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eosinophils caused by GM-CSF and the like. Since life extension of eosinophils is closely
related to the transition of diseases into a chronic state in allergic disorders, such as asthma,

syk inhibitors can also serve as therapeutic agents for chronic eosinophilic inflammation.

[0017] Syk is important for the activation of B-cells via a B-cell antigen receptor and is
involved in the phosphatidylinositol metabolism and increase in the intracellular calcium
concentration caused by the antigen receptor stimulation (Hutchcroft, J E. et al., J. Biol.
Chem., 267:8613-8619, 1992; and Takata, M. et al., EMBO J., 13:1341-1349, 1994). Thus,
syk inhibitors may be used to control the function of B-cells and are, therefore, expected to

serve as therapeutic agents for antibody-related diseases.

[0018] Syk binds to a T-cell antigen receptor, quickly undergoes tyrosine phosphorylation
through crosslinking of the receptor and synergistically acts upon intracellular signals
mediated by Src tyrosine kinases such as Lck (Couture, C. et al., Proc. Natl. Acad. Sci. USA,
91:5301-5305, 1994; and Couture, C. et al., Mol. Cell. Biol., 14:5249-5258, 1994). syk is
present in mature T-cell populations, such as intraepithelial Y0 T-cells and naive off T-cells,
and has been reported to be capable of phosphorylation of multiple components of the TCR
signaling cascade (Latour, S. et. al., Mol Cell Biol., 17:4434-4441, 1997). As a consequence,
syk inhibitors may serve as agents for inhibiting cellular immunity mediated by T-cell

antigen receptor.

[0019] Recent comparative genomic hybridization studies have identied syk as another
gene important in the pathogenesis of Mantle Cell Lymphoma (MCL) (Chen, R. et al.
Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings (Post-Meeting
Edition).Vol 25, No 18S (June 20 Supplement), 2007: 8056). MCL represents 5—10% of all
non-Hodgkins lymphomas and it is a difficult form of lymphoma to treat. It has the worst
prognosis among the B cell lymphomas with median survival of three years. It has been
reported that Syk is overexpressed in MCL (Rinaldi, A, et.al, Br. J. Haematol., 2006;
132:303-316) and that Syk mediates mMTOR (mammalian target of Rapamycin) survival
signals in follicular, mantel cell, Burkitt’s, and diffuse large B-cell non-Hodgkin’s

lymphomas (Leseux, L., et. al, Blood, 2006; 108:4156-4162).

[0020] Several lines of evidence suggest that many B-cell lymphomas depend upon B-cell
receptor (BCR)-mediated survival signals. BCR signaling induces receptor oligomerization
and phosphorylation of Iga. and  immunoreceptor tyrosine-based activated motifs by SRC

family kinases. ITAM phosphorylation results in the recruitment and activation of syk that



7,074,793; 6,969,760; U S. Pat. App. Pub. No.

2001/ 0007033 Al ; 2002/0115173 Al; 2002/0137141 A ;
wWQ003/189@86244 Al ; 2004/ 0102455 Al ; 2004/ 014249d1/B52009/002512

2004/ 0147507 Al ; and 2004/ 0214817 Al ; and

initiatelg g;)v?gg?ptgﬁenvaebﬁp%tge@mm g‘lilec(\)%lggs%%%) 8‘59 55{110 S%BA]he role of tonic

BCR sx% 2%1 %ilmalvpcgl@% %ﬁg ﬁ%)enm&g{\ﬁéﬁﬁﬁﬁgn I-Wagkms lymphoma cell
1/ 42246A2; WO 01/ 45641AZ; WO 01/ 52892A2;

lines inQvifr6 QGBSAL;., e\, Blodsl] aﬂam08m2813m7,@Mnh1MOn is a promising

2/ 00661A1; 02/4 WD 02/ 4 6A2: WO ) )
rationafse s NG Lt WB%‘P%G@AI}YA& h%wg@g%@wwphwnc leukemia
(CLL) éfiagx%a?@&ﬁ%w maqy&grgﬁﬁ%L BAQA BB Gl\é@ppe Leone,

3/ 101989A1; WD 2004/ 016597A2 2004/ 0417’89A1
Dimitap 010Ef@m&,lﬁmstltmemnmmmthmrotmt@@@hﬂlﬁ (M@lﬁi@)ﬂ?m WDOHIC

Ly 83 <<l D66, 0T S A oig S0 B tsadita stigs war

adminig@ARNATAIMOATKin IO A 0RO Bi3A Hhkbitd Yk 29 hAv84 ghiéantatiical
WO 2005/ 033107A1. [0034] Patents and patent

activityalgdtli ke aatients (HaedberH! Wept aliidoed 20Q% 1pYelil i Adstraeli B ne
conpounds include: U S. application Ser. No.

[0021] 10T i@béncodéhié pbreditial DT tha3dplectOyos{dI2R4A4 (SN HAO By described in a
i nternational ap I ication Serial No. PCT/US03/03022

numbey pf @éferpahsetiangs. LdgacalixoSyls Puersrgagssion.isrepappt incMande Cell

Lympt3fls (RAai R 5 B2 Habiiol 1200633288951 RS HRSHISROK fusion

proteinl{T@&nskppted EANS IosrukSmla) g&loeraﬂdd/ lgOéBctﬁGBloﬁa)rhaictrahslocatﬁm

i.nternatio plication Seri
(t®; 12%‘@‘% B@S?ﬁ‘%%‘f@r%‘@] %ﬁ‘/ %55’6’ gy §5‘5 % %?émd?tg&wcs%umé@o%xsplasm
syndroWdi(Kian8/ €., ENAO R LLEO ; WR)S‘(‘)—@USJ)efL%ﬁE&ﬁﬁ 1is induced in mice by
Substituted pyri m di nedi am ne conmpounds are al so
adoptivedy wansferdng honemermant dedln slhat gaprest hupal TERtSykr(Wossning, T., JEM,

' j unber.s:. WD 02/ 059110, WD 03
2006: BP0 R400 BIHERF OB andiBe PETRR Poms aTo Mie G NG gesion of
Syk red(fds @110 T 68Rpendéat SRIwWitB 4R diturdONRE8188,15.6et. NIEM, 2006; 203:2829-
03/ 002542, WD 03/030909, WD 00/ 39101, WO 05/ 037800 and
2840).U.s. Pat. Pub. No. 2003/0149064. [0035] Whiile progress
has been made in this field, there remains a need in
[0022]t hiateedtingly; Sglo mgﬁallmgSa;t;J&ats tb ibbirbquired kr Brdllalevdldfment and
ki.nase, as wel | for treati n%Scondl ti on(s:
am ell,

as
survival g BUpans %lﬁtm%sac digihEly SéﬁgghesB-CF%fm@g saMglfial ol
1997; @IOANTONS) BP 1ol Rraf gb'klalblﬁpﬁfb nfid?ﬁ{‘oz%zg’/ B00 SR loss of
peripharel Betilyml icen mvbr-éxmﬂglmf of tlhefpeotemrosme phosphatase PTP-RO,
2009/ 131687PCT(M382009/ 002512 ki nases as. conpared to
which isiknewnip pegativeliigedlala Sk 4Rl vifysinpibis @rolifpratigp aad prduces
apOptokIEYr?Uéll RiessRbived 8/ AdH- ﬁo@%&in‘%ﬁ?ﬁ?h&ﬁ@s‘j &heRN.EEt a1, Blood, 2006;
Y OF THE | NVENTI ON | resent 1nvention
108: 34@8@3A36¢5FmeMﬁIBcdhbonmmmameﬂbge)dnbut k)ss pf BER expirdsisionr and anti-
k activit (also referred ei

ldwtyvemr i s e R )

to herein as "JAK inhibitors"), as well as to nethods
[0023]f oEngageinentnidhmpniigenrspacific Bseell J@ﬁ@ptpb(&ﬁv&)rmet@s imgdtiple
51gnahﬁ%ggt8§vlra$/sl Bculfi E | nélﬁugat% Fh%)cseﬂggmw%x%? (sfa?L)rgpg ostlng Vifvival and

OW ng Stru

clonal pkpankiag e 8ignakhg threggteht BUR isahde pdreibkoby 1t§l\b@6@hﬂon\( wath two
zia, Rila, Ric, RRa ,R2c, R-3a, R3c, R4a R4b RAd R5a,
other nmgberw%\thgpmmunogl@bulm super- farmly Iga and IgP, each bearing an immuno-

tyrosine based activation motif (ITAM) (Jumaa, Hendriks et al. Annu Rev Immunol 23: 415-



K are as defined below. [0037] The present invention

al so provides a pharmaceutical conposition conprising
w@2abaswmpeuti cal ly effective anmount of a conmporeusf009/002512

formula I-11, or a pharnaceutical acceptable salt

ereof a harmac ut.i c acce rrier.
45 2003} 158 TR e oas B ey blHST 67 Temil Fitbiip response o
BCR ehght8Heh©MHRa R lthdokin kHASE (%'Wd@@ksr\imﬂ ﬁn@?hostphorylates the
therapeutic applications, be used reat a

ITAM,\aeprpegsy that enlmndes itokisaserpstiviay, erdsua\ung maSitk autoghosphdsylation and

tyrosmﬁéh_ﬂ%%ow:gat&%ln ed,lgl‘ll?l? h@gwqugggrg Fmgstﬁagesﬁgpg‘éﬁ}vaél 1% & al. Mol Cell
10(5): 1637106®c1002). Tiais s@ﬁ rr.m%ﬁ&m&wl& 4#00€lid BRBRs béeahMeE at transition

are not_limted ose associated with )
from pronte| p@vﬁ%hh slage Qf é@mmqmﬁfWMP oeVylydfosmad preoBCR is expressed.
e s c l. | h
n o Y 0 I 80 RE BB B5EH SR Yo SRR Sens

Rowleg evdl] I99csn$uﬁfer,c}¢46@étobﬁ.rlsamfbc3’Aw6m) mxt 6 (95h.i Mdueidld oss of the
restenosis, thronbosis, inflammation, heparin induced

B cell xtemm%@@m, dadnichal- §ell 2060 ERFBD MRS é@h{ga derans. érlgazhanov et

al. Cell ﬁg v §7 %é(lf? fﬁ(ﬁﬁ {esgﬁss mslﬁgstn% Ceglrpgﬁrgi ﬁ lg({‘ncr:néc% &-}u&rﬁ%}B cells
also appyzﬁdb dtsre SHkIfor prolifastidinand supauaRtOVed- eapfebflbﬁ bBthe protein
B-cell nediated diseases such as Non Hodgkin's

tyrosing phﬁﬁ)@ﬁ@se BRP{R @roageabye fﬁg@lagcg;rgfrscyﬂfeactly\gbughlblts proliferation and

inducefERAR PreglDtobn ek Thesh SosfBl ShRARIRERNo Cren.

Juszczpnskintta). Blovaines¢oy: mmaa;zt(@o(eﬁ)i Krpick plowa, of Syt lxymiRJNMn the

1l ynphocytic | euk i n one embodi men met ho
NHL 1igf U 56 is GTock T eI s iRa T aelDE s CBFutan, Dasu e
t t f )
o ISR Y AT B QAR AR b
requirefldomths dbyedepment, peodideratiar, eod ewfrom]varl'cbfdnmmmmdl opsse B cells.
associ ated wi th cardi ovascul ar di sease is sel ected

[0024] I OB VbR 1 FiRHPhoR8S E PbicABalddf Sk UHaS bE&H @dafileSMNONAAK:r of
nyocardi al infarction, unstable angina, refractory

differemirrgitings. G4inically\Sykcoressapipssion isrepaitesl isddantle Gejl Lymphoma
. h
(Rlnalcﬁoﬁtveg {a :g{@p 5 #a%ﬁa{otﬂ%?(]gz ﬂé f%?r@gﬁg)? ngﬂgée ?he%“r o}//kafsug{ﬂn é)rotem

(Transﬁ)yﬁtdd EITS Letkbold) gendrarld ®y atdlfr@mbmrnal tBihslokationt (K@) QAL;p12))
i schem ¢_attacks, venous thronhosis, deep venous
leads tg H}CE)‘??B‘%%$1§1< a%wtﬁf@ﬁgﬁﬁlasé%éqefié‘fﬁh @MQQGYWIHWHdmme (Kuno, Abe
i \Y; i
o . Y GESTLR030 PO SaCHLMa £ DRALL AN e I LETRLE oo
bone ntakmo&nd:rd)ls itirat @k preasleurags OEL & ykd Wi sshingeHarziop et mldt[ldia;i Med

C enia, thronbotic conplications associ ated .
203013y 48R ED08T Thinat. T POSE Btmg ”fg’qqffrramw eglls, Sver-expression of
Syk retMIRH NG ARPnESS QFdvth§A cMitdB (WHRERIHE! %@[nalszw@.as

cardi ac or other intravascul ar cat heferi zation,

Consistently aSkowes r@pbatd mecpamnT@Br(@mmyalsztretﬁtgeb@f Bapagigean) survival

sxgnals 1P 8%1? ﬁuland e cg Iﬁurﬁﬁgi%ﬁndﬂﬁ'g%trlgre e tccltali}“slg{no{]_oeﬁe%)i g—%amdi et
al. Blopd 098(d85 4256 ioobd) oA ddittunal tecagt stdlﬁessalib akestithyt 9k- a
bl ood sanpl e conprising contacting said sanple with a

dependapiiusvingl gnali@ay plyerolq inihell grlispamies) inpHiding BEBAL, mantle
ot GG TSGR AR R 8.4, B it

al. J Inamehod tl e 0p 578 5195(2006). €Biven tkfeaatdxsfeenlarﬁtladigaﬁﬁgm@mal B
the invention will be apparent upon reference to the
followi ng detail ed description and figures. To this
end, various references are set forth herein which
describe in nore detail certain background
i nformati on, procedures, conhpounds and/or
conpositions, and are each hereby incorporated by
reference in their entirety. BRI EF DESCRI PTI ON OF THE
DRAMVNGS [0043] Flgure 1 shoms hOMISyk serves as a key

o, e o,




[0048] Figure 8 provides table 2 illustrating
conpounds of the present invention and SYK | C50S.

WO 04931681 gure 9 shows specificity data for sePEUSH09/002512
compounds. [0050] Figure 10 shows the selective

cels e Smosp st i Of RO R OB A U HBP BIER of Svk

may pxbh@phﬁh@mg tf&’ftﬁé tﬂamnt becdrid BWeNdympasinags unl ess
speci fied otherw se: 1. Abbreviations and Definiti ons

h
o021, RERha IR SRS ST 5By PO bt

respong¥ © WASIBES stiedl] imcladifk iFeeRE lafld B@RBMduced Syk activation (Braselmann
azobi si sobugﬁ:om trile (al so azobisisobutylonitrile),

Taylorggal.  PhepraeaksExBbber3 1t9(®u99$d 8P(0P0). BinterediimglyIthis BOP-

compeET L LU ot b A ST 01 ) BB e

againstSro ki3 agd (Br&RIrtarm, tTay o Bf AMROGY) h ARG vat #AtaFiolid to Flt3 are
chl or oper oxybenzoi c acid, CH2Cl2 or

associaifoith AdyHk eRd Ahibitiop ofthis kinass wutramﬂmh@deé climgaigevelopment

u
(Burnef 8 %ﬁgﬁér%éﬂﬁol oy K @cggjééﬁagglulﬁaflléfﬂﬁ% L %?%be 254982007
Over-adii veeion\of ttet dyﬁfsmeDM'Tase cﬂimﬁtaﬁml asédl’iidl’&mv(iiﬁ heﬁl&(ﬁ}m)gc malignancies,

di net hyl sul f oxi de n phos g azi de,
and a tE”thNOLC%I}CF’éTthﬁWé(%HmCEt gt g e Ao AL 925220

Slmllaﬁ%-r ég}.e i(()at]ﬁ:filg 6{3 1 phcatec& in lelikeéx}lgs_ atmélt]yglr?g?ﬁlﬁ ag;i Cl)sn f:lbr#c]ntly
exp101théxaﬁ poweniig hlhﬂppmlne tag2t (=Hdnymir}o Geiffith-2@1.-2008]. ehmpdrBntly, the

. hyd b hi d H V = hu
ot SRR POy onep e on 62, L haTeR
primar§ RLAART REFIRNY sankplEs, 'i‘&ltﬁ[tmgl i9EpoploSenag BRHE (@hEn, Mgﬁg et al.

= The concentration of an 1 nhi b| tor that is required
Blood 1 bl (45Q%01H20803)i dturtder, arphesezliebinical wiat reportedfaverable results by

this comygt%cp i%yrle 2l COI‘&g%I{Laaglgl ﬁ%l)(rngl m08gt§:%ls%ﬁ1a ?%bfidg’gg% J% et al,

Blood MSZQ@Q(Ilﬁ 1GRARETT) UL A @D drdciph pepihalign obRAion is unclear for
[ ithiumdii sopropgl am ne, LiAlH4 = |ithium al um num

R406, thgdlajagwegest fhainhibitinp ofkinpersdRatdeediag vival signaling in

| ss Spec, mz = mass to charge
ymph&éiésmﬁzéls’ ?%Ehc‘ﬁga MeOH = met hanol , 1. 1M =
:mcrollter =ml

[0026],; .fipfi? % 'recemtudlﬁ]s glsp FBEESt f%k depﬁ{lqiqqg l%rIVéval lsd_gna.ls may play
a role il1B-td1l inhBEnanttds 1%fﬂldmg';ﬂz_)u3t@9§ﬂaﬁﬁé CQ%ﬁﬁ%MJdeOH%lar
= nolar, Na2

mnute mn = mnute = sodi um
lympheras benatge,S. tﬁgnffng@nogt almpladaHEERB 2608;0dilug230-223hdnikt. drish et al.

oo 0EET: P AT B s A s os 16 .

Guruod)lﬁset—almemaapgownm657wdmb= Lamm&mp@gbamé 108: 4156-
NH40Ac = anmmpni um acet ate; NaSMe = sodi um

4162. et hyl t hi ol at e, NBS = N bronosucci nani de, n-BulLi =
n-butyl lithium nm = nanoneter, nM = nanonolar, N =
[0027] NoyAw Ikinab¢R J anuy-Kiahdey) g rarfaiilgiofie ytodsnric filld)@ehﬁ &yrosine kinases
netic resonance, Pd/C = pall adiumon carb

mcludlpa ?ﬁ-ﬁfﬂsi AKZ, FAKP and YK Ble‘eJr@/KbHBs’ ﬁmwreykrséﬂ IPe?dFQhWe
sna 1 Ex AL L RGO S AUHATIR, o
multip]@dwﬂhkm%w Cke be affvctedl by pRetichiar cytlR&ineey signakeg patb@ay® Studies

t hi on chl ori de, = roomtenperature, TEA =
suggest tﬂab{%ﬁ gf,ﬁoH]éltes-lvHﬁl the common cytokine receptor gamma chain (Fcy or yc) of

the various cytokine receptors. JAK3 in particular selectively binds to receptors and is part of



tetrahydrofuran, TFA = trifluoroacetic acid, TLC =
thin [ ayer chromatography, TM5S = trinethylsilyl, Tf =

wao eiobl1siesDret hyl sul fonyl and TSC = tri sodi um cPCT/EER09/002512
[0053] It is noted here that as used in this

e ey GRFE eGSO o0 % SRRERIER) 2 e, B B db BLana 21
JAK]1 1Hf8rﬁ§§w§th CarfiGHY &KErsCJhS%de}Stcﬁlé fdralyskiRiNErVMIE e, IL90F4D and IL-

" by itself or as part of ~anot her substi t uent,
21, WhﬂeéAKZ intetagtsswitlh I’aanonggehcsr‘s ahe dsceptost fomillgi9t andrTlﬁF@ndfmi the

binding SieRgin 0N uFier P <eaP BB e ks L ghek ArS- oS and IL-21),

recepto‘?bﬁﬁ&h@mzat@nﬁ%@ur@% esullif & felcGropldndE RERIP Q&oﬁﬁ%dcﬁil( kinases
strai ght or branc containing fromi1 to 8 carbon

being baought inth proXimitgeni \fmillttayng He transephabploiryletien hf/gragenresidues

onthe EARTRAAET s o0 GRS S BB S PO L e

that do not contain groups other than fully saturated
[0028] al TherdawnstragmrsybsiraesrpilAds Eeamidy kmages mqi@dqouhp atgmal tranducer

actlvaul.)xn?qltJ tf&%gcc'n 10n|a(LSQ‘|é\tTt) ﬁ?&lexrﬁén{?h&ph% ex%’t?& J %\kclgy% g‘él{dg\?/a’nous STAT

(Slgnalﬂhﬁyéducd&ﬁw Actbade e ITratbod peo) p’ml@uishST ATKgotelRewhich are DNA
ase al so includes branched chain isoners of
b1nd1n%pqogﬁ1%4ctlélﬁt§p,lpyagh@whogylég% oggyécpﬁl%repgiggsr élﬂ;yqtlon both as signaling
t |M1
molecutleesbirﬁgéﬂeaﬁlts%rt?ﬁ?@g f§+ ﬁrssa%ﬁr oupé ell ncpg é(g Q@at rfg"ji(ﬁﬁA seﬁgences present in
the prohroams bfedytohlaenese]iohyh/e germsmhedsrmvd Agall (201)0),31 Mlergy, Chn. Immunol.
10587?’ g 9, 10, 11 or 12 carbon atomns. Further
: éﬁ ésentative al kyl groups include strai ght and

branched chain al kyl groups having 1, 2, 3, 4, 5, 6, 7

[0029] orJ AKSd 01 gaalongshas beed 208 aleR!1i6 81763@@1@3@@ 0DBOP Brmal
elf or.as 8art of

imamun (EEPYISIT Ft e 6B pPURRoBE Or e AR iansplan

(allograft)i réfecti®yy, rh€uri@OR-ar®iritid OAri Yt Ephid ﬁtee@l,scmlmadt Mgltiple scler051s,
nunber of carbon atons designated. For exa "

as wellgs i pelid andehpnatalegig) Relignaneigs fuckl ashenkeda fn }Mnmhoglaszul:or a
rewew%f t%h&rrgﬁce%tlg 1%@;&4&3& bp th%eJ[Aeﬁ/?qLAbbly%zhﬁ}% Oiﬂ?éé”ﬁr%hk ?h999), Mol.
Med. 5p¢§3r264fﬁ6 amldKSeidz] eEx1g POy, at)migadewneusaseé not |inited

to vinyl, 2-propenyl i.e. - C}h FD(C}B) - CH=C( CH3) 2,
o0sor, KBt nSUELRIIERALEI o 18l s o
examplg, mem@@hfadltlenyihd amci gl Of miripe Maadccﬂbyhducedlbgt IL-4 and IL-9 have

v SRS M TP 8K ekt B R GRS N oo

Blood 9612 7e 3! KerY lalsgpPiRS: driiciiotdindgRBeepfirDAddifed mast cell
non- hydrogen atomis bonded to a carbon doubl e bonded

degranylgtiam fsperses Avlplawiyared at h(d§89)i Biguhieoh Bigmhysf Resh €ommun.
i Jus IS _bonded t ar bon
257:80 71 A uRoR R XCHRARE sh B RaER e ue SEach
hypersaisitevigfreavnivat, Uhalhdﬁmg Cfb@;u@(MBﬁR/g@leﬁ aRr (1994N$. Biol. Chem.
conf i ratlon about the doubl e bon [0056] The
274: 27088~y 0318 inhibiiop hagplso @?era%homtp résfu ligin dmpune suppression for
allograﬁggl%gﬂlcgrpgﬂ}ken "’Tr V\I{;]srp?'lﬂgé 3%r32%r8%6?chi@ﬂugases have also

rocarbon ra
been lrmnilqatﬂdsat[her mb@da,mshamvng/et]hﬁ eﬁtlllyl’a)m‘ laOsf st@@skmﬁmh@tnmmd arthritis

nat ed ) ans an

ovutelFRGTR fospl8D. RAGTRal 6 890 508 ¥ amuil Sraokhigtatcral
scleroslss(”ﬁjl% levad (B000)NBidRERRAbpIRs, RBE 8 %7% 053 fe‘ﬁm:lg.x

singl e carbon atom of a parent al kane. ™Unsu stltut

al kynyl" refers to straight and branched chai n groups

such as those described with respect to unsubstituted

al kyl groups as defined above, except that at | east

one triple bond exists between two carbon atons.

Exanpl es include, but are not limted to ethynyl e.g.

-C>CXFD 1 propynyl e.g. -Cﬁ---CXC}B) - CnC( CH2CH3)

NI LN SN 7~~~ 1S\ NI LN SN ~NA A NN S\



WO 2009/ 131687PCT/ US2009/ 002512 i ndependently sel ect ed
het eroatons. Preferably, these groups contain 1, 2, 3,

W@ 200513887 7, 8, 9 or 10 carbon atoms, 0, 1, 2,PGI/U82009/002512
5 nitrogen atons, 0, 1 or 2 sulfur atons and 0, 1 or 2

0 n .Mor e pr er, ese nt al.n
(sudneSk§P4T5 FITogut CarsRERe 653l v e Bl Biggune Toen
lymph@h® (ﬁrels%’ Re Al r(‘l%'f)%Pl%ﬁ AR S8R SBeUgrAOWGJV@ 8763Pand abnormal

i ncl ude norphol i n-3-one, pi perazi ne-2-one,

cell grow theMazit al.J (16Q7)dé Inpymiali H: 520652 10p Cpdeti-Haleene et al., (1999),
mor phol pi perazi ne, isoxazoline, pyrazoline,
Irnmunil%@a@gl'rﬁé; pyr azol -5-one, pyrrolidine-2,5- dione,
i m dazol i di ne- 2, 4-di one, pyrrolidine,

[0031]t etAlhydriod@ind aWIﬁ% pre mmmmmm@lyb whereas JAK3 is expressed
predonﬁ ?é{é@hﬁ%%ﬁyp%%%%%gglr 3}4&: J kf 192{5%? IntlJcﬁ n&lgg)jg@’a’n afaena%utrlcri]elently
expres$eal iy @Yyiedar ¢ leukom®s detls firvghh laldrem aﬁthc‘a@nﬁeaympﬁdslﬂa@tmneult@ma the

five heteroatons selected fromN, 0, and S, wherein
most cogcR; forp §& Ahilgheod ¢rraer. andstudies have serrelaiad S/T/b& iagfi vagign in
L] Y,
certam%@ﬁs &ggrs%n%sqggﬁa@ﬁaﬁﬁw as?{ g)ﬁ%?%llft?l% Le( lrgg v ’eéglg’mel'
16:47 10?&3 J lmalelen btealt, I(IIQSHQIB]@OH 8%4 bie- 2N Kanekd e0al g li1 2970 aC I rExp.
an co tain 5 to 10 carbon atons

immurg 303 B 58 CAl HIPEY d B . a2 i h483g®- They are

h.Ql:
also kn%_\xg%tf)gg élli‘l?ortgntffllﬁ{r{)gﬂéﬂoc 8 d@ﬁfér@f?lllz}f éynzﬂunEM&@élgdr gdzr?llr\]/)all JAK-3 in

particupar pkays @h ghsendaloodeziol the fur@tlolx af Q{nyph,ocgtes smacaqpﬂagbs, and mast cells.

Given e FPATARFICr ) 4k RIS Hprdnds NiRFEmppvtas by BRpalhvy,

includidg tIROSE sél¥ttiveFoPYAKAY kan ﬂelﬁk\éfdl%ﬂ t,reazm@)dﬁsleﬁée@)dr c8fdltions where the
4-pyrimdyl. If not specifically stated, substituents

functionaf T aplpcytest mactapbages nen mest seld isamep! vrst @?@éwlet aj. r(§004) Am.
1 TSRS 1ECRLE PSR SUELR.BIRAREHH  wnicn

targemligebﬁuhe AAK pathwhposmbaulation sfihetliAUk@dsdR epLriaaiyy JAKAUfre
as defined above in which one or nore of the ring

contemplaferbiosbe @e%ﬁwllwsafuhaﬁlwdkawlaakyamhga@htra%splant rejection
e ;

(c-g- pg?%g%slggﬁ Estl &Jho@ g@ge%airgﬁg%g%epr %gg%a?g)tﬁ%eeg graft

versus-iokbisdisetaste ntmonmhnﬂjélssatsea(e@t diabated) rizmoiwecid ahtarins, dbjuyd,

psoriasg{g%rf)d%lg@%iﬁa%g"g@%% . g@gg ié)r%\%.cgz%kl%’szr?&ghs Wh can benefit
from J Aﬁ@j%l%n ar@@?sbhssem er d&g}'ﬁ&ow R%t dlaKaQTBJ)@K inhibition
NHCOCH3, HC(.0) 0 02 CH3,

has besn 1SpDRaridaRRs ailografomjemsar@m with Eé’t@?(b%fr(yand Soned Sha

markerfs Xt gil?%d 1S g?po&ge g erf%{0('.jn|d,cgz1%|118tﬁiﬁI atn b%orgci Hé{’r g\,gi iﬁx & al

(2009)tThenspidna@gien saMy-&d)l fur at ons are optional ly oxidized,

and the nitrogen atonm(s) are optionally quaterni zed. A

bi
003217 LY GO QRO SRR LA AGHES L BRI by reamen
nvolvmgrm@ﬂmmmaﬁnb@mmpamm;dt csaimmaiiitalyrappareat that gaw bempounds

that m%{ug{}ggAmt%\agys;naéﬁ;gg (léfglgmogf th gs}gcl ﬁoinmyd Iﬂ%ngse gheoru?daé%)lvlde
substax?tlaq’walﬁbg@%%éﬂts tPLAFRPVERALO Ypatierts] BIQldéh herein are novel 2,4-

azai ndol e, 1-1soquinolyl, b5- |squ|nonI
pynm1qudmanm)eaIlaynybpyﬁmldlmaﬂdbp@dm@b&d Ié(mpbﬁmdbt 0251 e treatment

ui noxal i.n 3- qui npl and 6- uLn. [. 1 .
of con@ gy iroif yiregtinh s MR TAKCHRERS Mt 1o kineses.
particufd?BVEA KD taeél tiRbapeudediynBenoaryl ring systenms are
sel’ected fromthe group of acceptable substituents
descri bed herein. [0063] In each of the above
enbodi nents designating a noanber of atons e.g. "Cd _8"
is meant to include all possible enbodi nents that have

one fewer atom Non-limting exanples include Cl-7,
C28 C27 C38 C37andthellke [0064] Each of

o s o



[0067] Rc, Rd, Re and Rf are each independently
sel ected from al kyl, al kenyl, al kynyl, cycloal kyl,
weywbosdekenyl , aryl, heteroaryl, heterocyclyl BPCT/US2009/002512
al kyl enearyl as defined herein. [0068] Typically, a
ticular ra

1003315 B i P8 P st e 5iFS i o ARG of ths 14K pegpy incluce:

U.S. PRURSS. Istw%% aeusogw 600,788 4,133 5165; B EIIH3; 612V 0B5L61313,130;
More preferably, radical wi Il bBe unsubstituted or

6,316,6A5n 6 43B$X1 Bt @ﬂ&@lsmoqﬁ@r 6r53BI5P9; 6.5P33PE:A.60.048;166610,688;

6,634 B30k SPeapRar e, B BANIES: Raaliy e [P o

6,506, 163 essahbyl 6,528,509; 16960@ 04916t1@5ml9k51699365 6,825,190; 6,815,439;
het er oal keq& al kyn cycl oal kyi heterocyclgl can

6,949,1%9); 2.006.5041 9%3%}6’ 73,4759& 69687 60; Bk PapRspp. Pt

2001000 17 %SIW(W %IN ﬁgg&%q%ﬁgglggz@fmlomss
Al; 200882424040 NRI0Ba /0 14 NG &@MA/GM%%IR&M International patent

apphcq_tqgl:t )C\ggg%\): YR, 9N/T§ (&)zg)%éll\lﬁa& 00(1599%1A1 WO
00/475@§R'?ﬁ6vc5 6@/3'15‘@7&1 QORRY/95 150 A6 01%2‘@%%5% B1RY8£1A2; WO

Zer o, one or two substituents
01/52892A0j Wl@ at /156998 At; &V Ol/5TAATL WO oamm5®mowcnremsﬁ61A1 WO

021437358 V5 HEARS 340 W eI 60ag2 AT i e RDbIA 1R L G Se000a 1

WO 02 ﬁbz%@&J&RCwo @%QM%AZ Q(I@)dﬁmgl@%ﬁzawo e5NB6¥vA1; WO
- N e- SO2NRbRe,

2004/a15§wwamm178w VO BB BRI USTOOMIODETEAL; WO

200410381 [T Ry AT oo a LD Dl maiRT, R Ra@listiodit wo

2004/0@8%5@@ woezﬂ)oﬁmmssmﬁﬂ)wodﬁaﬁim Wwath 90@51009%6(@) WO
- CONRaRb, 0) NRaRb, - NRbC(0) Ra

2005/01 5\%1@02 RXO ZQQ@@@@M%R@ Q(M/OBSB@NRaRb " NR' SO2R,
-CN and -NO2. [0071] Exanples of substituted al kyl
[0034]ar Batenté ﬁih'd?ﬁ):&élltﬂ&pphétﬁtﬂ); ABYEiGHD) subst (OtA) BN @ii8Yidmine

compopsIraOLIB S, PREPH S e Db dORP S Shpled Fend & 2803
(Uszo%ig;zﬁsd’%_é% C‘zj,:l%tl)el‘ld}élg’oﬁz{l BFE&%%QH Ser%oosmgiég%zﬁﬂed Jan. 31,

2003 (WDR3/063 194 0) SH3Bpplic@iRiHSer. SR THIR3 1;,02a1H2] Jul. 29, 2003, international
applicétﬁ%@%@@%ﬁ%gﬁwg !(\)'m, H%;l?ga%on er. No.
10/903,263 filed Jul. 30, 2004, and international application Serial No. PCT/US2004/24716
(WO 05/016893), the disclosures of which are incorporated herein by reference. Substituted
pyrimidinediamine compounds are also described in international patent application
publication numbers: WO 02/059110, WO 03/074515, WO 03/106416, WO 03/066601, WO
03/063794, WO 04/046118, WO 05/016894, WO 05/122294, WO 05/066156, WO
03/002542, WO 03/030909, WO 00/39101, WO 05/037800 and U.S. Pat. Pub. No.
2003/0149064.

[0035] While progress has been made in this field, there remains a need in the art for
compounds that inhibit syk and/or JAK kinase, as well as for methods for treating conditions
in a patient, such as restenosis, thrombosis, and/or inflammation that can benefit from such

inhibition. Moreover, the availability of compounds that selectively inhibit one of these
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[0072] Simlarly, "substituents" for the aryl and
heteroaryl groups are varied and are selected from

WO b@bogews] -0Ra, -0C(0) Ra, -NRaRb, -SRa, - Ra,PETZNS2009/002512
-NO2, -CO2Ra, CONRaRb, -C(0) Ra, -0C(0)NRaRb,

kinasesﬁg%befcr&g%’l_tmlqther %&g\wé\)ﬁd ,Q_HNFl\))ae C&&mﬁwsemg?wu% satisfies

this and O‘Q&IQI) neédfa, -S(0) 2NRaRb, -N3, -CH(Ph) 2, _
perfluoroC _gal koxy, and perfluoroC _galkyl, in a

nunber ranging fromzero to the total nunber of open
val ences on the aromatic ring systen and where Ra, Rb
and Rc are independently sel ected from hydrogen,

Cl1_6al kyl anBRIEFSBAMARY QhJEEsINYENdIO™r yI  and

[0036]) elth%[P%gs{ l ntvgng TgnUb%%&clﬁg t&?\gjel cpény?)u% d’%:/gﬁgyaftwﬁ%fda rﬁubltors of syk

activity (Sld;b&éﬂeh’é@m Bereth Adisple ﬁﬂﬁbl&irﬁﬂﬁn%r Y AK 18fidse adfivity (also referred
heteroaryl ring may optional ly be replaced with a

to hereig gss' AKUBRIDItEFs™), 138 Wedranip sethudsfer theicppgpgrayion apddiseiand to

phamals 8 4664 ARGRRIENE e s s omp(tie B0 el
structueUb3dDi t uent s on adj acent atons of the aryl or

heteroaryl ring may optionally be replaced with a
substituent of the formJIa -A-(CH2)r _B-, V\hereln A and

B are independently - = -NH- -S—Rc

-S(0)2_, -S(0) 2NRra- or a |ng, bond and r{ is

or 3. One of the sinpgle the new rm)naé
formed may optlg\?\%lzl\y de lrep ac trh4a e bond.
Al ternatively, of "tNe SUbsl’El t uent s oh ad§ acent

atons of the aryl or haq3eroaryﬁ % ng mayR¥ptional |y be
replaced with a substituent of the fornula

-(CH2)5 X-(CH2)t _ -, where s and t are independently

i nt egers of fromO t o(IB, and X is -0-, -NF&I) -S-

ora phar’qég%ut‘iﬁ%ly(aé% alt %goe)ggl fir%la {h 2‘115 ‘t u m BaRjaan

R* RURSURST REUREHad RBakkyd defldeh BEMVS €, I s as defl ned
above. WO 2009/ 131687PCT/ US2009/ 002512 [ 0074] Unl ess

o, PR, SORBEN ARG By RO AR
therapeh]ylczﬂligmff@tltvb antoenmﬂwéoqqmmd@lﬁ fainulhBIT, unalphmm&lcemty:al

foll d t f t lity th
scceptgil 4t el cB ATRRITRB Y ARIOI it BEPPE hbpn
‘aryl al kyl oxycarbonyl" refers to the group
[0038] ( aTlgd Jonfraiulay$ pf Olecp(r@)ant iny©0itm] havh etitieromet acyitie rangk of s
Rc i )
erapeyfie oIS BEmepIoe wspR R ruanyieBagonafiofmbstigied g eastin

part byl¥ kacea Cl-l%c ity bothAfi] ardwbieRSasid] asaC@biinal G Qélléral (also referred to
[0076] "Acylami no-" refers to the group

herein aS]\R'é(i@p_]C@’”DQC Fanhexampe, sush gpndiionsanelaggs but aqemymlted to, those

| nyl r
sssoci oY IRy U TaR AR SE fgeBfory B RE A p¥oyugs djggose. More
specifivdigt &eR@mmuaﬁkyﬂ the pldsemythvengibkihayd utiliydboaedting, condltlons or

cycl oal kenyl, ary het eroaryl or heteraqcyclyl. E
dlsordermebséy*g, it 'é?télm'éedtereresme%.thr%bqsss itleinmationg %ﬁaﬁ'@dnduced

thromblagfltlSB%}l e%sc%p(ll@\:rwg atﬁifasrl:gélgéelpélls@isg NerBRUBSI s myocardlal

ut ox trlf uor onet
mfarctl@ndvzisbldat mlﬂammatlon unstable angina, acute coronary syndromes allergy

asthma, rheumatoid arthritis, B-cell mediated diseases such as Non Hodgkin’s lymphoma,

anti-phospholipid syndrome, lupus, psoriasis, multiple sclerosis, end stage renal disease,
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[0079] "Al koxyam no" refers to the group - NHORd where
Rd is al kyl. [0080] "Al koxyal kyl eneam no" refers to

wo b@9gsw8p - NR - al kyl ene-OR" where Rd is al kyl p&mus2009/002512
-Nle- is defined in am no. [0081] "Al koxycarbonyl"

Rd i .. ] ]
hemol e e Qi FBI0E P RO BAPTH P Yo RS CigBic Jymphpgytic leukemia

Thus, l%aérehl%odm% Gn& RN arbalseWsed whidhGRlua HOAMRARBRMYdN of an
groups can be further substituted as will be apparent

effectntecamcbmss ef iy amnpgurgmﬂ formplat(héD) otygially imihg fomal ot # pharmaceutical

mstr arts in nction with the di scl osure
compoyifipi; R a's Q@Ctz'ﬁd’g?(igfé%#PCT/ US2009/ 002512 [ 0082]

" Al koxycar bonyl al kyl ene" refers to the group
[0039] . aThacadaions a@pgmdméh enrdiqrgsqudargliseppe IS[selestgp from the group

consmtl}q%l &‘%Xt%%apo%g}/y ?)Q]dlromf dﬁgézﬁ% [Ral 18fa&&10n’>|aqs%b19 )axQBQa, refractory

rern

angina, AYckR K¢ @RFdIRRY IRGIBeAS kyduenies pofiriombodyticaherapy or post-coronary
-alkyl ene- NRaC(=0) ORd wherein Rd is al kyl. [0085]
angloplwyke%ve@baamyan%w@ﬁ@awbmygéﬂurl@rwpdrorr@s oligsteke,

thrombpiroé T U@JEAWA&%%IQ APR g V%‘ﬁf)l‘?é trﬂxﬁ(gﬂléésgsu gleé&y l/eno[ug%@lnbosis,

onyl am no
pulmordiRaiibo Y2 -ddRgulopathe, cRstsemanzahcﬂ(yitrav@@@&?]coagulation thrombotic

thromhogytgpé&(;? {)Ex[%g%% ﬂr[ﬁ)%é@g%&p&)@nwg@x&ﬁ ?]g%%(l‘, ggfgﬁ\éﬁ&o%lated with
heparin- 91@(10&9 thRﬁnH&%f eﬁﬁi tﬁoﬁ‘ogﬂé corhglq)&%]ons assoc1ated with extracorporeal

kyl car bonyla refers to -N ) Re wherein Re
c1rculatlsn ahdcyrhbothepmbemcms|a9®cadt¢¢wuhnmmeammo syehoagpeardiac or

other 1r|1trflﬂ%&1c_u%r exan:§) ﬁtw}_lﬁ%)béf_ﬁw %?%%I}a?r}%nt or cardiac valve,

and conch"@ﬁs&hﬁ@ﬂ%)tl%’@ﬁtm[gm%stheﬁci@élvf&E»erOCVC| yl" refers to
t he group eterocyclyl-Rd. where Rd is al kyl. [0091]

[0040]_ A*' @4)93?%? %Xt%ry Ll@{) ??/AV%&% &gtfhgéz Of. 18h1toFl§1)%QBg gﬁ( activity of a

ene- eteroc C ere
blood sample comprising contacting said sample with a compound of the present invention.
[0041] The present invention further provides compounds in purified forms, as well as

chemical intermediates.

[0042] These and other aspects, objects, features and advantages of the invention will be
apparent upon reference to the following detailed description and figures. To this end,
various references are set forth herein which describe in more detail certain background
information, procedures, compounds and/or compositions, and are each hereby incorporated

by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043] Figure 1 shows how Syk serves as a key mediator of Fc receptor mediated signaling

in cellular biology and multiple diseases.

[0044] Figure 2 shows how gene targeting of Syk indicated that Syk serves as a key

mediator in arterial platelet biology and a selective target for treating arterial thrombosis.
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[0092] "Al kylsulfanyl™, "alkylthio", or "thioal koxy"
refers to the group S-Rd.where Rd is al kyl. [0093]

wO 200kgBet fi nyl " refers to -S(=0) Re where Re PGI/EE}099/002512
Alkylsulfonyl gr oups enployed i n conpounds of the

sent vention ar i ca G 6Galkylsulfin :
[0045] gr gﬂges %- gﬂpﬁ;@f‘ gflﬁlﬁ%mf CXF}&O@P ql% Le gr(es%t%rﬁlé:ntlon.
where Re is aIkyI Al kyl sul fonyl groups enpl oyed in
[0046] c dfigurm6lshayfs a4 graph o€ deraffecholinticasingdese gfp eoampopnd of the

present TRy io8 ST L KRG TPRRGS T igPEe 1 SL4 simylatige OB Rmapecells

where Re is al kyl. Al kylsulfonyl groups enployed in
[0047] c dfigBrmd srayides fizblpd eB'eqﬁtatmgl vemppwrﬂsaxf éhe presenatnvgn@pn and syk
IC.s. 02l kyl'sulfonyl groups. [0096] "Al kylsulfonylam no"

505 refers to - NRaS(=0) 2-Re wherein Re is al kyl. [0097]
| oxy" refers to the group -0-al kynyl, wherein
[0048] 5 Eagﬁm 8 proviges daltle g ddusieatiag Gomppyads\af éb@ypfe?ﬁﬂt ipygstiopgnd SYK
ICyps. WY of exanpl e, ethynyl oxy, propynyloxy, and the [|ike.
WO 2009/131687PCT/U82009/002512 [0098] "Am di no"
ers to the Ra NRbRc, wherein Rb and |e
[0049]; %gﬂehﬁ élaﬂwp%:&cg@ daterie asef 16 fcr{ep@wéap consi sti ng
[0050] OfFIQMPJ ﬁg%ws"%gllélectﬁ}étiﬁﬁl'bh%% s@iekﬁéh’blajchg B¥thpounds.

al kynyl, aryl, cycloal kyl, cycl oal k eny hetergary

heterocycllc and mhere Rb and 12.° are optionally

joined together with the nitrogen bound thereto to

form a hetpEOCN HD OESCRIPISONIOF FHEBY ¢ENGYON € gr oup.

Ra is selected fromthe group consisting of hydrogen,
[0051] aftsikysed hareiis tel belaw ksims have yied fodpkyng/ineaningd ynless spec1ﬁed
oﬂmnN%XC|°alky| cycl oal kenyl , heteroaryl, heterocycllc

Stibsti t ut ed heterocyclic, nitro, nitroso, hydr oxy,

al koxy, cyano, -N=N-N-al kyl, -N(al kyl) S02-al kyl, - -

N=N=N-al kyl, acyl and -S02-al kyl. [0099] "Am no"

refers to a nonagval ent radical -NRaRb or dival ent
L Ahhreyptionyrgd DefRdiansy m i ncl udes "al kyl ani no" whi ch

refers to the group -NRaRb where Ra is alkyl and Rb is
[0052]H Tire adlbkepiationk @s¢dehareial zsc)ccbrmehum urflcts)%loaln:irwiﬁé defingh The

one

ta th
folowing b yfigr e i B s (IPRGT SR ToPARRBHATS (also

azoblslmtﬁﬁoﬁ@rﬁlﬁﬁ %qt 2 ah@ugI B6P=1-bhiFaERbMIEBS. -ItRniA, BORM
is ar ddltlonally, for di"al kyl amno groups,

benzotltlfli@ldhr%wytp tm@hglaaanp)u@qsh@mmeaaﬂlmwlﬁ@sehﬁte = benzoyl

PCTOXICfaHBﬁb —geou?a (o) etra rrorpng;l € hane "Eﬁ%ﬁd ing wth
e nitrogen a dm I C eac aC

s
chloroq%ﬁ%fifbglé&glé )écelcri ?%.H%@FZDO{ l?ré?)gl I‘%f:jl}lhﬁélirloﬁl%thaﬁ ﬁ G TRe0hmt

carbon@gé athdi,NY bo@@f’cﬁlbﬁdé IXBAL Qmﬁbbutﬁlﬂd}ﬁ%hkﬂﬂdndé eHEE A = Hunig’s
to-O-aFkerne NRaRb. [0101] " Am noal kyl ene" refers to
base or—cﬁiskyﬂopylaethxﬁaﬂﬁﬁne PMB2 dlmésmyh e&iekyj)mmee ainiolyll formathide SDMSO

0).- al kyl ene- Nl eRb.
= dlmetwwggp Egﬁ) m%mbeIthory #%dde Et3N = triethylamine, EtOAc =

ethyl afeéatcg(r %/1(—) )g% F@Alﬁ‘{)'lg'a(]lﬂ %Zﬁ]&%‘l& %%—ﬁn‘b— P?,&é—ﬁ:&rgw%ﬁ uronium
hexaﬂdo?cﬁ;ﬂfo‘épl‘id@e Hie= aFlRen; 3 70)= MRRRMBIDGydReEn bromide; HCI =

al'kyl am nocarbonyl™ Trefers herein to the group
hydrogexcemahdemﬂb \Mea6 ianuinddefidiyheyarithisRIPLE Hhiph prbdsite. liquid
he term' arylan1nocarbonyl refers herein to the
chromaé(pg-;aﬂly @( U)u.r{\[g@Rblwpgg lobulgy EQCsp & ”lamoncentratlon of an inhibitor

ne

that s D A O AL PO AP TP hE e fipy fbohol ke =
kilogramaﬂ\((EN =f potaskim syHnsde, KRl e msassiunt hixrosidpaK PO 4 =Cpotassium

those having skill in the organic and nedicina

chem stry arts in conjunction with the disclosure

herein. [0106] "Am nocar bonyl al koxy" refers to

-0-al kylene- C(=0) - NRLRb wherein Ra is hydrogen or

al kyl and |l e and Rb i ndependently are selected from

the group consisting of WO

NN NSN ] A PNA PSS NT ] 1L eSS s sesr-~ae,s 0 I D 1 I D 1



[0107] "Am nocarbonyl al kyl ene" refers to
-al kyl ene- C(=0) - NRaRb wherein Ra is hydrogen or al kyl
waeaoRsesnd Rb i ndependently are sel ected fronP€TES2009/002512
group consisting of hydrogen, alkyl, alkenyl al kynyl ,
aryl ycl aal kyl, cycl oal kenyl . het er oar
phospile LR isap kGl ETeg: Lt P oty ydride = Liok:
r it e
lithiur &ﬁgﬂd%‘i?é?%iyc Pt e S RS SRR SIS b o, M
= Megh @Ib&a] MeOH ﬂ@ﬁb@lﬁzﬁ@m{ﬂ\m:kmi@@mam NAs HInfiioryiter, ﬁ@ﬁefrﬁ]hgﬁam mm

0) 2NRa- aIkerne-C(—O - Rb wherei.n each
- millip ogdh=arillEnelar. ramel ﬁamblwaolrwnLnd@ﬂéh%erP/w% millioptical

sSSP AT AU BRI R s -

nanografl Na?@()g = sgﬁbﬁ{ BIEXBbhdie; NUNO oﬁuﬁ@nﬁﬁfé N%O‘P-f tsB@ium

am no group are optionally joi ed together with the

hydroxidd; N2g8HOR eliddidnh 8isatfRte! Na) 9O N=a0lRIEEAfNEINBS &rN-
substituted heterocycllc group. [0109]

bromoSudwinaodde; DY lasramoioniweh ehlsritie, NHgOgicotpmmonium acetate; NaSMe =
-NRaC(0) NRLRb, wherein Ra is hydrogen or al kyl and Ra

Sodiuwmtmhim@r}\éﬂﬂ er¥ +by0mo®csmlamicﬂeeai -Bulors tibetyd ﬂidupm nm =

sanon ST Ao Ay 85 N s S b Mo

magneaadesvmzﬁfce IF@caagalafanaﬁ ©n @RiboAPd (PPh) f)QEVI%@akj@q&iﬂ}%h yl-
with the nitrogen bound thereto to forma heterocyclic

phospfa@e)wﬂgdmtmpb@ IpegoERQlesy, Bir fpgraé@lpto PEG1ppolyethylene glycol, PPhs

or Ph3l? 'gﬂ(gﬁegﬁfe @ﬁ(&é@g; mﬁgﬁ g#gr éeugrﬂ%a v&i?s f{h ﬁ\gg—ggg%ey Nickel,

SOClyat #iydnydokloRRde R =Rbomneapendeat THA adrtae&@lamhe drHF em
t he group consisting of hydrogen, alkyl, alkenyl,
tetrahydrdfymsal TFArytrifluoyeiceodd kgidl, TIc§ & tha llamy:lhrorhabglraphy,yTMS =

mmeﬂ]yiﬁlﬁi bR Ry And TS0 BoaNG tHaRet o o

forma heteroc clic or substituted heterocyclic group.

[0053][ ot is potechhgr Mra@@xgibllnp\tWSép@ciflqwéfo@ra@dtthﬂ mp@n@frcb@plms the
smgularqéx%%ne' Wa%“ﬁ%?@%céﬁ‘&f luraél Feggrs%l %{l : (C)O F)ﬁt cleéﬂy dictates
otherwieoup consi sting of hydrogen al kyl , al kenyl, al kynyl,

aryl, cycloal kyl, cycloal kenyl, heteroaryl
0054 he*&l‘k £Y6Y il '
o051 SRGEYEL L S RSB O AL .0 AN i s,
strai ght or bnanchedtchaing fidly satuwated abpltantcuiydnbchﬂioarramya:ll Hawirgythelpumber of
carbon; agg'rf]i% gwtfglg t ({;fegg%plge %(h % %gqll:%g%bm %dlcallQ straight or
branch@@ "b%hi’-’a‘iﬂlﬂg fiefn Nysg e8eBn aﬁ)'nlfsytlhat i8 ld@ﬁ&éci B4 &€ réhbyilof one

al kenyl , Substituted al k I WO
hydrom@gmﬁmmmm/eumgaﬂ@ommaeﬂnkykkyne Eluﬁophrawttm@ubsntuted

e B B g PRI DS s B Oy v o

hydrocayobhqadnkﬂmythudm SheRE Yicluded REhightéReh mﬁplzgr@apyéuch as methyl,
heterocyclic, substituted heterocyclic and where Ra

ethyl, prRBYIRbutah @eriyl ihenglh hsptyloPeial nosyke e, wideeyl; edecyl and the like.
g
1sopropi§}lktyﬂ>uty]aisbbmyl ses-bbe,idnd ttieliled. kleépthsen&itﬁ(zy mkly,l groups mclude

tityted alk nyI cycl oal kyl , substitu

sraight o AR Chespcl B ISk e i 2 Bt a6k Sal keldyar, 12 carbon
woms BEWr YERERM IR b Al et SHCR b ain g groues
havingal, &, ésideﬁfheﬂ8habemamn§0113] " Ami nosul f onyl al kyl ene"

refers to -al kyl ene-S(0) 2NRaRb where R is

i ndependently are selected fromthe group consisting

of hydrogen, alkyl, substitisited al kyl, al kenyl,

substituted al kenyl, al kynyl, substituted al kynyl,

aryl, substituted aryl, cycloal kyl, substituted

cycloalkyl cycloalkenyl substltuted cycloalkenyl



[0119] "Aryl al koxycar bonyl am no" refers to the group
- NRaC( =0) 0- al kyl ene-Re where Re is aryl. [0120]

woO 2ooghsmsbonyl " refers to the group -C(=0)Re WheT/E8SHRe9/002512
is aryl. [0121] "Aryl carbonyl am no" refers to

[0055].. Eﬁg&%ﬁ% Eﬁ ytlsm@g g)lg Ilf.lﬁr,-] %aflxqw‘:?éaic’ntog{% gas[tigjle%&ef% doa sﬁ@i gptsor branched
chain, #hith-mdy8e2@bno J%r)ﬂo@}iﬂtsatﬁﬁft&f $atiag tﬂ%umr& chtbohStoms

aryl. Representative exanpl es of aryl ox ?rou ps
designate@| E@t@mh@#ﬂax(};—@mqjmnyszmeam@ ?tlh@)'lllr scal havipg ffrom 2, 3, 4, 5, 6,

7 or 8 bl ol 136 20VR Ry She cep vl B O e i T § sthelealon atom
of a pardNR@l@ﬁn@)]@;&inﬁl@@{p@hﬂe Relitiage ﬁdt}limlte{&baﬁﬂ.yl 5. prop . n lie —

| sul fanyl arylthio", or "thi oarr)( ) ers to

CH= C&m&gsbugqu@@mhef (G S By + (20 I AHy), SGGRGHH=CH,

s 47 bl AERHIRERe B kP nd 20 Py n

hexadiésyl aerriy(bng otM¥és 20MA%H; 317t 63 h TN Tds dhd GADEA1Euthdr? tHeddot9]A "substituted"
"Arylthio" refers to the group -S-aryl, wherein ar%/ i
alkeny} groyp ingdiden atkeRK &PRPS mm@e%amogﬁewm@wg hygingenalam s

bonde(pt% o&i'ﬂ?dnzc?dilbié)bonﬁgglo arﬁfther%gzbonr%'d“ﬂnbs%sin w rtél(g ﬁé gsn—
g‘b? A@ I do

XI'St as one or nore Stereol SOmers.
carbon roehenslytimgeh\latonﬁs(ii BdhdédBoradtartvdrenot unsmivai ialasdombte t'bcrmdao another

ush nmeans that the correspondin ro p d
carbonp Sach e 0 USRI TEROOpSGE CatIH s S8 BRaTHn 40t Ty double

bond(SBI nked. [0132] " Car bonyl " refers to the dival ent group
-C(. O) [0133] "Carboxy" or "carboxyl" refers to the

[0()56]g terr%@'p/g O 3 lfca rhox i/I of i§1}4Ot‘l?|er subrst?tfugrrlts mteanst at] straight or

brancheci:é\lﬁd)ﬁ)lﬁ @tbkéﬂb@ﬁ‘ Eaﬁh'éafl owmkam e heh&IcF pb!iyuﬁlgkﬁuﬁf&lu Raving the
-NRaSOZ al kyl ene- CO2H. [013 ]l = Car boxyl ‘ester”

number phgasbon atamediesignaied.” Far exaiple s CerCs allymyls megng arealkynyl radical
havmgq{o%le to S%r'b@n YXms that is derived by the removal of one hydrogen atom from a

single carbon atom of a parent alkane. “Unsubstituted alkynyl” refers to straight and
branched chain groups such as those described with respect to unsubstituted alkyl groups as
defined above, except that at least one triple bond exists between two carbon atoms.
Examples include, but are not limited to ethynyl e.g. -C=C(H), 1- propynyl e.g. -C=C(CH3),
~C=C(CH,CH3), -C(H,)C=C(H), -C(H),C=C(CH3), and -C(H),C=C(CH,CHj3) among
others, and higher homologs and isomers thereof. A "substituted” alkynyl group includes
alkynyl groups in which a non-carbon or non-hydrogen atom is bonded to a carbon triple
bonded to another carbon and those in which a non-carbon or non-hydrogen atom is bonded

to a carbon not involved in a triple bond to another carbon.

[0057] "Alkylene" by itself or as part of another substituent means a divalent radical
derived from an alkane, as exemplified by -CH,CH,CH»CH»-. Typically, an alkylene group
will have from 1, 2, 3,4, 5, 6, 7 or 8 carbon atoms that is derived by the removal of one

hydrogen atom from a single carbon atom of a parent alkyl.

[0058] "Cycloalkyl" or "carbocycle”, by themselves or in combination with other terms,

represent, unless otherwise stated, cyclic versions of "alkyl", "alkenyl” and "alkynyl" in
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[0137] "(Carboxyl ester)am no" refers to the groups
-NRa- C(0) OW where Ra is al kyl or hydrogen. [0138]

WO ¢@anbwgy|l ester)oxy” or "Car bonate ester" rePET/FS1009/002512
the groups -0-C(=0)0W [0139] "Cyano" refers to -CN.

: 140] "Cyanoal kyl enecar bonyl " refers
which %? o ]aw%ﬁ@ bew, e%@aal}wl @yc%a@%;@y relebyig OB Ry

polycyé’meér%uﬁadw&n%g %&%Ctl&rp\;ﬂg ycl&'lﬁkpﬁ%lbg‘t?ﬁ&ﬁ@rtrlé’%fh}

refers to -( erein I's C 0143
p01y0)’dﬁju": k&faﬂskmm]m ar hxsm}' hadrhoro fuised efkgt sydlio stractubdaC("CRYRtky1" or

rearbofSee a5y e S YRGS TIPSR ok Rave one or

more dSHKIEBr f’Hﬁie Bond(®). al" KVEhR a&wd)al% pre?ecrs 2] bftqgalﬁﬁr &bBp that has
e.g., cyclopropylmethyl, cycl ohéxenyl propy
at leastope lsoh okgtkeipy mmstytatioo pgtweeantk tihg véitikes. Tilash “cycloalkynyl”

refers té%&lgloéky%/ §r0892$33§13&§ l%as[%(r??}ité(t)e E)P zﬁkgny(f u%satuclfatlo% %etween the ring

vertices. OMHe @Ak JaIbA1RY 1D 2NYded Th BOMbInGLiSK &/ithatdyRael m0) Re
wherein 12' is cycloal kyl. [0147]

C3-scycl@}léy16akaﬂyyle@~br@ﬁy‘b'@lmlky} pdrdips i mearg G haye the stajgderuniRr of

carbon iaa/n?ﬁy %léﬁo,iflr l ' o I Fl §8np ng{(gl%g’nlgt &hulsztﬁﬁg%el e%% %)%ﬁ o%ltf'ass]from

one to a@m@mmﬂ&oms lIyFic@la&)}éydalk)[l QuKPkuentsysdvedtday Bttb8Qing atoms.
refers to -S-c oal kyl I'n ot her enbodi nents, sulfur

Exampiggypf syclgalkyl ipglade syclspmtyl eYqiRfea/. dscyciahexenils Bryelghexenyl,
[ one or nore stereoi sonmers. [0150]
cyCth@I I)l(d e%%l ox" refers to -0-cycloal kenyl. [0151]

cl gal ke th|o refers to -$ cycl alkenyl I n ot her
[00591ecm’yo“oféff Pneelt g Q%ay g Skriusbrelees @7 Paliyisapirated,
aromatﬁuHf&l’ﬁ?x‘irbgﬁ’g@ub%maﬁhﬁ%%m 8X 98c4MBY¥n SRt wARhQUAR b;%ra single

nore stereorsomners "Ester” refers to -C(.
ring or whatiplie min@d (ipstodhkegl r;ngsj/wlhmlal akcyque@tqgetheh et Bnkxalrgdvalegtly. Thus

the phrgﬁ%ﬁ%lgﬁg hﬁ[lzns n[:)b]}gljr d [%?gupds&ﬂaa ﬁsaﬁbe E btlfag?tn?]ﬁ 8&%’8#\%8%1

naphth@Irbyawapaf éxa@fpl@nMohaimisinb ekhhpREbf uﬁ@.@mtuuﬁl #@§ISgroups include
ot herw se stated, a fluorine, chlorine, brom ne, or

phenylj bapphshy 2mapiilil andothinhgnyl; SSwestisuiesh and eroval’ oaglkgas; for

cxampfl SR GAOcNG) 1, Bt NGB POF o ORY oy ond
-CH,SPE TH8e SR "Rei&balityfdner smtself Br z?s PHeoftRR thlﬂﬁtlfernf’fﬂe%‘sea

up to the maxi mnum nunber of halogens permtted

divalenf eddied! Hyﬁlvedﬁﬁﬁl*tﬂa)erozymg 8s SenHifledyt-OHR CHQ@-@H@in_ and

carbon atons in the al group. For exanple, the term
-CH»_S-td oCHogdHk@H? _.iFor hearﬁallt)(bene groups, heteroatoms can also occupy either

or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy, alkyleneamino,
alkylenediamino, and the like). Still further, for alkylene and heteroalkylene linking groups,

no orientation of the linking group is implied.

[0060] The terms “heterocycle”, “heterocyclyl” or “heterocyclic” refer to a saturated or
unsaturated non-aromatic cyclic group containing at least one heteroatom. As used herein,
the term "heteroatom” is meant to include oxygen (O), nitrogen (N), sulfur (S) and silicon
(S1). Each heterocycle can be attached at any available ring carbon or heteroatom. Each
heterocycle may have one or more rings. When multiple rings are present, they can be fused

together or linked covalently. Each heterocycle typically contains 1, 2, 3,4 or 5,
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include trifluoromethyl, 2,2,2-trifl uoroethyl,
4-chl orobutyl, 3-bronopropyl, and the |ike. The term

wO p@phalesnl kyl " nmeans, unl ess ot herw se st at edPCHIUK3009/002512
substituted with (2m +1) hal ogen atons, where m is

) t he total nber of car nat in the alkyl ou.

lndepe?ilfr“tléislﬁﬁfleé%e?ﬁ@t?‘@? g“é?l'h‘é{i  GARRSAONAINY  Prome 21 7 8. 9

or mChl%hlA?&né i i'y@r@%gsmo%&%xﬂw qroQQtslﬂYﬂJr atoms and 0, 1 or 2
0-2- brono-2-c¢

, I-tr1’fT uor oroét hyl, and the Iike
oxygenﬂaidmsl Mtab p;afembhymhbhmgmpkomyamrleﬂexrs"a mtnom aid)lkl@,)@l sulfur

rgﬂ@g substit ut ed WIIh one o[ﬂ 51 en ato
atoms g JOXYBRR AP "LiIRUng EXAMPLES @ e‘i"%&ﬁ‘/‘é Igr%‘épsdg‘f Pﬂeed
morph&&1-SidRe) 1bé}a£iﬂ@-2 diOp %Eratzm ?—%xﬁi&bﬁwﬂlH@-@t&le i erldme
I ndependent |y sel ected from cyano, ~ - Rgdg
mOl‘PhGlB(eOpmmaz(nmzsmeamhns, ra'mazomne,gendéfaobm (pytazoiz)S ongj DYerlhbne -2,5-
oint of atta

aione, HEERFAIFRH A0 o, Bl s RARNT oot Aingtiny

tetrahyaﬁib@ﬁaﬂixlayé ify2ditgakediFMzZosxdps hRpaRr likal Kyl
cycl oal kyl , cycloalkyl al kyl', aryl, araalkyl

[0061]al @d&e\,{r%ﬁg?orr@fér cq)%yFS{ap S)Qc‘ﬁ%idc ar%%a?%‘?{%iqqmt%{mmﬂém one

Icar Fogen

to five @yt@:f@@dlhsl !;e.lecﬁe&ffr@@ VATOR zﬁidlﬁﬂwhe&iém |thd)1ﬂ1tragaﬁhd¢yiulfuRﬂtdn$ are
drogen, al kyl, cycloal kyl, cycl oal kyl -al kyl, y
optlonagry ypd agql R@ngg%ﬁwn(s)agr?p@mgbf@gﬁgﬂmzed 'A heteroaryl group

can be gﬁ%% su *%ﬁ??‘%ggr Of% r ogen ?pr om%fot nat Ornthfosu‘gg)a,carbon

atom aad kg/ﬂ corntaia I50a|1[0}claxbomand>mall‘kqd hmhtkryg gxaarpyds, ofdregaddcyl groups
mcludea{n W{rglml r?gg}_/ra(i)lvgi&qgﬁy GP%ng,z éggwgé Og%slmldazolyl 4-

id MRFSAMAL 2 68aRN J%ﬁdlclsl&ﬁzlp@%@a&m 4- 1y, 5-
i azBﬁ‘y@ pSﬁox %th 2 25}l é)l h%/d?loxypr 0%3 , l2 nmet ﬁ)gxyles%azloy

1soxaz<bigh 2ythmx9lyht4h§hli8,2024,o§/-dnwxlﬂy2 fUIa'th,cB furyl, 2-thienyl, 3-thienyl, 2-

pyrioyf 3l e B B8 ik ard eaRbeR i PR bl
substithdid®fdrRech &l thy hB& VY fisted Slivt ah&uéta@hm rlngslyﬂémahi@)s?élécted from the
Addi tionally, the prefix indicating the nunber_of

group efxcsentakie én%m@@ngs eseribedipyeipef Sulstityed heterogr i refestien
' . | . .
unSUbngLg%%Bée}gc si e po# C{ ﬁge(g%%dgsﬂ-“&q% %@{&g#w}mg members is

bondedS(0}) mndRehydrogéroasm uoh ablleschbt @ nloaveyiat reapadt to sublseused akyl
the group -al kenyl -Re where Re is heteroaryl Jl
grOUPS"aHQtSéP%‘é\“W asdl ISB‘H&HS* Regrespiatiye fuostiyepiapnd MF@( and branched
. r h 0 81 _ _ —_OC(= _
chain éﬁgg g?m.gﬁ gf0aflon[ BA8locHs,, OCﬁH5C( (:)OC)FFQ,{,e OC(=0)CH;,

teroary &ar onyl am no" refers to
OC(=®Mze+®CReD)I\HChhtzeerﬁrwoz [C150)CH3, -CO,H, ~-CO,CHj;, -CONH,, —

ot AP AR, e 90 a8l -

SO,NMd&al is heteroaryl. [0161] "Heteroaryl oxycarbonyl™”
refers to -C(=0)0Rd wherein Rd is heteroaryl. [0162]

[0062]_ KI%@@%) %ﬁ%‘é%&g Ike%?eﬁy kgg Icgah éx?l%g % y dtlca[] 8% g?ntam from one to

five hetdroatomeaelgtdd fifoan M, Daahd8; whﬁfeﬁf ﬁlehﬁrogHRaﬁﬂ s@lfﬂ'-&ns are
wherein Re is heteroaryl. 0164él 'Het eroaryl t hi 0"
optionalyy exidized, qnﬁéhegplér@gen atgn}{é)t ¢ SR 9r||ally|qpa;§tnﬁéqzd A bicyclic

heteroﬁ&?@?}lg‘ggﬁ ﬁ_% a@é@ F?‘ Xemgmﬁéll 911 th€ %&l&ulmau%%heté%om or

e Ssu e my exl st as one or
through thengminsnerae aad c{uOd(ﬁﬁiun SHet l€raachyan atbmk Kydii-liatiting examples of

b1cyclng%égelrgal})?lt g"r{)l?gsl 1lr<1¥llud li}/enzot[l?? lsyl,apurri%gjll %%enzﬁlxuggzo ere

benzopyrazolyl, 5-indolyl, azaindole, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-
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is an al kyl ene group and RY is a heterocyclyl group as

defined herein, e.g., tetrahydropyran2-yl nethyl,
wa@2(04A3885t i t ut ed- phenyl ) pi perazi n- 1-yl met hyl , PCT/US2009/002512

3-piperidinylethyl, and the Iike. [0166]

quinox;‘iﬁég-o C%.gkyg% g;ogﬁ?ﬂ}im r?f Bgﬁgéﬁg%&&;t‘é@dt %)u@itétyfnts for each of the
above ndted 8yP ﬁy@hé/tbmm m¥ gstéﬁlfs ‘ﬁfesseié%tédrf?om%e‘gﬂoaﬁ ofBedeprabe:

is heterocyclyl. Het er ocycl yl car bonyl ar ni no’
SubStltméélitSed@Cm'aﬁdhﬂm@( 0) Re vvher ein Re is heterocyclyl.
[0169] "Heterocyclyl carbonyl oxy" refers to -0C(.0)-Re

[0063] WRIreQcIREf thehBbes Oakeditents M€gnating a number of atoms e.g. “Cig” is
2009/ 131687PCT/ US2009/ 002512 [ 0170] "Heteroc Iy oxy
1\),/0[:]- im

meant fognelnde ald porible gbpdinmnts hahaveooe ek gl atoo iting examples

f t 0) ORd wherein
“mhmﬁéfﬁszﬁe %?oéﬁb?if%ﬁﬁﬁ§%5frekgizrogycf§lsLIfony

fers to -S(=0)2Re where Re is heterggyclyl %0173
[0064]. r%%cér%éwewg b?lﬁ@h@ff‘ra amtkyd" "heteroakyl.o piorqaeyl”) is

meant %ﬁ&lﬁh@baﬁ hﬁsd?;%hﬁlrt&lﬁ'éﬁ thILa §7é%bst1]|dﬁg(?r %ﬁﬁg |o¥ Henhglcated

ers to the group eroc
radical euresdi onteemtvise isdilkcétad. ”hﬁycebl@' eaxh cHdieadl ist smbstBOfEd-wioh 0, SQ23 4 or 5

s G USG5 R A B 5 Bt rcicl
movmgébag@ group -CH. [0176] Fydroxyalkylene refers to
he group -al kyl ene-CH. [0177] Fwdroxyalkyleneanino

1006512 SRRt eeR herpibFuigr FEiL" bgh RS opmgrbends o a

carbon@§ t)QPlNR@g&{(K)YAr@ Répi4dad blyQlooak to non-hydrogen and non-carbon atom
dr oxy alkglenean1nosulfonyl refers to the group

substmlS@SNRsF—haaSk m@mllmed[tg,l%hﬁlongmﬁy@fnﬁmﬁ C Bweansi I an oxygen

L

sulfur dtbmiiin @roupeisecisad midlfgeo@spallaqumﬂauyl[sﬂﬂfﬁﬁ] groipst, 6@fone groups,
refers to -NO7, [0184] "Nitroso" refers to the grou .
sulfonyl SRRYPS] @Ilsegjfo*ﬁi@ Sreynsga ngmgpg Atgm 1rbgrou%qchrffxg|apyno ylamines,

d1a1kylH§1 zl} H&UEI gﬁ?gﬁ% evfa&@ﬁidr&%eé@ Eulﬁ?r{o ir%g&mémammo

equ descr ent “or C|rcuns ance
acylanmmedsuﬂfohylcaunm, N-ardes  hatiddshanddaaaringst amhonhar:heuell@etoms in
i nst ances e.the even ci rcunst e occurs

variousiI ?{E?rag{(g%%s : ?tgfﬁnt§ t al%g@f)urﬁlstgrowa An e or more onds to a

carbon(sb‘ ) sycﬁsg&{(g ae&qprmde@ B al B RderWondi(e.g S URBLbIeUbLGiple-
an al kyl group neans’th % t he al kyl may but need

bond) tﬁ@t helt@om@sselﬁh as gnyigenhia odesasyl., pml@@ allnxlygefdenyl, aminocarbonyl,
carbox&ll t u ti.ons_wher e[{ t he.heter ocy

AT il i Bl SR e el e e P
nitrilest hsmbsefm&rnwyfahaergﬁau@e E®upin \Sldxbﬁfolné oF Bfbra\bbiusttb@ carbon(s) or

hydroggrll(lg/atomrs?é'I replaced by a bond to a cycloalkyl, heterocyclyl, aryl, and heteroaryl
groups. Representative "substituents” include, among others, groups in which one or more
bonds to a carbon or hydrogen atom is/are replaced by one or more bonds to fluoro, chloro, or
bromo group. Another representative "substituent” is the trifluoromethyl group and other
groups that contain the trifluoromethyl group. Other representative "substituents” include
those in which one or more bonds to a carbon or hydrogen atom is replaced by a bond to an
oxygen atom such that the substituted alkyl group contains a hydroxyl, alkoxy, or aryloxy

group. Other representative "substituents” include alkyl groups that have an amine, or a
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[0186] "Optionally substituted" nmeans a ring which is
optionally substituted independently with

wGametidte8ent s. A site of a group that i s unsubBCT/US10e2002512
may be substituted with hydrogen. [0187] "Oxo" refers

.to,the dival ent .group =0. ) ) )
substityd T ot b3 ER A GH B Biatio P igs csylamigg, (alkyD @ry e
diarylatfind, he YR 1arSRE, et f8me, ' &l ine,
y a[ 0%89] te9C‘Sdl§jll ?"l nyl " re_fergaicéﬁt hg}%gggﬂ%ﬂ?%e@gg-_ga%ngr gr .
(aryl)(Irgerpeychd)ateing geaph 8tBiother fepre@ptatise " subsiigienls| diclydsfthese in

. h roup. = S(0) 2-0 0191] “Sul fonyl" refers to
which b e iR B, fd Mol N Moo JA B ¥ e gt boha o an
alkyl, {yolbAfly1,"aBl| heroydary NoriRterb&fcdylgrbwp. - NRaS(=0) 2- Re wher e
Ra is selected fromthe group consisting of hydrogen,
al k | Y,
(006613 196 Bt oy Myindlll prefE SRS utines s argoggmonty
used indtaé aun esl cleateaidditidn@IL Y S]l-réBghfzed yhissxiyient gfoaps. A0 ekit@ples,
. %ou,p - 05802-Re. [ 01941] Conpounds, that have the sane
alkylamipe ctigfess 1 deipup 21 g fogmplaerNR Ry Hinlesssinted gheravsh, dorthe
[ . eigh at rpd ) . Of [
Follow g RO Oftaflng RO 4T, B AT R oS, 34 PGSR iffepprtehily
selectediffoireH, alkyl, hkoay s thimgpdlroxiyt cyafloalkyd] aryhthewsodryl, spheteroayeyl or are

. _termed "stereoi.goners”. Stereoisoner” and .
OPtlonaJ_Ethewse it%ﬁafyla}@?éfow@ @ow%aﬁm hatachsd & fqrpp a cyclic group.
When RY ddderR'®it afh@eAQb AR RblCnifrBEdPatbin, (HR§Y¥aRP 88 8628irRASVif the

' nore asynmetric centers or a double bond with
nitrogeagyapreq farm &3 6t P neombeaerdiring.hBoredxemple, AR Beis meant to include
1- rr(@{d%glllcg(g4§15 | pdj.vidual stereoi somers or as m xtures.
Py ereol Soner® ' PR ude enantioners and di ast er eoners.
Stereqisoners, that are not mrror inmages of one

[0067] i3t RerRaans! R exrergerir igfependentbhaslestedofisomabod calkenad, adkexnyl,

2 L posapl L1 L0 o r :
crloat 0 cSUBRLL ARSI Sl LRIES Oy EARR AU R8s nen
asymetric center, for exanple, it is bonded to four
[0068] ; ?(ma@fé(; 3 grdigplar r%fLi?éi“f‘”cS‘P"%ﬁahtzi Pretdsiigensuithhose groups
havingA¥o ®p & drQBL it6eHis BEng PRITAGE LI BE Brdl¥ntliRen@BR OVt Epreferably, a
configuration of its asymmetric center and is
radical g beivinsebsbijutedher RonegwdsiBugsdq Vst preterahlly esradfcaladihband
uns bSFhJZ‘l' g, or by the manner in which the nolecule rotates
ubst ‘& ane of polarized light and designated as
dextrorotatory or levorotatory (i.e., as

+) or
[0069]( -"\Supsignents'feiibp abitl ved hyteroalkyh rmalt@ﬁp‘milrm thess gaupstreferred
Lther 1 adivi e ' I 1 X4 U
25 By LKA AR A 205, ST IRY Begroqiy on
be a vagingnifi wompselesteddtdrd- GR?, £0¢ eNRE, AN>ORT, eNR* R FSRE halogen,
indicated, the description is infended to

SRR R DR ORI O PR b of ODRRS < YRS RSk, VR
cONE TRk SERVER B bR DB eI
g . : : A .
N R R H eSO SR RIS SRR, -%%W%y: a number
e
particutanly pgefeupd. Ra- C(S)-. [0196] "Thiol" refers to the
group --SH WO 2009/ 131687PCT/ US2009/ 002512 [ 0197]

[0070]" TRWbARRIMbIARHhES, @Ml "8rqhd AkYFarRll heterBRk§LMliR als are
that differ in the posjition of a %oton, such” as

selected fiigim: kKORG: Ad- NRiRe-SRahriegen.aSiRRER's -O6€O)Re-C(O)R?, -CO9R?,
taytoneric fofms of hetgroart',él %0@ cont aj ni giq( a . .
-CONR RECOGONR R nd R R r MRgeReRt:, NuciP2NR Rr 248D &, -SO2R",
i m dazol es, benzi m dazol es, triazoles, and tetrazol es.
A person of ordinary skill in the art would recognize
that other tautonmeric ring2atom arrangenents are
possible. [0198] It is understood that in all
substituted groups defined above, polyners arrived at
by defining substituents with further substituents to

o e



phar maceuti cal | y-accept abl e i norgani c bases incl ude
al um num amoni um cal cium copper, ferric, ferrous,

woO 2aobi180887 nagnesi um nmangani ¢, nmanganous, pot aBGI/U§3009/002512
sodium zinc and the like. Salts derived from

-sONBERE SRE S ol A éﬁ@%ﬁ\?bve%%n{f'éﬁa?%?ig [ aliS%. 1nsome

embod nQeE(}JtyQIJ&gltﬁelﬁp &rets&%&gd %‘M‘%R“C (2 ]]QR ﬂgl%gﬁn -OC(0) R?,

rring am nes and
-CO5RA4- gt]cmmm" h@@:@)makéan\fmemt hNRF(DezRN -NR*- SOzNRbRC -SOsR?,
dlbenzylethylenedlan1ne di et hyl am ne,
-SO,NR?RI, eNRy S@nRnd2¥ hadelNO,2- di net hyl ani noet hanol ,
et hanol am ne, et hyl enedi am ne, N—ethylnorphollne

00711, ERpR AEb BB s SR R PR LR G Bam ne.
(CHz)mHmeb NEHU(PEHFTHANH PLOBLCEHOVEH PH Y- 20H R =09 5T HS -
rocai ne urines, theobrom ne, triethylamnne,

CH0GH N1, hfiQy ﬁéamﬂ)iqsmféb@ﬁtlélrﬁnﬁﬁeof slubaﬁmeﬁmxi@reaﬁaim ~OH, -

OCH:, Ol T baort Pt St 0 B oo -DIRR PR TN -

C(=0O)CHp, bE)zbbLGOaéH3b§C©NII\I2aGN}Hg—N(ﬁE{3mﬁuNﬂ-EOzm{gnLNH(ED(CH3,
&mggunds with a sufficient anpunt of the desired
-NHC(a Hsi tHEPOpeHe. 010 (SN Hpia@dinala t  sol vent .
Exanpl es of pharmaceutically acceptable acid addition
[0072] s aSitrslarlyc! sudmtuchus' efod @rel argiarfdrteterpayt gawps amoiadsd ik ere

selecteﬂﬁrﬁ)r ocgz!illgé!%ng ARp h%gb?g% gﬁ{:’ b ICS?? B %\? ?\102, -COsR?%,

CONKRIDE) 6 m%@ﬁr ﬁfé'éﬁsud’?@fﬁog 33?@%@%&*‘ -C(ONR'R’,
_NH-CBYA OW“@‘ENF@ oA- & ) —@ﬁza"‘%( Itsgé) ??{jt %(0)

der?ved fromr ely non oxf’c organ
HNR*RACHI, CCHPPHIR! ifl GorolCS QMK &nd ﬁ@h@@ﬂo@l lE‘;iZloin(‘a number ranging
succinic, suberic, fumaric, mandelic,

from z&rena erestl homber, oﬂbgeﬁlvyﬂeeuésfcﬁrme ,arcﬁnzttrcl r@ng i}&fdlr&rdnd ,where R* R®
[rethanesul fonic, and the |like. A so included are salt

and R° gre igdenradguf ] %z%fr%@ hygrasat €1 oAkt s h‘?tﬁ@all%dmsubstltuted
aryt an et R B PR RS R ey P A 7! e

"Phar maceutical Salts," Journal of Pharmaceuti cal
[0073] ScT\eu ©€ theBGulstilkntsl O Zaljac@e ltadhdofthe aryfl iog hewrqaeyl rtdg 9hy
present invention contain both basic and acid

Opnon%lurhet feliard witBe sphgtuentobihe lRemebmicuds(Gié)gd)-. wherein T and

0 e BB R, BT R ST T Bt
of the sru%%?tﬂgﬁt?%ﬁ q IJ%X?I}%%P&QSC M tﬁg abn Br ﬁ@g%oa rhng%gﬁgg (?nrallg%ieqeplaced

aren oun

with a sERtiRkent dike faniid A-(QCHIIQ@J Bt hﬂle@aﬁmaﬂlﬂB(ﬁké fndeperideniy -CH,_,
the various salt fornms in certain physical properties,

-O-, -Ngic+5-asS (01, uBipt, yS{®) PR aror ssingdnbend, bod r ot hé@rami 3 ©ne of the
the salts are equivalent to the parent formof the

single bands ©f Hie Heat ring 80 fumsdseay etionaldy pe eepdanedwittemdpwne bond.
Altemzl[t%g'zlwl) QA ﬁl%%hf)%ﬁﬂer%:tg ﬁ% glel]tﬁ dén? v\mﬁqégfﬁee Q{y‘f%? Hétero&ryl ring may
optionz&l%ftt&rref)mbéﬂ witRraGubstgiisnt @f tﬁehi%nﬁﬁmp(l@H?)?s XIE(EIHQ)PedWhere sand t
herein are those conpounds that readily undergo
are indeprawdentdy inttgriggSramdap 3phyd Kdk oQi,c IR G o8idj SK@hS -$(@)7_, or -S(O)
provi de the conpounds of the present invention.
oNR* Mu subgiiuentyR’ up Ny Bf1apsl Séﬂﬁ)z&ﬂé{) c rigtacteddrems hydeogen or
npounds of the WD 2009/131687PCT/ US2009/ 002512
““SUbSBF"é%‘eﬁﬂ aaH%erfﬂeﬁww R iedf dedined pboyeocheni cal  met hods
in an ex vivo environnment. For exanple, prodrugs can
be slowy converted to the conpounds of the present
i nvention when placed in a2transdernal patch reservoir
with a suitable enzyne or chem cal reagent. Prodrugs
are frequently, but not necessarily, pharmacol ogically
|nact|ve unti | converted |nto the actlve drug

o oy I



[0210] An "antagonist"™ or "inhibitor" refers to an
agent or nolecule that inhibits or binds to, partially
w@eoohos@mBTy bl ocks stimulation or activity, deRPCEHESES9/002512
closes prevents, delays activation or enzynmatic
Ivity,. in ctlvates desensjtize or. down regul ates. . .

