbhpreieyrless spespidcla sndiegicdathetwisg thaggorgy or'nipuged in the “inclusive”
sense bILSURPTIE LIRS SBEELES oI QLOAGRIC tautoners resul
romthe mgration o cova "Sonded hydr ogen
at om bet ween two at ons. Tautoners general ly exist in
The te%u'hﬂdepéﬂdémwn@l uéRl @rélﬁ PIRlidaR theol @Jrfabﬁarls hplicmiidl Hﬁ;lr one instance
tautoners usual ly produce a m xture whose chenical ‘and
withoythygird & the rpoq:a;emel @sibsange obm sm&tb@hamg thaesamexirardeffgent definition

1. C ounds Si t|on of t e [4.bri um
withig B R R S 1 & s dn SR i e i B andis defined as
"indefeferf AN 0R, or nftrJERAY, bdth RMadah Ge calbdeBudieR "aeh teeli@b&s, or one R"
such as acet al dehyde, the keto forn1predon1nates
can baggirhes: andriheypi@AONEO2ehe  enol for m pr edoni nat es. Conmon
prototropic tautonmers include keto/enol (-C( C» CH

de/imdic aC|d
When aé(c(vﬁlﬁq’l‘f?ﬁgg %Ldﬂaﬁf @n RS EUREANGIe ik ‘\%3“2 BRRI9T 9 orprula
deplctE%Tz{n@%%chﬁfn%éoWound;&n M’@&Mﬂedﬁﬁ‘ QB inV&Rion, its definition
latter two are part|cularyy common i n heteroaryl and
on eadnetceumc lis independerg ofiitd defivgtipn etseaty @thmeqwu@mce Also,
toneric forns .of
comb SRS SR nls it PR G Ty et PP TR B YR unds resultin
mamc@sﬂ@b@@hconnnnly understood by one of skill in the
art to which the present invention pertains, unless
ot herwi se defined. Reference is 5 made herein to
The syalrdlo (i’ amtdtmdajf adioad oahd~ Tt éld'rzad/rsthkanrg\twa hondtehdsefarfto the point
St and

skill in art. rence rks S
of atag et o U HERBRLTORR PRI ST At O oy Of W ideeule of which
itis a GRPAMRY, BPEkant@it:maN’ s The Pharmacol ogi cal Basis of

herapeutics, 10th Ed., MG aw H || Conpanies Inc.

New York (2001). Any suitable materials and/or nethods

knowned@oidmesehedfin Rk | I—eGnobeiu] | z=2> Miceanvy<@

out the present invention. However, preferred

mat eri al s and net hods are descrlbed 10 Materi al s,

reagents and the like to which reference are made in

A bont Rigavi01nk®¥ih § Gy &8s Cdsi pbb A t8B6hnekaNPh ERtiA¢tSeAbE dhdialkethat the
from comrerci al sources, unless otherw se noted. The

bond may he atiashpd topany pf sk pétableninge@nes a group of fornul a
-C(=O R wherein Ris hydrogen or |ower aIkyI as

defj ned herein.. The ter r "al kyl car bon
The tep,"p HO“E’E ndt @8tignalyg &bu efed? H{ﬂ%’és %@L&d SWF@' aesﬁ“l?%d event or
circun®di¥k nds, gﬁfﬂeg@ ﬁ‘oth 8ERE, rhndTlli‘aQ theBddpkich 1ﬁéli{éiesr1§§t§1{c§s Were the

a group 5 C(=O R contain 6 carbon atomns. term
event bawydmtdno«ﬁ 9¢Cur$@du99dnd¢e irewhichetdess aoigrisu pxauﬁple “optionally

substlgugeéln %VIHS hg?lﬁ oi),‘éo?]aj yesuﬁstgﬁteg %}03%% lg}a%rgiﬁgb}f)rﬁortagea ﬁy%rr(g?gen ora

substituent.
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group wherein R is phenyl. The term "al kyl" as used
herei n denotes an unbranched or branched chain,
WG a000nei4¢zi, nonoval ent hydrocarbon resi due coPCHEPI0N%051757
1 to 10 carbon atons. The term "l ower al kyl" denotes a
straight 20 or branched chalé hydrocarbon residue
containing 1 to 6 carbon atons. "Cl-10 al kyl" as used
The plﬁl@ﬁeﬁ‘l‘cﬂrrfe&f) gdtbertt® f@m zﬁbllcyctho(m{gmem”mfs uled Ierdi nﬁ‘@hb jms to form a
anpl es of aIk | groups include, but not limted
blcycltCoﬂng Dk yheyin gchdﬁg M P pIadGraR ﬂwtheéﬂﬁyqar Oé‘raé‘ﬁﬁf)ﬁ or 4-7
carboﬂ af I%Qé%?toﬁls béhtdyrha 1) Q}lt:&rx efl of u}%ﬂ&f%ted or pentyl,
| sopenty neopenty exy heptyl, and octyl. Wen
the term"alkyl" is used as a suffix fol |l owi ng anot her
The teb@MBbo@Sisiled RESIAD hdaM lapproRimatSly. in e el deﬂoughlS/hd)I‘Saround
is intended to refer to an al kyl group, as defined
Whengbsoizem " peauigis siseskini qontuagtionsvith a graerieal rogees i radifigsehatgange by

extencﬁ.ﬁ%gl%tbﬁg?éarf%@aﬁg\% %Eili')%L ﬁ)]?%l [P ? 82;1 aféfug ?%ﬂe ganeral the term

"aboulR iRlsed hetedi e ﬂnoﬂirfy b ﬁu@eﬁm Rylue raa@krecalld beaﬁdthB' stdt&] ‘iue by a
~al kyl ene radical as defined herein with the

Va“mﬁﬁﬂé?% #andi ng that the attachment point of the

phenyl al kyl nolety will be on the al kyl ene radical .

anpl es of al k radlc
e aqti PG Red ool kot N RE ApaRRg 1o Pamshem i sy %?{agmaﬂons
uch ak €hétBro: Ilkll yéHeydro@h Ky arylady HAE 1oen4 ”
B e g R 2 rbony
“alkoxgiahgyl, 5r‘icyclé&1ké1|9tkyté‘ andsth%thk%\ry)ﬁien thei temn “alipple iy esedws a suffix
followulrilﬁ ortﬁ)ez‘ i i phFﬁx}alk}épeSEerh&afo&gﬁkglgl th1s ik ?ntended to reifer to an

alkyl @bujs, abelbﬁﬂ@ﬁlbybk/e rbahigcsmbstitut€h &vithesna to nad @lﬂislﬁ;dents asleuse from the
herej n_denotes a unbranched or branched chain al kyl
other ﬁ}eg@ﬁalggnaragz} gioup BBy dongrareien H_henzlalkgfl ofetsty pagan alkyl group

in{ A 80 LTS 5, Sl e en. v

“alkyletn@ioalklyy/ dis ag atkyb group hadiue ogo it Bsrdulhgamlrtomuﬁsutumtb ofHydroxyalkyl"

: at . Wherein. 1, 2, 30 r
1nclud§ﬁg—ggfhfo§y%tgy]b§ hé/df%yBlé)@ﬁf 1@§%f§%@et%gﬁ—g—me&nfpr y? 2-hydroxybutyl,
2,3—d111ycfr1) %’TEE Mdro thy2Y, SORIRA yproby P laaaRs el iy | Accordlngly, as used
I-io onethyl | uoromet Ryl , ~"trifl uoromethyl,
hereing thectﬂlnro‘ﬂmdmmlkyl”tls .umdda@nﬁnm sybset ofi hetoerk Hyaroups defined below.
The te%ﬁlf—k)ag%@?yﬁ%efqgrls ’éo bt t]%eg rag rél{olﬁeﬁhsfy uas zﬂ]ﬂg 5 8¢ ﬁvmyyl eroup. The term
(hetera)am o aR reférsitd dredrvlaryl 2r 4 hé&rcdllrfl@r@li;p et hyl,
3- bronopropyl or 2,2,2-trifluoroethy The term
"al kyl ene"” as used herein denotes a dival ent saturated
Compbimibsart fhwydrd ot araperhibgdiwaieidfm.1 Tattomific canpamdatansxist as two or

more i g RSl c EFOIBODI: (RGoroT b GE R Epuiog of  covalently
bonded@y% wer® hton & &EL twdr Qt&h'g Taut%lsl%sg%n&ﬁﬂf EXh SR equlhbrlum and

i ndi cated. Except in the case of nethylene, the open
attempta feivelets @fln@1n1daaktyut@n@rsgrsaeﬂ|by piodugrot m@zttmacﬁme t:bemlh@l and

phys1cgﬁProg?éleF] ate clopﬁistf:lé@dwﬁb H%?.lﬁi‘y%lf] cﬁgl%orgl?cgs clgﬁ: eposmon 0‘1;l e equilibrium

is depPHdRRYbrLERMi2al fEREBY WitRImORY hiulel , For @mﬁmemmﬁztdwdh@ﬁmc
butyl ene, 2-ethyl butylene. The term "al koxy" as used

aldehyglep ém%k%lamss%h as geesdIfghydgrthe setopian redominagas whilea i phenols, the
e YL EH)-CH- 5-C(-

enol f?l’_%% b opgﬁng%fle?é COEH{%]] @%tonﬁ%&)H:%%tbFl%fsnﬁé}ﬂd%ﬁe{tg/{eg@y(’ &X6)-CH- 5-C(

OH)=CH-), amide/imidic acid (- C( 0O)-NH- S -C(-OH)=N-) and amidine (-C(=NR)-NH- S -
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pentyl oxy, hexyl oxy, including their isoners. "Lower
al koxy" as used herein denotes an al koxy 20 group with
wW@200000@42 al kyl " group as previously defined. PQUERD09/051757
al koxy" as used herein refers to an-0O alkyl wherein
alkyl is Cl_1o. The term "hy#oxyal kyl" as used herein
denotes an al kyl radical as herein defined wherein one
C(-NHR)=N-hta@®&nierdr Digelattat @mitard® parteiiligy esthmoarihbeteasand heterocyclic
is/are replaced by hydroxyl groups., The term
rings anghthe B@Pwpnvea%%%@m@é?ssﬁ Al P @naria e gkihe camegunds.
carbocyclic ring containing 3 to 8 25 carbon atons,

e A5 ORESRH: P BB, e SHE SRy FUSAROGEKhy e o

skill ifh @e@irtto WEHi &l the tpeesait 1ﬁVe§h|t1@ﬁ\ |p515fiun§ QARES 6MeMisedddfed. Reference is
carbons in the carbocyclic ri The term

made hesgi) te ypReypynethpdglegigs ansl matgeals %gpwy tq hesg efr dtlbip the art. Standard
referel‘fc{%hvpgrfig %t{u“l"%%%?]ftﬁé nérﬂtgac}%ﬁlﬁlglp?es og g%ﬂb cgl%g% rlgyurﬁe?éqbdlman and

GilmalaBte \Mhbhhditdicl%eca‘l IBazgzs OFTher‘a?@zLZQ@ 9/oraaH A cGraw H111 Compames Inc.,
PCT/ EP2009/ 05175 - 6 cycl oal ke
New Ykd2@0l) Any w@bk%wéwﬁ al@ﬂ%@@%ﬁ@% vy t@rﬂl@sﬂeto(ﬁ slsﬂl can be utilized

r
e e e B o o Ty o g deseribed.
Materials) geagentn and therdike ndyodicheafessnce yel ma‘leklﬂ ity fogbwurg&‘leba‘v;mon and
que tgéaggge car bon- car bon doub]| e nd. within the
cxampig frorg GRMBISFRUPIICFs. 4 S%\?t °IY§EC Michat i c.
Cycloalkenyl groups nmay be 5 optlonally substltuted

The te}f\fﬁlg‘:a@gg ’gs ggetd%giéezn 8%%?&' d #]S%%f Ely‘r’g open ?ﬁ&]e%aﬂ{ dlﬂyciro gen or

lower @H@l oy hereﬂfh eTHeatti ohallogedrborol” ashﬁbd) heraih db$16d:s a group of
rein means fluorine, chlorine, bromne, or iodine.

formuilﬁ]%(:t(@&w eﬁ@pé} 6@111911 as g%flq?gé@r%r"g]pente% 5}1@ agyl refers to a group -
C(=0 /Rt Ak %'cﬁrbog'a@&ﬁg ' 'Phe tBfm t'ﬁrzﬂﬁ}ohﬁ" a@qg&i‘?ﬂer&fl mah®a %&up of

ring atoms having at |east One aromatic ring
formutxﬂ(t:&))ﬁl wigeréio R istaa aeyl@hdupa tlensmp Ebenzoyif as ﬁ@d herein an "arylcarbonyl”
i ncorparatjng.,one or nore N, O, or S heteroatons, the
groupy E%ﬁ' LW%@ atonms being carbon, with the
under standi ng that the attachnment point of the
t. ryl ical ;W
The telill% % k&ﬁo%% us%cggérglglsdg\{\l% eIL fnlfl) glals) Iarrll&tgﬁ af 81[5?&11% ({hg{lllg saaru)l/ﬁed monovalent
hydrodfarbkgﬁrebﬂ\de coresiaingr 10t carteihan@nd. €Thd tean “ldweir hlkyl” denotes a straight
al | -carbon counter parts. Thus, for the purposes
or brapghedichyia Ry finsarban esidiie SRRINIRE bimd Fuden aRmy- ﬁavealéﬂnés used

herelnq@ﬁ'fset% gfai“ﬁg?g@ b&d%qrtéﬂ)%ﬁrbo@( aﬁgnﬁﬁeso lgf&@ Yﬂclude, but are

nol eti es nonocyclic 15 aromatic
not lirhti&d toglosvet alk§l grongs iatlods Hﬁ:ﬂdfl ]eth}d Bopdt Epmgy]o nﬂ)utyl i- butyl, t-butyl

| ude, _but i pyridi nyl,
or pengyy ety TeoP B BIPHH TRl 1 by azol yi
i m dazolyl, indolyl oxazol, |soxazole t hi azol e,

When tﬁ' {e[‘HI a‘ﬁl%brﬁ is hgédaa% %l sluf}%c fotllo An)()#her Eéﬂ% Qy%néf)herﬁ/lalkyl ” or

azol e and oxa I ne

“hydr@gtah@naltﬂly iskietesddalstoirefet exlhmlkﬁ 06\, as defied abpves beihakliystituted
one or two substituents selected from hydroxy, cyano,

with ogp (g fwo ibrigRgNts sepged framehc ARFHEACKIGEYLLY-arRgd glmua hus, for
exam;ﬂ@,l‘ rﬂ%lf?ﬂ: lﬂXﬁote%E%‘Acﬁé&l fR"I@'yl &qui l@’é ﬁ’é pﬂlﬁ}cal and R"is an
al kyl,

am no, di a y am no, noa
alkyleada kaﬁllcalirammlesi Ihgareanvshth dlealridytsamdmgah&th attuchlmel;lt point of the
pheny 1 @;ﬁ%g?’% y%r‘glqe glﬁ{/lggggldlcal algl)l&/mpﬁes of%lgyl}/lfkyl radicals include, but

are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl”, “aryl alkyl”, or
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aryl car banoyl, al kyl carbonyl am no and
aryl car bonyl am no. Exanpl es of bicyclic noieties
WO p@baea42 but are not limted to, quinolinyl, PCI/EP2009/051757
i ndazol yl, isoquinolinyl, benzofuryl, benzothi ophenyl,
benzoxazol e, benzi soxazol e, -Benzot hi azol e,
pyrr ol opyradi nyl, pyrrol opyrazinyl and 25
aralkplerazé ﬁltﬁrb\ﬂe&zl(shrﬁﬂar]')h@(cbpﬂ’ RNi§ hlﬁh@l il oBhdkgtms "heteroaryl alkyl" or
. ‘heterocyclyl" or "heterocycle" as used herein denote
heteraarywﬂ%vaﬁé?f@mgeé?%?lgtl@&yegs%qpt R pagtiesally ¥iongl o {fr%%ryl radical.
one or nore rlngs preferably one to two rings or

t hr, rings, o hree to a
e e b BRISBAL g SRR ey Py BaP R Saraiee Bhip el group o
define@lab8Wy ®Whéreindl, €8 OF ARkORFIrd £hAsAs hieQUbMNEROby a halogen. The term
wherein the poi nt of attachnment 30 can be

“loweg l(aﬁle%lbﬂ”)é%mt@& a giraaglton Mranecieen Gringhyssecarteatresiflueemitaining 1 to 6
carbo%\mﬂlt %h \%ﬁl&el?lplt |2O§] %lr hl\ére%)lgy ggde%pa%}gse Qr%l %’bst&tﬂ?& %}5}5 lﬂtal%gen Examples

are 1- ﬂumsmlethlye ntaﬂ@ehﬁdtyed lﬁlroﬁmrﬁémgn okmdom@@QHﬂd&Bﬂaéﬂlyl
PCT/ EP2009/ 05175 yano, | ower
trifluogprpeshyl, tricab%?mﬁ%lb/b&F@{ewm@&wrltqﬁipawthw1oﬂuq¥a¢tbéh Whloroethyl 1-

X | :
bromd%)'}% O %ﬂl)gtﬁir }}%gc%ﬂ%ﬁ i(QPﬂXar y}ﬁg %%mnﬁ)@h@fp 2-iodoethyl, 2,2-

| am no, onyl onyl
dlchlomdMIaﬁbrunmﬂrépmw 2.2a8-yiforaedsil f onyl ,
al kyl sul fonyl am no, aryl sul fonyl am no,

al kyl am nocar bonyl , aryl am nocarbonyl,
The tegng 9]kd13ﬁmb'bwlsadrhﬁr@m danpies adbevst spred linepekyirgearbon radical of 1

to 10 é)atr ég&%g gé u(? g ),ﬁgli Fféﬁgﬁ)ed:}%‘iu%techglt\/?leg{:%dlngc%rlgo%qja&@lllsof 2to 10

carborpytbfr@(b di, \§HMeh ex atiy drid@Pedithy), unexedtbarwise indicated. Except in the
t.etrahydr of uranyl , tetrahydrothi ophenyl, oxazolidinyl,
case of megkyéqqedqhﬁypen y@l@g&ﬁ sf ilraiﬂhy]pne Ersﬂup 8rs Qﬂt Ia&pched to the same atom.
I
Examgilgagp@%%rlg%éqﬁfig%ﬁﬁfé@} élé'] %#lte z%r? gﬁfjlgﬂng%dﬁ()aﬂlﬁ@%n@ d&hﬂ/l@ﬁ{é propylene, 2
methyll@tclpabyldrbi:-alnbe):hylneythylen&nbd@iﬂiel Drgthyltuoylemsor phol i nyl
quinuclidinyl and i m dazolinyl. 10 The phrase "organ
rejection” includes acute allograft or xenograft .
The terléq alkoxp nasawad Berenneans [apogradlxl erenp. NaaksE @H%Yl is as defined above

such as gllhe?lif/otglcl ar i) 2{% Eg&éy r)%rc%&lé#ﬁf? ﬁg)lu%m»égz bagr%)&r t- bu loxy,

pentylogy, |I&)<ylbf<53,ﬁﬁ<ﬂh@1ﬁg sheiiGoomem) YL ovsachiledxyr av iaddihernsn denotes an alkoxy
i ncl ude: acetyl (Ac), azo- bIS |sobutyryln|tr|Ie
group iyl owerglkels grwPES Proaionyly dfBed-abitogelikery. & vishbgingefers to
O-418-1BEN ﬁg@] crert- but oxycar bonyl (Boc), 15
- J?ytergggut pyrocarbonate or boc anhydride (BOC20,
benzyl (Bn), butyl (Bu), Chemical Abstracts

The teRagh§dioRydlRy1" BilaRameti\SEN)es DM kanye as hat defieBZ whkrein one to
Z), carbonyl diimdazole (CDI

three hydiogein#5eis @ difis[ent parbpn afefarsaempraeyl by hydroxyl groups.
dlethylan1nosulfur trifluoride (DAST),
The teim5 c&ﬁé&lk Qggggegi{}%?én g%grg?ﬁé 8 s%tH@te(dtggr\‘Bocyilicsring containing 3 to 8
carbo@ht@ﬁ@bﬂ 63}59&1@‘{)1 péh. yusiR c? ycfdHen Igg%yf\.laohexgl carcloheptyl or cyclooctyl.
o

di cycl exylcarbo |n1de (

"Cs.7 mcmllvﬁ'b@tmghheremaers i antviyoloakgt mwse@om to ‘drabpnd in the
Carboazgdicarboxylate (DEAD), di-i so-

Prépyl'azodi car boxyl ate (DI AD),

di -iso-butyl al um numhydride (DI BAL or DI BAL-H),

‘4 y e

The tegﬂéle géio%}fa&{?yﬁ) }e?rpyd %pd %.1 n@%sﬁﬁsﬁi %!g{ggifs) g@E&}ﬂnmng 5 to 7 carbon
atoms unless otherw1se specified and having a carbon-carbon double bond within the ring. For
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(DVAP), N, N-di net hyl f onnam de (DMF), di et hyl
sul foxide (DVMBO), 1,1'-bis (di phenyl phosphi no) et hane
W@ 2ppade442, 1' - bi s- (di phenyl phosphi no) f er r ocenePCUPPIP9/051757

1- (3 25 di et hyl am nopropyl ) - 3- et hyl car bodi i m de

hydrochl oride (EDCI), ethyl-3IEt), ethyl acetate

(Et QAc), ethanol (EtCH),
example, &1 sh@xyloZlkke gyl irdtorlsito a-cgzclealkh@l)gkdup Ha@ing fedrhBlto 6sh&fiber atoms. In

‘(EEDQ%, di ethyl ether (Et20),
certalroer(ﬂ?o ) ﬁz@p@lﬁg@é |2EQUPS %a\}e (Nlle carbon-carbon double bond within the ring.
Tn othd é}flﬁfhﬁl&{ L& %‘gfgl%gl?(!e@ %3‘&%%8&@50,}%519 BROSRBH.-Earb&E &5ubte bond
w1th1n]1hé\|r1hg dﬂmxg/skw,rqrotoalmzydl réngf laeBiot ardmagic. ﬁydsa;lkereyl ghaupsiinthy be

BTN T
not hrﬂﬁéd ﬂon&fcweﬂttenﬁ%}i’cy%%&nyl( nmesyl or Ms), , nethyl

Me), dacetonitrile MeCN); m chl or oper benzoi c acid
(I\/CPBA) mass spect rum (ms), methyl t-butyl ether
The tefT'BHb ged¥-dor' balo's iCwsed ihdietteme NBS)uorive Gl driney Brokyi ok, iod @dine.
(NCA), N-chlorosuccininmde WD 2009/ 106442
PCT/ EP2009/ 051757 -33 (NCS), N-nethyl norphol i ne
The tef NI teraseyie ahydegynereod tnd@m;el ml&m)ycli@)bﬁciyglinimmnicyclic radical of 5 to 18
chl qrochr ridini.um.di hro te (PDC
ring aghis P AR oo g s R SRl B eS¢ P EBFY St it
1ncorp@ﬁit1ng5ﬂ6 ar fhokdﬂNhO( B5$ heteidtdnth, R reMYining fiXO4toms being carbon, with
enperature (rt or RT), tert- butyl di methyl'silyl or t-

the unggqs,@gging Gh@@p@g)ttac]@mp@m};]t afihedeteTEmylgiadicalaxgl be on an aromatic ring.
As we?l I&P%’gﬁg ttlgorsg %gg% tBlE ?qu)r llleq%rggriyﬂ O}lgléfg fi(sgglgés%l (:Jﬂ?;rﬂscter than their

all-carbod colit&-pArt2, "ﬁuﬁ folr efer Iﬁiﬂpdshs/ bhﬂhﬁﬁr&l‘éﬁtlan a-ldtcoseyl dridtfheed only
O benzotri azol - ¥I-N N, N, N -tetranethyl uraoni um
have spgerdsereg of BrooraticehareiTy) EX%HP{PI?F fdirtsroaril Balstisyinglyes monocyclic

aromagl%b%focg_@ﬁeg ﬁé\gﬁ% 2 E(?‘? %Ms) aéld 1t {o'mé}&lt&nl(s 31'11101&{6 ?{?t‘?l§hot limited

c aci d nonohydrate
to, pyipdis Qp yridhidifleyl, ﬁﬁfhﬂﬁiﬁmpyrmlylt pﬁlyilzol@ﬂ'ﬂmdazolyl 1nd01y1 oxazol isoxazole,

. ur et hane- N- car boxyanhydr nt|
tiazols ofiEF 2ica A2 0. ﬁre%gwﬁglqp %HYET Bk O f af $Xadfa§<8hne which
can oﬂtio‘nﬁlly BEGPRGRIN WiBE6End or h&k! prdfeYal} 8hd op twdNBbARAeI@YEected from
their customary neani ng when used with an al ky

hydromlcefm}o alkyl, aljogawidiio, daveer baloplkoky eddlndthio, hikorbalohlisyluplylsulfinyl,
i ¢ _Chem st I UPAC. 1979 Per ganpn . Press, .
ksl e Ffeming SRl BT RRHGg minoalkyl. and

dialkyBR6iQBTRFIS BidrobY kbXaffoR§eHd darbagityl, ik yaetebathdyli dlalkiRarbamoyl,
scope of the invention are provided in the foll ow ng

arylcan’qa@moeﬂ atipdepsbanyiampine snépcylqsrkapatatinonsxampeypl Ripyclic moieties
h h
o LS L85 B SRS TSR B Bionnens
benzokmmt)emnsoxﬁt&y, tehoithidzaletpyp@lapgrigingt pecoRpytaziniyl hmy
t he scope of the invention, but nerely as being
benzisofhiggdle-at i ve and representative thereof. In general,
the nonencl ature used in this Application is based on

" tein Institute c i zed
The g iR For ot el R BREbT 6 Telsbhetky AT uRAIRIAFULARE o
mono VHIR REtu Al rclic Z?él)hdaﬁ cohgibtehd &F ote Bk BOFECAARS Yrof@hbIg e & two rings
depi cted structure and a name gi ven that structure,

or thraetfengdeffi thice & SIZRLARIPNF 1) 18N, HIOPEP BTG PET SR TIRE ceyhen atoms and
one OIIaIHOI% He?éil?atglgls gcﬁl%s ti@&ﬁ% bec;PS%t ()Zﬂ 2, \Yl"laerelﬁ tﬂiﬁ‘#?&#t:) orq a?tﬁchment

fon 0 ructure i s not ed wi
can beethﬁ:m}gh eithéral driam dasahed heten@som] d’nﬂ which can optionally be independently

substituted with one or more, preferably one or two or three substituents selected from hydroxy,
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structure or portion of the structure is to be
interpreted as enconpassing all stereoisoners of it.
wa2Bhaod442epi ct s exenplified conpounds accor di PGI/ER2009/051757
Formula I. 25 TABLE |I. COVPOUND SYSTENMATI C STRUCTURE
MP  NAME WO 2009/ 106442 PCTFEP2009/ 051757 -34 H
1-12-(1- N Benzenesulfonyl-lH N o indol-3-yl)-5H1-1
oxo, cQno, Nvwa alioA, ZG&e&lkW l@if@[hﬁl,o?al-kb}(pydllqaihﬁb hak, haloalkyl,
7-yl1-2,2-dinmeth an -0
hydro;j_y%lgyl(q}‘[.qgi q%]@%ycgr)égpyl arplno5 W];nru%g 6 kzlsglfowloarylfuﬁonyl

alkylagl_ilﬁ)(g;s%?gﬁg,x%yﬁhﬂlm u?foﬁﬁlnﬁkgﬁﬁlﬂf&fy@ﬁ%ﬂo ar IFMfOIﬂ@zﬁm(ﬂo

eny 5H'pyrrolo{2,3- 'NH 1-3
alkylabiipgoaeoinpk a1 aainbcacydr yi, @lquchrbor&dmnmpydry]mﬂ)enylammo unless

otherv%tis%?ll eﬁx)g-;(a@giaé 8&%?@1&)0 {cgrgdllgélé wc&;{}h bk aaeenot hmlted to, azetidinyl,
pyrrolildu%ﬁ lﬁ%a&f(;rl A Eﬁﬁlyl oxeta% fétr@%fcﬂgﬂufhn%rl ¥tdahyMotiSphenyl, oxazolidinyl,
thlazohdlnyl isoxazolidinyl, pyrrohdlnyl morpholinyl, piperazinyl, piperidinyl, isoindolinyl,
dihydroisoquinolinyle, tetrahydropyranyl, tetrahydrocarbolinyl, imidazolinyl, thiomorpholinyl,

quinuclidinyl and imidazolinyl.

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

pancreatic islet cells) transplants.

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), tert-butoxycarbonyl (Boc),
di-tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn), butyl (Bu), Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), 1,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-
propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-
propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine
(DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 1,1'-bis-
(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl
ether (Et,0), O-(7-azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluronium hexafluorophosphate
acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure
liquid chromatography (HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiIHMDS),
methanol (MeOH), melting point (mp), MeSO;- (mesyl or Ms), , methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl #-butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide
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pyrrolo[ 2,3 b]pyrazin N 7-yl}-2,2-dinmethyl- ONW
propan-l-one 0 0 1-[2-(5-Methoxy- HN-<
W@0vdia4B-yl )-5H | -6 pyrrol o 2, 3-b] pyrazi n- NPCT/EP2009/051757
215-223.6 7-yl]-2,2-dinethyl- V/ O propan-I|-one
[1-(7- HN\) o |Isopropylcar¥anoyl- N 5H-pyrrolof 2, 3-
ly- NH 1-7 b]pyrazin-2-yl)- N X 251-252
(NCS piNogieildirhophylide (NMM), Nehétpllp 521&6151@1’1%((NMIi’)dpj?lﬁhhlubiﬂ}ﬂd)rochromate
ester. WO 2009/ 106442 PCT/ EP2009/ 051757 - 35-
(PCC)p py@lWthW g%ﬁ phgny!l g_Phw BrOBYJI-(PHNSQ propyl (i-Pr), pounds per
Bl IG _
squar aCIEII(i:I&%SSO &1{1} gnhflr rm%ﬁiﬁﬁgﬁ% (grl} r(])glR%‘)l /?;4[ bu@ﬁﬁﬂ%ﬁ(}lélﬁd or t
BuMet3ii (TBIN 8}, aicehylemaei (AEG. orZEtZN DR e, rydtramef iRyl piptidin® 1-oxyl

B gt $Os Aot ucfcese G HAhY -5 2265
tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-
CcHuSO;- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature
including the prefixes normal (n), iso (i-), secondary (sec-), tertiary (tert-) and neo have their
customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,

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

Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as 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.
If there is a discrepancy between a depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addition, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

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

The compounds of the present invention may be formulated in a wide variety of oral
administration dosage forms and carriers. Oral administration can be in the form of tablets,
coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral,
intramuscular, intravenous, subcutaneous, transdermal (which may include a penetration
enhancement agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted 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
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sterile injectable solutions for parenteral use. A typical preparation will contain from about 5%
to about 95% active compound or compounds (w/w). The term "preparation” or "dosage form"
is intended to include both solid and liquid formulations of the active compound and one skilled
in the art will appreciate that an active ingredient can exist in different preparations depending on

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

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

pharmaceutical practice.

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

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

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer a
desirable pharmacokinetic property on the active ingredient which were absent in the non-salt
form, and may even positively affect the pharmacodynamics of the active ingredient with respect
to its therapeutic activity in the body. The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as 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-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic

acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
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pyrrol o[ 2, 3-b] pyrazi ne-7- carboxylic acid ((S)-2-
hydroxy-1,2-dinmethyl ro |l -amde HNO N N 1-165
W@ 2Q0940644Met hyl - cycl ohexanecar bonyl ) - 5H pyr reCDER2089/051757
S b]pyrazin-2-yl]- 0 thiophene-2-carboxylic acid OH
WO 2009/ 106442 PCT/ EP2009/ 0541757 -68 HN O N N |-166
s 4-[7-(1-Methyl- O cycl ohexanecarbonyl) -
camp}ﬁ)h'k@&bhfc{ﬂc@i 2, 3ethNticyblopd 2 a¥-odt-2eid- ) -carboxylic acid, glucoheptonic acid,
t hi ophene-2-carboxyli¢c NH2 acid (2-anino-2- mathyl ro .
3- phequlprgmoaé: qqp\qi \trigaethyfageticjacig perdarydyugylacetic acid, lauryl sulfuric acid,

gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,
and the like; or (2) salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or

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

tromethamine, N-methylglucamine, and the like.

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

thickeners, solubilizing agents, and the like.

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

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e.g.,

by injection, for example bolus injection or continuous infusion) and may be presented in unit
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{2-[5-(4-D net hyl am no pi peridi ne-1-carbonyl) -
t hi ophen-3-yl]-5H pyrrol o[ 2, 3-b] pyrazin-7 --
W@ RGoofids4wet hyl - /N ¢ cl ohex | -nmethanone O HNPAI/EP20D51757
1-168 2-Cycl opropyl-5H N X/ N
pyrrol o[ 2, 3-b] pyrazi ne-7- cafdoxylic acid (3
hydr oxy-2, 2-dinmethyl- ro | -amde 0 HWIJ< H 1-169
dose fdim M @i s preofilydd Siinggy small pRme-ibfusihaz imerlti-dose containers
.. carboxylic acid _tert but | am de WD 2009/ 106442 ) )
with apagdednpgsngy ety g7 3 e cogposptiongNnay. t[alye_ @g’hjglglsnaétsHmeswns, solutions, or

e BB )P B b B B sl e
Examples df dlt gl nddaqestiecartiel diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl
oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or
suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in
powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution for

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

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. 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 is first melted and
the active component is dispersed homogeneously, for example, by stirring. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool, and to

solidify.

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

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

The compounds of the present invention may be formulated for nasal administration. The
solutions or suspensions are applied directly to the nasal cavity by conventional means, for

example, with a dropper, pipette or spray. The formulations may be provided in a single or
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O HN ~ NOH H 1-171 N1\ ZN 2-Thi ophen-2-yl-5H / S
pyrrol o[ 2, 3- b] pyrazi ne-7- carboxylic acid (3
Whoweoses42, 2-di methyl - ro | -am de DOSAGE AND PCT/EP2009/051757
ADM NI STRATI ON The conpounds of the present invention
may be fornmulated in a wide-%dariety of oral
adm ni stration dosage forns and carriers. Ora
multiddd@fdinS tih @iid laftercake bfta ﬂlﬁppehe)r ptperee ahistradb) 1t & hievBd by the patient
coated tablets, dragees, hard and soft gelatine .
a mlnésém| aélsa,ppmllg{el, Bﬁgetewpg y%lﬁgle of ﬁ}qﬁﬁéutlogror suspension. In the case of

a spraZ,?tPl gjgaé}i %hw@%‘?& bgi o?§ erin%va%}hfzﬁ{é s?fa%/ pump.

when a y ot routes
adm ni stration |nclud|ng conti nuous (|ntravenous drip)

The cérapdunab oP@ke §dsehtdhvention iAo rth@hted if6it Je%BNSinistration,
subcut aneous, transdermal (which may include a

partlclg}@ﬂgfq the F@,ﬁlra@mhgaﬁ; ane Hclugeminyrangsg inisfatéeq). The compound will
generéﬂ} %1 sl qu:m fﬁgesﬁ 'é;?g{%%@%%h@ o%ctlerr%tf Ile/n %ﬁ%ﬂcglrs %%Pe%g Such a

es O

particl&d[ﬂel’ih@t eadbtgined By gemarialoky inriad art) Sbﬂkg(aﬁlpl&lﬁgnmﬁmblﬁﬁmlon The
) dail%>d05|ng regi men which can be adjusted according
activedparedgnids @’foé(éieéfm aﬁqsmaeé@a%arlthtaﬁéltﬁ%% PrapeHtant such as a

chlordffasRRAD rslt(gft? ?o@&gahl;b?e 'd@[o‘?géhﬁﬁgrom%ﬂﬁggnpHﬂgroqfuoromethane or

conmpoun he pre ent invention, as we heir
dichlopdtetrafboeedthana) drycartsaatib:ade sadthea, suitolye ghe rThwi dehosohmapconveniently

o RGBS Sk, CCGLE! S0 8 SO S, o0 MO e

valve. CRITBQS {1 PR ROk iﬁ%fédléi’l@sﬁﬁ%ﬁe proRRIcBRR A FREEH d &3 powder, for
conpositions and unit dosage forms may be conprised of

examploApewtéional ofithgewupantsn p suitdbiypowdeshase suph eplrtosontych, starch
. Wth o | t hout ad ctive ¢ ounds..qr
derivalfypyulh ol b G o B ST et 56 % pES TESHRTR e 4P WPy pre powder
carrieSwill Rbhe & fieGk nyQ1 aamynNtThefpotvaer @ﬁﬁpdéﬂldnﬁﬁla[ﬁ&id ®@8dented in unit
connensurate with the |ntended dai |y dosage range to

dose fen &fisagpels. in TrRs UK &F Aticidees ehe-gc ﬁﬁlﬁ@% Pt blbsiey H@ﬁlys fisemaghich the
/ 70 | oyed lid
pOWd%héﬁ/ Qgﬁéspﬁghgﬂ%ggﬁ(Qg&caagﬁles eggn?§§|i3§,so as.

powder s, sustained rel ease fornulations or liquids

When%@ﬁ?bdaﬁorﬁﬁlalﬁtoh%a% beSHEPLES Wah %nteﬁ@‘ébﬁin%@ %dap%d PO k@staiRéd or
| ed capsules for oral use; or in the form of

controdlag psist efnEstfagion o6 deaktiv ingigiaval Ferdrianipbt ﬂmqompoumls of the
pescl eSS b O AP SR 0 e v
ThesefdeDMRraRAUEMS He advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen is crucial. Compounds in transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of
interest can also be combined with a penetration enhancer, e.g., Azone (1-dodecylaza-
cycloheptan-2-one). Sustained release delivery systems are inserted subcutaneously into to the
subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

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

Suitable formulations along with pharmaceutical carriers, diluents and expcipients are described
in Remington: The Science and Practice of Pharmacy 1995, edited by E. W. Martin, Mack
Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may

modify the formulations within the teachings of the specification to provide numerous
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5 to about 95% active conmpound or conpounds (w w). The
term"preparation"” or "dosage fornf is intended to
W0 p@baee4bot h solid and |iquid formul ati ons of PETTBP2009/051757

active conpound and one skilled in the art wll

appreciate that an active infredi ent can exist in

di fferent preparations depending on the target organ
formuliitiohs Bf Aatelad Rodtd ef éiﬁﬁiin[sﬁdtldm%halﬁtdemahgmnﬂﬁisit@ns of the

paraneters. The term "excipient” as used herein refers
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Jlecs
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welghdp@rl dagdhoyith be npmopiige camoacthempy yndibr inlvenbaraginh therapy A preferred

sty SR 3L} ol AL o) ool oL on Sl (50 o

about 360 %gﬂ@%’d@hﬁ&@ﬁt%mé%d@t pr%fgnfeﬁrl' CaRCdtfbut 10 floflG bAG vbight per day.
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are lesy thap. thy apeRyBeloso 9l Pepmppendadnereaiisiadiosagads thereased by small
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acid ane-drsu fonlc ac
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ion, an alkaline earth ion, or an alum numion; or
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
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coordi nates with an organi c base such as et hanol am ne,
di et hanol am ne, triethanol am ne, trometham ne,
wWOReHbAkY| ucam ne, and the like. Solid form PCT/EP2009/051757
preparations include powders, tablets, pills,
capsul es, cachets, suppositefies, and dispersible
granules. A solid carrier may be one or nore
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suspendi ng, stabilizing and/or dispersing agents.
Alternatively, the active ingredient may be in powder
wo o00ailo@ait ai ned by aseptic isolation of sterilRCEBP10d9/051757
or by lyophilisation fromsolution for constitution
before use with a suitable vkhicle, e.g., sterile,
pyrogen-free water. 10 The conpounds of the present
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chl or of  uorocarbon (CFC), for exanpl e,

di chl orodi f| uor onet hane, trichl orofl uoronet hane, or 10
waelt@bhoeudet et r af | uor oet hane, or carbon di oxi de PET/BP1ve9/051757

sui tabl e gas. The aerosol may conveniently also

contain a surfactant such as/1-ecithin. The dose of

drug may be controlled by a netered valve.

2,2- Dyﬁhdtleylrla[z (\Ze;bytrdlialﬁq a(yil-lpyﬁdllnﬂgylﬁ)(ﬁPEpj?@olﬁ‘mB bﬁ)ym’zmﬁﬂq/ﬂ?]dpropan 1-one
for

A mlxafrepﬁé [86%15819%131/%6113 4'51111)*[55}01)3(5” 6&%@1% guélr@ %éhmethyl propan-

1- onerg Gg@g% 0% A lP) Osib@'h‘r‘[rh rho{RkdeVae 13515@, AIV-meth Il ollidinone
dr oXypr opy ce ? ose ancf1 pol yvi nyl pyrrg Pﬁr
was st(rFBde)t 15THE ip am&:hewre bbedar 3 heThewdshitingrbiack snglltlon wak bemtloned

betwef: a?(z m].t afvealbsé @C‘%Egtgﬁgg gger Cﬁ)ﬁnFOSI eg%ﬁg%¥ éaéfeb Else \S)’vgs e?i with three

30 mL\?\}erEBﬂlsd&f%té}f dﬁecgover RbJ BleeedBhd %&&ren%séf% er@mue Silica gel
i ch e adm ni stered by nmeans of an

chromiatpigzdpby (0 Vihéﬁh%c%@lAtCéwxalﬁQﬁ} affivrded 0020 gdhl Beobhi.dsamedyl-1-[2-(2-
j. t t [ d f t ai .
ol GBSO R B TSR s st e

i ngredi ent. For exanple, the conpounds of the
t el r
e O o L W 1S O S0 abl kR F?@E%f@
systens are advantageous when sustai ned rel ease of the
2,2-Da@ARQUNE- (334, N BaESEFEY0-2BTd, 2BIR riginlyi- E'%,g) sﬂrmlrfo%[cz@ -b]pyrazin-7-
with a treatnent reginmen is crucia npounds in
yll-prepagniseied mal  del i very systens are frequently attached
to an skin-adhesive solid support The conpound of
est can al so he. c i ne ene Lon .
1-{2- [@ﬁ%%}g@}h ylanigo- pyﬂ?ﬁﬁ]él—](o—an)é/ le -y aﬁé—%yrrolto f 5—b?pyrazm—7—yl}—2,2—
dimetEYGJrON@PL-8Rc 2-one) . Sustai ned rel ease delivery systens
are inserted subcutaneously into to the subdernal
| ayer by surgery or injection. The subdermal inplants
2,2- Die‘mmla;pslu[za(tzethtdﬂleorpmmﬂpyﬂﬂdiﬁ-4-yli)ﬁmpﬁcdlumaabmmzhan@]—propan-
e.g., silicone rubber, or a biodegradabl e polyner,
l-oneg g. | polyactic acid. Suitable fornulations al ong
mnth pharnaceutical carriers, diluents and expcipients

22 DRSSP g B 80 PSSR A RELEb S o 71
propaiddneshi ng Cbnpany, 19t h edition, Easton,

Pennsyl vania. A skilled fornulatlon scientist may

nodi fy the fornulations wthin the teachings of the
1—{2—[Qﬂédﬁjfdrm@t—pylmltdﬁn—ﬂ)F}d)fpyhiﬁimsimd] 6 Hsp W01 QB |pPG4AHZT-y1}-2,2-dimethyl-

/| EP2009/ 051757 -74 formul ations for a particul ar

WDPMW i€ of administration without rendering the

conpositions of the present invention unstable or

rQifH. Si . L 4t t T,

- (TSI DR PR R s To e a2
dimetlidfpeom@l Lbhe in water or other vehicle, for exanple,

may be easily acconplished by m nor nodifications

(salt formulation, 5 esterification, etc.), which are
1-[2-(Wve Zepati-1 yl-pytitie oy 0ishapyraRi2,3-blpyrazive 7t 2,2 (dimetylapropan-1-one

mell mﬁthin the ordinary skill of the art to nDdify

te of adm nistration and dosage r of
1-{2- [Ba{£$>r%ﬁ ugFo-PYEABEM oYl i-RY BT Vi é%@ﬁ%@%ﬁ%@lpwam T-yl}-2,2-
dnnd@ﬁﬁT &;tICS of the present conpounds for naxi mum
e C|a effect in patients. The term
"therapeutically effective amount” as used herein

1-{2-[TE A0S 3-FuREBYAblidiB AU 1N BLrilia-4- 9 WERpyrrolo[2,3-b] pyrazin-7-yl }-2,2-
dimethyl-propan-1-one



10

15

20

10 synptons of the disease in an individual. The dose
W Il be adjusted to the individual requirenents in
we@awb/1parl i cul ar case. That dosage can vary w PCii/RP2402E51757

limts dependi ng upon nunerous factors such as the

severity of the disease to bB-treated, the age and

general health <condition of the patient, other
1-{2-[a€d]1cRivRbi1S.6 Whib ot otif-4- Nig-ppatineny1]i H-beirolg[ 2, 3- @i yeskin-7-y1 }-2,2-
. the route and formof adm nistration and the
dimethylgrepasnl-ade and experience of the medical practitioner

i nvol ved. 15 For oral administration, a daily dosage

22D B> BR bt B AR RO ST BA B relglg 3 bipyracin-

7-yl}-propaft] -dn@ conbi nation therapy. A preferred daily
dosage i s between about 0.1 and about 500 ng/ kg body
wei ght, nore preferred 0.1 and about 100 ng/ kg body

Methywelyghhexahd[ 2ridspyrpiidire t 1yé dyddif-4apig Sébpyitol 4[R2, 3¥ppkcpzbo @yl ]-
wei ght per day. Thus, for admnistration to a 70 kg

methageies o the dosage range woul d be about 7 ng to 0.7 g
per 20 day. The daily dosage can be adm nistered as a

gl [ Vi . ; ' .
G050 B o Sl EANES: DR S T
2,2-dimgthyhptdpah-a@consi t h smal | er dosages which are |ess than

the opti mum dose of the conpound. Thereafter, the
dosage is increased by small increments until the
Methydsty¢loenydF {22 E2-(1f oro-1 fethiordonpholirah- ybap yrasthn-4i W1-5 H anymesdo[ 2,3-
b One ol}or inaQy skill in treating diseases described
PYT UL GV -HCMA abl e, wit hout undue experinentation and
in reliance on 25 personal know edge, experience and

RS L e R U S R R

pyrrolbfre3-ptpyset-7iyhj-2 2t diortHybiprapagilvere di sease and
pati ent. The pharmaceutical preparations are
preferably in unit dosage forns. In such form the

Exampledpar ati on i s subdivided into unit doses contai ning
appropriate quantities of the active 30 conponent.
The unit dosage form can be a packaged preparatj on,
the pagkage containing discretg quantitiesQf
prepardkion, such as packeted |l abl ets, c#psuyes,~and

sy vials or WO 2R0977T0 PCT/ EP / 051757
- nmpodl €s. ATSO, the A\ doslage f'or mcan he a
capsyfe, tablet, cachet Nor Nozenge itself Qr it can
b e appropriate nunbe>=5< any of these in kaged
form®The foll ow ng exanpl es™hl ustrate the_~ 0
preparation and bi ol ogi cal uati on of cbnp

within the scope of the invention. These
preparations which follow are provided to 5!enable
those skilled in the art to nore clearly gndgrstand
and to practice the present invention. T shoul d

2 D SR e B8y b P eSOl gne and 1722
dmethly BpFopRRN Al ipyBolidiB! Rt sHEXAYRESSrol P @ p§ratiny 1 97-y11-2,2-dimethyl-
propan-1-one. DMSO (2 mL) was added to a mixture of copper iodide (10 mg; 0.05 mmol), d,1-
proline (12 mg; 0.10 mmol), potassium carbonate (108 mg; 0.77 mmol), and 1-(2-Bromo-5H-
pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (100 mg; 0.35 mmol). Pyrrolidine (0.6
mL; 7.1 mmol) was added and the resulting mixture was stirred at 110 °C (oil bath) for 24 hrs.

TLC analysis (5% MeOH/DCM) shows two more-polar products. The reaction mixture was
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NH N NH | -~Br NBr NO
1- (2-Brono-5H pyrrol of 2, 3-b] pyrazin-7-yl) -2, 2-di net hyl
WO proopaid42l- one To a slurry of 5-brono-4, 7-di apCi/ABDE051757

(1.97 g, 9.95 nmol) in 40 nL of dichl oronethane at 0-5

C was added di et hyl al umi num®hl oride (1.0 Min hexane,

30 nL, 30 mmol ). The reaction 15 m xture was stirred
poure@tnt@S 3} rriL bosatBRtad sodiunt Bheﬂbplhmalsdlyﬂlotﬁiﬂdwﬂudaeﬂ $4thritOAc (2 x 30

) was added. The m xture was heated to refl ux

mL). Eﬂ%ﬁ ogaamcﬂwr% WPrel@Hrblnqdh@ﬁsl@éowéabw gried quer 833504 gnd

concewe%cé’g gﬁ&w VRS et m%ljaffhfg‘?@d 1??%6}9’9@3%1%591 -[7'-(2,2-

t Itione a sat
dlmetlﬂ\jd(ﬁromoﬂlyli R'opyranidiB 0§ 1-9H- (@5 i [lpytrolats$-bi myraziing] ﬁ?}bﬂ R ealimethyl-

propadage il 26 st B AR SO LeS 7 8 kBT o Bl T, 954 0

ppm) §50t@e Wbp QR Phdiikt Afet @Idﬁnetggel gﬁp?&’@ﬁﬂlﬂ-qdqu}gﬁgﬂhgloﬁ 3-b]pyrazin-7-

yers were dried over tered
yb)- pr@mnc]enmer di7éd Md=278 éMﬂﬂe H NMRd@MSﬁ) chi bt ddapipyp) as the

->60% Et OAC/ hexanes) afforded 2.50 g (89% of
lower%zt)]é)dg tono-
pyrrol o[ 2, 3- b] pyrazin-7-yl)-2,2-di nmet hyl - propan- 1-one
Examﬂ% an of f-white solid. Exan'ple 2. H NN Br N-- 1\
N O C1 WO 2009/106442 PCT/ EP2009/ 051757 -76

1-[2-(2-Chl oro-pyridin-4-yl)-5H pyrrol of 2, 3- b] pyr azi n-
7-yl]1-2,2-di methyl -propan-1-one A m N
1- (2- brono- rol of 2, 3- b] pyr azi n- 7|y|
- propan-1|-dpe (0.430 g,_1,.53 nmol
2-chl orop 34-boronic aci® (87362 g ptol ),
pot assi um carbonate (0. 782 g,8\66 nmol), Pd(,dbpf)ClZ
CH2C12 (0.098 g, 0.12 mmol ), 10 m_ di oxane and 2.5 nL
TrimeBl€lylasetylene $11.1 hfd 88tmrh6I) was hddel toiacohmiay @f Ramide-3, 6-
The resulting red m xture was partltloned bet we

dlbrorgg)nymzngﬁ (5&%@05@@9%{ RA(BRp)Ad (414003, Ol apol) T}péthylamme (11.4 mL,
80 mri{ly &RHSphEY B odi@é((?ﬁw g?‘ r@%moi)flntsmnﬁgf fEhah RO6ALANR 0-5 °C. The

of “ethyl "acet ate. ed ‘'organic | ayers were
reactigr inedurewers aNyBe! fo Waﬂrm eﬂéﬁ andhftirrggbioc 6Ahr dtdelitidnal a

trlmetgﬁé&gﬁ?gﬂgwe 6a 13.?1? ho § hr )n’g’td%%glagaééé%lo &f (} 8(9 mmol) and copper(I)

1od1de](0 124 (g20 eb lé‘%@b mélfé é;tid@d Amdlthe RikterWA @krdd 3r $0 RY FR202Mr then
I met
allowed to cool to RT. The mixture was diluted with 200 mL of ethyl acetate and 200 mL of

2, 2- di net hy!

hexanes, then sequentially washed with three 200 mL portions of water and 200 mL of a sat. aq.
NaHCOs; solution, dried over MgSOy, filtered and concentrated to a residue. Silica gel
chromatography (0->25% EtOAc/hexanes) afforded 4.36 g (76%) of 3,5-bis-

trimethylsilanylethynyl-pyrazin-2-ylamine as a brown oil.

Example 6.

(1 N
P N — PV
\ #F#* X/ & N
/Sl\ /Sl\

Potassium tert-butoxide (1.0 M in tetrahydrofuran, 45.6 mL, 45.6 mmol) was added dropwise to
a solution of 3,5-bis-trimethylsilanylethynyl-pyrazin-2-ylamine (4.36 g, 15.2 mmol) in 60 mL of



10

15

20

10 propan-1l-one as a red solid. 1- {
2-[3-(3-Met hoxy-pyrrolidin-1-yl)-phenyl] -5H pyrrolo
WO 2003404y r azi n-7-yl '} -2, 2-di net hyl - propan- | POHEP2XA%051757
prepared according to the above general procedure and
was obt ai ned by replacing 2B&hl oropyridi ne-4-boronic
acid with 3-nethoxy-1-[3-(4,4,5,5-tetranet hyl -
tetrahicﬁroﬁl,r:ﬂ‘] dr }Q)ﬁamwﬁlrﬂl&m@e §(N|a§ h@h&htyﬂ r]afhﬁ))y fidddtirgdier 13, allowed to cool
G 79 (Mkx
to RT thrgtr%%ec}\/gfth éQS} ngeﬂfz\yptég( y"gheﬁﬁgﬁs;pg mugp;ewq,srcg]u@d with 250 mL of
ethyl dRtats Qldgﬁfe"i@d ﬂ’lrJ ¥lat plu% ?c@igg‘%ﬁ&}’d \pirtl?F%]mL]o 1WBRate and 100
prepare accordlﬁg t%0"F he above géﬁera procedure an
mL ofwestero Bthai fiigrate hyyersept@ceprgatzd, anlltior agyic diyeesefubatiablyiveasked with

' i th . . ,
two 2§ f, RSkchs it osegerisen 200 By e oGl sleion. fded apMgiOn fltred
and conc%riltra:%edztl)@ 9)1)19??1@%)5\‘1@ e. etﬁ?rﬂll 5 H%%QT&@D'@O%%Z%@S th/li'ﬁif)ure brown

Cycl opropyl -5H pyrrol o b] pyrazin:7-yl)
sohd&mﬂmy$mpd@@@ﬂwﬂhuhgmmm@wpm@pared 20 according to the

above general procedure and was obtai ned by replacing
2-chl oropyri di ne-4- boronic acid with potassium
Examplec/t opr opyl tri f1 uoroborate, replaci ng potassi um

carbonate with potassium phosphate, replgcing di oxane
with toluene then meplacing the palladi sal t

with tetrakgs enyl phosphi bne] pal | f{di o omp.
266- 268 C; g 44 (MR Exanpl e N NO

NO Cl gz
2,2-Dine yI-I-[2-(2-pyrroIidin-I-yI-pyridi -yf3-5F+
pyrrolo[2 -b] pyrazin-7 yI] propan-|-one A
1-[ 2- §2 chl oro-pyridin-4 gl -SH-pyrrol of 2, 3-b] pyr azi n-
1-(2-ethypy ) SE; gl ot B py1prio farh-22- dimeetiyd-ro@mingl-oe 095
mml ), 0.100 mL of pyrrolidine and 1.5 nL of N-nethyl

|11 di t d 150 t ub .
it Ragas cLTN P i -4ttt Pohmaat i hed b pension
of 1mﬁrcp§te\ﬂ§@2 ﬂgtfoﬁfﬂ @tlﬂ aﬁﬁ@(@@f—‘l Q@%A’&H{%)Olﬁ%viﬁt BFf -

he or er was shed W th™t hree
dichlopan¢thamesat @fS \’,@t Eing miktiedvas\serred/SA °Cffpt 3eméd, thmalpivaloyl chloride

7.8 nig 035 o) et ot Firis e o0 P § BT bRel for 6

then c8oléd € OBty |Sa|t A{c? 'I\(a%ICO3 (50 mL) was carefully added, and the resulting mixture
yrrolidin-I- i n-4-yl)-5Hpyrrolof 2, 3-b]pyra2|n

was dilgteq Wjithg 08 pnla At ¢£]¥)1r?@61@93 aaldﬁételr%whgmgh@ plugrefeCelise, |rgwwinggvith ethyl

acetat% ?.I(lr;gg gutﬂe? ZThel%ﬁraPe la? a4 gv%reas%%grraged,ngldt e %.CTU%&O%? Paygr S&E Iw1th 250

mL of2:t1y] Redte hhe kolBmed ofsabicBa et ﬁv@f&:}/dﬁe@ oet MESD), ] flkedyd hrdl
inyl-4"-yl)-5H pyrrol o] 2, 3-b] g
concentrated to a residue. Silica gel chromatograp (20 >60% EtOAc/hexanes) afforded 0.180

g (12%) of 1-(2-ethynyl-5SH-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one as a brown

solid.
AN 4/
/[ “~
. b

Example 8.

=

7=
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yl]-propan-1-one 1- {
2-[2-(3-Di net hyl am no-pyrrolidin-1-yl)-pyridin-4-yl]
WO 3Mopyeudl o [ 2, 3-b] pyrazin-7-yl} -2, 2- PCT/EP2009/051757
di met hyl - propan-1I - one
2,2-Dimet hyl -1 -[2-(2-thi onor§lhol i n-4-yl -pyridin-4-yl)-
5H pyrrol o] 2, 3-b] pyrazin-7-yl]-propan- 15 1-one
1-[2-(2-b2nd 1L F1y2, 3JtriaZoR 4yl RS M Dyt 12 )3- 1 pyiagini Wi N-2,2-dimethyl-propan-1-
| -yl)-pyridin-4-yl] -5Hpyrrolo [2,3-b]pyrazin-7-yl} -
On® propan-1-one 1- 12- [2- (3-Hydroxy-pyrrolidin- |
-yl)-pyridin-4-yll -5Hpyrrolo [2, 3-b] pyrazin-7-yl}

A soluit%h%_fg—ﬁ%‘cﬁ%&lﬁ{—%@&&ét%g—%fpy%%il%ﬁ—ﬁé)?? &Lcﬁr_ngﬂv —})ropan—l—one (0.100 g,
0.44 rrérﬁbl‘),?ir(;:hlﬁ@a%c{e:(() 3|55’}rlly na’i AmbtyChSO©2¢(R007 g, 0.04 mmol), and L-ascorbic
1 e - propan -one

acid (Q.07g,( 446@§p>é}ﬂnl3u§@l~ b yai-ansanal-apr 3-rg Lof yares wesp 3tiged{qsyled h, then
dllutec?l Ig;] 3§ ré*]gg}v’géﬁ g} p%lerc]igmﬂp%q pgr%thaf% aceiﬁe {l‘ﬁe organic layer was

dried 0@1+M)g8®4@ fFitteded., aﬁd b&wﬁaﬂem tola i;élsﬂdue 2Siica gel chromatography (0->50%
pan-| -

EtOA%/bp)angs)Fa[fﬁg}eg (b%@g) 2i3g’q)rpf 1r[2y(|1)beB§,ylr]a~] N ajyp]azol 4-y)-5H-
[ | :
Pl PO ot UAEE Bedh sbeia R bl obi A
MPZ%&IWTKIZ(l 1 - Di oxo-
X6-t hi onor phol i n-4-yl) - pyrldln 4-yl] -5Hpyrrolo
é 3-b] pyrazin-7-yl} -2, 2- dlﬁEthﬁ propan-| - one
The fi lon_um ersppRpnds we{egprepared according to the above general procedure:

[ 2-(1- oxo-1 X4- thlonnrpholln 4-yl) - pyrldln 4-yl]

2 (O eRg T BHERTITESE Eobpt-Put Pl R eyl atippegist-

pmmaﬁﬁhh@yrrolo[Z 3- b] pyrazin-7-yl]- methanone
1-[2-(4- Hydroxy-3,4,5,6-tetrahydro-2H[ 1, 2' ] bi pyri di ny

| -4"-yl)-5H pyrrol o] 2, 3-b] pyrazin-7-yl ] -
1-[2-( 2Rrcbineeyl iyl -{ R2 G paibzdl oyl SHE;tﬁwlo[ancb]tpbmml 7-y11122-drdethyl-propan-

(1 -oxo- | X4-thionorpholin-4-yl)-pyridin-4-yl]
l-one_ 5 pyrrolo [2,3- 10 b] pyrazin-7-yl}-methanone 1- 12-

[2- ((1 S, 5R 6R)-6-Hydroxynet hyl -3-aza-bicyclo

] pyridin-4-yl] -5H

Exmngfﬁrggéﬁgﬁﬁ(ﬁ%ﬁ§Pa2|n 7-yl }-2,2-di net hyl - propan-1 - one

Exanple 4. O \© O HN HN HN

/Sl\\\

T
N N
N r1  TBAF,THF HN R1
_ AT, THE TN
N N N N
N\ /< N\ /<
R2 R2

1-[2-(1,3-Dihydro-isoindol-2-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one:

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

over MgSOQy, filtered, and concentrated. Recrystalization from dichloromethane afforded 153.3
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2,2-Dinmethyl -1 -(2-pyrrolidin-|-yl-5H pyrrol o 2, 3- b] pyr
W@2000404y1 ) - propan-1-one and 1-[7'-(2, 2- PCT/EP2009/051757

dret hyl - propi onyl )-2'-pyrrolidin-1-yl-5H[2,5 ]bi[pyrr

ol o[ 2, 3-b] pyrazinyl ] -7-yl ] - 82-di met hyl - propan-1|-one.

DVBO (2 nmL) was added to a mi xture of copper iodide
mg (80%0yi¢Tg) of01- DZS(lr]mmydrd—,ldomdbﬂalylﬁGH(ﬂerdIQIZ 300]@9ram’11107 y1-2,2-

pat assi um car bonat e q108 ng; 0.77 mmol ), and
dlmetllyl(pzo%nohenqszpq_ a white soli

pyrrol o[ 2, 3- b] pyrazin-7-yl ) -2, 2-di net hyl - propan-1| - one
p &é 8 ; 0.35 mmol). Pyrrolidine (0.6 20 nL; 7.1 mol)
TePafgg & %Vded and the resuiting nmixture was stirred at 110

C (oil bath) for 24 hrs. TLC gnalysis (5% MeOH DCV
shows two nore-polar pro The reaction m xture
was WO 2009/ 106442 PCT/ 57 -79 poured into
50 nL of saturated sodiu cdr ponate sol ution and
extracted with Et QAc (2N m.). The organic |ayers
wer e conbi ned, washed w rine, dried over MySO4,
and concentrated to give aj ||OMIOi|. Chr ormat ogr aphy

dlnethyl propionyl)-2"'-pyrr
rolo [2,3-b] pyrazinyl] -7-yl] 2-dinmethyl 5
propan-|-one (36% nms = 474 | ; 1H NVR (DVMBSO): 6
7.83 (s), 8.64 (s), 8.91 (s), 9.54 (s) ppm as the
upper Rf product and
Produg, iReldiedat hythite s¢l2d, Oyra30k, 8% yikid/ 1 HENMBY (COCH, 20@VIBlzpyir2.48 (s,

1H), 8(%031{) ét)ﬁ (?’1“?)2? 3%5322{1;)%‘7%%@%; 1?%2‘513%@3@.() %{'C N (cpem,
101MH&P%9% 1@‘?”1%‘7% @3?‘1 Nﬂ% 1'3\'5'?} M7 ﬁflzh'sBﬁzﬁk 11817 séq A43.2,26.0

Trinmet I"acet yl'ene . 80 mmol) ‘'was "adde
ppm. M %\2%2329&°C011R©KB2> amzndssgo asom 86N 53908235 9660@1,—1 MS

Pd(PPh3) 2C12 (0.140 g, 0.20 nmol),
(E/L): sg}@gnb amne (11.4 nm., 80 mml) and copper (1) iodide

(0.114 g, 0.60 mmol) in 50 nL of tetrahydrofuran at
1—[2—(%%—3)15?1?;5'}2 lrle?ﬁ tg}?ﬁyﬁ%&ém Sgﬁ@% %Z—y‘?}"‘fg cﬁrﬂeﬁ)@f B?ot})gn Rlone

Following aedveyit-ainipt¢:acet yl ene (5.6 nL, 40 mol ),
Pd(PPh3) 2C12 (0.140 g, 0.20 nmpl) and copper (1)

HN\

-1-yl-5H[2,5"] bi [ pyr

Product isolated as a bright yellow solid, 0.1026g, 75% yield. 1H-NMR (CDCI13, 400MHz): 8.28
(s, 1H), 8.14 (s, 1H), 7.3-6.9 (m, 4H), 4.20 (t, 2H), 3.28 (t, 2H), 1.56ppm (s, 9H). 13C-NMR
(CDCI3, 76MHz): 148.6, 144.5, 136.4, 135.3, 131.4, 127.2, 126.6, 124.9, 120.9, 115.6, 112 .4,
50.1,43.7,27.8, 26.0 ppm. MP =216-217°C. IR (KBr): 3428, 1641, 1553, 1492, 1455, 1401,
1384, 472, 401 cm-1. MS (E/I): 321(M+H).
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i odide (0.114 g, 0.60 mmol) were added, and the
m xture was stirred at 50 C for 22 h then allowed to

W@ owY/10@4RT. The m xture was diluted with 200 PCT/BP2009/051757
et hyl acetate and 200 nL of hexanes, then
sequentially washed with thr&e 200 nL portions of
wat er and 200 nL of a sat. ag. NaHCO3 solution, dried
over MyS04, filtered and conc@ntrated to a residue.
Silica gel 20 chromato 0- >25% Et OAc/ hexanes)
afforded 4.36 g (769 o
trimethyl silanyl et hynyl - i h-2-yl am ne as a brown
oil. Exanple 6. |~ NH2 N N -- N 100,S-\ /Sid 25
Pot assi um tert - but oxi de A n tetrahydrofuran,
45.6 nmL, 45.6 nmmol) was ad ropwi se to a solution
of 3,5-bis-trinethylsilanyl\eth - pyrazi n-2-yl am ne
(4.36 g, 15.2 nmol) in 60 2009/ 106442
PCT/ EP2009/ 051757 -80 tetrahy uran. The reaction

20T AR50 gy

one water. The resulting m xture was diluted with 250 nL
ethyl acetate and filtered throu

of I of
Produeféwlﬁtéd ag p yellovg fomm Y- U962 i B vickt A y&%ﬁ‘ﬁ?é%ﬁeo%w 10.87 G,
1H), 9’(};8 Qf niﬁits%o G 9, ghltraig) |2 szs(ni/\%"fﬁ @@@E&f afrefle, ﬁﬁgl 3.22 (t, 2H,
t gani ¢ layer sequential wasked wi t 20
J= 64Ht)1ﬁl@r11p|rr0($s9Hi l\Béftl‘éMl%t((dDQBmWPhﬁ 24)1gafl 65. :hq146|\%(1:B91 138.6,

13663055 4905, P G040 12005, 5h b TR, RS9 EELYA Sth ap =

11312571, I 0 Br 5 B4 D5, 2000, 036 3r38HPYI47 i (78, 868 20431 NPBUR: IDRRME/I): 349
solid that was used without furfher purification.

(M+HExample 72 NH HN NNI \ / / / -- NNO10
1-(2-ethynyl -5H pyrrol o[ 2, 3-b] pyrazin-7-yl)-2,2-dineth
yl - propan-1-one Di ethyl al um num chloride (1.0 Min
hexanes, 19.1 ni, 19 1 nmo)| ) s added to a suspension
of inpure 2-ethynyl - -b] pyrazine (0.911
g, 6.36 nmol) in 25 nL 0 oronet hane at 0-5 C
The m xture was stirred, 5 Cfor 30 mn., then

pi val oyl chloride \ /< o

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

Product isolated as a yellow solid, 0.1626g, 87% yield. IH-NMR (CDCIl3, 400MHz): 8.31 (s,
1H), 8.29 (s, 1H), 7.25 (m, 1H), 7.01 (m, 2H), 6.35 (m, 1H), 3.14 (t, 2H), 2.91 (t, 2H)1.35 ppm(s,
9H). 13C-NMR (CDCI13, 76MHz): 201.3, 171.6, 143.2, 140.7, 140.3, 137.9, 137.8, 135.0, 128.0,
127.2,125.6, 123.6, 116.9, 115.6, 43.8, 32.2, 26.2, 25.6 ppm. MP = 257-259°C. IR (KBr): 3430,
2963, 1695, 1684, 1670, 1653, 1636, 1604, 1495, 1457, 1384, 1364, 1336, 1311 cm-1. MS (E/D):
349 (M+H)

2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-2,3-dihydro-isoindol-1-one
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(7.8 m., 63.6 nmol) was slowy added. The m xture was
heated to reflux and stirred for 6 h 15 then cooled to
wW@2®9M64Bat . Ag. NaHCOB (50 nlL) was careful |y BdOiEER009/051757
and the resulting m xture was diluted with 100 nL of

ethyl acetate and filtered t3Fough a plug of Celite,
rinsing with ethyl acetate and water. The filtrate

| ayers were separated, and thepaqueous |ayer extracted
with 250 nlL of ethyl aget™ The conbi ned organic

| ayers were dried over tered and
concentrated to a residug™ S§ililca gel chromatography
(20->60@6Etcmc/hexanes)N'ff ded 0.180 20 g (12% of
1-(2-ethyny| 5H pyrrol of b] pyrazin-7-yl)-2,2-dinmeth
yl - propan- 1-one as a bromn id. Exanple 8. NH N
HNNN N- NI O 0 W 2009/2Q6442 PCT/ EP2009/ 051757
-81 1-[2-(1-benzyl-1H [ 1,2,

triazol-4-yl)-5Hpyrrolo [2, yrazin-7-yl]

-2, 2-di met hyl -propan-1- one A solution of
1-(2-ethynyl -5H pyrrol o[ 2, 3-b] pyrazin-7-yl)-2,2-dineth

Produw 136151@@%@’&111 oﬁnﬂu{&omoo 081¢, 99% 1&1HWH+NMRQ@CI§Z4(}@)MHZ 12.95 (s,
m., 0.44 mml), §O4 )

nmol ),
1H), 9|_5 @s &HP 5.5, SHAG U7 SO 7B ¢ 2 ()S ZHI) rﬂng"l ppmh? %H}ﬂ_l36fNMR (CDCI3,

7oMHE R BB BT 8 1 1B LT B i e Blp 2 1238,

123.4 111@ TUoaf 42038 pprﬁt ®iPe= 2Jhes Py aR i(KBLASEZ7, Wase, 18538 eidi94, 1470,
and concentrated to a residue.

1400, éﬁ?‘} dg/gééﬁoéh}%ﬁrﬂrﬁbéflﬂér{ﬁ/lé :0355bH)EL OAC/ hexanes)
afforded 0.036 g (23% of

1- benz 3]t zo) -4-yl)-5H
EX&“%@H% f@PQH%O%T%e?BQ?mﬂﬁﬂéﬁ ABIEY et hyl - propan- 1 - one
as an off-white golid. Ms: 361 Mrl, 10 MP. o)
235.0-237.0 C. The foll ow ng conpoungﬁw\N prf#par ed

accor dPf¥~t0 bove generé@&ﬁﬂgggdure
1-[2-(1-Cy -1H7Pi 2,3liriazol - SHgyrrol o
[ 2, 3- b] pyr.Azi Ijlﬁ 2- fnethyl prop -I-@ne

1-i2-(1-cy 0 exyI 1H[ 1, 2,3]triazol -4-yIN~%H pyrrol of
2, 3-b] pyrazi n\7-yl ] -2, 2-di net hyl - propan- 15 Y-gqge
Exanpl e 9. TBAF deprotection

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

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

Example 11.

o O
SEM~ "N\ SEM< "N -
H
R3 /N\ Cul, proline, —
- + R2 R1 K2CO3, DMSO

N N

N 7 — \ 4

R1

R2
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/Si10 00 NR TBAF, THEHNR N, ,NN ,NR2R2
1-12-(1, 3-Di hydro-isoi ndol -2-yl)-5H pyrrol o] 2, 3- b] pyra
WQR0w9/1064k3 - 2, 2- di met hyl - propan-| -one: To a sOPCI/ER2009651757
1-[2- (1, 3- D hydro-i soi ndol - 2- yI) 5-(2-trinethyl silanyl

- et hoxynet hyl ) - 5H 20 -85-
pyrrol o[ 2, 3- b] pyrazin-7-yl ] -2, 2-di net hyl - propan-1| - one

4-(3- [(72{2(2 mgnetﬁ)quﬁepmmﬂ) 5i(0-tAmethybiilalyithoxasmeaddesi pyRdn[2,3-
M TBAF in THF. Heated the m xture to

(5
blpyrags- %Yﬂo?heEYH 1fl'ﬁgnethlélalblt)‘?réﬁnvaa%nequenched with 5ni
acetone and 15nL of saturated aqueous NaHCC3 t hen

1N T MO EL R E TR S T B2 48T TP P (B 08 o

1H), 51\@5@42Hf Ul tsered H) a8 cANmEBIeatedH)Rec YsSQHI)BZﬁI isOBH), 1.63 (s,
from di chl oronet hane afforded 153.3 WD 2009/ 106442
9H), 1pH, BH2.00Y (52H)5 9.01-m g9k B0% yi el d) of

1-[2-(1, 3-Di hydro-isoi ndol - 2-yl ) - 5H pyrrol o] 2, 3-b] pyra
3-Merbyigh L3 L s o RO B B SUB s B it B gmerhy-St-
pyrrolwg M_é}ﬁ@iz'lrg?_ igl %}%ﬂ}»p H?Qra/%l}ilﬁ!)&s 1H NWVR (CDC13,

1H, 7.76 (s, 1H),
7.37 (m 4H), 4.93 (s, 4H), 1.54ppm (s, 9H). 13C NWR

TH-NMBDCIC13, 400INYHzZ ): :8.8300, 1), 836.(4,, 1H)37.86 (s, 186, 158 IB39HG, 7.47 (t, 1H),
132.1, 127.7, 124.8, 123 2, 113.7, 53.1,43.2 26 0
7.01 (k). RB7 x93 Hp o3¢ (s B HEr) (@ 1185576 {msgH), Bfult, 2Hgd 52 (m, 2H),

250 H6Fy HEPS R PRHEME L9 ARy i O 0

[2, 3- b] pyrazin-7-yl] -2,2-dinmethyl-propan- | -one

2-(3-E0d1bpanitf18mateopR L t€ime@hy14iiy thb 5Hspradled, 3-b -
> ag& aﬁ%r*lght yel flgl?v@g%.én Oylogg\le %yll}%lsd p%llfl- o Ipyrazin

7-yll- (laneths!-cypawiyl)-maghargne: (S (EfL): 53 (Mﬂbs 7. 3- 6. 9
(m 4H), 4.20 (t, 2H), 3.28 (t 2H) 156ppm(s 9H) .

1-12-(Felppeaiantitt pging > Lo e byt - cdipiyigediyh Sirpiiiolol .-

IR (KBr
blp yra%%z%yl]i%ﬁlm%éﬁ%mé%gg Oagznélsswﬁo%%qw4 472,( 2oL

cml. M5 (E/1): 321(MHH).
1-[2-[3-(2-Hydroxy-cyclopentylamino)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one: MS (E/I): 509 (M+H).

2,2-Dimethyl-1-[2-[3-(1-methyl-pyrrolidin-3-ylamino)-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one: MS (E/I): 508 (M+H).

2,2-Dimethyl-1-[2-[3-(tetrahydro-furan-3-ylamino)-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one: MS (E/I): 495 (M+H).

1-[2-[3-(1-Methanesulfonyl-piperidin-4-ylamino)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one: MS (E/I): 586 (M+H).

1-[2-[3-((cis)-2-Hydroxy-cyclopentylamino)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one: MS (E/I): 509 (M+H).
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WO 2009/ 106442 PCT/ EP2009/ 051757 -83 O HN N "--( O
N
WQ@2(09406342- Di et hyl - propi onyl ) - 5H pyrrol o 2, 3-BEPEP2RY/051757

-2-yl]-3,4-di hydro-2Hisoqui nolin-1- one Product
isolated as a yell ow foam &®©606g, 29%yield. 1H NMVR
(CDC13, 400MHz): 10.87 (s, 5 1H), 9.08 (s, 1H), 8.40

1-[2- [3$Gtraﬂlﬁ}2 Hi/dﬁﬁ(y(d’ybloj;bﬁtylaﬁnﬁoﬁph%nﬁll]% (Q.H)‘lmeﬂly‘]l@laﬁyl etRdkymethyl)-5H-

| Hz), .3.22

yrrol@@ci RIWW(Z@D&I@ %esirmﬁtiﬂyl Q@Pa%l 01’65M§ <E113650§ Mﬁ‘g? 1,
138.6, 136.6, 135.4, 132.8, 132.6, 129.3, 129.0,
127.3, 127.2, 115.7, 46.2, 43.7, 28.5, 26.1 ppm M =
113-115C. IR (KBr): 3427, 2920, 1646, 1384, 1249,

ExamﬂIQﬁQ, P&ﬁ&atiéﬁlgﬁ Py‘l@ﬁolﬁyﬁz—‘ine OB 4fdey : 349 (MyH) O HN N

1- [7 (2 2 Dlrret | - propi onyl')-5H pyrrol of 2, 3-b] pyrazin

- 2-yl Jsedn4 ro- | H qui nol i neixfios SPYeg t ed
as a yell — 0. ;9 69,0 87%MMel d. 1H 13,
400MHz) : &. 1Ry 29 (s , 7.

7.01 (m 4/6.35 (m 1 344 (th—=2H) , \.

2H) 1. 35 pp ., 9H). 13C—NNR (@8DC13H 76MVHz) :

03
171.6, 143.2,8440.7, 140.3, 137.9, 137.8, 135'02(
128.0, 15 127.2, 125.6, 123.6, 116.9, 115.6R243. &
32.2, 26.2, 25.6 ppm MP = 257-359C. IR (KBr): 3430,

2963, 1695, 1684, 1670HM16 36, 1604, 1495, 1457,
1384, 1364, 1336, 1311 cm) 1): 349 (MtH)
2-[7-(2, 2- D et hyl - propi o - pyrrol o[ 2, 3- b] pyrazin
-2-yl]-2,3-di hydro-isoi nd¥ - ,one WO 2009/ 106442

PCT/ EP2009/ 051757 -84 O NA N Product isol ated

as an off-white solid, 0.081g;f~49%yield. 1H NWR
(CDC13, 400MHz): 12.95 (s,

2-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
yl]-2,3-dihydro-isoindol-1-one.

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

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

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



1H), 9.5 (s, 1H), 8.5 (s, 1H), 7.9-7.5 (m 4H), 5.2
(s, 2H), 1.47 ppn(s, 9H). 13C NWR (CDC13, 76MHz):
wa2®99064466. 6, 144.0, 141.5, 138.7, 138.0, 132PGI/EP2009/051757
131.9, 131.6, 129.2, 128.2, 123.8, 5 123.4, 113.7,
49.5, 42.9, 25.8 ppm M = 287-289C. IR (KBr): 3427,
1706, 1653, 1494, 1470, 1400, 1374, 1345, 1301, 1245
Example¥l3, M5 (E/1): 335 (MtH) Exanple 10. Preparation of
Pyrrol opyrazine G5 amnes O O SEM Cul, proline,
SEMEN -NHK2Q)3 DVBO + R2~ N /N NV /N

R2 N
1- [ Zugr -yl 5(2tr|rret I
-et ho 2N\3-b pyraztfpﬂ- 10N

7-yl 12, [ Vs (BT T)
1-]2- (2tr|methyIS|I
hoxynet h )-SH pyrrol 0[2 3 b} pynNazi n- 7-

yl]1-2,2-di nethyl - propan-1-on (E/1): 451 (M
Exanple 11. OO0 SEMEN SEMEN R3 R3 N Cul, proline,
1-[7-(R2-DiRleth§2-@ridi oiNBEEH My riold [ RI3-tpyrakint 2-§1]ipifelidR22 k. General
009/ 1064 PCT/ EP2009/ 05 - 4- .
proce rf%deeﬁrﬁzeﬁdl SR F‘aIBP]GE)WGFFyQSO;IO‘B’C% Euttlrl'{sm%weﬁepmﬂtwepf SEM

group} REX Y aRieR o) arabRMAgE Refatde of EtOH for 6 h, 'H NMR (CDCLy): & 8.85 (s,
b] pyrazi n-2-yl ] -phenyl}-1, 5-di net hyl - pi perazi n- 2- one:

1H), 8134 qdm(scmcmb 4.09M5) (m, 2HB32.72-2. 68K, 281) AB0T2,021 R, 4H), 1.49 s,

7.48 (m 1H), 6.98 (m 1H), 5.74 (s,
9H); 1\55—&1%“ i (m 1H), (3.88 (Fbm 2H) , (3.65 (tH? 2H) , 3.(14
(s, 2H), 3.10 (s, 3H), 1.63 (s, 5 9H), 1.4 (d, 3H),

Examgl'e%ﬁ, (t, 2H), 0.01 ppm (s, 9H).

1-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-pyrrolidin-2-one. General
procedures described in these Examples were followed except in step 2, the deprotection of SEM
group was carried out at refluxing temperature of EtOH overnight. '"H NMR (CDCls): § 11.32
(s, 1H), 9.51 (s, 1H), 8.42 (d, J =3.4 Hz, 1H), 4.22 (t, ] = 6 Hz, 2H), 2.76 (t, ] = 12 Hz, 2H), 2.26
(quin, J = 7.6 Hz, 2H), 1.49 (s, 9H); MS [M+H]": 287.

B et *5@&

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

Example 15.

A microwave tube was charged with 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-
propan-1-one (152 mg, 0.54 mmol), 3-ethylphenylboronic acid (89 mg, 0.59 mmol), [1,1°-
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3- Met hyl - 4-{
3-[7-(1-net hyl -cycl ohexanecar bonyl )-5-(2-trinethylsila
wWmi0vaedagxynmet hyl ) - 5H PCT/EP2009/051757

pyrrol o[ 2, 3- b] pyrazi n-2-yl ] - phenyl } - pi perazi n- 2- one:

1H NVR (CDC13, 400MHz): 8.83%s, 1H), 8.45 (s, 1H),

7.81 (s, 1H), 7.58 (d, 1H), 7.47 (t, 1H), 7.01 (d,
bis(dighdhylphosphiddifer®cenkidichlbro/ghlladiun?H) (354mpA.(04p midd)), Ind B,CO; (186

%m 2}-&, 3.65 (t, 2H), 3.52 (m 2H), 10 2.56 gm 2H),,
mg, 1.34mmo Pllﬁxagq_ ml)langmqtg’(lgqp.@ wers zg}yle(é,tandjlp.q) tu @wgg_nbgﬁyvaved at
150 ? for 4? Kin. The reactli)n mixture \ﬁas fi]]te)rf_:d5 t_h{ozu_gthra,I pr%% ﬁ Teshltei The flltrate was

Cycl opent’yl am no- pheny anyl
collecteti@mgi pmttimyohad Bdtwpsir E) Ad/ 2yaBerb [Ty roaganic-layers were collected, drled over

Mgsqﬂvﬁi_%reé an con eln‘Erzcl:ty glgqugg X ldf)lr_krﬂzf‘(t)wlﬂlr{i1 rs]ghde The crlgc? pt)oéiucst %v?z’ls purified by
silica ge1[c%ro(n;’a~t&%/r§mp&m|_%/i@%%%9&\%w hdxadel 2 SATDEEWASE 828RY%|(50%) of

rrol o[ 2
1-[2-(B it a]a¢rryl)7513ﬂp]yrlzldﬂ dibipyrhsin-ToylbBandimeging:prag@n¢ Epng as a yellow

SdkLéaﬁﬂgggi%ﬂfi§&%3gﬁf%@%lopentylanino)-phenyl]-S-(Z-trim
et hyl si | anyl - et hoxynet hyl ) - 5H
rgol o[ 2, 3-b] pyrazi n-7-yl ] -2, 2-di net hyl - propan-1| - one:
Exampl 1%!5/ 1): 509 (MHH).
(1-M&h - Gictodifayl )+ 2-¢Hi @pHeB-2¢ - FHbtplypblapd, Brbdpyratiin-73yly-hethanode. p
henyl ] - 5- (2 trinethylsilanyl
et hoxynet 2 rroIoEf b] pyrazi n-7- y l propan-| -
(1- Me(t;hyé-cycp\]/gh (R thg)(pgel( Ravip] pyrrolo[% 3-b]pyrazin-7-yl)- methanone was

prepa%fi%t_a@@& (2- lb{(Ly? SIQII é’r&lg@g’yﬁﬁ 9rasz1r?91)%1%1&%1”0@010%@)?%)

methagbdioatirtRioplidne- Ebblpnrcraaicu[oao\?mig] el prvcddurty depeitarin lihese

one: NS (E/I).;. 495 (I\/H-gl.
Examples. oMPR2A200e Ch MeEluF $8hy| - pi peri di n- 4- yl ani no) - pheny!
]-5-(2-trinethylsilanyl-ethoxynethyl)-
H-pyrrol o] 2, 3-b] pyrazin-7-yl]-2,2-di nmethyl -propan-1-o0
ExamBE g VB (E/ ). 586 (MtH).
1-[2-[3-((cis)-2-Hydroxy-cycl opentyl am no) - phenyl ] - 5-(
2-trimethylsilanyl-ethoxynethyl)-5H
pyrrol o[ 2, 3-b] pyrazin-7-yl ] -2, 2-di net hyl - propan-1 - one:
M5 (E/1): 509 (M+H). WO 2009/ 106442 PCT/ EP2009/ 051757

- 86

1-[2-[3-((trans)-2-Hydroxy-cycl opentyl am no) - phenyl ] -5
-(2-trimethylsilanyl -ethoxynethyl)-5H

pyrrol o[ 2, 3- b] pyrazin-7-yl]-2, 2-di net hyl - propan-1| - one:

M5 (E/1): 509 (M+H). Exanple 12. Preparation of

Pyrrol opyrazine G5 amdes O SEMEN Cul, K2CO3, SEMEN
N ~ODMSO - + R~ ~I/~~ N~NN R -NN 5HHO Br
/| 45 R RL SEMEN
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Nh O N
2-[7-(2,2-Di met hyl - propi onyl)-5-(2-trinmethylsilanyl -

wWhoogreit4iy/| ) - SH pyrrol of 2, 3- b] pyrazi n- 2- PCT/EP2009/051757
yl]-2,3-di hydro-isoi ndol -1-one. Toluene was added to a
m xture of -89-

1-[2-Brono-5-(2-trinethylsilanyl -ethoxynethyl)-5H 10
pyrrolo[2,3-b]pyrazin-7-y|]-2,2-d|né@h < prgpan-1-one

(0.250g, 0.° | )o, 2,3 P8 i soi
(0.097g, 0.7 , coppe odi de (
0. OGlnnnhekTh porassi um rar bonat e

1.212mmol ) uhg®r argon. Dimethyl ethyl nedi ani ne
(0.013mL; 0.0&lg, O0.121mmol) was & @ uent|y added
and the reaction was stirred for 16 hat 110C. The
reaction wag diluted with ethyl acetatm and fjltered
through a sil ug before being conce
vacuo. Silig omat ography (0 ->2

hexanes wwell 38 nnut es) afforded 5.220 N(78% yi el d)
of Q
2-[7-(2, 2+ - propi onyl ) -5-( | sil anyl -

hoxynethyl)
pyrrol o[ 2, 3- b] pyrazi n-2-yl]-2, 3-di hydro-i soi ndol -1 - one
. M (E/1): Q) _( M+

2-[7-(2,25D met h

SEM.

ropi onyl ) -5-(2-tri nEtyylAi | anyl - et
[ 2, 3-b] pyrazi n- 2
2H ilsoqui nol i n-1-one. WVMsx(EA) : 479

hoxynethyl)

yl]-3, 4

(MtH) 3 _ _ =

1-[7-(2 yl -propionyl)-5-(2-tri | spl anyl - et

hoxynethy ) - 5SM-pyrrol o 2, 3- b] pyrazi n-
yl']-3, 4-di hydro-| Hquinolin-2-one. M5 (E/I): ;
WO 2009/ 108442 PCT4 EP2009/ 051757 -87- Exanple 13. 0 O

0 SEkl ~\ HN JS step 1 step 2 /N ~pf—( 0o N N \==<
O N6 W< Br \
1-[7-(2, 2- hyl L pr opi onyl)=5H pyr rl o[ 2, 3b] pyrazin
-2-yl]-ptperidin one. Ceneral procegates. tescribed
in these Ex re followed but injstdp 2,
deprotectio > group was carr{ey )
refl uxi ng tenperat e of EtOH for 6 h. CDC13):
6 8.85 (s, 1H), 8.36 (d, J = 3 Hz, 2H), 4.08-4.05 (m
6-{2-[2Hg.2-Dinvah - msopiony))-3Hy pyreol 2. 32b pgraging 2-4Hycyctbpaig- (-enyl } -pyridine-2-

carbogy@c;acﬁlﬁ:ﬂ[ly%'s_ﬂe; {)vag’ gb]t'ained by the following sequence of reactions.

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

with the desired alkenylbromide.
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Exanple 14. 0 0 SEMHN SEMstep | step 2 NI \-/N N
Br 10

wa2(409466342- Di et hyl - propi onyl ) - 5H pyrr ol o[ 2, 3- B PEPAY/G51757
-2-yl]-pyrrolidin-2-one. General procedures described
in these Exanples were fol |l éed except in step 2, the
deprotection of SEM group was carried out at

Step 2¢ &hé kemng btr@rﬁmeroatstepe (QV6 iﬂg@BO\nﬁﬁﬂli) gl?uts dlsls(b'lVNMB 1,4- dloxane (7 mL)
(CDC1 32 6 11. o; H? g
then trgatgd it h p_p,tﬁssmzp zg:zt q (11 Q m_,g a8 1Hzlm ),.zbnd pal qugm(nt(ll) dp_pf)lez (15 mg,

0.02 nk_}lﬁsol[) E/Idi& r fﬁ %g%n Qt‘%%ﬁs herd. F Z%_lﬁaéd@dﬁ%lr_gn (1130 41%;, Q)E’@ Igh’%l

CombiBIp@ks{ smgamd-qnuemm)xtwwm@ﬂea @@9(:B°(bjf<iu§/3'r dwisn- 7- yI ]-2

2 dlnethyl propan-|-one A m crowave tube was charged
Step 31A(t zdlnﬁhdrme ghe dark sBIpSP OB WY poRtad with 2thyl p-chlozopsiriginchi Farboxylic
acid (aﬁ LORg! m&ln o&%ﬁ%o%% p%ta? 5%rl)d&atgé102 mlg) 0.74 inIEQl) 6%1 water

hylp nyl oronic a
(0.2 00 Tha Ghidehre WESTHdakRAG0 950818640 het&8 Upon cooling, the mlxture was
bi s( di pheny, Iphosphlno)ferrocen %dlchloro pal | adi u

partltl?lgle‘,i l}eﬁweqy se HEPYS acshig aqi9 enghe Ilségetaﬁeg The dggi r%ﬁyl}dme (45 mg)
was o@a@e@@cﬁlo(wzhg%ﬂlc?gg a:%ﬁz[to % @ ¢elﬁ’§(ﬁf %QS'?JG%eﬂgﬁ ‘ACetQt% hexanes).

was m Tr owa or 45 mn reaction
m xture was filtered through a plug of celite. The

Step 4t Thé pati@n¥asl me Q.0 ETiebl oMehi ke frdihisepey mtdmemecﬂrmc/

water. The organic |ayers were collected, dried over

tetrahyglysoman ¢1iJ méy aed tregied wih éféwbﬂté{ﬂaé@mgmvm@wdldé S mlevW THF
solutlérﬁlnll g sef'a-[&ietuB%1 Eillgc? h&lie%dtg%% WE? é&{ofu%s d%h%%ltle Stn %as ?btalned as

usi n exan eS S e
a foanp(mg)ﬂﬁiﬂlo&&lg@héﬁ%hmﬁatography (eluant: 10 to 80% ethyl acetate hexanes):

[ 2- 53 ethg henyl ) -5H pyrrol o[ 2, 3-b] pyrazin-7-yl]-2
anib%“ QME pan-1-one as a yellow solid. M
199-200. 1 C MtH = 308. Exanpl e 16.
1-{2-[2-(3-Methoxy-phenyl)-cyclopent-1-enyl]-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one was obtained by replacing bis(pinacol)diboron with 3-methoxyphenylboronic acid

in step 2 and omitting step 3: m.p. foam; MS m/z 376 (M*™).