[0074)'nlggs ihdicaFd GRherwisc e MOMeBFIaiuieof SHPSHIEFER thakgrs Rdl pxplicitly
defined'Rdr€inre aﬁ'%@gpﬂﬂr ﬁﬁmm%tﬁ@ telrf 98&10‘3 JreYEfunBiMality followed by

i nverse agoni st.” [ 021 used herein, the term
the adj4eeonfiintiigralioy taWasd tlubepomtetzfmnashmelttléorrmdmlplxt thersubstitegid

" d/or JAK," and |ated ter ses refer to a
arylalg)g%yccaf Kb regﬁr@(ﬂ'tg%lgr%s@EylgEael@Hmﬁ{ Jappr opri at e

e.%., | ess than or greater than nornmal, aCtIVIté
[0075]s ykheatarin GacyiArefens do tte greatstcb%@)tﬂ atheye Re§tﬁé‘ﬁ)§t alsenyd, adkynyl,

on .of k an /or J " "

cycloayl G BE A Rt Py ot SR sy e e Rty group -
C(=O)CHprovenent in patient well-being in at |east sone

patients). | nappropriate functional activity of syk

and ' S r eX [
100761 0A e 55 e 1 bk MR GOt B TERRIE R atkynyt
cycloalklyE cyﬁoaptm, arg¥, @ateedar ylhamerpodyelyl pr Oduct ion of syk

and/or JAK, or slower than normal metabolic

I I abt f
007 o B R R R G iy A bt
cycloalkékyloaryt dgteemarplf orileteracyelylul ar acti vati on (| eadi ng to

e.g., inflammatory and i mune-rel ated di sorders and
[0078]C O'mkbk)" NeferPlo -ABRY KASRHh R‘;(Rraﬂéﬁ 1a® Heﬁ’rﬁedﬂi@fmﬁ n qj{/e?fesérﬁ‘fﬁlve
condition or disorder associated with syk and/or JA

examph‘:ayf Rifexygouas lrwmean@th@xy,xmoxynemtamedrlﬁ@w@mettlmyoand the like.
di sorder”. [0212] As used herein, the phrases "a

[0079]00‘nrdm<bxyamms” mfe@t&megfe@bamﬂ@m‘twm@aaﬂ id fikplart by syk
or JAK kinase activity”, and rel ated phrases and terns

ref s0 d.
(0001 ™ Bhot AB GRAA el S Ind prol N RTR AL DRR il 7 is alky
and NRAKsaeﬁmuhhmnnhmappropr|ate syk and/or JAK functlona

activity mght arise as the result of syk and/or JAK
[oosl]m@Qch%%Q?F’PQE/rM%ZM@&@%e'?emz@%s%m I 'mepq&lehéme

whi ch nor nal do not express syk and/or JAK or
alkoxycatbore)ége@psytxcladﬂj/f@rexampl@xmnsesbwm belowdegr ee of
intracellular activation (leading to, e.qg.,

inflannatggp and |nnune rel ated disorders d

i%iong) . bﬁél ion or disorder ne ed at | east
\T¢Oin art by~syk or JAK | ci nasesQctivity mgy b
o, conp tely\it partfarT?Nneesgfed by||nappr ri iyk
~and/ or JAK fu@dsi onal a&t|V| yv/?bMEVeJ, a conditi

oOr dlsorder medi ated at least in part by syk or JAK

k|nase activity is one in which nodul ati on of syk

and/om JAK results in sonme effect on the underlying

\L;Eﬂaltl or disorder (e.g., an syk and/or JAK
agon results in sone |nprovenent in patient
II-belﬁg,Vnrgr\ﬁeast [0213] The term
i nfl ammati on’ Lﬁ; used éyﬁq%s to infiltration
OfOMhlte bl ood ?kmd(e ytes nonocyt es,
etc.) into the area belng treated for restenosis.
These £193)334£L3:b-5h§1 480 cdr{Eeeiqut%EIt JuBBtituteRl RNWilllHR aggaﬁﬁ{ tootﬂose having
hat” produces an effect or that is intend to al
skill mtth@oxg@nmcgled ofedacitilsbamistpyr astsas sonjHocti@xaitp e, dlsclosure herein.
"vascul ar intervention"” refers to the use of an
i ntravascul ar procedure such as angi oplasty or a stent
to open an obstructed bl ood vessel. [0215] The term
"intravascul ar device" refers to a device useful for a
vascul ar recanal i zation procedure to restore bl ood
flow t hrough an obstruct ed2bl ood vessel. Exanples of
i ntravascul ar devi ces include, without limtation,

stents, balloon catheters, autol ogous venous/arterial
grafts prosthetlc venous/arterlal grafts vascul ar

g, o, e o ~NNA T



[0221] "Patient” refers to human and non- human
animal s, especially manmal s. Exanpl es of patients

WO p@basiss7 but are not |limted to, humans, cowsPCTHU§H09/002512
cats, goats, sheep, pigs and rabbits. [0222] Turning

next to the conpositions of the inventio term . 4.
[0082]' Ak fravsathang IR onec GelS T8I e gr&alpi-@'iylsrpe-z;éab&ggnwhereln R%is
alkyl. Mans a carrier or excipient that is useful in

preparing a pharmaceutical conposition that is

general ly safe, .nop-toxic and neit biological l y nor
10083] 3 Sk e Ry BoriPap e or a0 | NE Gl R Oy €55 atksf
exci pient that is acceptable for veterinary use as o
[0084] weTAlkasydathvmpyl aphinpatklent i refdrs (oste. —alkylgieaNRe(cetdORalwherein R
i< alk gcceptable carrier or excipient" as used in the
15 alky pecification and clains includes both one and nore
than one such carrier or excipient. [0223] The terns 4
[0085]" pHElkasycathany bl ylerepmeresulfendnwefges to to +heNBeutlkilgne((=0)OR
.effd pve amount” or "therapeutically effective dose"
Wherelrgg zér:éllk?'g t he anount of the subject conpound that wll
elicit the biological or nedical response of, a tisgue,
[0086] 5y AlkaxysaHprdpmgio Heleahtor thaeraue R R=Quoi Whprg Rets alkyl.
researcher, veterinarian, nedical doctor or other
[0087]c| tAlkglicarbon¥liaefees tnthe pruap€litOJR| WherefRastikye anount "
i ncl udes that amount of a conmpound that, when
[0088] ad“l&lﬂl}r&hﬁfoﬁ?loxys referk frd COBMLOY-RAVEMERF iéjzﬁ}éﬁl. opnent of,
or alleviate t0 sone extent, one or nore of the

sympt 0 of the conditjon.gf.di-sgeder bepn reated. .
1008917 RGP Piyieing et e i SRR ARererT R G b7 eresentaiive
alkylcHBRBMhiAG gdduPshecl G@TESUH@AmMpld) eM@ﬁJ®@H39LNH@@90§¢35CH3,

and its severity and the age, weight, etc., of the
NHCuHENHEC o). t Nt e CHoN i NGO GHon F:

refers to a m nute, nonnucl eated, disklike cell found
[0090]i nAlRgihetepadcpll'asifers of theairom hetdnadycl Rt winrs R s alkyl.

pronote bl ood clotting. [0225] The terns "prevent",

" bF e O any TR iveal. Lot ORs .
(00911, P el Aty YRS FoRPS |G e B Rk RV PR E where R
isalkybartially or conpletely delaying or precluding the

onset or recurrence of a disorder or condition and/or
[0092]ONeA R 1sTFASY 10 f“alklyBth &t SMERIBRAIKSY PFIES t& thel@biip SR %Avhere R? is

subject fromacquiring or reacquiring a disorder or
alkyl. condition or reducing a subject's risk of acquiring or

reaquiring a disorder or condition or one or nore of
[0093]i t ‘SAlkylseliThyNt restspd -O8E0) [R022feke R dlkylMAlkylsulfonyl groups

"recanalization" refers to the process of restoring
employedgf,compayndsafihg Pissend inventien piggyRigalky Snerdkylaslfipglegroups.

body;, s l.Qod, Msspe : e
100941 e RO G o RS et K e AR lony! erpus
employd iarcompypumis dfhise p@pent snveatiom ereaypiceldy @ pdlkylsulédnyagroaps.

angi opl asty or a stent procedure, has been perforned.
[0095) WO ZRORL ASHARK Pleh b UREA9 % QQE?I%RelS@Q@ﬁke WP Rafkyl.

"sel eCtively" or "specifically" when referring to
Alkylspifomil iggoups emplexsdgn gpmppesfdsrod theprasdit mdientjon ewaypigally C,.
alk lt?at is determ native of the presence of the receptor,
salkylsyHony] ETQUS het er ogeneous popul ation of receptors and

ot her biologics. Thus, under desigpated copditions,
[0096]¢ h‘é‘\%hipkfgmgémmdi defers ta PH¥ S(zQ)ak” whewpt Br isadkyleast

two times the background and nore typically nore than
[0097]10" Alkyd¥AOx ¥'i refess otk @gequpnaD-alkgeagl, vherddh alttynyg i9hs @efined herein.

conpound under such conditions requires a conpound
Alkynylgyy inclideg) bycy ok Grrmple eBYBY Iy PropyRYPX Y a9d the Bkg- ar

receptor. For exanple, small organic nol ecul es can be

screened to obtain only those conpounds t hat

specifically or selectively3bind to a sel ected

receptor and not with other receptors or proteins. A

variety of assay formats nmay be used to sel ect

conpounds that are selective for a particular

e



[0233] The term"syk inhibitor" refers to any agent
that inhibits the catalytic activity of spleen

W@ 2000831687 ki nase. [0234] The term "t hronbosi s"PCE2089/002512
to the blockage or clotting of a blood vessel caused

100981 o A5k Fri5ts -HhE EEawPr TR OB s+ heran s o pendently
are sel&té&tfrérh@ﬁe gr%uﬁ 951”1@&&@ meyﬁrdgpﬁ Qkﬁo%b\éﬁﬁﬁ’&i %k{rloaﬁalyl alkynyl,

he terns “treat", "treating', "treatnent'
aryl, cygkathy&tqychialk@ayl at:uemasylt heterofclirs and wiicfod} %ednd, R® are optionally

joined lobh & 3n ARl Becr hehind PRI o pte do s R s Gt AL
heteroc@&lﬁ@@x@@?tRSM RPle6i8 fRfm ﬁledgr&% Q(ﬁfmsghg ©P H?dlﬁ)g@rn a8/ Mkenyl,

| evi a mtigating or inpeding one or nore causes
alkynybﬁyca{Odkwldaéyl @wd@@lrkdl W@nalkméalnermnms'l d@mo@fchg gudstituted
ventlon lied Rr &Y.
neterocy i Y 86 koS, FEB, By N TRl - ceasgyatiot. -
N=N=NTag i &icql aneseplalkylef ers to any channel for carrying a
quid such as an artery or vein. For exanple, a

[0099] b‘AQﬂﬁxblVg%fgl% toa’ (?xﬁfvaletnf)raﬂi%ﬂ IEJR dﬂ‘e é{.{ﬁ%é’flglt ra&%f&lﬁi" The term

circulates 1n
includel I“lkkgila‘i/rﬁﬁﬁ’ ewhichfrefess toahé Q&)ulpanIaR pefrrsSRasallof aﬁa‘Rbtlsl H or
t he blood vessel 2. Enbodi ments of the |Invenjion a

alkyl. 5O Inglpdey "arHamBE IWHED reicts e fsrerprR viNReR WheTS least
one R? %F'JRO@ J}gfgtTheQeﬁﬂ Qﬁeqmuﬁ@\“%l E@Mgﬁn&’l’ Which Bl % the ‘group —

r a tautoner
NR Rb pﬂarmm:smkyt ahd R® acawpbt Abdicosally, fdn’rthalkga]fammm groelpm, the Ryl
2009 687PCT/ 2009/ 0251 T’é s.sel ected fr e .
PO““’“@F% r§§{n§ﬂf grahgndsan é“%dsfo e de mF’ ed ring

with tht RRrdleR 4R nt RNWhithicash Qfat@cmn %CC’ON(I%];Z%FK)YI&))I’E[MCSQ%% as
-CO-,” -NR4dS02-, heterocyclyl, heterocyclylcarb

-NR*R'3is dndnat eripelpde plpgurlfrryhmyrmkdmyi sn@‘eh@lméoazw@mt fral the like.
group consi sting of:
[0100] “Aminoalkoxy” refers to—O-alkylene-NR’R".

[0101] “Aminoalkylene” refers to -alkylene—NR*R".

[0102] “Aminoalkylenecarbonyl” refers to-C(=0)-alkylene-NR’R".

[0103] “Aminoalkyleneaminocarbonyl” refers to—C(=O)NR*-alkylene—NR"R”.
[0104] “Aminoaryl” refers to—aryl-NRR".

[0105] “Aminocarbonyl” or “aminoacyl” refers to the amide —C(=O)—NRaRb. The term
“alkylaminocarbonyl” refers herein to the group ~C(=0)-NR°R® where R* is alky! and R” is
H or alkyl. The term "arylaminocarbonyl” refers herein to the group —C(=0)-NR°R® where
R*or R” is aryl. Representative aminocarbony! groups include, for example, those shown
below. These aminocarbonyl group can be further substituted as will be apparent to those
having skill in the organic and medicinal chemistry arts in conjunction with the disclosure

herein.

[0106] “Aminocarbonylalkoxy” refers to —O-alkylene-C(=0)-NR*R® wherein R? is

hydrogen or alkyl and R® and R® independently are selected from the group consisting of

24



(a) H (b) G _salkyl, optionally substituted with

froml to 3 substituents selected fromthe group
w@omvgitste8hg of am no, hydroxy, O _sal koxy, PCT/US2009/002512

heterocyclyl aninocarbonyl, am noCi _8al koxy, aryl and

hydroggfya bl calliy g Sl v ot Ak R thersfas hetepggycic, and
where RF é/dd Rbm{elo?nalha{wy Jéuka%getﬂﬁ&dmm the nitr&BnbobRd ghereto to form a

substituents sel'ected fromthe group consisting of
heteroaggli@ar sapstituEd @edraeyclic g@pumBal kyl ami no,
Cl_8al kyl car bonyl am no; am nocar bony1lCl 8al koxy,
[0107] 2aM AYaEeLArB oYy lalk HEh O fFER @@¥£Ikyl@ﬁé@%.).—&ﬂk*ﬁb| Wh&ein R® is
car bonyl G 8a|k04y and hal o g% het erocycl yl ,
hydrogampoglkitsandR g, R dpﬂ¢mé¢nt§y galselested from tietgron ennsisting of
hydrog% Saglgﬁt Al{«yn o;agk)g{l ea%)il g%ﬁl zﬁf;n L cg)(ecb%ar%gc%’{%l Ch%rt]esrlggrtyi h%terocychc and
where E‘larﬁﬁktka’ﬂe ©Pti oI Jom%mt@gatlairbﬂﬂyihe nitrogen bound thereto to form a
ryl G _4al koxycar bonyl, aryl am nocarbonyl; and (f)
hetero%é%"e?'b%@‘l“me@ﬂlef%%bxc i ZEQMistituted with from1 to 3
substituents selected fromthe group consisting of
[0108] CI Bainkyirbo3lalR slekyd minobd fylyl’ arefers to —S(0),NR*-alkylene-C(=0)—
a bc anqCi Kyl enecar bon i s al k or is
NR'R” e F%‘S@% S P dhogan Ay Al ap R wgewn@sn%hﬁre fielegiedl from
h
the gf"‘é%ﬁ?‘%?%‘.ﬁ‘%?f'%?@’ KR DO REIHE N, &1 KFUGAREE KrctbiRehy,
heteroagplt hesamiclslics amd whergt Richng R hoffthe aminct gro@p sehapitionakénjcsned

togethe&m@ltlhggﬁg) nd%nt | %%rqu£ E)d J rﬁ T,rtog}gcl or SBbS%R{I]t%h %etero%ychc

group. C1 8alkoxycarbony1C1 8al kyl ene, _
CI8aIkoxycarbonyIan1noCl _8al kyl ene, am no,

[0109] amﬁﬂﬁq‘% W%rlﬁnnﬁa r@%}rﬁqﬁgfé% ,%;I'b ﬁ%&ég&qﬁgﬁe wherein R? is

hydrogambﬂﬁldigr zbmll’Rf‘l il qumg@ahkml}eme selected from the group consisting of
am nocar boxyCl 8al kyl ene, am nosul fo

hydroggns alkd, glk 1a@§yr8/é|qwl|, éypéoallgg_l gg}lo&}}(eny@ heteroaryl, heterocyclic, and
here B8hYRS 4kl H&k 1yGhial éﬁéf'
where C1_8al kyl h teraog Tn% J§(‘>t/:t ?hr{:et er ci%llug? ereto to form a
heterocgalickyt met;ltudee;eracr»clhcggaqj koxycar bonyl ami no, car boxy,
carboxyC _8al kyl ene, cyano, C3- 8cYcl oal kyl, hal o,

[0110] hetAﬂﬁm@EMb@ ShRIoRRKk Yelx@l réddsky kifNGoup emq‘(fyﬁaﬁymaﬂlc(O)NRaRb

r oxy, oxyCl_8al kyl ene,
Whefelh%ﬁﬂ&)b@ﬁé@&%@ﬁaﬂm aeéleyn@Re indeperdsntlysace sehettedsfromame group
168 7P

consmtm% hlxg og ! e ] WI %/ aggylney ?/’élﬁﬁlgybcidgﬁ gk%ﬂ ehe?eroaryl

heterodytli¢,ag@ WHege RharzhR taeloptisnallyl J@ﬁfkﬂdog@hér@vﬂﬁﬁ the nitrogen bound

het erocyclic or heteroaryl ring, optionally
theretod G 1 ielerCys HOrrBUIcdeieratiste Brafnt s Rob and Rec

each of which is independently selected fromthe group
[0111] c oshEIbEaToxfal KGlerBA Irkfersyto tﬁﬂgﬁmbk@ﬂgymt(OGW)NRaRb wherein R® is

k al k
hydrogg%p{(glia;lga&%glg{ﬂp%m 1H8@en§5¥tl@5§r§ ﬁglectgﬂifﬁ)@ the group consisting of
hydrog@lmdimlalﬁ@f{ﬁydll@ﬁﬁd A0, @9@}5&11(%1 éﬂl@ﬁﬁéﬁ?%&romyl heterocyclic, and
am nocar bon | am no, am hocar | am noC _8al ky ene,
where &nambBam‘g@,py@alalapky:ﬂe@@thqrwlﬁomlrﬁtmgdn bound thereto to form a
nosul f on 8al kyl ene, Cl1-8al kyl,
heteroc@f&ql%% W%EYGPSWWOCY lc%‘?%l sul f onyl CI 8al kyl ene,
8al kyl heterocycly

[0112] Q ?ga;q@ylplf@wé égrg; ;c;,i%{p)gngﬁ where Raisyindependently are selected from
the gro@é\Xé&&%@' E‘*‘?{r%%e b ) ;gﬂ#gﬁmgfzgg@(}lo pyly obstiigieg alkenyl,

heteroaryl heteroarlel_SaIkerne, het erocycl yl ,

hydr oxy, hydroxyCi_8aIkerne, I mno, oxo and =S; R4a
is selected fromthe group2sonsisting of: (a) aryl,
optionally substituted with from1l to 3 substituents,
R4dc, each of which is independently selected fromthe
group conS|st|ng of Cl 8alkoxy, anino,

o o ~ 1 1



if R4b is heterocyclyl, it is optionally substituted
wth 1-3 substituents, R4d, independently sel ected

wo e@ai181e87 gr oup consi sting of G _8al kyl, C _8aP&DK§2009/002512
hydr oxy, am no, halo, cyano, oxo =S,

8al ko ar on l, carboxy, 0 arbo
alkyny W&%ﬁ?‘? cyl ggﬁwp@ Y %tht’uted cycloalkyl,

cycloafitbn 3 ad by 1@(@d@%ﬁfaﬁ&:ﬂ¥i hel%ﬁﬁrylssmﬁﬁhﬁl@é@l%t&{)% tH%@ér&E}QH@

consi sting of "H, al kyl . C3_8cycl oal kyl
substitged Beiktogyelioaslvhani’ ank®s arsopeinally geinéd mtﬁlhewghohmmtrogen
drox

bound figith £ éog%eac"fe%%'mﬂ%dﬁgqarﬁﬁgﬁ%taﬁ b rabYEc ipup AngialkR substituted

alkyl, ﬂen%ﬂ'slﬁyﬂutut@& @Ik‘én ﬂ%rlk oubsGturépallcyh B ncidaleyl, substituted
al 8cyc oalk 8al kyl car bonyl , hydr oxy,

cycloalsyls c%%ausemdswmutedm@mmﬂaml,aauysmam i il
substm&gﬁl g?r%(o%g)g/l lg)quljé)ﬁ chscga%%qu E&ﬁﬁ%g‘é‘{'g{epoc@ﬁh? %rreoag-rd)e nec}/ hcgem

e dashed I|ne i ndi cates ddouble or SI%%}E bond
[0113][ oz‘*gs]norsw forydalkeengr isfass b5t —adltlers-HENeNR IR where Rys ipgependently

are sl 01 AT 4 Bt Shn SRR TERE en ot Stk Sl .

substithtad atkenylealkgnydumbsﬁtmdmﬁymmyl sibsaituted m;yd:,laybbnydyl substituted

clobut I not her, grou
eyeloall 6&5 %&yl 7eb30 ﬁugedaﬁﬁoahﬁe ]aﬁ%‘teﬁélfylg?"(?ébp%?d heteroaryl,
heteroc‘%@ﬁ@ dLBRNALRd hae?odyéhp Qﬁd"xllherellﬁ’ a'i‘i@q{bhﬁé oﬂﬂi&ﬂaﬂ g&ned together with
nbodi nents, R a i"'s heterocyclyl. In another grou
the nltregtmblmumlrth@etoﬂoaform athetegoqyaliy lor st[lisﬁtwf}d hateranydlivegroup and alkyl,

substit3ff Bk FalEy RS a R Pyt SRR RIS oatkyt
substit@8 e i1 FBRYIS cydtBakérsyl | abQituicad§tioarkeriIt EkyR' sabagtet Agy1,

ni trogen to which each is attached to forma
heteroggh, syhstipied heteroaty] sheteree xadicfand snbstisuted berprasyelyd areiap gefined
of piperidine, piperazine, honopiperazine and
pyrrolidine [0240] In another group of enbodinents

ach R2b is |ndependently selected fron1the ro
[0114] o tpip katamiopaniapy” i\ Mers o s EIRPRHSIBNR R where R* is

alkyl an@ﬁggﬁ%lk%&ég{@@'@ﬁﬁlmmgl&nﬁl q_el'fe é%&”&f g —

S(O)QWRNHQI)&EKRM rs@ll-]N&Q)yDHZCOZEt [0241] I n anot her

[01 15] aron 1 ?(gly?cw reérség tl]ief group opth %3[?%{} rre?nu d R®

mdepeﬁd’@ﬁ@l?'aﬁ’@ibﬂ&tedﬁr@m‘ the %{ QRefdtddoanatdien, Qk?lu RIKRhyl, alkynyl,
mbodi ments, R3a is n anot her group o

aryl, C)@m;tl)l@ilmt@lke}nsh hpger@iyl%jd@teroctyq:hgn&i :mgi'R gare wptiofally joined
to th th
ogetnd Ao} yen it B 050 £ BEED BBl chp s TGS hierocyetie

goupnltrogen to which each is attached to forma
erocyclic ring. In another group of epbodi ment

[0116] R3"a‘\m§10§‘&f<‘é\’§’l%fﬁ’g‘é Kefersvp the grReD MdReB (2R zmhegm@ Rt fghydrogen
or alkyE lél{idé gggrghy }ﬂ%é&ﬁfggﬁgﬁe sl%he@%hgfﬂg ?he g@g{lﬁggéﬂs?stmg of hydrogen,

alkyl, sabtrardiediitys, alkéeyl,i ssbstityled alkenghatkyayi, gutatipited alkynyl aryl,
odinents, Rda is pheny I n anot her grou
Subsnt\étggaa'l ﬁﬁloglkyhzﬁab§t§U%etCéFlean cwlﬁaléfﬁ%xlh%}bsgw&sipcygfoalkenyl
heteroaggg Slgdsgﬁﬂ&?hetg% me))l Shé?&ﬁz)iﬁc?lgygdd{)é&?stﬂtg?eﬁlﬂaeaéé??ﬁpgtgpg u'ivrl)lere R® and
are o;btlmaﬂp gblnﬁhtagﬁchﬁMth thd\(llﬁog&abtklyid)theretmtoefnnh iadfretegowpc or

substmétﬁ% gaﬁegpg:lpﬂ: cn;t;r%fp,l %nd ‘t‘;}ﬁﬁrem|ar‘1k)'én§r5]’[bg‘2??'t lﬁ)a %any? substituted
alkenyE AIRGHA LM sBitutéd al'k§n¥1l NRAISHRY1. st Rt J}%foaﬂ{y@ Ud%lcﬁfalkenyl

enbodi nents, Z1 i eterocyciyl. In another group of
enbodi nents, Z1 is heterocyclyl carbonyl. In another
group of enbodinents, Z1 i 26heterocyclyl sul fonyl.
[0245] In another group of enbodi nents, Rsa is H.
[0246] In another group of enbodi nents, R6a is H.
[0247] In anot her group of enbodlnents Iea |s

o o T o o s R - o o I

herein.



[0248] In another group of enbodiments, R4b is

sel ected fromthe group consisting of H Cl1 8al kyl,
w@1008aBi6yt car bonyl , Cl1_8al kyl car bonyl am no, PCT/US2009/002512

C1_8al kyl sul fonyl C1_8al kyI sul finyl,

substlt@idggclflg%jk%?yga? 15@%%1%;@({ ﬁryg %léfg | §l|u kl&;%?&luted heteroaryl, heterocyclic
and sul%huﬁ@n'l K&éﬁb%?éll%oa[}é( LaglfMed Hekeifial koxycar bonyl

8al koxycar bonyl C1_8al kyl ene, am hocar bonyl o
[0117]arﬁAmwtlﬁmaylbqnyClce&k kmbhy@mthm@(S)NRaR wherein R? and R

mdepeg(%ﬁnﬁlal ké/ %eiefcs%ﬁgnos f omércsgﬂ%mg of hydrogen, alkyl, substituted alkyl,

alkenyﬁ@h&‘ﬁ%e@@llkg%hei&%ln&ﬁ@ﬁ@f&‘l}’dlkynyl aryl, substituted aryl, cycloalkyl,
am nocar bonyl"C1_8al’koxy, am nocarbonyf,

substitugail nmiaalby)lnyycdmale@tlykwueﬁaawdmsl@blkomxll heterntybagpbstituted

heteroa(r:glr g Cc:lgcél?cz%p% élftﬁglﬁg%cgﬁqstﬁrgcyﬂgc] ddld \mp&? gxs';nd R® are optionally
joined mg@ﬂ@xy@mﬂ@hlkw?@n BourltyHERIY (@ fofflakict @B HE P B sBiRd e,

hydr oxyd _8al kyl eneam no-,

heterogygHe gs0pp) argiawkg:p@neélgyh mmmmkyl alkenyl, substituted alkenyl, alkynyl,
sobsi YT aREHY Py AV RERIRLF et R TRURASH sphsiomgagyeiqutken

aryl, subdttube) argiThadioReyl] subdtitesiiuidaryhdetengeyclie, dndrsobidtauted:

WD 2009/ 131687PCT/ US2009/ 002512 Rib NH R7 or
heterogygli¢ affeds dsfined Pis¥raceuti cal | y accept abl e salt

t he a
[0118] et‘%@g}é@%m&{mz‘goﬁéf&sheter rggl/% 1\1 suI?jgf%/ oerhCremR is

hydrogeo od alle imd Rb arel Rtare «bpﬁomﬂyt jbimed n«:gqﬂmmm tht initgogeh bound
b 8al k tionally substituted with
theretoafﬂif%n 5 a i ?9&&}“1"% Futugﬁ ReHCArISRBIOUPal koxy,
C _8al kyl am nocar bonyl am noC _8al kyl ene,
[0119]anT AvyGilkSaickibryylamiyg”, refwﬁmhy gonupheVR} Qe@d@yﬂlkyler(ecyx where R°
C3_8cycl oal kyl, optionally subsitituted with al kyl,
arri no, hydr oxyI G _8al koxy, Cl _8al kyl am nocar bonyl ,
1noCl_8al kyl ene, ami noCl_8al koxy: (d) aryl,
[012010 pt"?\"d’llfé‘ﬂl’(}m’!s Lisars q the grown HEGQRR Whara Rois aryl.
am nosul fonyl, am noCl_8al kyl ene,
[0121]C1‘;/8@|ldaylbcmlylamioa'r terﬁmh@-lj&éﬂ:mm° wheeioRY lis aryl.
Cl_8al koxy, d _8al kyl am nocar bonyl, am noC _8al kyl ene,

0122 am&&@ ¥ &l @ic thQBé%q{PM , optionally
[ ]substl ut egl%v%)&tﬁ Crlsg ;b (tﬁ G _8al koxglc rbonyl

[0123] an rg&x 3 5? 8 A Q%Lj %X ¥%%rcﬁ‘}§%)rle<%£g{trllvg I%)céz%lpl%s Xl“ aryloxy

groupsquaﬁ@&bne&ekm 96@1@)@?@@1@%@ liké.f) heteroaryl, optionally
subS|t|tut ed wth alkyl, am no, hydroxyl, Cl 8al koxy,

G I b or
[0124]am n%@wg%% y?&g%qx & a%@gﬁvggéw%mﬁﬁ%g group
consi sting of H, _hydroxy, al kyl car bony
[0125]y ““8%11(?3@’29@8?1518%(0 re@:éq ‘Qy-r]\élﬁﬁ O)f wherem RYis aryl.

G _8al koxycar bonyl am no, am nocar bonyl G _8al kyl ene,
[0126]hy‘d4mfkgud:fanjdﬁn§alry]trhydmxyn@amkmyf Gifer8ab khel grnep S-R%.where R is
am nocar bonyl , ami noCi _8al kyl ene, hydr oxy,
hydr oxyCl_8al kyI enecar bonyl ani no,

G _8al kyl am noC _8al kyl ene,
[0127]C1“1‘8161|1Wﬂ0817ﬂf "mefers ®alSiyPiRe a\rhermBatSbsmxwll

am nocar bonyl am no, Cl1_8al kyl sul fonyl CI . 8al kyl ene,
[0128]C3+ Beysu foa lspisetr o sy IAMNRS (200L-R® wherein R° is aryl.

G _8al kyl car bonyl am no; and

1s aryl.

aryl.
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WO 2009/ 131687PCT/ US2009/ 002512 R4c is H, am no,
C _ol kyl car bonyl , am nocar bonyl C ol koxy; R4d is H or
w@2008aBi6y7 ; R5 is Hor G _8alkyl; R6 is sel ectdI/if1909/002512
the group consisting of H, G _8al kyl, halo, hydroxy
R7. is selected, fr e. grou

(0129 MG KRibi ers S9 26 Sa1D S5 PRy etS B iLb af derined hetdhn T other

embodirlen®ak b GREPOOYLidiZRY U5 R(O)- OXBO,DHRetied! Vhe &iMxide may exist as
heteroaryl; "and the dashed’line indicates a double or

one or giongsterebspaiersor t he noi ety R4b-Zib conbines with Ré4c
to form5-7 nenbrane heterocyclic ring, containing 1-3

[0130] heteri@at s o ¢ uding N, 0, S, optionally substituted
with Cl_8al kyl, halo, cyano, oxo, .S, am no, hydroxyl,

Cl.8al.kyl.carbonpyl, Cl 8al r .
0131 0SB R R e B seonp s ghadiorresponding
group dody a6t éxa§1, Hidane @esupk b BOGLsIESs aeiBieebityEnRikeda conmpound,

having the fornula selected fromthe group consisting

[0132] Of"'Carbon%'breﬁgm e AN 'grou%l—’éédy—tl

[0133] “Carboxy” or “carboxyl” refers to the group ~CO,H.
[0134] “Cafboxyalkylene” refers to the group —alkylene-CO,H.
[0135] “Carboxyalkylenesulfonylamino” refers to the group -NR*SO,-alkylene-CO,H.

[0136] "Carboxyl ester”, “carbonylalkoxy” or "carboxy ester" refers to the group -
C(=0O)OR".

[0137] "(Carboxyl ester)amino" refers to the groups -NR*-C(O)OR®, where R* is alkyl or
hydrogen.

[0138] "(Carboxyl ester)oxy" or "Carbonate ester" refers to the groups -O-C(=O)OR°.

[0139] “Cyano” refers to —CN.

[0140] “Cyanoalkylenecarbonyl” refers to — C(=0)-alkylene-CN.

[0141] "Cycloalkoxy" refers to —OR? where R is cycloalkyl.

[0142] "Cycloalkoxycarbonyl" refers to —C(=0)OR® wherein R? is cycloalkyl.

[0143] “Cycloalkoxycarbonylamino  refers to to -NR*C(=0)OR* wherein R? is
cycloalkyl.

[0144] "Cycloalkylalkylene" refers to a radical -RXRY wherein RX is an alkylene group and

RY is a cycloalkyl group as defined herein, e.g., cyclopropylmethyl, cyclohexenylpropyl, 3-
cyclohexyl-2-methylpropyl, and the like.

[0145] “Cycloalkylcarbonyl” refers to the group —C(=O)R® where R® is cycloalkyl.
[0146] “Cycloalkylcarbonylamino” refers to -NR’C(=O)R® wherein R¢ is cycloalkyl.

[0147] “Cycloalkylcarbonyloxy” refers to -OC(=0)-R® where R is cycloalkyl.
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N NN wherein Ribis G _8alkyl, optionally
substituted with am no, heterocyclyl or

wa@rimabmBer ocycl yl, and C3_8cycl oal kyl, opti onedT/¥S2009/002512
substituted with am no; R7 is hal o, hydroxy,

o108 S S Sy SR PP e

is Hor G oIkyI and RI is H G 8alkyl, G _ol koxy,
[0149] c1'Cygldakoihis rrbﬁgrﬁwoes -@yickoplkam. dn cmlmrm(bpdaawwse}fér may be

oxidiz g S BRIt i BE s B Pinee®ns o syep stsreqisomers.
a

[0150]anvtyawm@zﬁy6x" &b is)tb €O%ycRali@nyRut oner  or
armaceutically acceptable salt thereof. [0251] In

[0151]a éiyistaalkgnglipioo fef@rﬁﬁ@d‘ﬁﬂﬂpglkewlbm (yh@lengmdkrypnts sulfur may be
| f
OXIdlzeg%ogmn%{ss?M%ﬁ%l l|Hsg é[lcyc a{( y : op 4:88?13 § ?/r more

steremsmlnﬁ:gitut ed. I n another group of enbodinents, Ribis

cycl ohexyl , 0 gl obutyl, each of whi ch
[0152] 5°Espsri gsifaisit |<9/—§Lﬁ§§ Iguwa%relnl% wridthesyCclnalion 71, heteroaryl, or
heteroc? pdiments, Rib is heterocyclyl, optionally
stituted. In anot her group of enbodinents, Rb is

het er ocycl yl hISS m t he group
[0153] ¢ o C&}aBEd1RRy rsferSpﬁopt ?afﬂuwyﬁﬁmﬁm and

t et rahydr ot hi ophenyl . I n anot her group of enbodi nents,
[0154] Ri 'Halg” @r'{palogem’ lasnthtemsclvg$ omsmcdrﬂnodiensmsgiueﬂt,mdas, unless

0 het er oa I n_anot rou .
otherw IR 8 o Se e ne prompf a7 ipgoe IR Ao naly. B such s
"haloalRf1"eare ek aReY iSicludé RikiySich@hRh &Y o Wore WhdréBer 8 sﬁ@dtﬁ@&,@ ith
fromthe group consisting of: Nt? Nss< Gss& 53]

halogen ptoatsoy ek cefr brufhe srme s dififerents 1 a pyrebergpegipe from one up to the

maximum number of halogens permitted e.g. for alkyl, (2m'+1), where m' is the total number

of carbon atoms in the alkyl group. For example, the term "haloC{_galkyl" is meant to

include trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like. The
term "perhaloalkyl” means, unless otherwise stated, alkyl substituted with (2m'+1) halogen
atoms, where m' is the total number of carbon atoms in the alkyl group. For example, the term

"perhaloC_galkyl", is meant to include trifluoromethyl, pentachloroethyl,

1,1,1-trifluoro-2-bromo-2-chloroethyl, and the like. Additionally, term "haloalkoxy" refers to

an alkoxy radical substituted with one or more halogen atoms.

[0155] "Heteroalkyl" means an alkyl radical as defined herein with one, two or three
substituents independently selected from cyano, -ORW, -NRXRY, and -S(O),RZ (where n is
an integer from O to 2 ), with the understanding that the point of attachment of the heteroalkyl

radical is through a carbon atom of the heteroalkyl radical. RW is hydrogen, alkyl,

cycloalkyl, cycloalkyl-alkyl, aryl, araalkyl, alkoxycarbonyl, aryloxycarbonyl, carboxamido,

or mono- or di-alkylcarbamoyl. RX is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryl or
araalkyl. Ry is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryl, araalkyl, alkoxycarbonyl,

aryloxycarbonyl, carboxamido, mono- or di-alkylcarbamoyl or alkylsulfonyl. RZ is hydrogen

(provided that n is 0), alkyl, cycloalkyl, cycloalkyl-alkyl, aryl, araalkyl, amino, mono-
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is selected fromthe group consisting of: wherein R8

is selected fromthe group consisting of H Cl 8al kyl,
whyapoxysar bonyl G _gal kyl ene, PCT/US2009/002512

al koxycar bonyl G _gal kyl ene and

alkyla%a?%}a‘?%ﬂé‘%?Zgéﬁﬁoﬁﬁﬁﬁeﬁ?pﬁ%%&%ﬁi@ BaretiorhieEgBpgmote.

r&STPL th
T O N o sy - cFetacthyl, and

2-methgl¥ulfosy -dBiay1 K Foe B&chast they ssssyRWaRd RY, ikl Retachefiirtheogbstituted
t he_ group conS|st|ng of halo hydrox

by amitg, FBRIRExy/Y aBRd - B R anmno A B b0 dydditienaHpiothe prefix
mdlcatf?l:éqﬂé/ hulﬁggr (Rycraf nnaXJ)ms g)éa% Sé Je]R)g %'51%518 e fo'?z}{ %ﬂHbgpcr)]f carbon

es iIn ano
the .fo

atoms 3% Plhlon ¢ “aen%“%f?{g?lkéf gonb 8%518%8 G iyt S e k'gﬁzomy

S(O)nl{ta\f)bﬂ%ng,he formula: WD 2009/ 131687PCT/ US2009/ 002512

[0156] “Heteroarylalkenyl” reférs to the group —alkenyl-R® where R° is heteroaryl.
[0157] “Heteroarylcarbonyl” refers to the group ~C(=O)R® where R° is heteroaryl.
[0158] “Heteroarylcarbonylamino" refers to -NR*C(=O)R® wherein R° is heteroaryl.
[0159] “Heteroarylcarbonyloxy” refers to -OC(=0)-R® where R° is heteroaryl.
[0160] "Heteroaryloxy" refers to —OR® where R is heteroaryl.

[0161] “Heteroaryloxycarbonyl" refers to ~C(=0)OR® wherein R is heteroaryl.

[0162] “Heteroaryloxycarbonylamino ” refers to to ~NR*C(=0)OR? wherein R? is

heteroaryl.
[0163] “Heteroarylsulfonyllamino" refers to -NR*S(=0),—R® wherein R° is heteroaryl.

[0164] "Heteroarylthio" refers to the group --S-heteroaryl. In other embodiments, sulfur
may be oxidized to -S(O)- or -SO,- moieties. The sulfoxide may exist as one or more

stereoisomers.

[0165] '"Heterocyclylalkyl" or "Cycloheteroalkyl-alkyl" means a radical -RXRY where RX

is an alkylene group and RY is a heterocyclyl group as defined herein, e.g., tetrahydropyran-
2-ylmethyl, 4-(4-substituted-phenyl)piperazin-1-ylmethyl, 3-piperidinylethyl, and the like.

[0166] “Heterocycloxycarbonylamino > refers to to -NR*C(=O)OR* wherein R is

heterocyclyl.
[0167] “Heterocyclylcarbonyl” refers to the ~C(=0O)R® where R® is heterocyclyl.
[0168] “Heterocyclylcarbonylamino" refers to ~-NR*C(=O)R® wherein R® is heterocyclyl.

[0169] “Heterocyclylcarbonyloxy” refers to -OC(=0)-R® where R s heterocyclyl.
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wherein Rib is Cl1_8al kyl, C3_8cycl oal kyl, aryl or
heteroaryl; each of which is optionally substituted
WORE0b/15ns8lT oXy, Cl_8al koxy or am noC _8al koxy; RADUSR0902512

or CH3C0-; R7 is H C1 8a1ky1 Cl_8al kyl car bonyl ,

an1nocarbony| cyano, gnyl or,pyridinyl; R9O is Hor
[0170] 1 "Resgrrgyclylany’ erﬁéoFB REwhgE RyIS he@ooafamloxy

Cl_8al koxycar bonyl C1_8al kyl ene, ami noCl_8al kyI ene,
[0171]aniHoeac woyipk GharBalyky tedere fo e@ﬁ:ﬁb)@é wigatikyR ‘embeterocyclyl.

C3_8cycl oal kyl and hydroxyd _8al kyl ene. [0257] The

pr p» irdleg [y, pn R°QE R vl
oI ST M QeI R g

[0173]or‘g-?eét al é]ﬁlé]if?flylggﬁl[‘l? %r%pc%\d{y%@&? e—&t’ W erem 1s heterocyclyl.

2009/ 131687PCT/ US2009/ 002512 each R2b is independently
[0174]s el Rterecydylghipt redergitoths srowms rsstmﬁ@cw_\/lam qiber embodiments, sulfur
may be ox@gg 19, g:g :) %’}eggl%‘[("mﬁo%a b@lgr 1fox1de may exist as one or more
stereoiSahdro Xy C _8a| kyl ene, CL. 8al koxycar bonyl ,

Cl_8al koxycar bonyl G _8al kyl ene and hydroxy; Kis
o175 Ll rg,y o kagaygxgy@egrmm@%; Sheyg!yl i Réc is H R7

ano, ,m|300r 1; and p is
O or [ 0258 present inv ntlon rovides in
[0176]ancﬁl?fpé9x3@1“8(]?)“eofre FOOIPFEIRYS ~ nd havi ng the

formula Ic:
[0177] “Hydroxyalkyleneamino” refers to the group -NR"-alkylene-OH.

[0178] “Hydroxyalkyleneaminocarbonyl” refers to the group — C(=O)NR®-alkylene-OH.
[0179] “Hydroxyalkyleneaminosulfonyl” refers to the group —SO,NR"-alkylene-OH.
[0180] ‘“Hydroxyamino” refers to the group -NHOH.

[0181] “Hydroxyalkylenecarbonylamino” refers to the group -NR*C(=0)-alkylene-OH.
[0182] “Imino” refers to the group =NR".

[0183] “Nitro” refers to —-NO;.

[0184] "Nitroso" refers to the group --NO.

[0185] The terms "optional"” or "optionally" as used throughout the specification means that
the subsequently described event or circumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances in which
it does not. For example, "heterocyclo group optionally mono- or di- substituted with an
alkyl group means that the alkyl may but need not be present, and the description includes
situations where the heterocyclo group is mono- or disubstituted with an alkyl group and

situations where the heterocyclo group is not substituted with the alkyl group.

[0186] "Optionally substituted " means a ring which is optionally substituted independently

with substituents. A site of a group that is unsubstituted may be substituted with hydrogen.

[0187] “Oxo” refers to the divalent group =O.
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(lc) or a tautomer or a pharmaceutically acceptable

salt thereof; wherein: R2b is selected fromthe group
wa@omsilste8hg of H, am noCi _8al kyl ene, am nocar bPeyUS2009/002512

am nocar bonyl G _sal kyl ene, hydr oxy,

0188) "} SO BE) 2 it e arouRr g st R E R PORBCD . R7b

is H cyano or pyridinyl; and mis O or 1. [0259] The
[0189] pr'SulfitylT refento the growy+3eO)iR’ winot Ré1is gy dafimed herein.
enbodi nents, a conpound having the fornmula Id: fli

[0190] _RBRifonid acid”irdefdtothd Brop —S(0),-OH.
[0191] "Sulfonyl” refers to the group —S(0),-R® where R® is as defined herein.

[0192] "Sulfonylamino” refers to -NR*S(=0),~R® where R? is selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl, heteroaryl and

heterocyclyl and R® is as defined herein.
[0193] "Sulfonyloxy" refers to the group -OSO,-R°.

[0194] Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termed
“isomers”. Isomers that differ in the arrangement of their atoms in space are termed
“stereoisomers”. "Stereoisomer" and "stereoisomers" refer to compounds that exist in
different stereoisomeric forms if they possess one or more asymmetric centers or a double
bond with asymmetric substitution and, therefore, can be produced as individual
stereoisomers or as mixtures. Stereoisomers include enantiomers and diastereomers.
Stereoisomers that are not mirror images of one another are termed “diastereomers” and those
that are non-superimposable mirror images of each other are termed “enantiomers”. When a
compound has an asymmetric center, for example, it is bonded to four different groups, a pair
of enantiomers is possible. An enantiomer can be characterized by the absolute configuration
of its asymmetric center and is described by the R- and S-sequencing rules of Cahn and
Prelog, or by the manner in which the molecule rotates the plane of polarized light and
designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers respectively). A chiral
compound can exist as either individual enantiomer or as a mixture thereof. A mixture
containing equal proportions of the enantiomers is called a “racemic mixture”. Unless
otherwise indicated, the description is intended to include individual stereoisomers as well as
mixtures. The methods for the determination of stereochemistry and the separation of
stereoisomers are well-known in the art (see discussion in Chapter 4 of ADVANCED ORGANIC
CHEMISTRY, 4th edition J. March, John Wiley and Sons, New York, 1992) differ in the

chirality of one or more stereocenters.

[0195] "Thioacyl" refers to the groups R*-C(S)-.
[0196] "Thiol" refers to the group --SH.
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NN-N1HH (lId) or a tautoner or a pharnmaceutically
acceptable salt thereof; wherein: Yibis Cor N R2b

w0 2009aBw8t ed fromthe group consisting of H aPE€TUS2009/002512
am noCi 8a|ky|ene aninocarbonyl

[0197]am(51n o bpg%%sg |1t gr‘g\jfn "éﬂ% 1}/ %glroi%%; that differ in the position of a
proton, Qur_ﬁ GERMA4A) Jod BTRe- e%ﬁ@ltm&ﬁgﬁr BoM¥ kadderic forms of heteroaryl

Cl1_8al koxycar bonyl Ci _sal kyl ene, lea is H G _8al kyl,
groups h:ah@lnllllg/d fl‘dx(](HH\JI-Bajldgm@l@m@agmmgnwch as pyrazoles, imidazoles,

b di
benzinland i o AL HERS B GOBeBPT GBI HHEL it & Gih
recognlz8ahdt DtiRekRES A6k FiREhidACaFiemenRNTe n_gbés_ﬂﬂe.Of H, cyano
or pyrldlnyl In anot her group of enbodi nents, mis 1;

[0198]anlgl %ers?oos tlgecltneaijl %Jé%g]ﬁeg.ﬁﬁg& QURAGENR osvteI n(?ymers drrived at by

or “pyri & Bredeht “Tnve

deﬁmn@rsﬁlddtfﬂlﬁ%ﬁlts wltam@:&mrsuggtmmt@fo tBBice ésRBles, suBstit QR Ayl thaving a
having the fornmula: NH2 R4 IN N and R4b is H or

substitgteg eyl grqupzs 2| sulrsidugitedeeh isiipgHvnbyiuted v ihdresubisttuted aryl group,
which ?r}ﬁ}tﬁeier suﬁgtﬁﬁ't@d ?B' a)eslm&ﬂh{éﬁ%?l greup? %&p)oéfg Siopi%\(énr&gd %} inclusion

herein. In such cases, the maximum number of such substitutions is three. For example, serial
substitutions of substituted aryl groups are limited to -substituted aryl-(substituted aryl)-

substituted aryl.

[0199] "Protecting group" refers to a group of atoms that, when attached to a reactive
functional group in a molecule, mask, reduce or prevent the reactivity of the functional group.
Typically, a protecting group may be selectively removed as desired during the course of a
synthesis. Examples of protecting groups can be found in Greene and Wuts, Protective
Groups in Organic Chemistry, 3 Ed., 1999, John Wiley & Sons, NY and Harrison et al.,
Compendium of Synthetic Organic Methods, Vols. 1-8, 1971-1996, John Wiley & Sons, NY.
Representative amino protecting groups include, but are not limited to, formyl, acetyl,
trifluoroacetyl, benzyl, benzyloxycarbonyl ("CBZ"), tert-butoxycarbonyl ("Boc"),
trimethylsilyl ("TMS"), 2-trimethylsilyl-ethanesulfonyl ("TES"), trityl and substituted trityl
groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl ("FMOC"), nitro-
veratryloxycarbonyl ("NVOC") and the like. Representative hydroxy protecting groups
include, but are not limited to, those where the hydroxy group is either acylated or alkylated
such as benzyl and trityl ethers, as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl
ethers (e.g., TMS or TIPPS groups) and allyl ethers.

[0200] The term "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired

base, either neat or in a suitable inert solvent. Examples of salts derived from
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or a tautoner or pharmaceutically acceptable salt

thereof, wherein: R2b is selected fromthe group
weongitste8hg of H, am noC _8al kyl ene, ani nocar bPeCEUS$2009/002512

anm nocar bonyl G _8al kyl ene, hydroxy,

s B ot GRS e
ferric, fe¥foudifidium, ?ﬂ’a%n ihi, QlaH% n:l% %ﬁﬁ&u&r @ta&'il?rﬁesr&ilum ZlI(le and the

I nvention provides in a a’ conpoun
like. Shbwdergyetl ionf pharolaaeutically-acteptabiererganic bases include salts of primary,

har ceut|caJI .acceptabl e salt thereo 0264] Th
second B AIEC Y AR in O SRR CA BTG 36T AR, aturaily-
occurrlﬁgﬁﬁﬂﬂléﬁ‘aﬂa $he Bk QIO Uétﬂmél D& atnlBecdrimlbRollde; NFKEQN, 11

WO 2009/ 131687PCT/ US2009/ 002512 or a tautonér or a
dlbenzy)lhérylmc@amumkﬂeyh)d@mept Addiethgaininoetanel 2;dimktryéinminogthanol,

cted.fromthe oup, cons ting.of. .(a) .
ethanofai & S FEAEE PRGN dlPrRRGTRe. NGt B Rt ugamine,
glucos&ink Ol tidiNe, HyBEbhnived thoptdp1dmias) 13sih€, MethyiRRich N tiforpholine,
sel ect ed from t he group consisting of Cl_8al kyl, am no

piperazaify Ppadingypolyainegesing @otaunse prdnesvihepbiRatng, éri¢tbylamane,
trlmethgf?agli?hg ‘i}‘lé}%?laak %tro%?e% | %ﬁ%‘ agdélb hle: u%‘grggvvl P%unfdis of thf present

inventib c@ntainkskatitelg asic f@rﬂﬁilam@lfltldwdldi@ ad@itibh dapesad @8tobyained by
sel ected fromthe group consisting of )
contactig e agr i H9rePt sighicpmpeEndsoyitB aIsk iR BNt Of the desired acid,

either r%%l gﬁﬁ%%ﬂ!a&x i ol@ﬁqr %%Xrgg]ieg @F Eléfz{r’ﬁﬁg?ﬁtiﬁgl’ly acceptable acid

koxycarbony am no
addmoa rsalm)ma]mbe) thdse denwmlaﬁrdsmnydmgﬂmn @.CldS like hydrochlorlc hydrobromic,
| G _8al koxycar bonyl.am no, nogsgbon anlngpand

nitric, “65‘& Pniggmonolygfogenqagd néw?omhg&eh@fa Ydsogenghesphetem a
dlhydr(;@lgﬁ&%}iglé %uffhﬁ&, m&@h‘y@ﬂ%@héﬁl&)ﬁ@nl%grmdﬁabkﬁh&%ﬁgl%ﬂy beids and

cyanoCG _6al kyl carbonyl am no substituted with from
the llke,z as wieH tas thszeaaits dcnnv:l@bfewdemhatlyels ebe@menbrgarumacllde lige acqic,
si,stin am.nocar

proplor&ri lé%lflﬁ%r)l((g géail%rgﬁwenz%l& wgé{-mgglf chehjénaric mandelic, phthalic,

benzenBUAfoRKY PltoBBulkibhRNEitric, tartaric, methanesulfonic, and the like. Also included
Cl1_8al koxycar bonyl am noCi 8a|ky|ene am no

are saltg of Amener asedpyIushinh acginaso ad téxpnhﬁgg and salts of organic acids like

glucurcﬂﬁé’ l)xcéél%%rh)(?ﬁya%?d’sbﬁaﬂﬁéam( §F% %%r E%’Y tegmf g%rlﬁgﬂgaceutlcal

Salts,’ Uemeztzba]ymidrmaeéuthal S«fz@;arey66 ni 1%y 19’623)0 ICepfaindpecifici®mpounds of
optionally substituted with fr to. 2 substituents

the pre?% YPERUFheqnaia boBrbastt adHcidin g"t&ﬂ@&%“l?é fat atlpy ghe;gompounds
to be cSrivetied *ﬁ}f# eit éﬁ agmagalesa/gzhw am noGi _8al kyl ene,
oxy 8a

am noary kyl ene, am nocar bonyl

b . ) .
02011 SRSy ERERAF ther oL ik BR ke cenpwied ysompastipeigg salt with

a base BE4Gd DY RbMKiRE 13} RB g@ﬁﬁd in the conventional manner. The parent
Cl_8al kyl heterocycl y1Cl_8al kyl ene; R44 is

form of thgespemdend diffeselremtthel vanomsak éorgmsou;ﬁeamsphs'mpaig)r@pemes such

as solubility in polar solvents, but otherwise the salts are equivalent to the parent form of the

compound for the purposes of the present invention.

[0202] In addition to salt forms, the present invention provides compounds which are in a
prodrug ester form. "Prodrug"s of the compounds described herein are those compounds that
readily undergo chemical changes under physiological conditions to provide the compounds

of the present invention. Additionally, prodrugs can be converted to the compounds of the
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(a) C3_8cycloal kyl, (b) aryl, (c) heteroaryl, and (d)

het erocycl yl ; each of which is optionally substituted
wowaok/13%68m 1 to 3 substituents Rde, R4l and - ZPCRUE2009/002512

each of which is independently sel ected fromthe group

consi sting . of

presen O Ea TR PPEIAEE DSBS B BB ! il kg peyigenment. For

f th t t h
exampﬂ{gxroglﬁiggxycg!ra Elg)@? %oré\g:??eg%}/ ’?Hekb%ﬂﬁdounds 0 t e present invention when

placed i a &ahsldjthndr[iamluydemmo withxeosuitable@nz pmy Ior clhmmealacy@nyl Prodrugs

teroc | kyl e rovi ded that at
are freRgugDumat Sl ghoskco e dvact 5 mbRETonSereed TR the active
drug. Ptr&f‘rugé E&Q%EhltfthE@b?%kag a%ﬁ@lmﬁﬂgrbﬁpfupfﬂ@ du g(ejheved to

het ef oCcycC het er oar Yy n and lec Is selec
be in pam oequited f@raﬁUplty ovith ag;pnogg)uqyf(dﬁg Ine@be§aw kil form a promoiety which

undergizls § ButORyios SRR SED R i dieq O f SR o retease

the fundtiénaP EREMNENd MBHRB ithePALtE @i EBhd dleaBE Bﬁfhler@msle@j mafqproceed
enbodi nents, a conpound having the fornul a

spontageoNp yHuchAas b}g wayeofRBhydrelayis seacHon.Qrtbmay be patglyzed or induced by

oo SRR AT A 39 SRRy AR s s
to a ph§giedlog en girenapen®dl pardieensidhsas RdAngsoPlagipgtaturen The agent may be

anot her group of enbodi pents, R'' is indazyl. In
endogenqps todhe ﬁ?féﬂjgmbsf Ofél“?ﬁoﬂlichéﬁﬁ% nzyme Pr§s‘?5’§r€l @ﬁéﬁ&ﬁf' to which the

R A S R A i e

exogerogsgjet her with R4d and the nitrogen to which is each is
attached to formheterocyclic ring selected fromthe

[0203]gr QP oBPSIetdrk Ra Q}fpe@f&)‘r&b&}ﬂ , grofip 6RE Q)l/liéln’used to mask a functional
t et ra%ydrm m dazoyl, indazol gI pi perid

group withiaraazictiy¢ drygyiorfotm dupn@&hgnetyr, consyls tl@m@mEentz’aimrdémyPr.ogroum
are typically attached to the functional group of the drug via bonds that are cleavable under
specified conditions of use. Thus, a progroup is that portion of a promoiety that cleaves to
release the functional group under the specified conditions of use. As a specific example, an

amide promoiety of the formula -NH-C(O)CH3 comprises the progroup -C(O)CHs.

[0204] A wide variety of progroups, as well as the resultant promoieties, suitable for
masking functional groups in the active syk and/or JAK selective inhibitory compounds to
yield prodrugs are well-known in the art. For example, a hydroxyl functional group may be
masked as a sulfonate, ester (such as acetate or maleate) or carbonate promoiety, which may
be hydrolyzed in vivo to provide the hydroxyl group. An amino functional group may be
masked as an amide, carbamate, imine, urea, phosphenyl, phosphoryl or sulfenyl promoiety,
which may be hydrolyzed in vivo to provide the amino group. A carboxyl group may be
masked as an ester (including methyl, ethyl, pivaloyloxymethyl, silyl esters and thioesters),
amide or hydrazide promoiety, which may be hydrolyzed in vivo to provide the carboxyl
group. The invention includes those esters and acyl groups known in the art for modifying the
solubility or hydrolysis characteristics for use as sustained-release or prodrug formulations.
Other specific examples of suitable progroups and their respective promoieties will be

apparent to those of skill in the art.
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[0269] In another group of enbodinents, [eiR3N is
sel ected fromthe group consisting of: WO
WQR911188687PCT/ US2009/ 002512 t he dashed | i nedPCT/US2009/002512
indi cates a single or double bond; and the wavy Iine
i cates the p0|nt of attachnment to . the remaind of
[0205], r@ew eQPNds 5 t9] Prseat HIVERIAOR CINRKEH (R BAsobyased tpss s well as
lvat § Pvaté 1k ¥k Rnfel%y
SOVae?gg%mf5“%%%H£??%%$82§H§ﬁ?§§tgﬁer %?pﬁ&gg¥dﬁiaceug%bally
combiratioe pf sdivent sadleculdsewip noledudrsairmons afahé soltial dhe Rblyestnchn be an

are taken together tqQ forma heterqcy ng,
Orgamcom&%zm DRI B A 7 TE O 508 SR PRAEsof solvents
includd, BRERE Béﬁmﬁté(d &ﬁh&‘é@ﬁa%l N N”&Hb?h)ﬁfd?Hﬁnﬁ&E“%ét%w&f&fan

am nocar bony1Cl1’8al kyl en€, Cl_8al koxycar bonyl ;
dimethglsilfiodde, Sat Iwitgn dn ghgﬂjabﬂp@ol%ckfplman are equivalent to unsolvated

forms aéngc}l 8%%15&‘6%&@? %&%@ﬁ%‘?‘iﬂw ﬁ%e sec%%e o?me présent invention. Certain

compo@ddé| FEitheOpresony GeRIGY hAfieA Rt iPun @Er@l@t@}d R ﬁﬁlo@ﬂﬂ)us forms. In
0x0; Zie is heterocyclyl, -N(Cl_4alkyl)-, -SO2

general, @bphysiea) fpranscase e@mee{lefw ﬁ@mhehéseg f:@ugmpbtfsiu bt the grczsf:ntmnvennon
| ca 1k | car bonyl am no,
and are mte%geci( % e Wﬁllﬁg gﬁ]o gE B’rgsa n yrrvg o,

nocar am nocar bonyl
anlnosulfonyl each Re and leis |ndependentl%@y
[0206] s&%&@@aomp@mdﬁ 06 therRIEISIE BYENEEN PRFSeTs asymmewrigearkesxaioms

(optlca?%%ée?é&%%gﬁéfeﬁﬁéﬁggﬁé rear?gﬁqra%gndlgﬁe%ghlgﬁ g@&ﬁ&hgﬁo‘pﬁe‘ib
regiois@0ex3/ah3 168 viaGdl k50 9. @Q2E;i22atb snattionediechre all irmemded to be

encomé&%?q%d\y?lglfq]et eo g %!9_ Ioggg ;grag,gl fsr{vgrgnwl;rgpt llppgg g%)lér%/?gss ga%S‘tgel rteg(glsgd or

sy e 08 o, LUGEL] R KSR gl
pure”, k/me&u@suantléﬂe' frer @ftits RUer isomerselle doradsthnaenm pheicglap apantiomer of a
compoun t% pptger?tfifwention 1s desired, 1t may be prepared by asymmetric synthesis, or
by derivation with a chrial auxilliary, where the resulting diastereomeric mixture is separated
and the auxilliary group cleaved to provide the pure desired enantiomers. Alternatively,
where the molecule contains a basic functional group, such as amino, or an acidic functional
group, such as carboxyl, diastereomeric salts are formed with an appropriate optically-active
acid or base, followed by resolution of the diasteromers thus formed by fractional

crystallization or chromatagraphic means well known in the art, and subsequent recovery of

the pure enantiomers.

[0207] The compounds of the present invention may also contain unnatural proportions of
atomic isotopes at one or more of the atoms that constitute such compounds. For example,
the compounds may be radiolabeled with radioactive isotopes, such as for example tritium
(H), iodine-125 ('* I) or carbon-14 (**C). All i1sotopic variations of the compounds of the
present invention, whether radioactive or not, are intended to be encompassed within the

scope of the present invention.

[0208] The term "administering" refers to oral administration, administration as a

suppository, topical contact, intravenous, intraperitoneal, intramuscular, intralesional,
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[0272] In another group of enbodi ments, R/c is

sel ected fromthe group consisting of F, C, Br, cyano
wa@paasmesocar bonyl . I n anot her group of enbodi PENUS2009/002512

R7c is CONH2 or F. In another group of enbodi nents,

C3 8 al kyl .. | the
inteanaiog SheRmeot G aljon s Aol i Bt Ehloyrsipgsefevice e.g. a
mini- oﬁﬂ@@cdbﬁfﬁﬁtté a sbfect. SA@msaﬁyh@ﬁyé b¥ hily AR, iRdlud@h® ‘fbﬁreﬁferal and

mbodi nents, Rc is cyclobutyl n ‘anot her group of
transmgmglj(iergg,ml@calRj;ublmgudr yalata] glr@n‘aﬂh@asalg w@g;palofectal or

ransd G PAERI<R tiniobe A gt o <R Pl

arteriolel infiQG&Mal %uB@UtQﬁEo@@qhtrhferﬁéﬁeﬁP hﬁt@a\leﬂtrfc;ﬁ[dﬁdzﬂld 1ntracrax|nal Other
or pi peraziny i azapeny

¥rrolld|n g perid
modes p dghve[rm i-]deT &t a5e e@telnmtfpdwt\@emq usa op Higosameal formulpdatser
1ntrave\g\él95 1Fr)1fu51(§)2 gggs%eﬁnglm‘tcl%s Ce?npoyngzga:”s nE' the formula:
Cl_8al kyl am noG _8al kyl ene, aﬁ1nocarbon
[0209] 5 n SR oREIBE NPT Actimator aﬁ#% Esazrrb%ﬁwr ammﬁl%akeabﬁwmﬁ ta@, receptor of

the mv@ﬁﬁ(fhosm?l ﬁtesamc&%g%—ggérfg ngtes fﬁCl d1tates axhaélaﬁ(e;ﬁtlevﬁtel?n or

am ndécar onyfanln ene roxyQ _
enzymaticydcaivieg xyeasiribesyr lqmegml,ates yl&rmﬂvgy&alakyde@nnm thxcinyéntion.
cyanoC _8al kyl enecar bonyl am no, hydroxyl,
[02101C1AB 2L KQXNGar BPMhhibiRFKR¥NXE Y Qpigéln%r_t%aielémeQHﬁ'mhlblts or binds
optionalTy substituted by amno;” and R/c is H, halo,
to, partaaﬂyrmdalrabm MdC,ks sgrmhlm:bk W actoyigm deaxcaSpy rol@besypire veRes, ldslayls
8al k H Cl aIk ., Cl- sal kox -
acuvatt‘i’f Qéaﬁ’%%‘? a?%‘& Hy! ‘&ac%vﬂeiﬂ%eéﬁ'éy 2G5 KooV IB L %“eesrfﬁe activity of a
receptct®f AIRCAVORAMN. As SRk ke e'ant‘égélﬂgx )éfé@uﬁ@lh&féé' £1RQerse or inverse
C3_8cycl oal kyl and hydroxyCI _8al kylene; mis 0 or 1,
agonisgnd ¢q is 0 or 1. [0275] In another group of
enbodi ments, R7c is selected fromthe group consisting
[0211]of AFnséd her8h, the yano"cdnditi@fion dizarded mc;/slpondlne amebiaation of syk
up of enbodinents, R7e is CONFL or F. [0276] The
and/or gf\gs etid elarehierss arbqr B]%ragpégeﬁeﬁ 1O gcfrﬁlér,;org? ﬁorgpr associated with
SHBRdIIEES: (&) 60
inappr Qud 68%5 F; C% 6 S%g tlé?9182%%5£%H5§ﬁ1{y%§gw&%nd/8¥%K and at least
partlalllyaaifmmewe oo omaffirarchiae motlnleadn yf sydcapli@dlAK &agt syk and/or JAK

t her eof . The present invention |des
antagOB I PRAROMISHFS LI YO MRS M BRsct ALyt v Rgeiggre
pat1ent$ rlﬁhﬁ at@ffunctlonal activity of syk and/or JAK mlght arise as the result of
i ndazol - 6-y1) - Nd-Tret Hy1- 5- (pyri di n-4-y1)-7H pyr

expressioh Qf g,/l(ganddqrriyﬁyli i @ﬁlhevlﬁclﬂ,n@nmﬁyn@ not express the receptor greater
than no]i_gm_(af'bx(o%hétdférg oF styli%yaln or rjg)K_, 3t (RWEk Hlaldidd md BN I3l fion o

ehrrnnz;iﬂcﬁl)/dﬂ si¥k dhdvorI X KesHiracahe m¢pbbRes datiRadedyekpaiskion @A e€yk and/or
N2- (1H i ndazol - 6-y1l) - NMd- net hy1- 5-

JAK oy ‘éﬁaf‘?ed‘PfrfngaSFil}lla?’ Hﬂpwm(bﬂ[as!mg o] 98¢ inlagrpatory andgiupyngerelated
0
dlsord?rs ?(Ii c‘d}?r{ﬁﬁ%&nﬁl 6F %ﬁr@z&%@ g%(%?%?cg-{ %ﬁ ssrglcralngin/oa IJ ﬁ, A fondmo on disorder
associa¢d/Ww)tpisple IamY/DnJAKym@t hmalwdna;" 4k (add/or JAK medlated condltlon or
am nophenyl) - 1- ( 5- car banoy1- 4- (cycl opr opyl am no) pyri m

disordgji'n- 2- yppyri di ni um  1- (4-

am nopheny1) - 3- ( 5- carbanDy1-4-(cycIopropylanino)pyrim
[0212]di As zsqdﬂ)erq_ihl,- thpiphisases “aBednditjoner disorder mediated at least in part by syk

or] A]§ E‘???erﬁcﬁl\’ﬁ% gn@ 5‘%6 89 gh?aggszgnlf t(:rix efer tgc%%ngip 1on ld?srgr e(r)
charac(e‘ﬂlzécpbfl) Aappiopriktey €N t@%ﬁpﬂor%bh RykaabiRk AR sthipuyi m
di n-4-yl) pl peri di ne- 3- car boxam de;
Inapprgpriaee ¢yk gml/ecl K fnapienalAchvity mlglpraeﬁsr Raierredul 7oL gyrandfor JAK
o[ 2, 3-d] pyri m di n-4-yppi peridi ne-3- carboxam de;
4- (4- (am nonet hyl ) pi peridin-1-y1)-N-(4-(piperazin-1-ye
phenyl) - 7Hpyrrol o[ 2, 3-d] pys7 m di n- 2- am ne;
1-(4-(4-(4-(4-(am nonet hyl ) pi peridin-1-yl)-7Hpyrrol o[ 2
, 3-d] pyri m di n-2-yl am no) phenyl ) pi perazi n-1-y1) et hanon
e; (S) 1 (2 (4 (plpera2|n 1-

S o ~ o~ I L L L VT



WD 2009/ 131687PCT/ US2009/ 002512
(2-(4-(pi perazin-1-yl)phenyl am no)-7H pyrrol o] 2, 3-d] py

WO 2ovodBres87- yepi peri di ne-4- carboxam de and PCT/US2009/002512
1- (2- (4-(4-acetyl pi perazi n-1-yl ) phenyl am no) 7H pyrrol

expresszl)xa H’l czeil]s géé"él m %}'rbaillyygé} rﬁ)'t %’%}%gﬁ;g’%ﬂ &fﬂadg%( o' 1{1&rehsed syk and/or

JAK e)(fﬁ\é@sﬂﬁlrﬂi‘tdﬁgﬁélo@ @rmé&bnul&r XclMMbﬁ (estiRetod e GANRMXaAMatey and
1H i ndazol - l}Jt)lam no) - 5-

lmmunmrgmedpysqrmraand g0 mS@eA cliiiop-cylitswesmmesated at least in par
age. erazi

by syk %r § g eknn)l/ s§ I'ETIICtrll\(I)l§9/ gﬁyl & Som gertel::ll%oa Ipartljflllg; n}erc)LllaFgcédr tl) magpegpnate syk

and/or U}&KXfam:tﬁﬁhal s@ivitybHbWevérl a €onditi®bPdidorder mediated at least in part by

54 (N- et hyl acet am_do) phenyl am no)fpyrl m_di n-4-yl ) pi per
syk or  §Krkimasg pgtmgﬁwpggpxbyﬁﬁ:ﬁ@noqmlgmn of syk and/or JAK results in some

effect cgny?lg%né%ppﬁ%%dq%@r) ? E&Jldg}c t% ésé/k%tn ??%g?%r{téégn%t Pesalts n

some ifnprov2miedt i@qrahaﬂnyélpbemghﬂm 1Ragt-sbmk [paaerapyri m di n- 4-
yl') pi peri di n-4-yenet hyl car bamat e;

[0213]14- flfe &rAm ¢ Suni cgy .} BERENd S PefbiedinfriflidR bPRNIE Blddidtells

(e.g., le@k@dytésﬂ,n(mmmhypm perdred beidg yddted fdrirecermpist i m di n-
2- yl am no) benzenesul f onam de;

[0214]6- THe fefin ( AR HERTRINN ¥b LR B Lhibn ahay%aodﬁcésl AQIFRRY b1 tRhCis Intended
-2- ylam no) - 3, 4-di hydr oqui nol i n- 2( 1H) - one;

to alter.tquqlrrse( df g st@@mpmq:eﬁ h[;br)qz;ap]p}q dvascular inyeryerion” refers to the use

of an ugtravgscu{l) *gﬂ?ci?aurielsuf af irllglo%lag} 6%( aéPenPie roapzelnrgm:Ii)bglr%uctg&l PR3

vessel.yl am no) - 5-fl uoropyri m di n-4-yl) pi peridin-2-yl)methylc
arbamate and N (4-(2-

[0215]( aﬂ&@%“'n%ﬁa%’écﬂ% 'dg{lllae'lréfe'rl ia Ee\HQJ 8&¥Jl'f€i legs'cafeﬁl 1)-1

recanalizatioi pidetiineao oest¢ra -bdoat flow tidpdgli & oladmydred plibatovdssel 6 Bxamples
. lam o) rlmd peridi n-4-yl)nethyl )urea; 1-
of intrgvgsqulal FEBY P bia. W&L%lﬁymmftﬁvﬁ)%ﬂs@w HFE. gytplggpus
venousvmeﬁlaﬂ%l%ﬁyI;ﬁ%ﬂ&)@%@ﬁ&xmém %@zﬂsnvéscumlr LEh&RRORGI vascular
6- (5-fTuoro-4 ( hydr oxynet ) pi peridin-1-yl)pyrimd
shunts.j n- 2- yl am no) - 3 4- di hydr oqui noI i n-2(1H) - one;
2- (1H i ndazol - 6-yl am no) - 4- (cycl opr opyl am no) - 7Hpyr r ol
[0216]0[ &s sedlHeydih the kdifir TAGar fREH td & s kinase (RefSeq Accession No P-
5- (1- but oxyet hyl ) - Nd- cycl opr opyl - N2- (1K1 ndazol 6-y1) -
43408 qrnarignioheresf Hiapisrqaphlle @én@dmﬂ@g ZENQEXpression in vitro or in vzvo

JAK v%réa)%lgsl 1%%1?8% gﬂ)qglgg |§’D %&%mlyg 1no o;ogs t(ﬂ na)tllrve rJn A Lex protelfl?] having

one or ﬂmjﬂtenaturally or non-naturally occurring amino acid deletions, 1nsert10ns or
N4- cycl opropyl - N2- (1Hi ndazol - 6-y1) - 5- pr|d|n4 1)-7H
subsututw}sr(%go [I v da‘]lwweﬁl homlogs anddfragments)- e( aming. agg_ sequence of

JAK v%r é]?g{elé?p Bly4s X | s %MJ}@("@O@? dentiédI¥S b dhfive IA/I@ mé [méfe'fﬁhy at

least at;duaﬁﬂ%d)iphmaylam inpst peiferablyat Jeattheioon@s % identical.
2-(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 4-

[0217]( PTREEkA "'féuﬁod/}ltéfeﬁe?éfk mrg}oaf theh Y SUs V10 Peedrs ThANadh dudleus and
e-5-carbonitrile; 2-

CytOPI@Ues%apatp éntaaithin] leé?qollamywmn vibyle blqod-i¢ aeritribrpet anoldighe protect

the bodéj p% 151r§e>d(tl 4{%7@- @gega%glrﬁ){am]ﬁ%s of leukocytes include, without limitation,

neutroﬁﬂnl(s%c(sﬂroq)ﬁuglua@mﬂml Biriphe}ytes, (RN mdhoBytés.y 1) - 7H- pyrrol o
[2,3- d]pyrimdin-2-ylam no)phenyl)-Nnethyl acet am de;
6- (4- (cycl opropyl am no) - 5- (pyri di n- 4-
y1l) - 7H pyrrol o[ 2, 3-d] pyri m di n- 2-yl am no) - 3, 4- di hydr oq
ui nol i n-2( 1H) - one; 5- brono- N4-
cycl obutyl - N2- (1H-i ndazol - 6-y1) - 7H pyrrol o[ 2, 3-dl pyri m
i di ne-2,4-di am ne; 5-chloré8sN4- cyclobutyl-N2-( 1
H i ndazol - 6-yl)-7H pyrrol o] 2, 3-d[ pyri m di ne- 2, 4-di arni
ne;
2 (1H-| ndazol 6 yI am no) 4 (cycl obutyl am no) 6, 7- di hydr

S o ~ o~



WD 2009/ 131687PCT/ US2009/ 002512
yl ) pi peridi n-4-yl)acetam de;
WA 2q04A8%871 4- (4- (am nonet hyl ) pi peri di n- 1-y1) - 5- PCT/08290%/002512
i m di n2-yl am no) phenyl ) pi perazi n- 1- yI)ethanone
6-{5-f1 ugro-4-(3-oxopi perazin-1-yl)pyrim din-2-
[0218]y| ’&}ﬁ tﬁg;x glagpnaé hy‘d:lh&%&p\ﬁglpqqg llgyiq)ﬁlpngl%/%nans domestic animals (e.g.,
d Q d d lab
ogs o . s?n fﬁgr)n(aaeﬁél fed pepélg{;ﬁ% ﬁ% g‘ gh%ﬁ%ﬁé?ﬁﬂﬂs, Infte2and laboratory
annnmﬂ (2-(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 5-
fluoropyrimdin-4-yl)pi perazi ne-1-carboxam de;

[0219]2-THe tednd %&fﬁllﬁ%et YhRIuPRIOAZ hitr el 1R ReRy LAmE A8y of b E&Mmpound
opyri m di n-4-yl) pi peri di n-4- yl ) acet am de; Benzy

to increasg Or defréage the function and/or expression of syk and/or JAK, where such

functioslcnj?aéy lagl:uﬁg ?rﬁ%s&rv?’ 8&#@#&8& a%?.\’l?g_%leciof' pr%(t)erlr? %Yndmg %oduz}atlon
may odeflr kANRBOROPYIPE, rN/Igdhﬂatloﬁ/ b3 d&schibb®heeMt, idvlcted 1 MhANidHD
) pbhenyepi per azi n- 1- ypet hanone; 1-

antagoyligmy par{ial griageoesny| qgtlp@mz pgenisng oy pm@nyamsmwf &nction or

|
charac(%y & cnﬁsgom%teﬁi )éil%lg SYK.An ﬂﬂolr ?Aﬁky %ﬁ%el{ qe rgﬁgl% 85 m&hrf%l}( lﬁlp%/oa Bhe
upre guldth}bh P d@@hte@um’abn Wib e dxptedbing ob syle aidIexXBOK Ccher directly or
-(4-(4-(am nonet hyl ) pi peridin- 1-y1)-5
mdlrecrly | Ig@rggﬁépfreﬁ]emlw dpngnt othe ﬁ@d@@,ﬁl@g,l@:dlﬁ@,qtdlnhlbltors or antagonists are
compognc(sdtlgérh ng) o Eﬂﬁh%;fglgﬁlﬂrl] lﬁ c’lkz%f%\_‘slgn&{ %@P@Xie B}e@lﬂ“ inhibit,
delay adtd(at}o(nmr(aétdvamtdeyéramznp@n’(ﬁi\hymllme lSlgdan-ran]sdugtib)n Activators or
no benzani de; eth

agonistg lagﬁ% I(T‘glt ef g ul?J‘P 1o sglglu&g% 11_aLcrgas§ gpen activate, facilitate,

enhanck %Etrx\aiﬂ%qr Y0 Lén@ltﬁe Y)k ﬁg?eggl)a&)@l % | YaRsdticdba. PrHRelbiIfY T a
4- pr opanoat €;

compo(nld (oanhibudhc)ftmc(lgn of< s;yklar@l/@ JAI{ earr bhgainoptiated| in R-bieghiemical

assay, ‘quf ¢ B S B U MR BERSE, R arsRERPTitisr 25591 o
yr n1d|n 4- yepiperidin-4-yl)-2-cyanoacet am de;
1022015 o Bator of astroby g uges e 10 JhgpHsingARgaRoys 5ind "agonists

1dent1f eh lernQ RY U tI[H aﬂ{dnmébz\x)l ngéﬁ?glagdu@lt} a}q&};hecfr RSREG Qs‘? A Itilnjr]hgtlcs.