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

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

5-{2-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-cyclopent-1-enyl }-1H-indole-
2-carboxylic acid ethyl ester was obtained by replacing ethyl 6-chloropyridine 2-carboxylic acid
with ethyl 5-bromoindole 2-carboxylic acid in step 3: m.p. 278-280 °C; MS m/z 457 (M*™),

Example 18.
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(1- Met hyl - cycl ohexyl ) - (2-t hi ophen-2-yl -5H pyrrol of 2, 3-
Whk@ynessn- 7-yl ) - met hanone. PCT/EP2009/051757

(1- Met hyl - cycl ohexyl ) - (2-thi ophen-2-yl -5H pyrrol of 2, 3-

b] pyr azi n-7-yl ) - met hanone wel- prepared starting from

(2-bromo-5H pyrrol of 2, 3-b] pyrazi n-7-yl)-(1-met hyl - cycl

ohexyl)- nethanone and t h -2-boronic acid

foll owi ng general proced

Exanpl es. MP 224-225 C, )M+

2009/ 106442 PCT/ EP2009/

SEM NO N Step 1: |

NOStep 2 NN Br O S

O SEM NOHNO N )

2-[7-(2, 2- D et hyl - propi onyl ) -BH gyrrol o

[2,3-b] pyrazin-2-yl] -cy nt>-enyl} -pyridine-2-

carboxylic acid ethyl ester was obtained by the

foll owi ng sequence of reactions. Step 1:

2-Bronocycl opent - 1-enyl 1-boronic Qgid (3 59, 18

mol , obt ai ned accordi ng LEVO,; AN

. 15 Exanmple 17. WO
9 SEM OBr (OH)z
/IN10 Br Br SEM, SEM O
3 SEMEN OSEM NO NANO
tep NNO ON OO6- {

/Sl\/\o
et %
a/N o
catalytlc Pd(0)
Si H
NN 0/\ \ o \ o]
NN
N |
| Bu,NF ZN
Step 2 2N E —
——
- S
S ™,
W,
0] OH
0] (0]
| 0 HN \ [
H 0 AN JI\
\ N 7 }V NA N X
N = \—=/ | PR
Step 3 I
ZN —
hen 1 2 =
then 1° or 2° amine S
——
S S
— o
(0] N
0% “on H

Step 1: 2-Thiopheneboronic acid 5-carboxylic acid methyl ester (390 mg, 2.1 mmol, obtained
according from CiVenti Chem) was added to a mixture of 1-[2-bromo-5-(2-trimethylsilanyl-
ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.8 g, 1.9 mmol),
1,4-dioxane (12 mL), methanol (2 mL), water (2 mL), cesium carbonate (1.23 g, 3.8 mmol), and
Pd(dppf)2 (78 mg, 0.1 mmol) and heated to reflux for 18 hours. A white powder was isolated by
silica gel chromatography (eluant: 5 to 40% ethyl acetate) and had spectroscopic properties

consistent with the desired ester.
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5 2005/ 037793) was added to a m xture of
1-[2-brono-5-(2-trinethylsilanyl -ethoxynethyl)-5H
WQEead@l2, 3- b] pyrazin-7-yl]-2, 2-di net hyl - pr ope@F/LP2INE051757

(3.30 g, 8.0 mmol), toluene (35 nm.), ethanol (15 nL),
pot assi um carbonate (4.2 g, -89 mmol) and
tetraki s[triphenyl phosphi ne] pal | adi um (0) (462 ny,

Step QOTﬁE) esTEO} nkf) G maro] ot plosled i@ tetrhgdrofurant {165 mL) and

uspension was heated to reflux for 16 hours. was

tetrab%wlaamﬂnwa fluggfe é]n’élle ammel bAéd Hfosohriane anl Wﬁtrww(f%beated to 80
°Cin Maléﬂ%sfeﬁ b2 R&HE ahg I(l%(é e Whs el tre gﬁoug{rp%ﬁggs lithium hydroxide

organi c layers was store over an I um

(35 mg,u]l § atneol, AMyenay s&nbd @IO hWes's oﬁhahﬁadre(\&aﬁﬁr@t)orfedlbbmaen 9% aqueous
. silic e chr (eluant; 5 t.o 20% Et CAc

acetic ﬁ%%‘?z%l?&a’yh\ﬂ‘i%at% t @g hﬁb‘? 2o raanic LYEISSY R stor redbver
anhydl%uts Rokillf QEsie! qqle@lﬁlﬁ%&iydcm @B]%I%Q 15@@1%2 QOSAARPAG L obtalned asa

PCT/ EP2009/ 051757 -90 Ste The kenyl brom de of
mixtugpet veiph uetrehmalangnor@ura‘ﬁalmmd)uswém e ssxsistepd i n

1, 4-di oxane (7 nL) then treated with potassium

nmol ) and palladlum

acet at e éllo I%
Step 3( di Bﬁﬁgl@i 2(nlrggﬁgvas digsglyedipgVs j\’ dimgdhy! Qﬁmﬁﬂnwl{ mL) and vacuum
I
pree SIS g S ALREIAC P05 ER AN O i o v
added9@d ﬂlef‘tmbbﬁngi solstiortbw St @jyred: vigdrowdty &dr 7tmmatest HeAdaroketrahydropyran

0 g R o 524 A SA L 5 S OB U5 v
heatecpt%t@s’@ UGS DREES 8hé 10361 wef: réthoVEPby vaRdm@E@ilation with the pot
(0 m.). The m xture was heated to 75 C for 40 hours.
tempetaywn iewedseaty 7@ He ﬁh&p@trresldmwamdthandrp@ttlti@@ﬁdf\b@tween water and
ue aceti.c id and ethyl acetate. The .
etnyl st FEx APl R g S Subiet wa SRt Sigr Affvarous sodium

sulfat&i §-[Te, g—@lméﬂlfypﬁﬁ)ﬁ) BPTY- pg/ﬁblmB%]}l}Qail@-Z?’}Q%}ﬁéﬂﬁéhe 2-carboxylic
acetate - hexanes) O Step 4: The pyridine (41|q%

acid (tgtrgpalreripran- %ﬂﬁanﬁ%wwr hinigedps Byolige(35 Hi Sellareng sihica gel
t I . +1

chromELEERYROML S0tk 3Ry pE G F 4] agsMS s 413 (M) for
MW «@dliption) in a seal ed tube and heated to 85 C for 1.5

hours. The title conmpound was obtained as a foam (5

nmg) follow ng silica gel chronatography (eluant: 10 to

80% et hyl acetate - hexaH p. foam M5 mz 419

(Mrx) 15 1- { 2-[2-(3-Me enyl ) -cycl opent - |

-enyl] -5H-pyrrolo [2, - 7-yl} -2, 2-di net hyl -

propan-1|-one was obtain pkaci ng

in step 2 and omtting

( Mtx)

2,2-Dimethyl -1 -[2-(2-phénw - cy ent-|-enyl)-5Hpyrro

| o[ 2, 3-b] pyrazin-7-yl]-pr | -one was obtai ned by

repl aci ng bi s(pi nacol )di bdron wi th phenyl boronic acid

in step 2 and omtting 20 step 3: mp. 207-209 C, M5

.z 346§&N%x) 5- % ) ) .

5-[7- (%,2[]}1H{e§1 _p@m@gﬂ%/ HFﬁygigilq{%ﬁ}rl)]psqa'z%ﬁ,—y]&t]&lophene 2-carboxylic acid

cyclo;{e% C’g 1911193({3'" NGRitd/ lé$wdé}y91|a9 Ered lhs SEKJe g ré%hélﬁgﬁ' e-

rboxylic aC|d t hyl est was obtain i
amnot@pha@ppgaamhm cylophhtgraopye 1nd51terpe3 2n.parHA; MS azi 7 MM,
wi th ethyl 5-bronoindole 2-carboxylic acid in step 3:

mp. 278-280 C, M5 niz 457 (Mx)
Example 19.

3: p. foam M5 mz 376
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Exanpl e 18. WD 2009/ 106442 PCT/ EP2009/ 051757 -91 o N
N SOHH\, HOS BIOHO ON\ pSN Step 1 N\ ~N

W@20109¥0648 Br catalytic Pd(O OO\~ 1 H O O PT/Be2dd#051757
N Step2 NS SOOH OOIu0l HNO H91- O Step 3 ~
then 10 or 20 anine S -93-

\ (0]
I N
= S

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

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

Example 20.

OH

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

20  dichloromethane adduct (Strem, 200 mg, 0.25 mmol) and then vacuum purged with nitrogen.
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S\ rO ONO OH Step 1: 2-Thi opheneboronic acid
5-carboxylic acid nethyl ester (390 ng, 2.1 mol,
w@bicaiie@d2 according from G Venti Chen) was ade@dEPH0H051757
m xture of 1-[2-brono-5-(2-trinethylsilanyl- 5
et hoxynet hyl ) - 5H pyrrol o[ 2, 3] pyrazi n-7-yl ] -2, 2- di net
hyl - propan-1-one (0.8 g, 1.9 mol), 1, 4-dioxane (12
After Kﬂhshdﬁﬂilb@ﬁﬁbolﬁ alblaii:dn (G&a’(‘tﬁlBlécﬂ(s[TLBl gCE$ inufvI &rab addddeand the rust-
(1.23 ? and Pd(dp 78 ny, 0.1 nnn&%%,
maroogrﬁasmélp@dvaf; é‘e%té‘il Q90 %%frorfélq%r ep WARmPEecqpdueied. hagstitle
I Hogra AP0 ant: 5to
Com@%%@Qg%ﬁ§F9%§%§§kgg'and § spectroscopléﬁﬁﬁopertles
consi stent with the deS|red ester. WD 2009/106442
ExmnﬁgﬁﬂEP2009/051757 -92 Step 2: The ester (93 ng, 0.2
mmol ) was dissolved in tetrah drofuran (1.5 nL) and
t et rabut yl ammoni um fl uori d 1 nmol, 1 MTHE
solution) and the m xture 80 Cin a seal ed
vessel for 2 hours. The S then treated with
aqueous |ithi um hydroxi de mg, 1.5 mol, 1 M and
stirred 20 hours. The m xtyre was partitioned between
5% aqueous 5 acetic acid{and ethyl acetate (3 X 30
m.). The conbi ned orga yers were stored over
anhydr ous sodi um sul f at The desired acid (approx. 150
ny, 0.2 mmol) was obtaified qs _a nixture wth
tetrabutyl ammoni um sal ts andIPsed in the next step.
Step 3: The acid (0.2 mmol ) was dissolved in
NN-dinethyIfonnanide (3 nmL) and vacuum purged wth

51750 B B AU PSP oo
dimetNﬁ&rnﬁfoLdtlﬁ}ﬂﬂaMﬁ@O\K/@b}ﬁrbp‘aréd)lﬁy %p[ﬂcﬁigtzi‘ﬁnopheneboromc acid 5-carboxylic
Anlnotetr%uﬁdrop yran 69 mmol ) was added

acid mgpshyd estpngéIpuk WEh S((#:95) ﬁL)etralﬁléthtvhél 3 ey ﬁ@l@omt>rtb¥a>phene -3-
carbo YR o RSO Eat by M B A P 2 B hene 4
carbo;t}&:maer as ar Ze9lnnﬁdjlea&ﬁ)dd1h9 to/' W 20045901, dlml\(éden wats/drous 1,4-

| ed and rtitioned between r _and ethy| actet
dioxaey 35 . iEgted Yl P@&%ﬁ}lwea&eta?edéﬁ‘?ﬁ% 17 iel pe sl

f

b1s(dlﬁﬁg{pﬁgﬁ%%ﬁgf%oﬁﬁ_%ﬁ?ﬁg%’l?gﬁ(gb d?t%laczrgglﬁhgn% adduct if)S]trFS:)rlnr gg? I’r]ng, 0.25
mmol} ﬁxdytlh}:n V:tuuophmngedwaﬂanb@)gyﬂl i Afteagfldshes, bls(plnacol) diboron (Combi-

s S5 Y A G4 AP e 5, 838 o
hours. OTh@tlﬁg/ @(ﬁhﬂj’(ﬁﬁ@'wds rbb?agflg-ﬁzfﬂ as %%%h@'bgl)replm?n Z8QfhiketetrblYBropyan with

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

Example 22.
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S)C- NOH 20

5-17-(2, 2- D et hyl - propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin
WO 2009h19648hi ophene- 2- carboxylic acid cycl opent RCEREP2H89/051757

(13 ng, white powder) was prepared as above by

repl aci ng 4- aminotetrahydreéffyran with

cycl opentylamne in step 3: mp. >300 C M5 mlz 397

(Mrx) Exanple 19. WO 2009/ 106442 PCI/|EP2009/ 051757

-93 O NN SOHNO 1;E

5-[7-(2, 2-D net hyl - pr

-2-yl]-thi ophene-3-cgBoxylic acid

(tetrahydro- pyran-4- -am-dge-was prgpyred by

repl aci ng 2- thlophe eboronic acid g- boxylic acid

met hyl ester in stef1 with A

5-(4,4,5,5-Tetranet hyl -[ 1, 3, 2]

di oxabor ol an- 2-yl)-thi ophene-3- 5 ¢

et hyl ester, which¥

2- bronDthlophene

according to

1, 4- di oxane (25 ),

(1.44 g, 14.7 mol }* and di chl oro[ 1,

bi s(di phenyl phosphi no) f errocene] p ati um (11)

di chl or onet hane adduct (Strem 200{jy, 0.25 nmol) and

then vacuum purged with nitrogen. Af 3,fl ushes,

bi s( pi nacol) di bor gn gnbi 10 Bl oc

nmol ) was added a '

heated to 90 C fo

obt ai ned as poﬁﬂer:

Exanple 20. H O }{

5-[7-(2,2-D ne%hy

i onyl ) - 5H pyragi®[ 2, 3- b] pyrazi n

4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic

acid cyanomethyl-methyl-amide was prepared by:

Step 1: 4-bromothiophene 2-carboxlic acid (10 g, 48 mmol, Frontier Chemical) was dissolved in
methanol (20 mL) and dichloromethane (100 mL) at ambient temperature. Trimethylsilyl
diazomethane (24 mL, 2 M hexane solution from Aldrich) was added over 7 minutes. The
solution was stirred for 1.5 hours and quenched with 10% aqueous acetic acid. The mixture was
extracted with chloroform and stored over anhydrous sodium sulfate. The desired ester (10.2 g)
was obtained following removal of the volatiles as a tan oil. The ester (2.4 g, 11 mmol) was
dissolved in anhydrous 1,4-dioxane (100 mL), treated with potassium acetate (2.94 g, 30 mmol)
and dichloro[1,1’-bis(diphenylphosphino)ferrocene]palladium (II) dichloromethane adduct
(Strem, 409 mg, 0.50 mmol) and then vacuum purged with nitrogen. After 3 flushes,
bis(pinacol) diboron (Combi-Blocks, 2.72 g, 10.7 mmol) was added and the rust-maroon mixture

was heated to 90 °C for 2.8 hours.

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

potassium carbonate (2.1 g, 15 mmol, dissolved in 8 mL of water). The mixture heated to reflux
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15 obt ai ned repl aci ng 2-t hi opheneboronic acid
5-carboxylic acid nethyl ester in step 1 with 5-
WO 2009/1664%2 Tet ranmet hyl -[ 1, 3, 2] PCT/EP2009/051757
di oxabor ol an- 2-yl ) -t hi ophene- 3-carboxylic acid ethyl
ester, which in-turn was gelferated from et hyl
2- br onot hi ophene 4-carboxylate (1.15 g, 4.9 mmol)
for 44&1@0@( dt was cdotedMId3BTHIchéd Beineen bIs@fueedh dcbtieuhiy didethyl acetate (4

4-di oxane (25 nL), treated with potassium acetate
X 100 L)4 4T}§: comp qedrﬁfgqu)lc &Figpcts were stored over anhydrous sodium sulfate The

desn‘egl %‘t&l g@&%&l dTR) Sl E&HX&BE%?@% ?8)151@ SPReRRL Qt?il_y ?c,g{altlz in

| chl oro ane a Strem 200
hexannsmahd ohmchetihen vwlmtelpumdpm(rlgﬁdg)w"ﬂhh whiterpogelar héA@pectroscoplc

2009/ 106442 . PCT/ EP2009/ 05 7 -94_After 3 flushe
Propesies FOf LR Mt &P%g‘?sbfﬁg B b3 mfmgiwﬁs d@soi fi?fﬂﬂl )
tetrah%’!ﬁ@fu@zq{j@@ @Uﬂanﬁhﬁetﬁé‘rﬁﬂ u mgom a&%fea@féﬁip@fhtui@sthé %é!hﬁ@'n was treated

1 Cfor hours. was not conducted
with lttlnmmehydwm@ﬁa @ s 301h3tr@|1 régolysd rohiend: ofrwager) a@@@hl@d for 18

mz .3 X ampl.e 21. HN O ~ HN' 5 ~ .
hours 5% 5% FolteI it oS PR 5ot Pogitg 3 5% e B rphich was
collected-avill Hritddi ophene- 3- car boxylic acid (2-

di met hyl am no- et hyl ) -am de was prepared by repl acing

2-t hi opheneboroni c acid 5-carboxylic acid nethyl
Step 3eThencid il 5t mp, (141/\/rrmh1015w@4d14s<ﬁye51-1ﬁ@f Naﬁmbthylfefrﬂarﬁi,dé](S mL) and

d b - 1) h l. th
vacusBgRisped Wi ekl b by e (7 e b a3 mmo
was a&e@raﬁmﬂ{em%lﬁﬁ ?olﬂtléxpwﬁsaitﬁféﬂwlgérguﬂj;l-f&q 0%ninftee?. M ylamino-

according to 2007/ 145921, dissolved in anhydrous

acetonitride hyfirostderade( 28 (64 Jng. .68 arred) wid Hiioprap i atinylamed08 mL, 1.23

1.44 14 ) di chl 1 -, )
ol et 51 s BBl SPRuP SR R 19 4G i 13 hours, the mixture
was théh GBAed R f@ne ﬁdﬂl@ind(tﬁéﬂ @ vo 2Bl s ke Bonddved a&uLﬁlﬂ distillation.
t hen vacuum [i)ur ged with nitrogen. After 3 flus

The pefi rsfigianwaotoolad ermariticmedbetwepn salkes and eyl apetag (ﬂ ¥R8IML). The
combig’gé 8%9%1‘;%&%2 h)gl% Jt&%&rﬁ a%gp 4 SHS BT ﬁ‘lfé’%@sTE‘?@ésﬁg%B&de (19

urs. e conp oun was O

mg) was parifial bysiliya g phmﬂaﬁ@rdp@mmheno ai‘lj/@ﬂ% Bmyaﬁbemté h hexanes) and
N, N-di met hyl et hyl ene diamne in ste +g3

the tieLcOpBO WABOD PR TS BSPiel Br2 301108 @ Mg mEi2s (M

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

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

morpholine while heating to 70 °C was omitted in step 3: m.p. 260-262 °C; MS m/z 439 (M*™).



1\ OS//~ W 2009/106442 PCT/EP2009/ 051757 -95 r |

O O B Step1S0S OHOOO HNOY Step 2 +A N
wWoORBP/1B440D OH HN OH O N NI N Step 3 0 S CPE/EP200051757

IN- 4- [7-(1 -Methyl -cycl ohexanecar bonyl ) - 5H pyrrol o

[ 2, 3-b] pyrazin-2-yl] -thiopH&he-2-carboxylic acid

cyanonet hyl - net hyl - am de was prepared by: Step 1:

4- br onot hi ophene 2- car box| i cig (10 g, 48 mmol,

Frontier Chem cal) was dis4 ' 5 net hanol (20

nL) and di chl or onet hane (j{L00 t anbi ent

tenperature. TrinethylsilW2Ndi g et hane (24 nL, 2 M

hexane solution from Al dri

m nutes. The

4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thi ophene-2-carboxylic

acid (1-ethyl-propyl)-amide was obtained by replacing methylamino-acetonitrile hydrochloride

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

{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-(1-methyl-cyclohexyl)-methanone was obtained by replacing methylamino-acetonitrile
hydrochloride salt with 4-hydroxy-4-methylpiperidine hydrochloride salt while heating to 70 °C
was omitted in step 3: m.p. 257-259 °C; MS m/z 467 (M*™).

0O 1 ?
X
ye 120
— 1 -

Step

N N
AW — \\_%
Br e
S

Example 23.
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solution was stirred for 1.5 hours and quenched wth
10% aqueous acetic acid. The m xture was extracted
wawao/1edakdr of orm and stored over anhydrous sodP@EP2009/051757
sulfate. The desired ester (10.2 g) was obtained
foll owing renoval of the vot¥iles as a tan oil. The
ester (2.4 g, 11 mol) was 10 di ssol ved i n anhydrous
Step 11, A-rdlixeutane1(-Beormd-pFH-pyread[@B-Wiphfazinol-ghsi, 2HdirmaRyiairdpan- 1-one

(2.94 g, 30 muol)) and L
(0.1 gof)- 31 B banzoghiophenpreiPHASSBNP-ABY £et-P deBm pld adi u

tetrakl%#%gngwgg(ﬁm ?ﬂe‘%@%ﬁﬁ%ﬁ%&%@t%sgﬁcﬁﬂ of?jg m 2t (é)4 ggmane and 0.35

mL off IMIageus KRCEG piak360éd atdisbOroesrn(dbo Bbﬂoreabsa@g(sQol&i tBZRD and
10. 7 mmol ) was added and the rust-maroon m xture

evapopesk dhe ff‘él@e vasfagporbeds opgilica apg payifigd by Sﬂ:«echr%étegra%y
(hexa\?ﬁmﬁr@%@gﬁdkgqg gR}érd.(ﬁl'SCg%f fn. @%n&&%?thfo%h% El}l SH-pyrrolo[2,3-

blpyrqayr-7-gl)e,2-ddnbthplyprapami -ony [() 3% Yiaid®t hyl - cycl ohexyl ) - net h
anone (3.23 g, 10.0 mmol ) and potassium carbonate
15 mmol, dissolved in 8 nL of water). The

2,2- lem@tlnxlrl'e[%@aﬂ@@ylﬂhmp@ﬁwﬂl)@imﬂq@émerazm 7-yl]-propan-1-one was
P20 7 r k]
prepe T AR B B s 00, L s MG i e L S0

acetate (4 X 100 nL). The conbi ned organic extracts

2,2- DW{I‘?ylSIth QdmeMET- 1161%&(5?1@9&5) 5@%%@@ Bﬁﬁfﬁazmﬂ? §1]-propan-1-one was
desiTted ester was purified by silica

preparcH faliratiog theeplagne (pedagemite: bup 0sing I\Bm%hefhh@dle -dderatieagid (31% yield).
hexanes) and obtained as a white powder (1.27 g). The
powder has spectroscoplc 5 gropertles consi st ent

22-Digathy 1 o hete danpny i Hpnriolg 3 peidingy IABpyTolol2.3-
lpyrG PNl pn 1R MR 4 Gl droP i BUREIRM 45
tetrameaittyh[ 1,3 2 hdiomabhycdaroiytiel H- 29802, 3 &) Byritind 35 sttirsisomaeial (24%

yield) s aSh5pEn A BN 1O IOk a0 i 1148 £ v ped.

aqueous) which was collected and dried. 10 Step 3:

> 0T R B TR i ST Bappoptgeid
butyl At avhs Plrepandd foNbwirgthe sabdipieceduad blﬁm)éingdhd: mrﬂmmhﬂly(a‘ﬁ@ﬂable 1-
s .added and_ t he bubblln% sol utio

ng, 0.43 nmol ). wa
BOC—%gles%-bwioa@ gy e ng megstiak I hgipeusswaneltppeh i ??(% yield after

- [
s AFFRALLER Foll R PRILCY 55 B840 9Ty AFBI P9 -1
ndol-2aglgled- pyreblo 263-b pydzin-nyljlshRdimethylhgophve dtond. t o 40 C.
After 13 hours, the m xture 15 was then heated to 70 C
for 5 hours and then the volatiles were renoved by
Examplg@dum di stillation. The pot residue was cool ed and
partitioned between water and ethyl acetate (4 X 25
m.). The conbined organic extracts wgre stored over

anhydrous sodium sul fgte. The desjyed/ am de (19 ny)
was purified by gfrN | chronit ogr (eluant: 20
to 100% et hyl acejate i\ hgyanes d he title

conmpound was obtdin as peweer :\m/p. 191-193 C, M
mz 422 (Mx) HNY-O N
Br 720\
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IN 1\ Os 20 Cod Methyl-cyclohexyl)- {
2-[ 5- (norphol i ne-4-carbonyl ) -t hi ophen-3-yl ]
WO 3Mopgeud] o [ 2, 3- b] pyrazi n-7- yl}-net hanone WeGI/EP2009/051757
obt ai ned by repl aci ng net hyl am no-acetonitrile
hydrochloride salt with nor§holine while heating to
70 Cwas omtted in step 3: mp. 260-262 C; M5 mlz 439
Step 1¢ Mtjx t\i® 02 00 9/b1O0 4 5P - AT ERZDO Ry 3-4/1)-2, 9 Aitnke t®y1-propan-1-one (0.1

1\ OS HN
g 0.3t mmoly cqpiginialbyeprirds ér{édéﬂtﬁo%%tl)a@ﬂ%ym orgrebaolsp-yh-2-
yndlé({gjll%b@hﬁne(é 020'8' g,@%g%n&)%fd@ éf%ﬂw mol) and

propyl)~am de was$ o rep aC|n
tetrak]lsﬁtlplydnalphnml‘amsepaﬂ’adtum([))a((]?@ﬁr Q Bﬁlrmcmdel) s AL of MI&OH and 1 mL of

DCM ggaggné}élseﬂ%“ﬁﬁgh!&g@%% iropsh the nzigtug%gas O Eited dly1gpC for 25
rmnutés Und& Ricrblv&veQitadiiation before belng cooled to RT. And evaporated, The residue
5- (4- Hydr oxy- 4- et hyl - pi peri di ne-I -carbonyl ) -t hi oph

op
was acésnrl:&d yoinjo S]Qz].apsi ipriofied [v@c@bb]i@/zrcjnmmatagraphy (hexanes/EtOAc 0-50%

oAy ot BN IS ] TES 0SB b enrbiid spr o

morphddlib - = P B Y A5 yhﬁéld{ﬂ,@ﬂ:i]pﬁiaﬁﬂ hypesgahor- bﬁiee(ss% yleld)
whil e heating to 70 C 10 was omtted in step 3

257-259 C, Ms mz 467 (M+H) Exanple 23. OO
(1-Methyl-cyclohexyl)-[2-(6-morpholin-4-yl-pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-

methanone was prepared following the same procedure but using (2-bromo-5H-pyrrolo[2,3-

b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone as starting material (29% yield).

Example 25.
o 1
EN \
“OH Step1 Step2 Step3
N
>::O
O TIPS
?T XS
AN X J Step 4
\
NN Step 5 PN
-— \ Y
/ \ TIPS
N
H

Step 1 — A slurry of commercially available N-BOC-pyrrole-2-boronic acid (5 g, 23.69 mmol),
tetrakis(triphenylphosphine)palladium(0) (1.37 g. 1.186 mmol) and Na,COs (7.5 g, 70.76 mmol)
in 200 mL of DME, 100 mL mL and 50 mL H,O was degassed with argon for an hour.
Iodobenzene (6 mL, 53.62 mmol) was then added and the resulting mixture was stirred at 90°C
for 2 hours before being cooled to RT and evaporated. The residue was partitioned between
DCM and H,0O. The aqueous layer was back extracted once with DCM. Combined organic layers
were dried over Na,SOy, filtered and evaporated. The residue was purified by SiO,

chromatography (hexanes/DCM 25% DCM) to give 4.8 g of 1 (83% yield).
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HN HN Step 1 N\ NN N Br S W 2009/ 106442
PCT/ EP2009/ 051757 -98 Step 1 - A mixture of
wa2@o24bmeno- 5H pyrrol of 2, 3-b] pyrazi n-7-yl ) - 2, 2Pdi/ERI00S/051757
-propan-1-one (0.1 g, 0.354 nmol),
benzot hi ophene- 2- bor oni ¢ acil@0{0. 095 g, 0.532 mmol)
and tetrakis(triphenyl phsophine)palladi un{0) (0.041
Step 2g— A?iﬁ—pllmfll() nilitu& &9 @7 @f19B24ncioHxane ndnef &h@bne g[iyccﬂfwas stirred at
M agueous was stirred at 95C overnj ght befo

180°be@r ﬁ% HE%I&FSe‘aFft)r@ hqmgaﬁ?a of te Rdp &G adged e gaaigags filtered,
rlnsed ﬁ?flb@dang d%'n%l r(:\%cﬁﬂﬁi } %&Et@bg%% E %ZQ%leld)

ronatogra exanes to glve
0.015 g of 1:
Step 3]— NeHkenz @i rﬁlbh aPHi (0.2 pY20 MbhdlywiLIdAER pSrtionwise at 0°C to a solution

pyrazin- ) -2, 2-di net hyl - propan-1|-one (13% vyi el d)
of 2 (22 2. 1% h@mﬁ}qh un-l[OQJJQEDbHMFwWhW lyshiegenzvolupion haggeased. o

tr11sop% oq%rlsq \MIP Xﬁl@ﬂ% mYJ 18 8% %%ﬂ wa? Qc?de%%opvﬁg g tﬁg resulting mixture was

sane proce

allowéii-tl@h&dfa:WR"Q behire byih® E@Iﬁd:ctatal@f’@ o@@tﬁh‘i@hy’ beﬂoﬁk) belﬂ.g)cooled to RT, quenched
nmet hyl - 1-[ 2- (1- et hyl - | H i ndol - rrolog
by addztlgn Bﬁ Wrg{fﬂ lI]\I_H74_ | a}ndmagggﬁeql beweemHeO aB¥ é[ de aqueous layer was

back Jﬁ%négfg%}ﬁl n%%@s wRlES. %%QH&%HE %ﬁ%ﬁcnlg?ffgi .were dried (MgSQO,), filtered

['e-2-boroni c acl % Yi e
and evap@raBidn®hdgdrk purgle Bsidue was purified by SiO, chromatography (hexanes/DCM

t ol uene- f 1H pyrrol o [2, 3-b] pyridin-3-yl]
7% Déybktﬁﬁlrvleé'l%oﬁgwf'o]o%l]ye@r azin-7-yl }-propan-I-one was
prepared using a simlar procedure using 3-(4,4,5,5-

Step 4% €} ﬁﬁ?%@tﬂm&ﬁ{ﬁ ?,]zdchS’ %Bf’oﬁé’de i 1§ L{g/t 1566*2 &Hg;)o&f[a%tdgd B RT

ne as s mat er i

under h%@ﬁttd) @ ik tues| o (\l@c?ﬂbomdlféﬁé)(tﬁbtﬁogﬁlrﬁﬁurﬁﬂﬁ digner (0.033 g, 50 pmol)
equi val ents of K2C03 were used.

and 4,2°-flirtertsbupyl e}, redinynd 3 (@.0il d ay30 mBrppob i) §[m2l. 3 hixapesadiha resulting
red SOIU%IOX vJas aﬁ?rg({i ?t I£T %’}rr k?)gré%s ge(rgré)%f;orr% %&ecglﬁé 3 ((zg ) }/hgﬁ% %1915%12%507 mL of

hexanéto lfmamtlaxh bﬂhﬁﬂ@gdnabdsmblervamnemd&hen Zrik@rowhCstiedddt 8
starting materi al The%roduct was obtained in 52%

overnighigpaforgracte filtsresbihenieBido gihadiiate v Gérroreedrrd e sgdgue was

purlfléglt @A&?z CH nﬁ%ﬁgp gh/?lﬁﬂ(ltdl j‘feg]?t()]?%c;@r gg ISEI:‘]@ gl‘uf‘ gl[éfg })(033@ r%tze&hy 20%

yield)- propan-1-one. Exanple 24. O HN ~ HN Step 1

Step 5 — A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one
(0.05 g, 0.177 mmol), 4 (0.087 g, 0.204 mmol), tetrakis(triphenylphosphine)palladium(0) (0.02
g, 18 umol) in 1.5 mL of degassed 1,4-dioxane and 0.27 mL of 2M K,COj; (5.32 mmol) was
stirred at 95°C overnight before being cooled to RT and evaporated. The residue was subjected
to the same reaction conditions with fresh tetrakis(triphenylphosphine)palladium(0) and K>COs
but stirring at 95°C over the weekend. The reaction mixture was cooled to RT and evaporated.
The residue was purified by SiO, chromatography (toluene/EtOAc 0-30% EtOAc). The fractions
containing the product were evaporated. The residue was taken into MeOH. The suspension was
sonicated, the insoluble material was filtered, rinsed with MeOH , and dried under vacuum to
give 0.009 g of 5: 2,2-dimethyl-1-[2-(5-phenyl-1H-pyrrol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one (15% yield).
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NN N, NB N ON W 2009/106442 PCT/ EP2009/ 051757
-99 Step 1: A mxture of
wa2@o24bmeno- 5H pyrrol of 2, 3-b] pyrazi n-7-yl ) - 2, 2Pdi/ERI00S/051757

-propan-1-one (0.1 g, 0.354 mmol), commercially

avai |l abl e -101-

4-[5-(4,4,5,5-tetranmet hyl -1, 3, 2-di oxaborol an- 2-yl ) - 2-
Exapl@g6. di nyl | mor phol i ne (0.206 g, 0.709 mmol ), K2CC38

(0.147 g, 1.063 mml) and

tetraki s(triphenyl phosphi ne) pal | adi um(0) (0,0 g, 35

m comol ) in 3 nL gof MeOH andlrrLzofSDCM

3
dege Dy @@bblln gorg,twr gh ke metuDeB It wag
th r ee—at 25— p1i iUt ®EP 3 crpwa
i rraghat’ion befor e ng cool ed™M o RT. And evapor dt ed.

The residue adsor bed onto Sl.02 and purified tw ce
by Si 02 chrorrat ography (hexanes/ Et OAc 0-50% Et OAc,

foll oned by DCI\/HVE()—|<9 4% MeOH) toagive{0.073 g of
2,2-Di met hyl -1 - [ 2+( 65 Hm

nor phol i n-4-yl - ridi -yl) - 5H pyr 3- b] pyr azisisr4

7-yl]-propan-1-o0 5 %Wyielgps 1
(1- Met hyl -cycl o exy)-[Z-(F6‘rTUr‘phoI' -yrl |n3y
l')-5H pyrrol o[ 2, 3- in-7-yl]-

prepared foll ow ng
(2-brono-5H pyrrol o
b] pyrazin-7-yl)-(1- bt hyl - cycl ohexyl )-ﬁ’et hanone as

starting material (29%yield). Exanple 25. OHi OB,

Step 1-|-|Tﬁset1 %go}qu%y s@n@}sgl\utlém{)ﬁ é\loge%glﬁr\c;glly%tvglﬁ)a@ 5 ﬁuprougioge @ $ 37 mmol)
and te?gﬁl am%n@trﬁlhnhp ns'ﬁ'lfgcé (§?%p5 3 mm%l)sih YH6 L8t toluene, at 0°C was

rcially ava| abl e pyrrol e-2-boronic acid (5
added 0728 ue0usiNoDH, (100 mL) and p-toluenesulfonyl chloride (10.6 g, 55.6 mmol). The

me procedure

resulting mixture was stirred at 0°C to RT over the weekend before being partitioned between
toluene and H,O. The organic layer was washed with saturated aqueous ammonium chloride,

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

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

6-fluoroindole as starting material (98% yield)

Step 2 - Copper(Il) bromide (9.3 g, 41.64 mmol) was added at RT to a solution of 1 (4 g, 13.83
mmol) in 100 mL of acetonitrile. The reaction mixture was stirred at RT for 24 hours before
being quenched by addition of 100 mL of 7M methanolic ammonia, and extracted with EtOAc.
The organic layer was dried over Na,>SOy, filtered and evaporated to give 4.8 g of 2 (94% yield)

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

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

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

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

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

using 5-methyl-1-(toluene-4-sulfonyl)-1H-indole.
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tetraki s(tri phenyl phosphi ne)pal | adi un(0) (1.37 g.
1.186 mmol) and Na2CO3 (7.5 g, 70.76 mmol) in 200 nL
W@R200DNE6442200 nlL nl and 50 nL H20O was degassed BET/AP2009/051757

argon for an hour. |odobenzene (6 niL, 53.62 mol) was

then added and the resultindOX xture was stirred at

90C for 2 hours before being cooled to RT and
3-Bro@ap ok o1 - (Tdsleeﬂee&sld&mywaﬁi@mm tvappheﬁaﬂeefdmﬁﬁngmeaﬁhih

and H20. The aqueous | ayer extracted once
procedyjre HSipgrmeshersi- hé@lwaérﬁuéfonwré%mdw@r@%ryna@) over

Na2804 filtered and evaporated. The residue mas

3—Bro$1u @dyh kfy tojuedl'c 41 “?%’:‘}%ﬁg frgl)oiy Véﬁhézé}gag?e én g tﬁe [s)acnl\l/g procedure

using ?gétﬁﬁm@%gﬁéz&ﬁlfonﬂﬂm%&ﬂe £rom A6YA yipligsi ¢ m xture
of 1 (4.7 g, 19.32 nmol) in 20 nL of ethylene gl yco

was stirred at 180C for 30 mi nutes before being
Step 3caaBwgllitlouiRTL. 7M2®p\amanea@6d%nhL i he5 mrecl) piat addedvans78°C to a solution

of 2 (%Fg lﬁt f elgin@l)dfl Qfé nedlgm%/il'gf% res ggg %Et%rql@%e%@éa%lf} %Ob%or 15
minutéd SREE KGR 20isHr Cp(()@/ 848, 5 %@aﬁg@lly)dlmoﬁ)@gﬁq2 2 mL, 10.78 mmol).
portlonmnse at to a solution "5 of 2 (2.6 g, 18.16

The remtmcbn) mixurE0Qs thenoftinPVRL - AAEHohY lvwdeforeboinggberchhdith saturated

eased tr||s ro I 'I oride (4 nL 9
aqueofiS @G ghug HOF SEPRElA L PAelriRet hrFetp BN andFRO! The
aqueodd laQ¥yeflastack @ﬂ@&tﬁo&@ﬁ@ﬂﬂ)@ﬂ @nﬂiuhddr&garﬁ& la@@@ were dried over

overnlght bef ore being cooled to uenched

Na;SQal fiitericd and evapatatedaibg rwmhelmvasmﬂs@bv%@ﬁﬂe@nb@gwegﬁ
hexaf GRAONL ELEP E R RUSOLR d AUl TeidR e ani ¢ | yer <

were dried (MgS04), filtered 10 and evaporated. The
6-Fludtak(4pus, Blt@trafrﬁéhﬂl{@ %aloﬁl%drf)]aﬁfi [%K/Dlslthgene -4-sulfonyl)- 1% indole was

chronat ogr aphy (‘hexanes/ DCM to give 4 g of
prepaie@ 49l opviag the. saBiegpocedure but using 3 bromo 6-fluoro-1-(toluene-4-sulfonyl)-1H-

Tetr. or o). a
indoleis 5B e e sl e SRR U e iR e ur e
of (1, 50yc|oCIadlene)(nethoxy)lr|d|un(l) di mer (0.033
5- Cyag% 35@34@5)&%&%@[]}?0[% ﬁﬂ{o%?%%%lgﬁ{ﬂyl a'hdg(eagegrﬂ)kﬂw acid tert-butyl
ester wzsmépzara@fo]len@hs cdrut predvas usihg BrbeomatS-&hnd-ondold 1-carboxylic

...mnputes before addin 00
acid Bty ESSutobie est oy oo Ry BieomuntinEogaLehl a4 sige
reaction mxture was stirred at RT overnlght bef ore

5- metﬁ) 9— A{a%llg {eﬁrgm%:@&f) Flgﬁs] ?ﬁl%boryi]a% 5 br )zl il @éﬁlgf{@%—sblionyl) 1H-indole

ue was
was p&bﬁt@ﬂﬁ(ﬁlﬂgﬁlﬁgﬁ}e satrel predeahiet S ﬁbﬁ%oﬁ-@f&ﬁo;&y@l gbMene-4-sulfonyl)-
of 4 (20% |eId 20 Step 5 - A mxture of
18- me_lL01€ ét WP%Hi?dWSW?‘F 6‘1‘18? /oW Wﬁgéﬁlw in_the §eXg reactpirpt hy|
-propan-1-one (0.05 g, 0.177 nnDI) 4 (0.087 g, 0.204

s e s 4S5 LS| LIS RERL OSBRI D G5 e v
prepa@l félfowilyb K2Gehhe (PPocddumiink 3A61$)m0$5—|rr[dﬂ%d 1atto19&fe-4-sulfonyl)- 1H-
overni ght before being cooled to RT and evapor at ed.

indoleTHavasasgdivias wigd causls) veighoud pesfigagion eths At feegioni on
conditions with fresh

6—Met£g)£yr—?—%éil,ﬁ,(St,g—icelgrgglrg:}illyﬁ)—lfﬂg,aﬁl&ig)iee?b%raollzllna | w—rf—?t)oluene 4- suﬁCByl) 1H-indole
was prepared following the same procedure using 3-bromo-6-methoxy-1-(toluene-4-sulfonyl)-

1H-indole. It was used was used crude without purification in the next reaction.
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but stirring at 95C over the weekend. The reaction
m xture was cooled to RT and evaporated. The residue
woreIpouiit i ed by Si 02 chromat ography (tol uene/ ETBE2009/051757

0-30% Et OAc). The fractions containing the product
wer e evaporated. The resi dudO%as taken into MeOH The
suspensi on was sonicated, the insoluble material was

6- Metﬁifll-fb -61,64d,5- Weirﬁ]ﬁletﬁyw 1t, 12 Meddborodanc -g1)i le dolusgtes- swdemlri Hidndole was

ive O 009 o] :
preparzd ﬁ(%&ﬂ\)ﬁgg qu same[pzoctegulfgwéw| 3- ])qq_nkg]é-lntgth}é 1)7 tglugqq_ W‘Iﬂif%yb) 1H-

mddelz%ovgd 10645'%%%%/% Ié}’Flgize]o ”%%75%&7”%% @l%é%%ﬁegét%

23 Step 1 Step 2 Br FO-BF Step 3NNN HI Ts
Step 4TSA hixfardof - @2 bildbho- 5T ppiBR[4,3H] pRrasinN-N) 2 -Mnfethyf- plN)paN—l -one

- To a vigorously stirred sol ution

(0.1 gc%ﬁr?f’e&&()é) |33£0 A0&i P4BP eod), Kok 6@ hae ]e0§55m§101)3>?nd7{ﬂ01 )

L T 7 e R

3.5 mB@éeasmNagk of 100dibkgneaind HO whsbknpesad fanyl mﬁlh’te@ ibly @@bbling argon
(10'6'% 55.6 nmmol ). The resulting mxture .
though e piairg THsce R HTMEE Yo e REdR MR wd#?glon at 120°C for

15 miﬁ?@tést brb et Q:%Ugﬁw tRhTt %H?Qedlég&aq ' whi ?ilt@fegam‘ﬂoﬁgh a short pad of

ayer was saturate eous anmoni um
silica, ¢l mhctmas riked edthditerA dNad 504 filfratk s edapoaated. Shaperiditeadas taken

ve 94% yi. el g . .

into DERefie Frseloofh B Bibechaa e isn. DEM HUQVIEOHks ehiedpkpeiot 4 (4%
yield)f ol | owi ng the sane procedure but using 10

6-fl uoroindol e as starting naterial (98%yield) Step 2

- Copper(1l) bromde (9.3 g, 41.64 muvl) was added at
1-[2-(RBehgen@s flnyl-il Hinddl- 3L yl) 4 Hy pyri A oB33-bIpyed zin-7+y1 1 D0-dihehyl-propan-1-

acetonitrile. The reaction mxture was stirred at RT
one wagprepyed, fﬁ}]rogvl%p gipglar procedure but using 1-benzenesulfonyl-1H-indole-3-
boronic acid as starting material. In this reaction tetrakis(triphenylphosphine)palladium(0) was
used as catalyst and the reaction mixture was stirred at 150°C for 30 minutes under microwave
irradiation. The product was obtained in 68% yield after purification by SiO, chromatography

(hexanes/EtOAc 0-40% EtOAc).

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

material (19% over two steps).

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

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

1-{2-[5-Methoxy-1-(toluene-4-sulfonyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one was prepared following the same procedure using 5-methoxy-3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1H-indole. The product was
isolated in 75% yield over two steps by SiO, chromatography (toluene/EtOAc 0-50% EtOAc).
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bei ng quenched by addition of 100 nL of 7M methanolic
anmoni a, and extracted with EtQAc. The organic |ayer
woer®dedserl over Na2SO4, filtered and evapor at eRCT/BPRIYE51757

4.8 g of 2 (94% yield) 15
3- Brono- 6-fl uoro-1I-(tol uenes4sul fonyl )-1Hi ndol e was
prepared foll ow ng the sane procedure but using

2, 2-Dﬁae‘ﬂh§um—f)2 ES frlealylie :f(atﬂéerﬁ:%-élﬂfamly)y11Hiﬂdodel3e]-aH-;gzt@ld['BBQD]PyrazinJ-
materi a 98% yi e

yl}-propagy brpe W%{eﬁés@gi f@ﬁqwlag therrame-REerBrRSINE RSP e s -

r

tetramgfhx?{]gg]cflﬁ%dzatgo l{lj}g% 1 g% 3|s)gﬁg’ﬁ_i# Elui]ﬁh&nghe p oduct was

isolateyli ie28¥% yield over two steps by SlOz chromatography (toluene/EtOAc (0 50% EtOAc).
3- Brono- 5-net hyl -1 - (tol uene-4-sul fonyl)-1H i ndol e was
prepared foll ow ng the sane procedure 20 usin

1-{2-[§-Vieshyy-1 ([ e ubsatony B iIH o1gl- S LM magpisl2 dedpyrazin-7-y1}-2,2-
dime SR C I Moo Ao PR 2P Prosyeseine Gappthond .45

tetram@ﬂ@fpﬁl Qd]cﬁ@idbewhﬁgﬂyﬂbﬂ -stahene-prsaireaylj-¢Huatslg. The product was
xy-|-(tol uene- squonyI)-lH-lndoIeS 8%
1solate39i1 ia |43Y yleld over two steps by Si0, chromatography (toluene/EtOAc (0-50% EtOAc).

3- Br ono- 6- rrethyl-l (tol uene-4-sul fonyl)-1H i ndol e was

2.2 DRI E pe B e R DT Ruar Tl M amrpigiag> blovrasin 7

yl} prﬁ"p_aﬁﬂ Iibne 5/a§f)%Par%d follovRHE YHd dahdei _/pi'&eliul%l\dslﬂ'g PeRtBNS- (@Q— 05-

11. 05 was added at -78C to a solution of

tetram(e@y@[l B, 2lpgq_qu?ﬁfglz}n 214D (tejuepg-4pmorrHe 1 Hasdelei Hep product was
f
ol 485,81 LTS S CE G Gl DRI g o)

(2.2 m, 10. 78 mmol ) . The reaction m xture was then

1-(2- Iﬁﬁda&Blﬁ@ gl]&)yn&%% EIPSH;E)yﬁ%!HD 1995]]9%%21997 919—2%"@1 \N)ﬁalﬁ 1-one was
saturate aqueous ammoni um chlori de,” warned to Fg

prepargd dsipathe saimsrmedcadetevsary tmmmmty aviiebld 8- (édu,feﬁ)ﬁgramethyl-

11,32 kot DS SRR F iy P08, The o WP APEy 10gg vield by

Si0, dyshabahrl (DOR/VesHweswage@My.i fied by Si02
chromat ography (hexanes/ Et OAc 0- 15% Et QAc) to give

1.5 g of 3 (67%yvyield)
Step SG—AFlsuﬂplems@ﬁ o4 4). 52 5, (Ibﬁtirmrr@ll)mnki -NaDBB (2D78 g, 1.957 mmol) in 15 mL of

di b 2- | f
111 e SR e B B Mg EHE e BH a6ty BT BeGae Ry beine
cooleBrotl PR @vaﬁ)bfh@é@ The fésﬁiu%! Q&Fh% 'tékeﬁ Bhib Y, )chejih's olgl’olé RAQKi®ered, the

as startlng mat eri al pro uct was used crude in
res1dut: mas pmiaged wih thOoand drled under vacuum. The residue was purified by SiO,

chrorio g aBg BEAMQ VLA 3 8ol Tl Buprer PHinglefp-v-5H-

pyrrolspz Bb]pyesiiy epez edimhethyDptopen - e 3238 yidl@cedur e usi ng

- br ono- 5- cyano-i ndol e-I -carboxylic acid tert-butyl
est er. The product was isolated by precipitation from
1-[2-( B MAdol{34 P0eSH- pyraylo[ 2,3-b] pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared
met.hoxy-3-(4,4,5,5-te nmethyl -11,3, 2], ..

followdbk SO PiiseSirg PYL it b ALR bRt T Yol gy F-pyrmolol2.-
b]pyra%gl V5% - PQ—%ﬁ}ﬁétﬁ‘}JI }ﬁl@Fl\@Wdﬂg ab B8rtHRMRa B ACRAHT Qe dé$ibAYhe reaction

- br omo-'5- et hoxy- [ - (t ol uene-4-sSul fonyl )- 1H i ndol e.
mlxtultetwwasglmqé etSWasfond ddursr libkepradndtovas abtatied ip 8t froyielidraftehpurification

. he reaction 4,5,5-tetramet hyl -[1, 3, 2]
R ?é@ﬁt‘f% S’m?ef?e 4-sul fonyl ) - 1H i ndol e
was prepared follow ng the sanme procedure using
1-[2-(3 PRI HPmABE H-OVRbIENS b 534iH- 9O -2 2 1dime Bl dpan 1L
[ (%as usegﬁvr\l/as E? )dd ﬁ)gge \;f\%]?h‘ff t 6ur P%q cat](lt%lr?ﬂlwg cﬁmn one was
prepamaé X¢llaveag theosame procedure but using 1-{2-[5-fluoro-1-(toluene-4-sulfonyl)-1H-
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25 6- Met hoxy-3-(4,4,5,5-tetranethyl -[1, 3, 2]
di oxabor ol an-2-yl)-1-(tol uene-4-sul fonyl)-1H i ndol e
woe®psapar ed fol l ow ng the same procedure usiPQGI/EP2009/051757

3- br ono- 6- met hoxy-1| - (t ol uene-4-sul fonyl)- 1Hindole.

It was used was used crude Wbhout purification in the

next reaction. WO 2009/106442 PCT/ EP2009/ 051757 -103
indol-8-yMes Iyplyrrdto{ 2 3 4] pyrazih &t y1awpel-Hirhethyll; p3oj@dn-1-one as starting material (24%
.. _di oxaborol an-2-yl)-1-(tol uene-4-sul fonyl)-1H i ndol e
yield)ygs prepared fol I ow ng the sane procedure using

3- br ono- 6- net hyl - (toluene 4-sul fonyl)-1H |ndole It

1—[2—(%@?&?8%2@&%%0%33%?%% pyrro% [%?3:%?/ ur ’; yﬁai b (c)hmetﬂyl -propan-1-one was
preparkd @@ﬁd%lﬁ?'ﬁh deéUQI[eZJusﬁlng] Py [ﬁMdﬁh&y}’i gtoﬁwﬁe dlsﬁlﬂ) } 1H-indol-
one

ﬂgr opan 354 mmol ), 0.16 ]q
3-yll-Fdipyrrolet&ed 1 pyyazis-igyl} 12 fe‘régnq&hﬂrgropaalnbtqu 5p% yield).

bi s(di phenyl phosphi ne) f errocene] di chl ori depal | adi un(l I

22- Dﬁ%ﬁﬂﬁﬁo 'ex%§glfgysafﬁ% ﬂér%ﬁ#z%or' 8 23%5&3/%1 ?aﬁl arepan 1-one was

prepaf®i m&i&angmewmlprwd%ggﬁlg . ﬂaﬁﬂahﬁhﬁ{zn[%i&m {8luene-4-
resul ti ng m xture was sti rred under m crowa

sulfoniybr lddtiretol - ryl RO HIBOC1 [ 3.3- b]mﬁanmnhvlésprbmlent)&Sﬁg yield).
cooled to RT. The 1, 4- dloxane Iayer mas flltered
hrough a short pad_of 10 silica, silica

1-[2- @M@%ﬁwlﬂﬂn@@\@) SHnRy el 23- NPW%?F@ Ml:] ?e;’réiﬁa?tayle&ropan 1-one was

S
Prepa e e A e B e bR o T By 1ol
3-yl]- 5l -p4rioRAYB-bipwhddh-7-yl }-2,2-dimethyl-propan-1-one (42% yield).
1-[2-(1- Benzenesulfonyl | Hindol - 3-yl)-5H pyrrol o] 2, 3-
b] pyrazin-7-yl]-2,2-di nethyl -propan-|- one was

2,2-Dimeshdrleld- (6omeéil- hg-iadadi3wl) aH-pyrodelduit-Blpytazing &iyhlgpropan-1-one was
prepal%%i !&ﬁgg ﬁn{lélt sfa&réé)rroc]eHﬁlleq%ﬁlgleg gﬁetﬁﬁrf)% %6 A 'ﬂ%rl Eis(toluene 4-

sulfontyBt It kide(-B+yil pHaAyphg S 3] pehpial 1-aid i propdh) 1-'08s (5696 ¢idlds
catal yst and the reaction m xture was stirred at 150C

for 30 m nutes under mcrowave irradiation. The
[2- (1Pbirt§i§>lr6ty1)/\é1§ obtodd[Adeblpyrasig Y- yh]élldnfailﬁxlelyclphcwl] -gigthiapene was

preparfx f?% OZVIP%HEI Sgg]::ﬁg) ?ce&(u%/ &y&gﬁlega[ge@{h%%l%m fOfyl (hEI 1ndocl)3 -yl)-5H-
pyrrolb{’Z! ﬁﬁﬁiy‘rﬁl#ﬂyﬂsﬂ' Iﬁyﬂl&pbﬁbhﬂ%xgﬂ')bﬁl&ﬂir@ﬁb Bs dtating maderdal. B product
di met hyl - propan-| - one was ared follow ng the sanme

was obfained dur &% pier @Qzﬁgr%nzftq)g;@phy CM/[DCM/MeOH 9.5/1] 10/0 to 0/10).
(4,4,5 5-tetranmethyl -[1, 3, 2]

1-[2- (g%lg{p(?qq% )%gt‘lhﬂa%H(p]y%@foéggrﬁsz u|7f Rﬁlﬂ? 2 dljﬁll_é-tlll %(r)(l)peanals one was

prepal]%d BN S tefsaf pro@ubRINY LisiRE QQ‘-(‘H{H&})YI 3 H-sPMEMG]-O1f %(éi&ne 4-

pyrazin-2-yl]-indole-I-carboxylic acid tert-but
sulfong Bt ldt-inda-3pr e pH rpydrof d R 3evip g zinke y i anrepaor boee trom awtangng material.

The p GRS, i On o ViEHHET pRisaBR oY SO Blrampiaeianbyc 1
(hexa®@SIROACBO EDAS; Met hoxy-
| - (toluene-4-sul fonyl)-1Hindol -3-yl] -5H pyrrolo
[2,3-b]pyrazin-7-yl} -2,2- dinethyl-propan-I-one was
2,2-Dimegipdrlel@-f1él-pypweln@,3-bpysdime3-ph) dd dunrelo[i534bipyrazin-7-yl]-propan-1-one

5- -3-(4,4,5, 5- ) .
was PREURS Aalqyne e Simaipassaus b psine 3ot o 2 fdeliensgd-sulfonyl)-
1H- pyfI“I%'IB{bB Abyrididal @ Sﬁhﬁrﬂﬂ%‘i%cﬁ]p in-7-§0 ﬁl‘oﬁgl—hf@)nZQ%tarting

OVer two s omat ogr ap
materl(at (;[lhg ensjuet @\tobjalﬁ@n%na%gﬁter purlflcatlon by SlOz chromatography (/MeOH

0-10% MeOH).
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WO 2009/ 106442 PCT/ EP2009/ 051757 -104 2, 2-Di net hyl -1 -
{2- [5-nmethyl- |-(toluene-4-sulfonyl)-1Hindol-3-yl]
WO 3Mopgeud] o [ 2, 3- b] pyrazi n-7- yl}-propan-| - onRCT¥EB2009/051757
prepared followi ng the sane procedure using
5-net hyl - 3-(4, 4,5, 5- -106-
tetranmet hyl -[ 1, 3, 2] di oxabor ol an-2-yl)-1-(tol uene- 4-sul
2,2-Dintuityy1) 1~ M:Ellmﬁﬁir(ﬁo[2']'316]}@'[‘1611143313/1)V\H$pytr6b[35&)(}ipyrﬁ]zlﬁ-g%l] -propan-1-
yield over two steps by Si 02 chroma t og

one We% pepRife fEHopyapse thy-samePErcehy b usuﬁ*ing ¢ 22111[“6thMe111{8x[31 =(toluene-4-
n{it 1iléHl f A
sulfOn'[y 5 13f? %}Jﬁgggfz‘? %ﬁﬁifrﬂﬁ/b)y ! Ll pg 1%3%]%%%?;79?‘1} &ﬂ%&vr\llals one (64%
yield)pr epared foll owi ng the same procedure using
6- met hoxy- 3- (4, 4,5, 5-
tetramehI-[132d|oxaborolan2y) étoluene4su|

2.2-Dinesiyiy - RHLFh w0 3Thel ppridiack v vk pyirelel 2é-ibyirriargosl]-propan-1-one

v f G LR 5503508 IR PARY o -ons 11

pyrrolpB; 2velpyyiiin-3-y (]t SH-peiretof2, 3Bl §yomyih-7 -yl Hptopd el 1-Sneyl1 F % yield).
-5H pyrrolo [2,3-b] pyrazin-7 10 yl}-propan-1-one was
prepared followi ng the sane procedure using

Example @8t hyl - 3- (4, 4, 5, 5-
tetranmet hyl -[ 1, 3, 2] di oxabor ol an-2-yl)-1-(tol uene- 4-sul
fonyl)-1Hindole. The produc s isolated isn 32%
yield over two st epg by Si0 chermat ogr aphy wN"X

(té’rue tOAc c).OoB
ls_é WI r?tegzyl Mre{epﬁZ @

|n- 2 di met ropan-| - S “preépared usi

the gane pr ocedureTusi ng the comrer cially avail aljt=
(4455tetrarrethy| 15 \

[1, 3, 2] di oxaborol an- 2-yl') -i m dazo[ 1, 2- a] pyri di ne. :The

product was isolated in 10%yield by Si02

chr omat ogr aphy (DCM MeOH (0-5% MeOH). Step 5 - A

su 1.0 : - 1.0, 245 )
Step 19’ §§§‘8@9012{n§&5r6]1|0£2% éﬁ)r}%’dg% (825 ) g_[?i%%n)l(l?ig 1111\'3‘91 QPDR/Fngas added at
0°C tdla Arsﬁé:n'smrtﬁ NdHP 60 % atighe MastHn wilSin Stk o€ DMF. 'J?l&@eiu)ﬁng?mlxture was

. hours fore bej n cooled to RT and evapg
sirredy 38 1 g8 Sy Sk BFOTerHed 3 68010 AL Cﬁ%ﬁ?&lpeT%@s(S 308 & 5664 mmol
was acideht BhER actidMemBA L SRk gﬁ'ﬁed’\@tsRT b(f‘éﬁ%h%éfare%% (@ﬁgched by addition
dried under vacuum The resid puri f gb
of H,@ Iand)wetra@gndetbm tifOSMi I /8. The c&hbined gigaeicla@3swgreairied
5-fluo i ndo] - 3-

Mz, e Sk rpRiAD The Foop S shT L b T psupaopaghy
(hexafdABXOWICE)-29% EtOAc) to give 0.535 g of 1 (60% yield).

1-[2- (1H I ndol - 3-yl )-SH—pyrroI o[ 2, 3- b] pyrazin-7-yl]-2,

2-di net hyl - propan-1| -one was prepared follow ng a
3-Brosio#l-(taluepy-d-celdornyd)- bidtpyusiaig,3- b]pyrldlne was prepared followmg the same

[ 2- (1- benzenesul f on; -IH- ol - 3-yl ) - SH pyr o[ 2,

procec%ge t]aél}prg vqm, the. %pmmeércé| lyRKe aﬁ _J) ! lhrpyéq% b]I[)yrlcislne (59%
yield)Starting material. In this react| on, the react| on

m xture was stirred at 50C for 4 hours The product

was obtained in 47%yvyield after purification by Si02
Alterrﬁ’ﬂffélfﬂi} B@)IhﬂphXto{dBﬁM@@%nﬁ)ﬁHDpﬁ}olo[3,2—c]p ridine was prepared

%5 Fl uor o-| Hi ndol - ;Q?‘y )-SH pyrrol o] 2, 3- b;pyrazm
accorduyg {Al the prozedyrpdessyibed o404 g7 age} bromo-1H-

pyrrol&f?ﬁ‘l{jz—?}ﬂgﬂg ntﬁg)?%)_% G t(ﬁ‘fnqﬁe f(ﬁo[?% c]t@ ?1%?'[ ﬁs%the procedure described in

Synle20097, 208644214RCT/ EP2009/ 051757 -105 i ndol - 3-yl ]
-5H pyrrol o[ 2, 3-b] pyrazin-7-yl }-2, 2-di net hyl - propan-1 -
one as starting material (24%
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yield).
1-[2-(5-Met hoxy-1 Hindol -3-yl)-5H pyrrol o[ 2, 3-b] pyrazi
WO2009408442, 2- di met hyl - propan-1-one was pr eparRBdI/EP2009/051757
foll ow ng the same procedure using
1-{2-[5- Met hoxy-1 - (tol uene-49%ul fonyl )- 1Hi ndol - 5
3-yl]-5H pyrrol o] 2, 3-b] pyrazin-7-yl }-2, 2-di net hyl - prop
Step 2arnMethﬂe1 ASA%tyre @I d)(0.25 g, 0.712 mmol), bis(pinacolato)diboron (0 208 g,0.819

| Hi ndol SH-pyrro
mmolk []3,1 bl}lﬁ,()gi}pélfpy]lphosypinegplg%ﬁe]dl@}@ﬂ;wgﬂad&rgég complex (0.058 g,

71 pnfo‘l))l h@i"k@ﬂ}]t(t}%lsg?ﬁ%ﬁg rnﬂﬁaﬁlﬂfﬁlnﬁ?bfq ﬁ éi}]oexane was stirred at 70°C overnight

beforesbdlrfgcmpllf)d-tﬂ) BT maofiked thouSHegite.rdied]|2a8-vok py apzated © gibve 2. The
% %n one 68% i eld).

residu “Fa? g ‘N?é‘ii%]é‘@ PEELSI58ol - 3-y1 ) - SH pyrrol of 2, 3- b] pyr azi
n-7-yl]-2,2-di nethyl -propan-1-one was 10 prepared

¢ ) s,
a2 SRR TS SR ARASEILY S0 Mo syt pomolol2>
b]pyriamysl“}as $kkpayadrfello{v&g3h@$md @dtdture Ying 2-bZorb-Tetdlydnept-agfonyl)-
one (42%yield).
1H- PYZWJP%%@PMIH? [ 2- (6-net hyl -1 Hi ndol - 3-yl ) - 5H pyrrol of
2, 3- b] pyr azin-7-yl]-pr opan | -one was prepared

3-(4, 425"%2 T? iij‘cge;f%r ?Rj ]yﬁ-i*-?titoﬁﬁagﬁésugonyl)-1H-pyrrolo[3 2-

c] pyrlﬁllﬁlz fwar ;5képaﬂeﬁrfbn@l@in§3ha/éa}ne‘3;hlo@aahf@lhs@&g23 Brdnh @y (@A bdie 4-Mifonyl)-
ropan-1-one (56% yield).

1H- Pmﬁ)q[iﬂ-qmﬂéﬁm% yl)-5H pyrrol o[ 2, 3-b] pyrazin-7-yl]-(1-m
et hyl - cycl ohexyl) nmet hanone was prepared foll ow ng

Metha gae SepanTihGe Egg}qs{ pgrsﬁng]q%(&)JS gL, | 97%pmol) was added at -78°C to a
solutidy 6 I@bl%[rr% §'nm&95)1f1@17-b c?lbbd 3- b({p& 1&%&"(“'18@9'8@@ Sanid1). TR Bsulting

anone as starti ng ITH eri al he pro uct was obt ai ned
mixtuferw 0¥l et783C dor Zihmummscbgfcap hydi DN {PDAMXVEICHS 9 t8frahethyl-

0/Q to 0/ : : . . o
1.3,2- 10[‘%”(‘%?}3? ‘39% mE. {Py3 B} Ay KUY PSS Basstgiegf 285 i for 3
hours beéfoyd Deira queshchat hiydddi oS Jat@ed Waseodds dHi@dRPdf&shmonium chloride
foll owi ng the same procedure but using
and exprapted jtyice W]:h ELQAg; ﬂ%@ ﬁymbglefi prgapgg laysye wgre dried (MgSO,), filtered, and
evapoltd SRR dol Sl I RELBMILRLBH2, 3 Pl pyrazi n 1oy
Sne from as- starti ng material. The product
was obta| ned in 49%yield after purification by Si02
Methﬁj?s[@rmi Qgétﬁﬂﬁéfh 1(2[@ %xﬁﬂfe‘ﬁéﬁ-ﬂl@ﬁfé %I’I_ip%‘éboﬁ 3- b]pyrldlne was prepared
)f iH—pyrro o[ 2,3-c]pyridin-3-yl)-5Hp
follov&ymg thle@{u@e Qrcb‘]s@qm @zt wpiife yrbfome-dpaethyl- GheyrmaB[ad]pyridine as starting
erR] epar ed foll ovm ng the sane procedure but using
materigl 5" di met hyl - 1 - { 2-[ 1- (t ol uene- 4- sul f onyl ) -
1H- pyrrol o[ 2, 3 c] pyridin-3-yl]-5H pyrrol o[ 2, 3- b] pyr azi
I T
et T AR 100 R, 5 ACh A9 HI vl BB i e
same piocaived ogfruamiz)3-rovecHmefhyl 0%-MeGld)as smll@l@%ﬂl@lﬁ442
PCT/ EP2009/ 051757 -106
2, 2-Di et hyl - ng-pyrroIo[Z ifgrldln -5Hp
Step %N@t@px émmvﬁ@i ri2-rginp 5&9)@3@10[ h%’f%7p’ ardaigethyl-

propafg(f ZA g% Q? I%/P%P§ P'gﬁ(ilg r2o(t?}?el%¥gtl%al?yb 7Y% hﬂlgol) [1,1-
bls(dlpliﬂnﬁfkphyip)nrﬂebfenyédrﬁﬂcﬁ&lﬂoﬁdép}aﬂi}tﬁhﬁ(lﬂ)—]ﬁCM c}orﬁ;ﬂle}pm' 0390 @[32,umol) and

razin- r opan one (64%
0.73 nazL 9 FHS- Kzﬁ@}b EM%WPP&P o of by gs%aa? Hasg dsfga)%@m&ubbhng
argon Yl{rBQélpt[hg mxRkPIr 38 niindey ihe REQRBA nlixRRewas stirred at 90°C overnight

before being cooled to RT and diluted with EtOAc. The organic layer was washed with a
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was prepared follow ng the same procedure using
2,2-dinmethyl-1-{2-[1- (tol uene-4-sul fonyl)-1H
W@wab@pB, 2-c] pyridin-3-yl]-5H pyrrol o] 2, 3- b] pyr/BRI009/T51757

-yl}-prop an-1-one (17%yield). Exanple 27. 3 0 N Br
Br OB 2 HNN Step 1 N Stepl2N Step 3 NN NN Ts N
H,N Ts N | Ts 10 Step 1 -

satura&daqtiéﬁms |sb'1-uﬁyﬁ bONOHZ (B-26d pOL AifteLbdR.etrgction. B3 aquebys layers

added at OC to a suspensi on of

was NaH
with Eé@“%cd‘ihg ,semé}n@ﬁ organisi lygrh W@r%dgle&r(lvta@m THeeredeand ?Y%@@rawd The
res1du% ggﬁ{%@%&s thE at@% zg:e{yng létz 64918{%%{6:? tch'vQ@ 032 g of
3: 2,2 diidetlyl- TH2-[ t €¢@ddcnod- SuﬂﬁohwlI)éHApﬁrdb[Qﬁ’ elpyeatinF3Fyl]- 5H pyrrolo[2 3-
ove i}tght bef or e ggg/n%i@l;enched by addition of H20
blpyraziy 7k PR - QR &8 1 with Et OAc. The conbi ned
organic layers were dried 15 (MyS04), filtered and

22 oRYIRIEL S T S V90 SIS Bl GOy o

b]pyrz@nﬁ?@l }}pl@ﬁ)aﬂ. 1((61@%% Ip@é}ﬁ)ed usmg the same procedure from 3-(4,4,5,5-
ene-4-su 1H pyrrol o[ 2, 3- prri‘d‘i
tetranﬁt%l%@ﬁ}%@%be@l%%yw H@IUFH%‘*sSaﬁenylb#Hc@a{ﬂhﬁ Blpyridige (24%
f .
yield), ﬁlqmgtﬁgh%tlﬁll? E@JI?%% tﬂtﬂléﬁéfﬂ%}]% p@ é&?allad um (/)g W)g/lls 161 eéi)lflst%aéi of [1,1
bls(dlléﬂdnglpha:tphmel)fycrrocene]dlchlondepalladlum(H) DCM complex.
3-brono-1-(tol uene-4-sul fonyl)-1H pyrrol o[ 3, 2-c] pyri di

ne was B?Etegared according to the procedure described
22-Difhetid 30 b D A6ISEE- e tieny DON- MR I3 2l ayrisin kvl |- SH.pyrrolo[2.3-

b]pyr#ﬁ 5! ylférl%gg‘%ﬁléﬁ%]r&ag ?%agééietggfoﬁ%v&flﬁgme same 8rocedure from 3-(4,4,5,5-

tetram@@sC{ 1,B21HibxubSyutde ty) 200 élueds- 4&1111f012§2|1)1 1 H%rﬁﬂkﬁ{glﬂﬂﬁﬂﬂ&ne (67%
PCT/ EP2009/ 051757 . - 107

yield) i this rgpctign @etrablsetﬁ}thﬂmhptspefbv@w a&%ﬁ%m Hﬁ‘%‘d?%?ﬁd of [1,1-

bls(dqfl{%nif?)ﬁg%g r%l }]1@ %%% epa e& déerP CI:)e]?l(ej}VId Dﬁlf ori depal | ad
funm(l1) DCMcorrpIex(O 0589 71 nol), and KOAc (0.21

2,2-Ditneti?y1 13 bohyl-DHA 1670, 31b)14vi16dia 5 s16[2r3e8|pgtazin-7-yl
7oeC }Z)ve[r@n(lqgiﬁt ybef g)rygﬂgbdgl ng ]g%)olle)gay1§=~ ﬁs’gnd [:‘Zl ?]é)?eazm i

propap-Aighvaser¢naged fpHewing the ganee asekvapvRral wepthy- ?g(%S 2:tetramethyl-
[1,3 2](#(%(azohd1n 2-yl)-1H-pyrrolo[2,3-b]pyridine. In this reaction, the mixture was heated at

150°C for an hour under microwave irradiation.

Example 28.
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5 residue was used crude in the next step.
3-(4,4,5,5-Tetranet hyl -[ 1, 3, 2] di oxaborol an-2-yl)-1-(to
WO c@pgoesd4sul fonyl ) - 1H pyrrol o[ 2, 3- b] pyri di ne REBEP2009/051757

prepared followi ng the sane procedure using
3-brono-1 - (tol uene-4-sul f omhy~

1H pyrrol o[ 2, 3- b] pyri di ne.

3-(4,4,5, 5- tet nmet hyl - [dys3, 2]d|oxaborolan 2- yl Sto

| uengo4- sul f'o y ) - 1HByrrol o[ 3, 2- 810°¢] pyri di

prep red fol ng th me roced usi ng o—

3- -§er{ taal wreper24- onyt N Stepd =
P- c]pyrldlne thh tert ButyII

1H rol of 3,

1.7 Min pene(O? 1.2 I)vvas add
-78C to a s®ldtion o ng/ﬁ
3-brono-1|-nethyl -1 H pyrrol b]pyrld

0.853 mml ). The resulting m xture was red at | sieps
-78C for 20 m nptes before addi ng
2-1 sopropoxy>
1, 3, 2-di ox

reacti on nixt
bef ore bei ng Y
aqueous sol utj
twice with Et

dri ed (My64 f||tered vaperated. The residue
was used crude in the -xt re ction.
Met hyl - 3- ("® 4, 5, 5-t et [ 1, 3, 2] di oxazol i di n-2-yl

) - 1FprrroIo[2 3-b] pyr ne mas prepared 20 foll ow ng
t he sane procedure but usrng

3-brono-1-nethyl -1 Hpyrrol o[ 2, 3-b] pyridine as starting
Step rnteT RIS ONBEHYIdebdeA 2 B 525 417 st hyghypprgmefhy L 1,3-propanediol
(2.97 ?,' f/)%%fngl %nﬁ Yf P}Ef qu 9532 V‘@%MP Fn%l?cﬁg ﬁldS(fO%L %Wt(ﬁlgene was stirred
he ™ same Brocgdur a &
at reﬂﬁx biithrDdanrfeikyfbr 2 hbure ﬁeﬂoee Bdngtaidd toR Tratideevapbrated Epe residue
- A m xtur
was paifis S Biary P SRDY (ge’sanﬁ?/&@%‘i Art0% GI9AD 19 siferRedhgpf 1 as a
mixtufe c%%lﬁngriﬂlﬂs hsoﬁ{é?s @Q%ﬁ%ﬂ 367 mol ), 2
(theoretically O
brs(drphenylphosphrne)ferrocene]drchIoridepaIIadiun(ll
Step 2)- MWl compl, ex, 9(l@rrﬁﬁ(§l) @as addetiat De@tda sdutich ¢l (Qf092g\/|10 76 mmol) in
aqueous. K2CO3 (1.47 mml) in 4 nL of 1, 4-di oxane wa
100 H@é&&é{gléalebljhweﬂrlna guxrgess Hlomsdgn reark R segrghts MoqusCI (0.3

mL) v&ms AHG&S %dﬁﬂ%re}rgor 1 %B&u@v&(atslé 1&63‘@‘?}10&%}1 Qt ﬁ bgpoge \‘t/)\fltn% partitioned

over ni el ng COO ed to ute
betwe&t @@mmteﬂmﬁ{mﬂgaﬁ DECMaYes aqmaSusNangeths\hatlh e)arzwlad with DCM. The

20 9/106 42 PCT/ EP2 757 08 sat t ed aqueous
combiggd greapiS @Fr%\lé{FTé(%ﬂsg‘ng ﬁgéﬂnwc{r@rﬁ <Haé2>4i>fﬁr65% Alfheysporated to
give 2tﬂeg SAUBAYS yik Y efl?e pr%ﬁc!? whk Q8Gh intthen&Q SRp R8G08F Igﬁﬁicﬁtlon

| ayers were dr|e MpSO4), filtered, and evaporated.
The residue was purlfled by Si 02 chronatography

Step 3(-DEMI@0SE @iperfiod Q%@Q(E@@lng)z 182 g v@hs(haaecgatcﬁf"c t3:a solution of
2, 2- dlneth l-1- F{ ol uene-4-sul f i
commﬁﬁ%@}ky@d%al{ 623é>r%1]1w Hrrrpls&yir PlpysAingyP- B 53. Heneb in 12 mL of

0

DMFE&@X%%% XXLE_}% w?a gﬁﬁFd he PRGok 3G ik SPfore adding 2 (0.829 g, 3.045
mmol 1 bdfoel hearzew drnsed|td RTydnd-thdd pirredal 60{QoBrbikhy MhdirdacBety jixture was

-5H-npyrrol a ,3- . b pyr azi an-1-o0
Cooledprozl%ﬁ ﬁ%fgp%rgrl%edfﬁr&w rlaé%ta{ﬂ@ HHeh G, Biegiueous layer was
extracted with Et,O. The combined organic layers were washed with H,O, dried (Na,SO,),
filtered, and evaporated. The residue was purified by SiO, chromatography (hexanes/EtOAc 0-
15% EtOAc) to give 0.41 g of 3 (72% yield).
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tetramet hyl -[ 1, 3, 2] di oxaborol an-2-yl )-1-(t ol uene-4-sul
fonyl)-1H pyrrolo[ 2, 3-b] pyridine (24% vyield). In this
WO e@etd@2 t et r aki s(tri phenyl phosphi ne) pal | adi uP§DEPX8%051757
used instead of [1,1" 10
bi s(di phenyl phosphi ne) f err odéte] di chl ori depal | adi un( | |
) DCM conplex. 2,2-Dinethyl-1- { 2-
Step 41- téﬁt(BlmﬁH&nlﬁnSm MoinyplehtaddkNYT mbJ, 0.648 ndnel) Pk hdﬂeﬂ-afﬁ =3°C to a
rroIo 2,3- b]pyrazin-7- yI propan- 1 -one
solutiqy} %ﬁ eth 2 HedBanmebhi ”E feha 188 I PFoR R R def o CTor 20 minutes

bef %dﬁ‘h“zééﬁ -4.4 5 5-tetramethyl-1,3,2-d 1 34 mL, 1.648 1
— grretﬁ Opfxys 2] dleogémgoryol an- 103;(|a5)0r0 a?t é? uenme 4- sulmmo)

The refactiiyd ixtitepyasrsatrod 3, 28] Porr2 ehiunebdf6re%eing @ledghedlby adhiton of
satura{ﬁ:gglaaéq%g t&;@&{l gf?lldf Erri(!:tgc? g/rl% EPB%S pjﬁlenggne‘t?llnfl: orgar% (l)gyers were dried

(Mgs©4>8£1ﬁé@@%n PR RRE Bl BliseceReldh chlaenih drnrkl RAEHR( 1 |
onpl ex.
2 2 Di rrethyl -1-[2-(1-methyl -1 Hpyrrol o[ 2, 3-b] pyridin-3

Step 5——yA)m15h|rr§)y$f IQB@E&n@SH}Wf@Z[Q[B— Hipytakin-PHDRD-dimang@-pragan-1-one

ared foll ow 9 same procedure usi ng
0.15 8L ER pimob ¢ 4haers e b SRrarmp L. |
bis(dl}lglg]en?]iji)ﬂ)%h%%ﬁjo&gfeﬁaﬂé’ﬁa lﬁh&ﬂﬁlgﬂhlgg&egb%ﬂmg gzlén 53 pmol), and

IS reaction e mxX urevva
K>COarfD.2dprl. std@moi io donhwé 114Fd1axkirﬂta1ndr1 m]2 of H&@rvmseieg&sed/mf bubbling
009/ %_g442 PC'Ji[ EP20Q9/ 051757 - %e Cé
argon ghroggh émg@éep e geasfieq g]dxtgreov%ﬁ ?Iéglrg qat 13¢5 [snder rer:rﬂwave
1rrad1a@oh| s 2() minu\teslbeforéa b@ngéobleg kg RT a@d g%ﬁfﬁoﬁed @et@eé:h @z(b'"ﬁlna EtOAc.
Step 6 NN Step 1

The aqueAusyﬁawa@s ngtragteq?l] z&aﬂh(fgtﬁ)f@eTtlQ c@nhmged oy aniq gaycm-)wyre dried

(Na:S G e RSPt s B TRRBT NS pudsfictly, Stophiap e ity

(toluehTEMEAEC0 58S BIOAK)aE gival).033fd 666 Wothyialdpean Stark for 2
hours before being cooled to RT and evaporated. The

resi due
Step 6 — A suspension of 5 (0.055 g, 0.11 mmol) in 1 mL of 80% AcOH was stirred at 70°C for

2.5 hours before being cooled to RT and partitioned between H,O and EtOAc. The aqueous layer
was extracted with EtOAc. The combined organic layers were dried (Na,SQO,), filtered, and
evaporated. The residue was purified by SiO, chromatography (DCM/MeOH 0-7% MeOH) to
give 0.036 g of 6: 1-{2-[1-(3-hydroxy-2-hydroxymethyl-propyl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-
SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-1-one (22% yield)

Example 29.

SEM~ HNT XX
OMs
Step 1 o Step 2 Step 3
/J /
N N

,/S

o0 __o

<

o

T
o
T
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5 was purified by Si02 chromatography (hexanes/Et OAc
0-40% Et OAc) to give 2.09 g of 1 as a mxture of cis
W@rwIne@ws i soners (42%yield). Step 2 - MO RAT/EL2009/051757
12.912 nmol ) was added at OC to a solution of 1 (2.09
g, 10.76 mmol) in 100 nL ofllpyridine. The resulting
m xture was allowed to reach RT overnight. NMore MO
Step 1(-Q\/13thaﬁﬂs)11fwaﬁ cﬁlﬂ)dlﬁd (and., 5 &8 heacl) was addextds 08C WS mixture of 2-
hours at RT before belngdﬁgrtltloned 10

PhCHYBét%s@eWns%nOh (eebl- W i Uoehol prad igUEBUES Y igemixtas was
ine GROKCEENRGEe E DG g SRISIDR O 0, FR B

formee wap dilateddintl chorgughdy Ansed wgitloice 21, OkYory lbeing)drled' lheobtain 2.6 g of 1
rﬁﬁuct was used in the next step w thout

(9“%8ﬁ fication. Step 3 - NaH 60% di spersion in oil
(0.091 g, 2.284 mmvol) was added at 0C to a sol ution of

co LCi (1 .
Step 23-_%%;@ﬁ %92;’3g’ly-gﬁig’ig-_yklﬁ-lso-)gzr-itrélinethyl(saargl sthogymsihylsH-pyrrolo[2.3-
b]pyrazin-121]a2,2 aimdthyBpdopanFhene €8.01gt 0446 [’ﬁrﬂdlmrle(OVBSg S)t89l2rrmﬂol) and
at 0C for 20 m nutes before addi ng

(0
Cemrﬁﬁ%ﬂbyn%%f%%%g dettgnmeied b Of@cf‘é%tr{l% Bas §tfrrffdraé<§0a€ Svernight,
I
TLC BRGNS ARSI SSOR L 81 0
1.672 Bitr2@l) wiheddedued tis: dfey ydreasn ewtdticactaddtopipbd et tioT eixture was

anlc | ayers were washed wi th H20, dri.ed
sirred Rl 3opy e FHipiapats HEHER B0 A0 BBt HHiere S e 9Bl as KT The
reactlcﬁyﬁﬁ){tﬁl%%é%f)al%t%e@ Bét%@ﬁ Eﬂﬁz@@ RYd Qﬁ?r%ﬁ@ﬁ %ﬁﬁé:eﬁl%n%nugﬁ chloride, the
5% Et OAc) to give 0.41 g of 3 (72% yield).
aqueo@@kawn\@mlmzk POTIRRNO00 Wil FEYAC-Gabiged preanic layers were dried over

e tm 7 Min enta
NaaS Qe ls it sigedite} Td st S HuBREe by sils Poomrofiibpy
(hexardes RO ATTIOL0% ETOACY @flkthth A gedthd tile tolaéheficktoh€d- 18% acé&ae) to give
for 20 mnutes before adding
0.028 gof 3PP BPeY): 4, 4, 5, 5-t et ramet hyl - 1, 3, 2- di oxabor ol ane
(0.34 m, 1.648 nnDI) The reactlon m xt ure was

oS Al L3 BhRUES DT, AL, SUTOENEE B
ethox;?ﬂlwgc%g%SQQ]rgyrro-m[Q LBIPotn a7 (})7[]%8%)&1 | _UE s PRIEredTbI®Slving a similar

' | tered, and evaporated. The residue was
mm%%Wmewmm@WMmM@WWM&epS-Ammumof
1- (2- br ono- SFprrroIo[Z 3 b]pyrazin -yl) -2, 2-di net hyl

gro pan- 1-one (0,15 g, 32 4 (theoretlcallg o
10Xa cr arting materia o Vie n 1S reaction INa ¢ d1Spersion 1n
dioxan-> pdygethybesfer ap jtajting mat 1(680/ y ld) this reaction NaH 60% disp

f ﬁ lhiai

oil W%@ h%ﬂ?ﬁﬁ%{ gi’ths(?ﬁﬂbétﬁ}%)vﬁa% heAed ng itle ef}ﬁé}g I?Qﬁé{ %é ’obtalned

after phrifio&tiomtgl §i0, whbmmto grhphly, (hemhnesdEt(QAaﬁdZS% RtOA¢). H2O was
degassed by bubbling argon through the m xture. The
reaction mxture was then stirred at 130C under

2,2-DimeghdvialZel 1-2r madiyapitanyl-eowh201idalBed]-bd 2 drime el sHgnyl-

o BN, 1y 0 L, PR VTS LB, RS e e
procedip&rbutnstho2-genicCmbidyBusideas etadfngedatelﬁzﬂlé\{ZB@%/)cld) In this reaction NaH
filtered, and evaporated. The_ residue was purified by

60% dﬁpszﬂl%m&ﬂawws%ﬁ qaiydletehi Eptdded. godietaasEyn piture was
heatecg%tng (? 89%@ ﬁé?ﬁh&%{%&%ﬁﬁ;f& Ql;)tgl)ngd %t&ﬁ)u@lflca&r?@@%}?hpd?natography

809% Ac
(hexarsssiFtOad 0a30% GEOAOY.

Step 3 - 0.3 mL of trifluoroacetic acid was added at RT to a solution of 2 (0.028 g, 45.84 umol)
in 0.7 mL of DCM. The resulting dark orange/red mixture was stirred at RT overnight before
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2.5 hours before being cooled to RT and partitioned
bet ween H20 and Et OQAc. The aqueous | ayer was
we@ipaeddel with Et OAc. The conbi ned or gani c | ap&r/EP2009/651757

dried (Na2SO4), filtered, and evaporated. The residue

was purified by Si02 chronmatldgr aphy (DCM MeOH 0- 7%

MeOH) to 20 give 0.036 g of 6:
being &va{para[téd z(rﬁi(—j dﬁ)}édi@l?/rec?t\hyﬂ ik yoaemey The caiay rgsidud-viagrtikenahto 0.5 mL

ridin- -

of Et(&ilralaﬂ/ rq%lrra peetase Bﬁ{ B%z 2a-H38 mmal} wos addgr nEhangsulpn Hdak yellgw mixture
was stﬂ?ed(aaq%%’ M %}QL{S?%%%Q g%sg %V&I%)I’QC@ Tslgngdlll\é '\?\/ ﬁ%rlf"égﬂy]ﬂash The
residu®w@sipufified By szzcﬂh&ﬁhzitdgmpliy H’]EIME[EXDVIHWI@GH?&% MeOH]llO/O to 0/10)

and trgh BV pirmaestag 1ol T MARQHCDE M e 801 £5 P 110

hydrody-3: }g'kl%@'ﬁleﬁly@eth(y% H-iddb1- 301119 RL Py ridbo[ 23 - Wpyl%m 7-y11-2.2-dimethyl-
pyri Thé resulting m xture Was stirred at 5 to
propaiRT-am¢d2fiegieldbef or e bei ng poured into 200 nL of ice
H20. The precipitate that fornmed was filtered and

hly rinsed with ice H20 before being dri
1-{2- [ét@?’ﬁlﬁg?x%z @YQWXImC@Yk 9@?&’&)7]@ H)doéﬁéﬁ] H- py}i(O}ﬁ[%,tSLh]gyrg;m 7-yl}-

2,2- dlhe{}%)—é)&?—a dcg‘{ v§as3ﬂr%pa§ecf 1%11%&1{&59&’4&&: ln%@é’dur@%%ﬁ@ @ﬂlmethyl—
1-[2-[ ] Ppphamnilht Z}Cyd))ianﬁ lehthrﬂ i Hingoled a5+ emiencllAlagyl-ethoxymethyl)-

O 892 mmol
SH- Dyl et BV S 4 gl e P RE HeH 0526 a S T acaction
the prm&t Shi Fﬁﬁ@eda; ﬁ@gcﬁl\rﬁrs@égs}ﬁh Ag@@rﬁé@ﬁ@@%ﬁ&éﬁg 713)
showed Tittle conversion, H 60% di spersion in oil
(0.067 g, 10 1.672 mmol) vvas added and the after
Exampily@0ogen evol ution had stopped the reaction mxture
vvas stirred at 130C under m crovvave |rrad| ation for

hour bef ore bei ng ol ed to RT. reactl oﬁ
par t3t'ten
aque Dstpim ch i d tsheeg ageeou aé{eeg vva

ext “ed twce wt OAc. ~Combi'hed Norganic| ay
wer e d i.ed over Na2S Hl tered and_ewapor at ed
resi due was purified p chromatfbghapghy 15
(hexanes/ Et QAc 0- 20% Et)OAc) and then f second time

(t ol uene/ acet one (- 10%'acet one)?to ogi ve . 028 g/0
(10% yi el d) HN" SEM\N A\
2, 2- Di net hyl - 2- 2- 5hen yl - | ox%n met hyI )
~1H- i ndol - 3- 9‘ (2 t-r—r—ncet hyl |Iranyl
et hoxynet hyl )-5 ol o[ 2, 3-b] Py a -7-yl]-propan-1 -
one was prepare f owi ng a simyja

N

C )

Step 1 - A mixture of 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.5 g, 1.212 mmol), commercially available 1-
(phenylsulfonyl)-3-indoleboronic acid (0.452 g, 1.455 mmol) and
tetrakis(triphenylphosphine)palladium(0) (0.14 g, 0.121 mmol) in 10 mL of degassed 1,4-
dioxane and 1.8 mL of 2M aqueous K,COs (3.637 mmol) was stirred at 95°C overnight before
being cooled to RT and evaporated. The residue was purified by SiO, chromatography
(hexanes/EtOAc 0-25% EtOAc) to give 0.67 g of 1 (94% yield).
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procedure but using nethanesul fonic acid
2-phenyl -[1,3] 20 di oxan-5-yl nethyl ester as starting
woreqoend@h2 (68% yield). In this reacti on NaH 60B6T/EP2009/051757

di spersion in oil was used and the reaction mxture
was heated at 50C overni ght-113he product was obt ai ned
after purification by Si 02 chronmatography

Step Z(hg)tﬂlﬁaﬁé bt D@@I665 §,51%ZEI 1©A®)).in 9 mL of 1,4-dioxane, 3mL of MeOH, and 3

2-Dinethyl -1 - msthylsulfanI-ethI)-lH-lndoI
mL of. @/I)agl]leogs Ot Wﬁ%ftﬁﬁdsﬁt |7gr@for 1 hour before belng cooled to RT and

evapoieatte?p th &%smﬁle)w Wg‘aﬂ}ffoﬁlgél Bétgveg‘n Fﬂlzéﬁléﬁlt@ épikel aqueous layer was

-propan-1-one was prepare OW ng t e sane
extracmdomddEt(Mda uthe s mbgned-ocgunor layere teyd driddf (NaeS@s, ﬁlte?redl iangd
erial In t actl on
eVaPO’Eﬁt‘?thrgéYe (ﬁg‘? ﬂ“"\)@&éatldgléd%elp@ BefoY ax?dﬂsél\%{“stgﬁfle%“%‘%ﬂhom
purifi@@ggd, and the reaction mxture was heated at 50C
overni ght. The product was obtained after purification
by Si 02 chromatography (hexanes/Et QAc 0-30% Et OAc) .

Step 3St HBH%O% &sﬁerﬁbn Qf 0111 (0.62 ugroosigathimol )acdschddedataiidad aatixture of 2
sol ution 2

(0. 028 % 45. 84 rml%n 30 in 0.7,
©. 155@ Oo%45mmpl>ﬁﬁé kg Qﬁ@. %180@% drariglf BMi Thegpalipgsmixture was

I
stlrredSsIt "IFE%g (1) gq-?d(:l){é}fg 155%51@_ eﬂiil%%n %ﬁ%&g it %?%tﬁl/g égroethyl methylsulfide

(0.05 n@e()éﬂ;& nabhad Theiresstioh hiixtuod wenalowkhlego ceast @'E asl taewaastirred at

taken into 0.5 and. sodi um acet at e
S0°C peyBEh T DA aelEde RFFed PSR B APk yu iy aduedts soluton
of NHJECX4dI &, 0 VAR a?file&[sque@twalsa\-gxfrﬁte@whﬁ 0. h%e Q[)ﬁlbﬁl%ﬂ I69gamc layers
evapor ated. The residue was purif 2b

were washed Weth\,baglepinqdf(maS@y fafea2l, aird @wapmqua hg/res1due was purified by
Si0, ﬁé%%?%{%%zﬁﬁlﬁe( 2&@6@%@1@6@%@% NP gRE obIERE Giekp
2,2- D{Méiiﬁzﬁxﬂa 1*%% Mﬁﬁ%ﬁi's ﬁg%y Q)m }ngﬁhylset}f&iyn%hﬁy 9

pyrazin-7 ropan one (22%
pyrrolgi2e3-t)pytazid- 7-3/-1][ propan 1-one was prepared followmg a similar procedure using

1odomeg§(g|_n%;% %F af:t20113 ! ox%]gg{l%-ﬁng fd}(f %agtlo%krlflfx?udrg Iwas sty rr«ld at RT for 5

hours BefdrdbdiRS ¥ HeR ﬁlgpﬂie hro@i& WiRis®I RRAE Rkt r@ich@ﬂ‘"w@lﬂoﬁtt}ﬁmflcatlon
sane procedure but using 2, 2-dinethyl -

1-[2-[1-(2-phenyl -[1, 3]d|oxan5ylrrethyl) 1H i ndol - 3-y
1-[2- {Il][2'€(te(rt2Bt1ﬂy1 Hii'ﬁdﬂyjlshlhmﬁyky)&Iﬂlibﬂ}Q{HeihML}yl}—5—(2—trimethy1silany1—
Byrrol o[ 2, 3- a%g razin-7- ; protgan-l -one as
ethoxg?ﬂ%f YR 5-pardel2 I@@%ry? éfild% -diethph-Rrop@l1ong fvas prpared
follow@ﬁ@@l@%gné@_@ﬁ)cg&ﬁ&fu 1%% tlgeycoﬁluggrcfﬁhg/%(%ia%w %E%%N < Isilane as
electr GBMENnSEMEMCcYion, S{E\pas]nﬁmm Eﬁldﬁhemaetld‘ﬁ INixWtyre/wds NtirredNath\R T
overm'ghtBbefore beiln g/wg'rked up. ﬁlle prodsuct was o‘é‘rta{;'led in 80% yield after purification by

Si0; chromatography (hexanes/EtOAc 0-5% EtOAc).