Modulﬁo(sélnémdeé azlitumlly&fcbwmgmﬁﬂ isghmthetly ligards (Pyadodises, 4goripy) i
| am n di.h drqu|noI|n 2(1H)- one; 64444-
moleCU(l%srﬁanh%fh‘gf Dﬁﬁsﬁé(? F‘UidﬁnqlﬁY;ﬁI‘}a«%an“'&ﬁc‘"} EEPIsIysinds. ¢ - applying
I
putativk %dﬂ%o&o%n;?ﬂuﬁﬁg{n (%'(i)’i(k: ;ﬁg thfﬂé@;e}?ocﬁ] %ﬁg sepee ?{I a Fegg tor % the
1nvent1nn Ang themideEym)idg thebi fhycircmlqhd:flﬁ@:lts on 2(@6&)&00 e€the invention actlvity.
4- an1no§¥ hex | am n

Sampl% 0% as%’&éﬁ?‘ﬂBg 88% ateceptar Einy ention tPl?it are treateé (\)xpt\f]ra potentlal
activatdr, (rﬂntﬁléorgér&lsé@a@? hredcomPaRQCos CoRREXMAFRWikh & thiAh iRbr,

rimdin-2- ylam no)phenyppi perazi n-1-ypet hanone;

activater, pgmo(ulatordg exarame ilacsxienstod gifeetniGuatrob sqmpples dinygatg with
modul%or(sfncu? (a%sélzlé/d) a rflaﬁp\)e a%twlt)gj VQXQ 6P %%ohl!llplbl%&)ll_g adli&ed wdnen the

acuvu)amlﬁwcﬁ/ac te@bgsy b iYenBios yaht@wt@pyé BttidTiCiabbu? 89%abptishally
3, 4-di hydr.oqui nol i n- g&@ H) -one. [0279] The present
50% o %ﬁyé%e /bWVﬁPawstéélquﬁd P sy ackiyHy aplvsiRl @ recepiisd thriinvention
P [ 685
relatlvé){r(]) tg% go ¥ engﬁ%’& é}g%ﬁgﬂl%‘ Tg(g% %{St?(gﬂ 265 %@gz A o?é@%'&
highert abl es. WO 2009/131687PCT/U82009/002512 [0281] The
present invention provides in another enbodi nent, a
conpound of any one of the figures. [0282] It is
understood that in another group of enbodi nents, any
of the above enbodi nents nay al so be conbined with
ot her enbodi ments |isted herein, to form other
enbodi nents of the inventioén. b. Methods of Synthesis
[ 0283] The conpounds of the present invention nmay be
prepared by known organic synthesis techniques,
|nclud|ng the nethods descrlbed |n nor e deta|I |n t he

p— o o o o o N Y 4 .



c.Inhibition of syk and JAK Ki nases [0289] The
activity of a specified conpound as an inhibitor of a
w(Q 2A9k3wese may be assessed in vitro or in viVvRCT/US2009/002512

sonme enbodi nents, the activity of a specified conpound

can he tested in a cellular assay. Selectivity coul
[0221] 5 "Fatight” Eedess to Apmar apd npR-BEmaRPRIalS Ssparially pmmals. Examples
f patidn®Oneiu@e bk BRSRR 1inkiR438] hushaHs! YBES cfs, 882 ¥RecpPigs and
° palt;le Ssed to assess1 JIAK k;ll nasesl %Lvlvilt r’;s acti vi tyeegnglgS a
rabbitst 0 determ ne the degree of selectivity of the

particul ar conpound as conpared to syk kinase. One
[0222] "eRARRine fne’BDatE BEp&Niti ST thHvBhtidD the @rrfl epRirilablutRbly

the effect of the conpounds of the present Invention
acceptable ¢anaengresgipicat'| mnansfa chovierserr esmpigertbatgs gskful g préparing a

the. Ranps/ 1L.4 assay, B-cells. are stimulate i.th th
pharm e i REPO 4 Bl EeBere Y S35 T sl e biolbelchfly nor
otherw6 bh¥&irabR, &d bR ddLKERViRE o @R&]P@Mt thBf Rugkeptable for veterinary use

phosphowyliatl on of the JAK fanmly kinases, JAK 1 and =
as well aakgman prpGEowtic 887 PETPUBIBOSITRL B acceptibiscarfien Qrepcipient

R ) . i transcriptj factor .
as usedQRRPYRENCENGy ARFEL NERSe] 50 PR AT BPPL LR P SN carrir or
excipiebt.at-6 is the low affinity IgE receptor, CD23. To

study the effect of inhibitors (e.g., the

2, -y '. i i j i i [l i "
02237 Aot B G058 AA SRR Rt o
or "theidpewidaly affectie dust 'atedets vo the dmovanof the 4ubj€t’ compound that will

. }qut-sti I at'.ori, cells are subjected to intracell ulag .
clicit te MRogirr IR YIca SCTPRLTR e FHECNEIERT apmabpaugan thatis being
sought B ORPRMYRL | RierirdBiah Inédic A A Ror BPSthes LAt TR kerm

cells are stained for upregulation of CD23 and
"therapgwiad )iy effeasyanamétrsvnshidsstat pmopnt efdueomippmind that hehen

i QBB RO e Ta oA Rl Sl e o v

of the syftorhd6f the ebndiiBROH ARoARE b¥iak Yrehiehi Dhd thefapeutbAy effective
ki nase pat hway. [0291] Additi onal lszv IL-6 stimulation

amounioyilReary depndiig en ths ¢quwsundrhe disomler aingprltion anddksciemeyity and

t tz tion. 10
the agebglgghgtell mﬁgﬁ? E%&%%ﬁ?ggg{egegubj ected to intracellular

flow cytonetry tao nmeasure the abi]ity of conpound to
[02241; Fhegstm PaE pdepio A Prigtcorriveliasd, qigkldisectipng inthe blood
plasma' Bt a8 Ralk Meat 3GAdtbht Yo HombBlook Rfified | Sensor irfl-bla

HEL cell |1 ne expressing the beta-Iactamase reporter

gene contyolled hy Stat5 will be used, (Invitrogen, .
(0225 & e "Risyent motrexeding's nisysOgs” o admaiset Yaplapigns thereof
as usedeidiM Srefo<ed AMHeBIdd Jf PAAYG bf Edmplcddi P deRglndr & prdclbding the onset

nyel oproliferative neoplasns (Constantinescu, S.,
or recugeneg of aitiggrder @jcopfision Ii/or ope oBmogRefligat@nilantAymptoms or

. re t i t of bet.a- a . reporter g

barrmggae%lgfeg(%?rerlsgs’qug&ﬁ}ggg&g% uggn aaéslg?ljélglg ﬁSr ({Iﬁéﬁl\?&é rgéucmg a subject's
risk of hequildng O itaqitiny aldysodder@d PRUNOS or bAZ&ZhorEhs iRCitteddny

of the conpounds of the invention nay additionally be
SYmptofiifar act eri zed by assaying the effect of the conpounds

of the present invention described herein on A549 | ung
[0226] epTliechtetm diecamlizatian defdd8® the ptaessAF4Dstbring) flopi tb loe éualiting an

. cells an 3 ells up-regyl ate | CAM 1 (CD54) surface
‘me"u%tﬁf)lcé@@ieﬁ?ﬁgﬁg?é%ﬁaﬁl%éf ¢ Blogg\)’ﬁfﬁeéty of different

stimuli. Therefore, using |CAMI expression as
[0227]r eBdatm "tegenogsisarntb efd-sataviog od bidckagnof @i agteay anthe same

i at h s can,be assessed in the sane .cel] type.

site v (R a8 AR R LS DD E bl P AT PRSP ot G performed.
activates the TRAF6/ NFKB pat hway resulting in
up-regul ation of 1CAM 1. 1FN. ganma. induces | CAM1
up-regul ation through activati on of the JAK1l/ JAK2
pat hway. The up-regul ation of 1CAM 1 can be quantified
by flow cytonetry across a conpound dose curve and
EC50 val ues are cal cul ated. [0293] The activity of the

o Y a1



or equal to 20nmM greater than 20 JIM or greater than
2011M but less than 501.tMin the assays described in

wo b@ofEs@mspl es. d. Conpositions and Met hods of  PCT/US2009/002512
Adm ni stration [0297] The present invention further

pr.Qvi des conposi ti,ons, conpri sjng one _or. nore. gonpounds
102281 5 Theplites SpIRGHT 51 SO RsHBCAIY | W preTEiBe it BpfHPeRg aeceptor,
refers t6 2tHERdiRE rdACOSH Ut IsNREGMinatRBSf ﬂle[’;;}@{e'ﬁ@@ 8H{HeG8ddpYor, often in a

acceptable carrier or diluent. It wll be appreciated
heterogeheustpopulatinp ofiredsptofs fndratbdraiglbpicsi huhivadémdesignated

..may be derivatjzed at functional greups taq.provide
conditi 5% R TR b e SRR ot gty ab B s s Pesieround and
more typEH]ytRofeNBarP BY @mooct@;ﬁp@w&ﬂgrduﬂdv ’S}é@ciﬁ%ﬁﬂm{ Péo d under
prodrugs include the physiologically acceptable an
such conditine Ir¢qrates ¢ coaipobed that srselgeted\ar ity specifwifyforg particular
nmethoxynethyl esters thyl thionethyl esters, o
receptcf FAP XA mfirElte aitectissi Saderratrsd Rydidn ofvgbets,
compo@idsttha specTHeAl}torike]eti ¢k baiiila seicRidyreegitdnvad Hot dithadiher
am no group of the conpound. Additionally, any
receptoshQisprefeRfi- oV ayets Of apfeH hpenatyiay Be asedtogelecheompounds that are
- - I | vl ar i.cal
e EPRUPARBF S5 Pl Py SR L0 s e
routinepyr exdd ¢o BgjedtRempanrdy thaodp eelactbredbr & panichRr @ rgceptorvi vo,
are within the scope of this invention. [0298] As used
[0229] NEAE 1 8bd Hen HRE BrmPRAE eaparaofgah’f 18835 B aﬁeﬁteaadigo%&ier of the
refers to any acid or base addition salt ose
red blood uelisein-wiools bathehenmgldbox aldeleoertcode prtsiekie hemoglobin (S) protein,

. rmaceuti cal doses aof the [ts. host. aof .
e, e RreRREGHE S8 PaLEasrhbrd Brpdeiobio et Rprogtetion of
unusual i @hARATRBE St b nbi Qirdive tfe Rhar BRSBWIItER inMhe blood circulation.
acceptabl e salts of the conpounds of this invention
Thus, agemuiaresplts edhriemia’ hesers eorrposease omthe numaes of sddi oeg eells and/or
fer erived frominorganic or organic acids and
lwnmg%%ﬁ%@}ggh%Pgded anong such acid salts are the

follow ng. acetate, adipate, alginate, aspartate, )
(02301, eRyco'stre, SisklecsHelizaars grtereto a5 ishentad disopisr pf fieged blood cells in
. i 3 r | .
i AR A i S BHOP sEASERER! @) asoeis g e gver el
encodee bhhathesuilusoal dk mogtabim patt&n, duak ahbphaglobingS), (C), (D), (E), and

i ESLIPNOSEHTL LD sulit e heft angat ey hEKanoR & g
S/D, S, ByESBIat é@l@%@k.;?ﬂ@hﬁ)st dfhBh BypedBE SRR cell disease include

nmet hanesul f onat’e, 2- napht hal enesul fonate, nicoti nate,
sickle ggXladngtea, sysktenhgneoglpbintG diucase, parle betagilas thalassemia, and sickle beta-
zmoth%é%ben | propi onate, picrate, pivalate, propionate,

g4ecMate, tartrate, thiocyanate, tosyl ate,

undecanoat e, hydrohalides (e.g., hydrochlorides and
[0231] hyHireolspbigrid ésyefingd| herrip & inchg apitaale suchystmampegls, including, but

. , | l , :

not i Y B o RSP o RE R 20T horses, dogey s, rabbis,ras,
mice and@iehikenht @sferdd embodimens, tthe §ubjdoe $s a human.

et hanesul phonat es, cycl ohexyl sul phamat es, qui nat es,

an -3 RCpU : .
[0232] s Hbgnﬂegegﬁ,ttgg Fbﬁfgﬁgg’ Iévf\n&tgll[ﬁ(%) ﬁ tsﬁ\@/\%?ﬂ&@é?h@kﬂﬂ@s%e(RefSeq Accession
No. P-®3395 )1 316 8t RETha820 Gigdt Q0pablel of madadtingrg cetl lnbes eesponseted -cell

N IE I TATEILE O, TN ——

syk, i.eDYrbeink havidiRAE of nitPe nARFNIRVrind@.nabirABY BYduRAP Bl doRid
ammoni um salts, alkali netal salts, such as sodi um and
deletiopp tizsgsiianmos ahsgitutiging 4¢. 8. eyledert Vatives, Aomoddgssind Sragmeats). The
cal cium and magnesium salts, salts with organic bases,
such as di cycl ohexyl am ne salts, N-nethyl-D- glucam ne,
and salts with ami no aci ds4such as arginine, |ysine,
and so forth. [0299] Furthernore, the basic
ni trogen-cont ai ni ng groups may be quaternized with
agents |ike | ower alkyl halides, such as nethyl,



[ 0306] Exanpl es of suitable excipients include, but

are not limted to, |actose, dextrose, sucrose,
w@obil3B7 manni tol, starches, gum acaci a, calRPCT/DS2009/002512

phosphate al gi nat es, tragacanth gel atin, cal cium

icate 1 crocrystal e,
amino fei 56 0 Sl RS tocqly ot deh bt S0%fpntisal 187 pagive syk.
more p?@éﬂ%]él lidadl St 90% MbGiRlal, léh@%ﬁ)st preferably at least about 95%
droxypropylnethylcellulose and pol yacrylic acids

ldﬂﬁwéﬂch as Carbopols. The conpositions can additionally

i nclude lubricating agents such as talc, magnesi um
[0233]StEiRd @ER,"sykNidhibieT @lferdtd an hi fhet RERG She eallyse hotivig of

agents; suspending WD 2009/131687PCT/ US2009/ 002512
Spbenﬂg@ﬁﬂ%kﬂﬁ$%serV|ng agents such as nethyl-, ethyl-, and

propyl - hydr oxy- benzoat es; pH adj usting agents such as
[0234]i rbliegi@h ¢ thamelboyig alfets &I:lihdii)l(&lkdgcb@sd&hngwabﬁfddn@ssel caused by

agents; and fIavorln%?agents [0307] Admi nistration of

a Clumamg&.frﬁ%léﬁ fosBRingdRphe Qhstiycdereolorlond Haws ihedsrm ohromposis” refers
to the dl&l}hg)('lg %rﬁleW\&tll dﬂﬁ’rﬁe lﬂf)ocllmés%elsu' tabl e pharmaceuti cal
ex0|p|ents as a vant ageous can be carri ed out via any
acge nodes of adm pisfration.

he
1023513 dHhenFets SidPbn KEHTB0, TR o] Eamgridica Yiptipas thereof as used

herein,liRd1GE@4GIARMSLy &%Qﬁiﬂﬂé@l@%ﬁvyﬂg anSH M &ANZating or reducing the
‘transdermal , intramuscul ar, Intra-joint, parenteral,

mtensnymfroaea)rtreonealttendarmsymg@nmf a dlmrdmwpndmoh ang/or alleviating,
ntracra ntra eriton

g o3RRS ops of PR ShlsHRAF Fetsgr B RN B cpreghmenig ocording

to the ihPgHtRARLY B ¥@ipkeventitell e;rrarp RadtRAN R pAllati Ay BB Rdnedially.
herei n i ncl udes subcut aneous, |ntravenous

[0236]I nfﬁeat@}iﬁa%s?él" réfg}s 8 aﬂg%bgﬂef‘ orc H% asﬁllﬂg V. u%h 48 an artery or
ntrasterna I ntrathe , In &R C, ral esi onal
vein. F&mdxampreae Felobdvedsal” eefiersoio adl oif ﬂfEU\EHsstﬂls th&algml whiek blood
Pr ef g conp sitions are _admni stered oral
circulaigs i indhe lyneﬂrﬁ 2 blgefhuessel thes & therener opeh RS or cavity of
thebbg@yngLdeS|gned as short-acting, fast-releasing, or
 ong-acting. Still further, conmpounds can be
adm nistered in a |ocal rather than system c neans,
such as adm nistration (e.g., injection) as a
sustai ned rel ease fornul ation. According to a
2. r cbmbediments pbthertbygntient , t he conpositions of this
invention are formul ated for pharnaceutica
adati niGémpbueds t 0 a mammal , preferably a human bei ng.
[ 0308] The conpositions of the present invention
c
023 P PR pERA T GO Shim It BRBYA i Rgrmuta
M: 6, 7, 8 or nore tinmes, or the conposition may be
adm ni stered by continuous infusion. Suitable sites of
adm ni stration include, bqsmar Not limted to, skin,
bronchi al , gastr0|ntest|nal Na ahmavaglnal eye, and

ear. The formnul ations nay \g tfve formof solid,
sem -solid, |yophiliztd q;_han|d dosage
forns, such as, f@&* ex N ets, pills, capsules,

powder s, solutions susp g§|ons,RenuIS|ons
suppositories, retention enemas, creans, ointnents,
| otions, gels, aerosols, or the like, preferably in
unit dosage forns suitable for sinple administration
of precise dosages. [0309] The pharmaceutica
or a tatOMPOSH pHadnsceaficalhy sccepidbRishbithar®yf, be in any orally
accept abl e dosage form including tablets, capsules,
whereiff2chets, emul si ons, suspensions, solutions, syrups,
elixirs, sprays, boluses, |ozenges, powders, granules,
and sust ai ned-rel ease fornul ations. Suitable
exci pients for oral adm nigeration include
pharmaceuti cal grades of mannitol, |actose, starch,
magnesi um st earate, sodi um saccharine, tal cum
ceIIquse gl ucose, gelatln sucrose, magnesi um

o T . I T 1 T o o M I r



WD 2009/ 131687PCT/ US2009/ 002512 t echni ques known in
the art of pharmaceutical formulation and may be
w@e@pasws’ as sol utions in saline, enploying bePeliUS2009/002512
al cohol or other suitable preservatives, absorption
la - onoters to enhance b|o ilability, fluorocarbons
18 “gk&}%‘r frosp her STOBM GRS I8 A ]\g&}tﬁﬂpqipm ng or di spersing
agents. [0316] For ophthal m c use, the pharmaceutica
Z"is seleneddiam dregrogycdisistiog wiih dbed, -28Criatkdp 2360-, -CO-, -NR*SO,-,

Si ons sot oni usted sterile saline,
heter OC@FR}? S]séefrggygbpg,arh%%yl apfl E?F 'CE‘?Y§ g]iﬁ?u?ft%t’]om c, pH adj usted
sterile saline, either with our wthout a
ISSpke@éﬁ#anﬂweyosmc¢naﬂmng®ﬁzylaIkonlun1chlor|de
Alternatively, for ophthal mc uses, the pharnaceutica
(a) H; conpositions may be fornulated in an ointnent, such as
petrolatum [0317] For parenteral adninistration t he
0 [ ct
(b) Cl.g‘éag{?g,t 6‘8&9@?%%?{}%1?‘*‘1 \gﬂ%tg% a]i gcé'g]s&g m&i%&e%'t ‘laec#elzll f?%rp %l?e group
conswtir@' efeingihb chysled iyt CORAkEN S hf:@fdﬂybm ethiabcarbdityl, Qfmlab@ Ugalkoxy,
5 to about 7.5. [0318] Sterile injectable forns of
aﬂdan?ﬁéwéﬁﬁﬂ65|tlons of this invention may be aqueous or
ol eagi nous suspensi on. These suspensi ons may be
(c) Cs.degelouikst, egtiacatiyrsdbstguted widcfromgues3 kmmersubstittéras;ar t
usi ng suitable dispersing or wetting agents and

(d) aryfs %ﬁﬁemyrwbﬁgeea ithTAEmST @3 dudsiifeRG salRERd BlofP e b g
al sO be a sterile injectable solution or

conmstmgpf@]saamyl iGh- gdknant(bmﬂ&ylmmlem Er. ﬁﬂkWC@b@B’ﬂﬁmbe

vent or , exa a_sol n,in
aminochtogtfte RlioR ) R leRb 1 S EIRaEr iRt A Bod LB e
cmbon?ﬂh%@kbﬁyﬁﬁ&%ﬂﬂay be enpl oyed are water, Ringer's
sol ution and isotonic sodium chloride solutlon In

(e) hetégg%cg%}ggalggéng,r éSJO ﬁe,e (%{tfé)glrgllg El!lb%tlﬂggd &/ﬂﬂ\ﬁgﬂlg I1 L |%_tlsllglstuhl.lents selected

uspen

from ttﬁ:tgrpqseons&nylg lof Endalfq'/h( exb and Ci’@ﬂkcb@ce[miphﬂyeyhnlor@llsut&lyngrbonyl
heti c_nono- or | ycerjdes, Fatty acids, such as
ammOC&rt&ncz/l ey aa%'aowerb@w aplamingearboayli % are useful in
the preparation of injectables, as are natura
(f) hetgrbray hmpeondllysubstitacd epthafsbm loiol %substimhntasel@ttied ¢ropi theqroup

consisCaséf-"%rélﬁylné%@?cisalf'gtéwpp%&%r FERBRE By a so

contain a | ong-chain al cohgl diluent or dispersant,
*is Resabyl, oaivekgmegpiper withRif @rybtf@mlts¢gﬁnltewld¢fs<gﬁeh3$ aigached to
n Se or mul,a
form Bl bR B TR oty et PR PR D o s

option&dubkngedanich fUSPERS? mtlttﬂlﬁeR b@ﬁtmpéﬂdjénuly? eaected from the
surfactants, such as Tweens, Spans and ot her

group eansistng f GesaleRsy S @qdkw@axbspvla@4stlt<9><>@ﬁmw&@a\mleeﬁ Ch.

Ik [FmA ”aJnEHﬁ f
sa Ox%ﬁ%oﬁgceut !l)%'a actept a e SO éwyfe“g uz}namoar?/ La nhlre?carbonyl’
aminocdadxagmrxﬁloomnlnagfarlad)megalkbﬂemb ﬁnnnddaﬂaopylapnse@l_gafkylene

. farmul ati . Conpoun | ated for
aminodgei i apal Y ap A Lo B By ras TR orICYIETE. Sa-splfy. Ci.
galky]sbﬁbr'r'ﬁ CP&a‘ﬁ@ﬁét@%n?TC]%Qﬁ&leﬂHC@§galmmér‘éﬂyclﬁ engélkﬂﬁétéﬂy%yclylc,_
formfor |nject|on may be in anpou es or 1 n
galkylede.swsyle @M@n aaé«sosycarmszaogmea:eeﬁmmoszoowm@el anno Cs-

s tions, of t sent nve tion can
seyelol0 Pijo TG RERR|HeAIR, sy EFs ety Shato
hydroxfcy@rmmyltzn@mg;dmycarssﬁyl@esaakheﬁé @hinc ofe andESAr bonat e,

or reconstitution prior to adni ni stration, or the
buffer may be included in the |yophilized conposition
for reconstitution with, e.g., water. The |yophilized
conposition may further conprise a suitable
vasoconstrictor, e.g., epinagphrine. The |yophilized
conmposition can be provided in a syringe, optionally
packaged in conbination with the buffer for
reconstltutlon such that the reconstltuted

e - L T o



[0326] In another enbodi ment, the present invention
provides a nethod for treating henolytic anem a or

WO povangi68hr onbocyt openi ¢ purpura. [0327] The cpPopUsVI%S002512
descri bed herein are al so potent and/ or sel ective

i bitors, of JAK ki nases. (o]0} u e of this
s Ha&us%lkv or tSH%ke@dﬁg%}h?fd\glﬂa&w PR 4 nas @ﬁﬂl%?%ﬁ%t? Which each
is attacP{écf t'bcfonh ﬁ h\éteﬁ&gcﬂ@ dr Btertay? rfhgn%lﬁ?gn%llgl 9ul§s‘€i915’(la@5ﬁth%om 1to2

I nhi b ase activity al 1 ng cascades in
substltumhtsthb M«KRI%‘i cuah ©f wiliclyis andapbmienam delebted fioph i gralp consisting of

C1salkiign R RO 2108y b s s RO oS TRce can be_used
galkoxchrbe pl'aﬁhﬁoééglk Whe 299%’&%%1@1%@@&58& Q%lﬁ)@%@l 4minocarbonyl,

|nase either i'n vitro or in VIVO, 1IN vi rtual y any
armnocaéalohylaypeo empn@@sbmglatrmgoctmlmln‘ms@rnu@gwhown galkylene,

aminos RSB St cublbat Gony D SHRTRU Bl b saronyicy
salkyleh @Y @Ak QIhsicamslyl r@pgamj«inetaacmﬁ@%ﬁ)(lbﬁb \ekyich JAK

ki nases, particularl aro Such
arylC\ gpfyoxyeqrbpridaming, gar@pxy rcari@w@t saékwl@raesém Qme;mh@@kyl halo,
e [
heteroap toﬁ??rg)grygétg@ﬁl&é%nse P%tg{oc&&grl h 91%? eﬁ%%g ﬁ(ﬁ;le?le imino, 0X0
and =Schai n, such as, for exanple, the IL-4, IL 7 I L-5,
IL-9, IL-15 and | L- 21, or IL-2, IL-4, IL-7, IL-9,

R is sk rcitheldrs uilccsrggsﬁng%f signaling cascades. The

npoun sed in vitro or |n vivo to

and in ar, t lnhlb [ Qr
@ arylw%rcaa?lxapb%@s% BB g ceBBR SR S RS epu Rl
mdepeﬁdeﬂﬂ?lsel%t@@%Hﬁh'e%i‘oﬁﬁ&ﬁ@ﬂﬁﬁg oﬁﬁ?JQalﬁ@U ldhﬁﬁo &, galkylcarbonyl
bi ol ogi cal responses |nclude; but are not limted to
and amjroc4rboayiés s@R8y;upr egul ati on and | L-2 nedi at ed T cel
proliferation. Inportantly, the compounds can be used

(b) hetér@a.ﬁyﬂ hie Rirbbidydfic KT \asied, hdlo,\Hydeo:38, cptivh@nagimitiiveed with from 1 to
proagh towards the treatnment or prevention of

3 substnv@é&%s creitiPYBIED iindeBINdRAGY psjedied [TAMPAP EIOURCORSISARE of
| JAK Ki
oL IRER ML RO AR S0 2, o' S

ki nase nedi at ed dlseases that .can be treated c
©) heteﬁ?@&?@ﬂt@&hm&ﬁ“%@ PHRPPLHHS S HEd hGk | i Syfstitvens, R®,

each of \Jvl'ﬁhﬁ ?sdlnHQpenHQﬁl)f id o Hgm thé ?ﬁ)‘hg'cgﬁsmt At by al r%/l and 0xo;

aut 0|nnune di sedses such as transplant rejectio

s s foa raip B Sotssioeidh i BV, aBERSC GRRG: ar
C. galk?l%@ﬂbbh N iRt arbaRglamid, f(:;‘éﬁkﬂdﬁlf&%ﬂths%ﬂQﬁilﬂ’ﬁn 1,

rheumatoid arthritis, g{otrophlc Iatera

C. salkslélllé@@di’i@mol'cm@lkylﬁ@ﬂ@%ﬂ éfais%ilﬂléﬁlfmﬁm ditkieaSesllserdh as

cran B oA S .
C.. 8alkM)a)‘@1L§laHJyldrﬂf Cag’ﬂlllai)dy@ﬁrb()hﬂcjl blzdkylgne/ agfind,iadmisocarbonyl,

arteritis, atherosclerosis, and coronary artery

ammocarby@ag%)saikdie@éa@w%w fonyd Geatkogycasanyd ssaéwé@@ﬁ%%ﬁlfonyl
hi

amino SRS PR BSOS o 8 ROC oy

ammo(bl@aﬂawkdle&"grpm)ll\bmymememﬂﬂ galkylynaaaanmsokfenylamiboxy

carbosy Ve GRI M BB R A e0e é%%aﬁ&ﬁ%bonylamo G

scyclodiBEAbEEY1, Rilo | 1BRAx Y, Ry@@%{C, Bkl kinhRvgSalkYRhesAMoDE

treated or prevented accordlng to the methods include,
ammo(bn,stallamenarborhylmmm(lu salkﬂbnmn@@rbcawﬂtﬁnalkml nmune

e L e

reaction (HVGR), etc.), rheumatoid arthritis, and
anyotrophic lateral sclerogé#s, nultiple sclerosis,
psorai asis and S ogren's syndrone, Type |

i nfl ammat ory di sease such as vascul ar inflamation
(|nclud|ng vasculltls aterltls atheroscler03|s and

o o o Y L o, .



[0336] Chronic rejection, which is a particular
problemin renal transplants, often progresses

w0 p®bd3we8sl y despite increased i nmunosuppressi RET/US2009/002512
therapy It is thought to be due, in large part, to

di ated ersen3|t| The pat hol ogi c
hydrOXpﬁm"@erzﬁamq Bifesit’ p%{l?y Igpeagunp %@?fect ion. The
[ .nvol ved with
hymbx9éi§%§?égﬁpro(%?%? ?Pgﬁaﬁ&gggﬁgixgéadually occl ude the

br osi

it R iy REERaHaAl Tt PRECTAR o b BB BT Ser RS & indipspgeny

selected eﬂoﬁpthle%%dpscdm@isﬁhg/ofieﬁgatu@ylac aqa&r)@sayd&@xy inhihé&1Rld, @9 ano,
of graft vascul atufe and resembl es a sl ow, vasculitic¢

oxo, =pracekeoxydad3ay]. carbOXypmnnvem»peylsernmowlwrw Cigakkylcarbonyl and
C. aalk %PﬁtOXIC T-cells and CD4 helper T cells recognize
1K EATHRYC ﬂﬁw Facel lul ar or extracel |l ul ar synt hesi zed
antigen when it is conpl exed, rﬁﬁfectiveIX, with
tis seleﬁwg fromp hesgroupeonsistise of H, Kingalivl. Soetysiodlld @pdphages
s antigen-presenting cells and rel ease |L-1,
CL%Mk%EHﬁ%h ﬁntes proliferation of helper T ceIIs Fblper
T- ceIIs rel ease interferon ga nd [
R™ is sglsgief e fegiipur eonsistiag of Hagfpéi‘lg@t ih@li% 93/4@&&@6@0;
nmedi ated by nacrophage activation and i nmunity
s snbdtedtfanin e gfouetdrsisting of e (haslkybtyzmogéh galka;qefplga]dry],ene C,.

salkynx,lo Pt b Sy bRk PR Ay @Yy pgein ghch ary!
and heﬂefbam%aa% Iogaéﬁm bstitufe@lwith hdlBeC LAMBAUNARANLRS CyaBS hmino,

herein can be uséd to treat and/or prévent nany
hydroxak hetsrearyf and dnglabladtlinedpdicatepn donbld casiaglsshandeul ar | y
useful in the treatnment and/or prevention of rejection

[0238]r eﬁ@nbﬂi&ﬁgﬁdﬁﬁbf@fr@oﬂﬁﬁ’érﬂé @2 isefl. [ie@asdthdripras 6f erdodiments, R'®
-cell's, such as HVGR or GVHR The conpounds can al so

is C1-s3hey]. oranba/ereums et duneoeoR 009 615 vekaalk .o I anogker group of
R P, t
embodﬁﬂég{t% IRe N tsS \ffgl% e)?ﬁ c,o};}!lc?‘:g)t&[g)l'l &F tcglagbﬁtple nlrél?ﬁ?)?lgggfqug
embodrrﬁmtplléhts&rleﬂe aﬁ@rhplogmdp ofiamabdimdnes, Rdbhiis rplhsmﬁr &lat@her group
issue qr,an organ prior to trans antl t he_ ti ssue
of embBij‘"Eﬁ“é%\ N hFWéOCtYF'avEsBT ather gEpuR der%sgqs Ry is heteroaryl.
anot her enbodi nent, this |nvent|on prOV|des a net hod X

[0239]of Intanetter gg)ua of egrbbotlimeds, R 2 Fulminotheargraipsefasehodiments, R* is

SRR M TR RN N (XA —

which €4cha¢ hitacBed & for @3t hdid1Bc pHc RNt FEATEe gﬁef) Rbhkisth of
conpound is selected fromthe conmpounds of the

piperidingy giperagine, hpmepiperzineand darebAns. of the met hods the
aut oi nmune di sease is nmultiple sclerosis (M),

[0240]pSI adotes grop 0$Jeﬁﬁ)bdi’inént§,)eﬁdf Ri‘Fﬁs uﬂapéhd@utlp k¢teetad from the group
di sease include, but are not limted to, those

consistyig ¢ %H@vd&%ﬂ%@%ﬁ&‘tHNEP%}zec%xﬁlﬂz)NlaesC&FJéx)é}BHasNHz’
e t ders
O, O G ORIy YRGB TR
C}Hbﬂdﬁéﬂgﬁﬁ&sﬁ}ﬁﬁﬂnﬁwh[ﬁbﬁg syst em ¢ aut oi nfrune dlsorder
Non-limting exanpl es of diseases frequently
[0241]deRy &6%@@@% of 'eHﬂJ'o@uﬁ’érﬁS"‘W‘qg NI RAHnBtHe® btoupY@mbodiments, Y' i
aut oi mmuné di sorders inc|lude: Hashinoto™s thyroiditis,
CH. Immuwmmmmmp¢ﬁmmhq&m@n@n¥nuac aut oi nmune at r ophic
gastritis of pernicious anem a, autoi nmune

[0242]eNEEdE e BRIpi dfietbodith&@itsTRINE 1r GhiddtSer gOQAPRRShBId@MENts, R is
di sease, autoi mmune t hronbogyt openi a, synpathetic

C1 salkybhinrasiorics grovp 5 erberEnetiniR sis tareaviegethey wid the moiety R**-Z'* and
primary biliary cirrhosis, chronic aggressive
hepatitis, ulcerative colitis and nembranous
gl omerul opathy. Non-limtinag exanpl es of diseases
of ten designated as involving system ¢ autoi nmune
di sorder include: system c | upus erythematosis,
rheunat0|d arthrltls S|ogren S syndrone Reiter's

e . T L



pol ymyosi ti s-dermatonyositis, system c sclerosis,
pol yarteritis nodosa, nultiple sclerosis and bull ous
w@ewphsyei d. [0346] It will be appreciated by BKI/UE®09/002512
artisans that nmany of the above-listed autoi mune
. di seases are associated wWth severe.s toms, the
the nitrQgd) fOPBIER GACtOR AWAFEA (PAS BIBECEIHHG TRt i TRUICASENR &
embod REGHR, IR® 18 Y8R ni 1BgdtRENVARE B3 MEIBIyER ©.178° MRCKBE hitidP@n to which each is
aut oi nmune di sease may not be aneliorated. [0347]
attache@ihe farpya betermgrylhvmgconpounds descri bed herei n can be
applied alone, or it can be applied in conbination
[0243] W ThhinBtheAgicuPpEfiew ol @) ®/** R0 n hHOMBOSERP LEEHbYE&ments, R*
' therapi es, such as, for exanple, the follow ng:
is phenybr lngnothsn eravw; of eorhodunente foi shetarerryhsinpnether genve;of
nmet hyljps edni sol o and predni sol one; al kyl ati ng agents
enmoa%ﬂ%ﬁggg %3?#6% ggghanide; cal cineurin inhibitors such
s cycl osporine, sirolinus, and tacrolimnus; inhibitors

[0244] o InjARgHEP BrWDI S SRSEHBENSS. dfe Ay 8l PoRfb nisaotheReIayp of gapogiments,

s Q ol gt - 1. d
2 is N RRRED B Foub SRRBRIRL B 4 & S0 Ianimegpup of
embodiments)izt' ys WED4. elnl apattien grdupef eabiopinaits, &' AR EB0,-. In another
[ nol ogi c response intact, including various )
group %MF%‘%PS’(?O‘F %ES?éﬁFﬁF'é/§~ ﬁ\ﬁrﬁotheg; oiateY teé“'@dgﬁiﬂ‘?’nzl 1

[ t i dn: )zl
e bR LA TRA 2 A AT REEPOR etk

various agents can he useqshn .,accordance with their
[0245]3%&5‘85’? grrou@d)r?ﬁﬂﬂ)oggg‘aﬁ% ) ’éﬁ'speci fied in the
prescribing information acgonpanyi ng commercially
[0246] o\ Iai angiice gfayprad eatbodiaerds. Kysis(Bee al so: the
prescribing information in the 2006 Edition of The
[0247] Phiyisineihen gfoupasienfetianans &' istsercebid Sedm sher @su Eondiktialg of H,
are incorparated herein by reference. Azathioprine is
cyano, pheyd anfl pYHIY: | abl e from Sal i x Pharnmceuticals, Inc.,
under the brand nanme AZASAN;, nercaptopurine is
[0248] c Uinramothey geonai df zibibedfments, Rif & eheatedefomu thecgibosp comsisting of H,

u r e brand pa PURLNETHOL; predni sane and
skl Corp SR aenslh € Ry BROPYV AV Shraky S ResGalkyisulfingl,
c._galkyﬁbﬁbﬁ%mrﬁﬁ C, LARylsultiynd, Ak AR, K8/ QMS1thiD, CY LRy, Y
avai l able from Pfizer; "sirolinmus (rapafycin) Is

C,.salkoyyqaghanylangingi € agallkoxtycarhovyl o€ heallyexysarbonyle® 1 sabeyldneand

. pane PAMUNE; t ol,inmus i,s currently availahle . from
aminodd ey R AR oy £ Satk oS e hosEayin e T
aminoC (ialk§M¥ne avaidcaoayll, ammd® alklleneahiecarbbgylbr and dane

~ SANDI MVUNE and from Abbott under the brand name
aminoqapaRkF; sal koyy Fopinoaab e ¥l orsinggrhord Crpad k) pRaagripesal fonyl,

. N . . L d > i Lab
carbox oy A R R B e G ot B hftrony,
hydroxMQy.galk yleney higeroxtylle sdik glank cashon y et by HyQroxa L akdik plenéaneino-,

is cyrrently avajlable fromdaxo Sm.th Kline under
hydroxyre sk eiRFaries N INDMARY e aC sl HensaBUnogabony CERERS
mﬂmoéggyﬂ able from Ortho Bi otech under the brand nane

HOCLONE, from Novartis under the brand nane

[0249) > S g&%'ebél’é b@g%ﬁg?'&r‘?ot%%?‘nb%%%gm‘fggg&pw&,25%’3& the
formuld @9/ 131687PCT/ US2009/ 002512 [ 0348] In anot her

enbodi ment, the conpounds coul d be adm nistered either

in conmbination or adjunctively with an inhibitor of a

syk ki nase. syk kinase is a tyrosine kinase known to

play a critical role in Fcy receptor signaling, as

wel |l as in other signaling cascades, such as those

i nvol ving B-cell receptor signaling (Turner et al.

(2000), I nmunol ogy Today 21:148- 154) and integrins

beta(l), beta (2), and betaé(3) in neutrophils (Mcsa

et al., (2002), Imunity 16:547-558). For exanple, syk

ki nase plays a pivotal role in high affinity IgE

receptor signaling in mast cells that leads to

.




WD 2009/ 131687PCT/ US2009/ 002512 conpound i s
adm nistered in conbination with or adjunctively to
w@r@vharesT nmunosuppressant. [0358] I n anot her PCT/US2009/002512
enbodi nent, this invention provides a nethod of
treating or preventing allogégft transpl ant rejection
in a transplant recipient, i ich the allograft
transplant is selec%gd froma idnEy, a heart, a
liver, and a |ungew” hSi n /%jzf§L§%ering to the
transpl ant recipient unt ddnpound effective
to treat or preventR*f he’reNect¥onN wherein the
compound is sel ected from tthe conpRunds of the
i nvention, as described herein, in which the conpound
is adm nistered in conbinahion with or adjunctively to
anot her i mmunosuppr essant, F% whi ch the
i mmunosuppressant is selected from cycl ospori ne,
or tautqraesras |4 phagnacgpteallyragseptabie salk thsreadr whgreins \/| PDH,
nmycophenol at e, mycophanol ate nofetil, an anti-T-Cel
Y'?is MpCHhedy,, and OKT3. [0359] The conpounds descri bed
herein are cytokine noderators of IL-4 sighaling. As a
b nR@4ddde t he response of
z lsh%%ggggHﬁyggiégﬁ%f?%%?t l?é%%?ﬁ%ﬁggbg us, in a specific
R egp%g%nent, t he conpaunds could be used to treat such
Is SECGe TETR e #IOUR FUSEHBRET { he di seases associ at ed
wi th, nediated by, or caused by such hypersensitivity
(@) H, reactions (for exanple, allergies), prophylactically.
For exanple, an allergy sufferer could take one or
(b) C,. My, PhiohMNBy skt ©eIdeGith Wlis) ARAMETS;akg's Gii Rerieiygialkox y,
prior to expected exposure to allergens to delay the
Cn-salkzzshgéeoc‘@rboawg gmaseCigalkyinectmipofasdkeny e+ hidroxyger heterocyclyl,
all ergic response. [0360] Wen used to treat or
(c) Cs.goydudRyl, spiidnatliysebsetited Wwiah atkyhaurds, loamxyd, C, salkoxy,
adm ni stered singly, as m xtur of one or nore
CrsalkyHHBRAIERONY b AMIRO Rk Am R isﬂg?’f%n with ot her
agents useful for treating such di seases and/or the
(d) aryk pppiomatly sabsidetedvath alkylhamueh adiimsalesyl, aihmoCoegbylnas
.al sg be adm ni stered in.m xture_or in conbination
Califatnifrabany G Ty ek Corlery o se dpaimgarbonyt
aminoOBlaBIARS, ahinel, d8k&Slyesdalls, menbrane stabili zers,
5-1i poxygenase (5L0) inhibitors, |eukotriene synthesis
rec Lod, ok bi I AAND B OFS [.sqt
© her A GBI Bon S BhES S S IR Eibb i ¥y hyaroxyt
C,.galkbg{s GyalkiRsiifocapieing ] ,-aagiaoC siadk yléey pindiReC, ighlkbky, taxosor
aspirin, cycl ooxygenase (COX) inhibitors,
cyanoGygpkkylengsa®@ylant i - TNF drugs, anti CD20 anti body, PD4
i nhibitors, p38 inhibitors, PDE4 inhibitors, and
(f) heteapariyh ioptiamllyssbsitimtetawish alkybvamifibeh ydoomyduBdslkoan, be
adm.ni stered per se jn.the formaf prodrugs or as
Cl-sa‘kﬁﬁﬁPﬁ%‘@é‘Z&“iyg ‘B%érbg& TGRS AU BN LR an acti ve
. conpound or prodrug. [0361] In another enbodi nent,
R%is selecedifrpre fiei soupeansistiag of Hrbydiod y of 1-satladearben yor

revent i T Vv ersensitivity reaction

Craa RS QiHRE Lo PBSERBERUL G S fRSh R gy,

hydrox¥€irBo8A( Ayait6:8,CREBDN W6 QAR (D& Sdrdino edrbonk darBfnb€S balK Hehd)
treat or_prevent the hypersensitivity reaction,

hydroxypydspry ¢ isalkylsmsearhenylamine, e sdkylamyinGinalkylsapounds of
LSahA@V i ' [ .0362] | n anot her

Craldy Bt ORI AR, ARl Pl Fha o

C,.salkiytseHbnyiQ, galk ylemy €Rk¢ yodoakylygpboh WalnyoeanslaDisgatkiyldaiyonylamino; and
reaction, which is practical prophylactically,
conprising adm nistering to a subject an anobunt of a
conpound effective to treat or prevent the
hypersensitivity reaction, 4dherein the conmpound is
sel ected fromthe conmpounds of this invention, as
descri bed herein, and is adm nistered prior to
exposure to an allergen. [0363] In another enbodi nent,



WO 2009/ 131687PCT/ US2009/ 002512 [ 0368] Active
conpounds of the invention typically inhibit thesyk
wW@nwbos16§AK/ St at pat hway. The activity of a specr/UmdI/ 002512
conpound as an inhibitor of a syk and/ or JAK ki nase
4. Can be in vitro or 0. In sone
R™is K 4 e, ‘ia%@“é(&tar“t}m‘?ﬂ?ﬁnygc *¥t ed conpound can
be test ed in a cellular assay. [0369] "Cell
“is BhooCi gadkyt i ve disorder” refers to a disorder
characterized by abnormal proliferation of cells. A
> is Hr @ ighgypt i ve di sorder does not inply any limtation
with respect to the rate of ceII gr owt h, but nerely
6 is selege gel: 8?021;)%%&11 nutjsof Igod?]sgg “T'hl%zgtgy Catnd%r \INfc,hof
roI [ feratlve di sorder can have the same ceII

Tis sedrc\wctstrem the,gwyip£onsisingadf Bt i-wlpylicyanofotsalkezponshlitdene,
ch
Ci. 8a1k§lc ?hglr p&%) #aﬂo\/geﬁgi ggap%erﬁewerowii Ny éé%&a)s?]@?hhe Rdicates a
doublewh smglel tondnoathe aiotedy RdeWt torobintéd wih é{‘“ Gafoeiars-7 efeattsane
to . any of var.ious malignant neopl asme‘)[’ %har acteri zed by
Ve

heterocyplic larlsr GonEARIPE o bteroatoms. i eCRPABY rrltsyuttsd with
n €c r dign
S R Fegm‘t%%%&‘&nerag%?‘%‘g@?r EF oAt
arylox ysaddonfy K7 atlkykenei sorders treatable with the conpounds
di scl osed herein relate to any di sorder characterized
[0250] byTiRDSESRinveBlidn ProRdel & Aldid}-embeRBBedtNE botdBotRl, hOHAg the
tunors and cancers, benign or malignant, netastatic or
formulpgaiected ﬁsﬂlathﬁgfomﬁlfstlegpf'opertl es of cancers, such
as tissue invasiveness or netastasis, can be targeted
usi ng the net hods descri bed herein. Cell proliferative
di sorgeﬂ( nclude a yariety of cancers, Rrcluding,
anong” ot h'e)r\st ovari an CER7 renal cancerNH R7

gastroin N can dney ganesy,
cancer, pancrm\gn!c , ungN szdgar Ci RA,
and adenocar ci NTOR7ATNI n so!’l_:e b Ol nﬁntﬁ t he

cell proliferative Hi sordel trealed is henmat opoi eti c
neopl asm which is aberrant growh of cells of the
hemat opoi eti ¢,,system Henat opoi etic rral gnanC| es can
havegbts origh@gs in_pluripotent stem .\{

gl t leot ent prpge Ror cel I(§ }@ opot e Rhitted
pr&_q @ c I%r ecur sor eI noNT al ly
di fA'8r N's invol ve a5l s. Sone

hemat ol ogi aal mal Hgnanci es are beliewed to trise from
hemat opoi etic stemcells, -which have the ability forand
self renewal. For instance, r,:oel | s capabl e of

devel opi ng speci f| btype Qb acute nyel oi d | eukem a
(AML) (Cynthia t§1o Kenn R’Ross, Rose M
Kakoza, Steven Karfﬂé %ao E Ong, Todd R

Gol ub, Kinberly St% a new target for AM

differentiation, Bl ood 2 7 11@l Abstract 209) upon
transpl antation display the ceI | surface markers of
hemat opoi etic stemcells, inplicating hematopoietic
stem cells as the source of |eukemc cells. Blast
wherein& Tis @ heatkyl oprionalhasudstatueel withramkeey, heteeacaclybei sti ¢ of

mat o st em S .a ar to ca abI of
aminotg 8 P S Er Ve 8 Gy SRR Rk RS AR fRs R bt
hydroxiyl @ 4IRMehS @i aR yRia 1, cHERY A0M pyridinyl; and R® is H,
ydroxyl 2&1%‘““2’?1‘% o e 0 pyrdinyls and R

Ci-salkiborgiady; dﬁllé orrf@i- aagnémdé% % i3 HoCt.sahed. Supblerey. Cn t he
t [

salkox SRR )R s o el SRR or e IBAE! EboxsC
found in normal cells of henatop0|et|c i neage as wel |
as leukemc blast cells. Fg8 instance, the reciproca
transl ocation t(9q934; 22gl11) associated with
approxi mately 95% of chroni c nyel ogenous | eukem a
appears to be present |n ceIIs of the nyelord

o, . o, "



[0375] In sonme enbodi nents, the conpounds can be used
to treat Acute nyeloid | eukemas (AM.), which

wo e@pae3wBt a | arge class of nyel oi d neopl asns PEWUSIP09/002512
its own subdivision of disorders These subdivisions

i ncl ude, n thers s With recurrent ¢ eneti
salkylepe. rgf YloaTk ) ad by S sl kaleRs: |9 R4 AYEmEY St B C%iiiiraﬁy
acceptzgtlgiglt AMeof1ot ot herw se categorized. Exenpl ary AI\/Ls

recurrent cytogenetic translocations include,

th AN th t gl
wzsnA%f%ie%ﬁ Gopha Frbimrtn & bRl el pehimatbiuiriscate
anothei‘/\%/IEh bf é{%béﬁh{eﬂ%zR@li@C];%i c%‘éjk&’lao[btﬁﬁ‘itaﬂy substituted. In another group

| pha), AML with abnornal bone” marr ow
of embé@@l@m@pﬁl is cy¢lnb¢%) s lgo)l oo cyql()lltayll 63qhpaf3vhieh js optionally

substit cll: b '\%@ %tho% cﬁen%dfrperptﬁ,éi g & ia%%rBF% lalb otrlcgrr%{llp{ Sggﬁltuted In

anothet g&@tlp af emps&EARhaL REP Wh%fér@d&cwll A1) 1sp§eldéfed from the group
nmyel odyspl astic syndrone her acute nyel oi d

conswtir@néémeashwé,t mefphelne ped te\mabmrﬁtramheaélf ilnappieggeyp of
b dg

embodirﬁ] lﬁérja 15%%1 Angh&?hll %ggﬂh ]5188&1 tnEst, R b“i%éﬁio%ﬁ&% l%eteroaryl
In anotherugteﬂib af erﬁmmeiemnmfyts Ip§7ra|26]ekem a, Ac ut e erythroid

| eukem a, Acute negakaryocytic | eukem a, Acute
0252]P3FRBIHCE Erob s, 28U G RABINERN OFh
(02521 R RDING! Eroh ek PRI, 220 Ihe RIS felbcted from the
group d¢dmeisiimgefnt i on nmeans an al |l evi ati on of synptons

associated wWith a disorder or disease, or halt of

furt progreSS| or morsenin of those sysptons,
pre en ion or hy axrs of t I sease oridqsorder
[03 Nihe term i ncl s@rganis

express syk and/ or J K Exanpl es of mammal s |ncIude
mce, rats, cows, sheep, pigs, goats, horses, bears,
nonkeys, dogs cats and, preferably, humans.

[0253] TrRNSGaRT Gio%%@h%auﬂiéﬂtwh@me[e@y%s syk and/or JAK are
also inclided in this definition. [0378] The inventive
nmet hods conpri se adm nistering an effective anount of
a conmpound or conposition described herein to a mamm
or non-human ani mal . As, u%-- erein, "effective
anount" of a conpound r coiti on of the invention
i ncl udes those anounts t gt 3 tébonize or inhibit syk
and/ or JAK. An anount which antagoni zes or inhibits

Sctable, for exanple, by any

lsSda%%tggHgggégﬁé%okﬁgeternin|ng syk and/or JAK activity,

including the one described belgw as an illustrative

testing nethod. Effeciive anourt s may al so i ncl ude

t hose amounts whi evi at b ms of a syk and/or

JAK WD 2009/ 1316&PS+E2009/Q0 ssoci at ed

di sor der treatablé*by i nhidsi ti ng syk and/or JAK.

Accordingly, "antagonists of syk" or "antagonists of

whereid AR'is §dhediaiieo®AnP StoRgTonkib Gl HMECAGIkyM th the syk or
JAK, respectively, and nodul ate, e.g., inhibit or

hydroxyearbemd€)-saldensh alkorycasbonylS ediidensamdound, e. g. ,
eract with the k or
CHSMK?ﬁﬁg res%n§ ivéﬁ C%ﬁgﬁgﬁﬁﬁhﬁy%ﬁ% binding conpouﬁds

are preferably ant agoni sts of syk or JAK,
[0254] o Ehopresaps nyentipnPioX s AR ancthsr&rgwmeaf ¢iabedimsBiindcompepnd
haWHOIQﬁﬁwmeoing conpound” (e.g., exhibits binding
finity to the receptor) includes those conpounds
mhich interact wiwth syk or JAK resulting in nodul ation
of the activity of syk or JAK, respectively. syk
and/ or JAK bi ndi ng conpounds nmay be identified using
an in vitro (e.g., cell and non-cell based) or in vivo
nmet hod. A description of im9vitro nethods are provided
bel ow. [0379] The anmount of conpound present in the
nmet hods and conpositions descri bed herein should be
suffrcrent to cause a detectable decrease in t he

- Y a1 o - o "




EXAMPLES [0383] The follow ng exanples are offered to

illustrate, but not to limt, the clained invention.
W 0B843168he starting materials and reagents useCI/U#2009/002512

prepari ng these conpounds generally are either

avai | abl e from conmercial syppliers, such as Aldrich

Chem cal Co., or are prepaﬁed by met hods known to

t hose skilled igéihe art ng procedures set

forth in refere

2009/131687PCT/U82Q\/NOO 512 ser aﬁd Fieser's

Reagents for Organi cC” Sy SI & Sons: New

York, 1967-2004, Vol une s Chemi stry of

Car bon Conpounds, ElseV|er |enceHPubI|shers 1989,

Vblunes 1-5 and Supplenentals and Orgahi ¢ Reactions

£) Sons:. w Yor mes 1-
whereig oy 3 ATy P Ny Aniag e e Bt By i e from the

group c%ﬁ@isﬂﬁg bEh18A/dr&LY, @Qﬁﬁ@ﬁy@@@lk@fen’esel al8dcABshyl, cyano, phenyl
purified if desired using conventional techniques,

and pyfidialyldi ng but not linmited to, filtration,

distillation, crystallization, chronatography, and the
[0255]1 i Kige prasesld inRh&6h povide8in b@tﬁé}a%aﬁls ef émBstiiehRga compound

conventional neans, including ysi cal constants and
havinggheefarmula: dat a. [ 0386] Unl ess speC|f|ed to the

contrary, the reactions described herein preferably

are conduct e an inert cat nosphere at atr@i c
prgssure at 3 cti t enperlat ure range of fr ou
\#7gc to a Oﬁkﬁﬂ%e pr 6f RGBTy from abt tg{th
125 \\n n@s® preferablﬂ\gnm s i ent
ab r oohp (o ient) tenperature, ., '@ 3
to 2 387] Referring to th&exagy Rat
foIIOM/Fbonpouﬁﬂs of the present invention were H or
synt hesi zed using the nethods described herein, or
ot her methods, which are wegtfMhyknown in the art. [0388]
The conpounds and/or interkedlat agimay be
characterized by hlgh pat ormange 11 qui d
chr omat ogr aphy R CD PaPers Alliance
chromat ogr aphky $ i t h] a)2695 Separ ati on Mdul e
(MIlford, MasH)™ 'a an@tytN cal colums may be C 18
SpeedRCOD RP- 1§E Col ufths frorf Merck KGaA ( Dar nst adt
Germany). Alternately, characterization nay be

1025617 PR o Bp s T ighy 5l e RUSHERRE) } ormooyea

having@gheafbramta:el uti on may be used, typically starting with
5 % acetonitrile/95% water and progressing to 95%
acetonitrile over a period of 5 mnutes for the
Al'liance systemand 1 mnute for the Acquity system
Al solvents may contain 0.1%trifluoroacetic acid
(TFA). Conpounds may be detected by ultraviolet |ight
(UV) absorption at either 220 nm or 254 nm HPLC
solvents may be from EMD Chem cals, Inc. (G bbstown,
NJ). In sonme instances, purity may be assessed by thin
| ayer chromatography (TLC) using glass backed silica
gel plates, such as, for exanple, EMD Silica Cel 60
2.5cmx 7.5cmplates. TLC results may be readily
detected visually under ultraviolet light, or by
enpl oyi ng well known i odi ne vapor and ot her vari ous
stai ning techniques. WD 2009/131687PCT/ US2009/ 002512
[0389] Mass spectronetric analysis may be perfornmed on
one of two Agilent 1100 series LCMS instrunments with
acetonitrile /water as the nobile phase. One system
may use TFA as the nodifier and neasure in positive
ion node [reported as M+, (M+l) or (MtH)+] and the
ot her may use either form &soacid or anmoni um acet ate
and nmeasure in both positive [reported as ML1+, (M+l)
or (MrH)+1 and negative [reported as M, (M1) or
(MH)-] |on nDdes [ 0390] Nucl ear nagnetlc resonance

7 R IR A=\ R 1 ' Y N 1 o o "




[0394] The follow ng synthetic reaction schenes are

merely illustrative of sone nethods by which the
w@omposreds of the present invention can be syne¢iEES262002512

and various nodifications to these synthetic reaction

schenes can be de and will be suggested to one

skilled in the t having referred to the disclosure

contalné& in thi sNappkR?fcation. Exanple 1

=Q¥- net hy1l-5- (@yri di n- 4NHL) - &t pyr
ed2, 4- di am!

P G0 002512 Jﬁéﬁ;;E ;é(s spensi on
of 2, 4- dlchloﬁo 7H pyrrol o[ 2, 3Abyri N Ng,
10.6 nmmol) in DCM (32 nl) was added NIS 2.4 ¢,710.6
mol ) at roomtenperature. After stirring for 1 h, the
resultlng preC|p|tate was collected by filtration to

4-di chl ﬁb 5- |odo 7Hpyrrol of 2, 3- d]ByNHn1d;ne

[0396 To mi xture of 2,

-5-N pyrrolo[2 3Aﬂft£;;E1n® -89 g,
5 73 |nI was addeg &iL g/ 5.73
mrol ) an N 6 nL 11 46 mol H, fol li@wed by DVAP

(70 no, 0.5 nnDI) After stisring for 1 h at room
tenperature, the solution was concentrated, and the
reS|d§@ was partltzg\gd bet ween Et 0OAc and H20 At he
organlchaypr was sepatat egy washed MAbh 1IN Né@ﬁ

NaHCGCS, Icu;wd 30d concgntrated to give R’
4-di chl or o- 57 osY1-YH-pyrr ol Q{M)S@ R
(2.0 g). [039% NTe of 2, M
4-di chl or o- 5-i odo- 5 t osy1H7H pyrrl o[ 2, 3- j} H?dlne i
(0 6 g, 1.28 mmol) in nBuOH (2 nlL) was added ’
wherelﬁﬂt mslcamalkgl ((%Mbﬂd‘l‘ﬂ)_alkﬁ drgy] bihetdroadylneadh pf amithBs BAonally
1.54 mol ). After stirring at_ anbient

substlﬂetewé%hye’f%ﬁ G- s@kwy enEningSusalk iy Br cis ithPi CHeC QR is H,

| e
Ci. galkgpld %%ﬂr(glgal\xll_gég{ll Lutiﬁrg)tcl nglloc on\séyghe?nﬁ%) 9rr ?yr [1%1 § is H or. Cd salkyl;
and R ? - m (émalk@'l @. 82m5xg,)cl g[am&}arﬁ'«m}aCmaﬂt}dm& ammoc, galkylene

ammocr?fl%ﬂnﬁ/ 183@#[@ { W@ 82(1)16y1ft o%yelo@%%l%q%yga@% Xlli(ylene.

(0.015 g, 0.022 nmmmol ) and pyridine-4-yl boronic acid
[0257]( oTlmergsen()l@@nmmpl)ovms pr enasherrasoyoofembgdinasts addedpeund
t|o f Na2C3B (0.035 g, 0.33 mmol) in water (0.3
hawngﬁ@a(ngwpég degassing, the m xture was heated at 100 C
for 1.5 h. The m xture was purified by flash colum

chr omat ogr aphy (Hexane/ Et0OAc .1) to give 2-
chl oro-N-net hyl-5-(pyridin-4-ye-4®&3yl - 7Hpyrrol o[ 2, 3
Apyri m di n-4-amne (0.02 g). FVN NN nBuOH, H2NHNN
N1 CINi s!'HHH Ts A y1b
R4b/ X \>
R4C N)\
i :
(Ib)

or a tautomer or pharmaceutically acceptable salt thereof wherein:

Y'"is Cor N;
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To a m xture of
2-chl oro-N-net hyl-5-(pyridin-4-yl)-7-tosyl -7H pyrrol of
wWQ@2®9d3e9Ti m di n-4- ami ne (0.041 g, 0.091 nmol RCT/NS2009/002512
nBuOH (0.8 nL) was added 6-am noi ndazol e (0.024 g,
§,.18 mmol ) and TMSCl (0,03 nth, . After
each Rhéamdﬁaefﬁ%mﬂsel@% oty grqwqw&"e&@ fialio, §pynoC salkylene,

aminoﬁg{%{y%%%gﬁéégagdnyﬁl_ggﬁz)@é?%?éngw, chivedyOYsahlBiRr ati ve

C\.salkhRydathdnyh d zalkoSysathonC ngathyeneSmnpydiakyn- 4- y1) - 7Hpyr r
ol o[ 2, 3-d] pyri mdi ne-2,4-diam ne (0.011 g), Ms (MH

bis @15g31k3;f)oarbon§ll4 5, 247.5, 306.8. Exanple 2
4-(4-(4- (net hyl ami no) - 5- (pyri di n-4-y1)-7H pyrrol o[ 2

Ib . m di n- 2-
Z7is 9?% %Ylphenyl ) pi perazi n-1-yfl et hanone [0399] To a
m xture of
is Bl chl or o- N- net hy1- 5- (pyridin-4-y1)-7-tosyl-7H pyrrol of
2,3- cflpyrimdin-4-amne (0.044 g, 0.11 mml) in
®is Hﬁtﬂb(@rﬁn@lbr“ﬁﬁ added 1-(4-4-
am nophenyl ) pi perazi n-1-yl ) et hanone (0.047 g, 0.22
mlsOH}T’Ple)n and TWMsSCl1 (0.043 nL, 0.33 mmol ). After heating
at 115 C for 48 h, the nmixture was purified by
. repar ative HPLC to gl ve
PisOSf 14 (4-(4- (met hyl ami no- 5- (pyridin-4-yl)-7H
pyrrol o[ 2, 3-d] pyri m di ne- 2-
[0258]y| Bhd proyquh émighdipn pesvidess ne adothesegrham ofhempedigeBtsgd compound

havin '(\(IQ/H 443 3% = 259.4, 302.1. Exanple 3
ENDS fofﬂufan azol - 6-y1) - Nd- net hyl -5- (pyridi n-3-y1)-7H pyr
rol o[ 2, 3-dl pyrim di ne-2, 4-di ami ne 6-am noi ndazol eNH N
TVSCl, nBuOH N N N

4c

(Ic)
or a tautomer or a pharmaceutically acceptable salt thereof; wherein:

R?is selected from the group consisting of H, aminoC,_galkylene, aminocarbonyl,
aminocarbonylC, galkylene, hydroxy, hydroxycarbonylC, salkylene, C;_galkoxycarbonyl and
C,salkoxycarbonylC, salkylene;

R™ is H or CH;CO-;
R™isH, cyano or pyridinyl; and
misOor 1.

[0259] The present invention provides in another group of embodiments, a compound

having the formula Id:
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[0400] To a m xture of

2-chl or o- N-net hyl - 5-1i 0odo-7-tosyl- 7H pyrrol o[ 2, 3-d] pyri
wOorR@on3ws7 am ne (0.175 g, 0.38 mmol ), Pd(PPh3)RQIBS2009/002512

(0.053 g, 0.076 mol) and pyri di ne-3-yl boronic acid

(0.102 g, 0.83 mmol ) in dioxane (2 nL) was added a

solution of Na2g®3 (0.12 g, 1. rPrm)l) in water (1

m.). After degagsing, the m x{ureR&s heated at 100 C

for 1.5 h. Th evvas purllﬁled ry flash col um
chr omat ogr aphy ( t OAC = 1 1bt0 gi ve 2-

chl or o- N- et hy1- 5- y /z;) syl-7H pyrrol of 2,
3-d] pyri m di n-4-am ne 01] To a m xture
of

2-chl oro- N-nmet hy1- 5- (pyrldlﬁ' 3-yl)- 7 tosyl-7H pyrrol of
2,3- dlpyrimdin-4-amne (0.075 g, 0.182 mmol) in
nBuCH (1 nL) was added 6- atfthoi ndazol e (0.048 g, 0.36
mrol ) and TMSCL (0.06 nL, 0.46 mmol). After heating at
or a tauldrberGrfagpharidadentitfigy adcxptable salshepesft vhediby
preparative HPLC to give N2-( |
vt is ¢} Rdazol - 6-y1) - NA-net hyl-5- WO
809/ 131687PCT/ US2009/ 002512 (pyridin-3-yl)-7H

R®is sgl}égte )froLr}Zéhc gb nlsgla}g:g g?l-lgegmgol %.%J(Ig fg&lkzl?éng)anunoca{rw_lnyl,
ammocardoﬂ{(d 5t [yregy qlﬂpé;gpx&&mxp%béxﬁeygdu@léh&w}séiy]H pyr

rolo pyrim di n-2°
C1-scar94»amlw¢91ph6n;all}qupenbazylranld (yifdakkion erobenylCisalkylgae;
B(OH) 2Ts [0402] To a m xture of 2,
* is Hi-clisaidypmardh hym&say JC1 @RokyTCikayylesd, @, 2alRyRhidwhy e ghindeor
(0 414 g, 0.88 mol) in nBuOH (1.5 nL) was added
yndmdy@népropyl amne (0.0674 m_, 1.06 nmol) and D1PEA
(0.188 n, 1.06 mmol). After stirring at anbi ent
mis 0 érenperature for 15 h, the resulting precipitate was
collected by filtration to give
(02601 2- Iﬁ%e{hgr g#o%}s%lfeﬁ{b%mfﬂeés 'n‘Pi%Q) %na @53/1% s& 1Pt TRInP b é’ro&ﬁ
pyri m di A- 4-am ne . 03] To a m xture of
conswtﬂl—g(ﬁfll‘brcgam; Qtyp,)lrrubn)zip)m_ -asethgldgrovlp pbepbodirepss; moisdf 2pBRE' is

i, mdi n4- am ), Pd(PPh3)2C12

Selecteéb%@ RO 3015 P Ha RS IFESR. Y1 bor oni o aci ¢

(0 , 1.342 mmol ) in dioxane (3 nL) was added a
[0261] s onuﬂt prewnbfnvmtzwoweg iyanothg RrewiHel) emppdimeats, 4 gorgpound

er degassing, the m xture was heated at 100 C

havmg??rgfoi gfah The m xture was purified by flash col um

chr omat ogr aphy (Hexane/ EtOAc = 1:1) to give 2-

chl oro- N-cycl opropyl-5-(pyridin 4"—’?1) -7-tosyl-7H pyrro

| o[ 2, 3-d] pyri mdin-4-am ne (0.241

RQN/\ N

K/N\©\N/le)Nj\/{:?

|
H

and R® is H or CH;CO-.

[0262] The present invention provides in another group of embodiments, a compound

having the formula Ie:
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g) . [0404] To a m xture of
2-chl oro- N-cycl opropyl-5-(pyridin-4-yl)-7-tosyl-7H pyr
WO 000[121687 d] pyrim di n-4-am ne (0.12 g, 0.27 nP@l/PSi009/002512
nBuOH (1 nL) was added 1-(4-4-
am nophenyl ) pi perazi n-1 -yl )ethanone (0.12 g, 0.54
mol ) and TMSC1 (0. 087 niL, O. ). After heating
at 115 C for 48 h, the m xtur s2puri fied by
preparative HPLC to

ive N R7o
1-(4-(4-(4-(cycIQprqg | am no-5-J)(pyridin-4-yl)-7H
pyrrol o[ 2, 3-cfl pyr m'2- SN
yl am no) phenyl ) pi pexi zxpe -;le mg ne (0.015 g), M

(MH 469.4), X = 203.9, 280.% ni

2009/ 131687PCT/ US2009/ 002512 Exanpl e 5.

4- (4- am nophenyl) - 1- (5- car banoyl- 4- (cycl obr opyl am no) p
yrimdin-2-y1)pyridinium][08D5] Step 1:To a stirring
solution of carboxylic acid 1.1 (85g, 540mmol) in

or a tadtinenyt phafthadendeallyldospiableadsl agad, wieeth: ne (8. 5nl,
0.11nmmol ), slowy. The reaction was stirred at 75C

2b [ t ' L0 A n t hed
R?is B R 1R er EshRE of by P RGRY eh: EftnB0B0 )
aminodarboagi Gitselkylehoy hytdnex y) édytdroxyeqrbory0@ Q& k ye e C2 salkex ycarbonyl and
ellow solid fromthe Step 1 was slowy diluted with
(h$Mk¥§5mﬁEm6Raé?ﬁﬂkﬁP;and refl uxed overnight. The next day
b the reaction was determ ned to be conplete by HPLC and
R™ is Hesane,cwlpyddinyl;andi ce bath and the solid filtered and
washed with diethyl ether affording the desired ethyl

misoester 1.3 as an off-white powder (91g, 87% for two
steps). Ms found for C7H8N704 as (M+H) + 185.0. [0407]

S : . | s di i .
0269 58, 553 e e D eSS BLB fhvin e

formulgd Xxture treated with N,N-diethylaniline (27 nL, 167
nmol ) and the m xture heated to 105C until the
reaction was deternmined to be conplete by HPLC. It was
then cooled to rt and slowy adfed to 1 L of crushed
ice resulting in the formatiof ofo’a bei ge precipitate
whi ch was collected by filtratjon and dried under
vacuum affording the desire ichloride (1.4) as a
l'i ght yellow powder (22.5g, 8% . NVR (DMSO-d6, 400
MHz): 8 9.13 (s, 1 4.37 (q) 2H), 1.32 (t, 3H. WO
2009/ 131687PCT/ 51R77 Step
4: Di chl or opyri m di_ne (5199, 27 mmol) was dissol ved
in acetonitrile (50 nL) amnd t¥eatpd sequentially with
di i sopropylam ne (5.2 nL, 30 nmol) foll owed by
cycl opropyl amne (1.9g, 27 mmol) and stirred at Ft

or a taHBink? o8] phaptnaéduibBilyRdeplaBle AAGhLESN consuned. The
reaction mxture was then diluted with water to a

tatal vol une of 150 and the precipitate collected
026415, % prf gt sl B fes e BE P BEL BBl S0
having)d fMuBOli d (6. 02g, 87%. | HNVR (DVBO d6, 400 MHz): 8

8.60 (S, 1H), 8.48 (d, 1H), 4.52 (m 1H), 4.29 (q,

2H), 2.30 (m 2H), 2.04 (m 2H), 1.73 (m 2H), 1.30

(t, 3H). [0409] Step 5:Et§ &8ter 1.5 (6.02g, 24

mmol ) was diluted with 1,4-d“ox%pce (26 nL)

N
RY P
N~ N

R3c

(1D
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foll owed by aqueous lithiumhydroxide (1.0 M 26 ni,
26 mmol ) and stirred at rt until all starting nmateri al
whawohews? converted to the carboxylic acid. TheCT/US2009/002512
reaction was then diluted with water to a total volune
f 100 and a Lfied t 2 Wt M HC1. The
or a tafrogy o o Eier iR ibh iR PieBi Aol WeRi i ed by
aspiration giving 3.51g of the carboxylic acid (64%.
R'“ is selaniort froonebo-greup qooisvmgpf 6 8.64 (d, 1H), 8.74 (s,
1H, 4.50 (m 1H, 2.31 (m 2H), 2.03 (m 2H), 1.72
(a) C3gc§r¢102md}11 ah®410] Step 6: Carboxylic acid 1.6 (3.15g, 15
nol ) was dissolved in N, N dinmethylformam de (70 L)
(b) arygggcﬁ 5@?1&1@&15"\6&;% Eut‘sﬁtu]rgtgwbtﬁ?fm&ﬁn' ?g%ﬂgst% ésde&;&?eﬁi from
the groillpéeﬁklmmmﬁfclkﬂlkﬁrl,,anﬁﬁ) mﬁ)lh})dr&m)ﬂ added and the
reaction stirred overnight. The foll owi ng norning the
s taked EREHCPRINGE" f fotherhotd U, bhufintrd Ab RER-UTEmOincl
s eSS%Gmf aﬁ é)esn red rg% ucrt gc egtrgé’ttal by filtr tllgcnudlng
N, O, Safopdonﬁlkygsuﬁst&ﬁ@d(\ﬂiMromfl ta)Z $L§l;isubub3ﬁsg@ch®if I\Aducfﬂ.llSINI\Rpendently
EI\/B 400 21 % E?
selecte ron“_}be gr%upbg)négu g ama;no%rr ()ayl pﬂlkylgn% |(gﬁ{k0é arbony
aminoCy }_B%ilkyﬁéne ﬂﬁrox@CFngll&i/ane@ gallé'o}_égar()mlylglﬁ)notcjl ng‘ﬁyfem: amino,
ep
ammocmtgmytqmm«pc@zmrwlaremhemytplz;a@@yc;@borrylzmmnmmhynocarbonylammo and
4-(pyridyl)-aniline (0.26 mmol) and p-tol uenesul fonic
acid ( 30 ng, 0.17 mol) were diluted with 1, 4-di oxane
2. }S] and stirred at 120C until all startlng mat eri al
R™is aawﬁél@w tegmberwich RT“ht@ foram a thetsroaNslc Bas) @iopally ccyanoC,.

I
o D ARG SRR 8yl e
indepeaddnelly skl¢opliftanz etel gpoup ddmsisoing f humiindcaidn 9NG Qal&ylehh/b +

347.3. Exampl e 6

C1-salkox yearbgnyh 3pHRRG 9l kylqns. ydrgsyfoysplk¥ieney ¢l opr opyl ani no) p

C. galkﬁk%égylrlg_géx %%171%%%3_ %ﬂ'ki}l%ﬂge‘/jg%%goi%méﬁdNéEI}b\#?lzlzalmmocarbonm_‘_amlno

arylC, galkoxycabohglaf@ijo, Ainencdachom yompoand owais pr epar ed usi ng
a procedure sinilar to that described in Exanple 5,

R* is FBbERikén kbgbﬂ‘lgr drithRY k@fdi‘ﬂlzé)llle'témﬂ/()lﬁ:rbr'Hefb@oar&'ﬁliﬁg) wagh 60%hich is
C17H18N7 336. 0. Exanpl e

Optlonaﬂly( Bbslitiied \Vllh:frpm btm%uhsamoIS-lndqpt)ldml(ywlﬁlcwﬁrfcﬁpy thengroup

N T
corss R L SO 85 U,
hydroxtyh]'ql%alﬂﬁSﬁd iabﬁﬁbdafb(ﬁ&ﬁrmlgelk&(yc%ﬂﬁmﬂ, ansih®dmino,

chl oro-1H i ndazol - 6- am ne 6')é,nt hesi zed from
Cnsalkal%m%laﬁa&wxe prdprrgyinhesTasy eyl deterpsrchdC-silipene and

C galkgfhgi%ocmlé uidfy O SFLLI7N7OCL as (MeH) + 344. 2,

0X0;

R* is independently selected from the group consisting of
(a) Cs.scycloalkyl,

(b) aryl,

(c) heteroaryl, and

(d) heterocyclyl; each of which is optionally substituted with from 1 to 3 substituents R*, R

and -Z'°R*, each of which is independently selected from the group consisting of C,_galkyl,
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Exanpl es 8 and 9
1-(2-(4-(pi perazin-1-yl)phenyl am no)-7H pyrrol 012, 3-d-

WO poopi1snesi n- 4-yl ) pi peri di ne-3- carboxam de anBICT/US2009/002512
1-(2- (4-(4-acetyl pi perazin-1- yI)phenyIanino)-?H—pyrro

armnoCﬁE;&Ij_cgfie%# y;llrgrg lé?lgﬂs:pg ePn%ﬁ]logallrgony:f 6 %))((?cr:rellrggnyl carboxy,
amino, ¥mﬁlodt<;QAne 1eaerhﬁxlrnﬁrm %&8 16l (E;Whéfbx@b?ﬁyﬂélndm g, 8.88

., pt ol uenesul f onyl chl or g I)
heterocaqulcflrgaﬁqytqnleammieq 2h cat kﬂast o8 .of Rﬁﬁmcy Ri‘ror @Dam R

combln?g Hldtlhg{?ltl gg(]? 4 &E%be agh is @Eﬁqﬁ?cgﬁ)pfgpgtafheéer?@?d%r I}]uateroaryl

ring; anfat er and CH2Cl2 were added. The organi c phase was
separated, washed with 1N HCl, then mnth 596thKIB
c Na2 SO,
R is SEIreﬁteg fOVe (grc%uq évf%?ﬁogi—{,@ﬁ%lr%l 2 ajl )};nyl )gll Q ammocarbonyl
nitro, Cﬁ%blk@xfz Shalbked) , arf0AdRloatylS@ld ;i evt1ed1k
4-di chl oro- 7- tosyl-7H pyrrol of 2, 3- d{pyr|n1d|ne (200

[0265] ”Urh Rt [IVRhe RRO8 AN Afer ol Sud B e r%eHE'JDA
t% am ne (Hlé}‘lgg I'TE %{ ng N | oxane

hawngmmﬁﬁﬁﬁmhﬂﬁm at 70 C for 20 h. Water and Et0Ac were
added. The organi c phase was separated, dried over
Na2SO4, concentrated in yacuo to gi ve

1-(2-chloro-7-tosyl- NH O

7H pyrrol o[ 2, 3-d] pyrimdin: 4- pi peri di ne- 3- car boxam
de (250 ng). [0416] A m ur ofNH;
1-(2-chloro-7-tosyl- #% o[ 2, 3-d] pyri m di n-4-yppi p

eri di ne- 3- carboxam de 2 ng, 0.288 mmol),

1- (4- (4- am nophenyl ) pi ra2|n 1-yl) et hanone (100 ny,
0.456 mml) and trinmethylsilyl chloride (0.100 ni,
0.79 mml) in n-BuCH (3 nijllayas stirred at 116 C for
20 h. n-BuCH was renoved in vacuo. The residue was

ora tatﬁé&hhlf brefptymbtatchl®y SdcéBtable salt thereof.
1-(2- (4-(4-acetyl pi perazin-1-yl)phenyl am no) - 7- t osyl -

[0266]I %&%gng%mé char g&%ﬁ?&é Ffi ng). [0417] To a

[02671 1- I@z&npkbe( aroaleaf gmprgirens.R isahepHep rasthabyoRR PEgPogiments,
“is 1‘?‘%'{3/{ Oin 6%%%{?%1 %ff&ﬁjddal Oﬁ}{% Pféyc%ﬂaﬁiﬁ 19%9@%9%@@5 of

enmodmasnadééﬁchhyhmm@ogl|ffed at 60 C for 2 h. After being
concentrated in vacuo, the residue was acidified with

[0268] HARCanbtheFbloup BI@ mFodiHERs MES istiD elkeR W detticd & iR MRLE thenitrogen
gi ve -

to which-i 2aqhuis aphghed 4o f@rnnhqxbrpsh@lmi@gﬁedﬂt)ed?ﬁmxpyh¢ gtogpZo8sisfing of

pyrldlngr}zléﬁjgaa%w;l_‘)ﬁétrwg%ﬂR‘E(EAZ?)IX C%I?' ﬁl%er@ By, Zélﬁer%g&ly(,\ﬁyrrohdmyl
triazoyR ¥Pbheh3ABRIARE1/ US2009/ 002512
yephenyl am no) - 7H pyrrol o[ 2, 3-d] pyri m di n- 4- yOpi peri di

[0269] 2?[513216189{ rr? Q@éﬁ‘%ﬁ%d%émé ggdl%ﬁl% B &Mt@d)fromgg%ug consisting

of:  444- (an1nonethy|)p|per|d|n 1-y1)-N-(4-(pi perazin-1-yl)
phenyl) - 7H pyrrol of 2, 3- dl pyri m di n-2-am ne and
1- (444- (4-(4- (am nonet hyl ) pi peridin-1-y1)-7H pyrrol ol2
3-

dl pyri m di n- 2-yl am no) phenybpi perazi n- 1-y1) et hanone
NHBocNHBocr NH2 ci-Nr--\1\1NH20 NH 1NN C - N NTEA,
70CH, 1 TsCl--"N NTMsCl, nBuOH, 135C /-111--\N N N N
di oxaneTso \-/HTs aqg. KOH
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r-NH2 r NH2 NN N MeOH, 60 C TmHN N\

N O s-/
WO 2009/131687 PCT/US2009/002512
N\’ﬁ
R4a\/,—\ + K/ N R4a‘K R4

the dashed lined indicates a single or double bond; and the wavy line indicates the point of

attachment to the remainder of the molecule.

[0270] The present invention provides in another group of embodiments, a compound

having the formula IIb:

R4f R1c /ch
1c 7¢
R4g/z NI)TR
N A
R l}l N
H
(IIb)

or a tautomer or a pharmaceutically acceptable salt thereof, wherein:
R’ is halo;

R'¢ and R* are taken together to form a heterocyclic ring, optionally substituted with from 1
to 2 substituents independently selected from the group consisting of:

aminocarbonylC, salkylene, C,_galkoxycarbonyl, aminoC;.galkylene, hydroxyC;_galkylene,
CsalkoxycarbonylaminoC, galkylene, amino, aminocarbonylaminocarbonylamino,

arylC,.salkoxycarbonylamino, aminocarbonylamino and 0xo;
Z'¢is heterocyclyl, -N(C,_salkyl)-, -SO»- or -CO-;

R*is selected from the group consisting of H, C;_galkoxy, C,.galkylcarbonyl,
C,salkylcarbonylamino, amino, aminocarbonylaminoC, galkylene, aminocarbonyl and

aminosulfonyl;

each R* and R*is independently selected from the group consisting of H-, C.salkoxy and

C.salkylcarbonyl; or can be taken together with -Z'°-R*® and the benzene ring to which each

57



[0418] A solution of
2,4-dichloro-7-tosyl-7H pyrrol o[ 2, 3-d] pyri m di ne (200

wore090a36874 mmol ), 4- N-Boc- anmi nonet hyl pi peri di nECT/L2509/002512
ng, O 584 mml) and triethylam ne (O 160 nmL, 1.15

1s attac [é)rfogﬂ ac%gegﬂle ?3@1@2%1\&%?’5%%1; {){?’tﬁ Iyéugﬁlégtgd \Wé&' th rom 1 to 2

Oxosm&ﬁﬂgﬁﬁtfgoggﬁlQQﬁQNﬁ[Chﬁﬂéﬁn concentrated in vacuo to
giv

( 2-chl oro-7-t os /H- pyrrol o[ 2
102711 et v*aﬁa??{w%g}d&aeﬁ@tfceéowgsfd B Ry R
wherelﬁ)fhetrﬁ!')f%t}b utyl
(1-(2-chloro-7-tosyl-7H pyrrol o] 2, 3-d] pyri m di n- 4-
yl) pi peridin-4-yl)nethyl carbanmate (303 ng, 0.583
mol ), 1-(4-(4-am nophenyp |ﬁera2|n lypet hanone (191
ng, 0.872 mmml) and trl%{ Eﬁgijiyl chl oride (0.400 ni,
3.16 mmol) in nBuOH (67mL) stirred at 135 C for 40
h. n-BuOH was renpved i n gfac "¥The residue was
purified by HPLC to give
(4-(4-(4-(am nonet hyl ) pi peridin-1-yl)-7-tosyl-7Hp
is Sele%“r%‘l"d[ﬂf SOHPSYRYIPHRE X 2- yI ami no) phenyl ) pi per azi n-1-yp
et hanone (60 ng). [0420] To a solution of
1- (4 (4 (4 (4 (am nomst hyl ) pi peridin-1-y1)-7-td#sl - 7H

2 Nt nopbidey ) okuestzt HfV\IHN
g B N LR SR

was added It was stirfed at 60 C for 3 h. After belng =
concentrated in vacd$ the residue was acidified with
HOAc (1 ni). The]_I ure was then purified by HPLC to

i/peri di n- }+y1) N-(4-(pi perazin-1-yp

o] Ni: WO 2009y 131687 US2009/ 002512 %
pyr rol o -d] pyri '4;!} - akh 6i!> wg) (VB Y
(M9 ; 2.6, 260-9 n and zé

(4- (4 (4- (an1nonethypp|per|d|n I-y1) 7FprrroIo[2 3-d]
[ ylan1n pi. per a ethanone
02721 el 5y P oo 6 s oy P kIR g of P
Cl, Br %ggnolé}hd aminocarbonyl. In another group of embodlments R’ is CONH, or F. In
&2 (4- (pi perazin- I-yl%phenylan1no) 7FLp¥rroIor2 e
anotheegr@ppy’ embqqlmpemsyﬁ) pyr(hgpycﬂq)q—]kg dn apgiler group of embodiments, R

is cyclcgthc)xa{l Irq J %ro&?’ op Xmﬁgd(lXBX{sr ﬁid 19 ycl&pr%ﬂfgll 71# aH¥thEL ér%[JB of

embothciﬁm I’Rj7 &h?rﬁwb)]tyl PE&1 &fdther! gryyhp eft diatbai@ents, R '“[iO4R1] Infanother
sol ution
group of embadaRes.R 718 BR§YL7H- pyrr ol of 2, 3-d] pyri mi di ne (200
ng, 0.584 mmol), (S)-3- hydroxypyrrolldlne (58 ng,
[0273]0 B&hothen gr)ou@ruf ettiogirhgrtaR A thkenlt®@ethts, with R& ansathy nitrogen to

which 2 S T b S oS oS o hr e

dri ed over thSCﬂ, concentrated in vacuo to give
[0274])( ST he_]_pr@Qent invention provides in another group of embodiments, a compound
havin H ? tosyl-7H pyrrol o[ 2, 3-d] pyri m di n-4-yQpyrrolid
&ithe 4201 ng). M 393.3 and 395.3 (M+H, d
pattern) [0422] A mi xture of
(S)-1-(2-chloro-7-tosyl-7H pyrrol o[ 2, 3-d] pyri m di n-4-y
ppyrrolidin-3-ol (201 ng, 0.512 mmol),
1- (4- (4- am nophenyl ) pi per azi n- 1-yl ) et hanone (160 ny,
0.730 mml) and trinmethylsilyl chloride (0.200 ni,
1.58 mmol) in n-BuOH (5 nL) was stirred at 120 C for
40 h. n-BuOH was renoved in vacuo. The residue was
purified by HPLC to give (5)-144-
(4-(4-(3-hydroxypyrrolidin-1-y1)-7-tosyl-7H pyrrol of 2,
3-d] pyri mdi n-2- ylam no) plsg&nyppi per azi n-1 - ypet hanone
(80 nmy). M5 576.5 (MtH) [0423] To a sol ution of
(S)-1-(4-(4-(4-(3-hydroxypyrrolidin-1-yl)-7-tosyl-7Hp
yrrol o[ 2, 3-

o ~ 1 NN e e 1 e~ .



[0424] To a suspension of
2,4-dichloro-7H pyrrol o[ 2, 3-d] pyri m di ne (3.00g. 16.0
woreb)i3ie87 CH2C12 (30 i), N-iodosuccini m de (3PGDUZ009/002512

16.0 nmol ) was added. It was stirred at room

tenperature for 20 h. The fine precipitate S

coll ected, dried on vacuu ﬁ%mgive 2, 4- Y2 m

di chl or o- 5-i odo- 7H- pyr r ol [0[ Z3-&2d] pyri ni di ne [2.§R%).