Step 4 — Oxone (0.069 g, 0.112 mmol) was added at RT to a solution of 3 (0.039 g, 75 pmol) in
0.6 mL of MeOH and 0.2 mL of H,O. The resulting mixture was stirred at RT for four hours
before being evaporated. The residue was partitioned between 3M NaOH and EtOAc. The
organic layer was dried (Na,SOy), filtered, and evaporated. The residue was purified by SiO,
chromatography (Toluene/EtOAc 0-50% EtOAc) to give 4 quantitatively.
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HN SEMEN M / Ni tep 5 NNStep 4 N ,S=011 ,S=0
O 0 15 Step 1 - A mxture of
W@ 2094 0Md2TD- 5- (2-t ri met hyl si | anyl - et hoxynet hy| PCHEPI999/051757
ol o[ 2, 3- b] pyrazin-7-yl]-2,2-dinethyl-propan-I|-one
(0.5 g, 1.212 mmol ), commerdildl |y avail able 1-
(phenyl sul fonyl ) - 3-indol eboronic acid (0.452 g, 1.455
Step SrmriDFA (aﬁdnLI ®hy &kles at RT ph e sylupbosphie) padd @doy i 0)7 mL of DCM.
14 g, 0.121 mmol) in 10 nli of degassed 1, 4- di oxane
The reép]]@mg n‘ngEe Bis sztwregcm &Jter f@@@ul(sj)e@zgq %pya%ed and coevaporated
I [ f
i A S UL b 408 TanE TIOR8 EENTEHR £5.9 mmon
was adﬁ@doﬁhd egetapmhyixtyrh evaa nes¢ELt@AE o GerR bt Ef@%djelrtgmvgpmated The
.. 0.67 g of 1 (94%yield). W 2009/1
residupyavps E%g@@@;o %7 sus%glogtv\@ﬁ s%mcat%? @(%151? gltsrpdﬂ_T}(eomgégble was
rlnsedgvuﬁl-H;@%nﬂrHHea uhddr QadtunPlo glvé‘ﬁ dhoyans; 1- g@iﬂ - rﬂ@lgﬂesuifonyl—

of 3M aqueous NaOH was Stirred at 70C f
ethyl)HeHrln@dfiavléSbepﬁgoloBo} bbyraziRT-yahd,2-dwggot-atapdn-1ns (76% yield).
resi due was partitioned bet ween H20 and Et QAc. The
aqueaqus_|l ayer wa extracted with Et OAc. The_conbi ned

2,2-Dighcgiai lc[2- @y@?@yh@flen‘dﬂr%ﬁ)?kﬁEﬁEﬁy[z ¥ P]HY&Z%7 Yé]nlafOBan 1-one was
prepaI%M ?@R{v@hggletsgmg &:egmﬁ%%t 9§1n§2%{ﬂmeih§/ﬁg 'u[t‘iqll Xnet}-@lelH indol-3-yl)-5-

uct S USG Int next- ste
(2- trlmmhylﬁlilatm ethnxyrfsttbpl) SH—pyM&HbBCBMDHJIymﬁr Ziyblppropamil fone as starting

materi%? T?né 1 cgwg%o %C#J?DW é{ﬁgcggéd er (pgr 18%Ly § m‘él)é‘%%%ﬁ%;ro a];)hy

(Tolue?leni{O%fc 1Moo Bieagesul ting mxture was stirred at RT
for 15 m nutes before addi ng commerci al ly avail abl e

2-chl oroet hyl nethylsulfide 10 (0.05 niL, 0.518 nmol).
1-{2-[The-H ket y-ehy i 1X-lkie]-8a/%)- ﬁHJp@WEH)[I 8- H]pﬁﬁi’inRTyl@de tifmﬁﬂhyl -propan-

was stirred at. 50C overni ght before belng (]e]0]
1-one wrps pErp2isd PRV iHEdlE BataRIas %ares'a{t Yriae dd2aldololi@t- butyl dimethyl-
R R e e R LR T T
b]pyramas hetl] -2 tdiméthyleropalr-il @de GNs2S0E, mdteridl EFledprodund was obtained in
67O/beva orated The residue was purified by Si02

o bYHF! (hexanes/ Et OAc 0- 30% Et OAc) to give
0.039 g of 3 (22%yield). 15
Dimethyl-1-[2-(1-nmethyl -1 Hindol-3-yl)-5-(2-trinet

Examﬁk%lllanyl et hoxynet hyl ) - 5H

pyrr [ 2, 3- b]'pyr agi n-7-yl ] 2proan- | - ones was opr epar ed
Sahﬁgzgg;kgg SEMSIy I 0GBt sk ane LR
rléagt i on, not u t he r
S att™® T fNor e bﬁiﬁgN
. The was used | ctlo
i urifi ca | 1-[2-{ / J /
1-[2¥(tert-Butyl -giméthyl -sila Xy) - et hyN i ndol - N

3-yl}-5-(2- trlnebhyIS|IanyI rJ rJ

N, NH

. NH,
Step 1 — Commercially available 2-chloroethyl p-toluenesulfonate (0.24 mL, 1.337 mmol) was
added to a mixture of 1-[2-(1H-indol-3-yl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.5 g, 1.114 mmol) and Cs,CO5 (0.436 g, 1.337
mmol) in 10 mL of DMF. The resulting mixture was stirred at 50°C overnight before adding 2
mL of CH3CN. Stirring was continued at 70°C for 4 hours before cooling the reaction mixture to

RT. The mixture was partitioned between an ice cold saturated aqueous solution of NH4Cl and
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20
et hoxynet hyl ) -5H pyrrol o[ 2, 3-b] pyrazin-7-yl]-2, 2-di met
whiopeapnan- | - one was prepared follow ng the BEIEP2009/051757
procedure using the commercially avail abl e
2- br onoet hoxy-t-butyl sil aneld% electrophile. In this
reaction, KI was not used and the reaction m xture was
Et,0. Shé ﬁdjL&i@uﬁIayEiTwaMk Rk @hdted@fth IEe, D aihegombdined drgipic [Axgs were dried
uct was obtained in 80%yield after purification

(NasSBy), fléP@é @ﬂr%ﬁﬁ?f&@ﬂa&ﬁﬂ%lﬁ@%ﬁ@gwﬁe@&w YO phaegesraphys
(hexads RO 0- %ﬁﬁg%@é&%w%%g@% $12 1150 )ylew@)? added at RT

to a solutio 75m)l) In 0.6 nmL of
I\/le()—| and 0.2 nmL of H2O The resulting m xture was

2,2-Disidtliy18d[ 20 - il dtigsifaayr-cthoryinseth g an ﬁvuli’ﬁl mnﬁl\éa@%aﬂeq)yrrolo[z 3-
The residue was partitioned between
blpyraphe7-ybrRyapirc 1 0ag atas Wa@ﬁuf@l&o‘mazs@m)lar Plf@qeﬂéliee@he Bri@duct was

1solate%hﬁ%95/e\%gﬁ as e ?llan%;l:ﬁlat(i%he r‘é’?ﬁ%&%%'g' fied by Si02

omat graphy 50% Et QAc) to give 4
quantitatively. WD 2009/106442 PCT/ EP2009/ 051757 -114

Step 251 qunéture EEFﬁé(ﬁ 50 08) rﬂf@cﬁ) 61&({2%@)7%6{17 hnd),20H lNdI@(onsl g, 0.47

in 0.7 he resulting
rnmolhmx& % rré Wdél\/@t() wasestlra:ti aR30T(Opvdrpight brdoredehrfwokediseiRigand

partiiF UG G S ERTYRL b8 et Mo Bt Ri i one. e

combi@led Brg@nidNBe}s wiRwriRd ARE,SON il fefRC hhDEy afbakddl Fh¥BSidue was purified
stirred at” RT overnight before bei ng evaporated. The 5

by SiQxdirematograghy diesanastt@Aro20% HeOSasi9esive Bh3hasef 2 (66% y161d)

soni cated and then filtered. The insoluble was rinsed

2,2- lele{t}2y1 "1'28(@ 8@1&{1?3@ y%cilll—'f ctioq 3g le% 8 thlrzn%ﬂ%rlsﬂany :
ethoxﬁh@tﬂizl) Sir ]E(]rkd'lg[@ 3- §]’p¥erInS*7'l‘yHy i ﬁzlnoi-%neq’v@l BYp@ZU Following 2 similar

yl - propan-| -one (76
procedalra bm mtgmbrphomﬁ:— (16 erpitajdntd) las Macttﬂg rBatylhal BHhpyezatioo|l.3

equw%%rﬁf 8%\38%8%% ﬁlgd i%ﬁ%ér%ﬁ%egipgglﬂtNg Bz}es u&g? Y R ancijj the reaction was

st1rrec12at Rdforekihys| af 0°Cloveniightland thl[l_sd@c' 8'03C)ﬂ)r) 26hokds. The product was

-trinmet hgl si | anyl - et hoxynet hyl ) - 5H pyrr ol 052 Bﬁled %
obtamaci i3 gl pﬁtwawﬁlcatmneb iQstchramatgeraphit &GN MeOH).

product was obtained in 60%yield after purifi ed by

22—di§1ieg12 —? q&%g&%&g;@ ylémﬁ%;%lgje[l& Eﬁgﬁ lé—}ﬂtﬁ)?%gﬁg— - —tgpy;thylsﬂanyl—

ethoxirﬁetﬁyl@]SPN?ﬁf—élG[‘Z?S -] azﬁl 20l pehdy | oRE %@Preplre@@@lld%i%g a similar
pr epar ed Il ow ng the same procedure but using 1-

procedwrg Put(usergt -methyllpiprasing (4.6 Q@llg@lblﬁﬁMS(smngthhPI In th1s reaction 1.3
equivzﬂ%ty% %)f;e%{:pz ?%ld}K_Iswe(réz ugerdI &Elt ef(ll v‘g’zllsl uase ¥ as \be%zc()c{rme tthrf]:)ffl:a?cﬁgrll_' was

stirredtdt IRV 8% itklo dakl, ht30°2-cVerétiihd Ph@PRR-g0°C 6y mhcairarlthb MBoduct was
material. The product was obtained in 67%

obtaingd iy (f%tvicdh after HV@@C@U@W% csmm@w@ﬂDﬁkﬁ/Me@{ 0-7% MeOH).
SEMN SEMN SEMN SEM N HN\ Step 1 N,,_ N Step 2 N N

Step 3— St g mlxturt eP 2 %0 ll\g , 0. 12\%1 mmol) and Pd 10wt% on carbon (0.02 g) in 1 mL of
EtOH and 1 mL of EtOAc was stirred under an hydrogen atmosphere (1 atm) overnight at RT
before being filtered. The filtrate was evaporated. The residue was purified twice by SiO,
chromatography (DCM/MeOH 0-5% MeOH followed by DCM/MeOH 0-7% MeOH) to give
0.089 g of 3 (72% yield).
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NMNM N\ / HNNNN N NH2 2 20 Step 1 -
Commerci al |y avail abl e 2-chl oroet hyl
w@2aoohoawesul fonate (0.24 nm, 1.337 mol) was PEOHERW0YE51757
a mxture of
1-[ 2- (1Hi ndol - 3-yl ) - 5- ( 2- t1lileret hyl si | anyl - et hoxynet hy
)-5H pyrrol of 2, 3-
Step 4b] D‘FAa(DWrmL) why adied-a€lRMab h)sbl-ultlbﬁ) pﬁBl (d) E)Sthg (. 073Bmenol) in 1.3 mL of
mol ) and Cs2CO33 (0.4 mml) in 10 nL
DCMo?hecswltl%@wt@@ms Sng%as(BE Péema%ﬁ ??ﬁorer Reanggvaporated and
[
coev S O O F o s Ty s AR D Lohd RS0 (0142
g, 1.72%mataol owasrddedir Ehetroac2ion Riix tufheasrstictadrae Riafr P aotirstbiefore teing

bet n an i ce col at ur aqueous so] ution of
evapogieec mﬁ%ﬁ%%%@’@‘ﬂ%@%%ﬁe %{%@@@P‘@S@? ¥ -115 Et20.
(DCMTMM@@WNHQ@H%O\Aﬁm]bﬁ@% %dv;ﬁm(mwec%@@oo%h@ 50% DCM),

nbi ned organic | ayers were dried
and thf:n htyenrephratiared! Ty PG MHHRAM/ Nie©H/ ¥ 5k QHes OAEY 1 p4f1% DIG) toyzive 0.013 ¢

of 4 T g@gf‘égg%t e‘%ggfl?ﬁﬂ%’lggé}t‘%/g{kjf LS00 2 PR A AN -2 dimethyl-

propali,l%n@l(ml”yyéldi [5-(2-trinethylsilanyl-ethoxynethyl)-2-
(1-vinyl-1I'Hindol-3-yl)-5Hpyrrolo[2,3 5
b] pyrazin-7-yl]-propan-1-one was prepared follow ng a
2,2-Danathylar{ Dok oorgholiifeylprtiogd id H-indsl-3-yH eithpedolof2, 2-BYpyrazin-7-yl } -

BIETECRE LR T C A L R A
morpH@I‘wa—yI apd m’—\ﬁd&o?a 9@15 @- trQnéthlsﬂﬂ?igi %thbi‘yrﬁetﬁylmémﬁ%/rroloﬂ 3-

O was s irred at “80C overnight before being coo
b]pyrazm Wllamdparp &ong i earsidl2 estteved Nl he@odued WEs OatatedTing39% yield after

wvo pHERHERY SO R Saeru TREBFARRID e 5O, (MR ay

hexan&JTBtBNEPP{4 06 EtGRE f6re) idinRtedasd PANMMNECH 0oy 3% Qﬂ: 20 minutes).
chr omat ogr aphy (hexanes/ Et QAc 0-20% Et OAc) to give

0.134 g of 2 (66%yield).
2,2-DizneZh yDH et hiy [ 2-(4-n2thlylpip2razor plyDhating 1 KEindelkBr i)} -SHHpyrdiol 2,3-
- rimet h | sil
blpyraét%%-@n@f)ﬁ%@-oeﬁ‘w BrBRsT 35w il progppre but using 22
dimethyR!10Pa{-[2- gﬁﬁleﬂﬁﬁp%%ﬁf P—ijl)fé'{’lll)h%\l‘HQQdél BYM4-B trimethylsilanyl-
procedure but using norpholine equi val ents) as
ethoxynethyl)agl- m@¢ﬁ2a3 blplyrazirhy-g1lrrapan- biond agstaiing quaterédl eHtesproduct

was sl A SRR B St iR AP P SRR Smg 2otERbr0ny 100-

75% 3O@)over ni ght and finally at 80C for 24 hours. The
product was obtained in 63%yield after purification
by Si 02 chromat ography (DCM MeCH 0- 3% MeOH) .
Examl?l,eZQdi met hyl -1 -[ 2-{
1-[2-(4- et hyl - plooerazm 1-yl)- ethyl] 1Higdal -3-yl}-5
-(2-tri meghyl nyI

et hoxynet hyl Frol o] 23> a2|SﬁM\ YT -peopan- | -
one was pre r_,@I ol | owi ng/a si ar 20 gprogcedure but
using l-neth i perazi ne ( equi val ent¥)7as starting
material. In thy acPrdn 1. iSPAE e?}%é-ﬁxzccn
and Kl were used, CN was e sol vent t he
reaction was stiirred at RT fof two days, af 50C
overni ght and fi ly at 80C fL%%?M hour s. Opr oduct
was obtained inol%yield afteg, purificatiof by Si02

chr omat ogr aphy (DCM MeOH 0- 7% MeOH) .
N
I
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Step 3 - Amxture of 2 (0.13 g, 0.251 mvl) and Pd
| OMm % on carbon (0.02 g) in 1 nmL of 25 EtOH and 1 ni
W@R00Bt1@Ad2 was stirred under an hydrogen at nospb&r/BP1009/051757
atm overnight at RT before being filtered. The
filtrate was evaporated. Thdl7esidue was purified
twice by Si02 chromatography (DCM MeOH 0- 5% MeOH
Step 1f-0AlsoWgidn by LIONIEMEQ. (93 /2 /eOhm b0 il v of0HAB Y ag adﬁed&o a solution
72%vyiel d). W) 2009/ 106442 PCT/ EP2009/ 051757 -
of {3-B - dlmethﬁzpremowlkréﬂ vtlaeleﬁaéﬁélanﬂtetwye@ﬂbyl)s%ﬁlmyrw[%\8
iy PR LRI by s 0 B e v
nﬂdmﬂﬂeﬁﬁiéhapﬂummgdnamdawamﬁu&ﬁaﬂﬂﬂé@rﬁﬁmumlmﬂthbManeq@nnaiThe

e resjdue was ta into nL Et OH a
feSId“E Vi ai 3 tlt@neﬁbeiﬁéemq}éﬂ?d@ é@d@d %erﬁ%“ero&%\ Ffo‘ﬁa%?t?%%k Grigacted with
EtOAaAﬂﬁlescbfﬂbﬁre@ anﬁ:ﬁal_‘yers \x?er@%h%d%m&ebeﬁéw(ﬁgso4> filiered, and
evaporate e resSidue was puri fied tw ce y

evaporstgdotoegt gt awtat(vmpmwdwmsmsmﬂ tB@hﬂ.?G/rﬂ.E]CUQ@ G\%ht)@t
. o DCM followed by 100%to 50% DCM, and then ny
purt 1%??18‘6ar ative TLC (DCM [ DCM MeOH NH4AOH 60/ 10/ 1] 80% DCM)
to give 0.013 g of 4:
1- 521 |y LK ARk s
Step 2L b@a%aﬁén {E@Ieef QIQI ﬁ';rxlnt@g%n&g% u}‘orgnﬁelﬂéé{za%l%l)%?{os%hate (0.095
g, 0. 2§/rrmh(ﬂ) waslﬁided to a mixture of 1 (0 115 g, 0.227 mmol), 1- methyl piperazine (0.027 g,

o g AL T L S A e o

stlrred’\ﬁ%"lp&%%?%ﬁ%eff@e |b@iﬁ|%ré9 Zﬁcﬂ@tfﬁafﬁ% BEAGEHH FarBibnddHeRBeen 3M NaOH
di ne

and DEdf. plthel alqneaus 9¢yeeway backldaﬁnant@@ twge wWith-IBCWVR The icomabingdl oiganic layers

were QiR MESCRIATGY R B n aRG B v myriig by S19: chiappecozraphy

(DCVPNROELO- S%aMemgltatgexé 0.0753986 3i2ed-dinafth @r1-[ 1 PR [2-(4- methXI iperazin-
ggrlflcatlon b¥ Si 02 chromat ography (DCM MeOH O to
L-yD-Jrerpsethydlt | nictol Byy11-5- (ﬁé;aawéyﬂekamdcetwymﬂedbéﬁtmlq[aﬁ-

Mpyuégﬁfgﬂﬁéﬁﬁjﬁ?]_%@&%ﬁggﬂbp to 3% for 20 mnutes).

1-[2-(4-nethy|-piperazin-l-yl)-ethyl]-lFLindoI-3-yI}-5
ExampfeBgl rol o[ 2, 3- b] pyrazin-7-yl)-propan-1|-one was

prepared followng a simlar procedure but using 2, 2-

di methyl -1 -[2-{

1-[ 2- (4- et hyl - pi per azi n- | - yF)= =AH i ndols3-yd }-5

-(2-trimethylsilanyl - o — HN \

ethoxynetqyl)-SFprr{ol [ 2, 3- b]Nypfazi n-7-yl ] - | -

one as starting nateri W. The produc 0 was sghated

in 7596y1e%1 Byp 1Si 02 mastergr ap

(DCI\/![DCI\/! O NH4OH 60 10/ﬂ—’100 5% DOV~ Exay .‘@
D(f£ o) SEMFA?L(%EM N SEM N SN N /N N

Step ep 2 ~ L7¢O

N

NHBoc
NH

Step 1 — Bromoacetyl bromide (1.3 mL, 14.979 mmol) was added dropwise at 0°C to a solution
of N,N-dimethylaniline (1.89 mL, 14.979 mmol) and piperidine-4-yl-carbamic acid tert-butyl
ester (3 g, 14.979 mmol) in 50 mL of dimethylcarbonate. The resulting mixture was stirred at RT

for 1 hour before being evaporated. The residue, taken into EtOAc was washed with 10% citric



10

15

20

25

Ir OYOYO i0 OH/MNM I°NJI W 2009/106442
PCT/ EP2009/ 051757 -117 Step 1 - A solution of
WO ROPI1663@2 (0. 093 g, 2.209 mol) in 1 nL of H2CPWEEP2009/051757
added to a solution of
{3-[7-(2, 2-di net hyl - propi om}ll§~5- (2-tri met hyl si | anyl -
t hoxynet hyl ) - 5H pyrrol of 2, 3-
acid, S'C% M&IPHKDJHnZ brink - Thd@leardic }'dy}:r aaeliliel @teSONefiltyrtd, asl @yaporated to
0.442 mmwl) in 3 nl of THE and 2 nL of MOH
give 1ménﬁ1tégm1 i T rRTiYVes yoed i therqeéurea%tlmvvlfwt ButfiRatign.
bef ore bei ng evaporated. The 5 resi due was partltl oned

etween 1M.HC .a Et,QAc.. gueo er_was
P ERT R T T Go Te DAET RS Dy oy G nativly
followh®s fhe WaHB @Ebcwiiird baf hidiey pigéiagide (IMhECAYlic béiit@t-8dsyl 8416k as starting
evaporated to give 1 quantitatively. The product was
materl@l;ed in the next reaction without purification. Step

Step ﬁé@@ﬁ%ﬁ-ﬁ%@%ﬁﬁ g sty T

added to a m xture of 1 (0.115 g, 0.227 mml)

3-olpy -2 B LARN gl 08t @1 8 GBI |30 pPRER Was added at
0°C ton sdspémsionest NaH 60%elispatsidilin@de0milght 03¢ ﬁtneoll,nﬁi I]glL of DMF. The
evaporated. The residue was partitioned betwee

resultiNg EHUEH B RN 810 agnwts@@foxﬁ&glw cghlp Pa@t%aolutlon of 1
T
(0.086t d%’}':og%7%g8%?§"r?1r Pflg?@g@h@g egv gg(%egrtellﬁ%ﬁ_lnﬁne(tu\r?%gv?s allowed to

reach RA'ovpurightibetbropeisp Qﬁertched)h}ahdrgtialphinﬂ(S, anDEMrid 3 ﬁfrﬁ:%mth

EtOAﬁ’YEl%I) cc)gl%ﬁgfl@ganb(? lég?r Heke grledz (ﬁgéjﬂ)ﬂeﬁfgéféd lahli %\_fzi‘porated The residue

was pﬁﬁﬁ{éd)b S@&Qhﬁﬁﬁ‘a\f 5%_31915" ('hB%'eyﬁt(SA} 0202 EIGAERD hvlesd. 1 3RY 2 (65%
| - et hoxynet hyl ) pyrrol of

yield)b] pyr azi n-7-yl ] - pr opan- I-one (56% yi el d). Exanple 33.
ZOBr SEMN 3 0 OHN H1 INN /NNN XN Stepl

Step 2 1/ Step 3 N O/NH\ /JOYNHI 1/ XI ON OO
4-2-{&y[7\48cJaimethyl-propionyl)- 5 (2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b]pyrazin-2-yl]-indol-1-yl }-acetyl)-piperazine-1-carboxylic acid tert-butyl ester was prepared
following the same procedure but using 4-(2-bromo-acetyl)-piperazine-1-carboxylic acid tert-

butyl ester as starting material (57% yield).

{3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-
2-yl]-indol-1-yl}-acetic acid methyl ester was prepared following the same procedure but using
methyl bromoacetate as electrophile. In this reaction, the reaction mixture was stirred at RT for 2
hours before being worked up. The product was obtained quantitatively and was used in the next

reaction without purification.

Step 3 - 0.7 mL of TFA was added at RT to a solution of 2 (0.1 g, 0.145 mmol) in 1.5 mL of
DCM. The resulting dark orange/red mixture was stirred at RT for 2 hours before being
evaporated and coevaporated twice with toluene. The crude residue was taken into 1.5 mL of
EtOH and NaOAc (0.119 g, 1.451 mmol) was added. The resulting dark yellow mixture was
stirred at RT overnight before being evaporated. The residue was partitioned between H,O and

EtOAc. The aqueous layer was back extracted twice with EtOAc. The combined organic layers
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NH2 20 Step 1 - Brompacetyl bromde (1.3 nmL, 14.979
mol ) was added dropwi se at 0OC to a solution of
wORMIdGt hyl ani | ine (1.89 i, 14.979 mmol ) aneCT/EP2009/051757

pi peridi ne-4-yl-carbamc acid tert-butyl ester (3 g,

14.979 mmol ) in 50 nL of di##%hyl carbonate. The

resulting mxture was stirred at RT for 1 hour before
were dlrﬁ:idr(g/[ g@(ﬁmdﬂ&t@ﬁ andTbvepbesddd e rdsiboe Rvais tdken i B0, thasnsoluble was

with 10%citric WO 2009/ 106442

fﬂtereﬁaewserbzeégifleé pdez vacuug to,give . 0696204 ﬁcéxﬂe{ﬁd%ﬁfhaﬁ@no “phasridin-1-
)2 G805 LENEE1 NG 90 S ABSOH)prf £0h 0y propen-1-one
(95% ye&d. i n the next reaction w thout pur| fication.

4- (2-Brono-acetyl)-pi perazine-|-carboxylic acid

tert-butyl ester was prepared uantltatlveI}fl '
2,2-Dimestth dvii- hg [ - Feoxarwipsrarded ui €ty 1d<gndry-3-yll-SH-pyrrolo[2,3-b]pyrazin-

7-y1}- g@%ﬁ %Zdn'%%éa' %raPe%’% b g;thg sdrd broPe ¥l b&SKEy AD-(3-[7-2,2-
dlmetﬁ.yl{p%}(l&ﬂrjv‘l} Bd@ltﬂ&eﬂﬂy)s115njl%:tﬁdxlyﬁ‘ﬁt}fyj{ﬂ—ﬂi{lp@ﬂ’sblo{@,t%hi}pyrﬁﬁhflyyl]—indol—

|')-5Hpyrrol o] 2, . , , .
1-yl} —gc?e&qlbyfpéngme%—%r])Q)g:llg_aa}dﬁg{t«rw;yl GHtepArsiating glate@_ah (7d % yield).
0.223 mml) in 1 nL of DVF was added at 0OC to a

22-DGRE R B S P B iR RET She ok Es il G Eol stgwymrotor2 3
b]pyra?ziﬂ 7 Kﬁdpr@f)arﬁir oh® rwaggregmdtfeﬁoxbﬁfg B eSsabR pi*gce@iﬁﬂﬂﬁﬁuﬁlﬁ 2,2-

olution of 11 086 0.267 mmol) in
dlmeﬂ@rl 1R ks (daang iy 1- awera@ﬁelwba?cpwﬁthwxltPht@OMégflhISf(awed

cime g 5B T 45080 LS SBELAS BB Bl i

materihh @'he prdaiuoedtaisglateddn bageyisld werOg chretha{dvgpB4 Y DCM/MeOH 0-10%
filtered, and evaporated. The residue was purified by
MeOLg; 02 chr onat ography (hexanes/Et OAc 0-40% Et OAc) to
give 0.1 g of 2 (65% vyield). 15
G2-{3-[7-(2, 2-Di net hyl - propi onyl )-5-(2-trinethylsila
Examﬂk‘? 3%'iet hoxymet hyl ) - 5H pyrrol of 2, 3-
b] pyr azi n- 2-yl

-indol -1 -yl }-acetyl)-piperazipng-1|-carbo
xylic acid.erf-butyl esrt er? vvasopr eparfedy owi ng
the same™procedure but umm

4-(2-bro Igetyl) pi pera2| - | -carboxyIN\c aci d tert-
butyl es s starjnp \erfal (§7e°7 yi

[7-(2, 2- D% hyl - proplony) (2trt|?r%thyls/ @ et ho
xymet hyl ) - 5H— pyrrol o [2,3-Db] pyr azin- 20

2-yl]-indol -1-yIP-acetic acidsnpthyl estégr v@
pr epar ed the sty e re byt usi ng
met hyl bro etate as el eg=Ophi Il Y dhks reaction,

the reactidg p¥xtureswgs styrmned at RT/for 2 hours

bef ore bei ng u‘p—The D od t was obtai ned
quantitativel yya as used iy next reaction
wi t hout purifiga n. Step 3 - 5 m. of TFA was added

at RT to a solgtion of 2 (0.1 g 0.145 mmol ) in 1.5 nL
of 25 DCM The resulting dark orange/red m xture was
stirred at RT for 2 hours before being evaporated and

Step lceevsahmoatoedi (Rsbirereo\HiH- jsuyrt@b[@ehb]pyirdzm CylieB 2 1déxaettiyiepropsn- 1-one

0.5 gnﬁ%ﬁ 'nt)olai’ddf@&m?ﬂ%@ & Ofiliiffa Ogart‘kaﬁeiprew&rg&wflég%a@spmm

in oil (0.078 g, 1.949 mmol) in 5 mL of DMF. The resulting mixture was stirred at 0°C for 30
minutes before adding p-TsCl (0.375 g, 1.949 mmol) in 2 mL of DMF. The resulting mixture

was allowed to reach RT and stirred at RT for 1 hour before adding 0.4 equivalents of p-TsCl.

The reaction mixture was stirred at RT overnight before being quenched by addition of H,O and
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stirred at RT overni ght before being evaporated. The
resi due was partitioned between H20 and Et OAc. The
wa@owenus4: ayer was back extracted tw ce w th BeCBEP20091651757

conmbi ned organic |ayers WO 2009/ 106442

PCT/ EP2009/ 051757 -119 werd2¢ried (MgSM), filtered,

and evaporated. The residue was taken in H20, the
extrac'teﬂS@lkhJE{@AMHShe aﬁhédu@ Ilzfyér whi BsckeEx tracted el thattOWedEhe combined organic
layers Iye[rQ g{lnqé &Iﬁgzﬁgét)p flbglefiﬂqng qvagorat%:d ('lghe{remdue was purified by SiO,

V. pyr az

chrom¥ &gra%h?%ﬂex%h&ydéb&{b :s@pr ggc;])x% }glafggi-fﬂ %P/i ?6{62/1; g ePci)

2 2- D|msthyl 1-{2- [1 (2- oxo- 2- pi perazin-1-yl - ethyl) 1H

Step 24 Adfixtuze ¥f 1 (®EB pYT.5D1 bl 3 30 YT, 8dtAmethyl-[1,3,2]dioxaborolan-2-yl)-
ropan-| -one was g{ ared foll owi ng the same

indolep}- é%riéqwl@ 3sigt terfdiutg eatey _g. P- 5(82?121_01) an |
‘cetrakf)éi .t'gﬁﬁf%‘%p;hg pg] ée?@%q)a%hu%l(bg dd@%ﬁ?ﬁnﬁggﬁfyhlegf%é%g&{ {M—dioxane

pyra
and 0. 53 W} e fMKACO [l J06 @bl &vaks sﬁﬂécbﬂ)%"@(foﬁiﬂ' burebéfolrtieylg cooled to

ster as starting materjal (71%¥1| el d)
RT an§ egaggr%c{i Hl;}qe rgs@g_e yas purifed by S10, ¢ romatography (hexanes/EtOAc 0-15%

in-1-yl)-2-oxo-ethyl]-1Hindol -3
EtOA%)fI[D}%}‘(S‘:}A-Y[@ IBYF-(AFUZ gmtg b] py¥a)2| n-7-yl)- p¥o]rJan | -one

was prepared followi ng the same procedure but using
Step 32r @5 i, BEANIYHE] m[ 124 {ioxane were added at RT to a mixture of 2 (0.12 g, 0.21

(4- rrethK/I-pl(?eram n-1-yl)-2-oxo-ethyl]-1Hindol -3
mmol) 1}:1| 1}6 g].[( 9f.DCM and 0.4 mL of trlethylsﬂane The resulting mixture was stirred at

reflux Or\/tl?rl‘[l%hll?%gf%lré %X C§Ol(§9 RE %1'?(}; {:‘?aﬁgllj’c%ya ::Tfelé) #e%%d%é%hag]tﬁ%éh%o 1.6 mL

-one as s
of DCM aetlig bql)lilazﬂemts Of TEFAdVdrél addeh Yhetedctdnh Bix@de was stirred at reflux
chr onmat ogr aphy MeOH 0-10% MeOH). 15 Exanpl e 34.
overmghbbef@ed;eqrg\qqo]‘edl.qNR-ﬂ“salﬂ wisheg withy spjupgited\NallCOgt afjuggpus layer was
back e%ﬁlf[e@ tfficd w:f’thg)éHMSmgé c&rﬁbl\n% @gﬁl‘émcﬁgf&s g(rells\dr{eu (%%f} filtered, and
evapoﬂate(dZtokglmﬁ)qlﬁﬂtlp@IWBIyl Eb@pr@db@tpyasaﬁemm‘/thy hextAtep-valithoet hyiification.
-propan-l-one (0.5 g, 1.772 nmmol) in 3 nL of DVF was

added at OC to a suspension of NaH 60% di sper si on
Step 4 — NaH 60% dispersion in oil (0.011 g, 0.273 mmol) was added at 0°C to a solution of 3

(0.099 g, 0.21 mmol) in 1.5 mL of DMF. The resulting mixture was stirred at 0°C for 30 minutes

before adding iodomethane (0.02 mL, 0.273 mmol). The reaction mixture was stirred at 0°C for
1 hour before being quenched by addition of saturated NH4CI and extracted with EtOAc. The
aqueous layer was back extracted with EtOAc. The combined organic layers were dried
(Na;S0y), filtered, and evaporated. The residue was purified by SiO, chromatography
(hexanes/EtOAc 0-30% EtOAc) to give 0.045 g of 4: 2,2-dimethyl-1-{5-methyl-2-[1-(toluene-4-
sulfonyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-propan-1-one (44% yield). The

migration of the tosylate was accidental.

Example 35.
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inoil (0.078 g, 1.949 mmol) in 5 nL of DW. The

resulting mxture was stirred at OC for 30 20 m nutes
whedoones4azidi ng p- TsCL (0.375 g, 1.949 mmol ) i nPQI/EL2009/051757

DMF. The resulting m xture was allowed to reach RT

and stirred at RT for 1 hourl2before adding 0.4

equi val ents of p-TsCl. The reaction m xture was

soi rred at 1+R® overni ght cbef ore bei ng @

enched by 4 0
a'-b ion o oyand / 10644 N/EP2009/ 05
20 $eetlr acted vvlieh T8 Sagueous @ erStares k
tracted h Et OAc. e conbi nsd ¥ ganr'c | aye N

were dried (Na2SO4), filtered, anH—éva or at ed. ThrN% 4 -~
residue was purified byPSi 02 chronefrogr aphy 7\
(hexanes/ Et OAc M5y \J)..to gisegs0.51 g of 1 (66%\ A~
yield). Step 2 - A)mitul f , 0.527 mol ),
3-(4,4,5,5-tetra \hyN-[ 2]d|oxaborolan 2-yl)- 5

i ndol e- | -carboxyr%—aél d tert butyl ester (0.199 g,

0.58 nmmmol ), and Br

tetraki s(triphenyl phosphi ne) pal | adi un{0) (0.061 g, 53

Step Ionealsisn (L LHGTHHAT S bl 31577 ey Tb@ily 135w Rofded atRT to

luti®edor- & 0160 RECAD 2idnen Rl (29 o, AN8o4 ﬁh%ﬁdi % 21 mL of
" utlvvas quPﬁqedgcbylg% 02C crh?%}r%taogr aphg;1 (hei((anegs/ Et CA 4 o

THF a@d 13% L bf MEOH. tThegespdtingg mixtgre ofas 2tifrdd 86 RT eiv‘d)nghllbefSted:mng

evapoitysd, Tpe 8 v FaFoms o 28 AT E R 188 alicqp raver was

back @@M:t@dﬂ flvide 4/itHLELOM Ct Th@bdibiied 8fd@nic TRy W&dIWdsREH with brine, dried
ture was stirred at reflux overnight before bein

(Mgs@@oﬁb@redmnﬂrvmaté@ spovat smantitpiével b sihgpsodugs waaksed in € the next step
J of DCM and 8 equival ents of TFA were

Wlthoutg%’%gl%a 16 reaction mixture was stirred at reflux

over ni ght before being cooled to RT and washed with
Methﬁ@}rél()ﬁérﬁzgne ic a-E'R?n&@:%?F% w&%%5pamcé§rd@6 the procedure in

extracted twice with he conbined organic |ayers
Tetrahgdrom 19804l (NA26GOAY75.fi ltered, and evaporated to give

3 quantitativel y. The pr oduct vvas used in the next

W t hout purifijcation. - NaH 60%
Step 2cn st@e/%@%mien 08 m{bol %@%mglolbww@dﬁﬁér%%tom&awa@f 1(1.05¢,

f
8192 0uPs SELELCR, o of Q90 By IR U b S for
hours befiore keesng b@@ora&d&aﬁdlmgvapommmnﬂne(sﬁviﬂﬂDﬁlE toQiw’7Bquantitatively.
The reaction mxture was stirred at 0OC for 20 1
The Pﬁ%ﬁ?gvbaé‘f‘]ﬁ?%“‘o F RetGtrentidayt Bk}né‘a’&f}ﬁ on of saturated
NHACL and extracted with Et OAc. The aqueous |ayer was

bagk r act. i L

o L2 GFHAS BRI ol QST OBTHARY] Sl el topise
at 0°Cr e i stsin¥@s op Q+birdrinedHoyyrH1012, $hmrmmqoaprgy 0.555 mmol) in 4 mL of

exanes C (] C Ive U,
DCE. hgred; H@{g%&qe Ogg Qﬁ%ﬁ%ﬂ%ﬁ&[f (?@ilqyéﬁ‘ﬁzé)e&)re addng 27(0.652 g, 4.444

i M ’

I
T e T
40°C Ommghltl&afwatbemgmodbdt@RT anEx@aeapdhed 39 addiio2 00 Rt 1AEANAHCO;. The

bi- phalzlcc:T nlngﬁi%g gv%/s géalp%?azced untﬁ removal of DCE and the remaining aqueous layer was

back extracted twice with EtOAc. The combined organic layers were dried (MgSQ,), filtered and
evaporated. The residue was purified by SiO, chromatography (hexanes/EtOAc 0-20% EtOAc)
to give 0.04 g of 3 (23% yield).
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010203040 OOHci HNHN Step 1 Step 2 Step 3
Step 4 N, /,NNX XN SEM 5 O~/Br NStep 5 NN -'b
WOR00MN106442 Br Step 1- A sol ution of Li OH H20 (3r@RBP2909/051757

81.575 mml) in 7 nL of H20 was added at RT to

sol ution of 1-methyl-cycl opéAtanecarboxylic acid

nmet hyl ester (2.9 g, 20.394 mol) in 21 nL of THE and
Step 414Al’1‘hlxﬁfre YEOK0.0A RO t B EUthd]), NgmathyL-BH £ 4\FeB teshimethett at RT

rni ght before bellgggs evaporated. The residue was

[1.3 2&9}%81‘)9#0&%%%%@%0 fbipyaikneeDERE 2. F1a4 aypRloded [111-
b1s(d1%}%}ég{pne 1nel?1%ﬁj6c§{éﬁcﬁaﬁ5§&]e taﬂﬁcﬁﬁmm)(}ﬁ%ﬁ %lc; Hle2 glrL of 1,4-dioxane

organi ¢ | ayers re was I ne, e
and 0.28/pB0df) 2 MK Ger(8d,19 armlolewap deased Hydbuhblieg drgon through the mixture

uantiftative was used in the next ste
befor eﬂ%ﬁiﬂeﬂlﬂ”i i tﬁtgﬁgord\)}éft‘%& rm?:fyxvmsepléwéﬁﬂeeaﬂnﬂ ﬁ&o RT. 25
equivA&ded Of‘ﬁ;rbﬂlk e@t%f eleqRalcRlCTaA,ED 25 R100. 0% E‘(?n{f:ﬂeﬂtb @f catalyst were
procedure in 'Crlet r ahedr on 1585 41(7 1267-1275:

added Strslgh re.suh)ngmyktmjmvvg:f ptereed(Q 19@°(hundej_ mlagwmmiryadw@lgn for another

hour b%f}%% gei-?lrﬁo (\)/Y‘ﬁji_ ?o ]%(‘I1 S{%L&%Oé}?tﬂ]ﬁ(%%f; VapPﬁzgéc} é@ﬁlr?ﬁlc}}]& was

partitiFhetl BERe S, G hnd E€A AThRhqhcdus fayeh@bs Bacdk@k@h@edBiiBEwith EtOAc.
evapor at ed and coevapor at ed three times with DCE to

The ceynbiged oxganigt i xeat erélfvteredTm@ufgh @qlarét driggld ME¥¥) i fHteregs and
evapoflieh it SRR MBI bY 56 BPacht FECROEMIME QI 0,55 M5OI o

give 0rﬂ®6|g)of\lxa$l &M@d—cﬁdﬁl@p@ﬁtﬁl@ [2-at- H&@lyﬂQHapﬁrttﬂp[@[&bmrldfn 3-yl)-5H-
no- 5H Io[ZSbLgyrazme(O 11 g, 0.555 mmol)
PYrmlP[f’l2 %b}fwr%?f-n D@Emet'}‘lﬁ’éonreé% GYi#lg)-mi xture was stirred at
OC for 30 m nutes before adding 2 (0 652 g, 4.444

Step 3o DU HiPaRgn 50 (FERecETE Pt B b GRS oGt of 3:2
bromdoslﬁquyerohﬂz % Hpo%lﬁhﬁfb §19—(R£161’1ﬁ5¢1 cqul@p@hsald nit¢tha@deé 10.9Ng 0f 33 mmol)

sat ur at ed -phasi c m xture was

in 8 md\Qf V&t @@e eavlting m@wwawawlr{@@@t 8rfd far® migkies fpfege adding SEM-CI
(0.28 %%g?ggﬁrﬁéeig r%h\rgggactlgﬁ%xﬁ%é ha¢ al?o%vdadvy'o 3&(:}%@8 45%%9&&‘ before being

wer e
quenchéd besdiiti@net icevap et #d. exTaeted esice wathvig® ApUThd t@abibyd organic
Si 02 chromat ogr aphy (hexanes/Et QAc 0-20% Et OAc) to
layers gisie wgs}p;t@ vblt}bﬁz(é ctrg@%\/ggsgz;a)ﬁltem 2%9‘73]?9@&3412 The residue was purified

by SO GRABLALRY bR dnesEEAc 0-10% EtOAc) to give 0.512 ¢ of 5: [2-bromo-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclopentyl)-
methanone (88% yield).

2-Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-
cyclohexyl)-methanone was prepared following the same procedure but using (2-bromo-5H-

pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone as starting material (90% yield).

2-Bromo-7-(2-tert-butyl-[1,3]dioxolan-2-yl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazine was prepared quantitatively following the same procedure but using 2-

bromo-7-(2-tert-butyl-[1,3]dioxolan-2-yl)-5SH-pyrrolo[2,3-b]pyrazine as starting material.

Example 36.
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Step 4 - A mxture of 3 (0.04 g, 0.13 mmol),
1-nmet hyl -3-(4,4,5,5-tetranet hyl -

WO 2009/104dlt oxabor ol an- 2-yl ) - 1H pyrrol o[ 2, 3- b] pyPCHEP2909/051757
(0.084 g, 0.324 mmol), and [1,1']-
bi s(di phenyl phosphi ne) f err odéde] di chl ori depal | adi un( | |
) DCM conplex in 2 nL of 1,4-dioxane and 0.26 nL of
2M K2CCB (0.519 nmol) was degassed by Bubbling argon
t hrough the m xture 5 before bei for 1 hour
at 150C under m ego e irradiatio an oled to RT.
2.5 eqU|vaIenP b ni c_esteri 2MNeq al ents of
K2C08, and 0. 05/ eqyi nt SBL caturiyst were added,
and the resultiRg4m xture was stirreg 50C under
m crowave irradiatkon for another howr efore bei ng
cooled to RT. The reaction nixtu?igﬁ?éqﬁvaporated. The

residue was partitioned between and Et OAc. The
aqueous | ayer was back extracted ce with EtOAc. 10
The conbi ned organic |ayers were filtered through
celite, filtered a t ed
Step 1 ésmaﬁ%rewééf gmnilq ggogwl@ﬁézblay@agr AT H%L%/ai W@%ﬁ
methaQo&/a)'\{EQwslt Rmad), Y%h@nﬁgﬁfoﬁh Hﬁd&}e 3-boronic acid (0.11 g, 0,363 mol),
yl -cycl opéntyl) I met hyl -1 H-pyrrol o[ Z, 3-b] p
KzCOy(() I:B gl, (39%/11 e, apd/fl B)- o[ 2 3-b] pyrazi n-7-yl ] - net hanone

. 11W i el e 60%.di Lpn in oi .
bis(di eni gspm%l)tjerr «% Z%%angetpa]g IPIB@%Q\@?Q%&C ](d%&o %%}01 umol)
in 3 miDof a 4/1 mixture of 1,4-dioxane and H,O was de assed for 10 minutes by bubbling argon

br ono- 5H p rolo 2,3-b]pyrazin-7-y él met hyl - cycl ope
thouglh the| mixgrse. ﬁéﬁ:@ﬁ@lt@@ X tgre was 3@3%}[@}1 ungley rgicpawayk ippgHation at 120°C

for 152)1-1@]58{62 %gﬂ %é @&n%ﬁﬁlg s %Slﬁ%tr:@l{&?e W%Q%IQ%Cd%y S%@ﬁ E@n%h'la?osgraphy

(DCM/BROH 5% Me®HY ERgives. oalg &vie @2-{ D BeganbsuRbnoM BHAh@3-y1)-5H-
bef ore belna}I guenched jcgg@laddltlon of ice-cold H20 and
pyrrolghe: 3-Bhyerin-wivdle(lnmethy B¢ yohghex yhancthanons &40 o v igihi ¢

Iayers mere washed with H20, dried (MyS04), flltered

(R SERRH AL F AT BB BEat e F R 4 metanone

was pRpikd f&l(ﬁ%n thel sAmRpRedRdBre(bart usm 1- methyl 3-(4,4,5,5- tetramethyl—
trimet - et hoxynet hyl ) yrrolo[2 3- b] pyr az

(1,32 ip-Devtod Hyindely o @tp@mgyne;ten B OREATCB g yRaelioN was stirred
|
R DL T -
0.05 ek(z}%&glﬁﬁtecﬁ&’gflﬁf cgﬁlﬁsmﬁd@equh\eﬂm RO aUE eesblfing WSikfi@e was stirred at
I ono-

150°Cpdepmigrowaveyrigiipm sqrangther hayrq Thesragyct exps oBRREed iy 1 it yeld after

Pu“ﬁ%.ﬁg K?g %@Bterg a@ﬂ%@bﬁi{]\%@%&%ngan 2Hyl) 5-(2-trine

t hyl si |l anyl - et hoxynet hyl ) -5H pyrrol o[ 2, 3-b] pyrazi ne
Examp@S7pr epared quantitatively follow ng the same

procedure but using 2-

br ono- 7- ( 2- tert butyl -[ 1, 3] di oxol an-2-yl)-5H pyrrol o[ 2

3-b] pyrazinefas starting materfal. Exanple 36.9WD
2009/%@6& [ EP2009F8%1 310 OH

Step 1 Step 2

%@ %@#@
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Step 1 N /N N, NBr N I SFU Step 1 -A m xture of
(2- brono-5H pyrrol o[ 2, 3- b] pyrazin-7-yl)-(1-nmet hyl -cycl
W@b@2Ath442 met hanone (0.1 g, 0.31 nmol), PCT/EP2009/051757

1- phenyl sul f onyl i ndol e- 3-boronic acid (0.11 g, 0.365

mol ), K2CCB8 (0.13 g, 0.941l@A#ol), and [1,1'] 5

bi s(di phenyl phosphi ne)ferrocene] di chl ori depal | adi un(1 1

Step 1) D@Mxﬂﬁﬂbf E,X &ﬁe&?zﬁl@S (ﬁlnlﬁ&thmll)nyheﬂldiyﬂibtl‘@f) 2«(14-)(/134y1 1H-indol-
4- di gxane and H20 was degassed

3-yD)- ?ﬁlmreko[%gi bd%ﬁ%lnﬁgylénpgqmn leonsuU§r 4o 1ge @%m@ anfh%d/C 10wt%
{
(0.03 %)elﬁ%l Jﬁﬂ%{(‘)? ggﬂ)glt\%gsgsgg@é Phw%g%mlﬁsr ?e e%%&ﬁroghgéﬁ”gf& 1 hour before
being fitteted dTHeof ilRAte Wineevapshctdeo wivs Opli7i & ofeld(Hgo ﬁiemlz.
chr omat ogr aphy (DCM MeOH 5% MeOH) t o gi ve 04 g of
1- Benzenesul f onyl - 1H i ndol -

oy TP TREL
Step 2oy TFOI (&2l B3v ] asklecizt RT 1 g pqlufian plet ty ) ?&ﬁéwpy) g L of

pov BRI AGRL b iy rired 3 B veright brees bded egpyryecnd
coevap’dfrﬁt(éﬂ (D{vi&e Ivith] tolue Az i The fegidije wat themQﬁ&) 3 A SoffHtOPRArRINaOAc (0.232
foll owi ng the same procedure but us

g,2.832 W@}q;)ywa%ad@gd 4Th§ reagtigp ,naﬁiéltrq]yps stlrred a% RT for 4 hours before being

evapoLaJced'3 Tﬁé Fésmﬁ% N tﬂieﬂ &o&ﬁzb :MTIECE Q&ﬁ&ﬁlo‘ﬁsth\% tu?sroidb'ikgwas filtered and
materi a IS I nstance e reaction was stirred

rinsedatitilHOC befotkebeing edsovisedeonta Si&diaat iporifiédby $1Oh01hrorhab guaphy

addi . jval ents. of boronic ester :
(totuhiBedr oGP AE  he drdiigateodhiting Bstat ghekimapated and the
residulblfasBaked fifto a88iihd1Reh T KSUDEMVEDe $solubROwa filtdke@Snd dried to give
under mcrowave irration for another hour. The product

0.025 ge$ 20 bl 2i( hethyl-hH1indely3-gl) S Hapyrelo[ Ja3rbi fyirazan-i7 ol - By -dbngthyl-propan-
mat ogr aphy (DCM MeOH 0-5% MeOH). Exanple 37. 0 1 0
Lone§£%8y§%%EN \ SEMEN HN\ NN Step 1 NN Step 2\ / M N
J J J WD 2009/ 106442 PCT/ EP2009/ 051757 -124 Step 1- A

ure of

Exmngkgkdlnethyl 1-[5-(2-trimethyl sil anyl - et hoxymet hyl ) - 2-

(1-vinyl -1 Hindol -

3-yl)-5H pyrrol o[ 20 3-b] pyrazi n-7-yl]-prop an-1-one
and Pd/ C 10w % .03 g) in5nL
of EtOH was stirred~under an atnos of hydr ogen at
RT for 1 houg/ before bejng filté&hed filtrate was
ld). 5 Step 2

evapor ated toVgi{ve 0.1 g afs L ( [
- TFA (1 nmL) was at RT_t.0 a\s tion 1 (0.135
g, 0.283 mmol) |ﬁ

A .