M5 314.1 and BI{ .R(MH) 5] To a,,suspensi of

2, 4-di chl or o- 5-i0do- 7H- pyrrol o[ 2, 3- Tbyr|n1d|ne (2,80
8

8.66 mml) in 1 30 JL)) triethy

g, 8.92 rnnol)g% ol oa“‘ Qr i dg 5 g,
ne [3.
21.6 mmol) and di methylNim Nopyri di ne (0704R g,N0. 38
mol ) were added. The m xture was stirred Ht “r oom
tenperatur for 2 h. Water and CHIC12 were added. The
organlséN e was separatedET%é%%ed with IN HCL, th%ﬁ2b m
Na2

with 5% NahE38, dried over 9 concentrated in —R2d
pvacuo t ve R'Y

N
2 4- dICh oro |o\g;7 tosyl- kaé;r¢# ‘/\jd]pyr|n1d|n 76
8 ey
hbro 5-i odo- 73 osM/L7$+ pyrrol of 2, 3-d] ’éﬁh
4"

e (310 ng, 0.662 mmol), N- Boc- am>nonet hyl piper di ne
(142 ny, 0.663 mmol) d triethylamne (O 200 nL, 1.44
mrol ) in CH3CN (10 %i stirred at roo erature
for 20 h. Water and Eygﬂi were added. Th fc
phase was separated, Washed with 1N HCl, thén with 5%
NaHCG3, drEed over NaRSO4;. concentr at ed |n vagy@ to
give tery (1 or o- 5 2
i odo- 7-t [ 2, 3-d] é i peridin-
4-y1l) neth 418 gg!I %é 646. 648.4
(MH) WO 2009/131687PCT/ 9/ 002512 0427] A
whereifliy<? e, 10H, CesrtCEpUR Y lis H, C, galkylaminoC, galkylene, aminocarbonyl,
(1-(2- chl or o- 5-i odo- 7- tosyl 7FprrroIo[2 3-d] pyrimdin
ammocanbowkﬁmlp@ralwmﬁmbmw%r PR AREND, @I, 90, DNIPRE -salkylene,

L e MU O e e —

8alkyleherla)bouys, cyhmcr(tla;dll@lenzaarﬁbxfﬁamm hydrOMH, Gagalk@uddnn
vaﬁuo. reS|due %ﬁk | paded to a flash cpl um,
alkoxygarheyC w fryleney PRIP Y SHPSUERCd N BHDAGNILR hisdAniale o

ammocgukﬁ/d?lyl %SIEIOQIKS/V |cy£xi'o 61 rWloRslsCH' ape; Zalkﬁsﬁlo'ls H, Cl 8alk 1,C,.
pyrrol o[ 2 pyrim di n-4-yl)piperirdin:4-yl)meth g
salkoxy:\r(baalapeyc(ammyi@])aall{yﬁmlzsammmalxallgylen@famxamqaxtbmtyj&t salkylene

carbor &its(a%%,‘/i%{egé?o O] pia bR R ?Jié&swgﬂ 40 g3pbor 1

1- (4- (4- am nophenyl ), |pera2|n- 1- ) et hanone
[0275]( 11317dﬂﬁ§16f BreBRof erbOTaes. & | nesahgeted from tbhg@mp@@nmstmg of F,

e B U 8 O E

resi due was purified by HPLC to give the titled
[02761co1}lafolefﬁam( pE/eR{ign pmld&w BNQtREHETOUR Rf eipbodiments7a gorpgund
5 1 (4 (4 (6 (4
hawng%ﬁﬁ?ﬁ%ﬁ%&hyl)plperldln | -y1)-9H purin-2-yl am no) phenyl
) pi perazin- 1- yl)ethanone [0429] A m xture of
2, 6-dichloropurine (189 ng, 1,00 muol),
4- N- Boc- am nomret hyl pi peridine (214 ng, 1.00 nmol) and
triethylamne (0.300 nL, 2.15 mmol) in CH3CN (4 tnL)
was stirred at 70 C. It turned clear solution
initially, then white precipitates crashed out, which
were collected and dried on vacuumto give tert-butyl
(1- (2-chl oro-9H puri n-6-
yl) pi peridin-4-yl)net hyl carbamate (310 ng). MS 367.4
and 369.4 (MtH, C patternp9[0430] A m xture of
tert-butyl
(1-(2-chl oro-9H purin-6-yl) pi peridi n-4-yl) net hyl car bam
ate (100 ng, 0.272 mol),

e A I T S A NN



[0431] A m xture of 2,4-dichloro-5-fluoropyrimdine
(167 ng, 1.00 mmol), 4-N-Bocam nonethyl piperidine
W@ 24/18n87 1. 00 mmol ) and tri et hyl am ne (0. 300 PLT/U200%5002512

mmol) in CH3CN (4 nL) was stirred at roomtenperature

for 20 h. It was concentrated |n vagquo The residue

was di ssolved in nBuOH (6 nl). %)f t he nBuCH

sol ution was taken, to which 6- i noi ndazol e (66 ny,
0.49 mol ) was added. The sol utffon|was stirred at 116

C for 20 h. nBuCOH was renoved i cuo. The residue

was di ssol ved in TEA gfz . Aft Nr being stirred at
roomtenperature fo i A wgEsXrehoved i n vacuo.
The residue was puri HPLC £b give the titled

conpound (40 ng). M 342 5 (I\HH)N UV 205. 8, 246. 8,
276.8 nm Exanple 17

4- (am nonet eridip-1- fluoro-N-(3,4,5-tri
Orataqﬁ‘@%‘ fpﬂ’*@ﬁ??ﬁ%’i‘%ﬁ%cﬁp@glﬁﬁﬁﬁe{rﬂsz] A mxture of

2, 4-di chl oro-5-fluoropyrindine (167 ng, 1.00 mol),
[0277) 4-TheRwesent mynetuchypromqge ] mcnleer(emdngc;ntla O@mpomrid) selpated from

the grob SRR NGt e BrsaP e o Rt b rn e Bomoor2 3

d]pyritfidiRent fdadgide] N (A2 (mIMS]1nE8d X7 IR=EYe] SV d>1623-
Ipyni NnBuCH (6 rrL;e 2( of (The@naBumﬂ%%?F%n )\?\lgs tgin [

d]pyrimydincB-ylming)phepyippipereyiani -y etbagane; ig-(10-mdazatdi- yl)«héﬂsmethyl-S-
(pyrldlﬁ-é— 7\5\1@%0%8 2u§ 8?ﬂqynvr\ﬁﬁm%ti ﬁﬁiﬁ%l% L= élp gp S\ag yalzo%rééhyl rgino)—S—

I"n vacuo e resi

(pyridih4- ﬂTF—AHGﬁyerlMZ }\ﬁ];@rrmlneinngysetmmb)@ﬁelajl)pipaazlhempmta&wne 4-(4-
was renoved in vacuo. The resid

ammor{sﬁwlhle@ O@g‘quqml:"r@.\/@hov@ptyr?émﬂP}nyeallélan%dum@lwnwr(‘l-
armno;g%rd ?—%é@ 6(%%;% U 5 2{)%§I%B§?éf%gl¥m§)p9mm@ﬁmi)elI-i‘%mcMQol -3-1um; 2-

(6-amide- Qébh(odre{lcﬂrl—(nﬁa@dm -y e ({dyyloppipy&miido)pytimjidine D-tdrboxampde; 1-(2-

(4-oiopGgma ]y HPIR I 0 B Bty B st i oy DR T ding rgarboxamide;
1-(2- (4%(116a%e!§mplpéra% mbﬁenyfanfﬂngpvﬁfﬂﬁﬂﬂﬁ@Wh]gghgg%ih%yﬁgipigdmes-

1.00 ntnol) "and tri et hyl am ne
carboxamsie) 44(f-(@rBOMctyniperidas- 1stl)-N- @d(p@perm@mylmvﬁtw e

f was. Cco n n vagu
pyrrolqg3-fiPudidia iin Sl CH R HE S BoiREPrint ikl
pyrroldwBLd]pmmmztﬁkmmw@&n%p@lara&m 1-yl)ethanone; (S) 1-(2-(4-(piperazin-1-
pi perazi n-1-yl)ethanone

(4-(4-am nophenéd% é
yl)phercylmgmﬁha Hypxigalo é&pyrrméms@yupmﬁhmﬁ 8k () b&4g¥ 4%

monfpl A0 ARG S IR GG TR R 4 1
yl)ethanmmﬂt(er(pmcatywlperfaﬂm bephe‘ﬁiﬂhmms) 44emnmad10|nmhoaypﬂpendm 1-yD)-
L

purm-ﬁl@ﬁﬁ’ﬁc@ Sheh 1)t rah- l yl ethanone N-(4-(4- (amlnomethyl)flperldm 1-yb)-5-
(plpera2|n 1-yl)phenyl) - éplperldln H pyr
ﬂuoropyo]lnuﬂ@ Byt igynndeizdi-oraphineridn@- (andnq_methyl)plpendm 1 -yl)-5-fluoro-N-

G5 SddoherRaRS e abie: 1 e G tafunaie RYDp s v -s-

fluorogZ::thneZ 9fanﬁné)pdé§§1gpafs&az7lhk1@45&9&%8; M- (dlrr?wetmrdurw)phenyl) -4-
, 0. 531 mol pi peridi ne (0.
(piperi yln%rlrbpyrrrpl@{%%ddmrn@l 102200 nerand 1—(41341€ﬁ1§p1)per1ﬁm 1-yD)-7TH-

yrrolog? g /_@Bgeéléa :'i”g d)él%ﬁ?ﬁéﬁgnlyggngaz kL e)eﬁlangrgv% (éy\ﬂg Sgra%n 1-

y)phe30P9/(3AIQETRTTYIVIEOPGHE02531-A1pyrimidin-2-amine and 1-(4-(4-(4-
(pyrrolidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; 1-
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separated, dried over Na2SO4, concentrated in vacuo to

gi ve

WQ2@bl131687 4- (pi peri di n-1-y1)-7Hpyrrol of 2, 3- d] pReT/DE20N@2512
(123 ng) M5 237.3 and 239.3 (MtH, C pattern) [0435]
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pi perazin-|-yephenyl)-4-(piperidin-1- yl(f 7H pyrrol o[ 2
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d 1- -7 I d d
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(4-(4- (éramoﬁqeiﬂ\ﬂt}ﬂ)perm 205)-8-f1udfép mﬁhﬂ)n 2 5xanpbpheryll)-and 22
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was remnmoved in vacuo. The residue was

20 h.
dlhydrwpql}neglw el (13- 1@({14;@1 ﬁF)(l@][Ilan) -4-(cyclopropylamino)-7H-
yrrol{[g '3%@5?&1&1&1’1}16 glc)a %ﬂ}’dé g@g@%ﬁ%%ﬂkw N'\é}»\éy}él]c)prcy;hw { 1 ‘thdazol-
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R CIEen (e S RO T

o e AL b ary T ) orn P ey 7t gy P 554

(piperi@iynr4-mr@hthylam¥m))ﬁ (roriddi-hed)47H- pyamﬂxdﬁ&ad]@&ﬂamdin -2- |
.1- 2- 4-.(4-
o e B DR D R B A RS

(plperlﬁﬁ%ﬂme%h %ﬁrw)@Hlf)yrrolo[Z 3- d] rlrmdme 5-carbonitrile; 2- (4 -
|chloro Hp rrolo! yrimdi ne (140
acetylmper&mnﬁmdmheny@am@edc& @m(egwl)wendmhzfl)n’hlw)yrr@m2 3-
t
oy P AR B30, et 1R B PRS-

d]pymﬁmllld eqﬂaﬂxnamedyn)eﬂnmmwmhmm Y& clopropylamino)-5-(pyridin-4-
hl or o- 7H-(gyrro|o[2 pyrim din- 4é1'€| peridi ne-

yh)- 7H@Yé@#cﬁ8»§aqipuréme D3~ Yn‘ﬁﬁ‘“"%? M@rwqw )1@PE}, S-bromo-N4-

I
cyclobB1HLAHindd A LA KB EI - dlpyrimigine-2.4-diaming; 5-chloro-N4-
cyclobdl—yt Mﬁd%hnﬂdml((sgl)ﬁg-l p@rrdl&[hﬁmﬂ]pyrxmldme -2,4-diamine; 2-(1H-indazol-

1-(4-(4- am nophenyl ) pi.perazi n- 1- thanone (125 ,
6-stamgic F-p PGP r P Yo b e g atones 1 (g

nmmol) in n-BuOH (3 nL) was stirred at 130 C for 20 h.

n- BUuOH was renoved in vacuel The residue was purified

by HPLC to give 1-(2-(4-

(pi perazi n-1-yephenyl am no) - 7H pyrrol o[ 2, 3-d] pyri m di n

- 4-yppi peri di ne-4-carboxam de (4 ng) (MS 421.5 (MtH))
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2-(4-(4-acetyl pi perazin-1-yfl phenyl am no) - 444- (am nome
wa boob)ipicper i di n- 1-y1) pyr| m di ne-5- car boxam dePCT/US2909/002512

NHBoc (H2NN N-4'/ - . I TFANO NNH2 stOH
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carbox12{tlé; 4af4-(Amdomettoll pipani dEH3 GN)-N4(4rp) porersn-d eld grheniirg H-
pyrrolof e it 3asmipgr k(b BRC-WERorem D BimsRiuc Pulsh-
pyrrolog? Qgﬁrﬁ%dlﬁ\@?g%%m‘%ﬁﬂén}b?lﬁgaznﬁ NSNetahdhed V8 NpKIECS,
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t ert but oxycar bonyg)rret hyppi peri d

arbOX%fmﬁPr o 2l @cqy@meawlrse A (P s piedhy Sgerin- 1-

g}ﬁt% t 4 110 5
yl)pym%?o? (ter txaﬁlftieg>6}y(t(‘:1a4 n&? ﬁleﬁrg%%l?%ér i |hn1- ) %—S p%r-l n-2
ylarmno)pihemyimp@ranm lnyel)ahmwnbo@Ml 6-anindp{pkbidimiyy ON40 Hrimdhol-6-y1)-
and 93 .ny, 0.61 1) i 2 nL), ..E
TH-py RO QPR T 48~ Chr o B HigompYridiEd Yo Fopyrrolol2.3-
d]pyrlrﬁ!i'd[h 2%&@)&6%]5]5@%%%3!1?})etﬁm%e”N{ﬁM%nﬂﬁ@héth%ﬁl er1d1n 1-
The m xture was stirred at roomterrperat ure
yD)-5- ﬂzordpyrlmdleﬂ #hd Heiglagovie peined deld- (amh@rmtgﬂmlperghasleyl) 5—
fuoro N A BB RV B Gt STy P Epigmernybpiperidin-
1-yD)- S(ﬂu&?}(rﬁhhﬂnz%ﬁﬂl{nbgﬁwﬁ}m ibéa@in- 1l Méﬁhxl)@rre5f\t@lr (q:a;saaaﬂlw-
In yl

rim eri msthy carbamate (138 ny).
yD)phenyh)- Qngglperlg l) 7H pyrrolo[2 pyr1m1d1n -2-amine; 1-(4-(4-(4- (plperldln I-

yD)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin- I -yl)ethanone; N-(4-(piperazin-
1-yl)phenyl)-4-(pyrrolidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-amine; 1-(4-(4-(4-(pyrrolidin-
1-yl)-7TH-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; 1-(2-(4-
(piperazin- 1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide; 1-
(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(4-(aminomethyl)piperidin-1-
yl)pyrimidine-5-carboxamide; 1-(2-(1H-indazol-6-ylamino)-5-fluoropyrimidin-4-
yDpiperidine-3-carboxamide; 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperidine-3-carboxamide; 2-(4-(4-acetylpiperazin- 1-yl)phenylamino)-
4-(4-(2-hydroxyethyl)-1,4-diazepan-1-yl)pyrimidine-5-carboxamide; tert-butyl (1-(5-fluoro-
2-(4-(N-methylacetamido)phenylamino)pyrimidin-4-yl)piperidin-4-yl)methylcarbamate; tert-
butyl (1-(2-(4-carbamoylphenylamino)-5-fluoropyrimidin-4-yl)piperidin-4-
yl)methylcarbamate; 4-(4-(4-(aminomethyl)piperidin- 1-yl)-5-fluoropyrimidin-2-
ylamino)benzamide; 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-
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WD 2009/ 131687PCT/ US2009/ 002512 [ 0443] A mi xture of
tert-butyl (1-(2-(1Hbenzo [d] [1, 2, 3]

W pi0aasi687- yl oxy) - 5- PCT/US2009/002512
car banoyl pyr| m di n- 4- yepi peri di n- 4- yOret hyl car banmat e

ytaming e ReRs i RR-F- AP ety Reinessineds YDo>-SaofqRyfinidin-2-
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2-. 1H-| ndazol - 6-yl am no) - 5-f | uor opyri m di n-4-yl ) pi p
mdaZOll6(a l 6- 3- car boxani de [0444] A mi xture of
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methy gt MuSpan ol i AP L 4 F s A P YBT3t op
]pyrlrwahrrmqimnﬂmgih)e@ym EGdiRe- S 1GabRYKTD deH- 1ndasz6A55;1mﬁlo) 7H-
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T R N

y1)-6-n&dhy1.7H byM@l@[Z}@nﬂﬁﬁimiﬂﬁ@2 l4¥thél/rﬁﬁ1¢§3N4T(|3elnﬁlﬂ642d2461rﬂﬁﬁylpropyl)
di ssol ved in nBuCH £ . 2. .nmL _of the nBuOH solu
N2- (IWagglk@ﬁ -t PyAPh2.3- ct]gyreqndme -2,4-diamine; N2- (lH mdazol 6 -yl)-N4-

(3—mox‘_@leFk§b%3§§r¥ )lé?jlggggoﬁﬁg%séglpﬁl%gﬁnaggp gltal rr etlj\n%% 1 6 C for
aminot@tylamivisy) GH -prasologyBvddplyri midva tydamikiogphree gi) dNHenanNmd acetamide; N-
uri.fied HPLC ive t titled co und (75 ng)

(- i S ofmiginingy Y goloB51 Wby S SO arg o
methylﬁ@ertﬁmmét XL(4-(4-(2-aminoethylamino)-7H-pyrrolo[2,3- d]p?'rlrmdm -2-
(1 [ uor o- 2- (4- (N- net hyl acet am do) phenyl am no) pyri m

ylammp)phnnyll)w msthyéacetinnde;- N;(Hﬁéﬁﬁyuc@pebmglomal pyrrolo[2,3-

d]pyrlra $1 yﬁar&ng?ﬁﬁ%‘ ?@ﬁﬁ%}?\ﬁ}h%ﬁ e dl i;&i-{lﬁ-g?-a}crﬁn%%ryc gxé)ingmﬁno)—

7H-pyrrolo[2,3-d]pyrimidin-2- ylarmno)phenyl)plperazm 1-yl)ethanone; N-(4-(4-(5-

aminopentylamino)-5-bromo-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylacetamide; N-(4-(4-(5-aminopentylamino)-5,6-dibromo-7H-pyrrolo{2,3-d]pyrimidin-
2-ylamino)phenyl)-N-methylacetamide; N-(4-(4-(3-aminosulfonyl-phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide; Ethyl 2-(6-(4-
(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-ylamino)-2-o0xo0-3,4-dihydroquinolin-
1(2H)-yl)acetate; 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-ylamino)-2-oxo-
3,4-dihydroquinolin-1(2H)-yl)acetic acid; 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-
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[0446] A m xture of 2,4-dichloro-5-fluoropyrimdine
(334 ng, 2.00 mmol ), 4-N-Bocam nonet hyl piperidine
W@ 28/18187 2. 00 nmol ) and DI EA (0.700 nL, 4.02 PODU2009002512
CH3CN (8 nL) was stirred at roomtenperature for 20 h.
acuo. The

d
d]pyrma'figl\scli\? VE‘HEP - rgg ‘kég’yﬁfﬁq”"@h M%k thE{%\SIaO?I sol uti on
(dlmetw@é?min%zegﬂyl)éc@taMH& hné\thﬁldtt (4- (cgglobutglammoz) -7TH- pyrrolo [2,3-
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(cyclobﬁkﬁ%ﬁ@)b@ﬁ?ﬁ%l@@ 3 B G 14R N IR ) - 2%%&1%41%) N-
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(4- car banoy hen Ia | uor op

2,4- dlaym)qa |I‘be(ﬁriﬁlaim409th9>mt3ﬁ!yl)d‘&r bla‘kat@zoliﬁ}yiegnmm @Haammbz 3
aprpEaShBhl; LR8I 4B pd SR SERS 2o 22

d]pyrlrﬂldl’ﬂ ﬁJywmIﬂM)ﬂHBhﬁD;hpeI@tMel yl)ethanone (8)-1-(4-(4-(2-(2-

(am nonet hy I@‘) gerldl n-1-yl1)-5-fl uorgﬁgrl m di n
amnoel@xweémlﬁ@;rﬁéﬁifhﬁm f% apyrveidoy Barpmpl)i;hen pigidine-2-

o B Y G SR N OALAARNH 000 b+
ylamine beytammide;dd- (e (42 riparatih on giplekd ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzamide; 3-(2-(4-(4-acetylpiperazin- 1-yl)phenylamino)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamino)benzenesulfonamide; 3-(2-(4-(piperazin-1-yl)phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino)benzenesulfonamide; N-(4-(4-(3-
(aminomethyl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
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NHBocNH2 NHBoc CIN H N xN CI ' NTEA, rtli CH3CN CI N
[0450] A mixture of 2,4-dichloro-5-fluoropyrimdine
w@ 384/18m387 2. 00 mmol ), 4- N- Bocam nonet hyl pi perPdi/ng2009/002512

(428 ny, 200mm|)andDIEA(0700 ,402mm|)|n
methyl%cl%%lélg &%ﬂfl—r@ﬁg—(ééﬁ- {C}g(glbép% w&gggl%ﬁg d]pynmidin-

2- y]mnmozml zﬁglpbfhzﬂﬁy%eﬁihgoﬁe—)(R 3- (@L<40<% F’efh“znfl@j@ﬂhéﬁ}lh‘ﬁlhﬁﬂ -7H-

sul fam am de
pyrrolofgd-dAppredidimieylsming) propama ol 565)+ - de(4atd- (ﬂilﬁayd@xsmrom Ir

ylammgg’fﬁglyéro?(grz?T@]éggmllgmvf yf’allmmo)pgenﬁf |11:()jel%2?zm l?el{ﬁalmfolng d(S) 2-(2-
(4- (plpéméfh (gr)ﬁl%ntyﬁﬁﬁﬁﬁ) UHDWrRMS[? palpyelmﬁdﬂa w;banﬁnalsvgﬁ?aawm 1-(4-

| am no) benzenesul f onam de
(4-(4- (( mpxy {ecrmqrom@mta plamino)-7H- pyrrolo[z 3rfﬁpynmldm 2-

s b0 P A ARTEL AL B P k80

tetrahydrophipphed-TFH-TR-pytrblofRs -dpyimedin@l, 4 diamidee ARar at ur e
for 60 mn. TFA was renoved in vacuo. The residue was

(cyclopserylpnag) By PHpdo-4+-ulgl eyl Brdlewipihpdoanis) bepzapsle; 4-
(@-amicl5-Byi A yRAATBLEOE2. 3 dipyrimidin 2-ylaminoybenzoic acid: 4.

(cyclopr@pglhmmom-d)@gom iJI,Qtﬁ(d{mmhym@lqumzllﬁm)ylammm{ﬂﬂ-ﬁZﬂro%[2 3-
5-fl uoropyri m.dj ne

d]pynnzldmg, ?nltralel\gég Elé{gr;qgg ﬁgq%%romlﬁxgﬂqca s p(qglg[% d’]pyrmndm—
2- ylamﬁmo?l@enm&e RNgL- VY 4n0- 47%c%cg&l%nmhlpﬁéglw;&g?mm -2-

was sfirred at room't ature for
ylammemhcem Namethylavetaau de. 4-heyanosi-thyelopep ythinsino)-VHepyrrolo[2,3-

e RS S SAgTG  GCT PO DSy ghEhq Gimino)-4-
(cycloﬁi"@pyl@mﬁ@))ﬂﬂpb%rrmﬁz @-quiﬁﬁrlmfﬁli}ﬁ: %hﬂﬁbh@nlemcﬁ%ﬂrbﬁﬁaﬁﬁno) 2-(2

for 20 nBuOH was renoved in vacuo.
oxo-1,2. a4 tguehydaenusnelin-o-edprpipo HPH yolo[2,3- d]pyrlmldme 5 carboxamide; 4-

o AT .1

ylammﬁ)bﬂﬁjdﬁ)ﬁﬂe - (:14 n} 42 cydnbatengzh)plgemdlﬁ Y laniid)y H-pyharsne 8-
)l '_2 4531] A sol ution of
d]pyrlrr(nélfn[-Zﬁltﬁng,apo)benzamlde 4 methoxyp enylamino)-2- (2 -0x0-1,2,3,4-

tetrahyélfog(lﬁloigl%o ngncg)zﬂ‘? r%l(ﬁ&%uﬂg#rﬁﬁﬁcﬁn%—?- ﬁie' %a(rﬁra4—

m no I m di ) plI peri carb
ﬂuorop(hEﬁylmmo(}Sl@ymdui 3- yil)'-17HFp9(r1(030[ﬁi3)d]\pgsrn$d1m’2r gidrmﬁo)r lermsthyl 3,4-

dibyaroGaT e GHE cser 6 T4 ai- T RSP AL THp ol S alpyrimidin-2-

ylamin%zmﬁﬂsimlﬁsgj)md‘&&mm H)M#) 6-(4b&R91a8nind)l $-(Syriith-4-y1)-7H-

| e
pyrrolof2 81l pyrirpigling-2-Ylaminedriemhthy)-Bidpdihy dionuinolin R BIF-bumdepy r

(Benzyldhiflb)2. 21 W ARLNLLREG Y hRLRG! A Riddtib) &L NanQ0e 7N R0 12,3-
d]pyrimidine-5-carbonitrile; Butyl 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-

yl)piperidine-3-carboxylate; 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yD)piperidine-3-carboxylic acid; 1-(2-(4-(piperazin-1-yl)phenylamino)-9H-purin-6-
yl)piperidine-3-carboxylic acid; 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yl)piperidine-3-carboxamide; butyl 2-(1-(2-(2-ox0-1,2,3,4-tetrahydroquinolin-6-ylamino)-
TH-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetate; 2-(1-(2-(2-0x0-1,2,3,4-
tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetic acid; 2-
(1-(2-(2-0x0-1,2,3,4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d] pyrimidin-4-
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NHBocNH TFAF DI EA, ftN LfF nBuOH, 116 C CH3CNCI )NN N
[0454] A m xture of 2,4-dichloro-5-fluoropyrimdine

w@ 1®%/18mg87 1. 00 nmol ), 2- N- Bocam nonet hyl pi perPdi/ng2009/002512
(214 ng, 1.00 mmol) and DI EA (0.400 n., 2.30 nnDI) in

p e e A T R FIRELAL 1 S5 S

2- ylmmoégﬁén\ysslﬁe%hgn&g%e&énaﬁe 6-3- fRor8la-t3Ex SPRPE 8 AL W y@itnidin-2-

ylarrunavrﬁwethgquyupppefz(atmmm yrmdﬁﬁérthmom@pmmma_-ﬁfpyrimidin-z-

IO T O T R R

fluoro ifnlnﬁinedli glﬂéﬁ{zgletpcﬂ‘b&ﬁarhﬁl%t ZJP}UQ’JM (4-acetylpiperazin-1-
acetyl pi perazin 1-yl ) phenyl an no)-5-fl uoro

yl)phelpxlammomS uprogyrjpidivef i ydpipezidyn ﬁmé)ahyuamidoﬁmm 1(626(4 (4-

acetylpﬁgrﬁay? 4}ﬁ§pileg¥%{nyx;f% P%‘?P&HTI@ ‘g%ﬁlé?o{gf’rgé}f‘tf ltc%r% m¥1 e; 1-(4-(4-
(4-(4- airhﬂ@;npmtﬁnmmn ﬁluoy rﬁﬁlﬂhdlzrgda%nmb)ﬂmhp dlblgeﬁab@nnyge&l&%ne 1-

in m_ was stirre room

(12§08 AP oL B IPnen HenTA rHGOroR MU Ny MBI T urea; 2-

- TS TP B4 T R Mgl L g5
carboxExadeph €8- (85(a1and)n%hylhﬁpdrr(hmmy}ﬂ) 5-fluoropyrimidin-2-ylamino)benzoic

(1Hind I -5-f1 di n-4-yl
acid; 6r{ér(§1dpwlr§>rﬁer%§,}?l§g?@qrw‘¥ égyr{]bgorﬁ;p@oa)ﬁ%«%d?n )ér}lllgmlrllor)] 4-y )Pl

d1hydrmalflﬁ’01(1122 ?Ir?ddglgggf(ﬁl%@kﬂl Iﬂ%ﬁhﬂn&)ﬂ&ﬂy&plﬁérﬂﬁﬁ QP '5 mdin
ﬂuoro@@@ﬂﬂﬁﬁl—@&?ﬁW@é 00RE B2aminoTFAl -(fluotd-2-(NokbNER23,4-
tetrahydroquinolin-6-ylamino)pyrimidin-4-yl)piperidin-4-yl)propanoate; methyl 2-amino-2-
(1-(5-fluoro-2-(2-oxo-1,2,3,4-tetrahydroquinolin-6-ylamino)pyrimidin-4-yl)piperidin-4-
yl)acetate; N-(1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-
yl)piperidin-4-yl)-2-cyanoacetamide; 3-(4-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperazin-1-yl)-3-oxopropanenitrile; 6-(4-(4-(aminomethyl)piperidin-1-
yD)-5-(pyridin-4-yl)pyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one; 6-(4-(4-
(aminomethyl)piperidin-1-yl)-5-cyclopropylpyrimidin-2-ylamino)-3,4-dihydroquinolin-
2(1H)-one; 6-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-ylamino)-3,4-
dihydroquinolin-2(1H)-one; 4-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-
ylamino)benzamide; 1-(4-(4-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; 6-(4-((1s,4s)-4-aminocyclohexylamino)-5-(pyridin-
4-yD)pyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one and 6-(4-((1s,4s)-4-
aminocyclohexylamino)-5-cyclopropylpyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1 H)-one.

[0279] The present invention provides in another embodiment, a compound of the

examples.

[0280] The present invention provides in another embodiment, a compound of any one of

the tables.
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[0456] A m xture of 2,4-dichloro-5-fluoropyrimdine
(167 ng, 1.00 mmol), 2-N-Bocam nonethyl piperidine
W@ 24/18n87 1. 00 mmol ) and DI EA (0.400 nL, 2.30 pemiU$20091002512

CH3CN (4 nmL) was stirred at roomtenperature for 20 h.

It. . was concentrated ip vacuog resi due wa
[0281] y; Taopro st Y RHRRPTQViesity GG heRengrock FE i BGORPRBIARS g one of
theﬁgly}@§ taken, to which 6- am noi ndazole (86 ng, 0.65

nmol ) was added. The solution was stirred at 116 C for

[0282] éhlrleP 8@%’089 tﬁ%l_la:aflgg\éﬁegrgb? 8¥ E%(Elm-gﬁ%lg?e)gop t?le ail)\ave embodiments
may aléclbé ESHRASN wWihYdiRH o néey ﬁEt@cﬂ)}iéﬂem @ forflr ytheideddifhents of
n- 2-yemnet hyl carbamate (41 ng). MS 442.3 (MtH); W
the invetiond, 246.8, 281.8 nm [0457] A sol utl on of
tert-butyl
(1-(2-(1Hindazol - 6-yl am no) - 5-f | uoropyri m di n- 4-

WRPI pevib@bls 8f YyARédY | carbamate (41 ng, 0.093 mmol) in
TFA (4 nL) was stirred at roomtenperature for 60 mn.

[0283] TFRhenasnpaemdy efitherpreszouimyerftivm mag belprepad hylmokineu gimic

synthegi eghniguit st His ey dgpribes i £yors el o Bramales In

general, Zheyclﬁn%dﬂnlziﬂ gﬁﬁﬁjctlﬁ‘e Qg'aﬁrﬁnve( %%’aﬁ 'Egl}nedﬁg;)%‘{l&e BolloMihD Figure 1,

wherelaakl(smbqtﬁuqutmm@s Pefinedhpve vnlegs mdicatadahiermasgui nol i n- 6-

yl am no) pyri m di n-4-yl ) pi peridin-4- yl)nmethyl)urea
[0284][ O&5@pourishasingfenanian nidy be prepared accordmg to Figure 1. 2,4-

6- (4-(4- (am_ nonet hyppi peridi n-1-y1)-5-fluoropyrim di n-
dichlorppywjplapymmydine h1dp Ryipcelivib 2 pioREtng SIOHE, S(ugg aprg tosyl group.

Selectlg% églsa:g%ﬂr:lné%tydaf E}ée%%ié %_go'ﬁ‘p%gyf i@bﬁ?ﬂ%pi@éﬁ%&ﬁﬁ]ﬁ?ge bg an
appropald(éeadmnér hsech WOR2.009/R1 31GRAPETohB2E0ial Y 02 Sﬂrﬁhmzetiulsmg methods
70 C for 1. h. Solvents were hgqﬁm)ved

known Qe SiHed ek dd YRS BRS FOnsnasy. SR Es gt Pobiapalamine
(DIA), ?r&%@é’s %ﬁ‘ggﬁﬂagof Brifla 1.Y5stléqded: Midhlacednentd BOBhBro group

with an a(mmmaf(eEammu@uoh 4s RANHRAtonifaBe hyinysipelly di natheyizpg using

method i R s RTsOGh B BT Sh BB V) SRR mgrotysis of
the pro&ejaﬁﬁg 'gl’bulp)]wgﬁgmglﬁbé)ge(lgaz g%)d@rﬁ}lall, éﬂ%\'&ﬂgivaﬁlﬂf)ﬂ debitd ﬂ(d;ﬂ’ilucztﬂrl wherein

R',R rfﬁ ar\ﬂe& asg asrreviowtly debned: owprseiatiis &° 2 Ry argd lﬁparq #s piawiously

deﬁnegoncentrat ed in vacuo. The residue was dissolved in
NBuOH (6 nL). 3 nL of the nBuCH sol ution was taken, to

which 1-(4-(4- am nophenyl ) pi perazin-I|-yl)ethanone
[0285]( 1§9mﬁ@ur$<t§ h(gsl%ferryul%elénéa@g Preppral ik rrgzaw kpgyre 2. Carboxylic

acid 2. ﬂé &fn@grtéti tolakdd Qllt)ﬁﬁff* 22 d\h%agﬁg gé'p;ﬁﬁé eﬁ@@é@ﬁgedtﬁlei{la\gﬂﬁ’a

he residue was puri HPLC give the tit
chlorlrmuml)agm‘d subl an@on%hl@i@ﬁ&l@‘dﬁt&ﬂﬁcbﬁblﬂ@ﬂh&n aR®BoB sneh as

ethanof ¢ EF ¥ qirRpd 22 wriperoRe Aty ipebaiaienergbpigy Far 23
dichlofifttedt WhtA A Rrindtiftg dbéht KiRAUs PROIpASKLEDbX Pftforide. Selective
displacement of the 4-chloro group of the 2,4-dichloropyrimidine by an appropriate amine,
such as R>-NH-R! (available commercially or synthesized using methods known to those
skilled in the art), under basic conditions, such as with diisopropylamine (DIA), provides
compounds of formula 2.5. Subsequent hydrolysis of the ester, displacement of the second

chloro group with EDC and treatment with ammonia gives compound 2.7. Benzotriazolyl
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[0460] A m xture of 2,4-dichloro-5-fluoropyrimdine
(167 nmg, 1.00 mmol ), 4- piperidinenethanol (115 ny,

wa @918t ) and DI EA (0.400 ni, 2.30 nmol) i n BEBTS009002512
m) was stirred at Hmmtamaaunefm 2 h. It was

e cRAREA YRS 0 NS Dot Rh e v Lo glvedl B o

benzotl\g@é)%h %éfne??}d‘u% v31tl4fan gﬂ) 1416 lellnnﬁ% IsBetPAs A NENR® (2981dWb

was ad e solution was stirred at 116
commemalzyooemsm@e@@smg@mww@zmzto Chdserskdigd in theBui(DHEivessthe

desuedgqrng\ﬁﬂ%' ?VP%II%C I 'Eh 3 Fﬁ‘gdskgaggﬁ%\?‘%vﬁ?ér llj’tf%%g ?\//I+||:||)PLCUt\/O

275.8 nm [0461 The fol | ow ng conpound was
[0286] pr@@ap@mda $avige dopre Houeebe prephegd aceordingtto degure BbSglective

dlsplace&eﬁxﬁqﬁé CEIO\M} %h urpe§ ich %4'%&hqo%pgﬁﬁjd&ne by an appropriate amine,

'amne

such as2R?( NH- Rh@azlwdbi@ccyrhmmm)y &rs(yﬁuﬁls@@d 0§ afects kAbwAYS Edse
o[ 2,3-dl pyrimdine-5-carbonitrile HNP. HNP. CNCN
skilled i gheper)) 1 der pesic candiiqqs. uchigs Nit disomepriamipg(1ed4. progides

compog%%]gcrn‘gh gylif:'lgg l%e erg of th h}oro BLo ? \yw 6nraP%1i08[ Etefname
such as] R@!Nma(maﬂablammme(&ﬂ[}/ d?fg;,ynﬂleélaed m’mg nettRdiz dhadn (@ those

I d dp 0. 081 2
skilled i hewé'g %a%%ﬂgg et by ngreHéRnd{ eﬁaﬁ@%B 3 B previously

deﬁnm;n(CN)z (28 mg, 0.24 mmol ). The m xture was stirred at
Cfor 2 h. Water and Et OAc were added. The organlc

L S I YT N

when }g%rlf%bﬂﬁgmeseﬁ tékRtharhéBroat MGl hy 3BQd(Andle¥hs tPusdiaftotecting
chnl or o- 4-

group Ste§eglyo phopiplasina gJoup-qap de rempgs vsing oethods 8wy terthghaekilled
in the artfoSANR Winbbhddt dr5dRcd® erm).

[0288] The compounds of the present invention may generally be utilized as the free base.
Alternatively, the compounds of this invention may be used in the form of acid addition salts

as described below.

c.  Inhibition of syk and JAK Kinases

[0289] The activity of a specified compound as an inhibitor of a JAK kinase may be
assessed in vitro or in vivo. In some embodiments, the activity of a specified compound can
be tested in a cellular assay. Selectivity could also be ascertained in biochemical assays with

1solated kinases.

[0290] Similar types of assays can be used to assess JAK kinase inhibitory activity and to
determine the degree of selectivity of the particular compound as compared to syk kinase.
One means of assaying for such inhibition is detection of the effect of the compounds of the
present invention on the upregulation of downstream gene products. In the Ramos/IL4 assay,
B-cells are stimulated with the cytokine Interleukin-4 (IL-4) leading to the activation of the

JAK/Stat pathway through phosphorylation of the JAK family kinases, JAK1 and JAK3,
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[0463] A m xture of
2-chl oro-4-(cycl opropyl am no) - 7-tosyl- 7H pyrrol o[ 2, 3-d

WO poooitsie8i ne5- carbonitrile (109 ng, 0.28 mmol ) PCT/US2009/002512
6- am noi ndazole (75 ngy, O. 56 nmol ) and TMSC1 (0. 089

m., 0.70 rnnol) in nBuCH (4 nlL) was stirred at 1
which mdwn@q%phqrtﬂa{ﬁa@dt%?@Mateé%mseapw fagtay talep- Opse tihe s genes

upregufa?e?l' l%“ éx\(y?%d @ﬁ%t id s lN‘é l%\l('v %ﬁk‘:ﬁx&% %c\ég@tr, 24 th"f&é%%déthe effect of

mhlblt(ExémpL the4]4-substituted pyrlmmdmedlarmne compounds described herein) on the

JAK1 anﬂ__‘_ Ut on yetlg‘Xsz Wp?rﬁ(ﬁ éra%p%lmlafitgé.lvﬁlgll lrl]q%n fL g yO]’ post-
snmula%QQ%el{% %%Bﬁﬂeﬁ%%%c@ﬁ&é} ﬁo& ethBtbqﬁ'eés%Fb the @Gtent &

di oxane; [ution of
STAT- Q-pbh$prbmoylaﬁqry czmq@rmmﬁpmsbdt)mmatmsyd@lm lergostained 6¢r2ipBegilation

of COREN TSl dind Hofieotometrids pductian Mng hmtoyaoERSotoPylated
STAT- tsaha/@v taY bdrfRe (cﬁazlﬁéfegem cOmp4Rd 1Bbntrd r&emﬁ%ﬁmaicétee #at the

, 0.035 mol). The m xture was stirred at 100 C for
test corppoung#gceivelanehibitoshe JWd¢ kinastipalhwane or gani ¢ phase was
separated, dried over Na2SO4, concentrated in vacuo.

[0291] Theddiashdlye IIWasstipti atfdnest RanddB-CellQindud® JAKs 1, 2, and Tyk2,
chl oro- N-cycl opropyl-7- tosgl 5-vi ny I-7H-Wa/rrolo 2, 3-d]
leadinggo Staf Haml Hkaphosehqryiatipg) 107 rpsssiimplagions eells agysu Jected to

L o
phosph()éﬂatl‘ch e\@nGO Tionapke¢ifiaaldly mvkkite (He. LEOitybf JAK20the@elISengor irf1-bla

stirred at 116 C for 1 o S,
HEL Cf{]ﬁ'é?? %’@ﬁ@émgrt%% B¢ BefaIpFomerJePaitRs 2as F%‘Géﬁlﬁg@%{(?ga Wiggpe used
(Inv1trc%3é nPhisth@, (QA)’ eTﬁes@: %eﬁé‘é)@?é(s%tar%n)stltuﬁlv%Yfé&ﬁE 9RW Y rhlgt'ant
H i ndazol - 6-y1)-7-tosyl- 7/H pyrrol o 2,3-d] pyri m di ne-
(JAK2YO IR0 ﬁmnde\a(uza]lm)myeflcmﬁfera'tqume@plaamsqiﬁomﬂantmescu S., et.al,

tren A A0 SRR Lo AR e

reporteP g&%eﬂﬁ@%‘snbnh@u@d%ﬁ@%u(ezoﬁhé JAR inAibit it offtompobhds.

mmol ) was added. The mixture was stirred at 65 C for

[0292] 181"1% & & t? of g%l &)?rrﬁ)&%ise o @gt}ﬁ?\%nhg? %\%&%ﬁpﬁfolﬂglligé ﬁal'fgcterized by

assaylrtgthEIféz:tto@ tigd aoenpdvads bf ilﬁd)réseﬁpmu&ﬁld[ﬁddi@)bedl\lﬁrélﬂﬁn A549 lung
203.8, 223.

MEH) ;
cpithelil eIy <1620 45 e Sapbelad /by 5 APAA SR eyl CAM
(CD54¥\I§LHkaQE SxpreSidY Il fLsSHrde B a VAR D AP AR redtSLRRYY Phéktdle Nsing

ICAM-1 expression as readout, test compound effects on different signaling pathways can be
assessed in the same cell type. Stimulation with IL-1[3 through the IL-1 B receptor activates
the TRAF6/NFxB pathway resulting in up-regulation of ICAM-1. IFN.gamma. induces
ICAM-1 up-regulation through activation of the JAK1/JAK?2 pathway. The up-regulation of

ICAM-1 can be quantified by flow cytometry across a compound dose curve and ECsg values

are calculated.

[0293] The activity of the compounds of the invention may additionally be characterized by
assaying the effect of the compounds of the present invention described herein on A549 lung
epithelial cells and U937 cells. A549 lung epithelial cells and U937 cells up-regulate ICAM-1

(CD54) surface expression in response to a variety of different stimuli. Therefore, using
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Cl N 1\ 2Pd(Ph3P) 40=Sz 0=5: di oxane, 100 C 122 WO
2009/ 131687PCT/ US2009/ 002512 [0467] A solution of
wQ2@bl1ar87 N- cycl opr opyl- 5-i odo- 7-t osyl- 7H pyr r e Dp2089/0D2512
]pyrimdin-4- amine (489 ng, 1.00 mmol) in di oxane (6
nL) was degassed with Ar before bein charged Wi th
ICAMyl sxprRsylop e ReAdpYs 15 §RMPoYNG, eltetsan different sigpalingpaghways can be

assesse%qg Pﬁ%@eﬁ‘f &:?loqg% 'St\?%tﬁZt%org\ggh g‘ E}ﬁrcﬂ? t‘%%%e \é\@snﬁz@ty a%ﬁvates

the TRWF&?N'F\@B PRy W@ﬁlltﬁ@@rlﬁﬁﬁgulaﬂbh S IONRI-1 NFRSE nma. induces
concentrated in vacuo he residue was purified by
ICAMHpmegglaglpv @hrough activation of the JAK1/JAK2 pathway. The up-regulation of

cam G Y BRI 0 T AR Q5 ShEb e

are cal@flated. Exemplary assays of this type are described in greater detail in the Examples.
1- (2-chl oro- 4 (cyc opr opyl am no) - 7-t osyl- 711- pyrrol o 2

[0294] 3Actq'lnégcl}/o£] o&] s?%%@ﬁf)&ﬁgqu@ %%gragg ’mhﬁb%ﬂ?g@%{% n(%eopathway

with aiiCs, Oh thie ramgel df abouthBoi®Hof Bssrlay nvasured ik t’h&das@tys l:lﬂ:fcrﬁed herein.
for 18 h. It was then_ concentrated in vacuo

Of coupsgs pliilled asisans villrapgercisye el eomBowidy avhiefeexhibif wer ICsos, (on the
order, @@%E@ é@fbd@d 7%@1\)’13% ;}M( Mﬂj}v{ 3%\{1131450 Mspéulzfl,qg]uM, 5

UM, 1 4, %olnfmrnmﬂMNa) M il 2 @le B 10Mler) Sar( Ry pdr@élardy MdeXallin
H-pyrrol ol 2, 3-dl pyri m di ne-2, 4- di am ne / 1-" HNLN

therapqutigrappi¢aipmnmNn instancps wiielej 4ot Y oh SFRCHE) 1IN Psd¢wWsaaed, tynos
desnedc,:Il?e CO%pound can be assayed for activity with the desired cell type and counter-

screened for a lack of activity against other cell types. The desired degree of "inactivity” in
such counter screens, or the desired ratio of activity vs. inactivity, may vary for different

situations and can be selected by the user.

[0295] The active compounds also typically inhibit IL-4 stimulated expression of CD23 in
B-cells with an ICsp in the range of about 20 UM or less, typically in the range of about 10
uM, 1 uM, 500 nM, 100 nM, 10 nM, 1 nM, or even lower. A suitable assay that can be used
is the assay described in the Examples, "Assay for Ramos B-cell Line Stimulated with IL-4."
In certain embodiments, the active compounds of the present invention have an ICsg of less
than or equal to 5 UM, greater than 5 uM but less than 20 pM, greater than 20 UM, or greater
than 20 uM but less than 50 uM in the assay described in the Examples.

[0296] The active compounds also typically inhibit expression of [CAM1 (CD54) induced
by IFN.gamma. exposure in U937 or A549 cells with an ICsg in the range of about 20 uM or
less, typically in the range of about 10 uM, 1 uM, 500 nM, 100 nM, 10 nM, 1 nM, or even
lower. The ICsg against expression of ICAM (CD54) in IFN.gamma. stimulated cells can be
determined in a functional cellular assay with an isolated A549 or U937 cell line. Suitable
assays that can be used are the assays described in the Examples, "A549 Epithelial Line
Stimulated with IFNY" and "U937 IFN.gamma. ICAM1 FACS Assay," respectively. In

certain embodiments, the active compounds of the present invention have an ICsg of less than
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HZN HN N N N N TMSCl, nBuOH 116 C [0469] A
sol ution of
wWQ2@bl131687 N- cycl opr opyl- 5-i odo- 7-t osyl- 7H pyr r BEDUR2089/002512
] pyri m'di n-4- amne (225 ng, 0.460 nmol) in di oxane (3
ass th Ar before bej charged with, .
or cqua 1 2§ B ErReRSN B HIE1oh ST Higd M ¢ G M in the
B les0- 085 Mol ). The mixture was stirred
assaysg% gégéﬁpé%ﬁagﬁ esV\:élter and Et OAc were added. The
orgam c phase was separated, dried over Na2SO4,
concentrated in vacuo. The residue was purified by

HPLC to give
2. chl dEmNS@mS@deHO@((fpwmdﬁmaﬁoyl) 7- tosyl TH pyr

o[ 2, 3-d r| m i n-4-am, 2)
(0297150 /ars%ls BT By %@R?%“f ‘)-\S‘fﬁl&l?fEﬁ“ég Qe or more
r
compo?ngsgﬂ[f QBHI}LNQ @g;)lrr ?%hg:?%é’egtrigﬁa?%edcgéﬂa% ?s’e;% .e%tgl; ﬁﬁ%rl%)d’mg tB¥feof, and

a phanﬁacamumj]yrmta«zmalde catiengr didued8 Hrwall)bezapgreTMBed thaOthe 40mpounds of
0.32.mmol) in Bu ni stirred at C
form“l'gb?) ‘fég‘r?.mYet““\)R)éémtyﬂ’é’n eé‘é’%ﬁ%erﬁ’t%af?‘écfﬁlof‘ﬁl &FWRF0"O pfﬂ‘é‘ge prodrug
derivat[ve§ whitth M8 Sapibld b &ﬂw@x\éldﬂ%ﬂ@k&@tlﬁl phfert B6m gbﬁﬁd%dn vivo. Examples
conpound S12 ng). MS 383.2 (M+H); UV 204. 9,

of suchggadmgs inc lgk:ghp pbysa,qloglcally accept le and metabohcally labile ester
derlvatgv g ugg' ag fg}%re(q&’l este X ZIallfnthyq)est%rs(, 8¥p1vgioyloxy¥xgethyl

esters dekiagd ﬁ@)l’p;lﬂ B?d/do)(ﬂl gi@ﬁ;ﬁiéf thebo}ﬂp))&ﬁdlaﬂ@&ﬁbalﬂoyl-nhoiety derived from
an amino group of the compound. Additionally, any physiologically acceptable equivalents
of the compounds of formula (I), similar to metabolically labile esters or carbamates, which
are capable of producing the parent compounds of formula (I) in vivo, are within the scope of

this invention.

[0298] As used herein, the term "pharmaceutically acceptable salts" refers to any acid or
base addition salt whose counter-ions are non-toxic to the patient in pharmaceutical doses of
the salts. A host of pharmaceutically acceptable salts are well known in the pharmaceutical
field. If pharmaceutically acceptable salts of the compounds of this invention are utilized in
these compositions, those salts are preferably derived from inorganic or organic acids and
bases. Included among such acid salts are the following: acetate, adipate, alginate, aspartate,
benzoate, benzene sulfonate, bisulfate, butyrate, citrate, camphorate, camphor sulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,
lucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, tosylate,
undecanoate, hydrohalides (e.g., hydrochlorides and hydrobromides), sulphates, phosphates,
nitrates, sulphamates, malonates, salicylates, methylene-bis-b-hydroxynaphthoates,
gentisates, isethionates, di-p-toluoyltartrates, ethanesulphonates, cyclohexylsulphamates,

quinates, and the like. Pharmaceutically acceptable base addition salts include, without
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NH2 TMSCI nBuOH 135 C [0471] A m xture of
2,4-dichloro-5-io0do-7-tosyl-7H pyrrol o[ 2, 3-d] pyri mdin

we@2q0243168y, 0.520 mmol ), 1- N BOC- 4- am nonet hyl PCT/US2009/002512
pi peri di ne hydrochl oride (130 ng, 0.520 nmol) and TEA

timitaipf; 65 e Fibin, AR} bs P eSS pShyfbpganic
bases, sTJaﬁ a@fr%@lWl&nBﬁaE%(%Yﬂé Cﬁa paatiad @ﬁoxﬁbﬂgggﬂl -ty mdiphbline,

then with 5% Na I ed over concentrated
ammomwn\;;aléa,. alkah r@qtqlesa{tgrsluclm as §qd1um and potassium salts, alkaline earth metal
44( lor05|od07tosl rolo m di n-4
sale, sS4l 369 P Rrhh o A BbsBiePichaer Sl o)
dlcyclo[h@ﬂﬂax}uné s810d, IN-in@ith @ D {gfidantin, Yehd salts with amino a01ds such as arginine,
52 chl oro-5-iodo- 7-tosyl-7H pyrrol o[ 2, 3-d] pyri m di n-
lysine, 20d §0 fihno) net hyl ) pi peri di ne- 1- car boxyl ate (336 ny,
0.520 mmol) in dioxane (4 nL) was degassed with Ar
[0299] bdfmmerrb@ien@ea;bab a@dogantdondifing lprdups sharbeyduayerhided @ith agents
n% 1.23 mmol ) and Pd( PhSPi cgllo n}‘g .0.095 |
like lowﬂsy Hidesnsuchps sty ethyh PeepYAand byl ¢hipridgs, brgapides and
a .

o B L g D8 B B REE T g chain
halldesv\amhpls dedyil elduM rayffitasindcd anphchlaides detomiidds and iodides; aralkyl
exa 0- ve tert-b I .

halides,zyith % fraiobend pagTERl necmitss fod Slheesy Wkier yoiksplpls os. o

dlsperslmapfoah@ts Hre“meﬁébg%fh@ﬁe@?t hyppi peri di ne-| - car boxyl at e
(90 . WD 2009/ 131687PCT/ US2009/ 002512 [0473] A

[0300] 4 4.%?%0%? %{ma%eut lbzflrd %It eecoinlglof thflS #8 og{/l}ethﬂq-sﬁ I;}P%rrglfﬁtl%n may also
be modﬂﬁi@wy ﬁppéhdhngaysbllai)ﬂsh@&) ﬂ(f!g&tmfﬁﬂh@ﬁlrol dhhhtel seleali BOBl ctical
proper%ﬁm ﬁ@nfgwm PRiFiFpRQRSase ke o {1 YeaRaardrecipdothegs Whichanerese)

Il R A

nervous/ aysnmn erq)s inarsasd wealvexailghilityl iretedoy sdifhiGt © aioweadrh@istration by

icci L3 SO 3, 15285, 47 (W U/ 2026

2-(4- (4-acetyl pi perazin-1-yl | phenyl am no) - 4- (pi peridin
[0301] - 41? l}d pt@tm@deaﬁtaiapnmaspipns of tht2nB:ntion can be manufactured by methods
well kn[o 6%?[ ﬁ QuechSach%gnpgnrHOtngf granulatmé rr411'1x1 g, dlSS qlvH]tg, encapsulatmg,

1yoph11ﬂz(u€g209 Bhalsgryirgl Heeesdest @mvhg bttreRy rc&hp&szm&mdh%mé piodiéed in

- 'yl am no) et hyl ) pi peri di ne- 1- car boxyl ate (
varlousofosrasa ln%lh)lg gpﬁlzlépé Brecmptates, OrpanBBFien PP W, mpbxdlr(%fzeeze

dried, Hépa%gné% ar gé%MJ:dc(r? '@re%fsé)%?«%%?s ?a%legg ggpéad’leﬁ )syrup,

supposThﬁesmnjetdmbﬂs vmsulslbnsr refidirgtsusentiohoor dutions\VWFoahuRaridns may
Et OAc wer e added. The _organi ¢ phase was separ at ed,

Optlonadlry oftagn, grbilzerspH %@%rﬁt%uaﬁaé@nsSnbk@aw@bﬂrm@qdé@qra aid

combnd’élﬁ%n@éfi‘th&eed by a flash silica gel columm, eluted with
Et OAc/ hexane (O- 35% to give tert-butyl
44( 2-chl Qro-5-c 1-7H rql o[ 2, 3-.d] pyrim din.
103021 16 i 45 Rl BrE e et A b et whipEDFabig s itary
dosageE @(ﬁmnaﬁ sm)fét:l‘draﬁd Qthelr @ dmbik Ydach unit contamm redetermined
2-chl oro- 5-cyano-7-tosyl- 7H pyrrol of Sg ]ppyrlmdln
quantlty4> dwgaqﬂquaytwbtomrp@mq@ethﬁ desieedlonseir tvdmylblam a(d/27 thegapeutic

effects ‘Td‘ésoﬁg%gﬁl"d L é’uﬂif" elgﬂ %&%ael it I A l nget ﬁﬂ@?nfn
additioh ’mBBUGHcdnPratdd) cdﬂﬁﬁos&tdn& e bt pré&ﬁed: ff‘(ﬁﬁ \xﬁﬁ’clhthe |nﬁor%$lute unit
then concentrated in vacuo. The residue was purified

dosagetgpmpppitiopomgy thentheeprodieqedd T mpria sanqergateg compsigipgs thus will
(MtH); UV 204.9, 265.1, 297.2 nm
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Exanpl e 46 WO 2009/ 131687PCT/ US2009/ 002512

2-(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 4- (4- (am nom
weedyghjwsperi din-1-yl)-7Hpyrrol o] 2, 3-d] pyri m dPCBEUS2009002512

bonitrile [0476] Am'xture of

I e A o AP0k T P e
amoun%"ﬂ%m&e@?@am jAI@@ﬁ‘hlEﬁ&s(o 200 ni, 1.44 mmol) in

was stirred at roomtenperature for 16

h. t d Et 0A d 0 C
0305 L g AR s B R VR e are e
for exa?fp'lf:[e d%@z}/z@:frd%‘%%@%mé&ﬂ?@&tkﬂéﬁ% 1 13T FpU MAck I?]Jb‘l'l@hmg Co.,
er u

Easton (PlA (12)9@BD| dn @deumodmma@smalw—wppt@bb[saltsOﬁit]hpwk adiPhIAK
1nh1b1tor8¥JP ﬁ'neg)ﬁéslgg {]né/??tY%L(g%t he}/c & aJcP GO ga tsf may bm%))repaLCd4 and]méuded in

the confpos{tdmé hikdgQtdadhe oaedhee%mlmwt@mdsels@ﬂ@dsn dienaw bfgydibatic
-4- y1)piperidin-4-ypneth arbamate (418 ngy 647
organlqﬁmmlstrmﬂgﬁ%gnpm e{gg byd. &@g i vanegtOsgapic Ql}ezmﬁgy Reactions,

Mecha@s&%g ar}]aﬂél . ég\l%@@?\ﬁﬁggﬁ%g&%%%@ )before

m xture was stlrred at 70 C for 18 h. Water and Et OAc
[0304],eThe compasitions &yricallynelugn a senveasional pharpasgutical caigier or

excipiedV sild M@?%@étmﬁ%&%ﬁﬁ]ﬁébﬁﬁr hﬂ:d}’ co?é%{?’%ﬁégﬁm }ﬁﬁé, diluents,

puri f 'l ca ge
tissue [Ehﬁémdmemﬁnamce@i @ombﬂﬁzetso any the liker Prdfataply, the composition will

contai nﬁgjb_&)ggzlf) ;)l}’% otrg%ba}nng sefr[%)ﬁ% 9‘)({02?- ﬁ{ac{)) !@l%ui gg%n%‘%;e preferably

about (L 04 {809, Sii ntr€ R:ffeﬁagl&ta‘bgui()’ h% to 10% by Wel%ht of one or more syk
(2-chloro cyano- 7-tosyl- 7H pyrrol o[ 2, 3-d] pyri m di

and/or §1AK-m§ub)tpr8p@/rluhdhmrezmaymcmmphgx$tmrqmnmlde Phamarguti@! ggoer and/or

4-.a1mi No zin-1 et hanone (1
excipiel” Apredaile b PahR SREE B SRR pibhlol SNRBRIS) e ouce o
adminifBuidr Hybmethpdvasll khowh el thtarfl 2%, REMINGAS WP HARMAGBBTICAL
then concentrated in vacuo. The residue was purified

SCIENCE; sMpiaC t o give the titled compound (25 ng). MS 474.5
(MtH) . Exanple 47 WD 2009/ 131687PCT/ US2009/ 002512
[0305] I\I-}(mafméee(wiyalllyomoepmbhman@rs fhaf mayibdiused inythpse/ddmposit@ing include

ion exc}nang%réj Ia rfnrap a {nrr]unum tlegrrzrllten?gcnﬂ ngél ml\llgrg?egnsy Isuac o %\dea% serum
albumin, buffer substances, such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such
as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-
based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,

polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[0306] Examples of suitable excipients include, but are not limited to, lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water,
saline, syrup, methylcellulose, ethylcellulose, hydroxypropylmethylcellulose, and polyacrylic
acids such as Carbopols. The compositions can additionally include lubricating agents such

as talc, magnesium stearate, and mineral oil; wetting agents; emulsifying agents; suspending
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[0479] A m xture of
2-chl oro-N-cycl opropyl-5- (pyridin-4-yl)-7-tosyl - 7H pyr
WO 0000f1 21687 d] pyrim din-4-amne (85 ng, 0.19 nmBX)/PS2009/002512
N- (4-am nophenyl) - I\I-mat hyI acetam de (72 ny, 0.44 nmmol)
and TNSC1 (0.100 i,
agents;RIEser WRS 48Ty ansa?etl:w r?ﬂm) aﬂfégqugﬁy@f&sﬁxé?ﬁ{‘%%ﬁeédpﬁn
justi fok el o QBB and
adjusn%{g‘%{a‘eﬁ ts S;:[]Igﬁélg Srﬁi e ng())l%‘dﬁl'c ak:ﬁfé‘, aRd P'&P s Gl 0% % an
flavorig@Bgehitsam Exanpl e 48
6- (4- (cycl opropyl am no) - 5- (pyri di n-4-y1)-7H pyrrol of 2,
[0307]3 AhRYfidPdidn b2 C)S iteh cgmﬁrlsmﬁ one or more syk and/or JAK inhibitors
di hydr oqui nol i n-2( 1H) - one A m xture of
with ore @rithene suithtdy phmma@pnytlcase:(qmglpmd iag) advqula)geaus cnte caFHgslput via

any of E)hoiﬂ# g%m?f]dg%/ Wé{% rﬂt&iarrmnfllﬂslgﬂr’mgﬁ%ra 95 c%ngo d% %,xample oral,
topicalTiBrayerde, shbBednddds 10thskanddud GrdiR8rinal IntABHEIdu (a3, itteh-joint,

was stirred at 135 C for 18 h. Mbre TMSCL (0. 200 ni)
parentexals inf@cpsteriols, intradagnalain tieventripulaw infraciagsal Gnfrgperiipntdher

1ntrales§§nal 1nir£r%a\gglz rebclt']a?ﬁ(:g{g%ﬂl?eo tlglﬁglgttl ﬂ O %?%}i’? gl-gﬁ%glrfgs}lrg(gﬁ The term

parenl%@l asNEseéhBr&n (Md’d)es S&Béuﬂﬁéo& 1@&56180u3mnnﬁnﬂ1@@llﬁ #8ra-articular,
5- br ono- N4- cycl obut yl - aglll—l-l ndazol- 6- }I%ﬂ 7H pyrrol ol
intra- SY@V@ldntfﬁWm?fli mtr?éhezahnar AP, intradesiqnalrendhingagigaiad ingeetion or

B T

The fo{r@8tiony, of@hcﬁxh@emlmi naybe deddgex. asEhertm:ung;rfestwa]sasmg or long-

at room ature for, 18
acting. b e poURRHBES O 4058 Glie i AFEITEiHGr e BEXBireans,

such aé"@rﬁhlsﬁﬁgorﬁeo ij%%n?ﬁ%s%lm%%ay@ﬁ)rﬁﬁﬁﬁBﬁt @dcording to a
washed NaHCO3, dried over Na2SO4, concentrated

represqnmtwa@u@oﬂgn@tvt@e compositions of this invention are formulated for
pharm%?ﬁc:oa[l 6q§gﬁst%t§gllt§traonaz}7{n%¥f E)?f:fgx[agfysa lgdrtqé/nr tl)erpn dine (142

- brono- 2, 4-di chl oro- 7H pyrrol o[ 2, 3-d] pyri m di ne (142
[0308] T hepcammpsitass of theRIESHUIYERRRMEONtGNmIENgOr more ey kasl/or JAK

o BRSOy PG S 878 s, e

compodifien Gidyait infihBseedvas carpaoad @dysiovashechbid dites b¥administration
, HCO3, en with 1IN HCl, dried over Na2SO4,
mclud%\%ﬁb%rﬁtnpgr 1dted Ko. sk grqngh@} \gastrointestinal, anal, vaginal, eye, and ear.
The foﬁntﬁlﬁ@m r%a)‘;&lkg kiR I}N'rl‘ﬁy()(f |58f?&‘ts¥ﬂ-n Zghcf’ﬂgéeﬁyﬂ%e% powdlePYr 17Lf dosage
-am ne [ 0483] m xtu of
forms, 5u¢iT @nﬁ)rgaxamplrr mblld;ts;)pcﬂll&s banqalb-snbdwxjprs eblufi2ng suipepsions.d
am noi.ndazol e (56
cmulsigs SOTHRSIgTicin (P TISEENE 0 5er . STRBMAIBTY, REACHRERIeRs o the
like, préterabl@sn Shit H6RGe FbrndslBitsblt ¥6r dmble ddmiNREratiBeBf precise dosages.
concentrated | n vacuo. The residue was purified by

HP s furth urlfle
[0309]p " Jg}g:aé ace %S@%ogit% &ﬁg}l Ept qjtl}n% b erl gﬁyicceptable

dosageSthrﬂeﬂi’lt:EldIrfg tgbles, Edisules tdaelﬁétmrmﬂnsm@k édspﬁﬂs)lond\/ﬁ)1398ns?>syrups
400.3 (M+H, Br pattern); UV 203.8, 247.,4, 309.1 nm
elixirs FSPEAYS! lg)lgs@s lozenges, powders, granules, and sustained-release formulations.

Su1tab% %B gfgn‘i’srlf%m ga\f H)%H%t%‘%}ogﬁnnénlé& b%gﬁ]tﬁ%@ra&@" &yrﬁﬁrﬂht%i,

0O~ a suspensi on
lactosepftarch, magnesium stearate, sodlum saccharine, talcum, cellulose, glucose, gelatin,

sucrOSﬁég{]g}gé\gﬁgcpm%:J@%gu%e) 1lﬁe r ol 0%2 g agk%/ froaprq? Iblgqndéamers that

are co&%ﬁ/ﬁ“ﬁk&' Efolud¥GRe th §8adoor? sékh”‘]ﬁlbhc%?g #¥nts, such as magnesium
2009/131687PCT/ US2009/ 002512
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added. The m xture was stirred at reflux for 18 h.
After being concentrated in vacuo, the residue was
W(pmomﬂimsh by HPLC to give PCT/US2009/002512
, 5-di chl oro- N-cycl obutyl-7H pyrrol of 2, 3-

stearatey agey%%%nwgiﬁ%? &3@%&12%&55&% %04864%@ n&]laglpa%a& fgse gnd

dried coraftaR. (\gﬁeﬂ%uegugﬁgpmrps m@re@;ﬁlr@@f&%&lq}s@ tﬁégctﬁ% ingredient is
0,30 ol ) and TANBGLE( 0, 040 i, i'D NBUOCH (2

combmtrﬂ)wmlae;nlslsufymgdndz’susptﬁdlﬁgfagentg.SIfhlesmtd vxmaln lkeretening, flavoring

1 concentr at edl in vaggu(f). The residue was purified by
or colopipg aeqnts may alspg adfsd-e4 conmpound (8 my). Ms 354. 0,

356.0 (M+tH, d pattern); UV 201.4, 246.2, 307.9 nm
[0310] Exarsping efibodiments, the compositions take the form of a pill, tablet, or capsule,

and thoff {58 EotuBiiBSn e dorfhr ibad wh G e S7 ok B8 BRUGrTAR Fpffors. o
diluent2udn & 166b&Y, @u&bk@ﬁfdawlﬁ{lé)haslﬂﬂaﬂﬂ hAdTiHEIIXR; ﬁaQ C!'&%ant]su@ﬁ as

mol ) and Sel ect Fl uor (560 1.58 mmol)
starch gfderiyp@veasitieseqf] a pbriogaissush jap n@«gnmlum@te@rart@ pndLEheHlkeméi/or a

binder mc)ﬁt “Jt?rc@gﬁ Ecear&ﬁpggﬁrt% tyﬁgﬁ;neoqldoﬂe g%?altjlg ce-ml‘foseea%h%gﬁvanves

thereof2 ,Pé'rtaﬁle(t bhrob@nﬁdé byany edipRyLion bondldng prycedsrindiwmeo (fdse of skill
487] A solution of

in the aﬁt &erﬁﬁssﬁ Gablets Mayrks-Prepassd Py Feippressiag By ¢ sabic@agispe the syk
and/or g%g 1_@@48%%)0ﬁe&q¥&%19g36 mfoae;]%n?ﬁé‘g%%@l g?%nule% é&adm&)mmed

with acsessor}adgaﬂleﬁﬂ; edf, dmncﬁ:rsh JuHﬁidﬁﬁIBZdlduwt# ﬂ@mtmalﬁsaﬂdhﬂj)ersmg

agents. ’\&&ié%glg[a’t?lﬁg ﬁaw%F Fadg; {rﬂ?glt 15% saﬁhed g}@& a mlxture of the

powdefé@ @zﬁ Ahd/ef ﬁ@K'lﬁhﬂéﬁSﬂdQ&lﬂpar@ fftable carrier.
| or o- N-cyc obut y1-5-f | uor o- 7H-pyrro| o[ 2, 3-d] pyrim

031115 BB bt Pl Tatl 8 PuSlnsgasion mpy g imdhe form
of suppdkitordesdBt itetal admifigstraiod 2 THER thay Be f’ﬂpﬁ@dﬂﬂ/&ﬁﬁhlﬁg th8Qgent with a
0.68 mmol ) and TWVsCl (0. 090 m,

sultabltrzrgbmrﬂsq@srpemgsmm ipeoid ot ieRBI t)fmpﬁraﬁsg @PF lirifay regiad
temper§ttul‘é 5&%&?%}& @\ug ngecf{ 1n]t§e HICIL*I'}I ?eatsglg% éﬁ? g c8 Qc‘fl{ ﬁ%@ﬂ alsInclude

resi due was purl
cocoa tsmasnltﬁ:esm pblyedsyldne rg yooi (mm;) ﬂm&ﬂfabymﬁ/roe bgdmgenmedT LC

cocoglbq lgg %Sz%glfuggg lélm?gguq%a re(cga %?Al%%&t@%é‘lslg)ll %/ Sﬁgtp';m%nse a rectal

enema gﬁﬁ‘@@ﬁ &infrig one or more syk and/or JAK inhibjtors and pharmaceutically-
(4-(4-(cycl obutyl am no) - 7H pyrrol ol 2, 3-di pyri mdi n-2

acceptab}et wetiicled Eheni01% ahbany le)anpleon i agheals S[a04891]tloilfbthat are

phsioB i BBmpartle Q3 RETES ot S0l be iseh 2hLPA oni Contains an
apphca@orh 1Ot RIS dndin&re cb AR 4prdEbratsty @6m! d)oﬁ/kﬁ)‘}yeﬁﬁiﬁ@& lubricated

Triethylamne (0.400 ni, 2.88 mml) was al so added
with a fﬁbélcﬁﬁtﬁtlﬁh s w}alst,e petrolatamn, and prserablyrpselested by agnsrwayjmalve to

ter 0 r d r [
pevent S0 LA AR el W 3G Rl i
length,po¢teibly @ieitichds, walsdimséredghioethd cOn via the anus.
ni trophenyl sul fonyl ) pi peridin-4-ol as a solid (559

312 ok ¥4 fel%ysdsoflid §19d ihe B0 loYe syk
103121 Tl Hos R Kk b pRpaieB By blife St tiTRersite Bie B Riole sy
and/or (AKlishibitprsvensd dpyidnatyeorat cﬁdnomqmarrbaiehnmilyFQC@,tebln|aqm/ams in a
. It was . )
carrier such as, for example, aqueous saline, aqueous dextrose, glycerol, ethanol, and the like,

to form a solution or suspension, e.g., for oral, topical, or intravenous administration.
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WD 2009/ 131687PCT/ US2009/ 002512 filtered through
celite. The filtrate was concentrated in vacuo to give
w@a2®oh3ws1 491 ngy) as 1- PCT/US2009/002512
(4-am nophenyl sul f onyepi peri di n-4-ol . [0491] To a
suspensi on of 6-am nouracil
Pharm 83T TorT A ons auty RebRetipd &t Gd sHsnrgaoRbpS Salliers whing a
sterile 2P at gg%\/mer HEGhoBAnddmbiHaBom therbE PMABmARLES LY suitable
at reflux for 4 and was cool ed to room tenperature.
surfactais, smemmldtngr@edtarok ebnxlmfylrpg mnp%l may és addedfar oirdlex pargnteral
ation to r
acminiatigh i BberRibat fuedaninle 1 Eat & BRGNP spsame oil cougmeed o,
corn opﬁaﬁd@lﬁk@ \$il. OSthfansT(HT ephtiOn hrhy3d @ ddnkdiRt bRt 2a éﬂl@é such as
2.25 g, in PhPOCl%/ was heated at 165 C for
ethyl ofpate, esﬁarom'brmzrlﬁt@te éenm aethallycgides anﬁ@cc?tﬁl@mdtfaﬁg agidrglycerides.
Suspen%%n%rwg?gr%urﬂg dm%LudIetaécroe lsIOT(s_:lﬁ:h agnglainﬂ 1sr0|pfc%prygfilézoa%lshexadecyl
alcohokXxtycam aad pidphledt fcol. EEMers, bdheds ol el yRasilybdsiyl, petroleum
washed with Sat NaHCO3, brine, dried over Na2SO4 and
hydrocg&qg@ﬁp?la@se@lqeéalg)plvaéldg)etrolatum and water may also be used in suspension
schloro-7H-pyrrol o[ 2, 3-d] pyrimdine (0.800 g, 28 %
formulﬁuéﬂ [0493] To a suspension of 2,

R A e AL ISR AT
especuﬁ@ \é’ﬂél It tarfe (3% uT0Rhnt &RGuddd REAS 6P 0%@55 [:Ead11§ ag&sm}}y l)y topical

The m xture was heated at 65 C for was th
application| indlulmgrdispasdsenfphe ayau the. skither mabweemmlnd] tract.e Gultable

e TR e BN e PSR A B i
admmlgterI'HnOﬂﬁ cggg)bkl@lbﬁ RUhdimid¢oRY 61 AbR dyR a8dk PXK ihfhitdrdean be in

am ne 88% , which was used directly for next
the for@t@pfrrw ilﬁmiotmnﬁ,u gqls@ 49410 crqagBoi]licSesrdvntidnspsusperbigns, ointments,

| upling: a mxture of
and ray UepAIRGEE P | Sty 1- IHpyrrol o

[2,3-d] pyrimdin-4-am ne ( 0. 36
[0314] 1 _TopicliaRplittsing fiibe doweni fiﬁ% nqéraﬁumey be ifs)sctﬁ%m prasial

supposm torBAibA gﬁ@%héfvé")'dﬂﬁ a SHikHid gr%ngaofo%%glagk? Qoﬁ%ﬁlly-

I'n nBu was stirr
transdeFimel patcdtes meaywas> xundedi dobr h;pxcraéupplmﬂphm&;l&: Mmhﬁacmltmgl a
i ent  of 10- wat er over

compogpag%]ingy PS f%r%atgcf Bb%g}abkesmﬁﬂyent ﬁgntmnglthemWe c%@ponent
suspena&ﬁer&_’dlss%%dzn R oEXRMPL&TRR. Uiy for topical administration of the

4- (cycl obutyl am no) - 7H-pyrrol of 2, 3-dl pyri m di n-2
compou Salﬁth@)nm@phwofb\mwtsalbﬂgh}ammtd@)ca@enalaboﬂ 1gjugd petsylatum,
d was

white Rl P e phivbs SRR BB R EO Rt

emulsifydfig wax and water. Alternatively, the pharmaceutical compositions may be
1-(4-(4-(cycl obutyl am no) - 7H pyrrol o[ 2, 3-d] pyri m di n-2

formulate Pra?nsw HON ST FTeamyFonIipagter active spmppEeHgsuspended or

dlssol\é&?@?edr%é%ﬁ)t%! g’tfea%éz}]l!}ya_(;?&(tggglr grgé?sz %uncﬁble carrlera mclléde
mineral o] sorbitun)mpdrenicasi, fpohysottthe) 6@ etareders, wax, cetyl alcohol, 2-

octyldodecanol, benzyl alcohol and water.

[0315] The pharmaceutical compositions of this invention may also be administered by
nasal aerosol or inhalation. For delivery by inhalation, the compositions can be delivered as a

dry powder or in liquid form via a nebulizer. Such compositions are prepared according to
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[0496] The titled conpound was prepared anal ogously to
the procedures described in the Exanple for
wa2qo4A8ws81 cycl obut yl am no) - 7H pyrr ol o[ 2, 3- d] pyrP¢TUSI009/@2512
- ylam no) phenyl sul fonyl ) pi peridin-4-ol. M 416.1
. MF UV 202.6,. 227.3, 31
techni ef E?’?‘ﬁ“ %@‘El%ﬁt@ﬁﬁ?ﬁ%t}?c% lfPfWT?tb‘P‘baPé‘ @aHE%WPﬁ’ie&aﬁ sglutions
in sahne}’éxﬁfﬂo@ﬁ)g M‘E&lrh\f&d?%fay bR SRRBIE HOJeAFRiVES aBSdrfiol PbAfdiers to

To a sol ution” of
enhancg bfepvadatilyyc ﬂobnmcgeﬂbansnamb()r athepyonventiingl Sleljipying i dispersing
2- yl am no) - N- net hyl phenyl sul f onam do) acetate (15 ny,
algemso 031 nmmmol) in MeOH (2 ni), aqueous 1N NaOH (1.00 ni,
00 nmol) was added. The m xture was stirred at room
[0316]t equ;émathﬁ@CfL@ﬁ, tBe phar@lageitadal Empm(l@mmnmwe {foamuatiibas
neutralize

micronk bl Blb e s ST Nert Sainsor prefeieppe  slucions in

isotoni€. T a@ubted Wt salias, Gkt @ath @t Rthbid 4 prabdrotived sbhvis
the titled co ound(3 ng). M5 431.0 (M+H); UV 206. 1,
benzylagkonipmghlomgdey t@’nggvely, for ophthalmic uses, the pharmaceutical

compo3y 4 S EERTIEY91 Lol gt ors o -2

[0498 A mxture of .1-f] uoro-4-nitrobenzene (0.588 ni,
1031715 T niaranisral HIHYiSHALGDI R peapeRtiqns. B de i th, fszm RfBfEsile

1njectal§1@(§>ofﬁ%95§ax(cﬂ-sté§)le?nn%%'re§ BWRkds. iPle y(]-laa&‘agle‘é’@ﬁltlo s e

stirred at room ure overni ter was a
formulated iana pHeofpbewti 65 tasham7.5The yel | OWI sh solid was
collected by filtration (0.90 g). [0499] A m xture of

[0318]t hS%eMFéglhﬁ:Waﬁfé f‘éﬁlnt df (e .cBfhpBsitibnPof MO e R IE&%’ Ge z(qldgo/%s or
ng

In MeOH (20 nL) containi ng aqueous
oleaginops Quﬁmn%lom@hmdumﬁan%mau rb@efﬁrlmalhueé @ncq@me\t@ tq¢hgllques
Ltrate

known 1}1 the Eum?%%ullaﬁl V(le ue(r)g{l% or weEtmg asgg{lts &n? 6‘1%)2&(118% ag%nts The
sterile ihjf(c‘ﬂab@é‘fplfé@mﬁﬂly Imai apey bechi ftef}l-ecihjectable solution or suspension in a non-

toxic parenterally acceptable diluent or solvent, for example as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as carboxymethyl cellulose or similar dispersing agents
which are commonly used in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used surfactants, such as Tweens,
Spans and other emulsifying agents or bioavailability enhancers which are commonly used in
the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may also
be used for the purposes of formulation. Compounds may be formulated for parenteral
administration by injection such as by bolus injection or continuous infusion. A unit dosage

form for injection may be in ampoules or in multi- dose containers.
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[0500] A m xture of 2-chloro-N-cylclobutyl-7H pyrrolo
[2,3-d] pyrimdin-4-amne (80 ng, 0.36 mol),

wazqdAazmssnophenyl ) pi peri di n-4-ol (104 ng, 0.54rPemD53009/002512
and trimethylsilyl chloride (0.030 m., 0.24 nmol) in

nBUOH (2 nL) was stirred at 116 C 3 h.. The m xture
[0319] maﬁﬂep?ﬂgqugﬁneﬁ theRspeat wws%téoweflwstfm%ldaﬂ T bygphgfeed
form. %%W%nk %a}%ﬁﬁﬁd@é{%ﬁff&o e@' %cﬁorﬁk#?%%c%&uﬂit%ﬁ éﬁ‘lor to

adrmmﬁ@&il@ onthe Bufapingy 5 lm(éudedbmtl}d lyophilized composition for

reconstltg 1%1 %fl]fﬁlfl;%?g%g%ri gl'_h% éYCPPéIEl.l%?S r@rtigll % t%ftgzlalp c}/ornilpqilsgiansuitable
vasocogggg{o}?élgﬁsgﬂa R 0G9é ih?zed ORBaditibn %%B&f)ﬁ)ﬁlﬂfedgn a syringe,

| or o-7H-pyrrol of Z, pyrimdine (22
0pt10namma):kagtd iaad mnsnmm the bufﬁemfer (eze@stwguom such wapthy
i et hyl ami n Bu0—| (8
reconsﬂfﬂfedwé’?P’Sﬂ)(‘PP S Bt “?B‘e%ab?@t?%ff‘ijﬁqerm%z‘ ST Ur e was
rified by HPLC to give a powder (87 ng). [0502
[0320]m&p¥|pgth§fa o Yredpragr Egrmps @ng@g‘un@effq_ctwﬁ@p)ounts are within the bounds

of routlg-nﬁl gblé} dﬂg&?lgl%(g{z%l({ nﬁghfé)QE% an%gl 1)1v %r_xlt [ﬁ&ﬁ%&{%l}ﬁ&hw effective

dose may ivaryedbpandidd Gﬁ‘omt&terrﬁht@lﬁfadfﬁhﬁstt’ﬁtxﬁlwhd desspefforing Tad by
reverse phase HPLC using_ a gradient of 20-65% CH3CN i
represepiative cgpppunthongampoyads pf s davengopisaiosmyltatga th %tgxhﬁvts a high

h A0 ddVicaldSis el % &
erapetB M ORI el Ry RSP e DR i
effects 3vldthpyan b dkipress@] - i aati onleet Wt iHND s DEEIPsoA The ILIRsh crthedose

tert-butyl . . . L

tehal 1 301 ol prandatin end tha Fvej brcpyppereBp icallu By v 9 9 of

the pop‘lﬂﬂtldﬁl ameng)sg 'aﬁ@ IHISL), BR-dkrer At RADY 4Rl atdpidimale Al procedures in
mol) in TFA (1 nl) was stirred at roomterrperature

animalfcgH cpltres pr expesimentad @aptmas.ed i n vacuo. The resi due was
purified by reverse phase HPLC using a gradi ent of

[0321]3- B&Yadshibéd ré;ﬁkeyﬁﬁzﬁfve@()@ﬁge]i@rrﬂi fesceBe®hbtR] phdragduakty

powder (1 np). M5 349.0 (MtH); UV 201.4, 242.6, 306.7
acceptamh: SXSHRIFRS and garriers and dosage forms are generally known to those skilled in

the art %@c’l g%égl-ﬁg?’%%!n | It v%hﬁérﬁ?l?%f%u’l@%ﬁhde@sﬁsa by a%bl%c@ﬁé Eigia%e and
treatméd 0&i hd i 6& /AA¢ patis2 0032002542 depend upon a variety of factors, including
the activity of the specific compound employed, the age, body weight, general health, sex and
diet of the patient, and the time of administration, rate of excretion, drug combination,
judgment of the treating physician and severity of the particular disease being treated. The

amount of active ingredient(s) will also depend upon the particular compound and other

therapeutic agent, if present, in the composition.

e. Methods of Use
[0322] The invention provides methods of inhibiting or decreasing syk and/or JAK activity
as well as treating or ameliorating a syk and/or JAK associated state, symptom, condition,
disorder or disease in a patient in need thereof (e.g., human or non-human). In one
embodiment, the syk and/or JAK associated state, symptom, condition, disorder or disease is

mediated, at least in part by syk and/or JAK kinase activity. In more specific embodiments,
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HNJIT N N N [0504] A m xture of 6-am nouracil )1.00
g, 7.87 mmol), sodiumacetate (1.00 g, 12.2 mmol) and
w@bdoonsmmset one (95% 1.00 ni, 11.9 nmol) in H2BCT/G82009002512
vvas heat ed at reflux for 72 h. The solids were
l ected, and, dried, on.vacuumto gi.ve : .
the pregeht R TEt RS a1rBi bSGLOr GBI heaRilSnondigpiger pagisted at least
in part B'Q)syk hRBOBIA K kiHa%é H&tﬁ/lg/fxs cardlovascular disease, inflammatory disease or
6- met hyl - 7H pyrrol of 2, ] pyrimdine-2,4-diol (490 ng,
autoimmugy disaase) i n phenyl phosphoni ¢ dichl ori de (10 n) was
heated at 180 Cfor 5 h. It was poured onto ice. Et20

[0323] ( IaGnelemboaimenddae invERBo® pAANdeS rAIBSH (0P PresERA A8 Fbating a
washed with 5% NaHCO3, dried over Na2SO4, concentrated

conditipm in/aggened charpetenzer by erdesired Erpmbhsis ccrmlplpgmg dheaften of

admmlgllsﬁx% ?'(I)I?dgnrggl a&h%%p%%’_{ﬁﬁ?%?ﬁ? Tezir%glmq]of a cg I%ltrjllléd) ?E‘%B present
inventiom, Sﬁ)clﬁébnﬂ‘mﬁn); inotydd, 6budry haniimeted Go 16&Pervkis, dcu&Bcdmﬁér}/

and triethylamne (0.200 nL, 1.44 mmol) in nBuCH (6
syndroppey myggardial e, uvl@ta@e@\lﬁémm fphfactory aRgiga.oRelysive coronary

P
hromt g o R Yot By B BeRpy oF ORI oM m
thrombmldalkyrmemat@d@é)rehgjvas@ﬂkﬁ@;}’/]]dnémn EmbbBc stfoke thrombotic stroke,
. 2-.chl ,-N- I bt t TH 2,3-d]pyrim
wansieghiehg Rk %@3%& %O%Fﬁp VeReiihy [a%iidr%me@azy
embohﬁﬁ; c&g&@pﬂﬂﬁ?l als@ﬁgnﬁtﬁﬁ 'Hﬁ?am{ioﬂdﬂébaémnﬁd @ﬁoﬁn@ogéfo L,

rnnol ) "1 n nBuCH (2 heated at
thromb@vﬂpmrgﬁpurputa Wasrrlbhetlglmmbhteeahsmhr@iﬁb@lq dxswv eSStohElted with

heparuté{ftglu(ge% tﬁ{c@lgunfjogg%@nmromg/stlc comphc(atlor';g éssoc1ate§ ngh extracorporeal

circulat¥n, ({BroadBotie c@m@h@dtmﬁ% AydoeTaeedMith Natiuieniafdazedr & dddiad or
H-pyrrolo[23dlpyrlmdlne24- di am ne [ 0508] To

other infrayagiuld|cathgtenpptyyy, irFapatig ballegrr pupli ageonaty gemgpr cardiac valve,
condenT" Gulifig e gﬁlél%gif I?E?{ll?erifpld ficks, roung; bof tom flask, a

ut'ron-o ropanedi am ne (0.325
, t2 71 WD 2009/ 131687PCT/ U82009/ 002512 mmlg and
(03241 Ry PeRmROGIDERS HherreseRt BCRERY RrovKlen paythqdsforpating

thromb‘@ﬁ% ifAae thﬁ?ﬁbdzgﬁé é[ll%réwa% oA ca ¢ Y&nﬂbcﬁ%pfﬁxzahdlléded

S then purifie oglvel\l-
cardlordypmltl)h ylchkmylxylseasm: mm@cﬁbsp;y, mnyajca{dzal 3nfiiqpipni vacadian- 4-
A m xture of

mﬂamrﬂgtfoon gﬁftﬁ@e?“%‘“au ﬁé?‘ﬁ%ng'?oa 1s)yn Oéﬁ‘ﬁ oro-7H pyrrol o[ 2, 3
yrimdin-4-amne (70 ng, 0.28 mmol),

[0325] 6 Ia]mnﬁ@ﬁﬁ@ahw@epg Sherpresant Mvention plsa rpepvadqsmemht}hpé |f<|>1ytreatmg

e A AR o R R PRIy o

Lymthi?iaCarttDplgjspEoliﬂ”i@s $yindk@fle, Q@;b‘(l%@pﬂﬂm(siﬁmﬂ]]i)ple 8dterdbid, ¢hd stage renal

Uv 206.1, 242.6, 304.3 nm
disease or chromc lymphocytic leukemia.

[0326] In another embodiment, the present invention provides a method for treating

hemolytic anemia or immune thrombocytopenic purpura.

[0327] The compounds described herein are also potent and/or selective inhibitors of JAK

kinases. As a consequence of this activity, the compounds can be used in a variety of in vitro,
in vivo, and ex vivo contexts to regulate or inhibit JAK kinase activity, signaling cascades in

which JAK kinases play a role, and the biological responses effected by such signaling

cascades. For example, in one embodiment, the compounds can be used to inhibit JAK
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Exanpl e 61

N2- (1H i ndazol - 6- y1) N4- (3- mor phol i nopropyl) 7H pyrrol
W@R@933W@Bpyri m di ne- 2, 4-di am ne HN. . " N -PEFYS1009/002512

N NN N N HHH [ 0510] A sol ution of

kinase rﬁtﬁ?r in vgtroo hgplgﬁ% ,Iylhr [’J?'ﬁ%@l ai%q%g¥{é?%he%§mgf€5i§ﬁ;ﬁlﬁqsg 6such as
in hema@Bgoiefié ed1yih Wi f6fexbafhleTUAKB @%rémsahhaﬂtry &%‘p@sbc( Fhey may

m.) was stirred at 60 C overnight. It was then
also bepqg,ﬁd fo isgulple simattrapsdyictien cascades in which JAK kinases, particularly
r phol i r.opyl -7 rrolo yrlmd
s, B S S RO P SRR R L T R T

limitedZo cthé @fgﬁamrg(é’asamepbptytalame@éaeiaioﬁ hkapwvbweqhac&nﬂioﬂ alritha
i di n-4- ani ne - am noi ndazol e (80

chain, 4gh 3o, G0SXAREN (B0 Tlrdt y P91 Lok 1d He2{ o1 TDG2 W IL-7,

IL-9, Hg dé?nﬂ%—?l e?e%gg%él%%&%lawé d’lk}%act %@E?&&l@y%soﬂg used in vitro

or in vivb td esgutatspad mdpz(rll6ulﬁgbo 1nM51t39éilLﬂiar(dV|bh‘d)log1W rédpbnSes affected by
239.1, 309.1 nm Exa

such JAR depgnepissigpgl ﬁ@ﬂﬁﬁwlaﬁﬁmdemsb% sedludar or Biclpgigali rRsRenseS

lude, Bt 361 R PRENYL )4y diated T-cell

include, B e USZOOIX’HE%ZSH 0@% R a“ tio'g}? 1gted T-ce

prolifei2fidn.dimploktontby, the pympainmls 2aiBbel igadrto rm}dbm eIA(Klﬁ@am in QivD3is a
nobut ane (0. 125. |n

I - i
therape{unﬁg gz)mg'(gﬁowéfrc?s{}]hi Hgayent ot Brgv?ﬁﬂ,ﬂn)o qﬂseﬁ%GTF? gft)egli,l_falt%er wholly

orin pé’i@% SLIAK Rfhadd a&%yf(%feﬁed"to HelreiN@$ "J AR kiiE InfddBflePiseases™).
(X,to give N (4-am nobutyl)-

Non- llmumgl %ﬂmpiﬂsmﬁya‘\ﬂ@kloﬁsz: Bedipipg disensgs that cambageatsd ar proivented with
the conpg ¥y BB el 09 O S5 dpporing; sessisppimis ipipmone

diseases 3dH& tfzﬁ@plﬁﬁt; refbcdibn (@B, kidney, heart, lun hver pancreas skin, small
N- (4- am nophenyl) - N- net hyl acet am de 0.49 mol )

intestingnigrger inteating, (hepy Yprsus gt re@étlfero(fé)%@RﬁLandcgrg‘é VAFSBP hogt eaction

i L e e
autoimMBn8@Besef MidH) 4s Mt@&&c&;roﬁﬁ&sé’rauﬁ&lar&i Sjmgreﬁmmﬂmn@ Type 11

noc am no) - 7H-pyrrol 012, 3-dl pyri
mﬂam‘ﬁ‘?‘g ‘(hée%f:%ﬁﬂ &y ﬁ )‘“ﬁﬁfﬁff‘ﬁw%é@? Iyfingevascyl ’(9‘31%}“5&35

atheros(%f%'ré’s‘ié QAhd @&oga@ ﬂe@h@é&e?'ﬂis@ﬁﬁs Qf g{gce%trﬁﬂ R buE sg/kt@ﬁl such as

mrol ), ci s, 2-di am nocycl ohexane
stroke; rpulm@l@sldnamls Puchna lIrDmCélltthzlmmes i mﬁﬁanprulmoﬁﬁy
rred at.

hypertg%lnz ﬁcgﬁl ag#% tgpe%) pﬁe@elngudft\y; éC%TO]e% and fhematolcl)qglc I

malign&iti&y Qi bk RyikéMiadnd, 1?mg}1@masm di n-4-ypcycl ohexane- 1, 2-
diarnine as a solid

[0328] Examples of diseases that are mediated, at least in part, by JAK kinases that can be
treated or prevented according to the methods include, but are not limited to, allergies,
asthma, autoimmune diseases such as transplant rejection (e.g., kidney, heart, lung, liver,
pancreas, skin, host versus graft reaction (HVGR), etc.), rheumatoid arthritis, and
amyotrophic lateral sclerosis, multiple sclerosis, psoraiasis and Sjogren's syndrome, Type II
inflammatory disease such as vascular inflammation (including vasculitis, ateritis,
atherosclerosis and coronary artery disease) or other inflammatory diseases such as
osteoarthritis, inflammatory bowel disease, ulcerative colitis, Crohn's disease, idiopathic

inflammatory bowel disease, irritable bowel syndrome, spastic colon, low grade scarring
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[0515] A mi xture of
N1- ( 2-chl oro- 7H pyrrol o 2, 3-d] pyri m di n-4-yecycl ohexan
we@2m9/231681 am ne (44 ngy, 0.17 nmol), PCT/US2009/002512
N-(4- aninophenyl)-N—nethyIacetanide (56 ng, 0.34 nnDI)
nd trinmethylsilyl chloride (0.146 niL

(e.2. SBOERIT TS asei SOiRS D KoM RIS HEaRal 26aRS, PRORISY TR,

1RWPhdohs® thiBindPhepetiBsih Y6 ufyedt ddst §oCRTRPHITS(i6h)Bd
vasculdigbisis’ %Hj k%ﬁv s‘z‘m.'ﬁu e I570% Qe gy, d sicea
complezwgymammﬁ@aﬂsemﬁme/cem% bErVEm&Hyﬂtﬁnfsdch as stroke, pulmonary

disease sééy MZ am ge}fe@h rr% yezli rg[égrlyf TgTarx%¥p6n6n51on

delaye® }éb,tlmedﬁfd T éjI\EH rah@ls Qi @ artt BdrRMbHI I Ghie
claye@ st noedigieds 9" ,9%?%;‘322@%.&‘2%5% st B RAOlogl ndfenancies

such awﬁuke)miamnctlryphomys am ne (0.100 mL, 0.72 nmol) in nBuOH
(4 nL) was stirred at 70 C for 4 h. It was then
[0329] PUlhi shbedr Bbsikfent, @higiivmenhof %rc@'ﬂé@%%&'&iba of inhibiting an activity of

2-chl or o- 7FprrroIo[2 3-d] pyri mdin-4-amne as a solid
a JAK kingsqrgympligag xzfpntp\ctmg(qhg g AKgkinase with an amount of a compound effective

to mhllg}g%r]?%cgmt@%?%éﬂ %K%Ef dse. l§)e’rZilr_1l'tBé/ E&%&[n%'ig’ AL RYE L 4

compobhdséofaliis ivofen &6y, Ih cbrthiatembodaat msbflige (MdtBodstes€tited herein, the
mmol ) and trinethylsilyl chloride (0.085 niL, 0.67
methodyiggpiried puh BLGMO( 2 L) was heated at 116 C for 3 h.
More trimethylsilyl chloride (0.100 nmL, 0.79 mmol) was
[0330] addedothéf embodieieny thik iimveadomprdvides@ thethodnbinhériti@g by activity of
he m xtur.e was PurlfJed by HPLC to give the titled
aJAK %lé]ﬁifb ﬁﬂ@p{@gg ﬁale aCting 1B itro a( m alhamgglzt of a compound
effectw%qg Jﬂ-hlﬁﬁnan BB 6F tBe JAK kinase, wherem the com ound is selected from the
N-(4-(4-(5- am nopent yl am no) - 7H pyrrol o[ 2, 3-dl pyri m di
compowndz-of|thisimenpbeny 1) - Nmet hyl acet ar ni de [0518] A
sol ution of 2,4-dichloro-7H pyrrol o[ 2, 3-d] pyri m di ne
[0331]( 7@ a@pecific 3mbFanhont, the 50 bﬁlﬁﬂsl’@ﬂ%@tu@&ﬁto(t%ala@dfﬂff— revent
1.11 nmmol ) and trieth an1ne (0.150 m, 08 nnnl? in
rejectigE FENRNGOr tifalae %@nwééaregtpl%s (O dreattarhifon Rreygy aflpegpaft
r )i
rejecti L)I A{l%égftgé{angféa% eﬁc&d%%o%@%ft%ﬂ%ﬁ@ﬁ%&%%ﬁ Qr humogal ellmmune
reactios of the rédifiengdgainsV\@ar & IBit®3FMEdRi G2 Q80010 2bds2n{ GbHS]

A m xture of, . .
membrRqRes 40 SRSI9ER £ The cHPBICSL s Ris1as)2mned ay hyiomalel s genetic
loci terﬂleﬁrﬂugﬁﬁng%%oggt’; 1%2{)!%1 Werr?ﬁ“ﬁ)aaélél ens. gé)gether w% ’theol.\%&) blood groups
antigensntbky amrttle thiefrrammplaitdtion aphigens ctteeo(tzﬂ)ldﬁﬂlmuansl. 19

mml) in nBuCH (2 nL) was heated at 116 C for 4 h. The
[0332] M RéjBétRnVIBBRoW N ratidplahia@n Bin I1PbbréRert o EHr&é &legories:

conpound (9 nm). NB 382.2 (M Uv 210.8, 267.
hyperaggs,. @cwngg@grﬁpqo@aggfollowmg transplantatlon acute, occumng days to

months&ﬁoﬁléﬁv&%}t&%{s&%&?ﬂoﬂ gé:%ﬁéehgg\f )f(yéc%mr %I)mgnfﬂ’hp ?/C} %ol sotfoglb\%ugg!, P

i per a *hanone

transplantation.

{0333] Hyperacute rejection is caused mainly by the production of host antibodies that
attack the graft tissue. In a hyperacute rejection reaction, antibodies are observed in the
transplant vascular very soon after transplantation. Shortly thereafter, vascular clotting
occurs, leading to ischemia, eventual necrosis and death. The graft infarction is unresponsive

to known immunosuppressive therapies. Because HLA antigens can be identified in vitro,
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[0520] To a solution of

2,4-dichloro-7Hpyrrol o[ 2,3-d]pyrimdine (1.12 g, 5.96
wOor@b)3ies7 DVSO (8 ni), sodi um thi omret hoxi de ( OPGDOSIYNI/002512

7 14 mmol) was added. The mi xture was stirred at room

nperature for 2 h.. H20 was added to induce
pre- tr&pﬁpé@ SFEeaRing i used &0 pigaidicant LiedugmbyRemquEICEGIGRAHR | ed

consqué‘nc]\qéqgrl’f%‘igh&%elgh% q]ylpﬁracytefﬂ_e%tﬁnr 18|r%liatéveéy ug(fori}rrnIOIr}1 t%clla

as a sol.id (0.90 A m xtur
(033415 A8 rejechi r%éfW%%‘hﬁ"dae el iggd Py Ity %csw}wp.%aa igfe specific
cells 1n(tﬁ§%rdfgtlssge 4lé-ltlenffr@él)—zrnedlated immune reaction against these antigens (i.e.,
am nophenyl ) pi perazi n-1-yl ) et hanone (645 no,
HVGRZorSISVHlRO li§ thapdintiplempe¢hansint 9f acukd wjdcden (Acddlation cif tBé&se cells

teads i iphed e Hg e T RR v iah oo .G hsdess 14l ana CDB+

cytoto:E TERIE aRNASEIvE@ S BRREREEShd WASIAE AnMbdr s YesbRE®ES donor and
dri ed over Na2SO4, concentrated in vacuo to give

host depdyinic cally The¢ fBIyhedpard)-cetladyehy @Ico{ltzottaexcﬁ]fﬁytqrmcm ruch g4

macrop ryfé‘é’%%@ﬁ%@@h ge a :Jpg]relgh cr%teshszflrpg ctlva%lon 51gn(aflé‘ansduction

cascadds (fér &xbniple, (G'[EZS']ﬂDLtULQ)m(Y BrRydk&ldef)2are afb pyvdlvadi n- 2-
yl am no) phenyppi per azi n-1 - ypet hanone (451 ngy, 1.18

[0335] m% cdill Qf%%%lc&%:% e{&g on {Igrﬁg l@\iﬁlggg}é%} {ﬁ?ﬁg%ﬁ@seé‘%ﬁ%tenmfwng

immumdl’épmyatAlﬂWGESdoﬂéssmlhevdrial yeesereheduntaped einienteof tha graft heal by
th d fied by HPLC t [

ﬁbrosig\{gr%ﬂgfg 4em§in(rieersc;f t}lilee gl\rN?t ap%ga{rls nloremal Xfter resolugog Io)f/ gcute rejection,

dosag eg %Eﬁ%ﬁ&éu f&ééﬁ/e Zﬁ%@l‘,ﬁﬁ Bt Aldtcd Q)]\Q:Y{' AW ﬂaiv@Is:Z' yl am no)

phenyppl pe 2| n- et hanone as a so 6 my). WO

2009/ 131687PCT/ 009/ 0025 0 soI t i on of
[0336], @3 LOPJE TEECRHRFS I 4 P91 & ﬁé# i) r8fa§ tENSR 5% ffedi n
progress%s méicﬁms ad%BﬁE‘Yﬂc}ﬁs&ﬁfrﬂﬁlbﬂoslﬂgwé@ilb@ﬂfé%y( ﬁ4s fHbught to be due,
di am nocycl ohexane
in largq pr{n‘g tgﬁgllmegﬁgedﬁl“ leeu]&é hyp;:gsqmgltlvgy Shihewpashglogiggrofile differs from
I 6
raor Y EOBEIRN PRI ARAR, e IR Wi

prohfemnttlit&mn@bgra(ﬂuﬂl@r deyludPtie te3scdilmaent, eading logscheati® dqibisis, a

ng). MS 449.3 (MtH); UV 208. 5, 265 1,  305.5 nm
thlckergga%qné ad atherosclerotic changes. Chronic rejection is mainly due to a

progreé\g'l\(e l{h e&é%rﬁgil’ %%ﬁﬁﬂ%é@%ﬁme rés tﬂ{gg CZIBkvp% AL grogesql

yr| m eny Nrret etam de and

el AT RSB A ST e o

recogn[zg%%‘ﬁ]:r ihBrade 1R 'eQﬁ‘a&ilular s nthesmed antlfgen when it is complexed
N- (4-(4- (5-am nopent yl am no) - yrro 3-d] pyrimdi

respectavedy, withaeiithes Cddss At Clags deMC amcadeMa(cmhﬁges fongtion as

g Ak S BARSMEERRT U Ao B <o
Helper'E6F1&Y r@ledseinfe@fer@n faminh an@$L ) emidhubgéthetre BiylatdRlefayie

gi ve the nono-brono conpound (3 nmg) and the di brono
hyperagigyipoigaetiqns maghateq/Ry mpgrophagriadiyatian apsdhipmppigyredigiad by T

cells. Igilleo%ts §589§3%k%{ %pggntbt’rhg %ﬁé"ﬁﬁ%g‘%ﬂéf@%é’tﬁﬁg ﬁfaft %@9 og 'contact.

, .232.0, 300.7 nm Exanp
[03381 N- %ui.w% JAKKingses, Blay arsitigal rﬁﬁ‘e‘ﬁ;ﬂ‘%ﬁ‘i‘ﬁ’é}“"? af Fysets the sompeunds
descriti¥ctdfh SaloustiRTLBR) PR bl e Y - ettt idisplaniRbjection, and
are parB¢cdlady obdfol in-tie tre&;ztbnt?érquﬁwprcwu{t@p 3f ddjpstianmeaiitions (120 6re

medin i PR Dot BY o e YA F 0 S5 500 HL: | e SOMARGR cppalso be

nBuOH (6 nlL) was heat ed at 80C over night. The m xture
was then heated at 110 C fee another 24 h. After

cool i ng down, H20 and Et OAc were added. The organic
phase was separated, washed with 1N HCl, then with 5%
NaHCO3, and it was dried over Na2SO4, concentrated in




[0527] To a solution of
N-(4-(4-(3-am nosul fonyl - phenyl am no) - 7-tosyl- 7H pyrro
WO 2(402/13687 PCT/US2009/002512
d] pyri m di n 2 yI am no) phenyl) - N- net hyl acet am de (20
, . 0.033 in. MeOH . . AIN.KOH (0..60 nlL .
used tofFigt AiAISE TOVRS ChRRHARE TN i el e NGt 4 Pegicular i
renal tlfaﬁ’{pl:ﬁlt Reci GﬂlEntg\’aﬁhecéﬂﬁ‘?ﬁdlﬁ]' aabedish 'Ee‘é@ﬁl%ste%'aQo LeRLEHUS MBSrgan
acidif 1 nL) before being purified by
prior td—tmr(sptaotlggthettsla® o1 Qrgetdlmtbnp@umar(t‘x‘emgl)ent M5 452.0
(MtH); UV 208.5, 284.1, 317.4 nm Exanple 69 Ethyl
[0339] 2- 1616m6&re£ @MBJ)(Q%W ARk MNentibh PHOVids AlrdetBod bf RYAtin LT ReH
2-yl am no) - 2- oxo- 3, 4- di hydr oqui nol i n- 1( 2H) - %/I )acetate
medlatgd @@gm@mp-ne <Elmg,]compn§mg admipistesfng@o aiparient3uifering from such an
dro ui_nol i n-

aut01m UB ezsz dzmouné ég ]c'lo_p@?und éf%ﬁ?_x %g) {r n%%é the aut())lgldméne disease

whereiﬁ&ﬁh}’doni’pd&h@li@s%@&"téﬂ RofAh8ddmpdunds o8 theMABd ntionAfrf @tain
stirring at 65 C for 3 h, the mxture was diluted with
embodppenty Emp{pdséht@gﬁpgnmm disease is multiple sclerosis (MS), psoraisis, or

Sjograff PGS DR Ap KPR AR an b EE bl R (R R TG up

autoimatupaiseadeayten arefeequeadyiedigehtedlis oklovegan I‘daZﬁi@na cealmjlpe
was concentrated in vacuo to provi de et hyl

autoimgung J1sprdegsoang thoss MpRyRERGHFGaSE thed - fﬁq}‘ﬁ@@f éQSégnated as
mvolw‘P@'59ﬁemuﬂﬁﬁ§%ﬂi§rcﬁ§ﬁhé’r Neh-1eXhg Sk &Rplek 8PdREaskO fifquently

suspensi on of
design@ed @s single @r@no)mn&leﬂfecdl mpdraoqnmnnmna isbf Qi) ingludacHasgtimoto's

thyI'Ol(#ltbSr, ﬁﬂpgll%]fn%gggl @gc gnﬁrmﬂ ilutgH'émEBC etéopgn%ga%rltbfs ?ﬁqﬁrgl.ClOUS
anemiht®(m&tihé éﬂdéﬁhzﬂb ?/@ﬁﬂlé»')éufo@rhnﬁng ordhit®, bloaakashirst disase,

was filtered, the filtrate was diluted with EtOAc and
automlwaméﬁhrogtbemop%ry@rsym@t@épapbthéldmanayawnafqgrébmqwérdlsease,
prlmarw%ﬁ_bar CIE‘jrh% 35 A ([‘)rggteggrﬁgé}%e&e%tapé g, uvléesr’%gvglnc%gn @%&‘M“Drgnous

glomenviBpathyt Nopiavitidg efubles of diseases often de51gnated as 1nvolvmg systemic
2- (6- am no- 2- oxo- 3, 4- di hydr oqui nol i n-1( 2H) ) acet at e
autmmpgmg dgsorcgai%cluclee535@Tmpdgglllsaqrﬁ@e{1@tqs§erlggﬁ)@lfoa%{ arthritis, Sjogren's

syndroH{eOR@?%r ?l\:/ycl gE‘y P& lﬁfﬁ‘%oﬁtn;s’ d?ﬁBi’/tPr 051f1§ Sé/stg]'nrl)cy ?cil?rr]o dLs olyarterltls

nodosay hmllmpfie};cpihr@sllylasd Ibhﬂnlyd pemnptegaoidi Additiohal agtdipimune dlseases which

v BT A o ST Bl 5 g

dydiiRYWeBt S ofm@BrAfo 88 \eitdikiitne al Type 1 i] t
wpon ﬁ yweg% (cyg obutya?n no) - 7TH p)}lre raocl)pc(;'[mzal 3y%le] p(y)/rrjlu\r/rimoll|en0enSe

dlabetes gﬂctatnlwmf)lug oxo0- 3, 4- di hydroqui nol i n-1(2H) -yl ) acet at e

(M5 cal cd for C23H26N603 434.2, found [ MH 435.2; W
[0340]209hs p&Qéf amtdlMmuriexd@bakes Ak x{lQﬁﬁélreated or prevented with such

2- (6-(4-(cycl obut yam no) - 7H pyrrol o[ 2, 3-dl pyri m di ne- 2
prodrugs, gener k) ingugs ioge dwomehs)ﬂafv@lqmww% injyryjthatfcy wises paesult of a

G
homor iy ghPRlarcr Bpite i IRl B porispns of endogenous angor
exogenouy baginn Sblelﬂdlsmei%aré fetigoyttyogtierreal toras B{s2ides yOadehgtle
n THE (0.6 _nlL) and H20. (0.4 nL
nonan%aglaggae& %&@ﬂ%@?eiﬂcﬁneﬁg) ypﬁ\#Yé?‘yp&fﬁqﬂFlﬂﬁgyriﬁcugn
roomtenperature, the reaction mxture was purified
[0341]bmiee]dwpatspnsetlH}PjL@atdox}a gindrafly (résu{t4rom the release of

am n rro d rimdi
pharmd Bl S A Ve AR AE e iy P et anglor Bt el
cal cd for 0211422N603 406. 2, found [IVH 407.0; W
207.5, 304.5 nm. WD 2009/131687PCT/ US2009/ 002512

Exanple 71
2-(6-(4-(cycl obutyam no) - 7H pyrrol o[ 2, 3-dl pyri m di ne- 2
-yl am no) - 2- oxo- 3, 4- 83

di hydroqui nol i n-1(2H)-y1)-N-(2-(di net hyl am no) et hyl ) ac
et am de



[0533] To a solution of
2-(6-(4-(cycl obutyam no) - 7H pyrrol o[ 2, 3-d] pyri rni di ne-
WQ@2009113088N0) - 2- 0X0- 3, 4- di hydr oqui nol i n- 1( 2H) - yEer/e81009/002512
acid 4 ng, 0.01 mml) in DM (0.3 nit) was added HATU
I am noet

h t
followifyg pptErlg g SHECHH Ea e Ay Entgred bV, such Type T

reactloMlhfl b@&ebﬂn%@%uﬂﬁk@ak@ igtVBing allergzc asthma allergic rhinitis, etc.
6- (4- (cycl obut yani no) - 7Hpyrrol o ] pyri m di ne- 21

[0342] ydf‘ ety txy%agﬂé?sa%?%er'@%ﬁégégﬁz'é% W i 0

comple%‘r?e@ltvg?%efn@élﬁtd)r[cMT[Istlé}KlYath,g Hy¥eRBfsitlvity34etomMesulsden| e

lmmunﬂglehulerw@a@ tithangigemie compopsits of eslls o3 tigsysy pr withiap-aptigen or
hapten {ﬂa?%é"}?éeBHl%n}ﬁ{ 1(1”% &hé/odlbfe%r ?%’gﬁg &r ttl%hly leQa?sgs haﬁgr%% gml?cglly
assomaﬂed(v@atl( 4’yﬁc§3Mﬁy@bﬂiéwltamm)lcﬂdﬂsyﬁdlﬂdid} bt Bre hop M i ted GbRAudimmune

am no) phenyl sul f onyl ) pi per.i di n-4-ol , nmethyl-4-
hemolyélﬁ]aﬁgrigwe ﬁwtlerﬁg{aﬁggapf detpbs angd @oadpasture's disease.

2- Chl oro- N-cyl cl obutyl-7H pyrrolo [ 2, 3-d] pyri m di n-4-
[0343] arfl‘ype Igawemenslw%tﬂfe@dﬁc(my@ﬂsnhufeyiednb aojoxid-eq@yplen] soluble

3-d -2- h N h
complef s HMERF 45hPles bm%@ggvg%&fggg%ﬁ%ﬁ‘[m t@%@ﬁ&?&tm of soluble

c1rcula@|?ﬁ? efAmhnfuno %Q)‘ﬂ) ufin @Bﬁh lexed vessels or in tissues, with accompanying
£31687PCTFUS2008/ 002512 Exanpl e 73  Mef hyl

acute mﬂa(rmn(ltoyscte@cxmrysl agithiersale-of Hnpyane sbmpleX, @pdsipygn.i Nordlimitng

exampl%lﬁ §p1 g&ﬁ%? hegléll;)&)nghnyéc)uf%ﬁ: %ae%%ezsﬁg%lkg ngF]Arﬁunsor[agctlog }h%umatoid

arthritis, s€dmd dickiexs |S?§té|lt1ﬁ’d ﬁgh@@r)ythéﬂwésﬁplc@{tans R)Yr%ldﬂl&hl’(‘mgphnus
yI am no) phenﬁﬁsul fonyl ) pi peridi n-4-ol,

multiplg stlgesiseangd| bulevhpemelingeidat e and
2-chl oro-N-cyl cl opropyl-7H pyrrol o [ 2, 3-d] pyri m di n-4-
[0344] arfiype I¥alvipenehiisbity readti GrisyEleqbettiy (ﬁlﬂb@ oélhﬂi& pati-aediated,
2, 3-d] pyri mdin-2- ylam no)phenyl ( ) car barrat e
delaye({ 108 teber nftasPe @ZL@%N@UQYEWUQHS)%%WSF S%sm@ Tov
lymphc%%?es%vhla? obut am nogh &emﬁc a tlgen Non-limiting examples of

pyrro

diseasef 2it&d a myoivmng ypeZIWteacﬂlm)a}nhemmthdEFmg&drscan}d aNoetalfyrepection.
et am de

[0345] Autoimmune diseases associated with any of the above nonanaphylactic
hypersensitivity reactions may be treated or prevented with the prodrugs according to
structural formulae (I) and (Ia). In particular, the methods may be used to treat or prevent
those autoimmune diseases frequently characterized as single organ or single cell-type
autoimmune disorders including, but not limited to: Hashimoto's thyroiditis, autoimmune
hemolytic anemia, autoimmune atrophic gastritis of pernicious anemia, autoimmune
encephalomyelitis, autoimmune orchitis, Goodpasture's disease, autoimmune
thrombocytopenia, sympathetic ophthalmia, myasthenia gravis, Graves' disease, primary
biliary cirrhosis, chronic aggressive hepatitis, ulcerative colitis and membranous
glomerulopathy, as well as those autoimmune diseases frequently characterized as involving
systemic autoimmune disorder, which include but are not limited to: systemic lupus

erythematosis (SLE), rheumatoid arthritis, Sjogren's syndrome, Reiter's syndrome,
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[0536] To a suspension of 4-nitro-N-nethylaniline in

DCM (10 nL) was added at OC was added Et3N (0.63 ni,
wa2@onsmweB) and 2- benzoxyacetyl chloride (0.513Pe/PSB0B002512

mml) After stirring for 15 h at roomtenperature,

reaction mxture was diluted wth. Et 0Ac
polymygSi- et oREyaEIs; SHSTerHe SCIatas BbaE iSRS B CPlg Sclerosis and
buuoug%éﬁgp}gg& gnzoxy- N-nmet hyl - N- (4- nitrophenyl)acet ani de
709 . [0537] To a suspension of above

(034617 o 5 B pbte 51y Shifedl dttisdn B manb N s e B pmune
diseased arc24:sGARkd \@ﬂﬁseE@re(ngﬂ)?orﬂs e 4néRhdon & \K/Eﬁ:h Bﬁﬂhdié&@lgmﬁcant
at reflux for 2 h, e reaction was cooled to room

therapaugimbencefitigven in metanogssviidare therundedying agipdmirvae diseaseanay not be
s, diluted wiwth Et 0Ac and water, EtOAc | ayer was WO
%99/ 131687PCT/ US2009/ 002512 separated and the aqueous

r was further extracted with Et0Ac, organic |ayers
[0347] m%@rwl%@e crpeEnédsscmeridiotein sar boarPlEdbent: phitsdn be

woplicdiERAUREath & A oss absremrraiEreRpr DSy frerepes
such ash BSfjexaiPhe3 B]e fAﬁOWirtg g réaptdpgueing eevetiedstdpoids Qulthr & Ifredlmsone
synt hesi s of

methylmre@aw@l@nf ape Peatsplon: Hbylatnp9embt 81ch a8 cuslpphasahamisics-

calcme‘tﬂhﬂ”ﬁ}ﬁgﬁcﬂg Qi z§sLﬂ CRRNPJJQIEE RE5I AL o fid crolimuys; inhibitors of inosine
- benzoxy- N- net 4-am nophenyl ) acet am de and

monopﬁeiﬂhhtyrdghp@mgd:rwse bIMBI’DH} shqyasroyaphenolate, mycophenolate mofetil,

and azcj}éleﬂrltl%pa%néfglpgs vg% tﬁgyggr\égspélllggr] ezj%lm%)r(l}/ty while leaving the

r601ple[1[29 RufdrBYink it Beie Te%gﬁfg iNALR hﬁd]ﬁ(di}lg Naﬁaxsmﬁhe@@wnbﬂ@xample
(M5 cal cd for C26H28N602 456.2, found 0).

antllynﬁm@gg]a gidpudind AlILGH)i @[ﬁltbmeC)ﬁ@ gk))bpb;(yATGg monoclonal anti-T-cell

| ob Y rr [
antlbocg‘lj-:s( é)l&f?) ax& E‘ra {3tk [f;'n evr%rllﬂlg) {g ngs[%ylbézcuested m ace OEcRnfﬁylth
their st@nd«0d Bﬁﬁmmibh )dosa’geEtz@Hpé(Qﬁéld ffLthe pasciabidg dnBeth&tidnl&tcompanying
ng) was charged wwth H2 (1 atm. After stlrr ng
commqrr@laflyj_ gveHlag{e togape QW& (g@eealsq) tthq\@@scﬁmlpg i grrmpon in the 2006
Edltlorﬁéi?@?e??w(s}écg% Fiéut y fgfrﬁ.\‘lﬁt’gj t_h%'_(ll&;:rl?sgfeg of which are incorporated herein
by refeféc8- AlqpliopringisrcuZreytl g avaiapphfeoiy BaliR -Phychaceytdd sydhdryhader the

brand %%a&mgrgg&gp&?% i%gﬁ'g%tﬁ\'ﬁ%ﬁ%g gf?ﬁﬂl fg}%u nlghzlrma euticals,

Inc. uxN’e(’ the(Ktak F¥&hO PURANEGHOIR,) prédthiBde! &l Prednisolone are currently
3-dl pyrimdin-2-ylam no) phenyl) - 2--hydr oxy- Nnmet hyl a

avaﬂabé@ frnindRoxane Ljabewg]rieAcknor; Mfrtgyltmedmsolgnm@ rcarrepiﬂy)@‘emabl@ from

Piizer; £l UCB) RTIBLIS ST ey D O S ANy PPl Dnd name
RAPAMUNE”@):@JI’E@HM'@ vl Ivail@se fidnFdjisalva under the brand name
benzoxy N- net hyl - N(4- am nophenyl) acet am de and

PROGRA®, pbc‘rlesmn@wa:wrﬁn@ pyalablg fsgin N vartisungley theyhrang dame 4-
SANDWI(\J%}Q ?qng %{E@é ytl%gﬁr%arntgg bugd name GENGRAF; IMPDH inhibitors

such af ﬂyé’o@]epglmermdfem 2nd lﬂy&d&ph&ﬁﬂh&hﬂn& erel\&umhhylaammbwﬁrdm Roche
cal cd for Q{%H% 02 442.2, found [

under 'E'B gzp_—[]]d e LBV GEP S anddrom B@HEW%‘)@Q“ the Il\)/lr_gnd name 124YFORTIC
azathic%!‘ ind 15(5{1;‘& Yl‘}laQQi'iéb(Pé’ h%m 913(0 g'l_”hJH’VK[l %1 Bnde? 11 bragld n?me IMURAN

pyrim din:=2-yl am no) enyl - yl acet am
and angbodies0B8¢ cumrext)y availgble Pﬂo(n@ Otthmblomh uaditatle Bdh @ nbi

R Ry SISy o2 S p A and o

Roche BB&QQE@BF&M@ nERBCZEI@ABJL\‘Xe(dachzumab)
N-(4-(4-(cycl opropyl am no) - 7TH
2009/ 131687PCT/ US2009/ 002512 pyrr oI 0
[2,3-d] pyrimdin-2-ylam nogphenyl) - 2- hydr oxy- N- net hyl a
cetam de (M cal cd for C18H20N602 352.2, found [ MH
352.8; UV 206.3, 228.7, 297.3 nn). Exanple 76
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N4- cycl obut yl - N2- (4- et hyl suf onyl net hyl ) phenyl) - 7H pyr
rolo [2,3-dlpyrimdin-2,4-diamne a NH [0542] To a

woreoobaswsdf 4-nitrobenzyl chloride (1 g, 5.8 npol/PSaNg002512
TBAI (0 11 g 0 29 nnol) |n Et OH (12 nlL) was added

, . After heating at reflux
[03481f oﬂn azoﬂler @rnbowm@pu rtlae mp%éﬁ eeuld @eﬂémlﬁféﬁﬂeﬁ*@?nwombmauon
r
or s FRULIBI AR MR SF LRER R LILRCHIE Efbun

play a cﬁlﬂMB}olJ h Feyresdpusrasi@faling, as well as in other 51gnalmg cascades such as
met h Isulfonylnethyl) 4-ni trobenzene

thosel vipgi c@k@pﬁ(tema@lmgr{a"uwe(q!e (%QO)MHM@&V T@féfw 21:148-
154) ax{dlln?e%ngi\];%tgpmét% zﬂxcfﬁ%%@é‘fﬁ‘g EA@EE (15/1%cs d efal, &?0%2)

Immunidyt 116: 3t70758). mﬁxeﬂlpw byk Biahs @hach hablaOhle br high affihityelgE
and concentrated to

receptof signating Insuas GAYY that lgews) t&rﬁCPP’?\‘é)"(‘H‘d§uB§eun'@5ﬂ]&P56 of multiple

chemld%?%lg{h?%ﬁ‘%thtap rgggg Qfé?%rcaalt a prr & g?rofjgﬂ%es%ﬁ]@ ] !&?ﬁlskr#%&%,_ \éltnch help
regulaty Itlmwpanlq))/menyélsed frniqhi})eplopeellldmediAechypeﬂV hypersensuivity

| sul f )aniline, a
reactiops gy %wasq\beggﬁv Bl 91 e AP efb‘iogve[dzn IMEHAT FeFamdipted, Type
Ihype@é'ﬂsﬂ?w@ar\éfctlons Certain comﬁounds that affect the s %athwa may or may not
N4- cyclobut yl - N2- (4- et hyl suf onyl net hyl %p enyl) - 7TH pyr
also affeot e JAK3pathwyys. m di n2, 4-di ami ne (MS cal cd for
O 8H211\ 1502S 371.5, found [MH 372.1; UV 205.1,

[0349]27§n§3}ble3§% 115h18[ﬁ>ry doxaitiohes 4ré descrlbed for example in Ser. No.
( 3-met hyl suf ony

07355430 b by 0BT o e OU P xS QIR0 P AR08 TO4uS er. No.

10/631@@%1&3@8% énzy'lsjsﬁﬂg (84@8?4%%26‘3%&;[ P(%ﬁ% 2g§’ﬁ%tdgl'ﬁ1( 3%5%004

PCT/UiSR004/04(5! 6Xtlde dull\laG&UOHi?(V\(@O@illO 95893) Ger.miml 1)0/90§f 87@rﬁled Jul. 30,
xt ure was. cool

heatin re
2004; ?%Bﬂ%st?g%@ﬁg%ﬁ@d J&hcﬁot %‘é% rsér:uliﬁ' 169f6é9 &%rfée%HPVe%‘{ @804 Ser.
fAslyt n v
No. 0 iy oS Nes SU 2% gt B o 200
disclostiesaf mtmthme imforporated herein by reference. The described herein and syk
inhibltm%egqlg)ﬁ %st’l 1 ?% %%%hﬂ%%?ﬁpg I@E){r@)brﬁaﬁnljng Soggl( o 77d19<i>rr: Sﬁnventmnal
transpladt Bjetionltfe e A¥DA) de@&‘i’be@rﬁ'ﬂé@b um formate (2.25 g, 35.6
5 After heatlng at 90 Cfor 2 h, it was diluted

[0350]\2'I h Et Q’%% emvi?% d%?nt\’\{he 670) %toHrrl S (?agl be uHC((ijlgd trgalrt Stevgntl tﬁgse

ncentra

disease3-if @Bﬂidhyd thut 4re @)&h&ﬁhhhﬁﬂl}/&l@hlrbmné@e 4rési@dant)[t0 24 fHat become non-
According to the general procedure for jynthesis of

respongive 4o zr@at@e%w% atsyk HHRIEY PrppPre of anefdhg9thehswrent sreatments

for theﬁﬁ@[&#ﬁ??&ggﬁ I)l/"PH k{)lﬁ@?l&ﬂéﬁlcplﬁ{(‘ieﬂ%&n%e ik in 8mbination with syk

inhibit@ry@oingroonds- nyatibots uhay bre7dykpgammpiund résiSamt]qpyon regpionside. Suitable

. apine gave . . .. o
syk-inlRUERY SOBRORYTS Wb PpIcfR FPERPBRY 986 PIBHEAT T FpPRyided infra
olo [2,3-d] pyrimdin2, 4-dianine (M cal cd for
[0351]c1mm2@bsdim®t thisunwbr{tim]prwgesla meNod pd tr§atiksy Tasell

mediaigd 83ihie FERE: GBI M 2 A RSP i B fompuch an
autoimuire4idch@&dnnamneie 9% oNpel iy tAedivaid eeat the autoimmune disease

wherein the compound is selected from the compounds of the invention, as described herein,

and the compound is administered in combination with or adjunctively to a compound that
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[0548] To a solution of 2,
4-Di chl oro-7H pyrrol o[ 2, 3-d] pyri m di ne (0.062 g, 0.33
woreb)i3i687 DMSO (1 nl) was added DI PEA (0. 117 neCT/0SB69/002512
mml) and 2- ( 3- am nophenoxy) - Nmet hyl acet am de (0. 095
mmol ). After heating at 100 C for 15 h, it was
mhlblt%mkd%lwemman 10 sothy rangead AblersiUSHNo/ 002512 Et OAC,
[0352]\’\’31‘?‘1"11%@ h\M %:1%88?1%&1?%&@ iNHGSR prcR)'l(ﬁJgea mgt'ilbg gf ﬁ’@zg[mg or preventing

oncen

allograft- tfa’ﬂs;ﬁlamo’ejeeﬁoﬂ 13 zpyamspllam& ZecBpiel) tpydrhpii i g adim ynli e ippjoghe
noxy- N-net hyl acetam de (0.062 g). [0549] To a m xture
transplagt récipient an amount of a compound effective to treat or prevent the rejection

whereif el S R AR AR M C Mo R BPherein
In a fumlzes e&dxdddnﬁﬂatﬂlre noinpdamcbiseld(lﬁm@l%&cg)) aaisduel MSGilorigln Pilidr to
% fter heating at 115C for 15 h, the m xture was
transpliuﬂ} qgftga tlﬁpewgﬁgqqpﬂéwq 6a1bsp{;aé1t recipient.
2-(3-(2-(1H i ndazol - 6-yl am no) -
[0353]7 I—klmylpﬂmr ol[an@incﬁnp,yhis riil‘deintiozl pyd\adﬁsm)lptherh ok yewhm Mypramnting
{\/5 02 428. %1
allogra‘f3 I\/ﬁns ﬁ@t rijchQ}l g‘%% rinspgafi re(glmmt |t S I?&CUOI’I Is acu e rejection,
comprlhl%g(aaﬁhxhlﬁt@ﬁﬁg’ ko freftdahspldht RYiple@t 8n amount of a compound effective to
3-dl pyri mdin-2,4-di am ne NH2 [0550] A m xture of
treat owremnul@rﬂembomwlpmmdh@fqnmmlpyfrlfscrﬁ: fram the comgounds of the
1nvent1% 53 nmol) in Amonia (7 Nin MeOH, |InL) was heated at
50 Cfor 24 h, then it was diluted with EtO0Ac, washed
Sat . NaHCCB brine, dried and concentrat ed to
[0354] g gi va@ngﬂ)@h eepadmgthisiipyentign @}wﬁlqsm Bethed of HRAHE QrePreEEnting

Dt
allograg_t F@r i eIHg/ﬁr{T% ﬁ%u;gpgang}ec yl?lent wtél_cﬂ_t%e rrrleﬁeectlola }socglr(ér’nc
rejecti(ﬁl 85@prving hdmmistBu gty (hﬁYrantplalwasmp(ddem amount of a compound
am noi ndazol e (0. 094 é and T %
cffecty 5 524 Pt fhe mcapnh%%%rﬁwgth%fow ol ofiegeq from e

compolids TR BeAi¢h.purifed by prep HPLC to give
N2 (1H-indazol -6-yl)- 7H pyrrolo

[0355] ]‘g'_ﬂnoll'%% Tg]gglénen% ﬁﬁ dn%“ggﬁ pgﬁ/?efi%x%thlo/gé)g ?rﬁgtﬂr}%f grrpreventing

allogra@@ﬁiﬁﬁ#lﬁn Jection in a transplant recipient, in which the rel|ectlon is mediated by
4- (cycl obutyl am no) -7 pyrrol 012, 3-dl pyrimdin-2

HVGR gf| %\#‘R@F%‘ﬁéﬁ?ﬂ ANFERIFIPTIBY K B Ep s et dPEBieAhi@mount of a

compo} 87385058 iy vl BRI G5 B R ROLAT o
the compound® ofivhid Jnvamsibrs ye degeribpdhaenr. bonyl chl oride (1.32

m., 14.4 nmol) at roomtenperature, after stirring for
[0356]1 fﬁ Ef?ﬁotlfe? eMbbERaT ahH iBventiBh é)%\)i&ééraem\é@l%d%'flnggt?rg’ Yy ﬂr@ventmg

c, the organics was washed wth Sa
allogra!&rtramgpladtrnemtlamm g a'an&gham mcnpiemongwhgh the allograft transplant is

selectegﬂﬂ%a%{, he?@t ra;fir\)/g{e (r%%é] Cl o Eg@gcgﬁgﬁ)s(%g]ng ﬁ%ﬁle transplant
rempleabm/zﬁn@ﬁm@@ arébﬁﬁiéﬁﬁd éﬁea)velt@ n’éatth pr@inirthe rajeetidi Qvelddn the

nm.) was added iron (3.6 .5 mmmol ) and amoni um
compofipg Heselecieddeomy thelc:mnmﬂn)is Oﬂ'ﬁles lmvwmne apeescribed kefemt 90

Cfor 2 h, and was cooled to roomtenperature. The

[0357]rri Mt atoehen@mbaingre Cthis i Venldod Ao videssh@eihold tolfl Sading or preventing
NaHCC3, bri ne, drled and concentrated to gll ve N (4-

allograétﬁrqﬁléalﬁewffnﬂp HbE HPRPJ S35 RIpRIn L AP ISE B ilRer it trensgalam is

4 o
selecteg Qéﬁ? ]é rkog CyC T\g v%i'“_sinﬁl_& g?/{rn? c8fn£r1§1ng admlmste d)n to the transplant
recipieatmamam@@ ofig, coﬁlp&umlmf&ctlvﬂ to B‘aé}d)r(;ﬁe‘&n[rﬂl)e Mﬂsuaddfhdrem the

compoHﬁ(g ﬁsos%% %r)qs{é%@%%/jls (é%ﬁ'@grﬁ)yrﬁ%%?)gea%a Doan %}%l{lgln which the

heating at 115 C for 2 h, the m xture was cool ed and
purified by preparative HPls@ to give

N-(4-(4-(cycl obutyl am no)-7H pyrrol o[ 2, 3-d] pyrirnidin-
2-yl am no) pheny1l) - Nret hyl cycl opr opanecar boxani de (7
rTg) I\/S found for C211124N60 as (MFH+ 377.2. X =

N N NN A



Exanpl e 81

N-(4-(4-(cycl opropyl am no) - 7H pyrrol of 2, 3-di pyri m di n-
wWQ@200basm68D) phenyl) - Nmet hyl cycl opr opanecar boxanPCBUS2009/002512

[0555] The title conpound was prepared using the sane

synt heti ¢ schene deponstrated in Exanpl e of
Compoww -agw-nvatﬁ@ridaawﬁawflﬂa)wmr@dmns%{fg,t%?laqtbvri m di n- 2
immunoM! Fg's%m.phenyl) - Nret hyl cycl opr opanecar boxani de. Ms
PR S OLDoNGO as (MRH) 363 1. = 211.0. 228.7,

296. 1. Exanple 82 . . . : : .
103581 R Ap 4otk SHEPAG M A5 inMRgR PVt 4oty of rling o5 pypgniing
allograftitRAIAAR R e d MRt YA Y ah PREARE SGAY RO B MR ofOR&spiheis

title conpound was prepared using the sanme synthetic
selected Eloanaekideemn ndtenrit ®vémantkahplgecarhprising administering to the transplant

el RO B R
compofélgi;i%?%@tg% Godi R Nethpasndd\bitthe id@Atidn, ak descéibdd Bered)3n Jhich the

compoynd i3 admipiptaredzn cogbinagan math qrradpinctively 1o anghen pyri mi di

gy SIBABGE 868, 300814 ORLECT SRR RORRA2

a suspensi
tacrolirdus; Bireliud -aq iElibidrt o1l IMPTH; pytosteaplie3 nojcbplydnomtel mdfetil, an
. _am ne.(177rg}; 0.88 mmol) in nBuOH (2 nlL) was added
anti-T-Egisentifoglysand @KT39. 88 rmol ). After heating at 115 C

for 24 h, the mxture was cooled and purified by
[0359] prBpacatjounedHRisCribal lgreia are cytokine moderators of IL-4 signaling. As a

2-(2-(1H i ndazpl - 6-yl am no) - 4- (e |thio)-7H pyrrol of.
conseqBen 5 PP ET R RO LS SHYE of GYBB] hkapsaligy Fetions.
Thus, iR ld%g@d?ﬁ& eMb8diment, the compounds could be used to treat such reactions and,

2-(2-(1Hindazol -6-yl am no) - 4- (et hyl t hi o) - 7Hpyrrol o[ 2
therefore3 th] gaaisen asbociated withe me8RiatRy, Or ¢@1sadby pu¢hypereqgitivity

. d nCPBA (50 . 187 ). Af
reacioff o g PAe el anparatiially-grt s Kbl WidTky utggecouta
take on@idr iid2€l oHe!T AL SAEGti vershpdunds desGathed NS¢ PBior B éxpReted

dried and concentrated to give a m xture of )
eXposugGioradis asAt Fneelauthe smecta dragipssoXi eeelminatermlfogeshey, pn allergic

response. .

[0360] When used to treat or prevent such diseases, the compounds can be administered
singly, as mixtures of one or more compounds, or in mixture or combination with other
agents useful for treating such diseases and/or the symptoms associated with such diseases.
The compounds may also be administered in mixture or in combination with agents useful to
treat other disorders or maladies, such as steroids, membrane stabilizers, 5-lipoxygenase
(5LO) inhibitors, leukotriene synthesis and receptor inhibitors, inhibitors of IgE isotype
switching or IgE synthesis, IgG 1sotype switching or IgG synthesis, beta.-agonists, tryptase
inhibitors, aspirin, cyclooxygenase (COX) inhibitors, methotrexate, anti-TNF drugs, anti
CD20 antibody, PD4 inhibitors, p38 inhibitors, PDE4 inhibitors, and antihistamines, to name
a few. The compounds can be administered per se in the form of prodrugs or as

pharmaceutical compositions, comprising an active compound or prodrug.

[0361] In another embodiment, this invention provides a method of treating or preventing a

Type IV hypersensitivity reaction, comprising administering to a subject an amount of a
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[0559] Step 3: To a solution of the above m xture of
sul fone and sul foxide (100 ng) in DVSO (1 ) was
wa@oaed3gByci nam de hydrogen chloride (60 ng, OPGBYS2009/002512
nmol ) and DIPEA (O 16 nm., 0.89 nnDI) After heating at
m xture was coaql ed and a%rlflﬁl

compon%ggﬁ:céjtvF\y% trpﬁ_c& p{fb eaf the hypersensitivity reaction, Wherein the co¥npound is
selecteaﬂ(o%’i ﬁxyt"ohﬁ%ﬂﬁ@ ofthil iRPatRdh; d4deR¥itedl Rkedn3- d] pyri m din
-4- ylam no)acetamde (6 ngj. Ms found for CI15HI 4N8O
(0362] stﬁfneﬁge( B Py TR ORI s St 6 5118 of e ging &
Type vaggmsam@hwﬂﬁe&u& whik B bl caidhInRd pRY 1 ARICANY aeaipaiinge
0] The title conpound was pr eégr ed using the sane

admlmgﬁyﬁpg]éq ? eumw@n@nwnbﬁ%a ¢(Htlefdmdr¢f avplogreat or prevent the
hypers&!isﬁtlwgy re§cq Cl & S:re rremcglo%)f]) sré[ec %[fz J 31 «;&%n ounﬁléof gus

amns) pheny’ Moprispanecar Sxam

mventlf)ﬁ) URdlek@be@hkield, Al Iy ddamiddfelilpridPé ekpokure @@ alergen.
273.6. 304.5. Exan'pl e 85

03631 1|€1”an(>fhe§ ‘éﬁ%%@%g&’ ﬁ{!‘hﬁfc)nt%# PWidd a;)%gt’hgd dl gmlm]g b Qiehal

propyl enzam
transdt{cﬁBﬁ thscadeint whick J Aﬁmonm pl&s apokpacedrisiap oonthétingsace
nt heti c sclz)grre denmonstrated in Exan‘gle of

expresy § & IQCAD(CE yRYOBYSGH I ISUPh  SIENFIRERASFATICAT S BCRIPBYdh bgralnsthe

compomya RMeRekRTRIY e m&%h@ MPﬂh?s%%}ﬁﬂﬁC §§ @é&ﬂﬁéﬂ?erelws
found for C22H29N7

[0364] N%g‘f%PH‘%%%?gP%‘Hﬁff‘%%PYF&PO‘? ARG ‘8[3'5‘0% OBFpYnERrdrRrenting a

JAK kidadt-mpiinRtrieayel topRyide adirneRERY B £ hajédtiad @mouhP&6mpound
The title conpound was prepared using the sanme

effectivytattreat Prcprovent ke Hekduase-anasirteddissasaphberen the compound is
selecte&l'fﬁ(o?h ‘h% C)Q) %ngs ﬁyth{% n né)rptlollesp &/escr(i)be%[ 2%3 d pyr i mdin-2

enye- bpropanecar OoXami de. M5
ound or C20H241\ 1602 as (MrH) + 381.2. X = 229. 8,
[0365] > 7 apothgy gm@od@ggﬁﬁh@ igvention provides a method of treating or preventing a

JAK kinase-mediated disease, in which the JAK-mediated disease is HVGR or GVHR,
comprising administering to a subject an amount of compound effective to treat or prevent
the JAK kinase-mediated disease, wherein the compound is selected from the compounds of

the invention, as described herein.

[0366] In another embodiment, this invention provides a method of treating or preventing a
JAK kinase-mediated disease, in which the JAK-mediated disease is acute allograft rejection,
comprising administering to a subject an amount of compound effective to treat or prevent
the JAK kinase-mediated disease, wherein the compound is selected from the compounds of

the invention, as described herein.

[0367] In another embodiment, this invention provides a method of treating or preventing a
syk and/or JAK kinase-mediated disease, in which the JAK-mediated disease is chronic

allograft rejection, comprising administering to a subject an amount of compound effective to
treat or prevent the JAK kinase-mediated disease, wherein the compound is selected from the

compounds of the invention, as described herein.
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N- (4- (4- (cycl opropyl am no) - 7H pyrrol or 2, 3-dl pyri m di n-
2-yl am no) phenyl) - 3- hydr oxy- Nmet hypr opanam de NH

WO 0®833168he titl e conpound was prepared using PCEHUSHNE002512
synthetic schene denonstrated i n Exanpl e of

-(4- | ob | am - I , 3- 6f | L M di n-
s G IR e TR L T
pathwafifggﬂg aétféf)i(tg%%gﬁgégﬁgg c&%p&tll\ﬁ"d'gs"'an?iﬁﬁi'b?tor S a sy%za%dﬁor JAK kinase can

be assehid(ih Mitrandiainoli v -1y lsamie eobollndnt & iy acaix aly 05 a gpcified gympound
ol %2, 3- d\lsl rimdine-2,4-di am ne Ts TMSC1 nBuCOH KOH
can be feskcglan age Elya‘i?SS% a suspensi on of
2,4-dichloro-7-tosyl-7H pyrrol o[ 2, 3-cf |l pyri m di ne (100
[0369]ny’,Cedl ;20lifenasive disoradll GHexslio midisondes chddedrized by abnormal

... 3-.am nopyr azol 26 . 32 mo] . nd WO. . .
prolite38 o] 0 At S D55 Db PET D s tion wigh respet (o
the ratd’H0dell grOWHE but@dtdl y thddtate@Qods dfAorMalbontrBR tHACEifeE€g¥dgh and

diluted with Et 0Ac, washed with Sat. NaHCO3, bri ne,

cell diyisipadl asdincomsembagiments ocelfs éa arafifsmativedigprder can have the same

.chlorg-N (1H | -5-y1)-7-t 1-7 rrol.ol2,3-d ..
cell d1\§1:s'1lﬁ]n aaiﬁ%seqs zﬂoénrﬁgﬁ éeq%%gbg(ﬁés)g refla%'@gt}g sggﬁqgat 11,%19 %uc‘h grolvPr}{ Within
the amBit HP edesl ;ﬁﬁlii@fative disorder” is neoplasm or tumor, which is an abnormal growth

~ 2-chloro-N(1H pyrazol -5-yl1)-7-tosyl-7H pyrrol o] 2, 3-
of tissug} pRGerieferido anypf Meriquegnaligganinepg aﬁ%ﬁ?arﬁﬁeﬁm@ the

prolitlfiibn SR hady HE APSRAEC ] i\ B, Mo BRIl Hrgsiasize
to newfcotoniZatibn sitéke m xt ure was cool ed and was added MeOH (1
rnL), followed by a solution of KOH (100 ng) in H20

[0370]( Oendhly, c&i gﬁﬂif&%ﬁ% A8 offerSPeftatiOWid the cdifort@b WiscRRed herein
was concentrated and the residue was purified by

relate tprapp aisardev ehdiRti€rizes oy ateerrant cell proliferation. These include various

e YA P e o
cancer§50EH 3NDssas invivbikédesd oBdétabask, candeQafbetedBbink, thd Hfdtitbds

described herein. Cell proliferative disorders include a variety of cancers, including, among

others, ovarian cancer, renal cancer, gastrointestinal cancer, kidney cancer, bladder cancer,

pancreatic cancer, lung squamous carcinoma, and adenocarcinoma.

[0371] In some embodiments, the cell proliferative disorder treated is a hematopoietic
neoplasm, which is aberrant growth of cells of the hematopoietic system. Hematopoietic
malignancies can have its origins in pluripotent stem cells, multipotent progenitor cells,
oligopotent committed progenitor cells, precursor cells, and terminally differentiated cells
involved in hematopoiesis. Some hematological malignancies are believed to arise from
hematopoietic stem cells, which have the ability for self renewal. For instance, cells capable
of developing specific subtypes of acute myeloid leukemia (AML) (Cynthia K. Hahn,
Kenneth N. Ross, Rose M. Kakoza, Steven Karr, Jinyan Du, Shao-E Ong, Todd R. Golub,
Kimberly Stegmaier, Syk is a new target for AML differentiation, Blood, 2007, 110, Abstract
209) upon transplantation display the cell surface markers of hematopoietic stem cells,
implicating hematopoietic stem cells as the source of leukemic cells. Blast cells that do not

have a cell marker characteristic of hematopoietic stem cells appear to be incapable of
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Exanpl e 89

N2- (1H i ndazol - 6- yl am no) - NA42- et hoxyet hyl ) - 7H pyrr ol
wW@e@933d@Bpyrim di ne-2,4-dianine 0 1 NH N ' NN NeQu/HS#409/002512

[0566] The title conmpound was prepared using the sane

thetic schenme rmnst ted [
establi T BRI BB P RO CNOF f 2 (7 a BI04 31 13y, The stem
cell Orl%inq{f%?ﬁﬁ%] lgg{ak&b%bﬂ%al%r%héﬁ%ﬂgo gll}@s El.g%#(‘)?'t i ke %bsngrvgnog that

specifid elfromps ¢malabmethalxies tabsdceatédhw)jth p&npy}atr oy of Bulfemmganrhe

found 1%%%?1{11%#(? ilg%ﬁ%bgtﬁen' ' i erazi nt @E han%gazih%ells[lgor mltance

the rec%@ﬂ alBhhdoEiBe 'ﬂ(@qg&@dj‘ﬁlt) ra%&%téd"wﬁﬁ appiRifitely 95% of chronic
1H i ndazol - 6-yl a

myelompuswukqma@pg@ma @: preyent i esfisrad|tieg myslogd, syythigidiiand 2ymphoid
lmeagexsgglfgrirt]uggethﬁtg/tg §Rru %832%%5] egr%q%% \oé%%%teassln% m'ﬁpopmegc %tem cells. A
subgrolj2 of ddttsiin dedaih 1fpey lof OMI0 Hishryé Zhefwmrxﬁx;y(et plydnotyperayr r o

[ or2, 3-dl pyrimdine-2,4-diam ne HO NH N
hematopoietic stem cells.

[0372] Although hematopoietic neoplasms often originate from stem cells, committed
progenitor cells or more terminally differentiated cells of a developmental lineage can also be
the source of some leukemias. For example, forced expression of the fusion protein Bcr/Abl
(associated with chronic myelogenous leukemia) in common myeloid progenitor or
granulocyte/macrophage progenitor cells produces a leukemic-like condition. Moreover,
some chromosomal aberrations associated with subtypes of leukemia are not found in the cell
population with a marker phenotype of hematopoietic stem cells, but are found in a cell
population displaying markers of a more differentiated state of the hematopoietic pathway
(Turhan et al., 1995, Blood 85:2154-2161). Thus, while committed progenitor cells and other
differentiated cells may have only a limited potential for cell division, leukemic cells may
have acquired the ability to grow unregulated, in some instances mimicking the self-renewal
characteristics of hematopoietic stem cells (Passegue et al., Proc. Natl. Acad. Sci. USA, 2003,

100:11842-9).

[0373] In some embodiments, the hematopoietic neoplasm treated is a lymphoid neoplasm,
where the abnormal cells are derived from and/or display the characteristic phenotype of cells
of the lymphoid lineage. Lymphoid neoplasms can be subdivided into B-cell neoplasms, T
and NK-cell neoplasms, and Hodgkin's lymphoma. B-cell neoplasms can be further
subdivided into precursor B-cell neoplasm and mature/peripheral B-cell neoplasm.
Exemplary B-cell neoplasms are precursor B-lymphoblastic leukemia/lymphoma (precursor
B-cell acute lymphoblastic leukemia) while exemplary mature/peripheral B-cell neoplasms
are B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma, B-cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma, splenic marginal zone B-cell
lymphoma, hairy cell leukemia, plasma cell myeloma/plasmacytoma, extranodal marginal

zone B-cell lymphoma of MALT type, nodal marginal zone B-cell lymphoma, follicular

91



NN N HH [0568] The title conpound was prepared using

the sane synthetic schene denonstrated i n Exanpl e of
wOe00/48+68dazol - 6- yl am no) - Nd- (1H pyr azol - 5- y 1pcT7H83999/002512

oIo[2 3-d] pyri mdi ne2, 4-di am ne. Ms found for

lymphqﬁa manwzcg:eﬁ ‘Tyn(lgﬁo@la d3 t]f sezlarge B- cel%lymp orr?ao?ne%iasgéﬁqgrlgg B-cell

o i SN A R BBt

cell and\Nk ceN nRoplashi-aic(8BBar svhélwdeﬂlletoqvm@méf -orlbn ar engl mature

(periphugsgpgg-f}%llp e<1>;0p asms. %Qterrr]lgfary p%%&l%gp T ntc]glt)lglsark 1S pregursor T-

lymphdW2astid HmﬂﬂﬁiﬂleuﬁeMJ e(g}déﬁ)som dejll‘dcﬁbérl gholﬁaéﬁb)lelﬁ’&rﬁw While
e

ol o[ 2, 3-d] pyrimdin 4-di am ne. ound
exempl@]ymzmm@eashf(rw [j-aelBepjasmy ate imrll@rolxgwhecytalanlﬁﬂr@a T-cell

granula?%méhc&xﬂéf' am X O)aggérﬁssw”o c?llzlegk%ﬁua adurlﬁ; dlc%llz_

lymph@hﬂﬁhh@hﬁﬂﬁlﬂﬂ\)-ﬂb Retradodyl MY/ e1Ngmphema, 185 49pe, BAgropathy-
title conpound was prepared using the sanme synthetic
type T-selh bimephoatie AeRatespédig &arestlaréﬁlté To¢ell lymphoma, subcutaneous

pannic 15(1%@;3’1" g%@&@ﬁ%ﬁ)&ﬂ é}ggﬁl Jl&@%é%gl%{%e}%naﬁagﬂé [arge-

cell lyrﬁﬂﬁiﬂﬁi N702 e, ()Mhlal)yi-mtt&ﬁzoﬂls typerPfthebal T36:31 mphvaniphet

otherw?sg' characterized, Angioimmunoblastic T-cell lymphoma, Anaplastic large-cell
lymphoma, T/null cell, primary systemic type. The third member of lymphoid neoplasms is
Hodgkin's lymphoma, also referred to as Hodgkin's disease. Exemplary diagnosis of this class
that can be treated with the compounds include, among others, nodular lymphocyte-
predominant Hodgkin's lymphoma, and various classical forms of Hodgkin's disease,
exemplary members of which are Nodular sclerosis Hodgkin's lymphoma (grades 1 and 2),
Lymphocyte-rich classical Hodgkin's lymphoma, Mixed cellularity Hodgkin's lymphoma,
and Lymphocyte depletion Hodgkin's lymphoma. In various embodiments, any of the
lymphoid neoplasms that are associated with aberrant JAK activity can be treated with the

syk and/or JAK inhibitory compounds.

[0374] In some embodiments, the hematopoietic neoplasm treated is a myeloid neoplasm.
This group comprises a large class of cell proliferative disorders involving or displaying the
characteristic phenotype of the cells of the myeloid lineage. Myeloid neoplasms can be
subdivided into myeloproliferative diseases, myelodysplastic/myeloproliferative diseases,
myelodysplastic syndromes, and acute myeloid leukemias. Exemplary myeloproliferative
diseases are chronic myelogenous leukemia (e.g., Philadelphia chromosome positive
(t(9;22)(qq34;q11)), chronic neutrophilic leukemia, chronic eosinophilic
leukemia/hypereosinophilic syndrome, chronic idiopathic myelofibrosis, polycythemia vera,
and essential thrombocythemia. Exemplary myelodysplastic/myeloproliferative diseases are -
chronic myelomonocytic leukemia, atypical chronic myelogenous leukemia, and juvenile
myelomonocytic leukemia. Exemplary myelodysplastic syndromes are refractory anemia,

with ringed sideroblasts and without ringed sideroblasts, refractory cytopenia
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(S)-1-(4-(4-(2-(2-am noet hoxy) et hyl am no) - 7H-pyrrol o[ 2
, 3-dl pyri m di n-2-
wQ b@gitsisyphenyl ) pyrrol i di ne- 2- car boxam de [ OB PSI0L 002512
title conpound was prepared using the same synthetic
nSt

(myeloRGAT e NEDBEY BU IR HBS ERAYCalgE iy BT Tp Y2 fpyglgdysplastic

d
syndroﬁfeg’w[lt% é%%%%gdé’stsnsqlsgbﬁ@mﬂle hncﬂmy@l%d§%ﬁlsﬁ@ldgﬁdrﬁﬁfe Invx\grlous

embod g, :BB]_ 68 RaTy¢ISR0Gop RemS thmt Evcmx:pd)ceatg@ with aberrant syk and/or JAK

acnvnyo‘fa%. {‘ﬁr\?ﬁﬁw Sl?y &&Zgg}é@%%[ﬁ I a%g) 7H pyrrol

3-(2 ( - (pi perazin- 1-vfl phenyl am no) - 7H pyrrol o[ 2, 3-dI
[0375] pykni seingi embogimenth.dhe epmpeinds can be OSFTP treas cuieimyeleifl leukemias

(AML)2 w[}uch ggrl(e%nq l}ligg YaJSs Z éf;c]);cg m(%)gaspggiag}/r{g 1&? cg'kxp gub(d[%\jlslon of

dlsordfﬁm CT Hesd ﬁithlﬁBhsﬂﬁnc(uﬂe 2&ﬁoﬂ‘§-othérs4AME§Qb1)th rdtutte MXAezeabtic
was stirred at 110C for 20 h. It was concentrated
tranleFeﬁl%,cﬁML with gpultiheeage dysnlesipvasd sthea Ve dohphrrepeategorized.

P
xenpfi Ay 470 0 ey o RSO Be Lo v amarg oA
with (&R bE¥q2Aq22)e AMD! (GBE-alpha)/BTOAADutk tpusrayelbeytic leukemia (AML with
((15;1 o8 a5 Ged (thrng’rﬁ% PRILRA R Glidtes, AN B abotmai bore marrow
eosmo%hlfs‘hr{vf'I@FBl@ W )61 DES 32 lrl‘) %Eﬂﬂ@ﬁﬁ‘@ﬁ? a('lél%\/[%uh 1123

trimet hyl si chl ori de
(MLL)@badrnpatisicy. Ewnmlwahlﬂl(wlthn)ultalmbagedﬁﬁlz(sia att)thwsashat are

. St d 110C. trate
associffed i Orr%téth%tsl?wéwé%dyaa%ﬂ?tﬁ SRRy rsTer g pyeloid eukemias

not claskif(ezt \@&hl@”ﬂ'ﬂ?@ﬁﬂﬁlﬂ u‘gﬁhﬂu&’, Y ey aan f Qiffeferdtised, AN
-pyrrol o[ 2 rim | am no) benzam de (40 rrg)

withouf yB43tiony A&/[Ia(wlm mgWr@fon Acute myelomonocytlc leukemia, Acute

monoc 1& l%u{(énfazAgS%]te\%tmoqg ('ije%' 151 a)lnl%crl#eﬁ o?‘g ;,'HC @3 ICFE%)'%% }\cute

basophﬁlld)lﬁdkdmial and AcuivePhhragelotiy wikmydldfikGss(1. 0 mi, 1.
nmol ) was added. The mi xture was heated at 60C for 3

[0376] N "ThEa i wARE %téoﬂte?g of ﬁ‘se\f Bon E%,%ng ﬁbﬁé{ﬁ?t dof symptoms

aciditfied wth ore being puri
associafd With @ dgrovder or disease, or halt of further progression or worsening of those

e G T

471.1 (I\/H-H); Uv 207.3, 284.1, 311.5 nm and 3-(2-(4-
[0377I\W T Ixptieon j_gr_@ggrm:)(jﬂc{)g@@@gg@m\zhxch express syk and/or JAK. Examples

of man(rgéﬂ c?uzdeﬂm%c'gy!gz arﬁ]]g\g Fénepg,g);gs 0| o[ 2 nlo%téfgys dogs cats

and, prafé?ab@y harifns. MansEAEPIgRanRMms which express syk and/or JAK are also
2-(4- é4 acetyl pi perazin-1-yl ) phenyl am no) - 7H pyrr ol

‘“CIUd%" 1[‘2h13d9 MYPRi mi di n-4-  yl ami no) benzenesul f onani de and
3-(2-(4-(pi perazin-1-yl)phenyl am no)-7H pyrrol or2, 3-
[0378]dI Phyer innerdi vie-retiibdne amoprize nd emiistetih g aartfdeive amount of a compound

or composition described herein to a mammal or non-human animal. As used herein,
“effective amount” of a compound or composition of the invention includes those amounts
that antagonize or inhibit syk and/or JAK. An amount which antagonizes or inhibits syk
and/or JAK is detectable, for example, by any assay capable of determining syk and/or JAK
activity, including the one described below as an illustrative testing method. Effective

amounts may also include those amounts which alleviate symptoms of a syk and/or JAK
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[0575] A m xture of
2-chl or o- N- (3-am nosul f onyl - phenyl) - 7-t osy1l- 7H pyrrol o

WO 2003A43@3pyri m di n-4-am ne (100 ng, 0.210 nmol RCT/US2009/002512
1- (4- (4- am nophenyl ) pi perazi n- 1-yl ) et hanone (92 ng,

. I silyl ch] d 0
associa?ﬁﬁﬁff 50% st ?ziwﬁélgéﬁ 3}'/%%5%%&#@?1%'2%«31"0%% faBegepis of syk”
or "ant 9[" JAR" ?S%Mgn{gcfén%oggds(m\%% @ 1&%@@@§hé}@ %Qﬁ% ik, :l'esgectlvely,

anone was ad e m xtur
and mcm}atates teigr riebiibétor HzQ€adfeptheaabdith@f a Z2cdnd cotmpeasd,tegnanother syk or

ifi.ed by HPLC t
Jak h%ﬂ%‘ztff(lﬁte(%)( Y& e qb& %’&%’inreipeﬂlywe PF &K ApAK binding
compoﬁﬂfsy&e &é’fé})ﬂ.‘il& %h%%ggm%fscﬂf RYK bPY ‘QKnre@pé@tl@giyn DHRAFFRAES Uy
onam de To a sol ution
bmdlng%cquzpc(lmd(’ Anfadhﬁtmmmcpeg a«zmpoxhnd/ dplge nyhlzbzms hodirig afﬁsyy 1T the

receptop }’ cﬁ:&ol éo%i(]rﬁ%mu? dh]rl](i\?g- r?cg] \XH,{(R sy?( %@ggr{r‘l B’IOdulathI]
of the aﬁhmt} o@sﬂ@@l IARaesRAGedy. INeadd/dt e b%é@ﬁﬁ&%n@ﬁ nf9%e

It was concentrated in vacuo. The residue was
ldentlﬁad ﬂl@lling |aedn witnor(etgome!] (and mon-deH beses)) loeimyjve mettfdde A description of

in mmﬁ%‘% %4&%2“%6% epl)cl)peram n- 1-yl ) phenyl am no) - 7H pyrr ol
d] pyrim d| n-4-yl am no) benzenesul f onam de

[0379] ng"szhesq-s@)%p g_OI(lm.LI.Ibd presgnp ipthg meglgadsgind gompgsitiaps éﬁi;gribed herein
3

should %e (sgff'&ﬁsn( RJ &%E?Z |d 2‘8 éiéa)ncfzégﬁeggéu ]fﬂa% gérﬁeg‘? (?f’/t'i'lé (ais%[*cfe% asereasured

by any @6 thelas§dvis Id):scrin &Q&e&xaﬁﬁl&s? Thmamoddt of syk and/or JAK modulator

st A, RETASS00L 922 IR, ST vl e
length ﬁlﬁ’lgﬂélg"é [ured 1y {r@éptﬂ@)iﬁeﬁﬁy.lin SRl hesE R A de comBEiABns of this
invention may further comprise another therapeutic agent. When a second agent is used, the

" second agent may be administered either as a separate dosage form or as part of a single
dosage form with the compounds or compositions of this invention. While one or more of
the inventive compounds can be used in an application of monotherapy to treat a disorder,
disease or symptom, they also may be used in combination therapy, in which the use of an
inventive compound or composition (therapeutic agent) is combined with the use of one or
more other therapeutic agents for treating the same and/or other types of disorders, symptoms
and diseases. Combination therapy includes administration of the two or more therapeutic
agents concurrently or sequentially. The agents may be administered in any order.
Alternatively, the multiple therapeutic agents can be combined into a single composition that
can be administered to the patient. For instance, a single pharmaceutical composition could
comprise the compound or pharmaceutically acceptable salt, ester or prodrug thereof
according to the formula I, another therapeutic agent (e.g., methotrexate) or a
pharmaceutically acceptable salt, ester or prodrug thereof, and a pharmaceutically acceptable

excipient or carrier.

[0380] The invention comprises a compound having the formula I, a method for making an
inventive compound, a method for making a pharmaceutical composition from at least one

inventive compound and at least one pharmaceutically acceptable carrier or excipient, and a
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02N NH2 TEA 02N Pd-C H2N [0577] A m xture of

3-ni trobenzyl am ne hydrochl oride (530 ng, 2.81 mol),
walzeovAbnesyl di carbonate (613 ng, 2.81 nmol) anBCITESR009/002512

(O 800 mL, 5.75 mmmol) in CH2C12 (8 nL) was stirred at

omtenperature for. 72 h. It was concentra{/\ggl
metho dl?b“g LT HYE %V&n%%cmp?msa%aat@a%@ho §%‘P°rén%}’mpt°ms

and dlsgésgf‘@e -8 nﬁlaﬁfn%&'f aRBARAUNE e iR é’t&gal"\ﬁetu?o(ﬂegeﬁg;&twé Beblogy

ried over Na2S concentrated in
and camlaxvascuﬂacr) gheteas RAT ofiedaythriBis, imiitablethewey dseadedBht, @sthsnaachronic

olid (705 f.tert-butyl .
obsiruc,ppirbaiany PReise A ond Y% “HE oy Sasvraumnptityendiheir
pharm&é&tﬁall}%@céﬁ&)blé SulEL8der ﬁg@'trdﬂe))mﬁﬁﬁﬂbﬁ’é AP 8e GodhiPRSq ngether

was hydrogenat ed under | oon hydrogen for
with a pharingcepgisally hacepteblleteicipicgih oc edriieeandrthe r¢su|lttrr@a0enmamon may be
ntrated i n vacuo tOg%EVG tert

acmini 27 L ENS rntpai St o7 B Waren oS vk ip krtierapety of

disorde#s, 4y@bfIMsO0dn@d-disealesy FuftieRivdre Othefivedtidlé Bympdidis ten b€ 8Ekd to
0.585 mml ), tert-butyl 3-nitr obenzyl car bamat e

ny,
preparq a mpdiggment. thatis wpash) fo frdatimere y@riepof disordersq aympiois and
dlseaseEBuo_' (5 m) was stirred at 110C for 20 h. Water and
OAc wer e added. The organi c phase was washed W|th 1IN
then with 5% NaHCO3, dried over Na2SO4
[0381] 2o‘tslépi EEETPOINEISHO PR IDVENtiRR Ff $ithes gOteAt \Pathaf@f% of syk

and/or gA)((g(JhﬁF: St %{%tlg >I/(:f_5_os/f_r|1_ %1& rrfr:sglectfvi: agsszaj in the > range o of }fss than 5 uM,
with my$taiein@oh henzatogl franmd &veDmh g )sub- nanomolar range. In some
embodiments, the compounds of the present invention may be "dual” syk/JAK inhibitors in
that they inhibit both syk and JAK kinase to some degree. In other embodiments, the
compounds of the present invention may selectively inhibit syk kinase, but not appreciably
inhibit one or more JAK kinases. In other embodiments, the compounds of the present
invention may selectively inhibit JAK kinase, but not appreciably inhibit one or more syk

kinases.

f. Kits
[0382] Still another aspect of this invention is to provide a kit comprising separate
containers in a single package, wherein the inventive pharmaceutical compounds,
compositions and/or salts thereof are used in combination with pharmaceutically acceptable

carriers to treat states, disorders, symptoms and diseases where syk and/or JAK plays a role.

EXAMPLES

[0383] The following examples are offered to illustrate, but not to limit, the claimed

invention.

[0384] The starting materials and reagents used in preparing these compounds generally are
either available from commercial suppliers, such as Aldrich Chemical Co., or are prepared by

methods known to those skilled in the art following procedures set forth in references such as
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[0580] A solution of tert-butyl
3-(2-chloro-7-tosyl-7H pyrrol o 2, 3-d] pyri m di n- 4-

wQ b@oitsieybenzyl car bamate (306 ng, 0.580 nmol ), PCT/US2009/002512
N- (4- am nophenye- N—nethylacetanide (190 ng, 1.16 nmol)

trinmethylsil chlori de 1
Fieser ﬂﬁ&qﬂ('&ss Redsenss éﬁrgwéa mthq%égfla”klz%orﬁ %We ﬂﬁ‘%#%&ewm

~bh
VoSS N B P b S s e 19

Volumesti -Giand Supblemenalp laadﬂgamnﬁtmxms SWiley deSoms7 Ney) York, 2005,

Vol &f?gg] To a solution of
ofum { 4- (3- (ami noret hyl ) phenyl ami no) - 7-t osy1- 7H pyrro

o[ 2, 3- d] pyri m di n-2-yl am no) phenye- N- net hyl acet am de
[0385] ( 217hemgart10g Mrmlmmd tha lIMEﬁR(Klﬂemﬁ the aynthdti¢ I}Qa}:-lu((n]_sc@emes can
b I%L } added rregt d
e isol{fgand purif i it ¥ BN om s el e gl e A P opgiited to

filtratioh@.8isB AL, b@@ta‘lﬁiahoh@ﬁo&lltogﬁabhg’ efndrtBe ARE.NGudibieti@l can be
by HPLC t 0 give the titled conpound (15 mg). M5 402.3

charactenagd) usingconyentgnap grags, igiwdiog physieat gﬂ@ﬂt@tg and spectral data.
(R -1-(4-(4-(4-(1-hydroxypropan-2-yl am no) - 7H pyrrol or
[0386] 2, Bnldégxypetificdikdthd-contrary, the reactions described herein preferably are
yl am no) phenyl ) pi perazi n- 1-yf| et hanone and

conduceqd) ungley 20 (Ner(3NpBEL #- aimqusﬁé RYASBHF 1353 TSACHGR FoRRST4ture range
of fron‘EN%&l-WE' tﬁ' ﬁ}élgd%}édgja%b%o Bfe ‘”i'ﬂlfljomoﬁbout 0°Gth lﬁ)gﬂt 125°C, and
most preferably and conveniently at about room (or ambient) temperature, e.g., about 20°C to

about 75°C.

[0387] Referring to the examples that follow, compounds of the present invention were
synthesized using the methods described herein, or other methods, which are well known in

the art.