Step 1 - A suspension of 5-cyano-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-

indole-1-carboxylic acid tert-butyl ester (0.07 g, 0.158 mmol) in 10 mL of ethylene glycol was
stirred at 190°C for an hour before being cooled to RT. The mixture was partitioned between
EtOAc and H,O. The aqueous layer was back extracted twice with EtOAc. Combined organic
layers were dried over Na,SQy, filtered and evaporated. The residue was taken into a minimal
amount of acetone. The insoluble was filtered, rinsed with a minimal amount of MeOH and dried
to give 0.035 g of 1: 3-[7-(2,2-dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-1H-indole-5-
carbonitrile (65% yield)
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DCM The resulting m xture was stirred at RT overni ght
bef ore bei ng evaporated and coevaporated twice with
W@ 20092042 The resi due was taken into 3 nL of Be@HER29d9/051757

NaOAc (0.232 g, 2.832 mmol) was added. The reaction

m xture was stirred at RT fdB54 hours before being

evaporated. The residue was taken into H20. After
Examplers9cat i on, the insoluble was filtered and 10 rinsed

wi th H20 before being adsorbed onto Si 02 and purified

by Si 02 chromat ograp ( Tol uene/ Et -50% Et OAc) .
The fracti ons cont @i rﬁng oduct
the residue was ta into a mni

orated and
The insol uble was Rl y&red afwdidri

nt of DCM
dAo give 0.025 g

of 2:

1-[2-(1-ethyl-1H3Ydok yl)-5H pyrr, 2, 3-b] pyrazin-
7-yl]-2,2-di net hyl - 1-one (259 ld). 15
Exanple 38. 0 HN 1 O NX /1 N/I 1 N /NI

NO ~N O041HGStep 1 - A suspension of
5-cyano-3-[7- (2, 2-di net hyl - propi onyl )-5Hpyrrol o[ 2, 3-b
Step 1] 400 BaZﬂLnonEMI I<];2C(b3r(d aise Tﬁmﬁlam@wdd’d(ht R td ats@ldtroh W Sll[7-(2,2-

). in 10 nlL of ethylene col
dlmetbodéﬂ()@?wlréﬁ Iatrmi@éé Wlgyragia frsUringgde érC@rtI?éﬁ/h@ acig gfr%autyl ester

0.11 %g)dﬁﬁzr&ﬂag 1H‘2>&£Ero? PiHet b4 %ﬂ&&"&@a%% gd EEI.%}(f}gx overnight

he aqueous ayer was extracte
beforevibeiiip dctoladicto RIOarki evapomategafiheresiday eras taken ito ningédinoal @mount of

2S5, filtered evaporated. The I due was taken
0. (Nieb i i i Fmsaﬁ@ﬂwasofo i B! W& On €] SHACETHEG deuum (0
give 0f04!9t6ge6feld - [gl(gglefgdw i l?l)aj}ffbgﬂr% 2, 30MRZiRT YR . ARG thyl-propan-1-
one (599 yield2, 2- di met hyl - propi onyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n
-2-yl]-1Hindol e-5- carbonitrile (65%yvyi el d) WO
2009/ 106442 PCT/ EP2009/ 051757 -125- Exanple 39. O1 O
Examplg 40N NIN Step 1 M IN 0;] HN

O\ O\
Step 1 =
o3 = 3
N N~ N
H I

Step 1 — NaH 60% dispersion in oil (0.326 g, 8.153 mmol) was added at 0°C to a solution of
commercially available 5-methoxyindole (1 g, 6.794 mmol) in 50 mL of DMF. The resulting
mixture was stirred at 0°C for 30 minutes before adding p-TsCl (1.943 g, 10.192 mmol). The
reaction mixture was allowed to warm to RT overnight before being quenched by addition of
saturated aqueous NH4Cl. The precipitate was filtered, rinsed with H,O and dried to give 1.93 g
of 5-methoxy-1-(toluene-4-sulfonyl)-1H-indole (94% yield).

5-Methyl-1-(toluene-4-sulfonyl)-1H-indole was prepared following the same procedure but
using the commercially available 5-methyl-1H-indole as starting material. In this reaction the
product was obtained in 90% yield after purification by SiO, chromatography (hexanes/EtOAc 0
to 20% yield

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

using the commercially available 6-methoxy-1H-indole as starting material (85% yield).
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Step 1- 0.39 nL of 2M K2COB (0.789 mmvl ) was added at
RT to a solution of 2-[7-(2, 2-

wa@lRovettbos2 pr opi onyl ) - 5H pyrrol o] 2, 3- b] pyr azi n- BE/EP20091051757
ol e-l-carboxylic acid tert-butyl ester 5 (0.11 g,

0.263 mmol) in 2 nL of MeOHI2Ghe resulting mixture was
stirred at reflux overni ght before being cooled to RT
6-Methiid] -ersRpo¢-atsatfonylhe Hriadold wers WaspatoakfeNowinizeh@samaprodddure but

amount of Et20. After sonjcation, the insoluble wa

was
using fhejcomprarcially Awuigblsi drmethab | Hapdola et siartingduaicrial chighisugaction the

produgtI \?/ﬁ 0 taQﬁle% ﬁfltailw ly after extraction with Et,Q of the uenched eaction mixture.
1-12-(1H I nto -5H pyrrol of 2, S%Lwralm Tf

2-di met hyl - propan-1- one (59%yield). 10 Exanpl e 40.

ExampeeR. 1 NNN HI Ts Step 1 - NaH 60% di spersion in
oil (0.326 g, 8,153 mvl) was added at 0OCto a
sol ution of co rci y avai | abl €'6- xyindole (1
g, 6.794 mol) i of BRF! The/resul tling nmixture
was stirred at A0 minut8s beko di ng p-TsCl
(1.943 g, 10.192 Hnol . The 15 reacrion m xt ure was
all owed to warmto RT overni ght before being quenched
by addition of saturated aqueous NHACLl. The

Step 1pr g %Itltggto (\)Ar%ﬁle;malfyezlrvgl abll s Srgn(%w pyr'r_o|2lo[2a§1 g]pyrldlne (b $3 g,2.69

mmolﬁm%ﬂ@f}DMF(v&d@bd&étEat@"@db hetypensiddrof NakI6BH &idférsion in oil (0.14 g,
| -1-(tol uene-4-sul fonyl)-1H i ndol e was

3.497 mr@@érneﬁ mrlocpfl I%M%ngh% f?éulélaa@lism@aw@reémt RTifer Ag nimges before
being ?rg%’cffo;q@% < a?iﬁl 1?@4&% tﬁa %@rﬁga%lt% aﬂTﬁé %ﬁ ngralxture was

allowéd’to9%3R'Eb€brﬂifghebefmer‘defn gaplbndmdb)yr aBdidn ofi HoGaind gk apdist three

s/ Et OAc o0 20%
times @ﬂﬁéﬁa 9& The %‘%%‘PIH Qreanig ﬁsﬁebw?rf ~eEhechwgh Brigggiried (MeS0.),

r | r -
B SRS O PR EATRLTGESLCE il 8 M 0N

20% Etete) taagivé 8586 giof BehrompO -20091- 1H6}4§¢®1<F[Q§I3’ Bp20dias 0GR yield).
-126 6-Methyl -1-(tol uene-4-sul fonyl)-1Hindol e was
prepared followi ng the sane procedure but using the

Examplgdder ci al |y avail abl e 6-nethyl-1Hindole as starting
material. In this reaction the product was obtained
quantitatively after extraction with Et20 of the
guenched reattion m xture. Exanple 41. Br Br / n
Stepl ZN:O /N\\NoN 5 H o

X T 1w
\\:/< : \_/ )

N

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

To a microwave vial was added 1-[2-Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 0.075 gm (0.182 mM),
tris(dibenzylideneacetone)dipalladium(0), 0.001 gm (0.002 mM), triphenylarsine 0.003 gm (0.01
mM) and 1 ml THF. The vial was sealed, evacuated and refilled three times with argon. After

stirring a few minutes the purple color faded and 5-Tributylstannanyl-thiazole 0.10 gm (0.267
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Step 1 - A solution of conmercially avail able
3-brono-|1 Hpyrrol o[ 2,3-b] pyridine (0.53 g, 2.69 mol)
WO p00d/10d44Df DMF was added at OC to a suspensi oPCDEPNAOIS1757
60% di spersion in oil (0.14 g, 3.497 mmol) in 4 nmL of
DMF. The resulting mixture Wd% stirred at RT for 30
m nutes before being cooled to OC and addi ng
mM) wadaited barerifde. GheVial wkl pF&8d MV )°C dihBath €&Cld gsurs then 20 hours at
o~ Mmxture was 10 allowed to reach RT overnight before
80°C. b“élilen@alq\&@rf‘@ﬁ&sl teyooaa HinResH VST thepox Bieicneentsredynd mriied by

ot SR o FESHARTD BRI RO0RA 051 P e

protecéivgporuptved. rethheed ‘&ﬁh theeproslupuni]TBgaepy afll G2 product recrystallized

o SR HLRY OB 2 NG L Bt e
1one©féﬁ‘}’%3ghlel((§ib)41 miVAIRY ©842m p0281-882°c. NN\~ < ~ Br

2 2-Di methyl -1 -(2-thiazol -5-yl-5H pyrrol o[ 2, 3-b] pyrazn

4- AmﬁnﬂNM B)[7 e Qp:ﬁﬁrethyﬂp@pr@l)%Hﬂp@fr@W 8- b\]py’:lhmMSyl?cddﬁéihyl -phenyl}-
[ 2-Bronmo-5-(2-tri rret hyI si |l anyl - et hoxynet hyl ) -

benZCWP]rfﬁlllaél[l@eMﬂWrng 64:2001°C. 2. 2- di met hyl - pr opan I -one

0.075 gm (0.182 mv), 20

tris(di benzyli deneacetone)di pal | adi un{0), 0.001 gm

(0. 002 trip nylarS|neOOO gm(O 01 my an
Vi alﬂ_ s seal ¥f~nE g@td/ | | | d\

f

wi th dfgon.. After= t| rlné [i n

t he p pl e col ed and N

5- ut yl st ang{a”t( 91 hi azol e\0_<10 gm (0. 72637 WO \_<

2009/ 16442 PCTPEP?09/ 051757 “m mV) was added byQ/

syringe. The v inatbo.ees pl aced i n\¥"'70C o0i| bath for 9

hours then 20 hours at 80C. The vial was cooled to

roomit enperature, the mxture cBncentrated and

purifi ed by colum chronat ography to give the adduct

068 (0.163 nM 89%yield). The SEM protecting

Prepa@Fl%B %as removed with the procedure in JTB prep 1 and
the product recrystallized 5 fromacetonitrile to give

A mlx‘%m; OPI ﬁ%tﬁéb% W&lﬂe%bd)aﬁil%éw04§g P%% MOtﬁﬁéﬁdﬁéaf%gnate (0.15g,

1.1 mﬂﬁbp, u%)ﬁﬂusa&ﬁ@e (Mo rrg, 007 Mimdl) and DL- Prohne (0.016g, 0.14 mmol) in 3 ml. of
2, 2-di met hyl - propl onyl 5H— yrro 0

DMS({) ;_vvag ﬂbl]s Vglih ﬁr 5 mngggs, OQ degree Celsius for 18 hrs. The

coolecgéﬁ%ﬁ%aﬁ‘é jgﬁ}}}w ?%%Eé? @éﬁ ahd chylzzﬁ:%ta?@,G[hgoranfé lgrepwalgl washed

with brine, dried over sodium sulphate, and concentrated in vacuo. The residual oil was loaded

on silicagel column and eluted with 0.5% methanol-dichloromethane to afford the desired

product B as an oil (0.13g, 68% yield).

Preparation of 1-(2-Imidazol-1-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one:

To a solution of B (0.125g, 0.31 mmol) in THF (3 ml) was added a 1Molar solution of TBAF in
THF (1.75 ml) and the resulting rxn. Mixture was heated at 70 degree Celsius under reflux for 8
hrs. The cooled mixture was partitioned between water and ethyl acetate, the organic layer was

washed with brine, dried over sodium sulphate, and concentrated in vacuo. The residual oil was

loaded on silicagel column and eluted with 3% methanol-dichloromethane to afford the desired
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N N, NCul / K2CGB N., N"A Br DL-Proline <\ N
DVBO, 100 CN A B 10 Preparation of B: A mxture of A
W@ 200200644D. 48 nmol ), i m dazol e (0.049g, 0.72 np@I/EP2009/051757
pot assi um carbonate (0.15g, 1.1 nmol), cupurus iodide
(0.014g, 0.07 mmol) and DL-#23ine (0.016g, 0.14 nmol)
in 3 mM. of DMSO was flushed with Argon for 5
produm MléﬁlldafzbﬂenyhﬁHtIf;Kﬂroai[LB%]psﬂﬁ@m%yw Bunsethiydprdhnbr-sne as light
ol ed m xture was partltloned bet ween wat er and
YCHOV\éP%weréQQ{&?a& &3 Yipld) Bl 1 %yer was washed 15 with
brine, dried over sodium sul phate, and concentrated in
Exam BG40 The residual oil was | oaded on silicagel
B&1"dm and el uted with 0.5% met hanol - di chl or onet hane
to afford § he desirped product Boas an oil (0.13g, %68%

yi el d) . Preparati SEM=— "N\ HN\
1-(2-1 i § -1- y@ﬁ pyrrol 3 ] pARABRZTHE- 7- y -

di net Tmropan I-one “To aNsQ MUtlon of. B (0. 15
0.31 in THE (P ﬁ1) vvas\_&g a 1kptar sol ut NQ?’
of TBAF |E”h 20 THE )

€12 75 m) andWhe resulting rxQ N\
M xture was heat é“éﬁoaf)“?o degree™Cel si us under refl ux
for 8 hrs. The cool ed m xture was partitioned between
wat er and ethyl acetate, the organic |ayer was washed
with brine, dried over sodium sul phate, and

prepa&ggggp@rat ed in vacuo. The residual oil was |oaded on

i cagel colum and eluted with 3%
rret hanol - di chl oronet hane to afford the desired WO

A mix2009f A06442, (43 hﬁ%@%@ﬁa&ﬁ&?dazolkZS 0§9g2(d)l,112[mm01) potass1um
1- 2Imdazo|-|- -5 rrolo{ ] pyr azi n-

Carbow%&}ﬁa 1drmapah- ‘F‘le‘ﬁJé igdide (Qpt4e, QQVIY%‘%OB%@P#L %@ 199%016& 0.14

ol G O ORCRR e P e il en PR o0 e

CelsiuBlferPr8olhris iBhe<dodteld mixTille @aNGhrtitiondVBEGyedORater MdNethyd aCetate , the
organic layer was washed with brine, dried over sodium sulphate, and concentrated in vacuo.
The residual oil was loaded on silicagel column and eluted with 2.5% methanol-dichloromethane

to afford the desired product C as an oil (0.098g, 48% yield).

Example 44.
Preparation of 2,2-Dimethyl-1-[2-(2-methyl-imidazol-1-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-

propan-1-one:

To a solution of C (0.098g, 0.23 mmol) in THF (3 ml) was added a 1Molar solution of TBAF in
THF (1.5 ml) and the resulting rxn. Mixture was heated at 70 degree Celsius under reflux for 6
hrs. The cooled mixture was partitioned between water and ethyl acetate, the organic layer was
washed with brine, dried over sodium sulphate, and concentrated in vacuo. The residual oil was
loaded on silicagel column and eluted with 3% methanol-dichloromethane to afford the desired
product, 2,2-Dimethyl-1-[2-(2-methyl-imidazol-1-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
one as light brown powder (0.0118g, 18% yield) mp 247-249 °C.

Example 45.
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5 Preparation of C A mxture of A (0.20g, 0.48 mol),

2-nmet hyl i m dazole (0.059g, 0.72 mmol), potassium
w@abooasze (0.15g, 1.1 mmol), cupurus iodide (BCOLE29)9/051757

0.07 mmol ) and DL-Proline (0.016g, 0.14 mml) in 2.5

m . of DVMBO was flushed w tH2% gon for 5 minutes, then

heated at 100 degree Celsius for 18 hrs. The cool ed

m xture was partjtioned qumeen wat er and hyl

acetate, the 10 rganic | was washg | bri ne,
dri ed over Hy§O ul phat and concent ed|[™n vacuo.
The resi dual I S 44;uh¥#4n;4ﬂli ca ol um and

el uted with\2. 5% met hanelirgishl or omet hand tq afford
the desired product C asmgﬂmgll (0.098g, asyoyield).
Exanpl e 44. Prgparatlon of N
2,2-Dinethyl -1-[2-(2- nePM??”Oﬁldazol 1-yl)-5H pyrrol of
2,3-b]pyrazin-7-yl]- 15 propan-Il-one: To a sol ution of
C (0.098g, 0.3 mmol) in THF (3 M) was added a 1Mol ar
solution of TBAF in THF (1.5 m) and the resulting

Prepafiiph gl & BRI AGl 2B LR L LR S ¢ gty

propak@toMgen water and ethyl acetate, the organic |ayer was
washed with brine, dried over sodi um sul phate, and
concentrated in vacuo. The residual oil was 20 | oaded

A mixture ot Di ©dFe] 0.6® i), @reth @irbidegblan @.01 3 %12 mmol), potass1um carbonate

met hanol - di chl or gmet hane to afford the desire
(0. 16gpllgotgglpl) cupurus iodide (0.015g, 0.08 mmol) and DL-Proline (0 018g, 0.16 mmol) in

2.5 m12 O?D S@ﬁrpy éal ﬁ{bg N Eﬂgg%ﬁxxilfﬂ_ mog%ﬁ%&l 2 h xé.h%s ﬁlé’ngﬁﬁj%&la@ bo

yra2|n 7-yl ne as br own
rmcrowavmllad(a@oﬁ) 41 BI), dep83pGrlghdior i h2sl Th2 48ol&1 nixtarsplvas phstitioned

betwe?l} wateHRpcil' Bgﬁzft}g%{éaﬁ? Cz)l%agr/v%asséézfssﬁ?d 3 :rgi(r?e %’}C%LOV% iHﬂ@]ll% sulphate,
and con%ntm vhidEh. GhPre AP Afak RSAdBE on silicagel column and eluted with
2-(2-Ethyl -im dazol -1-yl)-5H pyrrol o] 2, 3- b] pyrazi n-
DCM 71% I}IHZOEI -Me @kt (HA: 0.3 topléerd] thydesired pradueUF-E2- -Et_hyl -imidazol-1-yl)-
I d |

SH- py(rr 1?][?% bd raaéléll[r)l}of 2:232r élél}]eatl plrénpa(no —(f%%eeas (ag{ g%g' 91‘0 n)powder (0.055¢,
35%) aipareLusysicgdi de (0. 015g, 0.08 mmol ) and DL-Proline

(0.018g, 0.16 nmmol) in 2.5 mM. of DMSO in a seal tube

was purged with Argon for 2 mnutes, then subjected to
Example 46.

O

0 N
AN

= > NN
Ny /(N Cul / K,CO, A
Br DL-Proline d/\
o N
DMSO, 100 C
D

Preparation of 2,2-Dimethyl-1-[2-(2-methyl-4,5-dihydro-imidazol-1-yl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-propan-1-one:

A mixture of D (0.15g, 0.53 mmol), 2-methyl-2-ethylimidazoline (0.17g, 2.1 mmol), potassium
carbonate (0.16g, 1.2 mmol), cupurus iodide (0.015g, 0.08 mmol) and DL-Proline (0.018g, 0.16

mmol) in 2.5 ml. of DMSO in a seal tube was purged with Argon for 2 minutes, then subjected
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m crowave irradiation at 110 degree Cel sius for 10
hrs. The cooled m xture was partitioned between water
w@eeDEMe2 the organic |ayer was washed wi t h bPCTIBP2009/051757
dri ed over sodium sul phate, and concentrated in
vacuo. The residual oil wasl1B&aded on silicagel colum
and eluted with 10 DCM : 1% NH4OH MeCH (9.5: 0.5) to
to micadw aredrrhdiati slest 100diepree (d]¢1?§ius for 10 hrs. The cooled mixture was partitioned
1-[2-(2-Et i mdazol -1-y
betweswrwm?r pidt 18F§4 3ths 13N} aﬁelvws}ﬂ WaSQeCéW&Ih pEinRydriedraypatpdiung sulphate,
F Haue
and oqfE @Rty IR RIS R R R TR Ry wio
DCM KI%GSHzBH WVEOPr @6t i nte afford-tde dOMBQ, préd@t € 2EDin&hyl-1-[2-(2-methyl-4,5-

ion . .

dlhydr? 2P %?ZI‘PL 9}; -pypo Oizﬁééf]m(/rlaﬂ&‘75¥%1pﬁ%flbl‘?l?ﬁ Hlbght prayyn powder
(0. 035g5bt%yﬁ{p023@[%63>c b] pyr azi n-7- yl] -propan- | -one: A

m xture of D (0.15g, 0.53 mmol),

2-nmet hyl - 2-et hyl i m dazol i ne (0.17g,
Examplet4dssi um carbonate (0.16g, 1.2 mmol), cupurus iodide

(0.015g, 0.08 mml) and DL-Proline (0.018g, 0.16

mmol) in 2.5 m. of D\ ube was purged

2.1 mol),

with Argon for 2 m nut

Oin a sea
G H

j ected WO

2009/ 106442 PCT/ EP200¢ to m crowave
irradiation at 100 deg br 10 hrs. The
cool ed m xture was par veen water and DCM
, the organic |layer we brine, dried over
sodi um sul phate, and in vacuo. The

col umm and el ut ed
afford the desired

residual oil was |oade§
w th DCM : 1% NH4OH MecH (9 I)
product 2,2-Dinethyl-I-[2-(2-nethy 4 55

di hydr o- |n1dazol-l-yl) SFprrroIo [ 2, b]pyrq5|n 7-y

propan-| - one as a ht brown powde , 23@@ np
235-236 C. H NN N O

1-[2-(2-cyclopent-1-enyl-pyridin-4-yl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-

one

A mixture of 1-[2-(2-chloro-pyridin-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-
1-one (0.060 g, 0.19 mmol), cyclopenten-1-yl boronic acid (0.032 g, 0.29 mmol), potassium
carbonate (0.101 g, 0.73 mmol), and Pd(dppf)Cl, CH,Cl, (0.012 g, 0.015 mmol) in 3 mL of 1,4-
dioxane and 0.75 mL of water was stirred at 160 °C in a microwave for 30 min. The resulting
black suspension was partitioned between 30 mL of ethyl acetate and 30 mL of water, and the
aqueous layer was extracted with 30 mL of ethyl acetate. The combined organic layers were
dried over MgSOy, filtered and concentrated to a residue. Column chromatography (0->60%
EtOAc/hexanes) afforded 0.016 g (25%) of 1-[2-(2-cyclopent-1-enyl-pyridin-4-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a pale yellow solid.

Example 48.
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1-[2-(2-cycl opent-I|-enyl -pyridin-4-yl)-5H pyrrolof 2, 3-
wWhi@ynesin- 7-yl ] - 2, 2-di net hyl - propan-1 - one A PECREP2089/051757

of

1-[ 2- (2-chl or o- pyri di n- 4- yI)136H pyrrol o[ 2, 3- b] pyr azi n-

7-yl]-2,2-di nethyl -propan- 1-one (0.060 g, 0.19 mmol),

cycl openten-1-yl boronic acid (Q,.\O g, 0.29 mmol),
pot assi um carbonatie (0.101 g, |O. pl), and
Pd( dppf) C12 CH2C12 |(0. 012 ) in 3 nmL of

1,4 15 di oxane and |0. 75 ni\ol water s stirred at 160
Cin a mcrowave for 30nmA. The sulting black
suspensi on was partit=igﬁ‘b et wee 0 |mL of ethyl
acetate and 30 nL oM=mater —and the aqueous |ayer was
extracted with 30 nL of ethyl acetate. The conbi ned
organi c layers wereggried over MgSO4, fil tesr d and
concentrated tmnNa esi due. Colum chro

(0->60% Et OA/ hexanes) afforded 0.016 9 of
1-12-(2-cycarop -enyl - pyri di n-4-

pyrrol o[ 2, 3-b] pyrazen- 7-yT | - 2, 2- di n-1-one
as a pale yellow $qlid Exanpl e _4 / 106442

PCT/ EP2009/ 051757 -131 H N S (PN M SEM Br

NNOSO OO

5-[7-(2, 2-di net hyl - propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin
5-[7-(2 2=di bt }rhbl‘%@hﬁl?ﬁ = 9?&91%{(2’ ka?py'M%lﬁjQ yl]- thlophene -2-carboxylic acid

cyanonet hyl -nef hyl -aim de 5 A i xture of
cyanomithypinetied 2mide boxyl i ¢ aci d met hyl ester 5-boronic
acid (0.350 g, 1.88 mmol), 1-

2brom)5(2tr|msthIS|Ia thoxymsthyla 5H—py
5 A mixgyre oétlb?w]a%lglqarrbpxy g aczdglegmylf@gﬁ}y? o&ngpagﬁi . B2, 1.88 mmol) 1-

R TR RSBS00 B3, 42 i
propamatedng (0.7031 2, hill ofmdl),$pothisixamnmrtandte30.1308 @f 6.0a enolyvasd
Pd(dppf)Cl, CH,Cl; (0.140 g, 0.171 mmol) in 12 mL of 1,4-dioxane and 3 mL of water was
stirred at 160 °C in a microwave for 30 min. The resulting dark red suspension was partitioned
10 between 50 ml of ethyl acetate and 100 mL of water, and the aqueous layer was extracted with
two 50 mL portions of ethyl acetate. The combined organic layers were dried over MgSOs,
filtered and concentrated to a residue. Column chromatography (0->80 EtOAc/hexanes)
afforded 0.620 g (77%) of 5-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid methyl ester as a red solid.

EM
N\F
|//
O
/ o

A solution of 5-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

15 Example 49.

pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid methyl ester (0.350 g, 0.739 mmol) in 8
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stirred at 160 Cin a mcrowave for 30 mn. The
resulting dark red suspension was partitioned 10
wheimaed450 mM of ethyl acetate and 100 ni of MINIK/BP2009/051757

and the aqueous | ayer was extracted with two 50 nL

portions of ethyl acetate. -TB& conbi ned organic |ayers

were dried over MpSO4, filtered and concentrated to a
mL offdd&ilskdenettaab w3 a1t onmifiagraapdtic dct wiOstirtedFor hehanes koncentrated.

af forded 0.620 g f???@ of o )
The resulting residueqyapetifip]vep i by Bryehetianeband trgpgadayitiy fithigy hygdioxide
0177 R TRRENN s ke yar T pyeraighty ben soncs et Ths pesuling
residuaciad paettioyéd egtveen H3¥) @mLroddthydhdethte dd HXx anipdfen UFo aGHwl akeiid

.0 HOSOSO ~INFTI sol uti on of . .
solutigjl. [nge(aél}l?@b?i It 1)%2i0 fsﬁf%%?%w% ?Q 5@( %f?‘%tﬁﬂr?ﬁi‘tﬁﬁﬂ- éqheéﬁmbllgfi organic
layers Reory BBEDY ek MES O, filtered and concentrated to 0.232 g (95%) of slightly impure 5-

pyrrol o[ 2, 3- b] pyrazi n-2-yl ]-thi ophene-2-carboxylicC
[7-(2,adinkethdtfgpiongd-eH-§0r@613, 3yhblpgraz892-yhtethjopheneg2-y@boxylic acid as a

2009/ 106442 PCT/ EP2009/ 051757, -132 L of
brown{ﬁog 18 18}%@{%5‘&%{‘5}%@7“8? BPUHFH%or 0aceti ¢ aci d was
stirred for 2.5 h, then concentrated. The resulting
hdue was dissolved in 10 nL of ethanol and treated
Exam 0 L hi am hydroxide (0.177 g, 7.39 nmol). The
m xture was stirred overnight, then concentrated. The
resulting residue was partitioned between 10q{FLHof
et hyl acetate 50 nL of a 10% acetic acid|

solution. Th us |l ayer was extract eg A il
of et hyl The conbi ned organic ers wer
dried ovrdw bl t eTed—anm® concentrafed to 32 g
(95% of sFight i mpure 5-

[7-(2#%- 'nethyl-propionyI)-SFprﬂFﬁré?Z,%-b]pyrazin-2
-yl ]-thi ophene-2-carboxylic acid as a brown solid,
whi ch was used wi thout further purification. Exanple

B A s L T R A A S i
carboxyficyacid (OKI60 gh 8 8 nEmoly amptbxipmioagetouitile (0.800 gL, d.6#gnmol) and
EDCIgﬁgB b, ngi %oﬁﬁn@%ieotf%ﬂliatngf An% 3&91L%9%ic%‘1’dr0&1é91%n%é gtirred for 1 h,
then concentrated. The resulting residue was partitioned between 30 ml of ethyl acetate and 30
mL of a 10% citric acid solution, and the aqueous layer was extracted 30 mL of ethyl acetate.
The combined organic layers were dried over MgSQOy, filtered and concentrated to a residue.
Column chromatography (0->40% EtOAc/hexanes) afforded 0.040 g (58%) of 5-[7-(2,2-
dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid cyanomethyl-

methyl-amide as a pale yellow solid.

The following compounds were prepared in a similar fashion as 5-[7-(2,2-dimethyl-propionyl)-

SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid cyanomethyl-methyl-amide:

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

1-{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-2,2-dimethyl-propan-1-one
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15

EDCI (0.315 g, 1.64 mmol) in 3 nL of ethanol and 3 niL
of dichl oronmethane was stirred for 1 h, then
w@oreami4snt ed. The resulting residue was part i PCORRW09/051757

between 30 ml of ethyl acetate and 30 15 nL of a 10%

citric acid solution, and tH#é3aqueous |ayer was

extracted 30 nL of ethyl acetate. The conbined
1-{2-[6¥(@astidin¢-ayartnyb teioghdnel ytviH-pMySOmR, 3 i presied-ydhd, 2-dimethyl-

concentrated to a residue. Columm chronmat ography
propag-4-08809, Et OAc/ hexanes) afforded 0.040 g (58% of

5 [7-(2, 2-

2R B e A e AR G -

m@pmalpgke yeIIom;solld 20 The foll owi ng conpounds were
prepared in a simlar fashion as
5-[7-(2, 2-di net hyl - propi onyl ) -
2.,2-Dinddthowt £ I- (26 - i Berhlipsy t -aziboa @)-yHipphieni b pheite p 2y daf b kjdyrazin-7-yl } -
?Id cyanonet hyl - net hyl - am de:
PropagLrofe 2 2- Di net hyl - pr opi onyl ) - 5H pyrrol of 2, 3-b] pyrazi n
-2-yl]- thlophene 2-carboxylic acid bis-

Meth;é%ygxg%&:%gf L;' é’4 errg/l ﬁ%letlazmt 1- -8, bonéfl)—thiophen—2—yl]—5H—pyrrolo[2,3—

‘Mpyuhnsaﬁ@pﬁ&ﬂmnmhihpmeﬁhﬁm@éiﬂtSF#pyrrolo [ 2, 3-b] pyrazi n-

25 7-yl}-2,2-di methyl - propan-I|-one WO 2009/ 106442

PCT/ EP2009/ 051757 -133 1- {
{2-[5-4-Dam¢thybtriind-pwetidioarbomlydnyl i thicppbed-y21- §Hip yroke[ Bprlrl pyrezin-7-yl } -

(1-mely 2y bt diohs! h>[d§°%‘e> HEGR [T per” P2 - ome

| - car bonyl ) -thi ophen-2-yl] -5H pyrrolo
b] pyrazin-7-yl} - propan-l-one 5

Exmn@%f%u nmet hyl -1 -{2-[5-(pi peridine-I-carbonyl)-thi ophen-

2-yl]-5H pyrrol o] 2, 3-b] pyrazin-7-yl}- propan-1-one
(2-[5-Meh Ptz ¢y HeaBREYI-darbdnyl)-thiophen-2-y1]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-(1-

gh gﬁb4ﬁﬁg{h I-plperagine ﬁicarggnylfnihlophenPy-yI] Y
HwﬂHdSYﬂ9W$®BHDﬁ M@e b] pyrazi n- 7-yl } - met hanone;

hydrochl ori de salt { 2-

[ 5- (4- Di net hyl am pe—piperdi-he

| - carbonyl ) -t hi ophen-2-yl] -5H

[2, 3-b] pyrazin-7-yl} /
(1- nmet hyl - cycl ohexyl ) - net h ; | oride salt
Exanmple 51. { 2- [5-(4-hydr - pi ifeHgle-

| - car bonyl ) -t hi ophen-
[ 2, 3-Db] pyrazi n- 7- HG

xyl ) - met hanone

SEM s
/[N\ IN\ N
Br” N ¢ >~

A mixture of 5-(dihydroxyboryl)-2-thiophene-carboxylic acid (1.0 g, 5.4 mmol), [2-bromo-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-
methanone (2.2 g, 4.9 mmol), potassium carbonate (2.0 g, 15 mmol), and Pd(dppf)Cl, CH>Cl,
(0.400 g, 0.489 mmol) in 12 mL of 1,4-dioxane and 3 mL of water was stirred at 120 ‘C in a

20 microwave for 40 min. The resulting red suspension was partitioned between 60 mL of ethyl
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Br NNOSO HO 15 A m xture of

5- (di hydr oxyboryl ) -2-thi ophene-carboxylic acid (1.0 g,
W®G2009o@k) , [ 2- br ono- 5- ( 2- PCT/EP2009/051757

trimethyl silanyl - et hoxynet hyl ) - 5H pyrrol o[ 2, 3-b] pyr azi

n-7-yl]-(1-methyl -cycl ohexydl$4- met hanone (2.2 g, 4.9

mmol ), potassium carbonate (2.0 g, 15 mmol ), and

acetatc?ﬁh(dimif hC? valt? Gindl thé @quﬁﬁﬁs BryeOw 4B it Jvithnthied G0lmfportions of
4- di oxane and 3 water was stirred at 120 CC in
ethyl aée‘@@a m heromeiieeds Qggar&@laﬁplﬁ werg drigdayariyl g]%()zr, gfered and concentrated to

o eSO BT AR ok e gt e ST
methyd}f:yc/]alheenanecarmbny]’)é -@quiectisyl$ihygl-ethasynesth ylad Heglyrmal o [, 3-b] pyrazin-2-

three ortijons of eth | acetate. The conbi ned
yl]'th@gléeé‘ﬁizccarrw aGidras adrpwy slittr Myso4, filtered and

concentrated to a residue. Columm chromat ography
EXMH@QF;??Z?Etcwm/hexanes) afforded 1.24 g (46% of

nmet hyl - cycl ohexanecar bonyl ) -5-(2-tri net hyl sil anyl - et ho

xynethyl)-SFprrroIo[Z 3-b] pyrazin-2- 5 SEM

yl ]-thi ophene-2-cgboxylic acid as a bro
Exanpl e 52. AH-BEM NN NSO SON HO
sol ution qf
5-[7-(1-K cy;lohexanesaLhony (2 Fine
nyl - et hoxyTn
I C

pyr r olHSFR\ 3- b] hzin-2-yl]- thloph 2 ®ar bo
acid (0. 080 g, 0716 mmol ), BOP (0.071 g, 10 0.16
ml ) and 4-hydroxypi peridine (0.162 g, 1.6 nmol) in 2

A sonfigoiirstadh BhdBy el Brr B oabotTReTt i BYSHT i ypr (-5
pyrrol@[~293 a};@r@ﬁlﬁiz gm]a RMeid-2Ratbdk e 264 r(Logmg to. wnsnfel), BOP (0.071 g,
aq. solution, dried overw&g filtered
0.16 r%m@lb a@b ﬂé@ﬁt%/apl@én@lae . il%?sg due g} rdhmé e Yt dige iy Hgrmamide
was SR R ISE ISR Ry RERC o By By i R ety o and

washed Svi(lRthidel 20ahhypogidnany h sét5aq NH,CI solution, dried over MgSO4, filtered and

et hoxymet hyl ) - 5H-pyrrol o[ 2 razin-7-yl]-(1-ne
Concente%r%i( é}?esey%)l) n@?ﬁ%ld‘rhéo%[%w&m?l&h 65816 i é%eéé@s Hordkd 0.032 g
(34%) of [2-[5-(4-hydroxy-piperidine-1-carbonyl)-thiophen-2-yl]-5-(2-trimethylsilanyl-

ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone as a tan oil.

SEM )
Ny
At |N:/
}-s o~ \\; " o
H°’<::>l o) H0/<::y o

A solution of [2-[5-(4-hydroxy-piperidine-1-carbonyl)-thiophen-2-yl]-5-(2-trimethylsilanyl-

Example 53.

ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone (0.032 g,
0.056 mmol) in 1 mL of dichloromethane and 1 mL of trifluoroacetic acid was stirred for 2 h,

then concentrated. The residue was dissolved in 2 mL of ethanol and treated with sodium acetate
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SEM N, H N~, SS- Frl HO OHON O A solution of
[ 2-[ 5- (4- hydr oxy- pi peri di ne-1-carbonyl) -t hi ophen-2-yl ]

W0 2000204442 et hyl si | anyl - PCT/EP2009/051757
et hoxynet hyl ) - 5H pyrrol o[ 2, 3- b] pyrazi n-7-yl ] - (1- net hyl
-cycl ohexyl ) - met hanone (0.0335g, 20 0.056 mol) in 1
mL of dichloronethane and 1 nL of trifluoroacetic acid

trihydwes (0s076r , @$6frﬁfnoE |T,hetn|ilﬁﬁhr@®ﬁ§ ﬁ[l'tefdaivedngﬁlfhﬂheﬁ esﬂdém@ated to a
was, di ssolved in of ethanol and treated w

remdugo@mera%lgt)@ﬁ@gW2&9?9%@%6&@?@?@@%%9%9 g U@%éof {2-05-(4-
hydr et D iR S o et B b T B PR g (1-methyl
cycloleaDimmetbdoneast agofiprhite(s0lid50% Et OAC/ hexanes) affor ded

0.019 g (7699 of {2-[5-(4-

dr oxy- pi peri di ne-1-carbonyl ) -t hi ophen- 2- g J 5H pyrro

The fqlémngcqp]lwmgg weLeRrgpareq m-anihgr fashion as {2-[5-( hydroxy piperidine-1-
carbo;?%ﬂhg %)é%—b)— &J;%fghl—}%rgrgo@ 2 ]g?/ragf;rllréml g mgt(ﬂl g}(cloﬁle%hli methanone

as {2-[5-(4-hydroxy- plperldlne | -
5-[7-( %:Maﬁﬂydy)croﬁl@éﬁgwgﬁ%@ywéﬂi npgjttfomm BB rdziA- 2y ¥KiBBhhe B ddrboxylic

- y Xy -

amd(Eeﬁwlpmmwbwhydecyclohexanecarbonyl) 5H pyrrol o

[ 2, 3-b] pyrazin-2-yl] -thiophene-2-carboxylic acid

- et hyl - propyl)
{(2-[5 E%H%iﬂsorwp P 1ﬁé%qnaﬁﬁ@opherb%wﬂo%wrrm[%éﬁéwr@mpﬂ}yl} (1-
I ob] pyrazin-7-yl} -(1- 10

nwﬂn%g¥?§%¥%§c ghé%%l)-nethanone { 2-
[ 5- (4- Hydr oxy- pi peri di ne-1-carbonyl)-thi ophen-2-yl]

{2-[5 (éﬁﬁ'yﬂiﬁXVth r{cﬁnegljéllﬂb)éﬁﬁg—lt}ﬁoﬂ‘relﬁlj yl'](SH' yrrolo[2,3-b]pyrazin-7-yl}-(1-
nmet hyl - ¢ ohexyl) nmet hanone 2- %Azetldlne-

methy]-cyel el Hpﬁhﬁﬂwﬁhen 2-yl] -SFprrroIo
[2,3-b]pyrazin-7-yl} -(1-nmethyl- cycl ohexyl)-met hanone

(2-15-{Bqiginest-pypprly thionben g e SFL- iUy YLow s Trab- 6 e
cyclolé&?ﬂ%ﬁétﬁirf&ﬂlg' 3-b] pyrazin-7-yl}-(1-
nmet hyl - cycl ohexyl ) - met hanone Met hyl - cycl ohexyl)- {
2- [ 5- (nor phol i ne-4-car bonyl ) -t hi ophen-2-yl ]
{2-[5-¢ BHypyoxKy alzetidire-3-daftoyiy BzhidpHen- Yyl [} S H-pRirbd MRS | Hyrazin-7-yl}-(1-
7-(1- Met hyl cyclohexanecarbonyl) 5H pyrrol o
HWHU%QY@Q%?ﬁvﬂQ? hafiopey| | -t hi ophene- 2-carboxylic 20 acid
diethylanlde 5-

Meth){l fyélolai)%/y)r ng(l)rﬁFT )1(nae[] —f:;géﬂ%ﬂﬁ%@p?%%%—lghgpyrgo&?[8,,3—b] pyrazin-7-

yl}-m&yghpRENt Y1 - nethyl an1de { 2-
[ 5- (4- Hydr oxy- 4- net hyl - pi peri di ne-1-carbonyl)-thi ophen
-2-yl] -5Hpyrrolo [2,3-b]pyrazin-7-
5-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic

acid diethylamide

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

acid cyclopentyl-methyl-amide

{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-(1-methyl-cyclohexyl)-methanone
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15

yl }-(1- et hyl - cycl ohexyl ) - met hanone WO 2009/ 106442
PCT/ EP2009/ 051757 -136 5- [7-(1
WO kMohyd44zycl ohexanecar bonyl ) - 5H pyrrol o PCT/EP2009/051757

[ 2, 3-b] pyrazin-2-yl] -thiophene-2-carboxylic acid

bi s- (2- hydr oxy- et hyl ) - ani de136-

5-17-(1- Met hyl - cycl ohexanecar bonyl ) - 5H pyrrol o

5-[7- ([M&h&l}c@lﬂoﬂizxmé’aryd)ﬂyl} 5Hl;@/ﬁbﬁﬂ€82}]p3’iﬁhﬁwyﬂ]¢hloﬂ&lnd 2-carboxylic

hydr oxy- et hyI -nethyl -am de 5

aC1db{52(-2[}5’d{03‘YFﬁﬂﬂY M?ﬂcﬁyrrol i di ne-1-carbonyl)-thi ophen-2-yl
-5H pyrrol o[ 2, 3-b] pyrazin-7-yl}-(1-

5-[7- (g‘f\&%l %lh%ba%)é&}_%n}nﬁg q)%?reo o":[é,%%p%azm 2- 3'71] tthp ene— —ca%oxyhc

amd(ﬁh&&nk ﬁibdhaﬁ _arRebonyl ) - pyrrol- I -yl] -SHpyrrolo
pyrazin- yl} -2, 2-di net hyl - propan-I-one
O<al yI chloride (0.13 nmL, 1.5 mml) was added to a
{2-[508- thdroayqurfbll—idmyrlr crboer3A cthidphxy2i yd]-aHgyrrol ¢ 2 BiH] pgrazin-7-yl }-(1-
hll) <‘g b WE 1 drop of N,N-dinethylformamde in 5 nL
methy eyl PRy O BB Sfe. The mixture was stirred for 15 h,
t hen concentrated, then redissolved in 5 nL of
Exam]?]iﬁ%%l oronet hane and 15 cooled to 0-5 C. Azeti di ne
1 n, 2.5 mol) was added, and the m xture was
stirred for 1 h at 0-5 C then absorbed onto silica
gel and concentrated] Col'umm cQromat ogr aphy (2->10%

MeOH CH2C12) afforded 0.059 g\i of

azetidin-1-yl-(1H pyi roI anone as an off-

white solid. Exanple|5 N0 080/ rasdar

PCT/ EP2009/ 051757 -:L@NP M PE NIBr NOO 0- O
o}

\_] — \ ]
) )

HO N
=

1-{2-[3-(azetidine-1-carbonyl)-pyrrol-1-yl]-5SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-

propan-1-one

Oxalyl chloride (0.13 mL, 1.5 mmol) was added to a mixture of 1H-pyrrole-3-carboxylic acid
(0.111 g, 1.00 mmol) and 1 drop of N,N-dimethylformamide in 5 mL of dichloromethane. The
mixture was stirred for 15 h, then concentrated, then redissolved in 5 mL of dichloromethane and
cooled to 0-5 °C. Azetidine (0.21 mL, 2.5 mmol) was added, and the mixture was stirred for 1 h
at 0-3 °C then absorbed onto silica gel and concentrated. Column chromatography (2->10%
MeOH/CH:Cl,) afforded 0.059 g (39%) of azetidin-1-yl-(1H-pyrrol-3-yl)-methanone as an off-

white solid.