[0388] The compounds and/or intermediates may be characterized by high performance
liquid chromatography (HPLC) using a Waters Alliance chromatography system with a 2695
Separation Module (Milford, Mass.). The analytical columns may be C-18 SpeedROD RP-
18E Columns from Merck KGaA (Darmstadt, Germany). Alternately, characterization may
be performed using a Waters Unity (UPLC) system with Waters Acquity UPLC BEH C-18
2.1 mm x 15 mm columns. A gradient elution may be used, typically starting with 5 %
acetonitrile/95% water and progressing to 95% acetonitrile over a period of 5 minutes for the
Alliance system and 1 minute for the Acquity system. All solvents may contain 0.1%
trifluoroacetic acid (TFA). Compounds may be detected by ultraviolet light (UV) absorption
at either 220 nm or 254 nm. HPLC solvents may be from EMD Chemicals, Inc. (Gibbstown,
NJ). In some instances, purity may be assessed by thin layer chromatography (TLC) using
glass backed silica gel plates, such as, for example, EMD Silica Gel 60 2.5cm x 7.5cm plates.
TLC results may be readily detected visually under ultraviolet light, or by employing well

known iodine vapor and other various staining techniques.
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[0582] A solution of
2,4-dichloro-7-tosyl-7H pyrrol o[ 2, 3-d] pyri m di ne

w@ 20035816871. 0 mmol ), D-al aninol (0.10 nL, 1.3 nPol/PSEN002512
TEA (0.20 nmL, 1.4 mmol) in di oxane (6 m.) was stirred

0559 230t L e S B0 s

LCMS éN?sJ\t;fg%mdetl(? Qcé@%rﬁfor;lWaﬁg‘las RO AL ARED it YREHPRY use TFA as
the mOdltﬁ;y aHCVHemnm ol pisi\@-idi pyaderiiegiorted ay Mdtha, i+ op &v-+H)Hlland the

other rrmy)&sEI Fgl)legffoyﬁ\gczagp érlas;&'rggglﬁgr écgtsa%eo zcl)n rcl)lga)zgs%g'ezln[botféx3 gJ)sﬁA ive [reported

as MH(, @/M) R MR HY T 0ard ﬁég%me Fréb&yercr é%' ML %Mii ?&P()MJ}W]%H nfbdes.

I'am no) pr opan- 1- 01

[03901o.%%é%m%neﬁﬁﬂﬂ%%#&(ﬁﬁﬁ@fw yse%*r@ %%"é‘g Pty of the

compoﬂn&avlm Wariafl 406004z NMRIPaloasits tAif $ATHE s dﬂe@ﬁ@ fe€drerft® may be
It was concentrated in vacuo. The resi

either W[S,qr,t]@gjkrqu_p]_egugaj sglf(,@f the solvent.

(R -1-(4-(4-(4-(1-hydroxypropan-2-yl am no)-7-tosyl -
[0391] pyTheopue{ti? oBsome of the invention compounds may be assessed by elemental

dl pyri m di n- 2-yl am no) phenyppi per azi n- 1- yeet hanone (25
analymﬁ%]?obe[r@gg Mlcrpélt Madison.iNh)- of

(R -1-(4-(4-(4-(1-hydroxypropan-2-ylam no)-7-tosyl -7Hp
[0392] y r Meltimjg podrtsl frpay rbie rdettirmirdydneani. atoyr gognBk Yipespdie b T emplapparatus
Holl et h on§ (25 ng, 0.044 mmol) in MeOH (1 nL) and
(Hollisign, Mass)-(1 ml), ag. 1IN KOH (1.0 ni, 1.0 nmol) was

added. After being stirred at 60C for 3 h, it was
[0393] ¢ JPrepareti v spataHonsamap be Thaiedost duneagad. ustigditheean Giithx or an

en S fi
se100c iEiheoytiphy sV AR BiesTRATeS 5Tty Sy Ko o
Teledynaiﬁbpa_ﬁmdaahleE)Z A(lltaﬁmery), pdsmpwrmsmﬂﬂ amennelhataemhgms mnﬁed by
M5 410.5 (MH); UV 202.6, 267.5, 303.1 n

flash cqlwmz“«h’(czmetagr(ashb griggistica gyl ZERAP s aackwﬁmnia [Ozbs HPLC

using a (?/h— Esf;évé&?% Zﬂgxgs%%@lg%n g?ygg%g?cgv%nrtn? lergé%%pg? Zéor é%@ls%g §ys§ems and

flash cqI8nnlchem{tdgiaphy irtaly)hér(hcxbdplrmmhimz- mythandlnethyVadepye, hekane,
f2,3-dl pyrimdin

acetoneylaam%%ﬂwﬁweﬁé\dégpwyl apinelyRifGheP! uegs employed for the

reverse(p'?)as@H@dlﬁaﬁ BE p%ryﬁzg Sontedtaidhe BYB&%IHGDIe Zﬁépwep lvx@tth %%

dl pyrimdin-4-ylam no) propan-1 - [0

trlﬂuorpactdtledlcmion'pounds wer e synt hesi zed anal ogously as
(R)-1-(4-(4-(4-(1-

General Wdlx¥pr opan- 2- yl am no) - 7H pyrrol o[ 2, 3-d] pyri m di n- 2-
yl'am no) phenyepi perazi n-1- ypet hanone, M 410 5 (MtH);

[0394) ;'\‘;1?%@]1)% ﬁﬁfn&e}ﬁ%ﬁ% l%gl‘[i’eiég)ar% B%?a%ﬁ Oh(s §051ne1r)n%thods
by whitloiercoinpdhnd M tBE Preseftvirtdntioncan bk Bgnthesidedn am:D{/arldms

pl ace of D-al aninol. . WO 2009/ 131687PCT/ US2009/ 002512
modlﬁ@% fQthegspsynthetic reaction schemes can be made and will be suggested to one

skilled 1-n (it z{rf]he{v‘iln%fla &%réi'i' tB)ﬁ)fe @Elﬁﬁnx doRatH-aRM a1 g’pﬁﬂc@l%t{]o) 7H

pyrrol o[ 2 pyrimd

Exam m nol phenyl ) pi per a2| n yfI et hanone and
zin-1- phe NA- (1, tetrah drot., |
N2- (I%ﬁfef&fﬁﬁ%lnggﬁ nvqlbylpi-mya laﬁwﬂ%@ﬁ Sridingh hdiamine
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0O"o NS r: \S .)----/ .1----/HNNN O H2N N\ -/ ii
TEA, 70 CCl N. 11 di oxaneTs [ 0586] A m xture of
WQ2009d31681 or o- 7-t osy1l- 7H pyrrol o[ 2, 3-d] pyri m dpCEUSD09002512
ng, 0.584 mmol),
3- am not et r ahydr o- 1Ht hi ophene- 1, 1- di one hydr ochl or\ll de
(100 ng, 0.583 mml) and JEA(O 325m_ 234\£{TDI 3
di oXane ( ) was stirr at 70C_f h Her
y\%:ﬁe Z‘\ﬁgded The gfé c pha§8&%}é’§%§?epar
drl{ ve S, ca ted Tn yacuo to gi
- NI of o- %I—T%EPZZ di oxyate rahydrotH hen- 3- 1) 7- '\#stl
-7H-pyrro @ d] pyri ni di n- 4- ani hé€ @08, ny). [ 0587]
A m xture of
2-chl oro-N- (1, 2-di oxy-tetrahydrot hi ophen-3-y1)-7-tosyl
-7Hpyrrol o[ 2, 3-d] pyrimdi n-4-am ne (208 ng, 0.472
[0395] meod iusp&nsﬁeﬁr 6B -n Al diomben yH)pirfes[2 B-dipdsihnidihd amOrge 10X6mmol) in
ng l#{andtrlmathylsuyl chloride (0.200 ni,
DCM (3: SIsLmeﬁ gdded MBYeH g é%m%katsrpmté@lPﬁltatla.rzo@ft%%nmsg for 1 h,

the re%lljtldg% ﬁﬁ‘%ﬁgﬁﬂﬂ ﬁ/gg rc%tilggteh nby i Qtiod "R rg?\% dzue4\éﬁcshloro S-iodo-7H-
pyrrolo]2, Gﬂ]pyhrﬁmﬂ(e](,llsrg) oxy tet rahydr ot hi ophen- 3- yI ani no) - 7-

o200 5L R L PLE QB L2 AT PRSIAEP RS, 51

mimol) In (Iﬂcw io4n{1)1w1as dideéd' ‘1’%@1 oy dy of %ﬁ@l‘j‘ -apa YTBA gl%)(r fiL, 11.46
t osyl 7prrro o[ 2, 3-d] pyri m di'n-2-yl am no) phenyl ) pi per

mmol) afpilowed pp AV AR 1(155) i3 mnol DA frerstijrin ghfolvd (Hat(1®oml temperature,

. IN KOH (1.0.nmL,. 1.0 mol
the sol i, PRt SHceaBd o 4h estavs, e BBHRNT barager Sk 480 HO. the
organicl R§erf @84 dRrnes weshed it 1M fd1, HOANALHCOL, )dricinel dAsentrated to
purified by HPLC to give
give 2, qlthem pador] fou FRLpyelo B dirorimidisdA 0@yl ani no) - 7H
[0397] Ja ‘%‘léngl%( %’gdhpc;'Eﬁlﬁj‘gdS 3053/ L QT80 RACIY PR DS ARkt IR o, 1.28
mmol) in nBuOH (2 mL) was added methylamine (2M THF, 0.77 mL, 1.54 mmol) and

DIPEA (0.274 mL, 1.54 mmol). After stirring at ambient temperature for 1 h, the resulting
precipitate  was collected by filtration to give 2-chloro-N-methyl-5-i0do-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (0.275 g).

[0398] To a mixture of 2-chloro-N-methyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (0.05 g, 0.11 mmol), Pd(PPhs),Cl, (0.015 g, 0.022 mmol) and pyridine-4-ylboronic
acid (0.03 g, 0.24 mmol) in p-dioxane (0.7 mL) was added a solution of Na,COs (0.035 g,
0.33 mmol) in water (0.3 mL). After degassing, the mixture was heated at 100 °C for 1.5 h.
The mixture was purified by flash column chromatography (Hexane/ EtOAc = 1:1) to give 2-
chloro-N-methyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (0.02 g).

N

N, [ X
~NH / SNH \=
TMSCI
4 N™ S\
Lyt N A
P nBuOH ‘N AN
~ N"N
CI”>N" N H H H

Ts
To a mixture of 2-chloro-N-methyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-

amine (0.041 g, 0.091 mmol) in nBuOH (0.8 mL) was added 6-aminoindazole (0.024 g, 0.18
mmol) and TMSCI (0.03 mL, 0.23 mmol). After heating at 115 °C for 48 h, the mixture was

98



WO 2009/ 131687PCT/ US2009/ 002512 (MtH); and

N2- (4- ( pi perazi n-1-yl)phenyl)-N4-(1, 1-di oxy-tetrahydro
W@ hioopswss? 3- y1) - 7Hpyrrol o[ 2, 3-d] pyri m di ne- 2, 4pCii/E8100%002512

(3 ng), M5 428.5 (M+H). Exanple 101

. 4-(4-(cyclo am no) rjidin:-4-y 12
purified by b TGRS (1 BHEAS B ed S e RS ettt -vb-7H-
pyrrologﬁﬁ -d]pyrimidine-2,4-diamine (0.011 g), MS (MH 357.1), X 214.5,247.5, 306.8.

-chl’or o- N- cycl opropy1-5 (pyrld 4-y1)7-t osyl: 7TH pyr

rolo[2,3- d]pyrimdin-4-amne (135 ng, 0.307 mmol),

B ?-2n1nobenzan1de (100 ng, 0.735 nmmol ) and
XAl net hyl silyl chloride (0.200 nL, 1.58 mmol) in nBuCH

1-(4-(4L@-[@eh Wafin®h ISt (e e dit 4 VB IG1 9 Froft32 B-d1byriv@En-2-
~concentrated 1 n vacuo. The residue was purified by
ylaminpjphenylipipgrezint lngl)ethanasg conpound (9 ng). M5 386. 2
(MtH); UV 201.8, 309,\8, nm Exanple 102

4- (4-am ng- (pyr|d|;A4 y1l)-7H pyrrol 012, 3-dl pyri njdin
0

enzoi c 4 0590] m xture of ¢ °
cycl opropyl-5-( 'di n<4 /i% 7-1 0s) pyr
1 pyfim di - amna@H( 245 ‘?Zﬁ@?w ,
8beng0|c aci d\\(&50 mg, 1.09 nmol)
trlnethyIS|IyI chl oriide (0.300 ni, 2.37 nnDH) |n*hBuCH
(4 m.) was stirred at 435 C for 24 h. It was
[0399] CIQTILééﬁﬁbttﬁﬁtcﬂ"Q défﬂoﬁbaﬁLtﬁeth'yrhﬁ-(pyﬁdldweyl\)\astopydﬂ}i ipedoley2,3-
to give
d]pyrimiding4 P €L Q‘h’y&.%l hong)y i BRQE P S mBL-pwas edsdrli-th 4 n-

ammo S’%{g’ 5bA2)ReN3 HahEndnkY6.088)s, 0[223Rhb) TR MSE .43 AL, 0.33

mmol)4Aftér lwahﬂg) abt (YT Fatias- 1 thyelnixtitepyasr iridled, b3-pat iy sti v PDC to
no benzoate 137 0.340 mmol ) in THF (3
give 1 m_ 4- (‘h et!g amigg4S (pyg wrd- y}:)‘gﬂ-l—rﬁw{glo[Z Tpyrimidine-2-

ylammv%\g)%% %ﬁ&ﬁ&gﬁ’g 4 S?%ﬁ]%t%é%@t M§§Q§84%3T§)e i”—&ts%e 302.1.

concentrated in vacuo. The residue was aC|d|f|ed w th
Examp®c (2 nL), then was purified by HPLC to gi ve the

t|tled conpound (55.my).. MS 347.2 (Mt UV 203. 8,
1 Fhyaypda enyD N4 mathvl1 e yridin-3-yl)-7H-pyrrolo 2 '3-d]pyrimidine-2,4-diamine

4- (cyclopropylan1no) 2- (2-/ -1,2, 3, 4- tetrahydrqu|nok N

i ANB- vl am 7 yrroLng 3-N ~ _
%m di ﬁ(g %h bonlt ’_ﬁ 6-aminoindazole l\ti
N/

| 7 N
TMSCI, nBuOH N, P
N N

roIo

N
ci” N7 N | AN |
Ts ct”°N" N N N

Z > B(OH), Ts H

Iz .

[0400] To a mixture of 2-chloro-N-methyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (0.175 g, 0.38 mmol), Pd(PPhs),Cl, (0.053 g, 0.076 mmol) and pyridine-3-ylboronic
acid (0.102 g, 0.83 mmol) in dioxane (2 mL) was added a solution of Na,CO; (0.12 g, 1.14
mmol) in water (1 mL). After degassing, the mixture was heated at 100 °C for 1.5 h. The
mixture was purified by flash column chromatography (Hexane/ EtOAc = 1:1) to give 2-
chloro-N-methyl-5-(pyridin-3-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (0.084 g).

[0401] To a mixture of 2-chloro-N-methyl-5-(pyridin-3-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (0.075 g, 0.182 mmol) in nBuOH (1 mL) was added 6-aminoindazole
(0.048 g, 0.36 mmol) and TMSCI (0.06 mL, 0.46 mmol). After heating at 115 °C for 72 h, the
mixture was purified by preparative HPLC to give N”-(1H-indazol-6-yl)-N*-methyl-5-
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[0592] A mi xture of
2-chl oro-4-(cycl opropyl am no) - 7-tosyl- 7H pyrrol o[ 2, 3-d

WQ poopi1sne8l ne5- carbonitril e (145 ng, 0.374 nmol PCT/US2009/002512
6- am no- 3, 4- di hydr oqui nolin-2(1H)-one (60 ng, 0.370

o B e P QRS T 88 7. -

203.9, m3 cRGentrated in vacuo. The residue was purified by
PLC'to give the titled conpound (50 ng). MS 360. 3
(MH—I) U 202.2, 292.7 nm Exanple 104

E 4- (5- cyano- 4- (cycl opr opyl am no) - 7H pyrrol o 2, 3-dl pyri m
—Ql—eéxam n-2-yl am no) benzanmide NH2 TMSCl, nBuOH, 135 C

1-(4-(4L @380 M ®- Ripyridin-4-y1)-7H- pyrrolo2.3- d]pyrimidin-2-
2-chloro-4-(cyclopropylamno)-/7-tosyIl-7H pyrrol o[ 2, 3-d

yla_nn_@mmena@ndavlmthmqnﬁl e (175 ng, 0.451 mmol),

4-am nobenzam de (122 ng, 0.897 nmol) and N
trinmethylsilyl chloride (0.200 ni, 1.58 mmol)Ain nBu
(4 | s s$biNHed at 5@ for BPPs-Ad2 was TNH =
congentrat ed +A—vacuo.N \/ esidue—waspurifi A

I—IP'LCNo'ngethetlt;éHN ounc 3rrg) VB 38413

(MrH); U 204.6, 23072, 308l n o N
2009/ 131687PCT/ US2009/ 002512 Exan'pl e 10?

[0402] Nro( 4 nfiztucy @fi @, 4-dickiok® priody-7 acsydIH-pHrelp(2, B)Ja@psyanﬁrddiepw 414 g,
0.88 m{ﬂloig[ gllrrngzfplyll ar‘gl 91(1)3 F\)xba% na)(/i%%d lc}gr/rcelE)}g]rolpfalllczzire}ltlIzljlerr](0d(§674 mgdol 06 mmol) and

D1PEA2(001*8|8%E 4064 PP ARRY 's&‘}]ngo()t aﬁﬁ&ﬁxémé&a% l‘fc?l 2 B, tfie Jesulting

] pyri mdi neb-carbonitril
precipifdte 4Maan¢01k¢pt¢én1y)1)ﬁlman®t h&yl gE@tZamld@ NiG¢lapgopyd-Sebdo-7-tosyl-7H-
i ) and. |neth¥ chloride (0.200 nm_, 1.58
PYITOIO g 14 PYIH ﬁ‘i? s stirred at 135C for 20 h. It

[0403]W%Sa GRARGRO I A&l oF ANV () 0881708y IES-pRHOIJ[ 2 8 rimidin-
PLC to |vethet|tI(§;§“%or%2ﬁnd(SO§y I@Z % IRy

4- amlnemﬂ)g 202018, PARRhY.Clh g0.086 gm0.122 mmol) and pyrldme -4-ylboronic
acid (0.165 g, 1.342 mmol) in dioxane (3 mL) was added a solution of Na,CO; (0.2 g, 1.83

mmol) in water (1.5 mL). After degassing, the mixture was heated at 100 °C for 1.5 h. The
mixture was purified by flash column chromatography (Hexane/ EtOAc = 1:1) to give 2-

chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine ~ (0.241

N
A /X o N
NH = TMSCI )LN/\ ANH //\
)NI\ \/ ': * nBuOH K/N (NI
Cl N N
Ts H
O

[0404] To a mixture of 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d)lpyrimidin-4-amine (0.12 g, 0.27 mmol) in nBuOH (1 mL) was added 1-(4-4-
aminophenyl)piperazin-1-yl)ethanone (0.12 g, 0.54 mmol) and TMSCI (0.087 mL, 0.68

mmol). After heating at 115 °C for 48 h, the mixture was purified by preparative HPLC to
give 1-(4-(4-(4-(cyclopropylamino-5-(pyridin-4-yl)-7H- pyrrolo[2,3-d]pyrimidine-2-
ylamino)phenyl)piperizine-1-yl)ethanone (0.015 g), MS (MH 469.4), A = 203.9, 280.7 nm.
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Exanpl e 106
4- (5-cyano-4- (cycl opropyl am no) - 7H pyrrol o[ 2, 3-dl pyri m
WO dionA 268y | am no) benzenesul fonam de  0C, H2N. PEHUDOD002512
H2N2S' TMSC1, nBuOH, 135 C [0595] A mi xture of
E -chl oro-4-(cycl opropyl am no) - 7-tosyl- 7H pyrrol o[ 2, 3-d
—ﬁﬂgmﬁ%irinidineS carbonitrile (150 ng, 0.387 mml),
4- an1nobenzenesu|fonan1de (103 g, 0. 599.nnnl) agd

(4 nL) mas‘stlrred at‘135C for 20 h. It was
cqnnamtrated in vacuog T e resi due was pubebed by

give the titl npound (45 ny).
Wg bv zoz8, 25 ﬁ/m@s 0 —rmmrExanpl ifm
1 (cycloprob

HO2-W'4- (4- acetyl pi prO yl) phenyl anH
yl am no) - 7H pyrrol o[ 2, 3- dl pyri m di ne-5- carbonltrlle
WD'2009/ 131687PCT/ US20@9/ 002512 [ 0596] 'R mi xture of
2-chl oro-4-(cycl opropyl am no)-7-tosyl-7H pyrrol o[ 2, 3-d
] pyrim di ne5-carbonitrile (150 ng, 0.387 1),
1- 4-64-an1nophenyly@¥ gzi n-1-yl)ethan mlgz ny,
0. 02 mol ) and trinet |L1L chloride (0
41:& Aol F—mBuCH ‘(;g ) %as stirred at i3} cPHr 20—
citioNTt was concent r agy n vacuo. The reSidie was
purified by HPLC to give the titled conpound (25 ng).
M51417.4 (MtH); UV 203.45 254.0, 291.5 nm BERanple 108

NH O HoN ANH o
N=
(o} N ™ + N/

1.7 1

[0405] Step 1: To a stirring solution of carboxylic acid 1.1 (85g, 540mmol) in thionyl
chloride (425mL) was added pyridine (8.5mL, 0.1 1mmol), slowly. The reaction was stirred
at 75°C overnight at which time it was concentrated and dried under vacuum to a light yellow

powder which was used immediately for the next step.

[0406] Step 2: The yellow solid from the Step 1 was slowly diluted with 750 mL of
ethanol and refluxed overnight. The next day the reaction was determined to be complete by
HPLC and then cooled in an ice bath and the solid filtered and washed with diethyl ether
affording the desired ethyl ester 1.3 as an off-white powder (91g, 87% for two steps). MS
found for C;HgN,O4 as (M+H)" 185.0.

[0407] Step 3: Ester 1.3 (22g, 120 mmol) was dissolved in phosphorous oxychloride
(60 mL, 600 mmol) and the mixture treated with N,N-diethylaniline (27 mL, 167 mmol) and
the mixture heated to 105°C until the reaction was determined to be complete by HPLC. It
was then cooled to rt and slowly added to 1 L of crushed ice resulting in the formation of a
beige precipitate which was collected by filtration and dried under vacuum affording the
desired dichloride (1.4) as a light yellow powder (22.5g, 85%). 'H NMR (DMSO-dg, 400
MHz): §9.13 (s, 1H), 4.37 (q, 2H), 1.32 (t, 3H).
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4- (cycl opropyl am no) - 2- ( 2- oxo-1, 2, 3, 4-t et rahydr oqui nol
i n-6-yl am no) - 7H pyrrol of 2, 3-

walk@ynswsdi ne- 5- car boxam de [0597] A sol ut PONUSF009/002512
4- (cycl opropyl am no) - 2- ( 2- oxo-1, 2, 3, 4-t et rahydr oqui nol

l0408]'yP%ﬁ??i> fo) - 7Pisplarepimidinect-4 6398 Tdnmelsw esdistiyed injagetonitrile
(50 mﬂ)?hgd ated: sa(gﬁ; m%}véth@ oﬁ%%guﬁ@(f i)n512§0 RbY) f@l‘ﬂ(qved by

02 (50% heat ed at
cyclopﬂc@:@(:arhure (3.9%1 27 nBadsl) ewcbttueecdi allrblllrﬁﬂtalllystarﬁﬁg eratexb hadhbeen

consunt(ile?dc trggﬁ%%ilﬁr?%)t&% b%(\x%%—q)ct:o taffﬁ%&%@utgl%eof 150 mL
and thezﬂr%m%ltat%%llgct&m) Eﬁmneaff%q)&n the desued Ir)nroduct as a light yellow solid
(2- cyanoacety pi peri din-4- no) - 7H-pyrrol o

(6. 02gr&7%) dwmeaMscz-dé,m@m«H@) béﬁé@rfﬁde) swza(d 1H), 4.52 (m, 1H),

429 (IR 23068 5T 2SR HBOP I m, 20, 15 (¢, 3, N NeThr @

[0409] Step 5: Ethyl ester 1.5 (6.02g, 24 mmol) was diluted with 1,4-dioxane (26 mL)

followed by aqueous lithium hydroxide (1.0 M, 26 mL, 26 mmol) and stirred at rt until all
starting material had been converted to the carboxylic acid. The reaction was then diluted
with water to a total volume of 100 mL and acidified to pH = 2 with 6 M HCI. The resulting
suspension was then filtered and dried by aspiration giving 3.51g of the carboxylic acid
(64%). 'H NMR (DMSO-ds, 400 MHz): & 8.64 (d, 1H), 8.74 (s, 1H), 4.50 (m, 1H), 2.31 (m,
2H), 2.03 (m, 2H), 1.72 (m, 2H).

[0410] Step 6: Carboxylic acid 1.6 (3.15g, 15 mmol) was dissolved in N,N-
dimethylformamide (70 mL) and treated with HOBt (3.13g, 23 mmol) and EDC (4.4g, 23
mmol). After stirring ca. 25 min ammonia (0.5 M in 1,4-dioxane, 72 mL, 36 mmol) was
added and the reaction stirred overnight. The following morning the reaction was diluted
with water to a total volume of 500 mL and the desired product collected by filtration
affording 3.62g (74%) of a light-beige solid. '"H NMR (DMSO-ds, 400 MHz): § 9.30 (d,
1H), 8.54 (s, 1H), 8.15 (d, 1H), 8.09 (s, 1H), 7.74 (d, 1H), 7.64 (m, 2H), 7.51 (t, 1H), 3.77 (m,
1H), 1.79 (m, 2H), 1.74 (m, 2H), 1.53 (m, 1H), 1.41 (m, 1H).

[0411] Step 7: Benzotriazolyl ether 1.7 (50 mg, 0.17 mmol), 4-(pyridyl)-aniline (0.26
mmol) and p-toluenesulfonic acid ( 30 mg, 0.17 mmol) were diluted with 1,4-dioxane (5 mL)
and stirred at 120°C until all starting material had been consumed. The reaction was cooled
to rt, diluted with water and directly purified by preparative HPLC affording the desired
product, 1, after lyophilization. MS found for CioH9NgO as (M)" 347.3.

Example 6

1-(4-aminophenyl)-3-(5-carbamoyl-4-(cyclopropylamino)pyrimidin-2-yl)- 1 H-imidazol-3-

ium
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[0598] A mi xture of

2,4-dichloro-7-tosyl-7H pyrrol o[ 2, 3-d] pyrimdine (171
worg09Aa3s80 nmol ), 4-am no- 1- N- Boc- pi peri di ne (ROODUSIH9/002512

0.500 mmol) and TEA (0.150 nL, 1.08 nmol) in di oxane

(4 mL) was stirred at 70C for 20 h. Water and Et OAc

wer e added. The organic pha was separ at ed, washed

with 1IN HCl, then with 5% Na H @ied over Na2SO4,

concentrated in o give tertoutyl
4-(2-chloro-7-tosyl pyrrol 2B- dNpyri mi di n- 4-
yl am no) pi peri di ne- 1- N g7(202 ng). [0599] A

nixture of tert-butyl
{ﬁ%chloro 7-tosyl- 7FprrroIo[2 3-d] pyri m din-4-
[0412]y | Hhei by prerapowidnwas preRise wsing peregareygmilar wobatdeserjbed in

Exampft £ SR E0AE T8 Pty - P B oy R Q' o

336.0.stirred at 116C in a sealed tube for 20 h. It was
concentrated in vacuo. The residue was purified by
HPLC to give
4- (4- (pi peridin-4-ylanno)-7-tosyl-7H pyrrol o[ 2, 3-d]py
E di n-2- yl am no) benzam de (58 ng). [0600] To a
—ﬁﬁnpkézpen3|on of cyanoacetic acid (85 ng, 1.00 mol) in
CH2Cl12 (2 mL) (containing 2 drops of DWVF), oxalyl
2-(6-aminay ictkor¢-0 Hogdazdl - 1 -9l) F4(cyshoplopwkasni neper midine- Snaxberamide
was stirred at roomtenperature for 50 mn. To the
above sol ution cooled i n ice bath, a solution of
4- (4- (pi peridin-4- ylan1z%§~ Ht syl-7H pyrrol o] 2, 3-d] py
rimdin-2- ylam no)benzam de (58 ng, 0.11 nmol) and
TEA (0.450 nL, 3.22 mmol )NTN W2 nL) was added. The
m xture was stirred fgr 2l4. I\Mter and Et OAc were

added. The organic p wd$ separated, washed with 5%
NaHCCB3, dried over Na goncentrated in vacuo to
give WD 2009/131687 E 09/ 002512

4-(4-(1-(2-cyanoacety er|d|n 4-yl am no)-7-tosyl-7H
pyrrol o[ 2, 3-d] pyri m di n- 2N ylan1no)benzan1de (45 ny).

04131, 2Pt sOnp L & o pared aring e pracs s My padsporpee i

Exampmlﬁ rSiepl 2sidg d}ghoriond Iﬁi-llmdazoyﬁal’riinm()sbemzﬂfnécﬁﬁomftﬁanmmomdazole

. 78 mmol ) i.n. di oxane d +AN
using O(asusmPa)LmIdi IHORTRIFR)- s TalnB b (e 442,
3462 Sstirred at 70C for 4 h. It was concentrated in vacuo.

The residue was acidified with HOAc (1 nL) before
being purified by HPLC to give
4- (4- (pi peridin-4-ylam no)-7H pyrrol o[ 2, 3-d] pyri m di n-

2- ylam no) benzam de (20 ng). [0602] To a suspension
Eégﬂgﬁﬁlgynﬂbacetic acid (85 ng, 1.00 nnDI) in CH2C12 (2
c 1 {inRg ) QY] eq'ldme 3-

caIboxSﬂhhder zﬁ‘ld 1&([2 «M@mdewm@éﬁatzw E—yf)@herﬁﬂ)axﬂinb) 7H0mtrhﬂo@b$)kzlﬁ)ymmdm—

sol utign cooled in an ice bath, a solution of
4-yDpiperidine-dicaghaxamide)_ y| ani no) - 7FprrroIo[2 3-d] pyri mdi n-

2- yl am no) benzanmi de (20 ng, 0.057 mmol) and TEA

(0.450 nm., 3.22 mmol) in DMF (2 nL) was added. The

m xture was stirred at roomtenperature for 20 h.

Wat er was added. CH2C 2 was renoved in vacuo. The

residue was purified by HPLC to give the titled

conmpound (10 nmg). MS 419.3 (MtH); UV 200.0, 311.9 nm

Exanpl e 110
4-(4-(1-(2-cyanoacetyl) pi peridin-3-ylam no)-7H pyrrol o
[ 2, 3-dl pyrimdin-2- ylam no)benzamn de [0603] A

m xture of
2,4-dichloro-7-tosyl-7H pyrrol o[ 2, 3-d] pyri m di ne (233
ng, 0.681 mmmol ), 3-am no- 1108 Boc- pi peridine (136 ny,
0.680 mml) and TEA (0.200 rnL, 1.44 muol) WO

2009/ 131687PCT/ US2009/ 002512 i n di oxane (5 nL) was
stlrred at 70C for 20 h. vater and EtCﬁc were. added

o o o .



[0605] To a solution of
4- (4- (piperidin-3-ylam no)-7-tosyl-7H pyrrol o[ 2, 3-d] py
WO povodsws2- yl am no) benzam de (36 ng, 0.071 mMmpEH/US2909/002512
di oxane (2 nL) and MeOH (2 nL), ag. 1IN KOH (1.0 nmi,
1.0 mol ) was added. The m xture mas stlrred at 70C
for 3 h. It was conce ted in v The residue was

aci di fied wth HOA ) bef mtng
HPLCﬂ{i}@Pﬁe th deS|r%d conpo as T FCfghpch
—men—dr'ssojiv i Ve ( 5
A &, Ogiddn ol ) whs taddf 70,@-\fte(|5 ml e amstnaiBucunxlﬁor 30
mn, the mxture was T1tered. The™filtrate was
concentrated in vacuo to gi ve
4- (4-(piperidin-3-ylamno)-7Hpyrrol o[ 2,3-d] pyrimdin-2
-yl am no) Benzam de (18 ng) as free base. [0606] To a o
suspenﬁf?ﬁ“&f cyanoacetic acid E%Ting 0.54 mol) i NH,
sJof" oxal yl %

CH2C12 (1 i) %%BEtalnlng 2 dro
chl ori gey (. 0. 54 nmmol) R3S added The m xt

>ﬂ(ﬂMd:>S PRTed ated0eyn t enper relf N 40
© aboveﬁsoldflon cool ed o A yeE Baﬂh a oLut gz

oo B T R A P P b

toluene%&fgr%@ chioridd (892 80 l0) rﬁrﬁol%{ﬁd (é’etH}i)mﬁ}%S(zaﬂﬂﬁE 19. b%mol) in

ture was stirred for . ter was added.
CHzCthS mléndlmdlylarnmpmdmw@ mgsﬁ)daemmb vwradﬂctda dt wys H@Lﬁ@ at

room te%_rﬁp i Mt % hg?ili SJ/%d %@;@%&Fgw% drdgd The orgamc phegse wl_gs 'separated,

washedtw{tth 1mﬂboxu@h@nu IsgeTNRRICas; ﬁﬁecpmma%s@n 4ohedntabsadhedeuo to
i nolin-6- ylanlno) 7FprrroIor2 3-

give 2. #idigplorai iosel- B ayriebel2 B dlperimidigg evp s@lidi3@1igle of _
01513 SEE5TLPS 8 IO 5 PIUT, POl Sy T b o5

mmol) itpédotanide DF EAg( 0586%@1,) aﬁd Vri?etnymlln)ne (0. 130a%B ) ®9IEHmmJ]) in
was stirred at 110C for Water and Et OAc were
dioxang (e Wrsetigegani@ (E)ff%{s?@ Maeémﬁ Bt wigesitelgdwl herorgppic

phase \b&lseggﬁ%rd éédqo@e{ohﬁa%ngddtﬁgedq}ﬁfacw&%e 1-(2-chloro-7-tosyl-

concéntrated 1 n vacuo
7TH-pyr2elof, M@ﬁrmdde%}ﬂ)@@amdmw&qubemgmbde'(%(bsggl 7H pyrrolo

[0416]d% mlxtu]'JJ gtr -C | lgro47 tgsr?l %?—I Ig}ggglofg;% d];!ycl)'lﬁn’(l)l n- 4 y %Ep%tnldgnre 3-

carboxgmﬁial (@29@ oe@g nbA; % Mm@%@%ﬁp&@mh ?l}fstXﬁdrn‘é'(@OO mg,
[2 d] pyri m di n-4-ami ne (257
0.456 rﬂd@dtﬁ@@ t(lzethwgsllyoddzmderfﬁ;l()o avhdl Od@pﬂm@mn mgBu@HIG ML) was

stirred r‘rgp n% dc Oé?g{gld gj%l{rqgl)lzv\r’]\a’?ss degtzcgéle\gac\lﬂmo t'ﬂggg Ale ?1)% B{Fﬁﬁed by HPLC
to given-gol- Ui @- X8y Sipkfal i1 1) pREHy 14rBin o$- 7hos yPNIH- PR o Jof B ARy rirflidin-4-

vacuo. The residue was di ssolved in CH3CN. Water was
yDpipegidied3-cerbprarnice (b2 8@pi t ati on. The precipitate was
G
[0417] 21?40(1?1? ?%&48‘1?2(%&4% EAP' a@é?%léﬁ)%w Egslﬂih‘éﬁylammo) “7-tosyl-TH-
yrrolo?[Q,B(—IHy)SmﬁwlpWylghpérﬁjlﬁe—d}qayb‘dxmrdde 25ngd).0hinhtdl) @ NMI6GH (2
9] A mixtu

mL), 23 0h T%?%!hntld vh@éﬂﬁlsszwhafﬁwgm%ﬁw Gigsy 1 MitepPping|cgpeentrated
in vacu03 thedb8Yhd Wag h&&fféd%ﬁpfl@&d (121| Iﬁi]}:é Gﬁlerfﬂjxuge A @E@llz‘)urlﬁed by

-am no- 3, 4- di hydr oqui nol i n- one (40 nmg,
HPLC tmgllv)z 1a(r2e|(4t(rpmmazmyusyl)ghleny:lmnmq)dﬁi POrroRQ2, iir’Lcupx@urﬁﬁifm1 -4-

pipelie e apransed? M SRt n Db e fﬁetﬁﬁ’lpefaz"‘ -

0.15 mmol ) and trinethylsilyl chloride (0.200 nL, 1.58
nmol ) were added. It was stirred at 135C for anot her
20 h. nBuOH was renoved in vacuo. The residue was
purified by HPLC to give the titled conpound (5 ng).
M5 426.4 (M+H); UV 203.5, B80.3 nm Exanple 112 WO
2009/ 131687PCT/ US2009/ 002512

6- (4- (4-fluorophenyl am no)-5-(uridin-4-yl)-7H pyrrol or
2, 3 dlpyr|n1d|n 2 ylan1no) 1

o ~7 A1 N o F A/ sAAaA T P T



[0613] To a m xture of

2-chl oro- N-cycl opropyl-5-i odo-7-tosyl-7H pyrrol of 2, 3-
waek@ynswsdi n- 4- ani ne (150 ng, 0.307 nmol), PCT/US2009/002512

4-f | uorophenyl boronic acid (64 ng, 0.457 nmol) and

s phergAmRY SRR IRy T DplRe s R Gy me) (MS

4636(H1\6Hjj1 UWQ&W@&hH}ed at 100C for 1 h. Water and
Et 0AC’ were added. Thé organic phase was separ at ed,

dried over Na2SO4, concentrated in vacuo. The residue

E &fﬁqpurHQ|ed by a silica gel colum, which was el uted
XAMPGS %o Et OAC in hexane to give
4-(4-(afriRdth&h PHPIpEN G h 0P I9 Y14 Bpipéralinunk DPIRGRN 1IH -HyHBEN D 37 H- P

yrrolo[2,3- d]pyrimdin-4-amne (121 ng). [0614] A
d1pyrimaidin2jankne,and 1

-(4-(4-(4-(4-(aminomethyl)piperidin-1-y1)-7H-pyrrolo[2,3-
%Iuorophenyl) 7-tosyl-7Hp

: Ggrr=4=ant ne- /6 ng, 0.17 mmol),

6 an1no 1Nmﬁ;hy1 SNA&dlhydrqu|noI|n 2(1H) - one (60|§¥§m

0.34 mmol) and tr nethyIS|IyI chlorlde (0.200 m., 1
ol ) i BuOH ( ) mas an,135 C for 20 h

N\\\\mas c@ncentrat din vacub—/T e/ resi due was pur|f|
oA HPEEto—ot t%ﬁﬁﬁﬁmﬁ*MS%;ﬁ WN\\
UVSZOSN%E“QQS é| anpimeciInB4oH, 135 C N
6- (4- (D8W%y| ani no) - 5B( pyri di n- 4-y1) - 7kkﬁyr?_10[
yrim di n-2-yl am no) - 1- net hyl - 3, 4-
di hydr oqui nol i n-2( 1) - one CH | WO
2009/ 131687PCT/ US2p09/ 002512 [0615] A ni xtiure of
2, 4-di chl oro- 5- |g€§37 tosyl- 7H pyrrol o[ 2,3~d] pyri m di n
aqK@H(l 00 g, 2.13 : benzylanlne (0.23 , 2.13

3 de

M‘”hég? and DIEA ;?l nL T4.31 mml ) in d Qxane (12
€ nBuGH (3 L) eq*at Cfor 2
| t mBsJ Mt dd in vacti dk_ﬁﬁéf>_§ldbeHmas

artltloned bet ween water and Et 0Ac. The organi c phase
[0418]v®solgeplapéi édilclwlamﬁ"éﬁom -/ H-pyrchal?, 3-d pyninwding (808 mg, 0.584

mmol)'\?mc amlrlloen(iletgvl%lperl me (125 (r:rpgn 6%&&1%188 and tr\{gﬁ}llJlamlne (0.160 mL,

1.15 mNrdp)emudxaaew )G - gu@@a-ﬂ 7@ 06 Ydr . py a0 htd BiBAEIMRYd added.
m di n- 4- am ne (0.993 16 To a m xture of
The orgamepbase “Ziséhﬂ’aé?téd@fl 4 CTERALES i P ICUD-tE 1K tprt-butyl

(1-(2- cﬂlo%-g-t%seylzf%g?om 30 gyx?ngX "Wiﬁeﬁdlwl methylcarbamate (303

mg). Pd(PhSP)2C12 (40 ng, 0.042 nmol) in dioxane (3 nL),

[04191rﬁ~mlﬁfruéecﬁfgrtifwxﬂﬁgd%ﬁomgm Ofsxs‘rﬁi pwrr3%2ﬁp?rlde£ fa.al"®

yl)plpel‘g'i%{}%@%fng%t@gcérﬁaﬁ%t{903 e 01583 intkti61) WA - L bink i pHe M) piperazin-1-
ylethaNotefiy T g -0c32ommob) a(qolwinmth}dmw thloride 63400 Milp Pricahoiod in n-

. 3- i i di.n- 45 0617 | ut i f .
BuOH (PN S Bt A5 L RS AT PP hngied S VO i rgpicue
was puglaﬁ%d bQ]HHch 1) ﬁﬂv@ -14(ﬂa(m@e(4((%ﬁnﬁ@netﬁyl@pﬁgemml1)y1) -7- tOS)(I)l -7H-

-am no - 0one

droqui nol i n
pyrrolatg,3- dipmmMmﬁ)ylamw@phwe/{ dpesazin|l - )dmf@npmfe(@ong)zo m.,

[0420]%5%2_§’oll'§7t’)3|§r{.3 ?)fi‘ | I%@%ﬁﬂ@ %1111 0 ‘{‘5%% e%%ia{ 133) *?“tosjyg@%éﬁrolo[z 3-

d]pyrlrmm}l )Z M&ﬁl@@@ﬁdyl)plﬁ)emm S-tyl)éﬂﬁdm&,t (60 16&; OF Iy maivd) inaeviedOl (3
was concentrated in vacuo. The residue was

mL), aﬁuW #ﬁ%‘é (hynlppras addedsi It wag piarreq 34609 Celghp duidter being zgnepntrated
in vac resx %Qpaédlﬁ%?am?h thl (g rgg}o T'f?égﬁm e whe thfﬁl )P rified by

enzyl am no -tetr roqu
HPLC |tmgiver4-(@»()ahﬁmnmex)1ymﬂppydmel @l)2N-B4-(piperazin-1-yl)phenyl)-7H-
dl pyri m di ne-5-carbonitrile
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[0618] A solution of

N- benzyl- 2-chl oro-5-i odo-7-tosyl- 7H pyrrol o[ 2, 3-d] pyri
wWOorR@on3ws7 am ne (386 ngy, 0.716 mmol ), Pd2dba3 ¥dDUsN9/002512

0.043 mmol) and dppf (80 ng, 0.14 mml) in DMF (6 nL

. _ )
pyrrolgf33 (ﬁggmga;gg AN T000 P&FR5Fs BRI, GV 285 hm) and 1-(4-
(4-(4- (2!%5}%11}19 gﬂér%?-@%ﬁj @ﬁ%%;kwlélm AjpyfRBdiiXt Ure was

stirred at C for was renoved in vacuo. The
ylaminojgheuyldpiperszipui-yetbandng (HPIE) (MSgH48e5 (M+H); UV 202.6, 273.4 nm).
4- (benzyl am no) - 2-chl oro-7-tosyl- 7H pyrrol of 2, 3-
d] pyri m di ne-5-carbonitrile (54 ng). [0619] A solution
Examp@és 12 and 13
benzyl am no) - 2-chl oro-7-tosyl-7H pyrrol o[ 2, 3-d] pyr.i
($)-1 Qr( ﬁiblm)ﬁrazm Ml)nmnwlamm@) ﬁHprmloki }d? prnding4- yDpyrrolidin-3-ol

ylammﬁmbhymmpmm (;Qetﬁarrdg)s and di oxane (1 5 m_) was

stirred at 116C for 20 h. It was concentrated in
vacuo. W&e@r esi was purl f| ed HPLC to give thez_>
ditled c ound. 424, 3 NQ7.7, 273.1 nm
nmple 1 But yl
- (4=(Aacet yl ﬁj_ggam n- 1I- rrsjA ur)\m
6 1yl ) pra@e?Qle ne box i, eBuOH E@@ZO +S
2, 6-di chP¥Fopurine (189 mg, 1.00 mol), Bt hyl
ni pecotate (0.155 nL, 1.00 mml) and DI EA (0.300 ni,
1.72 mol) in CH3CN (5 m.) was stirred aL room
tenperature for h, during which tine te solids
[eci pi tated out%l ch was coll ected to%\/e et hyl
_Kjb;(_&chl or o- 9H—pur| n-6-yl) pi per| di ne 3- C%%yl ate
my) ., ] ture of
Meo}“(?(g chinor 0@13 NASIG- yI ) pi Qéﬂf\m’%@_aar"boxyl ate

(108 ng,
[0421]1A ¢dlu(idn aﬁt,natpbiﬁngd 7-}chngf7HZli>)nfoleBZI 3-dipyaindde (20Gmgy().584

mmolp(S3 2 it Wa%mmrogét 5 9% b Séf{xéémgB:%%?'éggtavlam@%ﬁﬂ 3, 1.15

mmol)lin dlotxaﬂ@ffb' ﬁQﬂ%@%ﬁﬁ&@Q 70"00’ £ 90-h. Wiked £7i ﬂ%é’\@ére added. The
puri f PLC to give the titled conmpound (86 ng).

orgamdx@lesawaﬁ s@[MfN)eqi dil¢d2er BTa281(742c®1q¢mratEdampdice1om’glve (8)-1-(2-

B L I M W T

395.3 MLB; Chpdieider azi n- 1-yl ) phenyl ami no) - 94 purin-6-yl ) pi p
eri di ne-3-carboxylic acid

WO
[0422] 28 ook s BBAPET2SRo0g]-0635TH-pyrrolo[2,3-d]pyrimidin-4-yl)pyrrolidin-3-ol
(201 mg, 0.512 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (160 mg, 0.730 mmol)

and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in n-BuOH (5 mL) was stirred at 120 °C

for 40 h. n-BuOH was removed in vacuo. The residue was purified by HPLC to give (S)-1-(4-
(4-(4-(3-hydroxypyrrolidin-1-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone (80 mg). MS 576.5 (M+H)

[0423] To a solution of (S)-1-(4-(4-(4-(3-hydroxypyrrolidin-1-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (80 mg, 0.14 mmol) in MeOH (3
mL), aq. IN KOH (1 mL) was added. It was stirred at 60 °C for 4 h. After being concentrated
in vacuo, the residue was acidified with HOAc (1 mL). The mixture was then purified by

HPLC to give (S)-1-(2-(4-(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
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[0622] To a solution of butyl
1-(2-(4-(4-acetyl pi perazi n-1-yephenyl am no) - 9H puri n- 6
wo 2000pieper i di ne- 3- car boxyl ate (76 nrg, 0. 15 nmpth/UB2909/002512
THF(2 m), ag. IN LiOH (1.00 ni, 1.00 nmol) was
The m xture was stirred_ at ro mteR‘Eq?rature for

yl)PYrrelsdlﬁ 3- Pld&dngh(l\ﬁ%)”s()\éél\’&*d@éé“@ Shbt- (‘hﬂ g¥hyqreryPyFFRidin-1-yl)-

e
ey S SRR B A BB £y BBk G (s 422
(M+H)li ne- 3-carboxylic acid (45 ng), M5 465 3 (MH); W
205.8, 272.8 nm and
1-(2-(4-(pi perazin-1-yl)phenyl am no) - 9H puri n- 6-
Examp¥d 141 peri di ne- 3-carboxylic acid (8 ng), M5 423.3

. Exanple 118
2-(4-(43ack QA figerpdinale t hepiyipemiag)-f-(#-~(yn)noetiy] aripariain-9 HApdH: n-
erroloﬁigl-(;]B{’I%%lrdidl - 0%%1 eoxam de [0623] To a solution

C,1 (2-(4-(4-acetyl p| perazin-|-yl)phenyl am no)aec mn-

yl)wsperldl S -carboxrydnc aC|d W
,k 0 0y, - » 1 n P ), EDC (35
mg, 0°183 mdl) Vs adc@ﬁ{ﬁ%? er Bel g st r FEA GHEEN.90
mn, NH3(05M|nd|oxane 1.00 nm., 0.500 mmol ) was
added. The m xture was stirred for 2 h. Mre EDC (52
n% 0. 271 mol) was added. It was stirred for anot%“z
h.

Cl

"D The mixtur@ W&s t hen purified by HPLC to giv
{jt he tizided co d (30 n%ast (MrH); WV 20

273 B—rm—Exanp But )\/ES
(1 "2"632 oxo-% 4tetrah dr oqui nol i ng'i)
oA pyr bﬁ op @, 35l eyt m di AMAE l“}*bq‘égrl dlo

V‘B 2009/ 131687PCT/ 882009/ 002512 [ 0624] A SOI utl on

5
[042410500%8‘1‘%9%‘%?5“ 37 2y ARk P S MLRECH 302, oo
CH2C|{ (B?Dln]ny N-ibdofuarimm) dea(3co 0BA 6(0m40) whs adkied0lt mmlsblrreah at room
tempergiugfor g0 TS 408 Promesh Hanrlcsirss oD LHisMRRioaYE -
dichlotdess e bprrém[t*%]p%mﬁﬁn@&ego MaRFO414. £QRE 8N N jivRd) N

vacuo to give et
[0425] 2Fq 4 syspemsidronfo2, 4+d4qjy¢moeff -o]dR; 3 gyppldl BB et pydmydipd (%30 gi8.92

- 4- t 3 625]. A m xt of gthyl .
mmo 3o pEBEERIPaI T 0108 SPempii IR havshytamine
(3.0 mD; .6 Wia6Ig hd Glrﬁelﬁﬁaﬂﬂlop?néﬁ@ (08Y k5, 0.38 mmol) were added. The

6- am no- 3, 4- di hydroqui noli n-2(1H)-one (97 ng, 0.600

mixturg#gp );tug%attrppﬁ@pwp@mry fforchh.oWiatee a (@)Cﬂg@lmerepdggi The organic

n ( [ C
A N R
concenﬁdtéﬂdn vh(tudma%v&t 2 ﬂrcﬁchlato 3-3&doC7 @yl -aHofes10[20B-8] pykimidine as a
concentrated in vacuo. The residue was purified by

solid (W@ S §p%e at“ﬁé”@@t@é’dHEorrpound (54 ng). MBS 477.3
(04261 (A% furd N 28%ih1odRidioM Mosyl-7H-pyrrolo[2,3-d]pyrimidine (310 mg,

0.662 mmol), 4-N-Boc-aminomethyl piperidine (142 mg, 0.663 mmol) and triethylamine
(0.200 mL, 1.44 mmol) in CH3CN (10 mL) was stirred at room temperature for 20 h. Water
and EtOAc were added. The organic phase was separated, washed with IN HCI, then with
5% NaHCOs, dried over Na>SOs, concentrated in vacuo to give tert-butyl (1-(2-chloro-5-
10odo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)methylcarbamate (418 mg). MS
646.5 and 648.4 (M+H)
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Exanpl e 120
2-(1-(2-(2-o0x0-1, 2, 3, 4-tetrahydr oqui nol i n-6-yl am no) -7
woR@ynswBD12, 3-dl pyri m di n-4- yl)piperidi n-4- yPCHUS1002/002512

acid [0626] To a solution of butyl

-1,2,3,4-tetrahydro I n- 6-
[0427] I%W’i‘tBTed{fieerH‘]yM/]r (rtblpre - 9@%—915%? ' %QXQEY&JM@ 4-
yDpipelfiip P BB TIANande (115 (b b7 it %@2????% (P o5, mmob,
dppf (72 engéx biOunmof)mmdm(ﬁN)HmCmglo § muasl) adDMF ¢SomL) was stlrred at

Li OH. rlfled by, HPLC t
10° o) biToMEmesomiouminy S5y he R 15 1950eilgo & ool cluted
with a Z&eﬁt S¥M0- 39, 2P0/ 1R hERARCD LHRAOAMPAT P H2- cEI@HJSLc%Iaﬁ@J? -tosyl-
1-(2-(2-0x0-1, 2, 3, 4- tetrahydrqu|noI|n 6-yl am
7TH- pyrH;lp[@;} d]pcypznd;mdﬁ] pg)plpmldmnfl- -ybmethylcarbamate (180 mg).
eridg

[0428] ngtBre of tert: butyY (f ektlloro g -Cyano-7= tosy%77]H pyrrglof?!i l(Jit]pyrlmldln 4-

yl)plpel?ldfnh Sfﬁnfeaw@éﬂ)alma?@e 818b-he! . amdfnﬁ&ylln@ﬂ (4Darﬁrn)b bRéAyMPipefazin-1-
Hpyrrol o[ 2, 3-d] pyri m di n-4-y F gerldln gy pacetic acid
yDethapa® (g7 g, 0625 mop)) aad rimesyls(35chigrida(0p300mb) 3.37 wmmks in n-

BuOH &2 E})XVC?SE@? o1 %E%C %ﬁéé %%%?Wa&?grggg%d iAf\Iag{B .@er}gmdue

was puflfie® 8y MPRIO tngiﬁe eddridd cOhpodhd (25 @g)VadS s7i 15r(®k-H R IUV2Q00.8,
h. It was then purified by HPLC to give the titled

277.8 mynpound (20 my). MS 420.3 (M+H); UV 201.8, 279.8 nm
Exanpl e 122
1-(4-(4-(4-(4-(am nonet hyl ) pi peridin-1-y1)-5-chl oropyr

Exampienidi n- 2- ylanino)phenyl)piperazinl yf | et hanone

1-(4- (44% ﬁ,(LmInhq%Jétllngll)oigercwﬁgp Oﬁg—gH\Aﬁurm Qr?llsnlogﬁenv )&lpg %liI]Sl y

Dethah &8 nonethyl)plper|d|n I-yl) 5-fluoropyrimdin-2-yl am
: no) phenyl ) pi perazi n-1 -y1) et hanone, by using

2,4,5-trich|oropyrinig%n M5 444.3 and 446.3 (MH, G
pattegn), WY 210.7, 7 nm — 0
o E " n>r [N e )LN,\ |

NN

)'\JI,\P > N N N7
N

_ )
H TEA, CH3CN, 70 C NlJﬁ:N» TMSCI, nBuOH, 135 C )\
)\ “~N H

Ci

[0429] A mixture of 2,6-dichloropurine (189 mg, 1,00 mmol), 4-N-Boc-aminomethyl
piperidine (214 mg, 1.00 mmol) and triethylamine (0.300 mL, 2.15 mmol) in CH3CN (4 mL)
was stirred at 70 °C. It turned clear solution initially, then white precipitates crashed out,
which were collected and dried on vacuum to give tert-butyl (1-(2-chloro-9H-purin-6-
yl)piperidin-4-yl)methylcarbamate (310 mg). MS 367.4 and 369.4 (M+H, Cl 'pattern)

[0430] A mixture of tert-butyl (1-(2-chloro-9H-purin-6-yl)piperidin-4-yl)methylcarbamate
(100 mg, 0.272 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (120 mg, 0.548 mmol)
and trimethylsilyl chloride (0.300 mL, 2.37 mmol) in n-BuOH (4 mL) was stirred at 135 °C
for 70 h. n-BuOH was removed in vacuo. The residue was purified by HPLC to give the titled
compound (12 mg). MS 450.6 (M+H); UV 200.0, 270.8 nm.

Example 16
N-(4-(4-(aminomethyDpiperidin- 1-y])-5-fluoropyrimidin-2-yl)- 1 H-indazol-6-amine
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WO 2009/ 131687PCT/ US2009/ 002512 Exanpl e 123

6- (5-fl uoro-4-(3-oxopi perazin-1-yl)pyrimdin-2-ylam no
w0 2@943w8hydr oqui nol i n- 2( 1H) - one [0629] TheCT/Us10891002512

conmpound was synt hesi zed anal ogously as conpound

1-(4-(4-(4-(4-

(am nomehRBbg pi per,\;’_‘% b-1-y1)-5-fluoropyrimdin-2-yl %

no) phenyepi per azin ypet hanone, by using
pi per gzi n- 2- one 414 H; UV 214.8, 252.8 nm

NH,

cExanpl eny124 N
\L€4- (49 (5-f1 uor §- 4-( pi per azi N'iz_yI)Blif‘flmdlgt@Mm)@/
)\ )phe%lipl'perﬁ SNV eutohq ng” ) (3T.T N U A
cH3cN O N

[0431] A mixture of 2,4-dichloro-5-fluoropyrimidine (167 mg, 1.00 mmol), 4-N-Boc-
aminomethyl piperidine (214 mg, 1.00 mmol) and triethylamine (0.300 mL, 2.15 mmol) in
CH;CN (4 mL) was stirred at room temperature for 20 h. It was concentrated in vacuo. The
residue was dissolved in nBuOH (6 mL). 2 mL of the nBuOH solution was taken, to which 6-
aminoindazole (66 mg, 0.49 mmol) was added. The solution was stirred at 116 °C for 20 h.
nBuOH was removed in vacuo. The residue was dissolved in TFA (2 mL). After being stirred
at room temperature for 2 h, TFA was removed in vacuo. The residue was purified by HPL.C

to give the titled compound (40 mg). MS 342.5 (M+H); UV 205.8, 246.8, 276.8 nm.

Example 17
4-(4-(aminomethyl)piperidin-1-yl)-5-fluoro-N-(3.4,5-trimethox yphenyl)pyrimidin-2-amine
NH
NHBoc NHBoc OMe 2
Cl MeO NH OMe N
© 2 TFA MeO F
N™™% > > N
PP )j/ PP
CI” N TEA, 1t )\ nBuOH, 116 C MeO ” N

CH3CN
[0432] A mixture of 2,4-dichloro-5-fluoropyrimidine (167 mg, 1.00 mmol), 4-N-Boc-
aminomethyl piperidine (214 mg, 1.00 mmol) and triethylamine (0.300 mL, 2.15 mmol) in
CH;CN (4 mL) was stirred at room temperature for 20 h. It was concentrated in vacuo. The
residue was dissolved in nBuOH (6 mL). 2 mL of the nBuOH solution was taken, to which
3,4,5-trimethoxyaniline (91 mg, 0.50 mmol) was added. The solution was stirred at 116 °C
for 20 h. nBuOH was removed in vacuo. The residue was dissolved in TFA (2 mL). After
being stirred at room temperature for 2 h, TFA was removed in vacuo. The residue was
purified by HPLC to give the titled compound (42 mg). MS 392.5 (M+H); UV 223.8, 257.8

nm.

Example 18
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[0630] The titled conpound was synt hesi zed anal ogously
as conpound 144444444-
w@ a09pnawset hyl ) pi peri din-1-y1)-5-fl uoropyrim di PERUY10891902512
no)phenyppiperazin 1-y1l) et hanone, by using
1- g4-(41é45(%c;@§11 ome Eylgplperl}@n 1- yI)%-ﬁuorEQanldmg ylafn1no§§henvﬂp1perazm 1-
yhethaflofe- ( 4- (4 acet yl pi perazi n- 1-yl ) phenyl am no) - 5-f | uor op
yrim di n-4-yl)pi perazi ne-1- carboxam de WO
2009/13&§&£PCT/U82009/ 02512 [0631] To a suspension,,
of 1- (&- (4- (5- 8- era2|n 1-yl) pyri midi n- 2- 2
yl am o pheny |pera2| \EZEfthanone (5% ng, 0.13 Q;ﬁ
a so

cinmol ) N ,é*q\pf\qg 0.7
.SH§h3n3|QﬁNb m?é&TF

I) HZO
/kN Iear The d§ re was §&h{ﬁﬁﬁ:at 70C for
then(ﬁngfle by HPLC {0 give the titled conpoun g
M5 443.3 (M+H); UV 201.8, 269.8 nm Exanple 126

(043318 ?({mxme oi12, ¢ Alichi@oyl- ﬂilp@lpazitrmdime (17phenydanime), sNHBoo

amino 28] B L PSR RE 500 28 v

CH3CN@4THQQ|'M1$ %tlﬁéd ﬁl“ro()ﬁr &ﬁrperature for 20 h. It was concentrated in vacuo. The
(am nonet iperidin-|-y fluor%Eyr|n1 in-2-ylam

remdquﬁsp(ﬁéw}} 1p £H, (Qm}j)%nﬂa@ﬁjﬁ@ nt@ $rilpigon was taken, to which 1-
(4-(4-?1%‘8&&1@1%‘}3&“)& Qrélg’my &@g@%@&ﬁnd@ps %Bg, 028 3 %M- s add¥a F42- Biution

was stitred 2t (% ‘(Glfc&Qet}y hBupa! aas ferdovwel)ip hediyd. TRE Ad)dule-Wdsulgsopred in
i mdin-4-yl)piperidin-4- ylcarbamate WO
TFA (Zg@ég / ABergemg-stirrgdoay gogm demperature for 2 h, TFA was removed in vacuo.

The residue was purified by HPLC to give the titled compound (43 mg). MS 428.6 (M+H);
UV 206.8, 265.8 nm.

Cl

Examples 19 and 20

N-(4-(piperazin-1-yl)phenyl)-4-(piperidin-1-y1)-7H-pyrrolo[2,3-dlpyrimidin-2-amine and 1-

(4-(4-(4-(piperidin-1-yD)-7H-pyrrolo[2.3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-

yDethanone

cl HN ) [Aj )rwd N—<::>—NH2
0] \—
N

>=
N/
Z -
z
N/
P

Y

CI” N
H TEA, 70 C o ANPN TMSCI, nBuOH, 120 C
dioxane H
() 3 S
HNTY N )LN/\ N
I\/N\©\ h{)ﬁ\/\x + ‘\/N\Q \
NTSNN A\
H H N

[0434] A mixture of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (100 mg, 0.531 mmol),
piperidine (0.060 mL, 0.607 mmol) and triethylamine (0.200 mL, 1.43 mmol) in dioxane (4
mL) was stirred at 70 °C for 20 h. Water and EtOAc were added. The organic phase was
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0 HNAOPh [0633] The titled conpound was synt hesi zed
anal ogously as conpound 1-(4-(4-(4-(4-
w@ a09pnawset hyl ) pi peri din-1-y1)-5-fl uoropyrim di PERUY10891902512
no)phenyl)plpera2|n I-yl)ethanone by using benzyl
peridi n-4-yl carbamate. M5 548.4 (MtH); 8,
separatg@girlg oyeoNg SO cg@@;ﬁggt@d Jrpgacuo 'to give 2- chloro 4- (plperldm 1-yl)-7H-

el T REME P L AR R G

[0435] o itk tueofdX-cerey(piperidin-1- yl) -TH-pyrrolo[2,3- d]pyrlmldme (123 mg, 0.520
1-(2-(4-(4-acetyl pi perazi yl ) phenyl am n
mmol)sfh-if’cﬁébwrwhmsﬂf f‘yré@nﬂeyloqib%meﬁ%%a%ﬂgH{I@@ﬁé%
. ) o
imet AT PIRIEE: b HAAD B a ol SOyl $860°C for 20
h. n-BuQiémwak ird:mevmﬁnt\’facml dhheaedidtcewasipeifiad by HPECWagwe N- (4-

oipera g SRR o S B bbb GRS B 653 vs
378.5 mm» @hd (14(4((4 (@C(?I@éhﬁhpﬁﬂ)z‘m d&%w[@ h\e/%wﬁmﬂm)z 5-fluo

yrimdin-4 eridi'n-4
ylameIpd)@ﬂ)ﬂMﬁﬁ?ﬂ@-ﬂ/—ﬂS}itb@wr@G% 1) (MY 9835 [MFH) aU¥1)5¢h 21768 nm).
of

1-(4-(4-(4-(4-amnopi peridin-I-yl)-5-fluoropyrimdin-2
ExamptesYl1afd»Q) phenyppi per azi n-1 -yeet hanone (48 ng, 0.12

mml) 1n CH3CN (2 nL), a solution of KCN (60 , 0.74
N-(4-(pipeip3in; Lwlmwlwnryb anrrMImdirv&WHmﬁrO&@[aMl@mm Jacaamine and 1-

yl)etham@ I\/B 457. 3 (M+H) uw 204 8 266 8 nm Exarrpl e 130

2-(4-(4-acetyl pi perazi n-1-yl ) phenyl ari no)-4- (4-(ureido
t hyl ) pi I din-1-yl riiny, di ne-5- crrgoxqmd
aret hyl) pi pex BLUg Obiri\_}rl“— NH,

AN -
CIAN N } N)T% i
H TEA,70C P TMSCI, nBuOH, 120 C

dioxane ClI” N

Iz

O
HNTY Q )LN/\ Q
K/ N \@\ N\ + |\/ N N
)\ N \©\ )\ N
H H H
[0436] A mixture of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (100 mg, 0.531 mmol),
pyrrolidine (0.050 mL, 0.600 mmol) and triethylamine (0.200 mL, 1.43 mmol) in dioxane (4
mL) was stirred at 70 °C for 20 h. Water and EtOAc were added. The organic phase was
separated, dried over Na;SOy, concentrated in vacuo to give 2-chloro-4-(pyrrolidin- 1-yl)-7H-
pyrrolo[2,3-d]pyrimidine (116 mg). MS 223.3 and 225.3 (M+H, Cl pattern)
[0437] A mixture of 2-chloro-4-(pyrrolidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidine (116 mg,
0.521 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (200 mg, 0.913 mmol) and
trimethylsilyl chloride (0.200 mL, 1.58 mmol) in n-BuOH (5 mL) was stirred at 120 °C for 20
h. n-BuOH was removed in vacuo. The residue was purified by HPLC to give N-(4-
(piperazin-1-yl)phenyl)-4-(pyrrolidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-amine (3 mg) (MS
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[0636] To a suspension of
2-(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 4- (4-
W@ a09pnawset hyppi peridi n-1-yppyri m di ne-5- car boxe@n/ts2008002512
ng, 0.018 mml) in CHSCN (1 rTL) a soI ution of KCN (18
The m xture

364.5 (TR and A& o gt oy o TH By alg L alp BRI el by
h 496. 5
ylamm%&‘m’ﬁ %ootlsﬁ)%%dog‘g A%H@gpngl 498 SR>

4-(4-(4-(am nonet hyl ) pi peridin-1-y1)-5-fluoropyrimdin

-2-yl am_no) benzoic acid WO
Examples 24004 2467 poT/ Us2009/ 002512 [0637] The titled
1-(2- (4%{3@%5}{11%@\}1&9%5 wpw@ibm%%nﬁﬁup@'WMdme_4-

carbox -_; odd 1‘ dia q : pyiimidin-

Aoy henyepi per azi n- 1- yl) et hanone by u3| ng
le—%‘*—%ﬂ?@%%m 1per id. M5 346.2 (MrH); UV 215.8, 275.8,

292.8 nm Exanple 132 o)

NH,
6-(4-(4- (am nomsthyl)pl per} di n-1-y1) 5-b,4=e{mp =M di n-
2-yl am hydr oqui in2(1H) - NTQ6 3BT NAhe

itled o n MRS synt hesilzed anal @gou as

N ound 64444-

M onet hyl )y pi pertdin-1 -fluor ’rﬂﬁ 2 m

Cl 0)H 3, 4- dTBI70qui nol i n- B( ne, @% i C?H 1?’(}8
5- br ono- 2dibxenchl or opy®i mMi nH M5 431.4 and 433.3

(MrH, Br pattern); UV 222.3, 263.9 nm Exanple 133

Os NH, O NH2
.
‘ N

HU N A\ ' K/)\j : \

e e

H H

[0438] A mixture of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (140 mg, 0.744 mmol),
isonipecotamide (95 mg, 0.742 mmol) and triethylamine (0.300 mL, 2.15 mmol) in dioxane
(4 mL) was stirred at 70 °C for 20 h. The precipitates were collected and dried on vacuum to
give 1-(2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (205 mg). MS
280.3 and 282.3 (M+H, Cl pattern).
[0439] A mixture of 1-(2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
(80 mg, 0.28 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (125 mg, 0.57 mmol) and
trimethylsilyl chloride (0.200 mL, 1.58 mmol) in n-BuOH (3 mL) was stirred at 130 °C for 20
h. n-BuOH was removed in vacuo. The residue was purified by HPLC to give 1-(2-(4-
(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (4
mg) (MS 421.5 (M+H)) and 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (6 mg) (MS 463.5 (M+H); UV 200.0, 272.8 nm).

Example 25
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4-(4-(4-((dinmethyl am no)net hyl)piperidin-|-yl)-5-fluor
opyri mdi n-2-ylam no)benzam de WO
wQe®913168687PCT/ US2009/ 002512 [0639] To a nMPRT/USEOYH02512
4- (4 (4- (anmi nonet hyl ) pi peridin-l-yl)- quoropyrinidin
10 0.

nq rimidine-5-

carbox Hgf¥e (0.3 nL) NaBHBCN (60 ng, 0. 952 nnDI) was added.
e mxture was stirred at roomtenperature for 20 h.
It was cog@éﬁﬁrated i MP¥cuo. The resi due W& purified

by HPLC gi ve the | ed conpound (20 . M5 373.3
a (MH) ; 13.8, 26 0292.8 agmiOl_Exarrm A 34 EtERI/ HOBt
no- 3 (1- (5-fl u 2~o%6~1-2:-3; 4- LR ahy-—‘—>
)N\\/O ?%1-6- [am nojpyn/?'ma O - THF,70C )\ %'B%"nﬂ
" yl) pi peﬁ{%@,@ 4-yl )%rdbanoate NaHCCE DF EA/ ACN. rt

[ 0640] To a suspension of ethyl

3- (1- Boc- pi peri di ne-4-yl)-beta-DL-al ani nate

hydrochl oride (518 ng, 1.54 nmmol) in CH2Cl12 (10 nL), a
Lution of NaHCO3 (1.00 g, 1.20 nmol) jne, H20 (15 i)

s added. =Renz\l ohIoroforngfe (0.246 . n., 95% 1.66
Eﬁwnl)\m% eh_atided. Eg m)dmﬁf\MB stlirred at room
egpe a separ at ed,
@g qmam{uaasomncconcentrated Q:%Z?i Qi ve

)\ rt- butyl

- (1 (benzyl oxycar bonyl am no) - 3- ethoxy3 oxopr opyl ) pi pe
[0440] 1Tk sidatlorcafr dbyyd, 4dech{d6Pyrivg)dine-5-carboxylate (221 mg, 1.00 mmol) and

DIEA (0.347 mL, 2.00 mmol) in CH3CN (4 mL), a suspension of 4-N-Boc-aminomethyl

BtO

piperidine (214 mg, 1.00 mmol) in CH3CN (4 mL) was added. The mixture was stirred at
room temperature for 20 h. Water and EtOAc were added. The organic phase was separated,
washed with 1N HCI, then with 5% NaHCQs, dried over Na,SQO,, concentrated in vacuo to
give ethyl 4-(4-((tert-butoxycarbonyl)methyl)piperidin-1-yl)-2-chloropyrimidine-5-
carboxylate (368 mg). MS 399.5 and 401.5 (M+H, ClI pattern).

[0441] To a solution of ethyl 4-(4-((tert-butoxycarbonyl)methyl)piperidin-1-yl)-2-
chloropyrimidine-5-carboxylate (368 mg, 0.923 mmol) in THF (5 mL), aq. IM LiOH (2.20
mL, 2.20 mmol) was added. It was heated to reflux for 5 h. THF was removed in vacuo. After
being acidified with HOAc (2 mL), the residue was purified by HPLC to give 4-(4-((tert-
butoxycarbonyl)methyl)piperidin-1-yl)-2-chloropyrimidine-5-carboxylic acid (150 mg). MS
371.4 and 373.4 (M+H, Cl pattern).

[0442] To a solution of 4-(4-((tert-butoxycarbonyl)methyl)piperidin-1-yl)-2-
chloropyrimidine-5-carboxylic acid (150 mg, 0.40 mmol) and HOBt (93 mg, 0.61 mmol) in
DMEF (2 mL), EDC (116 mg, 0.61 mmol) was added. After being stirred for 90 min, NH3 (0.5
M in dioxane, 4.00 mL, 2.00 mmol) was added. The mixture was stirred at room temperature
for 20 h. Water and EtOAc were added. The organic phase was separated, washed with 5%
NaHCOs, dried over Na;SQq,, concentrated in vacuo to give tert-butyl (1-(2-(1H-
benzo[d][1,2,3]triazol- 1-yloxy)-5-carbamoylpyrimidin-4-yl)piperidin-4-yl)methylcarbamate
(138 mg). MS 469.6 (M+H).
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WD 2009/ 131687PCT/ US2009/ 002512 [0641] To a sol ution
of tert-butyl

wd2qo2Agtsenzyl oxycar bonyl ar ni no) - 3- et hoxy- 3- PCT/US2009/002512
oxopr opyppi peri di ne-I-carboxylate (660 ng, 1.52 mmol)

(04431 Sl a0 B Uaheratial L Brsdor Wl

At _
carbarrfORAAREARLEIND ?ﬁayilaﬁgm(lﬁlaﬁlyi@ﬁwﬂﬁe (£33 RO, ﬁgmnkm) 1-(4-(4

to givé'e benzyl oxycar bonyl am no
aminoghenylgpipetarind-yl)gtharsparid4 g, 838 TRmobaint.p- tﬁh@ns&ulfonmld (56

ssol ed in Et0Ac. (50 nL Whj S hed with 5%
me, 0.4kl Th aledars ComLpase e Bridi G BF 3R BFSGad T o ved in
vacuo. Jh¥ @es@dd&)’\basgthssolved in CH,Cj; (5 mL) and TFA (5 mL) The solution was
(benzyl oxycar bonyl ami no) - 3- (pi peri di n-4-yl") propanoat e

stirred atsromnetemba@slr(: 1o B0min. I \@a4thpn ?lf@ncantsr@qedm weruef The regidue was

purifie b} R A Y AR A0 Frd AP RS ARt IR L APRA9R 263 5

nm. 2,4-dichloro-5-fluoropyrimdine (51 ng, 0.305 mmmol) in
CH3CN (2 m), [AEA (0.106 n, 0.610 nmol) was added.
The m xture was stirred at roomtenperature for 68 h.
s then concentrated in vacuo. The residue was
Eﬁg@p&&%@?lved in nBuCH (3 nl),
1-(2-(1 6k mdh1d-63y 14mih d) Y53 fl ocrdb ki din 2 Hbpiperiding 8 2 aftihx athid) 6
nmol ) was added. The solution was stirred at 116C for
20 h. | s concentraped in v 1C The residue was o
di ssol i Mz2MeOH \u, To tNe Iutlon Pd- C ( NH,
€140 np) mas added. T m xt ure Was 't HEn hydrogenat
NS ﬁdep—baLngn»hydro en:for 20-h—tt—was filtered F
w7t hroughesel i te. T [trate waoosEent ram )N\)T
vacuo.CHROY re3|d Was purified by HPLC to Nji
titled conpound (66 ng). MS 457.4 (MtH); WV 211 9,
[0444] 2y migurgmef E(ﬂiqhﬂcgoﬂjsﬂumpmnﬁdine (167 mg, 1.00 mmol), nipecotamide

azs uf; PR BRI D1 BaSE AL LoD IR S T AP
room térAfdaturelfoe 20iht [tashscoNBeiiRge RSy a8YH TR St sk a@sadn@mv@i )
as conpound 6-(4-(4-

nBuOH &}ﬁn%rﬂemﬁwf)tbq: pRHOHE selytiapryassiaken ¢e yiahi Gramineindagplgil 00 mg,
4- 0 | P [
075 mJR)} g i A BN b sl T8 3 . L O regved i
vacuo. Wﬂietﬂék‘a?dd& W adipgdxified\by2OFLQ to it4. tRe titled ¥Wnpound (63 mg). MS 356.3
2009/ 131687PCT/ 2009/ 002512 Exanple 136
(M+H)RUM 2068, 24934 2 Z\g 5118 BEr azi n- 1- yl ) phenyl ani no) - 5-f 1 uo
ropyrimdin-4-yl)piperidin-4-yl)-2- cyanoacetarni de
[0644] To a suspension of cyanoacetic acid (85 ng,
xmnmmZﬂ)nnDI) in C}QCJZ (2 m) (containing 2 drops of
X chlorld- . .
l4gdcetylpiperagzin.1-yHn : QPYLLIY din-4-y
Cmboxagggne clear. It was then stlrred for 30 m n. To t he
above solution cooled in an ice bath, a solution of
1-(4-(4-(4-(4-am nopi peri djn- I-yl) 5-

f 1 uoropyrjf m di n-2-yl gm no pHehy pi perazi n-1-yl)ethan
ne (7 N, 17 ngéﬁwa@nd TéK 78 L, 03. 43 nnnlg;rg NH,
¢ DVF ( ) was ad rop w se. emnlxpﬂm was th

%IHHM—%—*Omnte er at ure—for—3—h—tt w%;N %TF
/lNconceﬁmma{ed in c 0. The rB®HdJUECwas purrﬂT&Ih@m
HPLC €d3Gyi ve t he Nt | ed conmpound (12 ng). MS 481H5

[0445](%'_9(ture of 27‘,9—‘(]11cz)’10r0-656-ﬂuoropyrlmldme (167 mg, 1.00 mmol), nipecotamide
(128 mg, 1.00 mmol) and DIEA (0.350 mL, 2.01 mmol) in CH3CN (4 mL) was stirred at

-

N
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Exanpl e 137

3-(4-(2-(4-(4-acetyl pi perazin-1-yl)phenyl am no)-5-fl uo
wo oyn3wsdi n- 4-yl ) pi perazin-1-yl)-3- oxopropaneei/usiohe002512

[0645] To a suspension of cyanoaceti c acid (85 nyg,

) Cl7 cont a dro
room temmratafe 53bnht HRSreap %rat%%egww% ?Sdéue(wa%ésoﬂmed in
nBuorﬂ(mLsn@JnL Hake RECOH: soﬁ%aﬁmqml MEh, %‘@h%ﬁslp@f‘{iﬂ on
ecane clear. It was then stirred for 50 mn. To the
ammoph@u)?mmmmamasylmﬁmmmm 0326.98 nabol)evasaidded. dihesobitiod was

stirred iitnl(l%n’é,ﬁ)?étﬂfat EBPEI \ngl( %:itnipglgggrlfl jacpo. The residue was purified by HPLC

to glve¥llle) #RYed wn%danam RIS nq)smqwdmnpqwzzbesl 251 Zefzhanone
(23 nmg, 0.057 mmol )™ and TEA (0 0 nm, 7 mol) in
DMVF (1 rrL) vvas added drop w se. The mxture was t hen
ti re t roomtenperature for 90 mn. It was
ed in vacuo. The residue was purified by

tert-buthiPUC 3-AuGlove (4-11¢- rﬁéthblﬁ&t@rﬁm&w{éﬂvfaﬂlﬁn@}ﬁ){rmﬁ@n416‘71)15per1d1n 4-
(I\/H-I—%; UV 201 O 269 4 nm Exarrpl e 138

Exam

. Rr. 4- d| hydr oqui noI i n- 2(1H) one
un gle}ﬁ aﬁ%aé 5 br ono- 2, 4- di chl or opyri m di ne
(0. 256 niNHERCOO rrm,)\lle oc- am nonet hyl pi peri di RBBoc
(428 ng,J_2.00 nmo In CH3 (5.m.), DIEA (0.700 m
4.02 ) was aﬁ%d The M x was stirred at 160
ct enper e for 40 Jh. Water a NHC wer ded. \I
organl c Hbhase wasN se arat ed, washed “Wi t h HCL, then
/,\ th WNa‘FBGS OVEr Ver NaZb0Z4, corcent ri \
NGacuo TEAgi ve butyl nBuOH, 116 C NN

(1- (5-EHH»- 25 hI'Bropyrl m di n4-yl ) pi peri di n-4- yIl-)rrethy
| carbamate (610 ng). [0647] To a m xture of terf-butyl
(1- (5-brono-2-chl oropyri m di n-4-yl) pi peridin-4-| TfFA

yl ) met hyl car bamate (229 ng, 0.564 mol),

pyri di ne-4-boronic acid (76 ng, 0.618 mml) and NH,
Pd(Ph3P)2C12 (40 ng, 0.056 nmol) in dioxane (3 nL),

aq. Na2CO3 (180 ng, 1.69 nmol) (1.0 nlL) was added.

m xture was stirred at 100C for 20 h. It

concentrated in vacuo. The residue was pu?ff’

d b{l
HPLC to give tert-butyl \@7 S
(1-(2-chloro-5-(pyridin-4-yl)pyrimdind-yl)p r'ufﬁ"r <4
-yl ) met hyl car bamate (80 ng) VO H

[0446] 20 QR4 bR PG G2 AP REAB v Aridine (334 mg, 2.00 mmotl), 4-N-Boc-
aminomethyl piperidine (428 mg, 2.00 mmol) and DIEA (0.700 mL., 4.02 mmol) in CH3;CN
(8 mL) was stirred at room temperature for 20 h. It was concentrated in vacuo. The residue
was dissolved in nBuOH (12 mL). 3 mL of the nBuOH solution was taken, to which N-(4-
aminophenyl)-N-methylacetamide (98 mg, 0.60 mmol) was added. The solution was stirred at
116 °C for 20 h. nBuOH was removed in vacuo. The residue was purified by HPLC to give
tert-butyl (1-(5-fluoro-2-(4-(N-methylacetamido)phenylamino)pyrimidin-4-yl)piperidin-4-
yDmethylcarbamate (65 mg). MS 473.4 (M+H); UV 205.8, 262.8 nm.

[0447] A solution of tert-butyl (1-(5-fluoro-2-(4-(N-
methylacetamido)phenylamino)pyrimidin-4-yl)piperidin-4-yl)methylcarbamate (60 mg, 0.13
mmol) in TFA (2 mL) was stirred at room temperature for 60 min. TFA was removed in

vacuo. The residue was purified by HPLC to give N-(4-(4-(4-(aminomethyl)piperidin-1-yl)-
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[0648] A solution of tert-butyl
(1-(2-chloro-5-(pyridin-4-yl)pyrimdin-4-yl)piperidin-
wda200913v681 hyl car bamate (80 ng, 0.20 nmmol) and PCT/US2009/002512
6 anino 3, 4-di hydroqui nol i n-2(1H)-one (50 ng, 0.30
in nBuCH (3 nL&a% s stirred at 116C for 20 h. |t
5- ﬂuormméﬁb%wﬂwelph@nyl msthyhrstanaide @emgaMyi3236 MtD; UV
2018,%&i§§§.(4 m). After being stirred at roomtenperature
or mn, TFA was renoved in vacuo. The residue was
purified by HPLC to give the titled conmpound. M 430.4
fe H; UV 207.7, 264.5 nm Exanple 139
Examp S/31"‘)3‘11—@:)"lamnomethyl)plperldln 1-y1) - 5-cycl opropyl pyri
tert- butm d & e A BRI Rty im 1Y HLRA Bl 2 lpe it 4-
A mXture of tert-buty
yl)metHVlCaﬂE&rhme) and 2-(¢+i4 4 ammmmh‘dbmaeﬁdjh N pylp&eflutirop yrimidin-2-
)neth | carbamate (112 ng, 0.276 mmol),

lamin yl boronic acid (40 ng, 0.465 nmmml), K3PO4
(200 ng, % 43 mmol ) and tricycl ohexyl phosphi ne (20NHBoc
ng, O. I PNHRYcuene ©3 nL) and H20 (0.2 nlL) S
degass MAth ar on, thep : )2 (10 ng, 0.044 )

was added. The ure was
Chaat er aNd Et OAc e added. Th

oNpani ¢ phase was
NAEF%aUﬁﬁﬂ_Jmsh wﬁh4u4na_4kLa¢4mehNéhi§L‘*
L gdonce Jli;F

P rated in\vafuo to cbutyl
cl N(l-(ZE%ﬁkﬁfo & opropy%%y?ﬁ%?f I n-4- yl)plperld*n 4 y
| ) met hyl carbamate (130 ng). [0650] A solution opf

ed at 100q3for 20

tert-butyl TFA
(1-(2-chl oro-5-cycl opropyl pyri m di n-4-yDpi periyi n-4-

yl ) net hyl carbamate (99 ngy, 0.27 mmol) and NH;
6- am no- 3, 4-di hydr oqui nol i n-2(1H)-one (50 ng, 0.30
mol) in nBuOH (3 nL) was stirred at 116C for 20 h. |t
was then stirred at 140C for another 20 h.OIt was N
concentrated in vacuo. The residue was pyriNized by~ -F
HPLC to give a powder, which was then di'ssollyed is TFA

(3 m.). After being stirred at room tenperature oM™ 20
h, TFA was renoved in vacuo. The residue was purified

[0448] By miHRLE of @ 4idicdlarhes- ﬂu@noeurimmm@ma .- PR MmN I BE-
aminors 8D iecrkfinde el oo b 514 B9 209 - 4.02 mmoD n Cit:CN

(8 mL)ﬁve(s‘lsuﬁ(ia%t A &nqmran@@wsf Dh B Xt MaRicBadentrafedue Vagyy. Mk @dsidue
IanlnoQ di hydr oqui nol i n2(1H) - one 0
was dlqsg}ved in pBuO ]_(l?de.]g) ém&tm@lqﬂm solution was taken, to which 4-

aminobenzamide (82 mg, 0.60 mmol) was added. The solution was stirred at 116 °C for 20 h.
nBuOH was removed in vacuo. The residue was purified by HPLC to give tert-butyl (1-(2-(4-
carbamoylphenylamino)-5-fluoropyrimidin-4-yl)piperidin-4-yl)methylcarbamate (15 mg).
MS 445.4 (M+H); UV 212.0, 282.8 nm.