Example 55.
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A m xture of
1-[2-brono-5-(2-trinmethylsilanyl -ethoxynethyl)-5H pyrr
Wo@R@PR0634D] pyrazin-7-yl]- 2, 2-di met hyl - pr opan- PEDRR2009/051757
(0.578 g, 0.432 mmol), pyrrole y (0.059 g, 0.39 mmuol),
cesi um carbonate (0.256 g,-187-786 mmol ), copper (1)
i odide (0.008 g, 0.04 mmol) and proline (0.009 g, 5
0.08 nmol) in O. of di met hyl sul f oxi de was $EM red
at 90 Cfor_ g4 iy then allowed to cool. T ]
was partigﬂ?n d petween 50 nL of ethyl acft nd 25
mL of wgf,etsy the aqueous | ayer NexiN“acied with
50 nL of ethyl aggtat®. The conbined
were dried o S, filtered/agd{concentrated to a
resi due. Colu chr omat ogr aphy ( 3% MeOH
af forded 0.066 g (32% of
1-[2-[3-(azetidi ne-1-carbonyl)-pyrrol-1-yl]-5-(2 10
A mixtire Ge1 g ibsdrheisy-teitiraxysirah iydthoBithdmyyy-OHqy2iobo[R BRYI b fdakin-7-y1]-

n-7-yl]-2,2-dineth I-gro an-1-one as a el l ow oil, )
2,2-dlmﬁwﬁp@1>5%.l-weé&/15m§ 2 O.K32 ool N pagrrplecy ( g0.39 moly, cesium

' f L .
carboy 5% B8 i oreet GRS P 1 044 pryelhenpling 0009 &
0.08 ntirhyl) $1 0.8yl o dinetyyimtlfoxide-wakStirred at 90 °C for 64 h then allowed to cool.

S5H pyrrol o] 2, 3-b] pyrazin-7-yl]-2, 2-di methyl - propan-1I-o0
The migu0y g IOnsd peb yntc o shiicEpte GCHBF GhoR i te

aqueoBNBydr Wis Qhrabied HithOfARAL SF bhyPedethtdVeBhSEJritiRA §:8Ani@ 1dYers were
thenh concentrated. The resulting residue was

dried olves Mg S(2dfiltered and cofcertritachtsl a wnidlue r €alvath direthatogaiphyn(0->3%

rihydrate 1 wa L. 37 .mmgl ) .. The m xt yr
meorfEEHELT o™ BPE% 2% RER (Enbile a5 2
imetBNEI0B1-0@0RRAYh (B -5EBHo M ﬁbﬁgila&} -afyior desmem i -1-

tnmet(gll%iﬁfof 1_?{3_‘[[ gi}( azfé/%'i diqr?le-l 5 n-afyi oz OflBrogan-1-one as a
yelloweaitbonyl ) - pyrrol -1 -yl ]-5H pyrrol o[ 2, 3-b] pyrazi n-7-yl } -

2, 2-di net hyl - propan-1-one as a yellow solid. WO

0Q9/ 106442 PCT/ EP2009/ 051757 -138 Conpound prepared
Exmn%ﬁ%éinilar fashi on as

1-{2-[3-(azetidi ne-1-carbonyl)-pyrrol-1l-yl]-5HH

pyrrol0[2,3-b]pyrazi§EM¥yl}-2,2-dinethyl-propan-l19ne:

2, 2-Di net hyl - 1- 2:5T13- (pyrrolidine- Ny —N
yl] -5Hpyrrolo }JE /
€ .
= 0

| - carbonyl) - pyfr N
[ 2, 3-b] pyrazi L - propan-I|-one 5

<>No <>No

A solution of 1-[2-[3-(azetidine-1-carbonyl)-pyrrol-1-yl]-5-(2-trimethylsilanyl-ethoxymethyl)-

o)

SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.066 g, 0.137 mmol) in 2 mL of
dichloromethane and 1 mL of trifluoroacetic acid was stirred for 5 h then concentrated. The
resulting residue was dissolved in 1 mL of ethanol and treated with sodium acetate trihydrate
(0.186 g, 1.37 mmol). The mixture was stirred for 17 h, then concentrated. Column
chromatography (1->8% MeOH/CH,Cl,) afforded 0.015 g (31%) of 1-{2-[3-(azetidine-1-
carbonyl)-pyrrol-1-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one as a yellow
solid.
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1-(2-1ndol -1 -yl -5Hpyrrol o[ 2, 3-b] pyrazin-7-yl)-2,2-di m
we@elwheq@edpan-1-one. DVBO (3 nmL) was added t OPGI/EP2009/051757
m xture of copper iodide (10 ng; 0.05 nmol),
d,l-proline (12 ng; 0.10 miBd), potassium carbonate
(111 ng; 0.79 mmol ), and
CompduPprep&red irbsifnlat fasliieh Ay Il 2! [anyietilithe-1-carbonyl)- pyrrol—l—yl]—SH—
et hox nethyl) 5H pyrrol o[ 2, 3-b] pyrazin-7-yl]-2, 2-di net
pyrrolg(2, 3-B g, b¥ V-ybhé 2(%5@%?@?&3 -9l ). Indole (327 ny:
2.91 nnDI) was added and the resulting m xture was

22 Db A et Le Bt mif e S b SRl R 7-1)-

propadl&nkeaction mxture was poured into 50 nL of
saturated sodi um bi carbonate sol uti on and extracted
with EtOAc (2 x 30 nL). The organic |ayers were

Exampgle$i ned, washed with brine, dried over MgSO™, 15 and
concentrated to give a yellow oil. Chromatography
(Si02; 0-15% Et QAc in hexanes) gives 1-[2-indol-1-yl
-5-(2-trgmet hyl si |l anyl - et hoxyet hyl ) - 5H pyrro

-1-one (6

PR Ryl -2,2- di Ny
449 H ) a Light brown/oil [\NFol | owi ng ge
prgq res descr!bed i n the Exanpl es, the

wa \ngﬁved to give 1-(2\Lagol -1-yl
5H pyr oIo[2,3-b]pyrazin-7-25§§z;§-dinethyl-

ne (53% MS = 319 [M+H]; 1H 0 (DVBO) :
(s), 8.64 (s), 8.48 (d, br),\ (d, br), 7.
7.31 (t), 7.21 (t), 6.83 (d) ppm M 205-207 Q)

Compounds prepared using the Cul/proline coupling and

1-2-IREM 1 gsry-alyrrb YL, 8- bigasdih-hed)-Der @iethyWokopARAL 32644 2
PCT/ EP2009/ 051757 -139 N-{

1-[7-(2, 2-Di net hyl - proplonyl) 5H pyrrol o[ 2, 3-b] pyrazin
DMSO 23 yil]) o radddd toiamnBtwek pf egupearmiddie: (10 i B)0S mm8B0d,1-ptdline (12 mg;

0.10 ngtln'\@),g%tas(s)%né%rletgﬁate é?i Pg} ré’%%ﬂ) zfrrid4l— mfomsd—g—(ﬁ—nl’)irhethylsilanyl—
ethoxﬁn&hg)mw&dbrz[ﬁb](p%rﬁﬁtmﬂ] = DY di @b th G- %@tyaﬂl lh_|)—)on5 &w&lgqb 36 mmol).

b] pyrazi n-7-yI] ropan-l-one
Indol 22%2 919amg}) was added and the resulting mixture was stirred at 100 °C (oil bath)

for 24:&1r% 21“]?? aEa %sﬁ( (2% Eﬁpg;}%lg%aélﬁy) 5%18 2 '(s:-a pg%rl\lﬁ_%_rl% !p%lar Qg%i%x{/gﬁhe reaction

rmxtul%]ﬁas-?p'b‘ﬂireﬁ. into 50 mL of saturated sodium blcarbonate solution and extracted with
| -1-(2- nDrpholln 4-yl - pyrrolo 2, 3- b]
EtOA% (?nx ?0 Wa> )fﬁhe PEHUIC Igkes wermggmbined mghe 1:5681123@ O@r MgSO4,

and oyl s gty ORI S0 8 B Fgan hergnes e
1-[2- 11yddl——12y125dimﬂnht)hlyl-sﬂﬁm&ﬂ}dxymﬁﬂlyl)ém-lﬁ)/m'oloﬁ 3dIpyratin NMR]-2,2-
dlmetlpgw5 opa-yl 1I8ne( %{17 s %24 S—H ) as a hén grown 01%3 Folgowmg gereral
procedures described in these Examples, the SEM group was removed to give 1-(2-Indol-1-yl-
5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (53%; MS = 319 [M+H]; '"H NMR
(DMSO): & 8.83 (s), 8.64 (s), 8.48 (d, br), 8.11 (d, br), 7.69 (d), 7.31 (t), 7.21 (t), 6.83 (d) ppm;
MP: 205-207 °C).

Compounds prepared using the Cul/proline coupling and SEM removal route described herein:
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1.45 (s) ppm
1-[2-(5- Met hoxy-indol -1-yl)-5H pyrrol o[ 2, 3-b] pyrazin-7
WO 200pAd422 di et hyl - propan-1-one: (M-H) + = 349PCT/EPNMRAS51757
(DVMSO): 6 8.81 (s), 8.60 (s), 8.46 (d), 8.09 (d), 7.19
(d), 6.94 (dd), 15 6.74 (d)1393.81 (s), 1.46 (s) ppm
1-(2-1ndazol -1 -yl -5H pyrrol o[ 2, 3-b] pyrazin-7-yl)-2, 2-d
N-{ 1-["& hPlimpthoPpurdplon® SH-p Mt bib 2, 3= bBRBazin-2HINMRr (L IIMB®) yil } -acetamide:
9.09 (S/S%%NS' 97 (d, br), 8. 68_23 8.53 (s, br 7.96
(M+H@ 33 MR (]%M)SO)78§812((51) Ty 1) , 44 @p), g( (m), 3.32 (s), 1.42
(QIm%ﬁ[z (3, 4-Di hydro-| Hisoqui nolin-2-yl)- 5FprrroIo[2 3-

pyrazin-7-yl]-2,2-dinethyl-propan-1- 20 one: (M+H)+
335; MP = 220-222 C,

2,2- D%l&h}ﬂlln@t@yﬂneﬂh gy&dhcﬁn 4.9y 58 ;fy@*ﬁb&’(ﬂﬁg -WB¥18ziaar-Pglprépad=1-one:

-SFL rrol of 2, 3-b] pyrazin- - propan-| -one:
(M+H{|wr P37497- —C190 195 G

2, 2- D wethyl-l [2-(1, 3,4,5-tetrahydro-pyrido[ 4, 3-b]ind
1-[2- (%ﬁp }KP%-P 3{1\)’@0%12%%&%?8%8 ]Syzrlgznm% }’1 b2 glme ayrll plrop%?lel -one:

@d+Hg+23§@npﬁh¥b1g2ﬁ@e¢3 phenyl - pyrrolidin-1-yl)-5Hpyrro
b] pyrazi n-7-yl]-propan-1-one: (MtH) + = 349; M

= 237 238 C, WD 2009/ 106442 PCT/ EP2009/ 051757 -140

2,2- Dﬁ.’he{thyl 1-(2-morpholin-4-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one: (M+H)" =
il § 2- Di met hyl - propi onyl ) - 5H pyrrol o] 2, 3-b] pyrazin

289; MF5P38-349 {Gidol - 3-yl } - acet am de:  (MtH) + = 376; 1H NVR
(DMSO): 6 8.77 (s), 8.62 (s) 8.46 (d), 7.97 (s, br),

1-[2- (% ﬁuo&é #dol—%—ﬁ? Sfl pyrrolfl)o[é 3- b]pyra21 t7—yH—r2) 2—d13m§ﬁy1£psr2)panll—gge' (M+H)*

= 33714 RMR(BRIsO)t 58/83 @),iskNs), 8ydd) (-dEHSDZ/(f'dl) o, mi ?d.dﬁ} ’b1836€ft)616 82 (d),
in-7-yl]-2,2-di nmethyl-propan-1-one: 5 (Mt

145 (WPPE1:162- 164 C: Addi tional Iy prepared fO||OMAng
general procedures described in these Exanples:

1-[2- (% ]\%ét (P);gfe%lﬂglljldﬂl)rﬁé)ﬁérr?]éf%%i lr?ﬁzg{l;l- Hg)m:[&%l 8 L{%’ch?g/l ?)l pan- 6izone

(M+HB+2— @n@mpr ﬁMRZ(ﬁM’S@?I B)gl @1' ('s)’ﬂsxio-(@} %%%H}Etsfw ()d) 57&90(555 rd4 (dd),

pyrazin-7-y - propan-1 -
6.74 (d)n§t8ée(d) &6 (s) ppm;
1- (2-Brono-5H pyrrol of 2, 3-b] pyrazin-7-yl) -2, 2-di net hyl

-5%%£an | -one 10 and the SEM protectlng groug was N
1-2-Ip 1P B iRl olg-gRiREagin- Gy boeddiedhyayepinegnsn(M+H)" = 320;

'H Nl\gi’?g_ﬁﬁds ﬁﬂ‘? ?%%)2%7; d?%?)_ ?‘_6@ (s)é’é_ﬁ's ?;%6% 95 (%) 7 68 (t bl 7.38 (&, bn),

1.50 (s)ppy;) - pr opan-1 - one (Prepare using 1-[2-
Br ono- 5 (2- trlnethyIS|IanyI ethoxynethyl) 5H pyrrol o 2

, 3- razin-7-y J dlneth¥ propan-| - one
1-[2-(3.4d? a oplfH-1soquinolin- 2" yl)-5H-pyrrolo[2,3- b]pyrazm -7-yl]-2,2-dimethyl-propan-1-

one: dqiﬁgBr ]ﬁﬁkpyé{?%p&éES b] pyrazin-7-yl)- 2, 2- di net hyl

-one an M protecting group was renoved
foll owi ng general procedures described in these

2,2-Disx @Al @) (1Mt 4, 026@ah yE¥RHRA-@ar®8lin-2-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one: (M+H)" = 374; MP = 190-195 °C;

2,2-Dimethyl-1-[2-(1,3,4,5-tetrahydro-pyrido[4,3-b]indol-2-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one: (M+H)" = 374; MP = 264-265 °C;

2,2-Dimethyl-1-[2-(3-phenyl-pyrrolidin-1-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one:
(M+H)" = 349; MP =237-238 °C;
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10 00 H N N NH2 NH 20
1-[ 2- (3- Am no- phenyl ) - 5H pyrrol o[ 2, 3-b] pyrazin-7-yl]-2
w0 2o0dite@shyl - propan-1-one To a m crowave vi al PEEP2009/051757
added 0.032 gm (0.075 mM 1-[2-(3-Am no-phenyl)-5-(2-
tri met hyl si | anyl - et hoxynmet M9~ 5H pyrrol o[ 2, 3- b] pyr azi
n-7-yl]-2,2-dinethyl -propan-1-one followed by 0.75 ni
2-{1- [of(zlzhminedthﬁkpjbpibﬁmrﬁmpmdld)[QQT ia]qbgeraizﬁn 2’ |y|F] 1 helovBall ) wegamide:
seal ed ;and aced in a 80C oil bath two hours
M+H) heA 76t HNM&‘DQ?MSQ&@@JM} §t@r(é> §\ﬂér<ﬁ} dr?ﬂ. (s:7tHe 7.68 (d), 7.33 (t,
2 PCT/ EP2009/ 051757 -141 was
br)j'%?rtﬂt ed 'w t“ﬁ’of_jl?% ar??gé acetate, rinsed (3 x 50m)
wat er, dried over magnesn umsul fate, filtered and

1-[2- (E%ﬁ@ﬁtﬂy@ﬂoﬁdmony@ b?ﬁwo@/%w@ﬁﬁ -7-yRup REdisethy®Propan-ad-one:
™ Sr eparative silica ge l'ayer chromat ogr aphy
+

| ade3; BIFos 1&det ($2C12) gave 0.014 gm (64%yiel d) of
1-[2-(3- Am no-

raolo[ 2, 3-b razi I- r
Addmaagl%)ea e Wllen g by prodsag s dueribed g dibamels 0"y
_, N\~ hexamet hyl enetriamne Br IN TFA, mcr owave N A
22- D@EM RS e Ty kls SRt Ty Blop s le i fpag usine 1
[2-Brdmd¥bqpammeehysilahydetieas eyl hs H-pl ol 2168 | fyraziBS - g @ dimethyl-
hexanet hyl enet r.i am ne

1.05 eqg.) . and 10 ni )
propag-liqne ipieng ! @- %@mﬂ) SPQ;Mr@kP[%ﬁdDlhﬂa%léﬂ-Ylh-%%lmethyl-loropan-1-0ne
t e i . .

o o STARVARARUEANS B0l Rl Lok BE BB BScmctn s
Examplosh Ml Q&9 bopdt5é;258t°Crred and 10 the filtered. Dried,

then chromat ographed the 7.74 grans crude material on

a silica colum (5% to 10% net hanol / di chl or onet hane

W t h ammoni um hydroxide) to yield 4.69 grans of inpure

2,2- Dirﬂ%tﬂ%;l la!2 I?yrml {ﬂl gﬁ%yﬁgﬁ)‘fb I_’)rﬂ)]ﬁﬁgmfl %l 19}%0‘}%-%&%1%' (Prepare using 1-[2-
Bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-
propan-1-one instead of 1-(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one
and the SEM protecting group was removed following general procedures described in these

Examples) M+1 2609.

Example 58.

\é'
/\\\O o} o}
"

1-[2-(3-Amino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one
To a microwave vial was added 0.032 gm (0.075 mM) 1-[2-(3-Amino-phenyl)-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one
followed by 0.75 ml of 1M tetrabutylammonium fluoride in THF. The vial was sealed and

placed in a 80°C oil bath for two hours then stirred at room temperature overnight. The mixture
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Stirred Bin 40 mMl DVF in an ice bath under argon.
Added 1.16 grans 60% NaH in portions, then stirred
w@olod/16@n2 t wo hours. Next added 4.4 ni PCT/EP2009/051757
2-(trinmethylsilyl ) ethoxymethyl chloride drop 15
wise. Stirred two hours, thdAlpoured into ice water
and extracted into ethyl acetate. Washed organics with
was dﬂ\ab@ withtlloanl dikiylnectalsy figgd @y &r5080viiey, ikl Y&, magnesium sulfate,
ered, then concentrated and. punped on to give
flltere@ ag(;l;r C@}cg%ateql oa r%@@cﬁy@pora@ﬁ r 8%1@@1,03 oA @d)rgﬁraélvggﬂtﬁa &g} thin
%hM% hl/@ﬁ % °o | /
layer @'ﬂ‘ﬁl‘g%‘t‘ggrapyfgﬁ?ge 53 M 9 10) 0% QOAkﬁé t@go/%?%%?ﬁ [2-(3-Amino
phenybetH-pyobdlef, édb]@}raizem{id;d] 22&11&@@0@91@@84@2:, M+1 295, M.P. 239-241°C.
PCT/ EP2009/ 051757 -142 0 B(O—|)Z 00 SEMNHSEMN\
HSEMN\ OH NHZSG3 / NaClQZ N N Pd(OAc)Z / Cy3P /
Examplgp® N N KHZPO4 N\ N ~(\ Toluene / Water Di oxane /
Water Br 1000/ 18hrs OC-rt/2hrs A 81%B 87%C, O CH

O HN N '%/g/&§* SENéxElnéthylénéﬂémFEA é aZz/H N N

EDCl /

rt/2hrs 7 o D Propaniatwaed of B ure of A
(0.33g, 0.93 mndl), cyclopropyl boronicMagi (0. 12g,
1.39 mol ), tricycl ohexyl phosphine(0. 0269, 0. 09
mol ), palladioeg(ll) acetate (0.01g, 00460mml) and
pot assi um 5 pho te tribasic (0. 639, 2.97 in 4
m. of & nd 0.5 nhatobvmat er ed W|th

Argon for | minutes, tten teated at 10 Cfo 18 hrs.

The cool ed xtyre was f%4 $8MY ed t hr ough N
B C SEM

(Overall Yield = 22% to 33%)
Filled 5 microwave vials, each with 1.19 grams A, .88 grams hexamethylenetriamine (1.05 eq.)

and 10 ml trifluoroacetic acid. Sealed and heated in the microwave apparatus at 80 °C for fifteen
minutes. Combined the vials and rotovaped. Poured into aqueous sodium carbonate, stirred and
the filtered. Dried, then chromatographed the 7.74 grams crude material on a silica column (5%
to 10% methanol/dichloromethane with ammonium hydroxide) to yield 4.69 grams of impure

material B which was used in the following step.

Stirred B in 40 ml DMF in an ice bath under argon. Added 1.16 grams 60% NaH in portions,
then stirred cold for two hours. Next added 4.4 ml 2-(trimethylsilyl ) ethoxymethyl chloride drop
wise. Stirred two hours, then poured into ice water and extracted into ethyl acetate. Washed
organics with water, then brine. Dried over sodium sulfate, filtered, then concentrated and
pumped on to give 6.84 grams crude product. Chromatographed on a 50 gram Supelco
Versaflash column (0% to 40% ethyl acetate/ hexane) to give 3.24 grams (30%) of C, the bromo,
sem-protected aldehyde.
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pad of Sol kaFl oc (Cellulose filter aid) washed with
Et OAc, and concentrated in vacuo. The residual oil
woe®ieaded on silicagel columm and el uted w tPCT/OP2009/051757
Et OAc- Hexane m xture to afford the desired product B
as a yell ow powder (0.24g, 84% yield) np 98 - 100 C 10
Preparation of C. To a solution of B (0.24g, 0.75
nmol P in 1,4-%Q)xane (10 m)oand water (2nl) at O
SEM- ded sulfafic ggjd AQ Adg, 4.54 mol kg f okl gwed
. C, . ~, . / N OH
y Jdr op- wi se Z&ddi ti on of\ aJsol'lt iNasopiNasodi um

phaEé!Af)l gg !FE?O %@gﬂ% 20?“ vvater Af er

adaytion, Tblmzeee/batevh renoved\and r eBEF1PON i xt ur e
stirred at e enp. for 2 . Thec 15 2neact i on
m xture was partitioned between water_and ethyl .
acetate, the organic Iayeervas washed”with brine,
ri ed, over sodi um sul phate, and concentrated in
he/ resi dual oil triturated wth hexan
HNT hg~olesi rsmh-p /&és a |igpt, el !l ow po
87% vyiel d) 4 8.°"Preparation of_ D
epsPoMis On of € (B 229, 0. 65 nmaW Meddy 48 M o=
i chl oromet h at roomtenp. was added HCL s
thé “amine (0.119,_ 0.79 mol), EDE (0.15g, 0.7
dHd™3- di met hyl akf nopyridine (0.Q96g, 0.79 mmol). The
r@@ﬂltlng reaction m xture was stirred at room tenp.
g Sol Yent rermved in vacuo resi due was
HmeaPP%PE with Et OAc, washe wat er, WD 2009/ 106442
A mixpieg pEAABEGES 27 Mol fxeloarfowleboramp éeiddldPesbodfl mmol), tricyclohexyl
phosp LRk 0 BE IR e Ao TOFC PER Rl Py
phosph’&tt hdbvasic (0.6d gﬂﬂ)bmrcél maheal. todi t(ﬂﬁémrm’idtOITfemd elSwatedwas flushed with

Argon(tr@oggrégutés e?i ﬁé(g (:OL§%I 18 G%dl; @mo@%@?@%ﬁ%%%g% {tergd through a

pad off QIS eIMRLE filter NS & 2968 widE@ddeshdleheBlurd®dd in vacuo. The
trifluoroacetic acid and stirred for 4 hrs. Sol vent

residupletbweslondedvercubicagetrdume sidielatedovith Wefe EFHOSs dilexade mixture to

arfora (B¢ (594 plieiBa by By Broreahiode i SRR AR - JMAcE

and the resulting reaction m xture was stirred at
Prep afaA8bE enperature for 3 hrs. Sol vent rem)ved in vacuo,

To a s8R1t18 ;%g g{(ggﬁ% (??15 Eﬁ‘ﬁ}’q}é& g 1518 nggméﬁll) zJ];t?r Gﬁﬁ L(!)Q’C was added
sulfanao lacld (® angteldSMmmoﬁ) fdlkwed bymopvaszhﬁrdidmoﬁquetshmlpn df b@lium

chlorit: @;%%b%gwolmd@w&ua{ $ihydngper phesphade L. 228 BOkgmop) in 6 ml of

water. fté} d&ii(u%)l 1%\A§Xt‘ﬂr ?fﬁ}ﬂ o ﬁldqjege% hixREORY kT AT té'hip For 2hrs. The
ot adhiic bo 091g. p 272 - 274

reactl(ﬁismagulb v as rpaetttionpd HzEtWBel’l e/later aad etbpl anrbtatd,’lﬂ& cnfganlfahlusr was washed

with bgKliﬂ}g’s%}egtoéé{}j éi&lr}g Irmglpﬁzgg &npﬁggg%grlg%gﬂg ga uo. {“he residual oil was triturated

with hexane to obtain the desired product C as a light yellow powder (0.22g, 87% yield) mp 92 —
94 °C.

/O\,\pa

Preparation of D:
To a solution of C (0.22g, 0.65 mmol) in 10 ml of dichloromethane at room temp. was added

HCI salt of the amine (0.11g, 0.79 mmol), EDCI (0.15g, 0.79 mmol) and 4-
dimethylaminopyridine ( 0.096g, 0.79 mmol). The resulting reaction mixture was stirred at room

temp. for 2 hrs. Solvent removed in vacuo, residue was diluted with EtOAc, washed with water,
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JAK1: Reconbi nant human ki nase domain from Invitrogen
(Cat # PV4A774) JAK3: Reconbi nant human ki nase donai n
WO e@mitdd4kl | pore (Cat # 14-629) or prepared. JEEKREP2009/051757
Reconbi nant human ki nase domain fromM I lipore (Cat #
14-640) 20 Substrate: N-tert##hally biotinyl ated 14-ner
peptide derived fromactivation |oop of JAKL with
brine ﬂﬁqdl enasodiunt igppenbadleorvegdtedilBiacuo. The residual oil was loaded on a

Bi ot i n- KAl ETDKEYYTVKD Assay condjtions-used are
silicaggbedlpmpand Ritslwitad 955 matirnel dighlrrqamatbane tmatfpik the degigr product

D hl%rﬂ 18PHyee 2], 10nM NgClZ 1M DTT, 25 Ing/m BSA
asa e(gssgy |s)2c:arr| ed out in this buffer. Assay Format:

The ki nase activity of all three JAK kinases is

To a sBR@SHLED UR18W 0a13 rhiddi) @RS {0l MEef BEHloRaieHan8 st nARp. under
with trace anounts of 33P- ATP. The assays are carried

nitroggyywas pddgd-lfemi obigiflperasesticetsed pdattisred faiot Iepaelvertmempved in vacuo.
The relyﬁiﬁlhlo(% WX%DdIgQOQ\QJd]lQ %?e%a %F&/O%f%xgqgﬁl% 1?1?1? at.'r% 41% téhé‘. water (2 ml)
ratirons are 11 naI\]I n reac ongmx?ure nd

follov@ki Ibyltﬁémkb aienN@.anmd vearaddedamt the mmtlntgembﬂhuk@re was stirred at
Assay steps are_described bel ow. Conpounds are
room §’€¥Heléﬂullr9 fef 3 bisedelyont 1ODO BB ¢UPpFe-§Y 3RPraied With dgluene to remove
water, SfEﬁ&ﬁé Wk tﬁ@a‘?&ﬁ@ﬂﬂ 59‘%’ Lﬁ)t@AQ:f I]IQMne FinBQkt. \Qﬁ%ﬁ)nlhrf@fﬂl&f‘w%f filtered,
O1n the reaction is 10 O’on”pounsare
washeﬁrveﬂn@lhdiradl&ﬂi i dbimie ﬂﬂ/}l‘@)p@ﬁp}ﬂi—r‘jlﬂ P o[ 2c rtpyrazirel T-garboxylic acid

()24 S tme Ry BRIRR ) il bhs BE S rpNes Gl Rz olPtbrap 272 - 274

oc. addition of a cocktail of the two substrates (ATP and
peptide prem xed in the JAK Kinase Buffer). In the
JAK2/ JAK3 assays, ATP and the peptide are used at
JAK A@ngBbmadtioans of 1. 5uM and 50uM respectively. JAK1
assay is 10 carried out at an ATP concentration of
10uM and a peptide concentration of 50uM The
di4 HiGontAK3 i's 20 mi nutes.
DeterJ Ak%ﬁde{fs)(gralys? éh{aéfrhr% flg a§e0(fJ K\)glr% h40 rﬁl nutes. Wth all
Enzynhdsrand pep&@ambstrateamilamdesanbedlmlmwnat ed by the
addition of 0.5MEDTA to a final concentration of

100mM 25 ul of term nated reactions are transferred
t o PBd< i Regpmpingntgugniag/jnasg dompip fsgm Jmvitrogen (Cat # PV4774)

oL BN R OSE NAHELCw 0) o prepares

50MVIAK?2: Rt AmnbinaSGruneinl kindke duailirdrh SCillgeine BYAt B 1I4L@40)
plates. After a 30-mnute incubation, the beads are

vvas et siRerY -t auRalin Riptin1aterd | 4-g1er gapticls depitied Epm: acgvatipn loop of

e

Assay conditions_used are described below:

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

Assay Format: The kinase activity of all three JAK kinases is measured using a
radioactive, end-point assay and with trace amounts of *>P-ATP. The assays are

carried out in 96-well polypropylene plates.

Experimental Method:



1 wash with water. Washed plates are dried in a 60C
oven for between 1 to 2 hours. 70 ul of Mcroscint 20
waeioattdd4bnt i on fluid is added to each wel |l of PCT/ER2009/051757
plates and after at |east 30 m nutes of incubation,
radi oactive counts are nmeasudéd in a Perkinelmer 25
m croplate scintillation counter. Representative |IC50
All conésttilatisnsadre finfl ihalkd adtlonb@ixeme and ABlicubdtionCargrauidd at room
| C50 h-jak3- sf2l-c _ 1-40 0.04474 WO 2009/ 106442
tempepste EPSGRIGHES Brsdescribtbelowy 0. 03524  1-73 0. 01799
1 74 0.02834 SYK Assay Information Determ nati on of

i e hnRas SR LANReAEed s D% OB el iiats O s

96 Whéenphadbdeof DHNBFinal BbifceASSaN dfﬂ)l\'?_lS@eihfﬂ(iH ﬂm@hdnris 10%
96-wel |l fornmat for 1C50 determ nation with sanp

whi dFPmRQINEs aiistpszingubated ith egymgi(P éthbh%KémrramrelaLly available),
t
oSt XA TR R SR RUCTEAMTRR Y B8 gRper 1 on

b| othayh@tse@Ie Pepitedliey siehdditiah ef a deslitaibol the om medstih@b (ATP and
ocCCurri ng phOS hoac Cegt Qr consensus _ sequenc

( Bi d{epﬁdel]prggu@gi*lg)the %{Fs]pf)ép ﬁuéfle@dhbﬁh% A0 &Y A,{%} gssays, ATP and the
det GRhadk LHPQd #BhANLAN Qe 11 RAF Lh PTG oAy K1 assay is

the ‘addition of Streptavidin coated
Reproafrmdtcmtt ntvan AEBubt@naation of TDaM and 4 paitide eono&aﬁrayon of 50uM.

pl at 96-wel | MiltiSc 0. filter plat . .
(M 1T s ioa hengsay okt o Rk e B ARty is carred
beadsy: foplahaRinaiek With IARAAE BFA NIV reaERE AR t@ﬁm%at@ﬁ‘by thdladdition
50mM EDTA/ PBS diluted (1:100), (Anmersham Cat.

17 103N BDTA t@@ﬁ‘p@im@d@ent@oew 1690 %

O ey o i (G0 el S ATy

t r ursﬁ@pt@dldﬁp&ﬁa&dd&phﬁﬁse&ma@m Cgs hﬁtﬁCi@Efﬁ:‘e@ 1&Ph36firate Buffered
635, stock solution 1 KDa, fi nal

concSes oOBSMNE BEPicAETIEA bt 4l bl NpelBrgen-BY filer plates.
et BB M S BRI B v e v
spediudfiersor der from QCB,
3 to 4 washes with 200 ul of 2M NaCl.
3 to 4 washes with 200 ul of 2M NaCl plus 1% (v/v) phosphoric acid.
1 wash with water.
Washed plates are dried in a 60°C oven for between 1 to 2 hours.
70 ul of Microscint 20 scintillation fluid is added to each well of filter plates and after

at least 30 minutes of incubation, radioactive counts are measured in a Perkinelmer

microplate scintillation counter.

Representative ICsg results are in Table II below:

TABLE II.

ICso h-jak3-

Compound
sf21-c

1-40 0.04474
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stock solution 20mM final conc.: 5.0 M ATP:
Adenosi ne-5' -tri phosphate 20 nM (ROCHE Cat. No.:
wO3m9206:3®) , final concentration: 20M Buffer: MERPER009/051757
2- Hydr oxyet hyl pi perazi ne-2- et hanesul foni c acid
(Sigma, Cat. No.: 25 H3378¥5final concentration:
50mM HEPES pH7.5 BSA. Bovi ne Serum Al bum n Fraction V,
fatty acid free|(Roche4D agnosticgy&H, |[Cat. No.
9100221) dilutedto a final concentration{of 0.1% WO
2009/ 106442 PCT EP200§/7651757 -14617@9TA EDTA st ock
sol uti on 500 MM—(GBECO, —15575-938) fi nal
concentration: (.1nM B?L" 1 4 D| t AP8r ei {0l (Roche
Di agnostics GrbH, Cat. No.: 197777), final conc.: 1nmM
5 MyCl2 x 6H20: MERCK, Cat. No.: 105833.1000, fi nal
concent ratl on: 10mMM Assay Dilution Buffer (ADB): 50 niM

SYK nfo EGTA, 0.1nM Na Vanadate, 0. 1nmM

(3-4gl ycerophosphate 10 MM MyCl12, 1 nmM DTT, O, 1% BSA,

Deterfjipighof Wi PESRech Th i Bidee SERMBIIABN ¢ acia. 10
SYK 1EXReMkENE aktaMpdr) @ehiasd fksPhdapRIdUHB .96 Sﬁlﬁtew@nat This assay is

diluted, purified reconbinant human SYK360-635 [0.5
perforﬂwli inge-w fsa@nat\ﬁplt 1 sadeteippingienn wish 8 sAPles Wi répre@qméed 10 half log

und 100M 0.003 33
aituicgf3hg AT omat IR TRATRR PEHORD the oapbRROh pE M ilabeled P
yATP kitDas @\I feB@fal19 ‘Bld’ﬁ@l%/la'téa' fepatiedii¥at Neeradd Hohpﬁhtﬁ’tfall} Bkcurring
Ax substrate cocktail containing the DYE peptid
phospbedsseptat @nfdhsos segudrjce (BiRinf P@a MY%d PBaspipytired products were
C/rxn]. After incubati Cfor 15 mn, the

dereerboor SR RAER &g R R B TR aps hecielffogio? sBEPpyiciigpated beads.
Repreg&@&fvb(?&uﬁélﬂwlﬁ TaBleal atievel | 0.65m M I1i pore MADVNCB

menbr ane/ pl ate contai ning 200L 5mM EDTA and 20%

Streptavidine coated beads in PBS. 20 The unbound

r adi A plaetsi Aewelbdidtifaske.oond diltey patusrMiilipbreaCac. No.:

250L 2 x 250 L 2M NaCl+1% phosphoric acid; 1

%%Q%gl?ﬂl\@)( er the | ast wash nenbrane/ plates were

tr a@feg{arvﬁﬁln tt@bAd @R tRh Rt AL Sep HeakL "FM' s%g Jn@fon]S%rHL rln 50mM
50 L scintiflation cockt ai l vvas added

eac HERNEAIP B Tvtech(11: Hilp.r (Amivestamo Giat. Nod.: Fadll lga@bi vi ty

ount e unt er i bition
S CavEurarah BYEEq B TretiyklrioP TN, JAY Pat eompound
25 %.da¥ai dyutM A @Ms0o(1 + (1 C50/ I nhi bitor conc)™)
Enzyme: SYK RPA purified, truncated construct of Spleen Tyrosine Kinase aa 360-

635, stock solution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 uM.

Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor-
acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB,
stock solution 20mM, final conc.: 5.0 uM.

ATP: Adenosine-5’-triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final
concentration: 20uM

Buffer: HEPES: 2-Hydroxyethyl piperazine-2-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,
Cat. No. 9100221) diluted to a final concentration of 0.1%
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The 1 C50 was cal cul ated using a non-linear curve fit
wth XLfit software (I D Business Solution Ltd.,
wa@iobfiomd? Surrey, UK). The foregoi ng i nventi oPCTBB2009/051757

been described in sone detail by way of illustration
and exanple, for purposes dfiéclarity and
understanding. It will be obvious to one of skill in

t he EDTAL BBTA3odkhangies 580 tn MY (G B a1S0.M0y513€038) final
practiced within the scope of the appended cl ai s.
Ther@pengatiop) by 106442 PCT/ EP2009/ 051757 - 147 it

i's t@T”P:Sl ,?—Eﬂglggtlfl{%ﬁglsﬁbgfle bba%n@%ﬂ:\é Q}Iﬁilﬁicéz.it.pﬁ bo Ifl]9‘.y')877+hf%enal conc.:

i nt ende tiveand not restrictive.
scoplenMf the invention should, therefore, be

dos nPubraitch MR (s FaC Neot 0ot b b0 Ra onesprion 10mM
r ef eX &RCBithRok BEECIASRY: 30 navingmetes] ¢l AMBGTA2D QR Na Vanadate,
with the full scope of ‘equivalents to which such

cl aitbnif B ghrtiophegphats, ) mMMgiit, s, mpaD@EMt 0,1% BSA, pH 7.5
appljcatio nd publjcations cited in this .
appittegeroh oufe: A edob B bamprabERerR Aty aitade Nope 1%
theighogsHokic @by, for all purposes to the same extent as

i f each individual patent, patent application or
publication were so individually denoted. WO

. 2009%%142(1.PCT/ EP2009/ 051757 -148- dains 1. A
Xperimen BPdEormuila | OR @ N\ NN HS5 1 wherein:

In 404 Y Suile; 2082, of BOBRUiIuRA; plfiddSret OWBHa@iHkMlan IYREI0-635 [0.5 nM] was
al koxy, phenyl, benzyl, heteroaryl, cycl oal kyl,

mixedheitled byl 10X dopkentratipncyfcthe adskgdnapdantls, [opallph@OEIM- 0.003uM] in

supstituted with one or nore Rla, Riagis Ribor Ric;
[10% MR AR B RO HRATPEAY Tt REN: R o

-(=0QqRf), -(=0CH(Rle), -S(Rif), -S(0)2(R"), or
The k@%(e;rsoglcqo &a{s)lﬂlg:a%%)}ﬁé gﬁgfé%{,%hﬁgﬁlxg%éﬁ}? COdKPAil containing the

. r | N | y . .

o Riekesih 1 1Ay oLl UEL SRS iy uvaion
30° C@6r Yfomeh, Bledeaction was terminated by the transfer of 25uL pf the reaction sample 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. 2M NaCl; 2 x 250 uL.
2M NaCl+1% phosphoric acid; 1 x 250uL. H,O. After the last wash membrane/ plates were
transferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 UL 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 ICs, was calculated using a non-linear curve fit with XLfit software (ID Business
Solution Ltd., Guilford, Surrey, UK).
The foregoing invention has been described in some detail by way of illustration and 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,



15 Rid is H hal ogen, hydroxy, |ower alkyl, |ower
al koxy, or lower haloalkyl; Reis H I|ower alkyl,
w0 omeno@hkoxy, -CN, |ower hal oal kyl, phenyl, PCI/EP2009/051757
heteroaryl, cycloal kyl, or heterocycloalkyl; Rf is H,
| ower al kyl, lower hal oal kyll47phenyl, heteroaryl, 20
cycl oal kyl, or heterocycloal kyl; R2 is N(R2a)2; each R
it is tod® insletstude PN digdboye He@fipRabis iRadedd b)eilﬂustratlve and not restrictive.

indegendentl | ower alh% , .phenyl, heteroary
The sqopg PhHiedpyention shald dherel9sg. by (detepingd pat withy éfff%:rﬁP‘FFy‘P the above
descri%(mf lbﬁﬂﬁrouﬂlplhktgzﬂ?ﬂ)é detéﬁﬁﬁéd \Mﬂtl ?Eﬁ %éﬁono@len?gSaﬂﬁgﬁ@ed claims,
c; Rc is al ogen, oxo,
along kwyidirthefiull M@Qﬁ)myum&ﬁ&om¢£mﬁ@9ﬁm5mr'b&ﬁtltled49 R2ei s
-N(R29) 2, - O)(RZQ) -g=0 A Rz2g), - (=0 N(R2g) 2,
- N(R2g) C( = O?( R2g), =0 2(R2g), -S(02 N(R2g) 2,
All paregie patgntappl icatigpe pnchp wytloqs(y\ngqi 1rh@1|1s(pa)|p]494tlon@ﬁ@h§rpby incorporated
by ref r%%(gerlggﬁe\g éntir g@tfglr ﬁgél}pg &%% {((%tl atsq%e%h tl]ﬁdl\élrc]igal CPratent,
patentl'@pﬁcaﬁeﬁ or pa]@lh:aﬁ?slﬁ wefe Soﬁd&pﬁlﬁd&ﬁﬂér}bt&d. hal ogen, | ower
al kyl, lower al koxy, |ower haloal kyl; each Reg is
i ndependently H, |ower alkyl, |ower alkoxy, |ower
hal oal kyl , or phenyl; 10 R3 is -C(=O R3a; R3a is |ower
al kyl, | ower al koxy, phenyl, or N(R3b)2 each R 3b is
i ndependently H or lower alkyl; R4 is -Q(R4a); Rda is
H or R4b; 15 R4b is | ower alkyl, phenyl, benzyl, | ower

hal oal kyl , cycl oal kyl, heterocycl oal kyl, heteroaryl,
optionally substituted with one or nore Roc; Roc is
hal ogen, hydroxy, |ower alkyl, |ower hal oal kyl, or

| ower al koxy; @ is cycloal kyl, cycl oal kenyl,
het erocycl oal kyl, or heteroaryl, optionally
substituted with one or
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20 nore Ra; QRa is @b or Q@c; b is hal ogen, oxo,
hydroxy, -CN, -SCH3, -S(O2CH3, or -S(=OCH3; Qc is
wa@Ranee4@Pe; or two (Ra cone together to formBCTI/EP2009/051757

bicyclic ring system optionally substituted 25 with

one or nore @b or Q@c; Qa1 _Q @e), -S(=0 2(Re),
-A=0Q N(QRe) 2, -S(O 2(Qe), - (=0 (QQe),

_A=0Qqe), -N(Qe)2; -N(Qe) (=0 (Qe),
-N(Qe) (=0 (Qe), or -N(Qe) (=0 N(Qe) 2; each Qe

I's independently H or QRe; CRingach Qe' is

i ndependently | ower al kyl, phenyl, benzyl, | ower
hal oal kyl , cycl oal kyl, cycl oal kenyl, heterocycl oal kyl,
or heteroaryl optlonally substltuted wi th one or

L. nor éA gpnpowrgkofiformpla Ior  Q2h; WO 2009/ 106442

PCT/EP2009/051757 -150- @,p.i s hal ogen, hydroxy,
cyano, oxo, or C(=0 (Q@h); RS | ower al kyl, | ower
hal oal kyl , | ower a phenyl, benzyl,
cycl oal kyl, heterocyc r 5 heteroaryl,
optionally substitute or nore Q@2'; and Qi
i s hal ogen, hydroxy, c T tower al kyl, | ower
hal oal kyl , or |ower al koxy; df a pharmaceutically
acceptable salt thereof. 10 2. The conpound of claim
1, wherein Ris R. 3. TheIconpouwdwUﬂnclaln12

. rgkn is lower alkyl, preferably tent-butyl. 4.
RJSR&H% E hd of claim1, wherein Ris R2 and R2 i s

NR( Ba@)ver ﬂﬁylefoﬁ&reﬁﬁﬂééxy\ﬁﬂl%ﬁylnber&@ Reiéfalyd, &2ballsyl, heterocycloalkyl,
defined in claim1l. 5 The conpound of claim1l
or CYCW@@?Y&lhqum)tl%laﬂléﬁ‘éTS@BW wHh Ry or BpKiBival |y subst i t ut ed
with gne o [7os1e Qa. 20 6. The compound of claimb5,
mhereln dﬁ is heteroaryl, optionally substituted with
one or ﬁDrRuﬁgﬁﬂogﬂl6ﬁ@1ﬁﬁﬁﬂ%@“@d4ﬁﬁ cIa|n16 mhereln
@ is pyridine. The
Qa is @c Bnds cﬁ(r@@ﬂ%ei e ?,(F%%{Rk% S<%pi r§H% 1%/ ) 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 isH, halogen, hydroxy, lower alkyl, lower alkoxy, or lower
haloalkyl;
R is H, lower alkyl, lower alkoxy, —CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R'"is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
R? is N(R*™),;
each R* is independently H or R*;
each R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or
more R*:
R*is R¥or R®;

R*is halogen, oxo, or hydroxys;
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substituted with one or nore Q2d. 9. The conpound of
claim2l, wherein @ is cycloalkyl. 30 10. A conpound

w@eloeso@d2 from t he group consisting of: PCT/EP2009/051757

1-[2-(1-Benzenesul fonyl -1 Hindol-3-yl)-5Hpyrrolo
[2,3-b]pyrazin-7-yl] -2,2-dildé&t hyl - propan- 1-one;
1-[2-(1H I ndol -3-yl)-5H pyrrol o [2, 3-b] pyrazin-7-yl]

- 2, 2-di met hyl - pr opan- R*aneN (R, 200D 0R#4,2 C(=0)O( R*®), —
PCT/ EP2009/ 051757 -151 2 2
2- Cycl ohex- I-enyp(%(lmﬂ% Pol 6\{(5 ECE(BQ 21‘n%( @)?é% E)G)@;QQ)Z NR™)o,

| c_acid isopropy|a- gy, | koxy, lower haloalkyl, phenyl, het 1
2- Cycl ohexyl - 5H pyrroﬁ(g[ O\gera]l yrazl ne- %O%aylngffﬂyi oAyl
aci d i sopropyl amhéesoaddoxy, Eycloalkyl or heterocycloalkyl, optionally

[2-(4-Acety|-piperaz|n 1-yl) -A-yl] -5Hpyrrolo
[2, : Lghs}ltuteéi \ZP/ thy Pﬂg%/rhlg}iare
1-
[

3-b] pyrazi n-7* ropan-| - one;