[0449] A solution of tert-butyl (1-(2-(4-carbamoylphenylamino)-5-fluoropyrimidin-4-
yDpiperidin-4-yl)methylcarbamate (10 mg, 0.023 mmol) in TFA (2 mL) was stirred at room
temperature for 60 min. TFA was removed in vacuo. The residue was purified by HPLC to
give 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)benzamide (5 mg)
MS 345.3 (M+H); UV 210.0, 281.8 nm.

Example 32

116



N.LF DIEA, CH3CN, rt A, CN [0651] To a m xture

of trans-4-am nocycl ohexanol (2.07 g, 13.6 nmol) and
wONadOmBI688. 50 g, 41.7 mmol ) in H20 (20 nlL) at PODDS2009/002512

tenperature, a solution of benzyl chloroformate (1.92

V\/m te p r&ebdm t at ﬁHgvas coI I ect ed as benzyI (1R 4R) 4-

hydr oxycycl ohexyl car bam?cs@ .37 g). [0652] To a
suspefsion of zyl HoN

cn(lR 4 g 4- hydr cycl ohexy amat e 14 gO 58 N
N ) and trietQylamne (1.30 ni, 9. F
N 415 at ro% enperat yre, | hanesul
c” N(o.4 (?}3‘,; Saontmol ) was Added: The mxture vvas
stirred at roomtenperature for 20 h. Mre

[0450] e htisnesof 2 OW&hlGﬂml-i}ﬂhdﬂ)p@ﬂrrﬂdiﬁe (334 g 4R00mmh)l),anN-Boc-

) trlethlamn added. Stirring was )
aminorpgip] PigERORG |<42568mﬁ 2. % gpaland DIERSPTON GRS Taaaibin CHSCN
8 mL)%ﬁﬁtér@dN@W(eAﬂ;@ﬁuW fol 28 hNR - coRBg e QfaR C\Rp FR€ residue

was separated, dried over Na2SO4, concentrate
was dissabwed in oBgDHe(l(Zmn R) mA-of bk @M yso batioo rwds )taken] mhwhry:h

sulfani If] '&90}@1‘: 2(5‘?@ "g‘v)gg glg%l%o &5? )séﬁya%lbﬁég%?g(ld 2 M6 5820 .
nBuOFIrWa?%}ﬁ&‘de iARAES. @1161‘351&16 @aﬁﬁlrm&m HPECN@@&E:(@(@@‘I(N tBoc-

g, 10.4 mol) in DVF (10 was stlrred at
aminompethil)piparidin- byb- EﬂOMPmmdlac?delammieer@pgemif@n@haigé10 mg). MS
4813 %glafepar ated, washed with water, dried WO

131687PCT/ US2009/ 002512 over Na2SO4, concentr at ed
[0451]i A sYIREGYA of 8- ENPBBEYminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-

(1s, 4s)-4-azi docycl ohex%I carbamate (0.819 g). [0654]

ylammpaj)e&zgr@sg,llfq)wnge%/ gy(]). 21 mmol) in TFA (2 mL) was stirred at room

C C . , . pe
emperitfs ST e TEACNE RERIYIE RATHE fetiatd Sl mubsipfoy ppLC 0
give themmlﬁdt:empenmd (rmg) MIBEBI(®D(MEIBI)g, 2.25 mmol) was added.
The solution was stirred at 70C for 20 h. Et0OAc and 1N
HC1 were added. The aqueous phase was separat ed,
Exampl@shed with EtOAc. It was then basified with 5N NaCH
0 pH 12. The free ami ne product was extracted with
(ainomgiheg e -finonupyrinyidie - phamyinNER4A ydseghinolin-
(11 _concentrat ed in vacuo to gi ve benzyl
2(1H)-pug 4s) - 4- ami nocycl ohexyl carbamate (0.270 g). [0655]
To a m nHeee of 2. 4-dichloro-5-fluoropyrimdine (226
mg, 1.35 nmol) 'aqben(; I

-amn cl ohex Ic amate (335 ng, 1.35 nmo )
(6 iy~ DIEA (O He 3. 45gqol ) was addedN
NN e mxtur,e waslstd rred at rnnmfenper_ax.uré) 0 X
cl EtO J}’ere adggu Thec or gani ¢ phas NN

separ@fis viShed with 1IN HC1l, dried over Na2SO4, H

concentrated in vacuo to give benzyl
[0452](&@1431)re of 2.3-dighlovooS-Sluprapyrigpding (3 4t mg42.00 mmol), 4-N-Boc-

ammoéﬁef?]"} g?ac SL enz%lgci‘bB?n”r%ﬁ abd BYEAYD: 7009828 02\ mmol) in CHZCN

(8 mLX\ilzss dhjeddat (Gord fﬂérﬁ?&at’érd‘ fdﬂQOQ\DWWiﬁ ddinBerftrated in vacuo. The residue
| am no) cycl ohexyl carbamate (170 ng, 0.450 nmol) and

was dleobwﬂnanﬁl@m( qu%mhdafutb@cliwﬂosﬁbﬂmogamker@ tgwhich 6-
t
smino SRR A Tohe KA b B0 B vl liasmmeoRugh was
stirredian 1 MeOEHf¢r2 0. )nBuPH @af 160 vedln vguondhe ackidie. wadshsurified by HPLC
m xture was then hydrogenated under ball oon hydrogen
for 20 h. It was filtered through celite, and the
filtrate was concentrated in vacuo. The residue was
purified by HPLC to give the titled conpound (30 np).
M5 371.2 (MHH); UV 215.8, P63.8 nm Exanpl e 141
4-(4-((1s, 4s)-4-am nocycl ohexyl am no) - 5-f | uor opyri m di
- 2-yl am no) benzam de



0 H2Ndhow NH [0657] The titled conpound was
synt hesi zed anal ogously as conpound 6-(4-((Ils, 4s)-4-
wW@pionosnst ohexyl am no) - 5-f [ uor opyri m di n- 2- yl ar@T0$2089/d02512
- di hydroqui nol i n-2(1H) - one, by usi ng 4-am nobenzam de.
. M5 345, MtH) ; UV 212.8, 277.8 nm Exanp
to gwe1&(%“%?1(-&5-{1(1&@-%&3 -0%0dpd- %669%@*3#@9@»9%%§)V@WWIHWIH 4-
| ) v4 yfl et hanone 0
yl)plpehhm 2 y“ﬁ%ﬂl%é@mlﬂaz %@H@ 1?8 éq‘ %Eﬂ{ 'i tl ed conpound
[0453] \aeasolslym hfetsrtzlmdylz(ﬂ]ﬁ(ﬁdlgmmr&lZy(Zascoehﬂﬁehwﬂahydroquinolin-&

. 6-(4-((ls,43)-4- .. :

ylaming RSB SO PP AR Y DBSHISUE RISYHE LS 13 PR d) TEAS3 mL)
was stlrrgdi QM%BR%anQ}a'td}e %r@ MmN GF AW a¥frfed in vacuo. The residue was

4- (4- am nophenyl ) pi perazi n-1-yl)ethanone. M 428.3
punﬁe@ M;LHP:LCLM SIS, titREZogpomEGhpEEM371.3 (M+H); UV 206.8, 274.8
6- (4-((1s, 4s) - 4-am nocycl ohexyl am no) - 5- (pyri di n-4-yl)
pyri m di n-2-yl am no) - 3, 4- di hydr oqui nolin-2(1H)-one
[0659] To a m xture of 2,4-dichloro-5-bronmopyrim dine

244 ng, 1.07 mmol) and benzyl
Exmn_ 4s) - 4- am nocycl ohexyl carbamate (266 ng, 1.07 nmol)
1-(4—(4L(ﬂ—(§!?§1%%0§1§et%3ﬁipggcﬁé— 1(91')-%?t%uoropvrimidin—2—Vlamino)phenyl)piperazin- 1-
ybDethanone

nm.

o)
0
N
o]
ol (j\/NHBoc (j\,NHBOC \©\ M (\/l\/NH
)\I N NH TFA r\(j N
——» F - — N F
N > N)ﬁ/
)\ DIEA, 1t )'\)j nBuOH, 116 C @NJ'\N/
CH3CN CI” N N

[0454] A mixture of 2,4-dichloro-5-fluoropyrimidine (167 mg, 1.00 mmol), 2-N-Boc-
aminomethyl piperidine (214 mg, 1.00 mmol) and DIEA (0.400 mL, 2.30 mmol) in CH3;CN
(4 mL) was stirred at room temperature for 20 h. It was concentrated in vacuo. The residue
was dissolved in nBuOH (6 mL). 3 mL of the nBuOH solution was taken, to which 1-(4-(4-
aminophenyl)piperazin-1-yl)ethanone (142 mg, 0.65 mmol) was added. The solution was
stirred at 116 °C for 20 h. nBuOH was removed in vacuo. The residue was purified by HPLC
to give tert-butyl (1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-
yDpiperidin-2-yl)methylcarbamate (56 mg). MS 528.4 (M+H).

[0455] A solution of tert-butyl (1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperidin-2-yl)methylcarbamate (56 mg, 0.11 mmol) in TFA (3 mL)
was stirred at room temperature for 60 min. TFA was removed in vacuo. The residue was
purified by HPLC to give the titled compound (35 mg) MS 428.4 (M+H); UV 213.8, 258.8

nm.

Examples 35 and 36

tert-butyl (1-(2-(1H-indazol-6-ylamino)-5-fluoropyrimidin-4-yDpiperidin-2-

ylmethylcarbamate and N-(4-(2-(aminomethyl)piperidin-1-y])-5-fluoropyrimidin-2-yi)-1H-

indazol-6-amine
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WD 2009/ 131687PCT/ US2009/ 002512 L, 2.14 mol) was

added. The m xture was stirred at roomtenperature for
wWQQoob/13M4&1 er and Et OAc were added. The organi cPEYESM09/002512

was separated, washed with 1IN HCL, then with 5%

NaHCCB3, dried over Na2804 concentrated in vacuo to

gi ve bgnayl 1s, 4s)~4- ( 5- bro@;@ NHBoo
cichloro °A- 4- MiNmBYcCY Ch yhear banat e (4
N)Tg) [0660] To a m tgre of bBnzyl //\»Q
o ANA LS, 48) - 4- (5 bro chl orop &(54%1 (i - 4 N
r@f}a(,cl {r banat e % ng, O. 506
pyrl d| ne- 4- boronl c acid (68 ng, 0.552 mmol) agqp
Pd( Ph3P) 2C12 (35 ng, 0.050 mmol) in dioxane ( ::
he
2

ag. Na2CO3 (160 ng, 1.50 mmol) (1.0 nL) was adde
m xture was stirred at 100C for 20 h. More pyridi
boronic acid (68 ng, 0.552 mml) and Pd(P Cl3
ng, 0.050 mmol) were added. It was sti rre’?ﬂN A or
another 90 min. It was then concentrated i'h vacdo. The

d Lfi by HPLC.
04561 S iSER E7 s B b S anag il gt o) ety 2-N-Boc-
ammorﬂétﬂgl' ;Slﬁér?ddﬁé ehaxig caod A LaPBIEA X0.400 81138 maol) in@H;CN

enzy
(4 mL)(was, smsr)sd 4t (O;gmmnmeoatm(fpy?@ Hi i was gpngeptrateddi iyagno. The residue

was dl%l_)grgn]i no-gé,@hg(l!ahy i %gﬁf?%o }%ﬁl}j‘)@luu%h Eéﬁ&%l @@%h 6-

aminoifidao)e (86 MBWFS ﬁlﬁudl’j_\)/asl\ﬁtﬁleEITlﬂd’ efutédn GzésﬁéﬁrfdblratZ@6 HC fd)lt 20 h.
was concentrated in vacuo. The residue was djssolv

nBuOH wasggnpyed lwycumahere(acb%waﬁmqﬁﬁyedmsli%%@ QABIVEHRT butyl (1-(2-

(1H- m{gzéf-g ﬁarﬂﬁh}g}? *g'm&;_ %[y)?g_rg bﬁ)ggg[;é'?ﬁil% 2% eﬁﬂﬂc%%%?ﬁl mg). MS

4423(M+H}waﬁﬁ8r24fa$l2<80r8rhydrogen for another 20 h. It

s filtered thro nd the trate
10457 & pttion §F €t M TArneSd e s Buerdprat a4
yl)plpeHBi-nCﬂy'BnQ:'tl?ﬂcetrB@mﬁtb gh FheCOMOY %ﬁqol(gxg TEW) (4 rP!ﬁ) #39stftred at room
( M+ , 324.8 nm Exanpl e
temperglug @anmSTFA VP rnm@y@d Uh@»@yba?herm)ldse ws p@pfl@bw ppLC to
give N[(%]égé?mg\l l?pé;))e&dl% é n)ai/syfg uoro uyrpn%ldﬁnn2 yQ)li_pI i885%01-6-amine (25
mg) MSBa24BS(M44HX5 Uvoroa- 2461802 PR nind. Ni di n- 4-
yl am no) cycl ohexyl carbamate (220 ng, 0.500 mmol),
cycl opropyl boronic acid (52 ng, 0.605 mml), K3PO4
Example>¥P MY, 1.46 nmol) and tricycl ohexyl phosphine (25
0.089 mmol ) in WD 2009/ 131687PCT/ US2009/ 002512
1-((1-( 5{ﬁJIuUEm@—(2 Dxoil).2,adete i@y dr 8quidn dtin-6 whsm e irasiseidinat tyh) piperidin-4-
argon, then Pd(QAc)2 (10 ng, 0.044 mmvol) was added.
i—)—hﬁﬂg]—ﬁﬂl met xture was stirred at 100C for 20 h. Water and
Et OAc were added. The organi c phase was separ atgd,
washed wi#NHbrine, dried over Na2SO4, concentr NefJINHm
vacuo to _lgi ve benzyl o
(1s, 4s) | 2- chl or o- 5-cycl opropy!l pyri m di n-4
yI am no | ohexyl canggant e (200 rrg) [ 0663]

o Nsolution o penzyl
s)N4= 2 chl or e1BCRYEbepT opyl )j/
| ohexyl gg@rbamat e (200 N and

6 am ho- 3, 4- di hydroqw nol i n2( 1H) - one (105 . 648
in nBuC)—|Ef1 was stirred at 116Cfor 20 h. It
[0458]\%%3 waeeﬂﬂnr%ft% K‘}T(WBGE’S‘C‘WH@'H%@FUhe’l)m%rgusmﬂ)’fmé@mb%r
)i
st S A 4% O AT e i TR L B
aqueous solupioy of podssium-cyyhaei Hongy@hd h&mylb caHb@rgh e )(Dak aaigkd The
[0664] A mixture of benzyl
(1s, 4s)-4-(5-cycl opropyl-2-(2-0x0-1, 2, 3, 4-tetrahydroqu
i nol i n6-yl am no) pyri m di n- 49yl am no) cycl ohexyl car banat
e (70 mg, 0.13 mmol) and Pd-C (10% 30 nmg) in MeOH (5
nm.) was hydrogenat ed under balloon H2 for 20 h. It was
filtered through ceIite The flltrate was concentrated

o Nt O~ a1 T




[0667] Potency of candi date nol ecules for inhibiting

syk tyrosi ne phosphorylation activity is assessed by
woresasiesy the ability of a test conmpound to iPgii/b51009/002512

syk nmedi at ed tyrosi ne phosphoryl ation of a

yk-specific substrate. [0668] SYK tyrosine

mlxturf‘pwewﬂtﬁ%tapu Griond i Splvents svese reampved T ¥aeHY- THE residyesyan

T I I
purifc B i EEE Aol 18 RV e PP &y UV 20 8. 2768
nm hormgeneous tinme resol ved fluoronetry applications

usi ng techni ques such as tine-resol ved fl uorescence

resonance energy transfer assay (TR-FRET) (see
ExampRenerally for procedures in Perkin El nmer Application
_ENﬁt_ - How to Optim ze a TerSI ne Ki nase Assay Usi ng
1-(4-(4¥bindRe 4o by ) temeadBade eylotin@phenyl)piperazin-
Lverlwwy, per ki nel ner. corril | fesm ences) The assay
1-yDethanone i v e i nvol ves detection of a phosphoryl at ed

substrate using energy trat/gfer froma phosphospecific

eur opi up¥ abel ed ant pQody OH

strept aw di n-al | ophfcocyani n L<';1,3N g accept of. [ 0669] Egj

test t ability o andi dat e m)IIesto' hi bit SYK

tyrosi ne phosphorytation activity, Fecu 3‘\(/

“Feconstituted in WFDI\/ISO and seriall y dilu ed@grrfﬂ;j’

N“Wwi t h t@%fll nal djLutdon cont APHIThY'SvVB0 i n the

of thé candi date 'mol'ecul e. The final DVSO

[0459] ¢ORGRDES G, £QidhlTorbHRf186SBYriin$diRde 1 G MASIEO@ESRI P 4ar €
perfornmed as a two part reaction. The first reaction

piperidingmgthanghdd S megdt (P(bmnaﬁhamHPEEA DA mde2.3fmppol) in CH3CN (4
I t
) w SRS Gl Rurd b SO ASHAES 5 QIRL MR vos
dissolvedibis i B@OH (binglL). 3-rRECDYESBOH sdheios & ngkene@othioh 1-(4-(4-
i nvol ves term nation of the kinase reaction and the

aminoplieRY|)RiBsaB0s! -¥hethands (320 mgeoéétr@@fﬂ)d’rf%raélé@%rﬁl@ solution was
stirred SUT 1RPICUTY: hale hﬁgOmEs I%%%QH% YIRS e fe@ﬁ%@ %aé purified by HPLC

(Eu-WL024- PY100, Per | mer, Boston,

to give he eqtdadnapcundl(bd ptgycMéy@m?n(MeHe;dﬂV@ﬁW e dgeRtnm.
(SA- APC, Prozyne, CA). The kinase reaction is
performed in a black U bottom 96-well mcrotitre

Examp®d @ e. The final reaction volune is 5010_, and
contains a final concentration of 1 nMactive SYK

6-(5- fleooin®d-(hydxiymeskipipdnidin-A1yd)pysrddinedy y minges Aidihydsgquinolin-
21H)-bik & buffer containing 50 MM Tris pH 7.5, 5 mM Myd 2,
1nM DTT. The reactl on is allowed to proceed for 1
hour at ~fP@om t enper at The quench buf fer contains
100 MM It s pH7.5, OnIVIo , 20 ni M EDTA, 0020
Brij35 nd 0.5% B The detk |@ reagents are addgéd
't p the Meaction m N re at the fol | ng d|Iutmons- N
)\ . 500—for EurWL024, AP¥100 and _1: 250 for SA-A e NJTF
i nas@IE&act i on i sit grm nat edBEYHHEC addi ti o N
quenc®BE¥fer cofitalni ng the det ect| on reagents. THhe
[0460]%&1%%%’&2@d%Hl&W@ﬁﬂh&o?QHﬁ%H 7 e N 0@ & TR
tenperature. Detection p%ospho%I ate )strate
plperlduntrrldnlﬁmab(sldﬁcag ain@d pmaxzi)aame&A i(OADB Il 2530 mmuIa)ammEIégCN 4

mL) w!?;%g@ aIgER WFR%F%&%%U ugre ?Irpd Itt\ﬁ%s %&ﬁmt{qtéﬁ[\/lbnlrvgllguo aIl:he residue was
dissol VBB @S HBEOBIN6SmAY. 8 MEf Ul MSIOE sElutibf v R1iest (RehRA$Camino-3,4-
WO 2009/ 131687PCT/ US2009/ 002512 2.0 ( Mol ecul ar Probes,
dihydr@winglina?@ H) ©ag (88 Mg, §edtimgb wascadded.elhe sobitiopwsas stirred at 116

excitation 360 nm em ssion 665 - 7.5 nm beam
splitter 350 nm 50/50, flash 100 pul ses, delay 60 us,
integration 400 us, z-height 2 mm |Inhibition of
SYK-tyrosine kinase activity is calculated as the

maxi mum r esponse observed 120 t he presence of
inhibitor, conpared to that in the absence of
inhibitor. 1C50s were derived by non-linear regression
anal ysis. [0670] Int racel I uI ar phospho fl | ow cyt orret ry

. a o .




358.1 +++ 2 442.527443. 34, 444.47 ++ 3 356. 393357. 2,
358.4 +++ 4 468.565469. 36, 470.31 +++ 5 +
WO 2009/131687 PCT/US2009/002512

°C for 20 h. nBuOH was removed in vacuo. The residue was purified by HPLC to give the
titled compound (52 mg). MS 372.3 (M+H); UV 208.8, 275.8 nm.
[0461] The following compound was prepared using a procedure similar to that described

in Example 5 with reagent A in place of cyclobutylamine in Step 4.

Example 40

2-(1H-indazol-6-ylamino)-4-(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile

P HNP S HN  cN
HN CN /@f\_N
Zn(CN)2 N N
£ 0 o BELASINeC W o
~ > ' N
N NN H N MR

) Pd2dba3, dppf .50 o
0=5=0 DMF, 70 C 0=9~ mSCCI nBuOH

[0462] A solution of 2-chloro-N-cyclopropyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (200 mg, 0.409 mmol), Pd2dba3 (23 mg, 0.025 mmol) and dppf (45 mg, 0.081 mmol)
in DMF (2 mL) was degassed with Ar before being charged with Zn(CN), (28 mg, 0.24
mmol). The mixture was stirred at 70 °C for 2 h. Water and EtOAc were added. The organic
phase was separated, dried over Na,SOy4, concentrated in vacuo. The residue was purified by
a flash silica gel column, eluted with EtOAc/hexane (0-15%) to give 2-chloro-4-
(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (110 mg).

[0463] A mixture of 2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-
5-carbonitrile (109 mg, 0.28 mmol), 6-aminoindazole (75 mg, 0.56 mmol) and TMSCI (0.089
mL, 0.70 mmol) in nBuOH (4 mL) was stirred at 116 °C for 18 h. It was then concentrated in
vacuo. The residue was purified by HPLC to give the titled compound (6 mg). MS 331.1
(M+H); ; UV 246.2, 307.9 nm.

Example 41

5-(1-butoxyethyl)-N4-cyclopropyl-N2-(1 H-indazol-6-y1)-7H-pyrrolo[2,3-d]pyrimidine-2.4-

diamine
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[0464] A solution of 2-chloro-N-cyclopropyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (190 mg, 0.389 mmol) in dioxane (3 mL) was degassed with Ar before being charged
with tetravinyltin (0.105 mL, 0.576 mmol) and Pd(Ph3P)4 (41 mg, 0.035 mmol). The mixture
was stirred at 100 °C for 3h. Water and EtOAc were added. The organic phase was separated,
dried over Na;SO,, concentrated in vacuo. The residue was purified by HPLC to give 2-

chloro-N-cyclopropyl-7-tosyl-5-vinyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (39 mg).

[0465] A mixture of 2-chloro-N-cyclopropyl-7-tosyl-5-vinyl-7H-pyrrolo[2,3-d]pyrimidin-
4-amine (39 mg, 0.10 mmol), 6-aminoindazole (40 mg, 0.30 mmol) and TMSCI (0.050 mL,
0.40 mmol) in nBuOH (1 mL) was stirred at 116 °C for 18 h. It was then concentrated in
vacuo. The residue was purified by HPLC to give 5-(1-butoxyethyl)-N4-cyclopropyl-N2-
(1H-indazol-6-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine (20 mg).

[0466] To a solution of 5-(1-butoxyethyl)-N4-cyclopropyl-N2-(1H-indazol-6-yl)-7-tosyl-
‘TH-pyrrolo[2,3-d]pyrimidine-2,4-diamine (20 mg, 0.036 mmol) in dioxane (2 mL), aq. IN
KOH (1.0 mL, 1.0 mmol) was added. The mixture was stirred at 65 °C for 18 h. After being
concentrated in vacuo, the residue was acidified with HOAc (1 mL); it was then purified by
HPLC to give the titled compound (3 mg). MS 406.2 (M+H); UV 203.8, 223.8, 243.8, 315.0

nm.

Example 42

1-(2-(1H-indazol-6-ylamino)-4-(cyclopropylamino)-7H-pyrrolo[2.3-dlpyrimidin-5-

yDethanone

122



371.416372. 3 ++ 40 330.355331.1 +++ 41 405.506406. 2 ++

42 347.382348.1 ++ 43 382.431383.2 ++ 44 525.661526. 47
WG-2005/131687 PCT/US2009/002512
PN

N | by
0 /(j\/\.N HN
HN™ EtOJLSnBus HN HoN N y )T&
N - NTX - ’ N
)j\/\g /"\ P > N'/Nji)\N)I\N/ N
CI” N7 TN H H H
Ts

oty B

[0467] A solution of 2-chloro-N-cyclopropyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (489 mg, 1.00 mmol) in dioxane (6 mL) was degassed with Ar before being charged
with tributyl(ethoxyvinyltin (0.371 mL, 1.10 mmol) and Pd(Ph3P)4 (90 mg, 0.078 mmol).
The mixture was stirred at 100 °C for 18h. Water and EtOAc were added. The organic phase
was separated, dried over Na,SOs, concentrated in vacuo. The residue was purified by HPLC
to give 1-(2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)ethanone
(185 mg).

[0468] A mixture of 1-(2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)ethanone (85 mg, 0.21 mmol), 6-aminoindazole (56 mg, 0.42 mmol) and
TMSCI (0.070 mL, 0.55 mmol) in nBuOH (3 mL) was stirred at 116 °C for 18 h. It was then
concentrated in vacuo. The residue was purified by HPLC to give the titled compound (30

mg). MS 348.1 (M+H); UV 248.7, 305.7 nm.

Example 43

N4-cyclopropyl-N2-(1H-indazol-6-yD-5-(pyridin-4-y1)-7H-pyrrolo[2.3-d]pyrimidine-2.,4-

diamine

D _ Do jon Wara
HN N/\\:/>—sm3u3 HN ) HAN N =
2 H N7
N A\ > N N - N_//@\ P N
o NPN Pd(Ph3P)4 A7 N NTNTTN

A . ! N
Ts dioxane, 100 C c Ts T:\gSCCI’ nBuOH

[0469] A solution of 2-chloro-N-cyclopropyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (225 mg, 0.460 mmol) in dioxane (3 mL) was degassed with Ar before being charged
with 4-tributylstannylpyridine (371 mg, 1.01 mmol) and Pd(Ph3P)4 (98 mg, 0.085 mmol).
The mixture was stirred at 100 °C for 18h. Water and EtOAc were added. The organic phase
was separated, dried over Na;SO,, concentrated in vacuo. The residue was purified by HPLC
to give 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(51 mg).
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473.585475 ++ 46 473.585474.5 +++ 47 413.485414. 3 +++
48 411.469412. 3 +++ 49 398. 273398. 3; 400.3; Br
weaimwaswsr++ 50 353.817354.0, 356.0 ++++ 51 PCT/US2009/002512

[0470] A mixture of 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (51 mg, 0.12 mmol), 6-aminoindazole (31 mg, 0.23 mmol) and TMSCI
(0.040 mL, 0.32 mmol) in nBuOH (2 mL) was stirred at 116 °C for 18 h. It was then
concentrated in vacuo. The residue was purified by HPLC to give the titled compound (12

mg). MS 383.2 (M+H); UV 204.9, 250.9, 307.9 nm.

Example 44

1-(4-(4-(4-(piperidin-4-ylmethylamino)-S-(pyridin-4-yD-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)phenyl)piperazin-1-yl)ethanone
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|
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135C

[0471] A mixture of 2,4-dichloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (244 mg,
0.520 mmol), 1-N-BOC-4-aminomethyl piperidine hydrochloride (130 mg, 0.520 mmol) and
TEA (0.200 mL, 1.44 mmol) in CH3CN (6 mL) was stirred at room temperature for 16 h.
Water and EtOAc were added. The organic phase was separated, washed with 1N HC], then
with 5% NaHCOs, dried over Na;SQyq, concentrated in vacuo to give tert-butyl 4-((2-chloro-
5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)methyl)piperidine- 1 -carboxylate (336
mg).

[0472] A solution of tert-butyl 4-((2-chloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)methyl)piperidine- 1-carboxylate (336 mg, 0.520 mmol) in dioxane (4 mL) was
degassed with Ar before being charged with 4-tributylstannylpyridine (452 mg, 1.23 mmol)
and Pd(Ph;P), (110 mg, 0.095 mmol). The mixture was stirred at 100 °C for 4h. Water and
EtOAc were added. The organic phase was separated, dried over Na,SOg, concentrated in
vacuo. The residue was purified by a flash column, eluted with EtOAc/hexane (0-100%) to
give tert-butyl 4-((2-chloro-5-(pyridine-4-yl)-7-tosyl-7H-pyrrolo{2,3-d]pyrimidin-4-

ylamino)methyl)piperidine-1-carboxylate (90 mg).
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WO 2009/131687 PCT/US2009/002512

[0473] A mixture of tert-butyl 4-((2-chloro-5-(pyridine-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamino)methyl)piperidine-1-carboxylate (90 mg, 0.15 mmol), 1-(4-(4-
aminophenyl)piperazin-1-yl)ethanone (66 mg, 0.30 mmol) and TMSCI (0.100 mL, 0.79
mmol) in nBuOH (4 mL) was stirred at 135 °C for 68 h. It was then concentrated in vacuo.
The residue was purified by HPLC to give the titled compound (26 mg). MS 526.47 (M+H);
UV 202.6, 259.2, 304.3 nm.

Example 45

2-(4-(4-acetylpiperazin-1-vl)phenylamino)-4-(piperidin-4-ylmethylamino)-7H-pyrrolo[2,3-

d]pyrimidine-5-carbonitrile
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[0474] A solution of tert-butyl 4-((2-chloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)methyl)piperidine-1-carboxylate (360 mg, 0.557 mmol), Pd2dba3 (50 mg, 0.055
mmol) and dppf (62 mg, 0.11 mmol) in DMF (5 mL) was degassed with Ar before being
charged with Zn(CN), (80 mg, 0.68 mmol). The mixture was stirred at 70 °C for 18 h. Water
and EtOAc were added. The organic phase was separated, dried over Na,SO,, concentrated in
vacuo. The residue was purified by a flash silica gel column, eluted with EtOAc/hexane (0-
35%) to give tert-butyl 4-((2-chloro-5-cyano-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)methyl)piperidine-1-carboxylate (127 mg).

[0475] A mixture of tert-butyl 4-((2-chloro-5-cyano-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)methyl)piperidine-1-carboxylate (127 mg, 0.233 mmol), 1-(4-(4-
aminophenyl)piperazin-1-yl)ethanone (100 mg, 0.456 mmol) and TMSCI (0.200 mL, 1.58
mmol) in nBuOH (5 mL) was stirred at 135 °C for 68 h. It was then concentrated in vacuo.
The residue was purified by HPLC to give the titled compound (25 mg). MS 475 (M+H); UV
204.9, 265.1, 297.2 nm.

Example 46
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+++ 55 430. 487431 +++ 56 378.48 379.2 +++ 57
448. 531449 + 58 348.414-349 ++
WO 2009/131687 PCT/US2009/002512

2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(4-(aminomethyl)piperidin-1-y1)-7H-

pyrrolo[2.3-d}pyrimidine-5-carbonitrile
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[0476] A mixture of 2,4-dichloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (310 mg,
0.662 mmol), 4-N-BOC-aminomethyl piperidine (142 mg, 0.663 mmol) and TEA (0.200 mL,
1.44 mmol) in CH3CN (10 mL) was stirred at room temperature for 16 h. Water and EtOAc
were added. The organic phase was separated, washed with 1N HCI, then with 5% NaHCOs5,
dried over Na,SQO,, concentrated in vacuo to give tert-butyl (1-(2-chloro-5-iodo-7-tosyl-7H-

pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)methylcarbamate (418 mg).

[0477] A solution of tert-butyl (1-(2-chloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-yl)methylcarbamate (418 mg, 0.647 mmol), Pd,dbaz (60 mg, 0.065 mmol) and
dppf (72 mg, 0.13 mmol) in DMF (5 mL) was degassed with Ar before being charged with
Zn(CN), (91 mg, 0.78 mmol). The mixture was stirred at 70 °C for 18 h. Water and EtOAc
were added. The organic phase was separated, dried over Na,SO,, concentrated in vacuo. The
residue was purified by a flash silica gel column, eluted with EtOAc/hexane (10-30%) to give
tert-butyl (1-(2-chloro-5-cyano-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
yDmethylcarbamate (180 mg).

[0478] A mixture of tert-butyl (1-(2-chloro-5-cyano-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidin-4-yl)methylcarbamate (180 mg, 0.330 mmol), 1-(4-(4-aminophenyl)piperazin-1-
yDethanone (137 mg, 0.625 mmol) and TMSCI (0.300 mL, 2.37 mmol) in nBuOH (5 mL)

was stirred at 135 °C for 48 h. It was then concentrated in vacuo. The residue was purified by

HPLC to give the titled compound (25 mg). MS 474.5 (M+H).

Example 47
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N-(4-(4-(cyclopropylamino)-5-(pyridin-4-y1)-7H-pyrrolo[2,3-dlpyrimidin-2-

ylamino)phenyl)-N-methylacetamide
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[0479] A mixture of 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (85 mg, 0.19 mmol), N-(4-aminophenyl)-N-methylacetamide (72 mg,
0.44 mmol) and TMSCI (0.100 mL, 0.79 mmol) in nBuOH (3 mL) was stirred at 135 °C for
18 h. It was then concentrated in vacuo. The residue was purified by HPLC to give the titled
compound (25 mg). MS 414.3 (M+H); UV 202.8, 280.8 nm.

Example 48

6-(4-(cyclopropylamino)-5-(pyridin-4-v1)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-3.4-

dihvydroquinolin-2(1H)-one
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[0480] A mixture of 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (85 mg, 0.19 mmol), 6-amino-3,4-dihydroquinolin-2(1H)-one (70 mg,
0.43 mmol) and TMSCI (0.100 mL, 0.79 mmol) in nBuOH (3 mL) was stirred at 135 °C for
18 h. More TMSCI (0.200 mL) was added. Stirring was continued at 135 °C for another 68 h.
It was then concentrated in vacuo. The residue was purified by HPLC to give the titled

compound (5 mg). MS 412.3 (M+H); UV 201.8, 295.8 nm.

Example 49

5-bromo-N4-cyclobutyl-N2-(1H-indazol-6-y1)-7TH-pyrrolo[2,3-d]pyrimidine-2.4-diamine
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[0481] To a suspension of 2,4—dichloro-7H-pyrrdlo[2,3—d]pyrimidine (105 mg, 0.560
mmol) in CH>Cl, (7 mL) at room temperature, NBS (109 mg, 0.610 mmol) was added. The
mixture was stirred at room temperature for 18 h. CH,Cl, was removed in vacuo. The residue
was partitioned between water and EtOAc. The organic phase was separated, washed with
5% NaHCOg, dried over Na;SQOs, concentrated in vacuo to give 5-bromo-2,4-dichloro-7H-
pyrrolo[2,3-d]pyrimidine (142 mg).

[0482] A solution of 5-bromo-2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (142 mg, 0.530
mmol), cyclobutylamine (0.090 mL, 1.06 mmol) and TEA (0.150 mL, 1.08 mmol) in nBuOH
(6 mL) was stirred at 70 °C for 18 h. CH,Cl, and H,O were added. The organic phase was
separated, washed with 5% NaHCOs, then with 1N HCI, dried over Na,SO,, concentrated in
vacuo to give 5-bromo-2-chloro-N-cyclobutyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (154
mg).

[0483] A mixture of 5-bromo-2-chloro-N-cyclobutyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(64 mg, 0.21 mmol), 6-aminoindazole (56 mg, 0.42 mmol) and TMSCI (0.050 mL., 0.40
mmol) in nBuOH (2 mL) was stirred at 116 °C for 4 h. It was then concentrated in vacuo. The
residue was purified by HPLC to give a sample, which was further purified by preparative

TLC using CH,Cl,/MeOH (95/5) as developing solvents to give the titled compound (1 mg).
MS 398.3, 400.3 (M+H, Br pattern); UV 203.8, 247.4, 309.1 nm.

Example 50

5-chloro-N4-cyclobutyl-N2-(1H-indazol-6-y)-7H-pyrrolo[2,3-d]Ipyrimidine-2.4-diamine

1
HN/<> HN/<> /©\/\\'N e
- N AL

NCS Cl 2 H
\ » N AN \ .
/'\ CHXC2 g N?~N TMSCI

H reflux H nBuOH, 116 C

[0484] To a suspension of 2-chloro-N-cyclobutyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(102 mg, 0.460 mmol) in CHCl, (5 mL) at room temperature, NCS (68 mg, 0.51 mmol) was
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added. The mixture was stirred at reflux for 18 h. After being concentrated in vacuo, the
residue was purified by HPLC to give 2,5-dichloro-N-cyclobutyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (23 mg).

[0485] A mixture of 2,5-dichloro-N-cyclobutyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (23
mg, 0.089 mmol), 6-aminoindazole (40 mg, 0.30 mmol) and TMSCI (0.040 mL, 0.32 mmol)
in nBuOH (2 mL) was stirred at 116 °C for 18 h. It was then concentrated in vacuo. The
residue was purified by HPLC to give the titled compound (8 mg). MS 354.0, 356.0 (M+H,
Cl pattern); UV 201.4, 246.2, 307.9 nm.

Example 51

2-(1H-indazol-6-vlamino)-4-(cyclobutylamino)-6,7-dihydropyrrolo[2,3-d]pyrimidin-5-one
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[0486] A mixture of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (200 mg, 1.06 mmol) and
SelectFluor (560 mg, 1.58 mmol) in CH3;CN (5 mL) and HOAc (1 mL) was stirred at 70 °C
for 18 h. The mixture was then concentrated in vacuo. The residue was purified by HPLC to

give 2,4-dichloro-5-fluoro-7H-pyrrolo[2,3-d]pyrimidine (50 mg).

[0487] A solution of 2,4-dichloro-5-fluoro-7H-pyrrolo[2,3-d]pyrimidine (50 mg, 0.24
mmol), cyclobutylamine (0.041 mL, 0.48 mmol) and TEA (0.070 mL, 0.50 mmol) in nBuOH
(2 mL) was stirred at 70 C for 5 h. CH»Cl» and H>O were added. The organic phase was
separated, washed with 5% NaHCOs, then with IN HCI, dried over Na;SQOy, concentrated in
vacuo to give 2-chloro-N-cyclobutyl-5-fluoro-7H-pyrrolo[2,3-d]pyrimidin-4-amine (54 mg).

[0488] A mixture of 2-chloro-N-cyclobutyl-5-fluoro-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(54 mg, 0.22 mmol), 6-aminoindazole (90 mg, 0.68 mmol) and TMSCI (0.090 mL, 0.71
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mmol) in nBuOH (3 mL) was stirred at 116 °C for 18 h. It was then concentrated in vacuo.
The residue was purified by HPLC to give a sample, which was further purified by
preparative TLC using CH,Cl,/MeOH (95/5) as developing solvents to give the titled
compound (2 mg). MS 336.1 (M+H)

Example 52

1-(4-(4-(cyclobutylamino)-7H-pyrrolo[2.3-dIpyrimidin-2-ylamino)phenylsulfonyl)piperidin-
4-ol
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[0489] To a solution of 4-nitrobenzenesulfonyl chloride (512 mg, 2.31 mmol) in CH,Cl, (8

mL) at room temperature, 4-hydroxypiperidine (404 mg, 4.00 mmol) was added.
Triethylamine (0.400 mL, 2.88 mmol) was also added. The mixture was stirred at room
temperature overnight. Water and EtOAc were added. The organic phase was separated,
washed with 1N HCI, dried over Na,SOy, concentrated in vacuo to give 1-(4-

nitrophenylsulfonyl)piperidin-4-ol as a solid (559 mg).

[0490] A mixture of the solid (559 mg, 1.95 mmol) and Pd-C (10%, 90 mg) in MeOH (15

mL) containing HOAc (0.15 mL) was hydrogenated under balloon H, overnight. It was
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filtered through celite. The filtrate was concentrated in vacuo to give a solid (491 mg) as 1-

(4-aminophenylsulfonyl)piperidin-4-ol.

[0491] To a suspension of 6-aminouracil (15.0 g, 0.118 mol) in H,O (600 mL) was added
NaOAc (15.0 g, 0.183 mol) and CICH,CHO (50% in H,O, 30 mL). The mixture was heated
at reflux for 4 h and was cooled to room temperature. The resulting dark brown precipitates
were collected by filtration to afford crude 7H-pyrrolo [2,3-d]pyrimidine-2,4-diol (14.4 g,
81% yield).

[0492] A suspension of 7H-pyrrolo [2,3-d]pyrimidine-2,4-diol (2.25 g, 0.015 mol) in
PhPOCI, was heated at 165 °C for 3 h and 180 °C for additonal 3 h, the resulting dark syrup
was poured slowly to ice water, the black precipitates were filtered off, and the filtrate was
extracted with ether. Ether layers were combined, washed with Sat NaHCOs, brine, dried
over Na,SO,4 and concentrated to give 2, 4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (0.800 g,
28 % yield).

[0493] To a suspension of 2, 4-dichloro-7H-pyrrolo[2,3-d]pyrimidine_(0.765 g, 4.05 mmol)
in n-BuOH (7.5 mL) was added cyclobutyl amine (0.415 mL, 4.86 mmol) and DIPEA (0.865
mL, 4.86 mmol). The mixture was heated at 65 °C for 4 h, and was then cooled to room
temperature. The mixture was diluted with CHCls, washed with water, sat. NaHCOs3, brine,
dried and concentrated to give crude 2-chloro-N-cylclobutyl-7H-pyrrolo [2,3-d]pyrimidin-4-

amine (0.800 g, 88%), which was used directly for next step without purification.

[0494] General procedure for final coupling: a mixture of 2-chloro-N-cylclobutyl-7H-
pyrrolo [2,3-d]pyrimidin-4-amine (80 mg, 0.36 mmol), 1-(4-aminophenylsulfonyl)piperidin-
4-ol (138 mg, 0.54 mmol) and trimethylsilyl chloride (0.030 mL, 0.24 mmol) in nBuOH (2
mL) was stirred at 116 °C for 4 h. The mixture was purified by reverse phase HPLC using a
gradient of 10-55% CH3CN in water over 10 min. as eluents to give a powder (8 mg). MS
443.1 (M+H); UV 228.5, 306.7 nm.

Example 53

butyl 2-(4-(4-(cyclobutylamino)-7H-pyrrolo[2.3-d]pyrimidin-2-ylamino)-N-

methylphenylsulfonamido)acetate
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The titled compound was prepared analogously to the procedures described in the

[0495]
Example for 1-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)phenylsulfonyl)piperidin-4-ol. MS 487.0 (M+H); UV 206.1, 311.5 nm.

Example 54

2-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-dlpyrimidin-2-

ylamino)phenylsulfonamido)acetamide

’r

O\
HZN\H/\HS Nu)ﬁ\/\\
o) N)\N/ N
H

H

The titled compound was prepared analogously to the procedures described in the

[0496]
Example for 1-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)phenylsulfonyl)piperidin-4-ol. MS 416.1 (M+H); UV 202.6, 227.3, 311.5 nm.

Example 55

2-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-N-

methylphenylsulfonamido)acetic acid

[0497] To a solution of butyl 2-(4-(4-(cyclobutylamino)-7H-pyrrolo{2,3-d]pyrimidin-2-
ylamino)-N-methylphenylsulfonamido)acetate (15 mg, 0.031 mmol) in MeOH (2 mL),
aqueous IN NaOH (1.00 mL, 1.00 mmol) was added. The mixture was stirred at room
temperature for 3 h. Glacial HOAc (0.20 mL) was added to neutralize NaOH. When water
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was added, precipitate came out, which was collected by filtration to give the titled

compound (3 mg). MS 431.0 M+H); UV 206.1, 312.7 nm.

Example 56

1-(4-(4-(cyclobutylamino)-7H-pyrrolo]2,3-d]pyrimidin-2-ylamino)phenyl)piperidin-4-ol

HO

P

\Ol HN
QLD

H

[0498] A mixture of 1-fluoro-4-nitrobenzene (0.588 mL, 5.55 mmol), 4-hydroxypiperidine
(0.560 g, 5.54 mmol) and K,CO; (1.50 g, 10.9 mmol) in DMF (10 mL) was stirred at room
temperature overnight. Water was added to induce precipitation. The yellowish solid was

collected by filtration (0.90 g).

[0499] A mixture of the yellowish solid (0.90 g, 4.05 mmol) and Pd-C (10%, 120 mg) in
MeOH (20 mL) containing aqueous 6N HCI (0.20 mL) was hydrogenated under balloon H2
overnight. It was filtered through celite. The filtrate was concentrated in vacuo to give a solid

(0.841 g) as 1-(4-aminophenyl)piperidin-4-ol.

[0500] A mixture of 2-chloro-N-cylclobutyl-7H-pyrrolo (2,3-d]pyrimidin-4-amine (80 mg,
0.36 mmol), 1-(4-aminophenyl)piperidin-4-ol (104 mg, 0.54 mmol) and trimethylsilyl
chloride (0.030 mL, 0.24 mmol) in nBuOH (2 mL) was stirred at 116 °C for 3 h. The mixture
was purified by reverse phase HPLC using a gradient of 5-40% CH3CN in water over 10 min.
as eluents to give a powder (5 mg). MS 379.2 (M+H); UV 204.9, 229.6, 272.2, 305.5 nm.

Example 57

tert-butyl 4-(2-(1H-indazol-6-ylamino)-7H-pyrrolo][2,3-d]pyrimidin-4-ylamino)piperidine-1-

carboxylate.
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[0501] A mixture of 2, 4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (220 mg, 1.17 mmol), 4-
amino-N-BOC-piperidine (280 mg, 1.40 mmol) and triethylamine (0.400 mL., 2.88 mmol) in
nBuOH (8 mL) was stirred at 70 °C overnight. The mixture was purified by HPLC to give a
powder (87 mg).

[0502] A mixture of the powder (40 mg, 0.11 mmol), 6-aminoindazole (40 mg, 0.30 mmol)
and trimethylsilyl chloride (0.020 mL, 0.16 mmol) in nBuOH (2 mL) was stirred at 116 °C
overnight. The mixture was purified by reverse phase HPLC using a gradient of 20-65%
CH;CN in water over 10 min. as eluents to give a powder (5 mg). MS 449.0 (M+H); UV
204.9, 242.6, 307.9 nm.

Example 58

N2-(1H-indazol-6-y1)-N4-(piperidin-4-y1)-7H-pyrrolo[2,3-d}pyrimidine-2.4-diamine

IS
HN
X
N N~ N
H H

N
H

[0503] A solution of tert-butyl 4-(2-(1H-indazol-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)piperidine-1-carboxylate (4 mg, 0.009 mmol) in TFA (1 mL) was stirred at room
temperature for 2 h. It was concentrated in vacuo. The residue was purified by reverse phase
HPLC using a gradient of 3-30% CH3;CN in water over 10 min. as eluents to give a powder (1
mg). MS 349.0 (M+H); UV 201.4, 242.6, 306.7 nm.

Example 59

N4-cyclobutyl-N2-(1H-indazol-6-yl)-6-methyl-7TH-pyrrolo[2.3-d]pyrimidine-2 4-diamine

134



95B 428.5 429.1 ++ 95A 470.537471.1 ++ Bow* No. MW
M+ Syk 1 C50 code 96B 464.552465.1 +++ 96A

WO 2009/131687 PCT/US2009/002512
HN
7 N
IO U
N N” N N
H H H

[0504] A mixture of 6-aminouracil )1.00 g, 7.87 mmol), sodium acetate (1.00 g, 12.2
mmol) and chloroacetone (95%, 1.00 mL, 11.9 mmol) in H20 (40 mL) was heated at reflux
for 72 h. The solids were collected, and dried on vacuum to give 6-methyl-7H-pyrrolo[2,3-
d]pyrimidine-2,4-diol (495 mg).

[0505] A mixture of 6-methyl-7H-pyrrolo[2,3-d]}pyrimidine-2,4-diol (490 mg, 2.97 mmol)
in phenylphosphonic dichloride (10 mL) was heated at 180 °C for 5 h. It was poured onto ice.
Et20 (100 mL) was added. The organic phase was separated, washed with 5% NaHCOs3,
dried over Na,SQy, concentrated in vacuo to give 2,4-dichloro-6-methyl-7H-pyrrolo[2,3-

d]pyrimidine as a solid (380 mg).

[0506] A solution of 2,4-dichloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidine (190 mg, 0.94
mmol), cyclobutylamine (0.160 mL, 1.88 mmol) and triethylamine (0.200 mL, 1.44 mmol) in
nBuOH (6 mL) was stirred at 70 °C overnight. It was then purified by HPLC to give 2-
chloro-N-cyclobutyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (100 mg).

[0507] A mixture of 2-chloro-N-cyclobutyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(55 mg, 0.23 mmol), 6-aminoindazole (62 mg, 0.46 mmol) and trimethylsilyl chloride (0.040
mL, 0.31 mmol) in nBuOH (2 mL) was heated at 116 °C overnight. It was then purified by
HPLC to give the titled compound (6 mg). MS 334.4 (M+H); UV 239.1, 316.2 nm

Example 60

N4-(3-amino-2,2-dimethylpropyl)-N2-(1H-indazol-6-y1)-7H-pyrrolo[2,3-d|pyrimidine-2,4-

diamine

HN" > NH,

N/'@\ N
N N)\N/

H H

IZ_ -

[0508] To 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (170 mg, 0.904 mmol) in solid form
in a round-bottom flask, a solution of 2,2-dimethyl-1,3-propanediamine (0.325 mL, 2.71
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mmol) and triethylamine (0.150 mL, 1.08 mmol) in nBuOH (4 mL) was added. The mixture
was heated at 70 °C for 3 h. It was then purified by HPLC to give N-(3-amino-2,2-
dimethylpropyl)-2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine as a solid (212 mg).

[0509] A mixture of N-(3-amino-2,2-dimethylpropyl)-2-chloro-7H-pyrrolo[2,3-
d}pyrimidin-4-amine (70 mg, 0.28 mmol), 6-aminoindazole (93 mg, 0.70 mmol) and
trimethylsilyl chloride (0.100 mL, 0.72 mmol) in nBuOH (2 mL) was heated at 116 °C
overnight. It was then purified by HPLC to give the titled compound (15 mg). MS 351 .4
(M+H); UV 206.1, 242.6, 304.3 nm.

Example 61

N2-(1H-indazol-6-y1)-N4-(3-morpholinopropyl)-7H-pyrrolo[2.3-d]pyrimidine-2.4-diamine

4 N™ I\/O
N.N )I\/ N
NS TN

[0510] A solution of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (105 mg, 0.56 mmol), 3-
morpholinopropylamine (0.164 mL, 1.12 mmol) and triethylamine (0.150 mL, 1.08 mmol) in
nBuOH (3 mL) was stirred at 60 °C overnight. It was then purified by HPLC to give 2-
chloro-N-(3-morpholinopropyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine as a solid (204 mg).
[0511] A mixture of 2-chloro-N-(3-morpholinopropyl)-7H-pyrrolof2,3-d]pyrimidin-4-
amine (65 mg, 0.22 mmol), 6-aminoindazole (80 mg, 0.60 mmol) and trimethylsilyl chloride
(0.100 mL, 0.72 mmol) in nBuOH (3 mL) was heated at 116 °C overnight. It was then

purified by HPLC to give the titled compound (16 mg). MS 393.5 (M+H); UV 217.9, 239.1,
309.1 nm.

Example 62

N-(4-(4-(4-aminobutylamino)-7H-pyrrolo[2,3-dlpyrimidin-2-ylamino)phenyl)-N-

methylacetamide
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[0512] A solution of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (100 mg, 0.53 mmol), 1,4-
diaminobutane (0.125 mL, 1.25 mmol) and triethylamine (0.150 mL, 1.08 mmol) in nBuOH
(4 mL) was stirred at 70 °C for 4 h. It was then purified by HPLC to give N-(4-aminobutyl)-
2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine as a solid (63 mg).

[0513] A mixture of N-(4-aminobutyl)-2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine (63
mg, 0.26 mmol), N-(4-aminophenyl)-N-methylacetamide (81 mg, 0.49 mmol) and
trimethylsilyl chloride (0.067 mL, 0.52 mmol) in nBuOH (3 mL) was heated at 116 °C for 4
h. It was then purified by HPLC to give the titled compound (5 mg). MS 368.2 (M+H); UV
203.8, 268.7, 301.9 nm.

Example 63

N-(4-(4-(2-aminocyclohexvlamino)-7H-pyrrolo[2.3-d]pyrimidin-2-ylamino)phenyl)-N-

HzND
~p° HN
/N N

T

N NN

H

methylacetamide

[0514] A solution of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (100 mg, 0.53 mmol), cis-
1,2-diaminocyclohexane (0.107 mL, 0.91 mmol) and triethylamine (0.150 mL, 1.08 mmol) in
nBuOH (4 mL) was stirred at 70 °C for 4 h. It was then purified by HPLC to give N1-(2-
chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)cyclohexane-1,2-diamine as a solid (89 mg).

[0515] A mixture of N1-(2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)cyclohexane-1,2-
diamine (44 mg, 0.17 mmol), N-(4-aminophenyl)-N-methylacetamide (56 mg, 0.34 mmol)
and trimethylsilyl chloride (0.146 mL, 1.15 mmol) in nBuOH (2 mL) was heated at 116 °C
for 4 h. It was then purified by HPLC to give the titled compound (6 mg). MS 394.2 (M+H);
UV 201.4, 262.7, 306.7 nm.
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Example 64

N-(4-(4-(2-aminoethylamino)-7H-pyrrolo[2,3-dlpyrimidin-2-ylamino)phenyl)-N-

methylacetamide

YO HN/\/NH2
A 2
N

[0516] A solution of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (160 mg, 0.85 mmol),
ethylenediamine (0.170 mL, 2.55 mmol) and triethylamine (0.100 mL, 0.72 mmol) in nBuOH
(4 mL) was stirred at 70 °C for 4 h. It was then purified by HPLC to give N-(2-aminoethyl)-
2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine as a solid (71 mg).

[0517] A mixture of N-(2-aminoethyl)-2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine (71
mg, 0.34 mmol), N-(4-aminophenyl)-N-methylacetamide (110 mg, 0.67 mmol) and
trimethylsilyl chloride (0.085 mL, 0.67 mmol) in nBuOH (2 mL) was heated at 116 °C for 3
h. More trimethylsilyl chloride (0.100 mL, 0.79 mmol) was added. After being stirred at 116
°C for another 2 h, the mixture was purified by HPLC to give the titled compound (28 mg).
MS 340.2 (M+H); UV 201.4, 262.7, 303.1 nm.

Example 65

N-(4-(4-(5-aminopentylamino)-7H-pvrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylacetamide
YO HN NS NH,
)I\ e~ N

[0518] A solution of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (70 mg, 0.37 mmol), 1,5-
diaminopentane (0.130 mL, 1.11 mmol) and triethylamine (0.150 mL, 1.08 mmol) in nBuOH
(3 mL) was stirred at 70 °C for 1 h. It was then purified by HPLC to give N-(5-aminopentyl)-
2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine as a solid (79 mg).
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[0519] A mixture of N-(5-aminopentyl)-2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-amine (79
mg, 0.31 mmol), N-(4-aminophenyl)-N-methylacetamide (100 mg, 0.61 mmol) and
trimethylsilyl chloride (0.150 mL, 1.19 mmol) in nBuOH (2 mL) was heated at 116 °C for 4
h. The mixture was then purified by HPLC to give the titled compound (9 mg). MS 382.2
(M+H); UV 210.8, 267.5, 305.5 nm.

Example 66

1-(4-(4-(4-(4-aminocyclohexylamino)-7H-pyrrolo[2,3-dIpyrimidin-2-

ylamino)phenyl)piperazin-1-yl)ethanone

o NH,
L o
@HJ'\N/ \

[0520] To a solution of 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine (1.12 g, 5.96 mmol) in
DMSO (8 mL), sodium thiomethoxide (0.500 g, 7.14 mmol) was added. The mixture was

stirred at room temperature for 2 h. H20 was added to induce precipitation. The precipitate
was collected and dried on vacuum to give 2-chloro-4-(methylthio)-7H-pyrrolo{2,3-

d]pyrimidine as a solid (0.90 g).

[0521] A mixture of 2-chloro-4-(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (484 mg, 2.43
mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (645 mg, 2.95 mmol) and trimethylsilyl
chloride (0.500 mL, 3.95 mmol) in nBuOH (10 mL) was heated at 116 °C for 48 h. After
cooling down, H20 and EtOAc were added. The organic phase was separated, washed with
5% NaHCOs, dried over Na;SQO,, concentrated in vacuo to give 1-(4-(4-(4-(methylthio)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone as a solid (453 mg).

[0522] To a solution of 1-(4-(4-(4-(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone (451 mg, 1.18 mmol) in CH,Cl, (12 mL), mCPBA
(320 mg, 65%, 1.20 mmol) was added. The mixture was stirred at room temperature for 1 h.
It was then concentrated in vacuo, the residue was purified by HPLC to give 1-(4-(4-(4-
(methylsulfinyl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin- 1 -yl)ethanone as a
solid (136 mg).
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[0523] To a solution of 1-(4-(4-(4-(methylsulfinyl)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone (34 mg, 0.085 mmol) in DMSO (1 mL), 1,4-
diaminocyclohexane (cis and trans mixture, 35 mg, 0.31 mmol) and diisopropylethylamine
(0.060 mL, 0.35 mmol) were added. The mixture was heated at 116 °C overnight. It was then
purified by HPLC to give the titled compound (5 mg). MS 449.3 (M+H); UV 208.5, 265.1,
305.5 nm.

Example 67

N-(4-(4-(5-aminopentylamino)-5-bromo-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylacetamide and N-(4-(4-(5-aminopentylamino)-5,6-dibromo-7H-pyrrolo[2,3-

dlpyrimidin-2-ylamino)phenvl)-N-methylacetamide

YO HN/\/B\/\NHZ YO HN/\/\/\NHQ
r r
QL Y O
B
N NN N
H H H H

[0524] To a solution of N-(4-(4-(5-aminopentylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)-N-methylacetamide (44 mg, 0.12 mmol) in DMF (1 mL), N-
bromosuccinamide (25 mg, 0.14 mmol) was added. The mixture was stirred at room
temperature for 2 h. It was then purified by HPLC to give the mono-bromo compound (3 mg)
and the dibromo compound (5 mg). MS 460.1 and 462.1 (mono-bromo, M+H, Br pattern);
UV 207.3, 228.5, 298.4 nm; 539.0, 540.0, 541.0 and 542.0 (di-bromo, M+H, 2 Br pattern);
UV 202.6, 232.0, 300.7 nm.

Example 68

N-(4-(4-(3-aminosulfonyl-phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylacetamide
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[0525] A mixture of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (200 mg, 0.58
mmol), 3-aminobenzenesulfonamide (111 mg, 0.65 mmol) and triethylamine (0.200 mL, 1.44
mmol) in nBuOH (6 mL) was heated at 80 °C overnight. The mixture was then heated at 110
°C for another 24 h. After cooling down, H20 and EtOAc were added. The organic phase
was separated, washed with 1N HCI, then with 5% NaHCO3, and it was dried over Na2S0O4,
concentrated in vacuo to give 2-chloro-N-(3-aminosulfonyl-phenyl)-7-tosyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine as a solid (210 mg).

[0526] A mixture of 2-chloro-N-(3-aminosulfonyl-phenyl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (100 mg, 0.21 mmol), N-(4-aminophenyl)-N-methylacetamide (100 mg,
0.61 mmol) and trimethylsilyl chloride (0.050 mL, 0.40 mmol) in nBuOH (2 mL) and
dioxane (2 mL) was heated at 110 °C for 4 h. More trimethylsilyl chloride (0.100 mL, 0.79
mmol) was added. The mixture was stirred at 110 °C for another 72 h. It was then purified by
HPLC to give N-(4-(4-(3-aminosulfonyl-phenylamino)-7-tosyl-7H-pyrrolo(2,3-d]pyrimidin-
2-ylamino)phenyl)-N-methylacetamide as a solid (20 mg).

[0527] To a solution of N-(4-(4-(3-aminosulfonyl-phenylamino)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide (20 mg, 0.033 mmol) in MeOH (2 mL),
aq. IN KOH (0.60 mL., 0.60 mmol) was added. The mixture was heated at 60 °C for 3 h. It
was concentrated in vacuo. The residue was acidified with HOAc (1 mL) before being
purified by HPLC to give the titled compound (7 mg). MS 452.0 (M+H); UV 208.5, 284.1,
317.4 nm.

Example 69

Ethyl 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-ylamino)-2-0x0-3,4-

dihydroquinolin-1(ZH)-yDacetate

CO,Et H. D
I/ N
O~_N
N™ ™~ N
|
iD\N/l\N/ N‘
H H

[0528] To a mixture of 6-nitro-3, 4-dihydroquinolin-2(1H)-one (0.5 g, 2.6 mmol) and
CsyCO3 (1.70 g, 5.2 mmol) in DMF (5 mL) was added ethyl 2-bromoacetate (0.317 mL, 2.86

mmol). After stirring at 65 °C for 3 h, the mixture was diluted with H,O and EtOAc, organic
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layer was separated, and the aqueous layer was further extracted with EtOAc, organic layers
were combined, dried over Na;SO,4 and was concentrated in vacuo to provide ethyl 2-(6-

nitro-2-oxo-3,4-dihydroquinolin- 1(2H)-yl)acetate, which was used directly for next step.

[0529] To a suspension of 1 ethyl 2-(6-nitro-2-0x0-3,4-dihydroquinolin-1(2H)-yl)acetate in
EtOH (10 mL) and H,O (5 mL) was added ammonium formate (1.5 g, 23.8 mmol) and Fe
(0.3 g, 5.4 mmol). After stirring at reflux for 2 h, the black mixture was filtered, the filtrate
was diluted with EtOAc and water, EtOAc layer was separated and the aqueous layer was
further extracted with EtOAc, organic layers were combined, dried over Na,SO4 and was
concentrated in vacuo to provide ethyl 2-(6-amino-2-oxo-3,4-dihydroquinolin-1(2H)-

yl)acetate (0.2 g, 31%).

[0530] According to the general procedure for synthesis of 1-(4-(4-(cyclobutylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol, ethyl 2-(6-amino-2-oxo-
3,4-dihydroquinolin-1(2H)-yl)acetate and 2-chloro-N-cylclobutyl-7H-pyrrolo [2,3-
d]pyrimidin-4-amine gave Ethyl 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-
ylamino)-2-0x0-3,4-dihydroquinolin-1(2H)-yl)acetate (MS calcd for C,3HN¢O5 434.2,
found [MH] 435.2; UV 209.8, 304.5 nm).

Example 70

[0531] 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2.3-d]pyrimidine-2-ylamino)-2-0x0-3.,4-

dihydroquinolin-1(ZH)-vDacetic acid

I,C02H H~N/D

poskes
A

H H

[0532] To a solution of ethyl 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-
ylamino)-2-0x0-3,4-dihydroquinolin-1(2H)-yl)acetate (10 mg, 0.023 mmol) in THF (0.6 mL)
and H20 (0.4 mL) was added NaOH (5N, 2 drops). After stirring for 3 h at room
temperature, the reaction mixture was purified by preparative HPLC to yield 2-(6-(4-
(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-ylamino)-2-ox0-3,4-dihydroquinolin-
1(2H)-yl)acetic acid (MS calcd for C;H22NgO3 406.2, found [MH] 407.0; UV 207.5, 304.5

nm).
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Example 71

2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-ylaming)-2-0x0-3,4-

dihvydroguinolin-1(2H)-vy1)-N-(2-(dimethylamino)ethyl)acetamide

| 0] C

N AN
T 00

H

IZ o

[0533] To a solution of 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-d]pyrimidine-2-
ylamino)-2-0x0-3,4-dihydroquinolin- 1(2H)-yl)acetic acid 4 mg, 0.01 mmol) in DMF (0.3
mL) was added HATU , DIPEA and N,N-dimethylaminoethylamine. After stirring for 1 h at
room temperature, it was then purified by prep HPLC to give 2-(6-(4-(cyclobutyamino)-7H-
pyrrolo[2,3-d]pyrimidine-2-ylamino)-2-oxo-3,4-dihydroquinolin-1(2ZH)-yl)-N-(2-
(dimethylamino)ethyl)acetamide (MS calcd for CosH3:NgO, 476.3, found [MH] 477.0; UV
205.1, 304.5 nm).

Example 72

Methyl 4-(4-(cyclobutylamino)-7H-pvrrolo [2.3-d]pyrimidin-2-

yvlamino)phenyvl(methyl)carbamate

| NH
O N)m
O \©\NJ|\N’ N
H H

[0534] According to the general procedure for synthesis of 1-(4-(4-(cyclobutylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol, methyl-4-
aminophenyl(methyl)carbamate and 2-Chloro-N-cylclobutyl-7H-pyrrolo [2,3-d]pyrimidin-4-
amine gave methyl 4-(4-(cyclobutylamino)-7H-pyrrolo [2,3-d]pyrimidin-2-
ylamino)phenyl(methyl)carbamate (MS calcd for C19H2:NgO, 366.2, found [MH] 368.0; UV
209.8,271.2, 304.5 nm).
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Example 73

Methyl 4-(4-(cyclobutylamino)-7H-pyrrolo [2,3-d]pyrimidin-2-

ylamino)phenyl(methyl)carbamate

| NH

QD

O N/&N’ N

H H

[0535] According to the general procedure for synthesis of 1-(4-(4-(cyclobutylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol, Methyl-4-
aminophenyl(methyl)carbamate and 2-chloro-N-cylclopropyl-7H-pyrrolo [2,3-d]pyrimidin-4-
amine gave methyl 4-(4-(cyclobutylamino)-7H-pyrrolo [2,3-d]pyrimidin-2-
ylamino)phenyl(methyl)carbamate (MS calcd for C1gH20NegO» 352.2, found [MH] 353.0; UV
227.5,292.6 nm).

Example 74

N-(4-(4-(cyclobutylamino)-7H-pyrrolo [2.3-d]pyrimidin-2-ylamino)phenyl)-2-hydroxy-N-

methylacetamide

| NH
O~_N
N
T L0D
HO NN N
H H

[0536] To a suspension of 4-nitro-N-methylaniline in DCM (10 mL) was added at O °C was
added EtsN (0.63 mL, 4.5 mmol) and 2-benzoxyacetyl chloride (0.513 mL, 3.3 mmol). After
stirring for 15 h at room temperature, the reaction mixture was diluted with EtOAc, washed
with Sat. NaHCOs, brine, dried and concentrated to give 2-benzoxy-N-methyl-N-(4-
nitrophenyl)acetamide (0.63 g, 70%).

[0537] To a suspension of above 2-benzoxy-N-methyl-N-(4-nitrophenyl)acetamide in
EtOH (8 mL) and H,O (4 mL) was added ammonium formate (1.3 g, 20 mmol) and Fe (0.47
g, 8.4 mmol). After heating at reflux for 2 h, the reaction was cooled to room temperature,

iron was filtered off, and the filtrate was diluted with EtOAc and water, EtOAc layer was
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separated and the aqueous layer was further extracted with EtOAc, organic layers were
combined, dried over Na,SO, and was concentrated under vacuo to provide 2-benzoxy-N-

methyl-N-(4-aminophenyl)acetamide (0.4 g, 53%).

[0538] According to the general procedure for synthesis of 1-(4-(4-(cyclobutylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol, 2-benzoxy-N-methyl-N-
(4-aminophenyl)acetamide and 2-Chloro-N-cylclobutyl-7H-pyrrolo [2,3-d]pyrimidin-4-amine
gave 2-benzyloxy N-(4-(4-(cyclobutylamino)-7H-pyrrolo [2,3-d]pyrimidin-2-
ylamino)phenyl)-N-methylacetamide (MS calcd for Co¢HagNeO, 456.2, found [MH] 457.0).

[0539] To a solution of 2-benzyloxy N-(4-(4-(cyclobutylamino)-7H-pyrrolo [2,3-
d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide (0.012 g, 0.026 mmol) in EtOH (0.4 mL)
was added Pd/C (10 mg), and was charged with H, (1 atm). After stirring for 15 h at room
temperature, it was purified by preparative HPLC to give N-(4-(4-(cyclobutyllamino)-7H-
pyrrolo [2,3-d]pyrimidin-2-ylamino)phenyl)-2-hydroxy-N-methylacetamide (MS calcd for
C19H22N6O, 366.2, found [MH] 367.0; UV 208.7, 272.4, 304.5 nm).

Example 75

N-(4-(4-(cyclopropvylamino)-7H-pyrrolo [2.3-d]pyrimidin-2-ylamino)phenyl)-2-hydroxy-N-

methylacetamide

| NH
O-_N
N7
T OO0
HO N N7 TN
H H

[0540] According to the general procedure for synthesis of 1-(4-(4-(cyclobutylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol, 2-benzoxy-N-methyl-N-
(4-aminophenyl)acetamide and 2-Chloro-N-cylclopropyl-7H-pyrrolo [2,3-d]pyrimidin-4-
amine gave 2-benzyloxy N-(4-(4-(cyclopropylamino)-7H-pyrrolo [2,3-d]pyrimidin-2-
ylamino)phenyl)-N-methylacetamide (MS calcd for Cy5Ha6NgO2 442.2, found [MH] 443.5).

[0541] Toa s'olution of 2-benzyloxy N-(4-(4-(cyclopropylamino)-7H-pyrrolo [2,3-
d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide (0.015 g, 0.034 mmol) in EtOH (0.4 mL)
was added Pd/C (10 mg), and was charged with H; (1 atm). After stirring for 15 h at room

temperature, it was purified by preparative HPLC to give N-(4-(4-(cyclopropylamino)-7H-
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[0542] To a mixture of 4-nitrobenzyl chloride (1 g, 5.8 mmol) and TBAI (0.11 g, 0.29
mmol) in EtOH (12 mL) was added NaOSOCHj; (0.77 g, 6.38 mmol). After heating at reflux
for 2 h, the mixture was cooled to room temperature, and the precipitates were collected by

filtration to give 1-(methylsulfonylmethyl)-4-nitrobenzene (1.5 g).

[0543] To a mixture of 1-(methylsulfonylmethyl)-4-nitrobenzene (1.5 g, 7 mmol) in EtOH
(20 mL) and H,O (10 mL) was added iron (1.96 g, 35 mmol) and ammonium formate (4.41 g,
70 mmol). After heating at 90 °C for 2 h, it was diluted with EtOAc, washed with saturated

NaHCO;3, brine, dried and concentrated to give 4-(methylsulfonylmethyl)aniline (0.5 g).

[0544] According to the general procedure for synthesis of 1-(4-(4-(cyclobutylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol, 4-
(methylsulfonylmethyl)aniline and 2-Chloro-N-cylclobutyl-7H-pyrrolo [2,3-d]pyrimidin-4-
amine gave N4—cyclobutyl—Nz—(4—methylsufonylmethyl)phenyl)-7H—pyrrolo [2,3-d]pyrimidin-
2,4-diamine (MS calcd for C13H2NsO,S 371.5, found [MH] 372.1; UV 205.1, 273.6, 304.5

nm).

Example 77

N4—cyclobutvl-N2-(3—methvlsuf0nylmethvl) phenyl)-7H-pyrrolo [2.3-d]pyrimidin-2.4-diamine

146
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IL-2 secretion in Jurkat cells induced by TCR
cross-linking [0684] Jurkat cell propagation and
W@ i9p08Ns87 i ncubati on procedures are the sane aBCT/US2009/002512
descri bed in Jurkat cal ci um f | ux assay in the previous
section. Anti bod‘@iﬂan [ IS coated onta
EtOAcy washrd itk satuested Cmerlgy datedf@é cRpySRERAled tsgfYe- G- @2-chloro-

7H—pyr§din1% el & ykiinSpheRd pﬁf"g?‘é“%féé?’@}d%qtomﬁg)end

(0549) S1kq B BU DR a2 SRlera T RIS e PrEm g drdaminopbory-N-
methyléc!e'[an%ﬁe ggb@ gﬁ@dﬁﬁ(ﬁf{ g% MFWQ@M&H 6 ﬁnllxﬁ%ﬁﬁllafcﬁé (0.628¢) and

nmeasur e fter incubation. IL-2 I evel 1s determ néed
TMSClu(S)ng mabh). Afte? hEziﬂr@DatklllS%C Forniepnh, Ithe 2hixEhfeSRadqgrifed by Biep HPLC

Bi osci ence, 0611). Tabl e 4 Ex No Structure NM\/
to give @535()%(1(-1@@?14@[136 yleg@nqqlaﬁg myrey q)_@@ @pyrimidin-4-ylamino)phenoxy-N-

methylacetamide (0.007 g, MS calcd for C;,HoNsO, 428 .4, found [MH] 429.1; UV 238.1,
311.6 nm).

Example 79

Nz-( 1 H-indazol-6-yl)- 7H-pyrrolo [2.3-d]pyrimidin-2.4-diamine

NH,
7 N™
@\ 0
N N N
H H

N
H

[0550] A mixture of 2, 4-Dichloro-7H-pyrrolo[2,3-d]pyrimidine (0.1 g, 0.53 mmol) in
Ammonia (7 N in MeOH, 1mL) was heated at 100 °C for 24 h, then it was diluted with
EtOAc, washed with Sat. NaHCQO3, brine, dried and concentrated to give 2-chloro-7H-
pyrrolo[2,3-d]pyrimidine-4-amine (0.06 g).

[0551] To a mixture of 2-chloro-7H-pyrrolo[2,3-d]pyrimidine-4-amine (0.06 g, 0.353
mmol) in nBuOH (0.7 mL) was added 6-aminoindazole (0.094 g, 0.70 mmol) and TMSCI
(0.023 mL, 0.175 mmol). After heating at 115 °C for 8 h, it was cooled and purifed by prep
HPLC to give N*-(1H-indazol-6-yl)- 7H-pyrrolo [2,3-d]pyrimidin-2,4-diamine (0.012 g, MS
calced for C;3H N7 265.3, found 266.1; UV 216.9, 308.0 nm).

Example 80

N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methyleyclopropanecarboxamide
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[0552] Step 1: To a mixture of N-methyl-4-nitroaniline (2 g, 13.1 mmol) in DCM (30 mL)
was added Et3N (2.75 mL, 20 mmol) and cyclopropanecarbonyl chloride (1.32 mL, 14.4
mmol) at room temperature, after stirring for 1 h at room temperature, the mixture was
diluted with EtOAc, the organics was washed with Sat. NaHCOs, brine, dried and
concentrated to give N-methyl-N-(4-nitrophenyl)cyclopropanecarboxamide as crude product

3 g)-

[0553] To a suspension of the above crude product (3 g) in EtOH (20 mL) and H20 (10
mL) was added iron (3.67 g, 65.5 mmol) and ammonium formate (826 g, 130 mml). The
mixture was heated at 90 °C for 2 h, and was cooled to room temperature. The mixture was
diluted with EtOAc, washed with Sat. NaHCO;, brine, dried and concentrated to give N-(4-
aminophenyl)-N-methylcyclopropanecarboxamide (1.6 g).

[0554] Step 2: To a suspension of 2-chloro-N-cyclobutyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (67 mg, 0.3 mmol) in nBuOH (0.8 mL) was added N-(4-aminophenyl)-N-
methylcyclopropanecarboxamide (85 mg, 0.45 mmol) and TMSCI (0.02 mL, 0.15 mmol).
After heating at 115 °C for 2 h, the mixture was cooled and purified by preparative HPLC to
give N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide (7 mg). MS found for C,;H24NgO as (M+H)"377.2. A=
208.7,272.4, 304.5.

Example 81

N-(4-(4-(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylcvclopropanecarboxamide
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[0555] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide. MS found for CogH2NgO as (M+H)" 363.1. A = 211.0,
228.7,296.1.

Example 82

N-(4-(4-(methylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylcyclopropanecarboxamide

| SNH
H H

[0556] The title compound was prepared using the same synthetic scheme demonstrated in

Example of N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide. MS found for CigHyN¢O as M+H)" 337.1. A = 212.2,
303.3.

Example 83

2-(2-(1 H-indazol-6-ylamino)-7H-pyrrolo{2,3-d]pyrimidin-4-ylamino)acetamide
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[0557] Step 1: To a suspension of 2-chloro-4-(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (177 mg, 0.88 mmol) in nBuOH (2 mL) was added TMSCI (0.111 mL, 0.88 mmol).
After heating at 115 °C for 24 h, the mixture was cooled and purified by preparative HPLC to
give 2-(2-(1H-indazol-6-ylamino)-4-(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (53
mg).

[0558] Step 2: To a suspension of 2-(2-(1H-indazol-6-ylamino)-4-(methylthio)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (53 mg, 0.18 mmol) in DCM (1 mL) was added mCPBA
(50 mg, 0.187 mmol). After stirring at room temperature for 2 h, the mixture was diluted with
EtOAc, washed with Sat. NaHCOs, brine, dried and concentrated to give a mixture of

corresponding sulfone and sulfoxide (100 mg total).

[0559] Step 3: To a solution of the above mixture of sulfone and sulfoxide (100 mg) in
DMSO (1 mL) was added glycinamide hydrogen chloride (60 mg, 0.534 mmol) and DIPEA
(0.16 mL, 0.89 mmol). After heating at 65 °C for 48 h, the mixture was cooled and purified
by preparative HPLC to give 2-(2-(1 H-indazol-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)acetamide (6 mg). MS found for C;sH4NgO as (M+H)" 323.2. A = 244.0, 312.8.

Example 84

N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2.3-dlpyrimidin-2-ylamino)phenvyl)-2-

(dimethlamino)-N-methvlacetamide
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[0560] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide. MS found for C;;H27N70 as (M+H)"394.3. A = 206.3,
273.6.304.5.

Example 85

N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-N-(3-

dimethylaminopropyl)benzamide

BN

O NH

| H P
N~ N7 TN
H H

[0561] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide. MS found for C;;H29N70 as (M+H)*408.4. . = 208.7,
227.5,312.8.

Example 86

N-(4-(4-(cyclobutylamino)—7l—1—pyrrolo[2,3—d]pyrimidin-2-ylamino)phenyl)—3—hydroxy-N—

methypropanamide

| NH
SO
O N)\N/ N
H H
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[0562] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide. MS found for CogH24NgO, as (M+H)"381.2. A, = 229.8,
271.2,304.5.

Example 87

N-(4-(4-(cyclopropylamino)-7H-pyrrolo[2.3-d]pyrimidin-2-ylamino)phenyl)-3-hydrox y-N-

methypropanamide

| NH
O
© N)\N/ N
H H

[0563] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide. MS found for C;9H»oNgO; as (M+H)* 367.2. 1 = 229.8,
296.1.

Example 88

Nz—( 1H—indazol—6—vlamin0)—N4—( 1H-pyrazol-5-y)-7TH-pyrrolo[2,3-d]pyrimidine-2.,4-diamine

H

cl Nﬁ]\
PEA NH
,\{)Y\» + A N L WA + Ji)\/\\"'
P NN NN NN HN N
. PP H
Ts CI”>N"N
Ts

N

TMSCI ” NH

BuOH X
e G W o
KOH N NN

[0564] Step 1: To a suspension of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (100
mg, 0.29 mmol) in nBuOH (1 mL) was added 3-aminopyrazole (26 mg, 0.32 mmol) and
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DIPEA'(0.057 mL, 0.32 mmol). After heating at' 90 °C for 3 h, the mixture was diluted with
EtOAc, washed with Sat. NaHCOs, brine, dried and concentrated to give a mixture of 2-

chloro-N-(1H-pyrazol-5-yl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-4-amine (100 mg).

[0565] Step 2: To a suspension of 2-chloro-N-(1H-pyrazol-5-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidine-4-amine (100 mg, 0.26 mmol) in nBuOH (1 mL) was added 6-aminoindazol (68
mg, 0.512 mmol) and TMSCI (0.016 mL, 0.128 mmol). After stirring at 115 °C for 15 h, the
mixture was cooled and was added MeOH (1 mL), followed by a solution of KOH (100 mg)
in H20 (0.5 mL). After heating at 65 °C for 2 h, the solution was concentrated and the
residue was purified by preparative HPLC to give N2-(1H-indazol-6-ylamino)-N4-(1H-
pyrazol-5-yl)-7TH-pyrrolo[2,3-d]pyrimidine-2,4-diamine (7 mg). MS found for C;¢H;3Ng as
(M+H)"332.1. 1. = 209.8, 251.1, 310.4.

Example 89

N2—( 1H-indazol—6-vlamino)—N4—( 2-methoxvyethyl)-7H-pyrrolo[2.3-d]pyrimidine-2.4-diamine

/O\I\
NH
4 N™™~
gt [oR
N N”NT N
H H H

[0566] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N-(1H-indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine-
2,4-diamine. MS found for C¢H,;7N70 as (M+H)* 324.2. A = 246.4, 315.2.

Example 90

1-(4-(4-(4-(2-methoxyethylamino)-7H-pyrrolo[2.3-d]pyrimidin-2-ylamino)phenyl)piperazin-

1-ylethanone
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[0567] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N>-(1H-indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine-
2,4-diamine. MS found for CyyH,sNgO5 as (M+H)" 410.2. A = 231.0, 265.3, 302.1.

Example 91

NZ—( 1 H-indazol-6-ylamino)-N*-(2-hydroxyethyl)-7H-pyrrolo[2,3-d]pyrimidine-2 4-diamine

1

NH

Z N™ S\
N )\/N
H H

N N
H

HO

[0568] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N2-(1H-indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine-
2,4-diamine. MS found for C;sH;sN;0 as (M+H)* 310.2. A = 241.6, 309.2.

Example 92

N4-(2-2-(aminoethoxy)ethvl)—Nz—( | H-indazol-6-ylamino)-7H-pyrrolo[2.3-d]pvrimidine-2.4-

diamine

NH,

®)

\LNH
7 N™ S\
N )\/N
H H

N° N
H
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[0569] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N*-(1H-indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine-
2,4-diamine. MS found for C;7H,0NgO as (M+H)" 353.2. A = 241.6, 308.0.

Example 93

1-(4-(4-(4-(2-(2-aminoethox y)amino)-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)phenvl)piperazin-1-vl)ethanone

NH,

N/\ NH

K/N\©\ ),\{\)\j:t?