[ 2- (5; Met hoxy- pyri di n- 3- ylch-BHsR)ddpeh@indy 31, BhRYEAZbRer alkyl,
7-yl]-2,2-di met hyl - propan-1 - one;
1- (7-1sopropyl car banhwerall@pyrlpwblol[laloal?kﬁ] pyr azin-2-vyl

)e-SFIePGrI din-3-yl]-methyl- Cgarc?leﬂwg 1s in gpegdfg Hq grl alkyl, lower

2 (3- Met hyl ami no- pi pekikgky1dwdt hatdakikypydriphk®fi2, 3- b] pyr a
i ne-7-carboxylic acid isopropylanide; conpound with

tRl 19ddFORCcet i ¢ aci d:
2, 2-Di gel; ?YAW& lﬁrl HX\KI&OA&@JW ﬂhe?ﬂrl shgysy ol ol 2, 3-b] pyr

azin-7-

1-[7- (2 2 Demht}ﬁ‘;/ﬁmpdmnwwy)Har}omeramyldu n-1-yl-5H[2
4]bl frolo[2, 3-b] pyrazinyl]-7" -yl ]-

2, 21 Ryl - pr opan-1 - one;

2, 2- D net hy 4l - hzof(lg%pyrrol idin-1-yl-pyridin-4-yl)-5H

pyrrol o[ 2, 3- ]pyra2|n 7-yl]-propan-|- one;

1-[ 2- (1- Cycl opeRtyis lower pikyR pﬁqanyh tzenoyl; Wwek halbkikply cydbakyl,

2,3-b razin 2-di ropan-|-o
2 oy ey L Py Fierg g Eopon By 5d D ians oF myre R
inyl-4"-yl)-5Hpyrr OR@[lszhﬁognpﬁycﬁ%kﬁ 1dwer alkyl, lower haloalkyl, or

yl]-propan-I-one; 1- {2
[2-(3- D|rrethyl alnwnoalbyw,olldl n- |-yl)-pyridin-4-yl]

Q*is (a/%tr?%ﬁ%'gil IP%%SIFP% l?%%écyc%oarfkﬁ: b }}ete_rozargl_, optionally substituted with one or
more@2a2 Di nmet hyl -1 -[2-(2-thionorpholin-4-yl-pyridin-4-yl)-

| o[ 2, 3-b] pyrazin-7-yl]- propan-I|-one;
Qﬁ BQRerQr: 1 13- [2- (2 methyl -pyrrolidin- |
y py

;/lyl} ) pP 1‘3 'h?l’ogeﬁ/ Io|xo I%H'r r 8&\10 éé @(BYZ@E[ 183 JS(—O)CH3;
1-[ 2- (Qz‘&s zﬁyldQ%i i soi ndol -2-yl) - 5H— pyrrol o[ 2, 3-b] pyra
zin-7- J -dlmsthl-ropanl-
1-[2- (2" SVOEthﬂF’S Tosrihs o fqrpma @F-Nfég?rrrrtﬂ Ypiom3opf ppHly systituted
&llt}{lolne %r glogé ch!})(bze,pr opan- | - one;
Q* is —0(Q™), =S(=0):(Q™), <C(=0)N(Q™);, —S(0) »(Q™), -
C=0)(Q™), -C(=0)0(Q™), -N(Q™)2; -N(Q™)C(=0)(Q™), -N(Q™)C(=0)0(Q™),
or -N(Q*)C(=0)N(Q™)z;
each Q* is independently H or Q*;
each Q* is independently lower alkyl, phenyl, benzyl, lower
haloalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl,

optionally substituted with one or more Q*';

) 2h
Q7 is Q% or Q™
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2-[7-(2,2-D net hyl - propi onyl ) -5H pyrrol o 2, 3-b] pyrazin
-2-yl]-3, 4-di hydro-2Hi soqui nolin-1- one;
WQ@2009406342- Di et hyl - propi onyl ) - 5H pyrrol o 2, 3-BEPEP2RY/051757

-2-yl]-3, 4-di hydro-1 H qui nol i n- 2- one;
2-[7-(2, 2- Di et hyl - propi onyIPO5H- pyrrol o[ 2, 3- b] pyr azi n
-2-yl]-2,3-di hydro-i soi ndol -1 - one;
1-[ 7- (2, 2- Di net hyl - pr opi ongf? is hltopyit, e, Srahd mykioaad -n
-2-yl] - pi peridin-2-oneg;
1-[7-(2, 2- D net hyl - prgﬁﬂQHQI? 5H pyrrol o[ 2, 3-b] pyrazin
-2-yl]-pyrrolidin-2-one; 2h
1-[2- (1F 1 ndol - 3-y1 ) - 5K py s of o] 54 R o P sy halogkyly fowsr alkoxy.
2- di met hyl - pr opan- | - om@jno\\the90 dedHbAed2loalkyl, heterocycloalkyl, or
PCT/ EP2009/ 051757
2,2-Dimethyl -1-[2- (6 E?Frroawl diPHoPally sybstitigdyvish ge orgpere Q%
pyrrol o[ 2, 3-b] pyrazin-7-yl]-pro
2. 2-Di met hyl -1-] 2- (4-pyrrolidi nqaqshalog&ehﬁr@?’yﬁy)an%ﬁfweralkyl
pyrrol o[ 2, 3-b] pyrazin-7- yIkwwrbpﬁﬂ&WLoothefﬂkoxﬁ

ora pﬁdn?la%u)tlc%lr)y%cgﬁpt%glsﬁ%lr h%lrenof -SH-pyrrol of 2, 3-b] pyr azi
[ 1- (7-1sopropyl car banmoyl - 5H pyrrol of 2, 3- b] pyrazi n-2-yl
)-piperidin-3-yl]-methyl-carbanmic acid tert-butyl

2. est ekhe compound of claim 1, wherein R is R".
2-(3- thhylan1no pi peridin-1-yl)-5H pyrrol o[ 2, 3- b] pyra
zi ne-7-car boxyl i c acid; |sopropylan1de compound w th

3. trifTheaompaced blclaied 2 wherein R' is lower alkyl, preferably rert-butyl.
5-17-(2, 2- D et hyl - propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin
-2-yl]-thi ophene-3-carboxylic acid
( t et | 2a

4. [ 71‘11?:2.‘)6%@91119&' 5?&1?1%1p¥0%}i1%§]ﬂ; ?frsSRHagid/ﬁ 6 Nf—lél’isz,é)erpe)g?rg‘t%lpf wherein

R%nstﬂykkﬁnhimnmanelz carboxylic acid cycl opentyl am de;
5-[7-(2, 2-Di net hyl - propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin
-2-yl]-thiophene-2-carboxylic acid

5. (tetriRhdpBuRy b8daif Y] Whddh ¢8:is heterocycloalkyl optlonally substituted with
1- (2-g¥clopropyl 5H pyrrol o[ 2, 3- b] pyfrazi n- 7-yl ) - 2, 2-di

one ommpeleyd - pr opan- | - one;

5-[7-(2, 2-Di et hyl - propi onyl ) - 5H pyrrol o[ 2, 3-b] pyrazi n
-2-yl]-thiophene-3-carboxylic acid;

6. 5- [ TFeZodrpblfiebhythinis Qﬂhéﬂﬂﬁ'(}%@h’:t@%ﬁf | ltidnBtypdubyti@zdwvith one

2-yl]-thiophene-3-carboxylic acid

0fﬁwﬂﬁ@ethylan1no ethyl)-anide; 1- { 2-

[ 2- (3 Met hoxy- phenyl ) -cycl opent- |-enyl] -5H pyrrolo
[2,3-b]pyrazin-7-yl} -2,2-dinethyl- propan-I-one; 6- {

7. 2- [The(@nipobhdref dyim @r\ﬁlﬁﬁrﬂﬂﬂz)ls byHdiye.r ol o
[2,3-b] pyrazin-2-yl] -cyclopent-Il-enyl} -pyridine-
2-carboxylic acid ethyl ester;

8. 2, 2-fen bid oif aalﬁg? RARMNL -(5231 @4@%{11& déc' 1@?&6}00?&09%” Bptionally
| o[ 2, 3-b] pyrazin ] propan - one;

substifufed(Ritl2 ol memhlgeIQzﬂr opi onyl ) -5Hpyrrol o
[2,3-b] pyrazin-2-yl] -cyclopent-|-enyl} -1H

9. The compound of claim 21, wherein Q* is cycloalkyl.

10. A compound selected from the group consisting of:
1-[2-(1-Benzenesulfonyl-1H-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-
1-one;

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



i ndol e-2-carboxylic acid ethyl ester;
4-[7-(1- Met hyl - cycl ohexanecar bonyl ) -5H pyrrol o[ 2, 3-b] p
wQ e@2i1o6422 yl | - t hi ophene- 2-carboxylic acid PCT/EP2009/051757

cyanonet hyl - net hyl - am de; (1- Met hyl - cycl ohexyl ) -{
2-[ 5- (nmor phol i ne- 4- car bonyl)53thi ophen- 3-yl ] -5H pyrrol o
[2,3- b]pyrazin-7-yl}-nmethanone;

2- cyéuo}(e&- Fblﬁy’alrﬁPBplyﬂroEH} DYl pyohAfe27 SatbbRYlicadidisépippytahide; di m

opan-| -
2- qulolferyk an@irmﬂéywmﬁéwsﬁe@abwﬁy PYISIPEIMTBIEER, 3- b] p

I
1- {2{2’1?4@%%}% %:p%r&%q) Pgirjn NGt 43"3‘»[ o9 %%12£%§ ipfhyrazin-7-y1}-2,2-dimethyl-
propaiRCIlonEP2009/ 051757 - 153 {

I- [2—%‘-%2&%%‘%5“&?15%? aslaﬁgﬁp Mﬁ PElpst 5@7114 F381-2.3-dimpghal proppay1-one;

)
[1-(7- iso?k%ﬂéar%d@&' S[ngﬁg(?!@[?;@rdé?p giﬁinthlﬁ&gq_ﬁgf;/rﬁné I3nyl]4fn;:tlsy_l giaibamlc

aCIdtqyybmtlesﬁeZ, 3 b] pyrazin-7-yl]-propan-1- one;

2-(3- ﬁﬁéygplngﬁpeéﬂ%é—p ) Oql—ﬁﬁ)ﬁfrgloi)? %J’ﬁ%\’é/’%ﬁg s —calbok;thcl am&) yrid

isopro !y]]anﬁ’dleﬁ RaMpbuN@ith &ifldofo-acetic acid;
p‘513 Di met hyl am no-pyrrolidin- |-yl)-pyridin-4-yl]
2,2-Dimy pjly}{%-[p@rrplzdlg lbylp{/ﬁ FITALof2,§{b] pyrgzip-7-yl)-propan-1-one;

o) '
B e e e e D e T Uy
2,2- dlﬁlleﬂgypfdphﬁm{l%rié- b] pyr aZ| n- 7 yI ]- pr opan | - one
r roli

2.2- ant)hybw-&z-ﬁmolgﬂhp I: ﬁﬂpymrréwé) ?I% 3l %&ﬁdzﬂpﬁa@n 7-yl]-propan-1-
one: Yl }-propan-1I-one; 1- {2- [2-(3-Hydroxy-pyrrolidin-

| -yl)-pyridin-4-yl] -5Hpyrrolo [2,3-b] pyrazin-7-yl}
1-[2-C2C elomtineyet i [ 1, 2B Bpaavl-U- YO REH- o] & 2,3-b] pyrazin-7-yl]-2,2-dimethyl-

TL% 3,3-Difluoro-pyrrolidin- |-yl)-pyridin-4-yl]
PropalghSyrrol o [2, 3-b] pyrazin-7-yl} -2, 2-

2,2- D%%Mlyl[z% @Baé]fekra%® 2H-[1,2' ]b1pyr1d1n 1-4'-y1)-5H-p rr010[2, pyrazin—7—
1-]2- -Azepan-l-y pyridi n-4-yl) - pyrrolof’Z yr
yll-prepeainnl- <7nfyl ]1-2,2-di met hyI pr opan-1-one; 1- {2-

1-{2- 22—9(—§)S%etg}/lamﬁno o~ r%ird%%l erglldén rlzyl]g SE] pﬁggrroglzﬁﬁ bl,]pgﬁa?m -7-y1}-2,2-
dimethyd-pfop a‘ﬂﬂéﬁ%&l"y' propan- : 'gne | - i

uoro rrotrdrn-I- I n
2.2 Dl Lo U G i ding - }y% S pyrolot23 blyrazin7-y1l

li.net. hyl - propan-1-one; 1- {2- [2-(1,1-D oxo- i
pmpa})#é%i onor pholin-4-yl)-pyridin-4-yl] -5Hpyrrolo

2,2-DiideByb] 4232 methyll gyrroBididr 1-g)mtridid- 4-@1]0$H\4pyfrot®l[lk3—b]pyrazin—7—
1-[2-(2-Chl oro-pyridin-4-yl)-5H pyrrol o[ 2, 3- b] pyrazi n-
yl}-propap-1-o9€:2_ di net hyl - pr opan- | - one

1-[2-(1,3-Dihydro-isoindol-2-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-[2-(2,3-Dihydro-indol-1-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-3,4-dihydro-2H-isoquinolin-1-
one;
1-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-3,4-dihydro-1H-quinolin-2-one;
2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-2,3-dihydro-isoindol-1-one;
1-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-piperidin-2-one;
1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-pyrrolidin-2-one;
1-[2-(1H-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;



2,2-Dinethyl- I- 12- [2- (1 -oxo0-
1, 4-thi onorpholin-4-yl)-pyridin-4-yl] -5H pyrrolo
WO 20034042/ r azi n- 7-yl }-propan-| -one; PCT/EP2009/051757
1-[2-(2-Cycl opent-1-enyl -pyridin-4-yl)-5H pyrrol of 2, 3-
b] pyrazi n-7-yl ] -2, 2-di met hydlSpr opan-1 - one;
(1- Met hyl -cycl ohexyl )-[2-(2-pyrrolidin-I-yl-pyridin-4-

2,2-Dyin}th§Ht 34 6-9y @b I2diB-1by 1y @it -D-y I Y IpyrioR Admdp@azin-7-yl]-propan-1-
1-[2- (4-Hydroxy-3,4,5,6-tetrahydro-2H[1, 2' | bi pyridiny
one, |-4'-yl)-5Hpyrrol o[ 2, 3- b]pyra2|n 7-

| l: 2:0r10 }
2,2- D\ﬁln}tthgl 1?'[5j (Irﬁgfl&édlg 10ﬁ3§ra rcli(lergg ﬁﬂ%)OSn% pfrrrolo[2 ,3- b]}())}(rafm - yl%]propan 1
one; yrazin-2-yl]-thiophene-2-carboxylic MD 2009/ 106442
2,2- Dpncfyhﬁ?f-% Yam 2 st s b1 fra sk YD B oRY ! o am de
[1- (73sdp§o}_}§y:ﬁza§oa@1cfyll—159f @,@asﬂzl ﬁbﬁ)@/r421rf2§fyboﬁl¥iéﬁdlﬁj3|-ﬁphﬁ:ﬂiy:ll‘cb(ﬂbamic

rrol o b] pyrazin
amdﬁﬂébMylﬂmyclohexyl) met hanone;

s RSP R L et
isopropplaiiidie; ey@benexyith trifiddeaeiR; ac d1 'VEt hy! - CyC| ohexyl) - {

i? (1-oxo0-1)4-thi onor pholin-4 ¥r|d|n 4-yl1-5Hp
5-[7-4gs Qpr@ft@ylgprogljopy]r)éﬂ pyIralgi2 3- hmth;ﬁbag] thiophene-3-carboxylic acid

(tetralﬁgﬁ %ﬁgﬁ'gb&? yf?rb?gy%tw: ophen-2-yl] -5H- pyrrol o

5-[7- (QyZ;DQhﬁhyﬂ prop®hkisenpyrrdlo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic acid
{¥ (3- Hydroxy-azetidi ne-I|-carbonyl)-thi ophen-2-yl]
cyclopegiyldhides| o [ 2, 3- b] pyrazin-7-yl} -(1-

5—[7—(2’?25 %}/Aé% ;Wl%@g%ﬁ%xyﬁgﬁi%_ 5 Z-ij al,zgri/ 3 yl][ t%l({pﬁléne 2-carboxylic acid

(wudﬁ@ﬂ&pﬁﬁmemﬂﬁaym¢>pyr|d|n 4-yl] -5H

1o EYigoRyis g E%L%b?m{m%n- by 3R iR o
5-(7- ? 1 ﬁnﬁgfﬁym‘abioﬁ §§1@&ng 3-dIpyaRe R Phidphe R RUDORYIR: acid;

- pyra2|n anone;

5-07-8-3- Dlr(lqtlly)eplhyionwé%hmdn@c?abhxymg 25H-thjapheieop 2ardolylje acid (2-

d“n“%w%?ﬁm i%%L |ophene 2-carboxylic acid
1-{2-p- {37Meﬂh05@1ﬂh¥hyl§l¥§dl@§&l£dtf&gqrﬁbpp?lllr()lo@—B_@gyy&@hlﬁlb%‘l}3_2’@]_&methyl_

yrazi n-2-yl]-thi ophene- 2 carboxy aci
Pﬂma@ﬁdnﬁpentyl met hyl - ami de;

o218 NS AR A PSS yhostapa e

2{aﬁ%xymdaddcm@1&mﬁ=cyclohexyl) net hanone;
-cyclohexanecarbonyl) 5H-pyrrol o[2,

5-[7-(1-Meth
22—%%%&@@-})%%# SpHeprt-d-qyp) bﬂiwﬂelo[%él yrazin-7-ylJ- Propgn 1-one;
5—{2—?7—?2,1—%‘11%¥fﬂ5/9f§136pﬁ)tn9y)|§H @Wrgl%[2,3 -b]pyrazin-2-yl]-cyclopent-1-enyl }-1H-

indole-2-carboxylic acid ethyl ester;
4-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid cyanomethyl-methyl-amide;
(1-Methyl-cyclohexyl)-{2-[5-(morpholine-4-carbonyl)-thiophen-3-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-methanone;
1-(2-Furan-3-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
4-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid (1-ethyl-propyl)-amide;



5-[7-(1- Met hyl - cycl ohexanecar bonyl ) -5H pyrrol o[ 2, 3-b] p
yrazin-2-yl]-thi ophene-2-carboxylic acid
W@ 20004t0i4dxy - et hyl ) - met hyl - ami de; { PCT/EP2009/051757
2-[5-(3-Hydroxy-pyrrolidine-I-carbonyl)-thiophen-2-yl]
-5H-pyrrolo [ 2, 3-b] pyrazi n--#3§1} -(1-
nmet hyl - cycl ohexyl ) - net hanone;
{2- [55(4{17ydr8x>24almlfm>ernﬁ1&plemry)bhyﬁlrhl@ylfdhcﬁ ol 3HBp At elyr2e&blpyrazin-
] -t hi ophene- 2- carboxyllc acid

7-yl}- é&%%wph%@% Hyfthanange; _
2,2- D?rn[:tﬁﬁ%[% %Egg&fﬂa’lh 1%?;@16 ﬂ?/—ih%rl)gg:[ﬁﬁﬂl{)@[9,@3)]1337113liﬁy7r—§1¥—&)fbpan—1—

ne- 2-ca
one; bi s-(2-hydroxy-ethyl)- anlde 1- { 2-

2,2- D[u?eé)iy —wg-lf_f %}jrq 5118 flf{'(éo-gﬂ Ple£ Jb?pyrll‘l%lrllyl 4‘:7l BOSIH -p rrolo 2, ? tE)?pyrazm 7-

yl]-pr JBRVI-84d:-n- 7-yl } - 2, 2- di net hyl - propan-1-one; WO
009/ 106442 PCT/ EP2009/ 051757 -155 1- {2-
1-{2-[ 56X Piraethliaméno-pyreclidbo i) pyridioghd hSB-piriole[83-plpyraging? -yl }-2,2-

mn“ﬂ%ﬁé”?¥%@¥hazln /- yI} -2, 2-di met hyl - propan-1-one;

2,2-D2mbdyl mmpltm@lmeg;hzghﬁarﬁqwhin nlyl)osﬂl@g}rraroyi B-b]pyrazin-7-yl]-
-S5Hpyrrolo [2,3 b]pyra2|n 7-yl} - propan-|-one;
propan-1ongy net hyl - | -

22l zﬁﬁ'@e@ﬁ%}p STy BIRE rtotprin-
yl}- pr8pzfﬂ ncemyl am no-1 - ’

5- E 2- nethyl propi.onyl)-5H pyrrol o] 2, 3-b] pyrazin
1-{2-[% %H}/drtoﬁy @gﬁr@h@n 1-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-

dimeti1GRE LM bae-azet i di ne- 3-carbonitrile; 1- {2-
Hne%§%?iQ' droxy pi peridine- |-carbonyl)-thiophen-2-yl]

1-{2- E25(-} fbjbﬂiﬂumo py2oBdin} byhagiidin/4-yl]}5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-
d - 2-di me | - propan-1-one; 1- {2- [4-(Azetidine-
“namyd%?%@n Pg’thlophen 2-yl] -5Hpyrrolo

1-[2- (nggéaQ ﬂ%‘rlﬂinht %rllz)}SHi)y?rbﬂi[f@IﬂTw'ramQﬁoﬁ?-Qd -difé€hyl-propan-1-one;

(pyrrolidine
1-{2- chasba@ugrotmrr@pﬁmnl 21)3Hyrld111641-lyﬁyiﬂ1plyﬁolo[2 3-blpyrazin-7-yl}-2,2-

ra2|n 7-yl} - propan-l-one; 2,2-Dinethyl- |-
dnnaﬁélnﬂ%%pg |per|d|ne- | - car bonyl) - thlophen 2-yl]

1-{2- [zﬁthglysrmbI@ fygsodid - PYT)agiridin/ 4 Wi k5 H-pRFroRAD 3 b pfeiin-7-yl }-2,2-
(1-Met hyl - cycl ohexyl ) -{
dimetlpylipsoag- lygkdiy| - pi per azi ne-| - car bonyl ) - t hi ophen-2-yl]-5

e b e D R S B e e
dimetRylygrdpanSHemyr rol o [ 2, 3- b] pyr azin-7-

hyl | oh h
12 B b By L SEp s b PR sl b l-progan L-one

t I 4 .
2,2- DqI%et‘ﬂBfﬂr: {E}fb (P 09?31'1 51}1?%8 éllolﬁr_l 4_39? p rll_cdlg );lr 5 gl[pirgo}%ﬁzb?)ytr)]pyramn

7yH»gzmaH1(yk) propan | - one;
1-[2-(2-Cyclopent-1-enyl-pyridin-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-
one;

(1-Methyl-cyclohexyl)-[2-(2-pyrrolidin-1-yl-pyridin-4-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-
methanone;
1-[2-(4-Hydroxy-3.4,5,6-tetrahydro-2H-[1,2"]bipyridinyl-4'-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-
yl]-2,2-dimethyl-propan-1-one;
5-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic



1-[7-(2,2-D nmet hyl -propionyl )-2"-pyrrolidin-|-yl-SH][2

, 5" ]bi[pyrrolo[2,3-b]pyrazinyl]-7"-yl]-
W(27. @odoaret hyl - propan-1 -one; N { PCT/EP2009/051757

1-[7-(2, 2- D nmet hyl - propi onyl ) - SH pyrrol of 2, 3-b] pyrazi n
-2-yl]-pyrrolidin-3-yl}-acetlati de;
2,2-Dinmethyl-1-[2-(2-nmethyl -pyrrolidin-1-yl)-SH pyrro

amd(DkﬂprhbpMnaﬁda 7-yl]- propan I one

% pi per azi n- F% rol o[ 2, 3 pﬂpyra
{2- [5r(3 ]91[ uogo Qze@gi}—pétlh%rb%yébg}gpghe@ﬁeyl H-pyrrolo[2, 3-b pyfazin-7-yl}-(1-

nwﬂnéiﬁ?gﬁgﬁgnx&hémgg nor phol i n-4-yl - 5H pyrrol o[ 2, 3-b] pyra

propan-1 - one;
{2- [54(4{I{yc(r5x}Fpllpemdlne-rietmlrbdnylbLt)l}oﬁhhrpywﬂ]eﬁé{p&rrﬁldn,ﬁw]plyr'azinW—yl}—(1—

nwﬂ“% %§2T¥W%€?ﬁ%%§mFﬁggﬁan ;I?ngh-pyrrolo[Z 3-b] pyrazin-7

1MtM11 1A 1es iyl 1 Bk OARNHi6rAB®holin-4-y1 din-4-y1]-5H- 1o[2,3-
(1-Mg & S egﬂ“?@ ! ol ol s ol ey Py I3 pyarotel

b]pyr@tm?iylbmﬁanom& one;
{2- [5]@’%%@14)36 chlbb&qy?ﬁ tlalﬁghgny E yrrof())H) X pz3;rzr1]zm ll% _(?'rr?e_tl(ljyl

cyjdﬁmbgqﬁahﬁnﬁkhydro | Hisoquinolin-2-yl)-SH pyrrol of 2, 3-
b razin-7-yl] -2, 2-di net hyl - propan WO 2009/ 106442
{2-[5 Eb@aeweoémmcarb%@l thiophge-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-(1-

(1, 3,4, 9-tetrahydro-(3-carbolin-2-yl
Hwﬂ“? éﬁ%&éﬁ?gnﬁ P%K%%b]pyra2|n 7-yl]-propan- 1l-one; 2-11-
1-{2- 276(135R @)Ffeglb}sﬂoxpﬁﬁﬂiy%wn :oﬁdﬁcgﬂ 1 0Ntk 23-8h fplypytinadiyt]-5H-
H-i ndo acet am de;

Pyrrolzfézi b}m&Zﬁw -2 %@e@y kPERPaBtlr iy dr o- pyr i dof 4, 3- b] i nd
R 4 P S RN B i i
bmyuap2734bhpﬂmaqmn 7-yl]-propan-I-one;

5-[7- (gl_]}(éﬁh:a{l)" Fg%? ol _allﬁac rbaﬂgt) 58 {)}c/)rlro [)62 § pr]yPQQ yﬁ:tﬁi%hgﬁez—%%z_lrboxyhc

acid dtiidhiet hyl -1 -[ 2- (2- et hyl -i m dazol -1-yl)-5H pyrrol of
2, b]pyra2|n 7-yl]-propan-| -one;

5-[7-@- MetblthYinexane[canb@EylﬁétPhymdo@ﬁb]ﬂy@hzgm 2o leiaphene-Yeyrbox ylic

H-pyr.rol b]pyra2|n 7-yl]- propan-|-one;
amdc%éf5§¥ tﬁb’ dazol -yl)-5H pyrrol o[ 2, 3- b] pyrazi n-

{2- [57(4§'I|I§}d'r8x3241ﬂ1d’@§1 ﬂ)erﬁﬁt&pﬁ—ﬂaﬂboﬂyl@thl hen-2-yl]-5H- pyrr010[2 3-b]pyrazin-
2-t hi ophen- 2-yl - Ffpyrrolo[z b] pyr az
7-yl}- (lnmﬂsyﬂ yycdelaﬂacah metppeone;

5-[7- @ l;?%?‘dexhne[c%fb%ﬂlmﬁﬁ EQka16r3 bR LA Rlcphdidd Rboxylic

amdb&(Z}@dmﬁﬁbmyﬂﬁmﬁﬂdhlOphen 3-yl-5H pyrrol o] 2, 3-b] pyraz
S>-[7- Q Meﬂ%éfmme@nqczrb@seélé-éﬁ-smbW-Bmwaéﬁrbﬁzf}lsthtﬂpbwf'a%-icwbOxylic

id (2- ok v RIRARE s LR fide:

ot (2, % D?%Bthﬁ@l - F 2§1?1H’- pyrazol -4-yl)-5H pyrrol o[ 2,3-b]p

{2—[53(Bd—ij’d119)7ypvjfr}relpﬁnq3h—maﬂbonyié»jthiopheni—yl]—5H—pyrrolo[2,3—b]pyrazin—7—y1}—(1—
4-[7-(2, 2-Di et hyl - propi onyl ) - 5H pyrrol o[ 2, 3-b] pyrazin

nwﬂ“dﬁgﬁP@“ﬁéﬁﬁ?ge tcarboxylic acid tert- butyl ester;

5-[7- (@;?D%%‘Eﬁ?l%pion?ﬁﬁ@ﬁﬁ%&bEZlS—B]p'y%ﬂirpwyll]oﬂh&[p%el%—@-]cﬁbbbﬁﬂﬁc acid

ropan-1I - one;

cyanomethybimegityhyinide;[ 2- (2H pyr azol - 3-yl ) - 5H pyrrol o[ 2, 3-b] p

5-7-0A Blmetzyl)—/}ln:bf)f%%%e—ﬁf)g/r_r&g&;,3—b]pyrazin—2—yl]—thiophene—2—carboxylic acid

bis-(2-hydroxy-ethyl)-amide;

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

blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;



2,2-Dinethyl -1-(2-pyrrol-1-yl-5H pyrrol o 2, 3-b] pyrazin
-7-yl)-propan-1-one;

wQ2@9mhrez hyl -1 -[ 2- (1H pyrrol -3-yl)-5H pyrrol op@I/BPI)HY51757
razin-7-yl]-propan-I-one;
2, 2-Di met hyl -1 - (2-t hi azol - 51§$~ 5H pyrrol o[ 2, 3- b] pyr az
n-7-yl)-propan-| -one;

1-{2- [5 [ Alzetiding- 1Dt areé Y )- thisphpih-Qngt | 5H§Hﬂfb§{d¥[a6|-lﬂb2ra3mbz -PMFAZidimethyl-
2-yl]-1Hindol e-5-carbonitri

WDPmilﬁﬁe(S Fl uor o-1 Hi ndol - 3-yl ) - 5H—pyrro|o[2 3-b] pyrazin

2 e R Rt e Y S Pyl g g1

pmmamﬂhyk cycl ohexyl ) - net hanone; 1 { 2-[ 1-(2-Hydroxy-

2,2- D[u?etéy{)? gél‘fgtz(lg%el?&%lg}%l gaﬂ?nﬁ )&g Pﬂi,?lj’]&,] %[g gxpl)é{ogﬂlé%]pyrazin -7-yl}-
pmmagqh%e(lH-lndol 3-yl)-5H pyrrol o] 2, 3-b] pyrazin-7-yl ] -2,
di et hyl - propan- 1 - one;

3- Dlmethszla@m@zb{{ bi 2 Bptmnthyl-propsiy byFH-oyopR] 23] pysziz-2ry Pthiophene-

[)~2, 2-di an-1 -one;
2carb§ Q}[ﬁzﬁ%(?ﬂf/ yb[oﬁﬁfl 2phenyl -t hi ophen-2-yl)-5H pyrrol of
1-{2- ok el 1-c b th 8:2-y1]-5H- lo[2,3-b 7-yl
{ %@*%mﬁwﬂfz S S pymolol 2 by -31)-

22d11216@wb}>wlamlr¢ne7 yl ] - propan-1 - one; V\ozoogl 106442

B T T A —

propan-2;ctredi met hyl - propan | - one;
1-[2-(1H-1 ndol - 3- yl 5H pyrrol of 2, 3- bkfyrazin,
2,2- Dm;letylylj 12{22[4dpy]réqlﬁi}/1pe bﬁé‘ﬂ?ﬁﬂy]b/ tlgﬂ%hen 2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-
mnpm?l%>@ met hyl - 1-[ 2- (1-net hyl -1 Hi ndol - 3-yl ) - 5H-pyrrol of
nb]pyra2|n 7-yl]-propan-|-one;

2,2 Dmné‘thsﬁ iRy (pipefi@ing B-qabemy!)-thidpben- ﬁqdll—ﬂiyiﬁroﬁifﬁ Pytlpyhgin-7-yl}-

3- b] pyrazin-7-yl]-propan-1|-one; 1- {2-
propal-Eist o et S L] ool -5 1T - 55 pyer ol o

(1- Métgfﬁf}éld%ﬁ%%'r{%‘[? ﬁﬁe&hﬁ p%péiiézrﬁ?éé %?P?%l?m Zp}%ehgl]'lgl)]/ rsgz F%rrolo[2 3-

blpyrazin-yiy] }-methadoneet hyl - pr opan | - one;

{2-[5 ](5 ([%Hb%h a4 ni%% urﬁq%e%dall}e OPI%DL %9 }E}% §§ pqmr%g[?g {)](f)yrazm 7-

yl}- (1%&tﬁyl@@chﬁ%ﬁﬂ%mdtﬂdnb®0| 3-yl)- 5H pyrrol o[ 2, 3- b] pyr azi
yl]-2,2-di neth pr opan- | -
12 Gyl onenit ] iy P ROLRIA B P YRS A Sireshy B enasyt-aein-

2.2-Dfih B Z e BRERY S BON Lol L3 Bpvracin 7-v1y-propap-Lone:
1-[7- (2 Bbivheiylagioproyy2]-ptraiptin-1Hyldite 2,5 Bhiybiona Byd]pﬂrailﬂyl{] 7'-yl]-

Bé (4- nethyl pi perazin-I-yl)-ethyl]-1Hindol-3-yl}-5
2,2-dipefy PPN 2 ;€ ] pyr azi n- 7-yl ) - pr opan- | - one;

I .
N- {1:’[;2 ?%,go[?%e%l ]prcilpsl(l)_élﬂ)' ?l[r-lépyh% ch p[ﬁ?%)ﬂaﬁné]z %1] _})?I'Ig}ihl)ﬂ 31y1} acetamide;
2,2-Dyngthpl- bih2d02-meting-pyfrolidid-1- yl) -5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;

1-[2- 4%&%%}%%%8%1%_212@9%%){)%0?‘9 [:’T?r%{)])pgﬁazply J7 l]% dlmetllyl pl%p;n 1-one;
2,2-DEmérhdli- l@ijﬁi/d mmg}r BH%@rolé‘EQ ?i@pﬁazm -7-yl)-propan-1-one;

- ( 3- Hydr oxy dr oxymet'hyl -pro
1-[2- Gﬁ-lﬂyﬁllocilnd@lzl 31-) pynr@lpf?.,gbmy}ram@l#m}yﬁ Religefhyl-gropan-1-one;

1-[2- (%] R %%{y I’1]ndol )il )}l) gHZpygrlo I'})yb] pgr)razirr)laﬁ i] 20 J ceiimethyl -propan-1-one;
1-(2-Indol-1-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
1-(2-Indazol-1-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
1-[2-(3,4-Dihydro-1H-isoquinolin-2-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-



2,2-Dinmethyl-1-[2-(6-nethyl-1Hindol-3-yl)-5H pyrrol of
2, 3-b] pyrazin-7-yl]-propan-I-one;
W(12([02/—1Q(@42\/bt hoxy- | H i ndol - 3-yl ) - 5H pyrr ol o[ 2, 3pGT/pR20a%051757
7-yl]-2,2-di met hyl -propan-1-one; 1- 12
[ -(2- Ami no-et hyl ) - 1H i ndol -136yI ] 5H-pyrro| o)
[ 2, 3-b] pyr azi n 7-yl} -2,2-di nethyl -propan- 1-one;
1-one?, 2-Di met hyI -[2-(6- m)rphol in-4-yl-pyridin-3-yl)-5Hp
Dyrrol L raz n78¥C Wof n-1- one; .
2,2-Dyrpetiysl Mbgiéla freRbydro] a(f@l BhotH-RyoI[ 2. HPiRyiain-3-x})]-propan-
J )-5H pyrrol o[ 2, 3-b] pyrazin-7-yl]- methanone;
1-[2-(1H 1 ndol -3-yl)-5Hpyrrolo [2, 3-b] pyrazin-7-yl]
2-{1-F2(222-tiimrethigl-propiroamyBroH-pywole[ 2,3-b] pyrazin-2-yl]-1H-indol-3-yl }-acetamide;

2,2- D}lﬁgt%%/r-l)[g—gfg[%ﬁ—%&wg I[?SIIHB%\[% %l L]érllfglg yD)- ghoéyrro?o[g]?)ply]pyrazm 7-
yl]-prépad: 1Dbﬁgat hyl -1-[2-(1H pyrrol o[ 2, 3-b] pyridin-3-yl)-5Hp
yrrol o[ 2, 3- b] pyrazi n-7-yl]-propan-1- one;

2,2-Dppethpi- kg2 -h3-pheényl-py(rekiipylrylolSel gyreolel2pl blpdiaziB7 yllypropanp1-one;

1-2- %@%’?Zﬁgédﬁ&%% ol 5‘%@( %%zry‘f)oi‘ﬁ dimZB, 290 q0sHE2

2,2-Ditacth 1”g—@yﬂneﬂhyf ﬁm@éﬁlﬂww @Hofﬁﬁro'io[Q 33N]ﬁ)5’fiﬂzﬂr ByWlprofdet Pone;
yrrol o[ 2, 3-b] pyrazi n-7-vyl opan-

2,2-Dimethnyh It Ry mev]- éﬁ(@hyﬁé@ﬂwﬁfﬂ?ﬂ P b P 2o lelb i BimreinT -

1-one;

| )-.5H pyrrol 0[2 -b] pyrazin-7-yl]- propan-1|-one;
pmpalﬁ)f c)nBi met hyl - {2- [1-(2-oxo0-2-piperazin-
1-[2- (R -Bﬂhylemlit}dz))} ﬂ.—lyﬂ)l—ﬂ'}(ﬂ-@b/rra}oﬂ]i bif@hszymﬂ] o %&nﬁt}iyl-pycrpam 1Rene;

opan- pi peridin- |

2,2- Dlngqtl}ylzl @X@l%)thﬁgfp}yl 5|H plyqrﬂe@ 3%]1Wra2|1n 7- yl) propan 1-one;

2,2- D;léik%lﬁbé[ # l(ﬁ[l%wigropb%\l')r%'p‘}rr&o[i@b’]ﬁwgmﬁ 7”?11] BYApaH—r 108~
2,2-Dithetlgt i]yzmyphanhaexyﬂ)l -fyBo(dl2 SetlpythzinH- pyprafaof 1208 b] py
2.2 T B AR PO B RLONEEE 0y 0 T enone:
2,2- D&n&tﬁyl(lﬁﬁ@t}hy&mmlaﬁgl%mp&rrd'lbDzﬁbﬁiy%zﬁi I?)Szll]lpr%b!iﬂ ngdak- 3

pyrrol of ] pyrazin propan- | - one;
4-[7-(2 2 mmdﬁlwl P@@mbmﬁkﬁl‘ly}}y}mﬂ(ﬂ%ﬂb]mmﬂ 18’1H+pr;a‘lpb$ bF@bQX)ﬂiCrﬁCld tert-

r|d|n 3-yl)-5H pyrrol o] 2, 3- b] pyrazi n-
bmyl%(s V1] - met hanone;

2,2- Dﬂ:ne{tﬁyl(ﬁ@h@rb]@léd ﬁym@yﬁo@{NB%iﬁﬁﬁﬂﬂfﬂb -plopas-1bjrRyr azi n

di met gﬁ ropan one;

2,2- DAmFgﬁy!]( i imfﬁ;nyraey mé@a%%ﬁ;hlywwﬁyﬂﬂ-@mﬂagz 1301183 p

2,2- D%ﬁie?@l Hy %2_ %}kr%)og ;]H/I?%i—lfn;?g%o%}f, §—rb%%¥iih—c7 —yl?—ﬁfo% an-1-one;

2,2- DRne[tEyl(l4E2|-lyl(H pyyel4s- phﬁmybyrpd)lpa’ 3-81pyeazin-7-yl]-propan-1-one;

2,2- Dlme%?;l 10{1 thlaztOIhIS ?yﬁ) r%IeJInpy?;ro o[]2 3- b]pyramrnr ? Iylo) p[rgpa?ﬁ P]Ogg/ razin-

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-1H-indole-5-carbonitrile;

1-[2-(5-Fluoro-1H-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;

[2-(1H-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone;

1-{2-[1-(2-Hydroxy-1-hydroxymethyl-ethyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-

2,2-dimethyl-propan-1-one;
1-[2-(1H-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-(2-Benzo[b]thiophen-2-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(5-phenyl-thiophen-2-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;

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



7-yl}-(1-nmethyl -cycl ohexyl ) - met hanone;
5-17-(2, 2- D et hyl - propi onyl ) -5H pyrrol o] 2, 3-b] pyrazin
WO 2009h19648hi ophene- 2- carboxylic acid (2- PCT/EP2009/051757

hydr oxy- et hyl ) - met hyl - am de;

2- Cycl opropyl - 5H pyrrol o 2,-35B] pyr azi ne- 7- car boxyl i c

acid ((S)-2-hydroxy-1, 2-di net hyl - propyl)-am de;
1-[2-(#H{TRd Q1 12- M 15l byreyl 6 [ 20h e g re e Jony,R Jdinkthpy pirophefl 2n3; b] p

razin-2- I5] -t hi oghene- 2-carboxylic acid;.

1-[2-<ﬁH[117d<1113-w§t hippthy e drysselpl e S Byaginy - B2y fenthyyl prapagy fyone:
2,2-D %lﬂ'—?Z’—(52/1l_—%lrfgtihﬂ%/—?ﬁnﬁ@(ﬁsz—;/l?—g%g%?%l%F2,3—ﬁﬁ§ygazm—7—yl]—propan—l—one;

2- anm no- propyl
2,2-Dempthy |- 4 Di( Frphémyll-d - pyor di ey 58- prar dlo[Ra3-bipyydz)n-T yil Jopaiopan-1-one;

1—{2—6][—&_—%1I@%%yﬁ)gmﬂé@%ﬁg—%ﬁ%}?ﬁﬁé{%&—b]pyrazinﬂ—yl}—2,2—dimethy1—
pmpa@q%[ opropyl - 5H pyrrol of 2, 3- b] pyrazi ne- 7- car boxyl i c

aci d (3-hydroxy-2, 2-di net hyl - propyl )- am de;
1-[2-C’E»—Ely@ﬂooﬁﬂélpiﬂl-%ﬂ-pblmmoé?[2;33b]b}/lﬁayina%iyﬂéﬁdbmtbﬂwbpm-1-0ne;
1-(2fE MR Aoty P AT HRa SR IR0l BT 0RA PR 125
dimetiyllpfoftad- Rokd;met hyl - propi onyl ) - SH-pyrrol o 2, 3- b] pyr azi n

-ﬁliﬂyl -pyrrol e-1-carboxylic acid tert- butyl ester;
1-[2-@nMethoxy-1H-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;

i 2 vhe i ine- 7ocarhoxylic
R e e e e e e A
2, 2-Dimdtingd -f20¢5-inegl-1 Hgndal-3-wih 15apRi o2, B b] p3dzii -Myliagropan-1-one;

condition conprising . admnistering to a patient in
2.2-Digadhy e s blof 2 B TR HpstT Rl D) <k B pdo i lint H opplog. 3

b POMIGopin-16hei m1. 5 12. A nethod for treating an
]pyral“zﬂ?? togrny condition conprising adm nistering to a

2,2-Dpatthght- {2 112 exorphairedfyl-athyheltjoeiol-Bed]-F §-pyifobaf £ 3vtd pyrazin-7-
11p AU t of the conpound of claim1. 13. A nethod for
YB-PIPRA bioPfing T-cel | proliferative di sorder comprising

1-{2-[AABIEN B68)-D Mg dER yRie gl—ﬁﬁipiy@nltH—.ﬁﬂHoﬂ@eﬂkgﬁ%fyﬁ%io[@,é)—bg%)yrazinﬂ—yl}—

therapeutically effective amount of the cdnpoun
2,2-dimethyhrptopaprlednet abl y wherein the proliferative

i der is cancer. J14. Us gﬁthe und..accar dj
Bl RS g ot PR R REE P oot
blpyraifT@ai caredeft9l-pidpantirart ment of an infl amatory

di sorder or of an autoinmune disorder. 15 15. Conpound
2,2-Dipebydi hg (¢-oncsly)- IFhimdet3tyheS Bipaiaie[2. 3 thdpywazingr ylirgeopap-1-one;
reat e t | Sor¢sr,_ k
1-[2 %Wg%hﬁ%g?@?ggé QPSH 'pg;r!)%% b%%aﬂh S/Oﬁ]j 530) cﬁ[neﬁfyl %ﬂ)pan 1-one;
1-{2-[1-(2-Amino-ethyl)-1H-indol-3-yl]-5SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-
1-one;
2,2-Dimethyl-1-[2-(6-morpholin-4-yl-pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
one;
(1-Methyl-cyclohexyl)-[2-(6-morpholin-4-yl-pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
methanone;
1-[2-(1H-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-(2-Imidazo[1,2-a]pyridin-3-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan- 1-one;
2,2-Dimethyl-1-[2-(1H-pyrrolo[2,3-b]pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
one;

2,2-Dimethyl-1-[2-(1H-pyrrolo[3,2-c]pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
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one;
2,2-Dimethyl-1-[2-(1H-pyrrolo[2,3-c]pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-
one;
2,2-Dimethyl-1-[2-(1-methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one;
2,2-Dimethyl-1-{2-[1-(2-ox0-2-piperazin-1-yl-ethyl)-1H-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-propan-1-one;

1-(2-{1-[2-(4- Amino-piperidin-1-yl)-2-oxo-ethyl]-1H-indol-3-yl }-5H-pyrrolo[2,3-b]pyrazin-7-
yl)-2,2-dimethyl-propan-1-one;
(1-Methyl-cyclohexyl)-[2-(1-methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-methanone;
2,2-Dimethyl-1-(2-{1-[2-(4-methyl-piperazin-1-yl)-2-oxo-ethyl]-1H-indol-3-yl }-5H-
pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one;
(1-Methyl-cyclopentyl)-[2-(1-methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-methanone;
1-[2-(5-Methoxy-pyridin-3-yl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;

4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid (1-ethyl-propyl)-amide;

{2-[5-(4-Hydroxy-4-methyl-piperidine-1-carbonyl)-thiophen-3-yl]-5H-pyrrolo[2,3-b]pyrazin-
7-yl}-(1-methyl-cyclohexyl)-methanone;

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

2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid ((S)-2-hydroxy-1,2-dimethyl-
propyl)-amide;

4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid;

4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-thiophene-2-carboxylic
acid (2-amino-2-methyl-propyl)-amide;

{2-[5-(4-Dimethylamino-piperidine-1-carbonyl)-thiophen-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-(1-methyl-cyclohexyl)-methanone;

2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-hydroxy-2,2-dimethyl-propyl)-
amide;

2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid tert-butylamide;
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2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-pyrrole-1-carboxylic acid tert-
butyl ester; and

2-Thiophen-2-yl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-hydroxy-2,2-dimethyl-
propyl)-amide.

11. A method for treating an inflammatory or autoimmune condition comprising
administering to a patient in need thereof a therapeutically effective amount of the compound of

claim 1.

12. A method for treating an inflammatory condition comprising administering to a

patient in need thereof a therapeutically effective amount of the compound of claim 1.
13. A method for inhibiting T-cell proliferative disorder comprising administering to a
patient in need thereof a therapeutically effective amount of the compound of claim 1, preferably

wherein the proliferative disorder is cancer.

14. Use of the compound according to any one of the claims 1 to 10 in the manufacture of

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

15. 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.

16. The invention as described herein above.