N~ N
H

[0570] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N>-(1H-indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine-
2,4-diamine. MS found for C»3H3;N70, as (M+H)"439.1. L = 266.5, 303.3.

Example 94

(H-1-(4-(4-(2-(2-aminoethoxy)ethylamino)-7H-pvrrolo[2,3-d]pyrimidin-2-

yvlamino)phenvl)pyrrolidine-2-carboxamide

NH,

O L
_-'N N™SY
NH N~ N

N
2 H H

[0571] The title compound was prepared using the same synthetic scheme demonstrated in
Example of N*-(1H-indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7TH-pyrrolo[2,3-d]pyrimidine-
2,4-diamine. MS found for C2.H»9N;0, as (M+H)"425.1. A = 239.3, 303.3.
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Example 95

3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-

ylamino)benzamide anAd 3-(2-(4-(piperazin-1-yDphenvlamino)-7H-pyrrolo[2,3-d]pyrimidin-

4-ylamino)benzamide

o o]
cl HoN NH, ,©\WNH2 QM AN HN/@\WNH'Z
o " PO Y 5
P - . © - N7
CI”"N""N N P N

N

. -

050 TEA, dioxane Cl)\N N TMSCI, 110C H O:é:O
110C 0=5=0 dioxane / nBuOH

o}
aq. IN KOH /©\WNH O\WNH
_ - /U\N’\ HN ¢ HNTY HN :
MeOH, 60 C LN N o + (UN BN o}
T O

[0572] A solution of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (200 mg, 0.580
mmol), 3-aminobenzamide (83 mg, 0.61 mmol) and triethylamine (0.200 mL, 1.44 mmol) in
dioxane (5 mL) was stirred at 110 °C for 20 h. It was concentrated in vacuo. After the residue
was acidified with HOAc (1 mL), it was purified by HPLC to give 3-(2-chloro-7-tosyl-7H-
pyrrolo[2,3-d]}pyrimidin-4-ylamino)benzamide (85 mg).

[0573] A mixture of 3-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)benzamide
(85 mg, 0.19 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (105 mg, 0.480 mmol)
and trimethylsilyl chloride (0.030 mL, 0.24 mmol) in dioxane (1 mL) and nBuOH (1 mL)
was stirred at 110°C for 72 h. It was concentrated in vacuo. The residue was purified by
HPLC to give 3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamino)benzamide (40 mg).

[0574] To a solution of 3-(2-(4-(4-acetylpiperazin- 1-yl)phenylamino)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino)benzamide (40 mg, 0.064 mmol) in MeOH (3 mL), aq.
IN KOH (1.0 mL, 1.0 mmol) was added. The mixture was heated at 60 °C for 3 h. It was
concentrated in vacuo. The residue was acidified with HOAc (1 mL) before being purified by
HPLC to give 3-(2-(4-(4-acetylpiperazin- 1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzamide (15 mg), MS 471.1 M+H); UV 207.3, 284.1, 311.5 nm; and 3-(2-(4-
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(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)benzamide (5 mg), MS
429.1 (M+H); UV 202.6, 279.3 nm.

Example 96

3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2.3-dlpyrimidin-4-

ylamino)benzenesulfonamide and 3-(2-(4-(piperazin- l-yl)phenylamino)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamino)benzenesulfonamide

O [ ]
J: l o M\
HN SO.NH, O—NHZ /U\N/\| SO,NH,

NN LN " aq. IN KOH
o = QI wer
- |
P NS NP MeOH, 60 C
i TMSCI, 110 C H o ge8=0

; =0 dioxane / nBuOH

)?\N()\: HNO\SOZNHZ HU HNO\SOZNHZ

X
aLn O
[0575] A mixture of 2-chloro-N-(3-aminosulfonyl-phenyl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (100 mg, 0.210 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone
(92 mg, 0.42 mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (2 mL)
and dioxane (2 mL) was heated at 110°C for 72 h. More 1-(4-(4-aminophenyl)piperazin-1-
yDethanone (92 mg, 0.42 mmol) was added. The mixture was stirred at 110 °C for another 72
h. It was then purified by HPLC to give 3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7-
tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)benzenesulfonamide (40 mg)

[0576] To a solution of 3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino)benzenesulfonamide (40 mg, 0.061 mmol) in MeOH (3
mL), aq. IN KOH (1.0 mL, 1.0 mmol) was added. The mixture was heated at 60 °C for 3 h. It
was concentrated in vacuo. The residue was acidified with HOAc (1 mL) before being
purified by HPLC to give 3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamino)benzenesulfonamide (14 mg), MS 507.1 (M+H); UV 212.0, 282.9,
313.8 nm; and 3-(2-(4-(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzenesulfonamide (4 mg), MS 465.1 (M+H); UV 203.8, 281.7 nm.

158



OHOr H3C- ANNO 410N1)H2 NN H 453.5 47 454.6 ++
2-(4-(4- acetylpiper azin-1 - vyl)phenyla m no)-4-(3-

w@ bgodnavegm et hyl ) pi peri din-1- yl)pyrindin e-BET/US2009/002512
carboxamd e 0 z=gi iz c) 467.5 74

Example 97

N-(4-(4-(3-(aminomethyl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylacetamide
BOC20 QH H2 /©\/H o
O,N NH TEA ON \g 7< Pd-C N I 7<

I S Can L e
G NN - AN

0°5=0 TEA, nBuOH 07570 TMSCI, 116 C
110C nBuOH

N

- NI X aq. IN KOH _N NN
)\ < N )|\ >
N°ONT MeOH, 60 C N

[0577] A mixture of 3-nitrobenzylamine hydrochloride (530 mg, 2.81 mmol), di-t-butyl
dicarbonate (613 mg, 2.81 mmol) and TEA (0.800 mL, 5.75 mmol) in CH,Cl, (8 mL) was
stirred at room temperature for 72 h. It was concentrated in vacuo, the residue was partitioned
between water and EtOAc. The organic phase was washed with 1N HCl, then with 5%
NaHCO3, dried over Na2S0O4, concentrated in vacuo to give tert-butyl 3-

nitrobenzylcarbamate as a solid (705 mg).

[0578] A mixture of tert-butyl 3-nitrobenzylcarbamate (705 mg, 2.80 mmol) and Pd-C
(10%, 125 mg) in EtOAc (25 mL) (containing 6 drops of HOAc) was hydrogenated under
balloon hydrogen for 20 h. It was filtered through celite. The filtrate was concentrated in

vacuo to give tert-butyl 3-nitrobenzylcarbamate (602 mg).

[0579] A mixture of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (200 mg, 0.585
mmol), tert-butyl 3-nitrobenzylcarbamate (137 mg, 0.617 mmol) and TEA (0.200 mL, 1.44
mmol) in nBuOH (5 mL) was stirred at 110 °C for 20 h. Water and EtOAc were added. The
organic phase was washed with IN HCI, then with 5% NaHCQ3, dried over Na2SO4,
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concentrated in vacuo to give tert-butyl 3-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzylcarbamate (306 mg).

[0580] A solution of tert-butyl 3-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzylcarbamate (306 mg, 0.580 mmol), N-(4-aminophenyl)-N-methylacetamide
(190 mg, 1.16 mmol) and trimethylsilyl chloride (0.100 mL, 0.791 mmol) in nBuOH (5 mL)
was stirred at 116 °C for 20 h. The mixture was then purified by HPLC to give N-(4-(4-(3-
(aminomethyl)phenylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylacetamide (27 mg).

[0581] To a solution of N-(4-(4-(3-(aminomethyl)phenylamino)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide (27 mg, 0.049 mmol) in MeOH (3 mL),
aq. IN KOH (1.0 mL, 1.0 mmol) was added. The mixture was stirred at 60 °C for 3 h. It was
concentrated in vacuo. The residue was acidified with HOAc (1 mL) before being purified by

HPLC to give the titled compound (15 mg). MS 402.3 (M+H); UV 202.6, 282.9, 315.0 nm.

Example 98

(R)-1-(4-(4-(4-(1-hydroxypropan-2-vlamino)-7H-pyrrolo[2.3-d]pyrimidin-2-

ylamino)phenyl)piperazin-1-yl)ethanone and (R)-2-(2-(4-(piperazin-1-yl)phenylamino)-7H-

pvrrolo[2.3-dIpyrimidin-4-ylamino)propan-1-ol

cl NH» ‘\/\ 7\
)\/E§ X _OH HN®  OH o>,~—N\_/N NH, )Y\§

_
N™ S

N Lo, -
AN qEA,0C o ANPN

dioxane Ts TMSCI, nBuOH, 116 C o] u

aq.KOH

—

X
MeOH, 60 C )— —@ )j\/» AN ) —O— J\)T\»
[0582] A solution of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (0.35g, 1.0 mmol),
D-alaninol (0.10 mL, 1.3 mmol) and TEA (0.20 mL, 1.4 mmol) in dioxane (6 mL) was stirred
at 70°C for 20 h. Water and EtOAc were added. The organic phase was washed with IN HC],
then with 5% NaHCO3, dried over Na2S04, concentrated in vacuo to give (R)-2-(2-chloro-7-
tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)propan-1-ol (0.38 g).
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[0583] A mixture of (R)-2-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)propan-1-ol (200 mg, 0.525 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone
(140 mg, 0.639 mmol) and trimethylsilyl chloride (0.130 mL, 1.03 mmol) in nBuOH (4 mL)
was stirred-at 116 °C for 48 h. It was concentrated in vacuo. The residue was purified by
HPLC to give (R)-1-(4-(4-(4-(1-hydroxypropan-2-ylamino)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (25 mg).

[0584] To a solution of (R)-1-(4-(4-(4-(1-hydroxypropan-2-ylamino)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (25 mg, 0.044 mmol) in
MeOH (1 mL) and dioxane (1 mL), agq. IN KOH (1.0 mL, 1.0 mmol) was added. After being
stirred at 60 °C for 3 h, it was concentrated in vacuo. The residue was acidified with HOAc¢ (1
mL), then was purified by HPLC to give (R)-1-(4-(4-(4-(1-hydroxypropan-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (7 mg), MS 410.5
(M+H); UV 202.6, 267.5, 303.1 nm; and (R)-2-(2-(4-(piperazin-1-yl)phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino)propan-1-ol (3 mg), MS 368.5 (M+H); UV 229.6, 271.0,
301.9 nm.

Example 99

(S)-1-(4-(4-(4-(1-hydroxypropan-2-vlamino)-7H-pyrrolo[2,3-dlpyrimidin-2-

ylamino)phenyl)piperazin-1-ylethanone and (S)-2-(2-(4-(piperazin-1-yDphenylamino)-7H-

pyrrolo{2.3-d]pyrimidin-4-ylamino)propan-1-ol

HN
~ 0 —~ S
! \
N Sy HN N N7 NN
o H H N H H

[0585] The titled compounds were synthesized analogously as (R)-1-(4-(4-(4-(1-
hydroxypropan-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-
yDethanone, MS 410.5 (M+H); UV 202.0, 266.3, 301.9; and (R)-2-(2-(4-(piperazin-1-
yDphenylamino)-7H-pyrrolo[2,3-d}pyrimidin-4-ylamino)propan-1-ol, MS 368.5 (M+H); by

using L-alaninol in place of D-alaninol.
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[0586] A mixture of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (200 mg, 0.584
mmol), 3-aminotetrahydro-1H-thiophene-1,1-dione hydrochloride (100 mg, 0.583 mmol) and
TEA (0.325 mL, 2.34 mmol) in dioxane (5 mL) was stirred at 70 °C for 20 h. Water and
EtOAc were added. The organic phase was separated, dried over Na2SO4, concentrated in
vacuo to give 2-chloro-N-(1,2-dioxy-tetrahydrothiophen-3-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (208 mg).

[0587] A mixture of 2-chloro-N-(1,2-dioxy-tetrahydrothiophen-3-yl)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (208 mg, 0.472 mmol), 1-(4-(4-aminophenyl)piperazin-1-
yl)ethanone (165 mg, 0.753 mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in
nBuOH (5 mL) was stirred at 120 °C for 48 h. It was concentrated in vacuo. The residue was
purified by HPLC to give 1-(4-(4-(4-(1,1-dioxy-tetrahydrothiophen-3-ylamino)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (65 mg).

[0588] To a solution of 1-(4-(4-(4-(1,1-dioxy-tetrahydrothiophen-3-ylamino)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin- 1 -yl)ethanone (65 mg, 0.104 mmol) in
MeOH (3 mL), ag. IN KOH (1.0 mL, 1.0 mmol) was added. After being stirred at 60 °C for 4
h, it was concentrated in vacuo. The residue was acidified with HOAc (1 mL), then was
purified by HPLC to give 1-(4-(4-(4-(1,1-dioxy-tetrahydrothiophen-3-ylamino)-7H-
pyrrolo(2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (15 mg), MS 470.5
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(M+H); and N2-(4-(piperazin-1-yl)phenyl)-N4-(1,1-dioxy-tetrahydrothiophen-3-yl)-7H-
pyrrolo[2,3-d]pyrimidine-2,4-diamine (3 mg), MS 428.5 (M+H).

Example 101

4-(4-(cyclopropylamino)-5-(pyridin-4-yD-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)benzamide

O

oy N HWJ\@\ 4 /N
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HN — NH, O —
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CI” N N N™ N

\ TMSCI
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[0589] A mixture of 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (135 mg, 0.307 mmol), 4-aminobenzamide (100 mg, 0.735 mmol) and
trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (3 mL) was stirred at 135 °C for 48
h. It was concentrated in vacuo. The residue was purified by HPLC to give the titled

compound (9 mg). MS 386.2 (M+H); UV 201.8, 309.8 nm.

Example 102

4-(4-amino-5-(pyridin-4-v)-7H-pyrrolo[2,3-dpyrimidin-2-vlamino)benzoic acid

(o}

By 0 ; ;

HN ) NH, o} NH; 4 . o] N, G

N = aq. LiOH 2 =
N N > BuO [N — HO NN g\
NN TMSCI )UN)'\N/ N THF P -
: oo A A

[0590] A mixture of 2-chloro-N-cyclopropyl-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine (245 mg, 0.557 mmol), 4-aminobenzoic acid (150 mg, 1.09 mmol) and
trimethylsilyl chloride (0.300 mL, 2.37 mmol) in nBuOH (4 mL) was stirred at 135 °C for 24
h. It was concentrated in vacuo. The residue was purified by HPLC to give butyl 4-(4-amino-

5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)benzoate (137 mg).

[0591] To a solution of butyl 4-(4-amino-5-(pyridin-4-yl)-7H-pyrrolo{2,3-d}pyrimidin-2-
ylamino)benzoate (137 mg, 0.340 mmol) in THF (3 mL), aq. 1IN LiOH (2.0 mL, 2.0 mmol)
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was added. The mixture was stirred at room temperature for 20 h. It was concentrated in
vacuo. The residue was acidified with HOAc (2 mL), then was purified by HPLC to give the
titled compound (55 mg). MS 347.2 (M+H); UV 203.8, 306.7 nm.

Example 103

4-(cyclopropylamino)-2-(2-ox0-1,2.3 4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-

dlpyrimidine-5-carbonitrile

H
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[0592] A mixture of 2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo(2,3-d]pyrimidine-
5-carbonitrile (145 mg, 0.374 mmol), 6-amino-3,4-dihydroquinolin-2(1H)-one (60 mg, 0.370
mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at
135 °C for 20 h. It was concentrated in vacuo. The residue was purified by HPLC to give the
titled compound (50 mg). MS 360.3 (M+H); UV 202.2, 292.7 nm.

Example 104

4-(5-cyano-4-(cyclopropylamino)-7H-pyrrolo[2,3-dIpyrimidin-2-ylamino)benzamide

)
b\NH 9—< >‘NH2 ) b\NH
CN HoN

CN
N > HoN NJY\S
/“\ p/ \ )‘\©\NJI\N/ N
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[0593] A mixture of 2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-
S-carbonitrile (175 mg, 0.451 mmol), 4-aminobenzamide (122 mg, 0.897 mmol) and
trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at 135 °C for 20
h. It was concentrated in vacuo. The residue was purified by HPLC to give the titled

compound (43 mg). MS 334.3 (M+H); UV 204.6, 230.2, 308.1 nm.
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Example 105

N-(4-(5-cyano-4-(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-

methylacetamide
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[0594] A mixture of 2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-
5-carbonitrile (165 mg, 0.425 mmol), N-(4-aminophenyl)-N-methylacetamide (107 mg, 0.652
mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at
135 °C for 20 h. It was concentrated in vacuo. The residue was purified by HPLC to give the
titled compound (50 mg). MS 362.3 (M+H); UV 202.8, 254.0, 280.4 nm.

Example 106

4-(5-cyano-4-(cyclopropylamino)-7H-pvyrrolo[2.3-dlpyrimidin-2-

ylamino)benzenesulfonamide

O z>
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[0595] A mixture of 2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-
S-carbonitrile (150 mg, 0.387 mmol), 4-aminobenzenesulfonamide (103 mg, 0.599 mmol)
and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at 135 °C for
20 h. It was concentrated in vacuo. The residue was purified by HPLC to give the titled
compound (45 mg). MS 370.3 (M+H); UV 202.8, 254.6, 305.0 nm.

Example 107

2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(cyclopropylamino)-7H-pvrrolo[?2,3-

d]pyrimidine-5-carbonitrile
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[0596] A mixture of 2-chloro-4-(cyclopropylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-
5-carbonitrile (150 mg, 0.387 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (132 mg,
0.602 mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was
stirred at 135 °C for 20 h. It was concentrated in vacuo. The residue was purified by HPLC to
give the titled compound (25 mg). MS 417.4 (M+H); UV 203.4, 254.0, 291.5 nm.

Example 108

4-(cyclopropylamino)-2-(2-0x0-1,2,3 4-tetrahvdroquinolin-6-ylamino)-7H-pyrrolo[2,3-

d]pyrimidine-5-carboxamide

N Ny Do 0
H NH
o. N CN H,0, O NS 2
S - L
NP N K,CO3, DMSO, 100 C N“ NN
H H H ;

[0597] A solution of 4-(cyclopropylamino)-2-(2-oxo-1,2,3,4-tetrahydroquinolin-6-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (30 mg, 0.083 mmol), K,CO3 (100 mg,
0.724 mmol) and H,O, (50% aq., 0.500 mL) in DMSO (1 mL) was heated at 100 °C for 5
min. Gas evolved violently. After cooling down, the mixture was purified by HPLC to give

the titled compound (7 mg). MS 378.4 (M+H); UV 200.4, 241.8, 295.8 nm.

Example 109

4-(4-(1-(2-cvanoacetyl)piperidin-4-ylamino)-7H-pyrrolo[2.3-dlpyrimidin-2-

yvlamino)benzamide
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[0598] A mixture of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (171 mg, 0.500
mmol), 4-amino-1-N-Boc-piperidine (100 mg, 0.500 mmol) and TEA (0.150 mL, 1.08 mmol)
in dioxane (4 mL) was stirred at 70 °C for 20 h. Water and EtOAc were added. The organic
phase was separated, washed with 1N HCI, then with 5% NaHCO3, dried over Na2S04,
concentrated in vacuo to give tert-butyl 4-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)piperidine-1-carboxylate (202 mg).

[0599] A mixture of tert-butyl 4-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)piperidine-1-carboxylate (202 mg, 0.400 mmol), 4-aminobenzamide (82 mg, 0.60
mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at
116 °C in a sealed tube for 20 h. It was concentrated in vacuo. The residue was purified by
HPLC to give 4-(4-(piperidin-4-ylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)benzamide (58 mg).

[0600] To a suspension of cyanoacetic acid (85 mg, 1.00 mmol) in CH,Cl, (2 mL)
(containing 2 drops of DMF), oxalyl chloride (0.082 mL, 0.94 mmol) was added. The
mixture was stirred at room temperature for 50 min. To the above solution cooled in an ice
bath, a solution of 4-(4-(piperidin-4-ylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)benzamide (58 mg, 0.11 mmol) and TEA (0.450 mL, 3.22 mmol) in DMF (2 mL)
was added. The mixture was stirred for 2 h. Water and EtOAc were added. The organic phase

was separated, washed with 5% NaHCO3, dried over Na2S04, concentrated in vacuo to give
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4-(4-(1-(2-cyanoacetyl)piperidin-4-ylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)benzamide (45 mg).

[0601] To a solution of 4-(4-(1-(2-cyanoacetyl)piperidin-4-ylamino)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)benzamide (45 mg, 0.078 mmol) in dioxane (2 mL) and
MeOH (1 mL), aq. 1N KOH (1.0 mL, 1.0 mmol) was added. The mixture was stirred at 70 °C
for 4 h. It was concentrated in vacuo. The residue was acidified with HOAc (1 mL) before
being purified by HPLC to give 4-(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)benzamide (20 mg).

[0602] To a suspension of cyanoacetic acid (85 mg, 1.00 mmol) in CH,Cl, (2 mL)
(containing 2 drops of DMF), oxalyl chloride (0.082 mL, 0.94 mmol) was added. The
mixture was stirred at room temperature for 50 min. To the above solution cooled in an ice
bath, a solution of 4-(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)benzamide (20 mg, 0.057 mmol) and TEA (0.450 mL, 3.22 mmol) in DMF (2 mL)
was added. The mixture was stirred at room temperature for 20 h. Water was added. CH,Cl,
was removed in vacuo. The residue was purified by HPLC to give the titled compound (10

mg). MS 419.3 (M+H); UV 200.0, 311.9 nm.

Example 110

4-(4-(1-(2-cvanoacetyDpiperidin-3-vlamino)-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)benzamide
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[0603] A mixture of 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (233 mg, 0.681
mmol), 3-amino-1-N-Boc-piperidine (136 mg, 0.680 mmol) and TEA (0.200 mL, 1.44 mmol)
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in dioxane (5 mL) was stirred at 70 °C for 20 h. Water and EtOAc were added. The organic
phase was separated, washed with 1N HCI, then with 5% NaHCO3, dried over Na2S04,
concentrated in vacuo to give tert-butyl 3-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-

ylamino)piperidine-1-carboxylate (251 mg).

[0604] A mixture of tert-butyl 3-(2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)piperidine-1-carboxylate (251 mg, 0.496 mmol), 4-aminobenzamide (102 mg, 0.750
mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at
116 °C in a sealed tube for 20 h. It was concentrated in vacuo. The residue was purified by
HPLC to give 4-(4-(piperidin-3-ylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-

ylamino)benzamide (36 mg).

[0605] To a solution of 4-(4-(piperidin-3-ylamino)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)benzamide (36 mg, 0.071 mmol) in dioxane (2 mL) and MeOH (2 mL), ag. IN KOH
(1.0 mL, 1.0 mmol) was added. The mixture was stirred at 70 °C for 3 h. It was concentrated
in vacuo. The residue was acidified with HOAc (1 mL) before being purified by HPLC to
give the desired compound as TFA salt, which was then dissolved in MeOH (5 mL), MP-
carbonate (0.10 g, 0.31 mmol) was added. After gentle agitation for 30 min, the mixture was
filtered. The filtrate was concentrated in vacuo to give 4-(4-(piperidin-3-ylamino)-7H-

pyrrolo[2,3-d]pyrimidin-2-ylamino)benzamide (18 mg) as free base.

[0606] To a suspension of cyanoacetic acid (46 mg, 0.54 mmol) in CH,Cl, (1 mL)
(containing 2 drops of DMF), oxalyl chloride (0.047 mL, 0.54 mmol) was added. The
mixture was stirred at room temperature for 40 min. To the above solution cooled in an ice
bath, a solution of 4-(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)benzamide (18 mg, 0.051 mmol) and TEA (0.250 mL, 1.80 mmol) in DMF (2 mL)
was added. The mixture was stirred for 2 h. Water was added. CH,Cl, was removed in vacuo.
The residue was purified by HPLC to give the titled compound (10 mg). MS 419.3 (M+H);
UV 201.6,311.9 nm.

Example 111

4-(4-methoxyphenylamino)-2-(2-oxo0-1,2.3 4-tetrahydroquinolin-6-ylamino)-7H-pyrrolof2.3-

d]pyrimidine-5-carbonitrile
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[0607] A mixture of 2,4-dichloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (260 mg,
0.556 mmol), p-anisidine (75 mg, 0.610 mmol) and DIEA (0.300 mL, 1.72 mmol) in dioxane
(5 mL) was stirred at 110 °C for 20 h. Water and EtOAc were added. The organic phase was
separated, washed with 1N HCI, then with 5% NaHCO3, dried over Na2S0O4, concentrated in
vacuo to give 2-chloro-5-iodo-N-(4-methoxyphenyl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (257 mg).

[0608] A solution of 2-chloro-5-iodo-N-(4-methoxyphenyl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (257 mg, 0.463 mmol), Pd2dba3 (25 mg, 0.027 mmol) and dppf (51 mg,
0.092 mmol) in DMF (4 mL) was degassed with argon before being charged with Zn(CN)2
(65 mg, 0.555 mmol). The mixture was stirred at 70 °C for 3 h. DMF was removed in vacuo.
The residue was dissolved in CH3CN. Water was added to induce precipitation. The
precipitate was collected and dried on vacuum to give 2-chloro-4-(4-methoxyphenylamino)-

7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (68 mg).

[0609] A mixture of 2-chloro-4-(4-methoxyphenylamino)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidine-5-carbonitrile (68 mg, 0.15 mmol), 6-amino-3,4-dihydroquinolin-2(1H)-one (40
mg, 0.24 mmol) and trimethylsilyl chloride (0.100 mL, 0.790 mmol) in nBuOH (2 mL) was
stirred at 135 °C for 20 h. More 6-amino-3,4-dihydroquinolin-2(1H)-one (24 mg, 0.15 mmol)
and trimethylsilyl chloride (0.200 mL., 1.58 mmol) were added. It was stirred at 135 °C for
another 20 h. nBuOH was removed in vacuo. The residue was purified by HPLC to give the
titled compound (5 mg). MS 426.4 (M+H); UV 203.5, 290.3 nm.

Example 112
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[0610] A mixture of 2,4-dichloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (260 mg,
0.556 mmol), 4-fluoroaniline (0.055 mL, 0.581 mmol) and DIEA (0.300 mL, 1.72 mmol) in
dioxane (4 mL) was stirred at 110 °C for 20 h. Water and EtOAc were added. The organic
phase was separated, washed with 1N HCI, then with 5% NaHCO3, dried over Na2504,
concentrated in vacuo to give 2-chloro-N-(4-fluorophenyl)-5-iodo-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (230 mg).

[0611] To a mixture of 2-chloro-N-(4-fluorophenyl)-5-iodo-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (230 mg, 0.423 mmol), pyridine-4-boronic acid (57 mg, 0.463 mmol)
and Pd(Ph3P)2C]2 (30 mg, 0.042 mmol) in dioxane (4 mL), aq. Na2CO3 (135 mg, 1.27
mmol) (1.0 mL) was added. The mixture was stirred at 100 °C for 2 h. It was concentrated in
vacuo. The residue was triturated. The solid was collected by filtration (86 mg). The filtrate
was purified by HPLC to give 2-chloro-N-(4-fluorophenyl)-5-(pyridin-4-yl)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (31 mg).

[0612] A solution of 2-chloro-N-(4-fluorophenyl)-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (31 mg, 0.062 mmol), 6-amino-1-methyl-3,4-dihydroquinolin-2(1H)-
one (25 mg, 0.14 mmol) and trimethylsilyl chloride (0.100 mL, 0.790 mmol) in nBuOH (1
mL) was stirred at 135 °C for 20 h. It was concentrated in vacuo. The residue was purified by

HPLC to give the titled compound. MS 480.5 (M+H); UV 204.7, 281.7, 314.3 nm.

Example 113
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6-(4-Amino-5-(4-fluorophenyl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-1-methyl-3.4-

dihvdroquinolin-2(1H)-one

CHy £
P ON
Pd(Ph3P)2CI2

Ts dioxane, 100 C Ig{]SOC&
aq. Na2CO3 e

[0613] To a mixture of 2-chloro-N-cyclopropyl-5-iodo-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (150 mg, 0.307 mmol), 4-fluorophenylboronic acid (64 mg, 0.457
mmol) and Pd(Ph3P)2CI2 (22 mg, 0.031 mmol) in dioxane (3 mL), ag. Na2CO3 (100 mg,
0.943 mmol) (1.0 mL) was added. The mixture was stirred at 100 °C for 1 h. Water and
EtOAc were added. The organic phase was separated, dried over Na2SO4, concentrated in
vacuo. The residue was purified by a silica gel column, which was eluted with 5-15% EtOAc
in hexane to give 2-chloro-N-cyclopropyl-5-(4-fluorophenyl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (121 mg).

[0614] A solution of 2-chloro-N-cyclopropyl-5-(4-fluorophenyl)-7-tosyl-7H-pyrrolo{2,3-
d]pyrimidin-4-amine (76 mg, 0.17 mmol), 6-amino-1-methyl-3,4-dihydroquinolin-2(1H)-one
(60 mg, 0.34 mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (2 mL)
was stirred at 135 °C for 20 h. Tt was concentrated in vacuo. The residue was purified by

HPLC to give the titled compound. MS 403.4 (M+H); UV 205.3, 293.4 nm.

Example 114

6-(4-(benzylamino)-5-(pyridin-4-vy1)-7H-pyrrolo[2.3-dlpyrimidin-2-ylamino)-1-methyl-3.4-

dihvdroquinolin-2(1H)-one

N B(OH) 72
)Clj\/g' DIEA “h | 7 ‘ S
N[\ + —_— -
N
)'\N/ N 1BuOH/DMF /I\‘ll\)\/l\/\g Pd(Ph3P)2CI2 D A\
Ts NH;  dioxane, 70 C CI”NZN ?iiﬁ%?ﬁzo 100 C CI” N Ni's
Ts ’

.

Oy N Ph N
T o S
NH =

2

U@L N
TMSCI, nBuOH

116 C
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[0615] A mixture of 2,4-dichloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (1.00 g, 2.13
mmol), benzylamine (0.233 mL, 2.13 mmol) and DIEA (0.750 mL, 4.31 mmol) in dioxane
(12 mL)/nBuOH (12 mL)/DMF (3 mL) was stirred at 70 °C for 2 h. It was concentrated in
vacuo. The residue was partitioned between water and EtOAc. The organic phase was
separated, washed with 1N HCI, then with 5% NaHCO3, dried over Na2S0O4, concentrated in
vacuo to give N-benzyl-2-chloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (0.993
g).

[0616] To a mixture of N-benzyl-2-chloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (300 mg, 0.557 mmol), pyridine-4-boronic acid (137 mg, 1.11 mmol) and
Pd(Ph3P)2C12 (40 mg, 0.042 mmol) in dioxane (3 mL), aq. Na2CO3 (120 mg, 1.13 mmol)
(1.0 mL) was added. The mixture was stirred at 100 °C for 4 h. It was concentrated in vacuo.
The residue was purified by HPLC to give N-benzyl-2-chloro-5-(pyridin-4-yl)-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (27 mg).

[0617] A solution of N-benzyl-2-chloro-5-(pyridin-4-yl)-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (27 mg, 0.055 mmol), 6-amino-1-methyl-3,4-dihydroquinolin-2(1H)-
one (20 mg, 0.11 mmol) and trimethylsilyl chloride (0.070 mL, 0.553 mmol) in nBuOH (1.5
mL) was stirred at 116 °C for 20 h. More trimethylsilyl chloride (0.100 mL, 0.790 mmol) was
added. It was stirred at 116 °C for another 40 h. It was concentrated in vacuo. The residue was
purified by HPLC to give the titled compound. MS 476.4 (M+H); UV 200.3, 268.7, 309.3

nim.

Example 115

4-(Benzylamino)-2-(1-methyl-2-0x0-1,2,3.4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-

d]pyrimidine-5-carbonitrile

%

Ph
FE] th Ofi@\ e S CN
NH | Zn(CN)2 NH N NH, O N N)\/(\g

—_— X -
NN R TJ@L A A
)'\)IS Pd2(dba)3/dppf M 2l TMSCI, nBuOH NTNT N

Cl

[0618] A solution of N-benzyl-2-chloro-5-iodo-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (386 mg, 0.716 mmol), Pd2dba3 (40 mg, 0.043 mmol) and dppf (80 mg, 0.14 mmol) in
DMF (6 mL) was degassed with argon before being charged with Zn(CN)2 (100 mg, 0.555
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mmol). The mixture was stirred at 70 °C for 20 h. DMF was removed in vacuo. The residue
was purified by HPLC to give 4-(benzylamino)-2-chloro-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidine-5-carbonitrile (54 mg).

[0619] A solution of 4-(benzylamino)-2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine-5-
carbonitrile (54 mg, 0.12 mmol), 6-amino-1-methyl-3,4-dihydroquinolin-2(1H)-one (43 mg,
0.24 mmol) and trimethylsilyl chloride (0.200 mL, .58 mmol) in nBuOH (2.5 mL) and
dioxane (1.5 mL) was stirred at 116 °C for 20 h. It was concentrated in vacuo. The residue

was purified by HPLC to give the titled compound. MS 424.3 (M+H); UV 207.7, 273.1 nm.

Example 116

Butyl 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-vyl)piperidine-3-carboxvlate

o

e o S O

Cl
N)jN \©\NH2 @\‘ 1 N
X o *p - 00
N N DIEA,n N \©\NJI\N/ N
H H

nBuOH, 135 C
CH3CN TMSCI

[0620] A solution of 2,6-dichloropurine (189 mg, 1.00 mmol), ethyl nipecotate (0.155 mL,
1.00 mmol) and DIEA (0.300 mL, 1.72 mmol) in CH;CN (5 mL) was stirred at room
temperature for 20 h, during which time white solids precipitated out, which was collected to

give ethyl 1-(2-chloro-9H-purin-6-yl)piperidine-3-carboxylate (108 mg).

[0621] A mixture of ethyl 1-(2-chloro-9H-purin-6-yl)piperidine-3-carboxylate (108 mg,
0.349 mmol), 1-(4-(4-aminophenyl)piperazin-1-yl)ethanone (115 mg, 0.525 mmol) and
trimethylsilyl chloride (0.300 mL, 2.37 mmol) in nBuOH (4 mL) was stirred at 135 °C for 20
h. It was concentrated in vacuo. The residue was purified by HPLC to give the titled

compound (86 mg). MS 521.4 (M+H); UV 201.8, 272.8 nm.

Example 117

1-(2-(4-(4-acetylpiperazin-1-yD)phenylamino)-9H-purin-6-vl)piperidine-3-carboxvlic acid and

1-(2-(4-(piperazin-1-yl)phenvylamino)-9H-purin-6-ypiperidine-3-carboxvlic acid
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[0622] To a solution of butyl 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yl)piperidine-3-carboxylate (76 mg, 0.15 mmol) in THF (2 mL), aq. 1N LiOH (1.00 mL, 1.00
mmol) was added. The mixture was stirred at room temperature for 68 h. HOAc (1 mL) was
added to neutralize LiOH. The mixture was then purified by HPLC to give 1-(2-(4-(4-
acetylpiperazin-1-yl)phenylamino)-9H-purin-6-yl)piperidine-3-carboxylic acid (45 mg), MS
465.3 (M+H); UV 205.8, 272.8 nm; and 1-(2-(4-(piperazin-1-yl)phenylamino)-9H-purin-6-
yh)piperidine-3-carboxylic acid (8 mg), MS 423.3 (M+H).

Example 118

1-(2-(4-(4-acetylpiperazin-1-vl)phenylamino)-9H-purin-6-yl)piperidine-3-carboxamide

o

o
)?\N (Nj/KOH )?\N’\, (Nj/KNHZ

1) HOBt/ EDC

/\‘
~OL K - g
N4 2) NH3 A Y
OHAN/Q ) O\H NN

[0623] To a solution of 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yDpiperidine-3-carboxylic acid (40 mg, 0.086 mmol) and HOBt (30 mg, 0.196 mmol) in
DMF (2 mL), EDC (35 mg, 0.183 mmol) was added. After being stirred for 90 min, NH3 (0.5
M in dioxane, 1.00 mL, 0.500 mmol) was added. The mixture was stirred for 2 h. More EDC
(52 mg, 0.271 mmol) was added. It was stirred for another 20 h. The mixture was then
purified by HPLC to give the titled compound (30 mg). MS 464.3 (M+H); UV 204.8, 273.8

nm.

Example 119

Butyl 2-(1-(2-(2-0x0-1,2.3 4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidin-4-yl)acetate

175



yl)met hyl ca rbamate 30 HCH3 CH3 OcH3 O HZNON I N H
444.5 11 445.4 + tert-butyl (1-(2-(4- carbanoylp

whewghassnho )-5- fluoropyrim din-4- PCT/US2009/002512
CO,Et CO,Et " CO,Bu
Cl
N N \ il y \
)|\ _ \ - NTX \ - (o] N N \
CI”"N"N DIEA, 70 C M Ay nBuOH, 135 C NJI\N/ N
dioxane c™ NT R TMSCI N H

[0624] A solution of 2,4-dichloro-7H-pyrrolof2,3-d]pyrimidine (188 mg, 1.00 mmol), 2-(4-
piperidinylacetic acid ethy} ester (171 mg, 1.00 mmol) and DIEA (0.400 mL, 2.30 mmol) in
dioxane (6 mL) was stirred at 70 °C for 20 h. Water and EtOAc were added. The organic
phase was separated, washed with 1N HCl, dried over Na2S0O4, concentrated in vacuo to give

ethyl 2-(1-(2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetate (308 mg).

[0625] A mixture of ethyl 2-(1-(2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
yDacetate (135 mg, 0.419 mmol), 6-amino-3,4-dihydroquinolin-2(1H)-one (97 mg, 0.600
mmol) and trimethylsilyl chloride (0.200 mL, 1.58 mmol) in nBuOH (4 mL) was stirred at
135 °C for 20 h. More trimethylsilyl chloride (0.200 mL, 1.58 mmol) was added. It was
stirred at 135 °C for another 20 h. It was concentrated in vacuo. The residue was purified by

HPLC to give the titled compound (54 mg). MS 477.3 (M+H); UV 200.0, 279.8 nm.

Example 120

2-(1-(2-(2-0x0-1,2.3 4-tetrahvdroguinolin-6-ylamino)-7H-pvrrolo[2.3-d Ipyrimidin-4-

yDpiperidin-4-yhacetic acid
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[0626] To a solution of butyl 2-(1-(2-(2-0x0-1,2,3,4-tetrahydroquinolin-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetate (48 mg, 0.101 mmol) in THF (2 mL), aq.
IN LiOH (1.00 mL, 1.00 mmol) was added. The mixture was stirred at room temperature for
20 h. HOAc (1 mL) was added to neutralize LiOH. It was then purified by HPLC to give the
titled compound (32 mg). MS 421.3 (M+H); UV 207.8, 279.8 nm
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Example 121

2-(1-(2-(2-0x0-1,2.3 4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-

vD)piperidin-4-yl)acetamide

CO,H CONH,
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M = NTSNPN
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[0627] To a solution of 2-(1-(2-(2-ox0-1,2,3,4-tetrahydroquinolin-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetic acid (26 mg, 0.062 mmol) and HOBt (35
mg, 0.23 mmol) in DMF (2 mL), EDC (40 mg, 0.21 mmol) was added. After being stirred for
40 min, NH3 (0.5 M in dioxane, 1.00 mL, 0.500 mmol) was added. The mixture was stirred
for 20 h. It was then purified by HPLC to give the titled compound (20 mg). MS 420.3
(M+H); UV 201.8, 279.8 nm.

Example 122

1-(4-(4-(4-(4-(aminomethyl)piperidin-1-y])-5-chloropyrimidin-2-ylamino)phenvl)piperazin-

1-ylhethanone

NH,
5. O
N N
K/N\@lel\:jm
H

[0628] The titled compound was synthesized analogously as compound 1-(4-(4-(4-(4-
(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin- 1 -yl)ethanone,
by using 2,4,5-trichloropyrimidine. MS 444.3 and 446.3 (M+H, Cl pattern); UV 210.7, 265.7

nm.
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Example 123

6-(5-fluoro-4-(3-oxopiperazin-1-yDpyrimidin-2-vlamino)-3,4-dihydroguinolin-2(1H)-one

H
CYy
H N
hoeN S
l -~
N )\ N
H
[0629] The titled compound was synthesized analogously as compound 1-(4-(4-(4-(4-

(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone,
by using piperazin-2-one. MS 414.3 (M+H); UV 214.8, 252.8 nm.

Example 124

1-(4-(4-(5-fluoro-4-(piperazin-1-y)pyrimidin-2-ylamino)phenyl)piperazin- 1 -ylethanone

S

oLy

[0630] The titled compound was synthesized analogously as compound 1-(4-(4-(4-(4-

(aminomethyl)piperidin- 1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin- 1-yl)ethanone,
by using 1-Boc-piperazine. MS 400.3 (M+H); UV 203.8, 268.8 nm.

Example 125

4-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-S-fluoropyrimidin-4-yl)piperazine-1-

carboxamide
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[0631] To a suspension of 1-(4-(4-(5-fluoro-4-(piperazin-1-yl)pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone (53 mg, 0.13 mmol) in CH3CN (2 mL), a solution of
KCN (60 mg, 0.74 mmol) in H20 (2 mL) was added. The suspension became clear. The
mixture was stirred at 70 °C for 3 h. It was then purified by HPLC to give the titled
compound (15 mg). MS 443.3 (M+H); UV 201.8, 269.8 nm.

Example 126

2-(1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-yDpiperidin-4-

yDacetamide

CONH,
i Eli
/KN/\

N
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H

[0632] The titled compound was synthesized analogously as compound 1-(4-(4-(4-(4-
(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone,
by using 2-(piperidin-4-yl)acetamide. MS 456.3 (M+H); UV 203.8, 269.8 nm.

Example 127

Benzyl 1-(2-(4-(4-acetylpiperazin-1-yDphenylamino)-5-fluoropyrimidin-4-yDpiperidin-4-

ylcarbamate
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[0633] The titled compound was synthesized analogously as compound 1-(4-(4-(4-(4-
(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone,
by using benzyl piperidin-4-ylcarbamate. MS 548.4 (M+H); UV 215.8, 258.8, 279.8 nm.

Example 128

1-(4-(4-(4-(4-aminopiperidin-1-y1)-S-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-

yDethanone

2
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[0634] A solution of benzyl 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperidin-4-ylcarbamate (370 mg, 0.676 mmol) and Pd-C (10%, 55 mg)
in MeOH (12 mL) was hydrogenated under balloon hydrogen for 20 h. It was then filtered
through celite. The filtrate was concentrated in vacuo to give the titled compound (239 mg).

MS 414.3 (M+H); UV 202.8, 268.8 nm.

Example 129

1-(1-(2-(4-(4-acetylpiperazin-1-yDphenylamino)-5-fluoropyrimidin-4-yDpiperidin-4-yurea
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[0635] To a suspension of 1-(4-(4-(4-(4-aminopiperidin- 1-yl)-5-fluoropyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone (48 mg, 0.12 mmol) in CH3CN (2 mL), a solution of
KCN (60 mg, 0.74 mmol) in H20 (2 mL) was added. The suspension became clear. The
mixture was stirred at 70 °C for 2 h. It was then purified by HPLC to give the titled
compound (12 mg). MS 457.3 (M+H); UV 204.8, 266.8 nm.

Example 130

2-(4-(4-acetylpiperazin- 1 -vl)phenylamino)-4-(4-(ureidomethypiperidin-1-yl)pyrimidine-5-

carboxamide

H
NH N NH>
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[0636] To a suspension of 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(4-

(aminomethyl)piperidin-1-yl)pyrimidine-5-carboxamide (8 mg, 0.018 mmol) in CH3CN (1
mL), a solution of KCN (18 mg, 0.22 mmol) in H20 (1 mL) was added. The mixture was
stirred at 70 °C for 20 h. It was then purified by HPLC to give the titled compound (6 mg).
MS 496.5 (M+H); UV 200.8, 271.8 nm.

Example 131

4-(4-(4-(aminomethyD)piperidin-1-y1)-5-fluoropyrimidin-2-ylamino)benzoic acid
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[0637] The titled compound was synthesized analogously as compound 1-(4-(4-(4-(4-

(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone,
by using 4-aminobenzoic acid. MS 346.2 (M+H); UV 215.8, 275.8, 292.8 nm.

Example 132

6-(4-(4-(aminomethyl)piperidin-1 -yl)—5—bromopyrimidin—2-ylamino)-3,4-dihydr9quinolin-
2(1H)-one
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[0638] The titled compound was synthesized analogously as compound 6-(4-(4-
(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one,
by using 5-bromo-2,4-dichloropyrimidine. MS 431.4 and 433.3 (M+H, Br pattern); UV
222.3,263.9 nm.

Example 133

4-(4-(4-((dimethylamino)methyl)piperidin-1-yD-5-fluoropyrimidin-2-vlamino)benzamide
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c - 637P 5
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was putifind bpHPIIG engi¢d tteN)tled c.ibAtpoilnd,éIO g MMS373.3 (M+H); UV 213.8,

269.8,292.8 nm.

Example 134

Ethyl 3-amino-3-(1-(5-fluoro-2-(2-0x0-1,2.3 4-tetrahydroquinolin-6-ylamino)pyrimidin-4-

yD)piperidin-4-yl)propanoate

cl

fo) H H
H,N Ph O N Ph O N N7 F
25\0025 Cl/U\OAPh \[c]; CO,Et TFA \g(\g\coza o

P — Cl N
NaHCO3 N N - =
N
H DIEA/ACN, 1t
AKX H <

H
Ph. _O_N HoN
CO,EL m ~UY gcoza (\gcoza
0

5 y N H2 9y N

N F nBuOH, 116 C O N N)ﬁ/': } Oy-N NJﬁ/F
£y CQEY" e OO

[0640] To a suspension of ethyl 3-(1-Boc-piperidine-4-yl)-beta-DL-alaninate hydrochloride

(518 mg, 1.54 mmol) in CH,Cl, (10 mL), a solution of NaHCO3 (1.00 g, 1.20 mmol) in H20
(15 mL) was added. Benzyl chloroformate (0.246 mL, 95%, 1.66 mmol) was then added. The

o]

mixture was stirred at room temperature for 20 h. The CH,Cl, layer was separated, dried over
Na2S04, concentrated in vacuo to give tert-butyl 4-(1-(benzyloxycarbonylamino)-3-ethoxy-

3-oxopropyl)piperidine-1-carboxylate (660 mg).
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[0641] To a solution of tert-butyl 4-(1-(benzyloxycarbonylamino)-3-ethoxy-3-
oxopropyl)piperidine- 1-carboxylate (660 mg, 1.52 mmol) in CH,Cl; (5§ mL), TFA (5 mL)
was added. The mixture was stirred at room temperature for 3 h. It was concentrated in
vacuo. The residue was purified by HPLC to give ethyl 3-(benzyloxycarbonylamino)-3-
(piperidin-4-yl)propanoate as TFA salt. The salt was dissolved in EtOAc (50 mL), which was
washed with 5% NaHCO?3, dried over Na2SO4, concentrated in vacuo to give ethyl 3-
(benzyloxycarbonylamino)-3-(piperidin-4-yl)propanoate as free base (102 mg).

[0642] To a solution of ethyl 3-(benzyloxycarbonylamino)-3-(piperidin-4-yl)propanoate
(102 mg, 0.305 mmol) and 2,4-dichloro-5-fluoropyrimidine (51 mg, 0.305 mmol) in CH;CN
(2 mL), DIEA (0.106 mL, 0.610 mmol) was added. The mixture was stirred at room
temperature for 68 h. It was then concentrated in vacuo. The residue was dissolved in nBuOH
(3 mL), 6-amino-3,4-dihydroquinolin-2(1H)-one (82 mg, 0.506 mmol) was added. The
solution was stirred at 116 °C for 20 h. It was concentrated in vacuo. The residue was
dissolved in MeOH (9 mL). To the solution, Pd-C (10%, 40 mg) was added. The mixture was
then hydrogenated under balloon hydrogen for 20 h. It was filtered through celite. The filtrate
was concentrated in vacuo. The residue was purified by HPLC to give the titled compound

(66 mg). MS 457.4 (M+H); UV 211.9, 277.3 nm.

Example 135

Methyl 2-amino-2-(1-(5-fluoro-2-(2-0x0-1,2.3.4-tetrahydroguinolin-6-ylamino)pyrimidin-4-

yD)piperidin-4-yl)acetate

HoN__CO,CHj

H N
hoeN Sl
' ~
N)\N
H
[0643] The titled compound was synthesized analogously as compound 6-(4-(4-
(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1 H)-one,

by using methyl 2-(tert-butoxycarbonylamino)-2-(piperidin-4-yl)acetate. MS 429.3 (M+H);
UV 207.0, 274.2 nm
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Example 136

N-(1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-yDpiperidin-4-yl)-2-

cyanoacetamide
NH,
i ® 0
)LN/\ N HN/U\/CN
MRy g
(Cocl1y2 o N N )L'Gu N i
NC/\n’OH —_— NC/\n’ > O\ NI)T
DCM/DMF o) TEA N )\N/

[0644] To a suspension of cyanoacetic acid (85 mg, 1.00 mmol) in CH,Cl; (2 mL)
(containing 2 drops of DMF) at room temperature, oxalyl chloride (0.082 mL., 0.94 mmol)
was added. Gas evolved and suspension became clear. It was then stirred for 30 min. To the
above solution cooled in an ice bath, a solution of 1-(4-(4-(4-(4-aminopiperidin-1-yl)-5-
fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone (70 mg, 0.17 mmol) and TEA
(0.478 mL, 3.43 mmol) in DMF (2 mL) was added drop wise. The mixture was then stirred at
room temperature for 3 h. It was concentrated in vacuo. The residue was purified by HPLC to

give the titled compound (12 mg). MS 481.5 (M+H); UV 204.7, 266.3 nm

Example 137

3-(4-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropvyrimidin-4-yl)piperazin-1-vyl)-3-

oxopropanenitrile
N
R CJ
)LN/\ N OY\CN
MOyt g \
|
(COCI)2 o H L
NC/\[rOH —— N - N\@\ N)ﬁ/F
DCM/DMF (o] TEA N)‘\N/

[0645] To a suspension of cyanoacetic acid (85 mg, 1.00 mmol) in CH,Cl, (2 mL)
(containing 2 drops of DMF) at room temperature, oxalyl chloride (0.082 mL, 0.94 mmol)

was added. Gas evolved and suspension became clear. It was then stirred for 50 min. To the
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above solution cooled in an ice bath, a solution of 1-(4-(4-(5-fluoro-4-(piperazin-1-
yh)pyrimidin-2-ylamino)phenyl)piperazin- 1-yl)ethanone (23 mg, 0.057 mmol) and TEA
(0.400 mL, 2.87 mmol) in DMF (1 mL) was added drop wise. The mixture was then stirred at
room temperature for 90 min. It was concentrated in vacuo. The residue was purified by

HPLC to give the titled compound (17 mg). MS 467.5 (M+H); UV 201.0, 269.4 nm

Example 138

6-(4-(4-(aminomethypiperidin-1-vy1)-5-(pyridin-4-y)pyrimidin-2-ylamino)-3,4-

dihydroquinolin-2(1H)-one

NHBoc NHBoc
. O oL &
N B(OH),
Br DIEA \ 4 _
NS + —_— N o N N
CI)I\N/ N CH3CN, rt N B Pd(Ph3P)2C12 N
H P Na2CO3, P
CI” N dioxane/H20, 100 C G~ N
H NHBoc NH;
NH
? H N Z>N TFA H N Z IN
N
nBuOH, 116 C ° NS NS
)I\ o )\ -~
N° N N N
H H

[0646] To a mixture of 5-bromo-2,4-dichloropyrimidine (0.256 mL, 2.00 mmol) and 4-N-
Boc-aminomethylpiperidine (428 mg, 2.00 mmol) in CH3CN (5 mL), DIEA (0.700 mL, 4.02
mmol) was added. The mixture was stirred at room temperature for 40 h. Water and EtOAc
were added. The organic phase was separated, washed with 1N HCI, then with 5% NaHCO3,
dried over Na2S0O4, concentrated in vacuo to give tert-butyl (1-(5-bromo-2-chloropyrimidin-

4-yl)piperidin-4-yl)methylcarbamate (610 mg).

[0647] To a mixture of tert-butyl (1-(5-bromo-2-chloropyrimidin-4-yl)piperidin-4-
yl)methylcarbamate (229 mg, 0.564 mmol), pyridine-4-boronic acid (76 mg, 0.618 mmol)
and Pd(Ph;P),Cl, (40 mg, 0.056 mmol) in dioxane (3 mL}), aq. Na,CO;3 (180 mg, 1.69 mmol)
(1.0 mL) was added. The fnixture was stirred at 100 °C for 20 h. It was concentrated in vacuo.
The residue was purified by HPLC to give tert-butyl (1-(2-chloro-5-(pyridin-4-yl)pyrimidin-
4-yl)piperidin-4-yl)methylcarbamate (80 mg).
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[0648] A solution of tert-butyl (1-(2-chloro-5-(pyridin-4-yl)pyrimidin-4-yl)piperidin-4-
yl)methylcarbamate (80 mg, 0.20 mmol) and 6-amino-3,4-dihydroquinolin-2(1H)-one (50
mg, 0.30 mmol) in nBuOH (3 mL) was stirred at 116 °C for 20 h. It was concentrated in
vacuo. The residue was dissolved in TFA (4 mL). After being stirred at room temperature for
30 min, TFA was removed in vacuo. The residue was purified by HPLC to give the titled
compound. MS 430.4 (M+H); UV 207.7, 264.5 nm.

Example 139

6-(4-(4-(aminomethyl)piperidin-1-yl)-5-cyclopropylpyrimidin-2-ylamino)-3.,4-

dihvdroquinolin-2(1H)-one

NH,
NHBoc NHBoc O\]\:HID (S
N
H
(S D—B(OH)Z H/j NH2 TFA O N N
N N

N -— U

WA\ B PAOA2A(CEHI1)3P N nBuOH, 116 C NN
A K3PO4 P
I N7 toluene/H20,100C  C7 N

[0649] A mixture of tert-butyl (1-(5-bromo-2-chloropyrimidin-4-yl)piperidin-4-
yl)methylcarbamate (112 mg, 0.276 mmol), cyclopropylboronic acid (40 mg, 0.465 mmol),
K3PO4 (200 mg, 0.943 mmol) and tricyclohexyl phosphine (20 mg, 0.071 mmol) in toluene
(3 mL) and H20O (0.2 mL) was degassed with argon, then Pd(OAc)2 (10 mg, 0.044 mmol)
was added. The mixture was stirred at 100 °C for 20 h. Water and EtOAc were added. The
organic phase was separated, washed with brine, dried over Na2S0O4, concentrated in vacuo
to give tert-butyl (1-(2-chloro-5-cyclopropylpyrimidin-4-yl)piperidin-4-yl)methylcarbamate
(130 mg).

[0650] A solution of tert-butyl (1-(2-chloro-5-cyclopropylpyrimidin-4-yl)piperidin-4-
yDmethylcarbamate (99 mg, 0.27 mmol) and 6-amino-3,4-dihydroquinolin-2(1H)-one (50
mg, 0.30 mmol) in nBuOH (3 mL) was stirred at 116 °C for 20 h. It was then stirred at 140 °C
for another 20 h. It was concentrated in vacuo. The residue was purified by HPLC to give a
powder, which was then dissolved in TFA (3 mL). After being stirred at room temperature
for 20 h, TFA was removed in vacuo. The residue was purified by HPLC to give the titled
compound (16 mg). MS 393.5 (M+H); UV 208.9, 264.5 nm
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Example 140

6-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-ylamino)-3.4-dihydroguinolin-

2(1H)-one

0o
A~ 0 0
Cl” ~0” "Ph MeSO2CI
HzNO-IOH _— Ph/\OJLNPO'IOH e Ph/\o’lLN><:>-|0Ms
aq. NaHCO3 H TEA H
NaN3 DMF
a 100C

Ph3P/ H20

j)\ (0]
o O e o O

H H
0 Ph VOTN O.__N Ph._O_N
ci ~ A hig
Ph” O N NH, o] 0
H NH NH H NH

X - -

) N O N N

N DIEA, CH3CN, rt P nBuOH, 116 C P
CI”N N“N

Vez

Cl

[0651] To a mixture of trans-4-aminocyclohexanol (2.07 g, 13.6 mmol) and NaHCO3 (3.50
g,41.7 mmol) in H20 (20 mL) at room temperature, a solution of benzyl chloroformate (1.92
mL, 13.6 mmol) in dioxane (15 mL) was added. The mixture was stirred at room temperature
for 20 h. The white precipitate was collected as benzyl (1R,4R)-4-
hydroxycyclohexylcarbamate (3.37 g).

[0652] To a suspension of benzyl (1R,4R)-4-hydroxycyclohexylcarbamate (1.14 g, 4.58
mmol) and triethylamine (1.30 mL, 9.34 mmol) in CH,Cl, (15 mL) at room temperature,
methanesulfonyl chloride (0.425 mL, 5.49 mmol) was added. The mixture was stirred at
room temperature for 20 h. More methanesulfonyl chloride (0.425 mL, 5.49 mmol) and
triethylamine (1.00 mL) were added. Stirring was continued for 48 h. The reaction solution
was washed with 5% NaHCOs3, then with 1 N HCI. The organic phase was separated, dried
over Na,SOy, concentrated in vacuo to give (1R,4R)-4-(benzyloxycarbonyl)cyclohexyl

methanesulfonate as a solid (1.13 g).

[0653] A mixture of (1R,4R)-4-(benzyloxycarbonyl)cyclohexyl methanesulfonate (1.13 g,
3.46 mmol) and NaN3 (0.674 g, 10.4 mmol) in DMF (10 mL) was stirred at 100 °C for 20 h.

Water and EtOAc were added. The organic phase was separated, washed with water, dried
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over Na,SQO,, concentrated in vacuo to give benzyl (1s,4s)-4-azidocyclohexylcarbamate

(0.819 g).

[0654] To a solution of benzyl (1s,4s)-4-azidocyclohexylcarbamate (0.410 g, 1.50 mmol) in
THF (8 mL) and H,0O (0.100 mL, 5.56 mmol) at room temperature, Phs;P (0.590 g, 2.25
mmol) was added. The solution was stirred at 70 °C for 20 h. EtOAc and 1N HCI were added.
The aqueous phase was separated, washed with EtOAc. It was then basified with SN NaOH
to pH 12. The free amine product was extracted with EtOAc. The EtOAc solution was dried
over Na,SQy, and concentrated in vacuo to give benzyl (1s,4s)-4-aminocyclohexylcarbamate

0.270 g).

[0655] To a mixture of 2,4-dichloro-5-fluoropyrimidine (226 mg, 1.35 mmol) and benzyl
(1s,4s)-4-aminocyclohexylcarbamate (335 mg, 1.35 mmol) in CH3CN (6 mL), DIEA (0.600
mL, 3.45 mmol) was added. The mixture was stirred at room temperature for 20 h. Water and
EtOAc were added. The organic phase was separated, washed with 1N HCI, dried over
Na,SO4, concentrated in vacuo to give benzyl (1s,4s)-4-(2-chloro-5-fluoropyrimidin-4-

ylamino)cyclohexylcarbamate (511 mg).

[0656] A solution of benzyl (1s,4s)-4-(2-chloro-5-fluoropyrimidin-4-
ylamino)cyclohexylcarbamate (170 mg, 0.450 mmol) and 6-amino-3,4-dihydroquinolin-
2(1H)-one (109 mg, 0.670 mmol) in nBuOH (3 mL) was stirred at 116 °C for 20 h. It was
concentrated in vacuo. The residue was dissolved in MeOH (4 mL). Pd-C (10%, 30 mg) was
added. The mixture was then hydrogenated under balloon hydrogen for 20 h. It was filtered
through celite, and the filtrate was concentrated in vacuo. The residue was purified by HPLC

to give the titled compound (30 mg). MS 371.2 (M+H); UV 215.8, 263.8 nm

Example 141

4-(4-((1s,48)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-vlamino)benzamide

!
(@) NH
F
AN N
)’\N/

189



ND82ND Exanpl e 147 Anbit Ki nomeScan screening
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[0694] An in vitro assay for detecting and measuring
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tenperature for an additiormdal ten mnutes to allow the
signal to equilibrate. Detection is performed using a
Wal lac Victor2 1420 nultil abel counter purchased from
Perkin El nmer, Shelton, Conn. [0699] On day two, A549

T



[0703] Data represent two i ndependent experinents to
evaluate the effect of Syk and Syk/JAK inhibition on
wa@eoovi1gmB7 of di ffuse | arge non-Hodgkin's | ynphpOEUBR009/002512
cell lines. SUDHL-4 and SUDHL- 6 ceIIs lines rely on
medi ated B cel|l receptor sjgnali for suryvival

toluenahimily At Had (B2mb) Has dearssederiisagpn, et BRUOAGII6 fig, 0044

mmol) SASRANRE Tnenikipfe YRS Wty 0 °C for 20 b. Water and BiDAe were added.

The organitghase wa@ﬁe;mpal@d ozsashed mtﬁ&mmardmhdtmyvef Na@S Oy @meemtyated in
usi,ngbt he get ectl ma- Al dri ch,
vacuo g g1y @@,yls(ls@@) @)&P oG é‘l’ﬁy rH‘%l hé" percent of
: r the apoptosis narker, caspase
ylannn%ﬁ&@llohﬁgléébzﬂﬂﬁé ‘(2%&3%? pop P

ion of nouse prinary B cell

1066315 oh s#BgF 85 Bl (5B prlaPlso PoreLongRN P P 3

ylaminbRGEIBAS yIChrEANHE (ORI ONS0@ InrSSF Bn € ARAKELD, AL Bih P@roddihMin-
prior to addition of control or goat anti-nouse |gD

2(1H)-emer (A5 nﬁguﬂ64|8gmnpﬁdu@@dl%i temlL) as istiaed anl Mas fora br bdvas
fl t t
concenfigel 38 Reuie™ TBF etk R TRy HisS 1 e B A 1idi -

cyclopllo@mr(m@a i,94- tbﬁﬁnydﬁ&?lbhélirpﬁ -ydfmiBolpgkimiamtd-vat | on
npl e 154: Mbuse nod i rmune- nedi at ed

ylammp]w@l@b@@g}@agb@mtg @0me3] | mune- nedi at ed
t hrombocyt openi a i s caused by anti bodi es directed

[0664] againmikturp bAbenzel (1346 - af(&-cgblxopmpwl}fze{anﬁp B Bidbedukesiroquinolin-
agai nst . drug-cont ai ni ng conpl exes 8 e _pl atel et

6- ylamgt?r)mér&rel 1A= YIMBQYG S Il x Wearbagated|/ 13l and Pd-C (10%,
30 mg)Clg 'N?J:@HQ% rﬁﬂ%aé Kb Q&Jatew' uned Bi10Bh @Iz%?tzo U Itfv@é‘sqinered through

Sel ect conpounds Wwer& evaluated for their ability to
celite. Thédfibrate phac@icentrgtd ar eavoe. The @sidoe ses ppdéed by HPLC to give the

titled cpglgpwncg%agdpén %Seg?’gt g?%awgg‘% ?[6& e?t his nodel, a

(approxi mately 509% results fromthe intravenous

admnistration of a rat anti-nouse GPlIb (clone

MAReg30) anti body (BD Bi osci ences, Pharm ngen). To
Examphydddiat e capacity for inhibition of platelet

cl earance, conpounds were suspended into 0.5%

[0665]”Bfllﬁ)!%E%JTgISQI?JLFs/}a[Es\S?@%tHéds%BFe@a‘?ﬂﬂt IgStB@E&ﬂp S

S %E‘ g% anCl’lthI‘I
gavage mou at a time prior to antibo

along winh estitoobtained fdrisack assppu n’ﬂha/\mLmnto aodirewieo humamslyk act1v1tles of

. _plasma conc ntrati 1 - 2 hours base
the i B CorEPagicy ST Rt Lt onS ar S HES KR sl o, such as a
test fordBEP Qbﬁ'ﬁ@l}sb mﬁi'bltdch@ﬁk%\@tym%ﬁlaﬂfﬂlz?shd dikeathe Pt affinities for
anti body, term nal bl odod sanples weré obtained from
humangyk uﬁsbmbn ‘@éhlbtttfébﬂﬁtt ingenttivarcpmpoendsreaatbednerisred biy=26 ICs,

g .car d| u | ood was

vatoe (T 3B e Bt s BB BT o P PORRIRRY g o
prowd@B@%dnﬁ@ffﬂJn&&f hiea0 sryla peStESIgiE activilyal’e@imatiet tHeIOy value, the

hemat ol o anal yzer (Hemavet, Drew Scientific).
more aRdYeaiPeF IEP@@@P@’I&%d splibiiag sybacHiBsma and conpound

concentrations measured by nass spectronetry. [0706]
[0666]P! Aheh eirrocdsedy fondetevrsg atel @easuriag idhibitia st vingadaiest syk is as

difference in platelet nunber between the average
followgion- ant i body treatnent group and ani mal s adm ni stered

the rat anti- WD 2009/ 131687PCT/ US2009/ 002512 nouse
Inhibit{@Rl dflsykmyrosiog pho ihatiangaetigity pl at el et cl earance was

determ ned by conparing the difference between

pl at el et cl earance of vehicle and conpound treated

ani mal s. Exanpl e 155: Mouse nodel of collagen anti body

i nduced arthritis [0707] The inhibitory activity of

sel ect conmpounds was investigated in a nouse nodel of

col l agen anti body i nduced #2thritis (CAIA). Collagen

i nduced arthritis is nmediated by autoanti bodies to

type Il collagen and conplenment, thus arthritis can be

| nduced by adm n| st rat| on of poI ycl onal anti bodi es or

o Y o o - N a




WO 2009/ 131687PCT/ US2009/ 002512 Exanpl e 157 Anal ysi s
of B cell signaling: [0710] The human non-Hodgkin's

wo yoophsrss’ B cel | |ines SUDHL-4 (#ACC 495), SUDMLF/6S2009/002512
(#ACC572), and Kar pas-422 (#ACC32) were obtained from

10667] o CHARET GG TS 8ot MRS S b AR P B Fppactivit
is asseSsBd by rn?eag:d}HgQEE laBitit 8‘?‘_ onst NpRgs$aSe infiit syX- he@?altédstyrosme

wer e’ mai ntained in medi a (I nvitrogen, Carl sbad
phosphasylasempel aesryﬁFEtpedlf”wsuhsttlam@/o fetal calf serum (ATCQ) and
penicillin/streptonycin (lnvitrogen), and maintained

[0668]i nsax&}fésn]@rphe dﬁHo@ﬁaﬁbr§§é{ﬁm§'% héhgurbdGHRRHRILANCE™
bodi es use hese studi es incl ude pol %cl onal

Techncg@gu devekaped Ry Kerkin ikmenLifgand Hnabytlaﬂoﬁcaﬁmﬁs

LANCES B3RS Fom ARy B AR RTLpo TER, P o

such as-?\tﬁhb TENINREA fRIdEESREICe r&Ynahd3éndtgy @irsterig SN TRLNKET) (see
ant i - human phospho- BLNK (Y84) were obtained from Cell

generaky éqfaqrpwgiurpé ¢ Rg{k@,@ Ebger Applicapipn Mg dlowr Optrpéze a Tyrosine
s B0 U0 DR OSHLES STESRi S ARTSa ARy,

WwwwﬁgbeeklaelfnhdnmbrnAl&Sscﬁamw)g altechssmyuminciplt involvasdietection of a
hospho- STAT6 (Y641), Phycoer ythrin (PE)-conjugated
phosplw}gf@d SARSUAl HRARE SESHHMISTEI M @ Penhospic Nagyppiughipbeled

( conj ugat ed nouse
antibody $hEBACH ihs hﬁg&ﬁk@%&%% A 04). [0711]

A A LT M AT w——
activity: Q&{1&ulesdkS RechRstitdRA6} 30% DMOO a%ﬁ'sl:rgfally"dlﬁftéﬁf\ﬁ B WwRdiR final

were stinulated wth 1[tg/nl anti-p. or anti -
dllutloaﬁwtbmmg PMSOLn trliiﬁﬁbseeﬂse of théreedidatiegnelbéuie mcsfmal DMSO
ed | m?re foI | owi nger%he i.ndi Gat ed t

concen&r% on1 assay 6% p ar e SFARHY ¢cdias at Wﬂlpé'lpi Org%m[lony The

first reﬁﬁioﬁﬁQ e&mak@ieﬁt@d)rdand:%)nch Qoﬁlpfllsébadf LanarAtd mbleoile Offull length
1% Cells were incubated with paraforml dehyde for 5
active feeampEenge Y Ksanyme diyEHpets: £A g hdeinhbelediStK-specific substrate
f
biotin- Pﬁgﬁm% %e’?ﬁ% toﬁgltréaggorg ﬁﬁé}ves tt{l}ﬁp?e[tg)% é;glglgse%gctlon and
the sim(t80&dus (addinpa oy theadtdero&mﬁ )eagEnoseehrapﬂiln’peibmdkahtlzmrd)sphotyrosine

cel l r S en shed agnce i n PBS, cond i
reagent (s IS 00 BT Bloro B0 AS Gpih iraPwtichi A BgRycocyanin
detecn&ngf&g@nt/bbﬂ[)m@ szgmleogA§ Tl{@mas%r}gacttl%ﬁ@s é&%rﬂﬁ:@ iMatlack U-

he 'ndicated anti bodi es dil uted in PBS + 1% BSA.
bottom&?ﬁt—wall dticwiinapdse. The ﬁsalvveacmma@ﬂmde (};rﬁﬂauL ancPBS'ntalmsI a final

subj ect ed to flow cytoms u5| n the FACS Calib
Conce“(rBlé%‘f ghl DM:?@W§ K'epgym I%ﬁ“%‘?&%%‘é% 10(1%4 ATP diluted

oo bofE SRS, ed*’-@é*&ég B Re %% bR ell T T8, Fochbn i

allowed & poextdefibr ﬂ))honesu.mpm’tdmpgratlhe &t gserich Huyfer soaing 600 mM Tris

ot 7.5, 0 PO NS0 e 2 PTG, B2 Bl S o BAAT e detection

reagen%(%Qééé&liﬁg?tP%éé&%Q%&Q@%%% BV & grhduyl%ﬂé ES50Rff Eu-W 1024-
resol ved by 10% SDS- PAGE and probe t he 1 ndi cat ed

PY 100zantli b2l fos SPoAPOW Tty kiegsoneaendats ensinawddytiite adidition of 50 pL
facturers re indicate cells were pretreated

q“encﬁrﬁ’:} CREEM 24 ‘hé}gg‘%‘% TegpRn G- nﬂ?‘% Aetsruongys allgwed fproceed for 1 hr

at roornfy &'i‘ﬁﬂc?ituko TRRdAROr (R pIRR ] ﬁﬁé@ite&ﬁ?ﬁﬁ%ﬁﬁ%}eﬁ%@e Al pk&ence of

stinmulation with anti-BCR anti b .
inhibit@pas yeasiret mth; dR- FBE@nastrumge:nt [ Ad g3t HheMhbleoslar Probes,

rra B cell |ines SUDHL-
Sunny {338 C R EGi fe Bondl BB pehstifipenl 6 Se PR (TEAER BT g Release
obtai ned from DSMZ (Braunschwei g, Germany); Tol edo
(#CRL- 2631) and Ranps (#CR1931596) were obtai ned from
the American Type Culture Collection (ATCC, Manassas,
VA). Al cells were maintained in RPM nedi a
(1 nvitrogen Car | sbad CA) suppl ement ed W|th 10%fet al

A =~~~ e



[0716] The ability of each conpound to suppress

signaling events nore distal to the BCR was al so
wore@susw8? Cells were again stinulated by antiPGURS2009/002512

anti body in the presence or absence of various

concentrations of each Syk inhibitor. The inductjon of
2.0 (MglsgylarBrobes,synnyyslo bab): 1%?638%@?/‘1@@2@99@@%&zexcuatlon 360 nm,

e r I h
emissi SRR 33 B3R SROMCL P AR, Moo 104 bifads 8L v, integration
400 us&ykeiglapbmde ninhibigoradf SIYK(Jraig, kifasaxicanteis calculaledasthe
. Med 188 1297- 306 (1998 his experi
MaxIMp g FESRONGE OP%ﬁ’f‘(/%‘u g he PrEseace 8&“1'6‘8{% gfﬁ@sthawns%absence of
mhlbltéln oy K/ef'bcde'rl\(/b@l )5 Fn Woh Qird &l &%ms%ﬁ aﬁézgs{r e 10).

Concentrations o | ess than 125nM re sufficient to

1067013 SRR ET 1% PR G VPR Rt P AR R Epebigdi fbitog of Syk

actwumqﬁ@cancmaﬁs&gmﬁtgn?ﬁlﬁﬁéﬂng RePiiné¥ Ra@6 hd SYDHAN6ENDOLAS cells in
on Src that was not observed by Western blot. None of

log phasp @squtswerf: ahqased; o?}ék lngroriesgbatadNy: inpchatied cEIRKEDr 20 minutes

h t d
e T
paraforal@¥Gde T8 Smitesa tbdh téﬁf)@rﬁltulré/ %vdsﬁ@ll 1*?1' ﬂHo@ﬁha@é blffYéTed saline,

suppr éssed BCR-i nduced Ca2+ flux in s with
and thepglepmsatdizod hy ink@bation fimi2shosoyigase sold hmthwl i ﬁhilsbmmaggm

s i TP R Y T

phosphafglated Brk { €264)i 288 BISSRY Y84 Hthitn bﬂebhdlbﬁarsfamykmlﬁase act1v1ty,
Proliferati on and Survival of non- kin's L

y
and phgghprylatad $yk 5‘6:7122] a ME@sIE 0 ﬁr%fanakydsﬂ@ﬁguagtlm Kga@ub@aes used
n
are purUﬁz%sQ% f{g{}/}?géﬁg I @%ER?Q} Eﬁgf@%‘j’ ﬁ gﬁltscg% o?)q’?llﬂ?gxﬁlb%dles cells
are agdihwashedpindadbjpeted og fibw dgedrharyer e sus pended in growh
medi a (0.5x106 cells/ml) and treated with the
[0671] nﬁl‘l&ﬁhﬁﬂro‘ﬁ%&% éf?éc'tso(gﬁo?({po%ﬁﬁpons}fgn 'H%'agﬁht solrymg)'homa B cell
vehicle control for 24, hours prior "to FACS
lines SHhHIL4i SUDFHe 6 \Mnd Toledo was also assessed SUDHL 4 and SUDHL-6 require

e L T

negativ® dORASH®ePhotC QfelllsWe@@hl'lleo‘ie(ﬁﬁ% SHcRWdN off ao% Qél1Hate and
protocol s supplied by the manufacturer. Cells were

incubated githeiiicigasing checentrdiiens d¢osmevat forat2 ks, ofteewbishSgit survival

I taor o vehi c copt r, hour s.
and. prff el balesd R LSBT LT SipdGrB ] ettt fr-

Temecal, CB@%Mmﬂg ptdvbedls supphica®e thd mahufaalum.d 105(5):
1851-61 (2005); Polo, Juszczynski et al. Proc Natl

067125585 FoloR i FARER BT SO PRI o
UDHll:eﬂ edd) T@tmﬂowaaspmsesm)cmbhsulrl;ngelse dpuptotisankrkBOBRaspask 3. Cells
xpression, respectively (Gabay, Ben-Bassat et

were 1r5:r.1bat rWltj‘l li,lgeﬁraI%MGg(rg)})unq_ &§0- ?gtl4§,1@gg>2 h()g,lf,sr a@,b@pgonclusmn of
s ATy RSOIRID R0 SR 2 RGO i e
Anti-Actvegleabase-3vetibodyiseasdl l'elaWc&i pmtd@é&ﬁ(BQI]ﬁl&mrnuMmm) | Data fadm two

: 2008). The proliferation_of these cell |ines en
indepeIn hieagimests g PRsEREr ¢ Ta?leaggeaﬁléé%fewsﬁepsas the percent of total
cells uﬁd@i‘ é ﬁ%t@ﬁssfd?k»ﬁ [headtidnn\Riek b(t)rggmfnq{s uE&eMH hdidMied
“tes 2009/ 131 7PCT/ US2009/ 002512 [ 07
CondH@mﬁectlve i nhi bition of Syk was suff|C|ent to I nduce
apoptosis in "BCR-type" NHL cell lines. In a separate

experiment, the SUDHL-6 and Tol edo cells were found to
be equal ly sensitive to induction of apoptosis by 72h

treatment with [1.1MPMA. These data denonstrate the
speci fic requirement of Sykwdin the survival of certain
NHL cell lines. Exanple 161 Xenograft studies and

Tunor and pl asma concentration anal ysis. [0720] Syk
Inh|b|t|on Protects Agalnst TunDr Fornatlon in a

. A A o o T



O NNN 2 H Conmpound A, the internal standard. The

m xture was vortexed and refrigerated at 4C for 30
worRovatiasst o al | ow conpl ete protein precipitatiPeOT/UI1069/002512

m xture was filtered into a 96-well collection plate.

The filtrate was injected onto a Sciex APl 3000
[0673] L Sxbenimitiéfunqs 9aly weapriechion i esdl signnliagr prplissatiene and parvival, as

shown g%ﬁlllf 1sI %%Hn%(d L %ogggllﬁlgnn%q%ﬂ lﬁﬂéﬁﬁ{ %rg?sg-ﬂﬂl&?gg)g B gell receptor. B

cell actRhebn teudexo intasahned], sutiare expressivn e s[ehaﬁl?px@t@dh i@mbdlved in cell
m xture of 10% nobi| e phase A (0. 1% form c acid <ﬂ
signaling, pptigenpigseatrronopid adlishgse Aglqrtg tt%es 6080 CR80gand CH§Ypare
commo%?}etngggr??réed L ogd\;aéé]rgl fi A m@g)&ctté\gatg owe q l‘ger@lja?es ’?rlgla\“?ﬁlog?e B cells
1solatedrﬁrbni pleghasee Blijumed HixdintabHED vtk emcr@asﬁ)ﬂg mrmemttemon?bé
ak ar eas of the nlz 394/ 360 product_ion_of the k
Compowﬁht%(?i ©r2 Hké}'é‘ e REEPRE A gariant-meBseleb} (eBurscignges. Inc., San
f I
Diego, £ A 20 RE AT Lk PnR e B eiPitecb iR, PGy ARNAL washed and
incubated $01230 mirhHBMbMigé Mdith JrBiBadiks Heeificion kher@DBo @hab yands:D69 B

reveal ed tha st ead at tunor concentratjons. of
cell actt%@%w@rt% %.qe P Wegh | (AIé'LéeCt fﬁ%mcfaﬁ e%?tﬁ? REPYAUSN tlaéstammg with
the B c91ﬁ A drkE TR0 V\"Atlﬁarﬁ bBE R welk lgt!i}%hésgd frbh B@ﬁh&&&%ﬁkg

dose groups Nonl | near |ncrea es 1 n CITHX

bse
067417 1o ke FBle S %5 &7 PG B Ir pReresde e st
+++++C‘TIG}0 WaSoMIQL A +Mean G0B0 @Md< AL LOo 80 uMn ﬂ@sml%@l < ICsg

'east 2-fold greater than that in tum)r for al
<0.10 tiMsea eRd0 M IhewelveM, ned@spratdiuM.concentrat i ons
(Cmn) were higher in tunor than in plasma, indicating
Table Accunul ation of the Syk inhibitor in the tunor
conmpartnment. Tumor/plasma ratios deterni ned from Cnax
and AUC Sr—wete s+ aF—aeross—th WO
2009/ 131(%#”?' 2512 dose gr my)f?&5 |c|,der
concentralions 5’6639§ 81-4i%8d above BT 170, and 640nM
over the @ntire |#5%37443-24. 44447 at steady-statle for
t he Syk ijmhi bi t 0856a393867.2,138.4and 20 pgt kg,
respecti Vely. [ 048865 b5:86,d06 801 W ThLalT Thres
concent r g Ullb f—tthe oyK rrhbitor—pere protect ed
f r om Ramgs—t+urweor—grewth—Ar—vve—TFhi WS it
evi dent f(lfnm calliper maqurpm;ntq (dqta nat shown),
whi ch revVéal ed a reduged rate of tunpt growth fin the
presence [&F the S&565RA3-Hi t or. Upon Btudy conpl eti on,

m ce wer g3eut hansred7and3t unors exci Bed and weli ghed.
Consi stengg W S1Rbo. asuremsnts+ a SIaIIS ically
significg -H.Hlée.vélsavcl agetunpt—weight—was

ach| eved - a! ! Anci N Ar nllnc rnl atlve to \lnhli Cl e
control. hese d $q;3q5§3g;ﬂ that qtthrr+?"|"nrrnl ar
concent r gt ons of O PROPEYR i nhi bitor fan prevent tunor
formati orddy an AefRae848.ve NHL cel |l [ine in mice.

[0725] Miee dose’gsa/\n:ttas:elae Syk 1 nhi bktor did not

present SEE5BEEETS TN any Fubset of ite
bl ood celjj:s heet fe—onty—effectobserved was an
\ 854'75 y 4+

i ncrease 4_n_t_he_nun%e lynphocytes 1 nmceftreated

with 15mgt%kg t hel*Sy¥8 4% bitor whi ch['fs not rlepeat ed
in mice dbsed wifH-485P4#320ny/ kg. Thi+tel ati vel percent
of each g##| subpypéssamaByzed was al go+unaf f ected by
the Syk i bltOEsa{maBBOtooSthem A-AVerage| m ce

}'or gat ed t B BAengT R oltad a9 9“/0 Lnu ea/SE i nh
0 V\Bi 1 . !\VI Cn e VAL LA Le, .I..J, ullu 20! t e
Sykyi nhi |51 or, OELS#.%ﬁéggEQF hal*on aver ge 8 27%
i ncrease, 1.67% decrease, and 2. 27% decr ease in body
wei ght, respectively, overi14she course of the study.
There was no rel ati onshi p, however, between % change
in body weight and tunmor growmh (R2 = 0.27). These
data suggest that the |nh| b|t| on of turmr grovvth was

L | o o . F A=~




WO 2009/ 131687PCT/ US2009/ 002512 WHAT | S CLAI MED | S:
1. A conpound having Formula (1)

woRt09a3esa N 2R3a 3 4or

acceptabl e salt thereof,

a tautoner

Swher ei n;:

or

RR 2a R5a zia
phar mac eRecT/T82009/002512

6Yia is sel ected

fromthe group consis ng of N__CH is
sel ect ed g‘?ﬁ#’i’ﬂ@"’%ro 3" consi stl ng W
-N(Q _4alfyl) -, pe3H2443.€0-, - SNR4dIS62-
het erocya@dyl , hepaagasyst yl car bonyl amd
het er ocy a4y Sul T@{Bl4764y¢<llc‘jl ! s i?' eclt emrrorrl_the group
Subst ¢ Ut vt T kb Serdet ed”
from t he IP° 378.48 [379.2 o+

57 448.531|449 n

58 348.414|349 L+

59 333.3991334.4 L+

60 350.43 [351.4 L+

61 392.467[393.5 N

62 367.457\368.2 -+ +

63 393.495/394.2 "

64 339.403340.2 L+

65 381.484/382.2 L+

66 448.575449.3 - ++

67 460.385/460.1, 462.1 L+

68 451.509452 L+

69 434.5 l435.2, 436.2 L4+

70 406.446/407.0, 408.0 -+

71 476.585(477.0, 478.0 -+

72 366.425367.0, 368.0 -+

73 352.398/352.9, 354.1 L+

74 366.425[367.0, 368.0 L+ +

75 352.398[352.8, 353.8 -+

76 371.463372.1, 373.1 L+

77 371.463372.2, 373.1 -+

78 428.4561429.1, 430.2 -+

79 265.28 [266.1, 267.1 -+

80 376.464377.2, 378.2 L+

81 362.437{363.1, 364.1 L+

82 336.399337.1, 338.1 L+

83 322 332[323.2, 324.2 L+

84 303.495394.3, 395.3 L+

85 407.522/408.4, 409.4 -+

86 380.452{381.2, 382.2 e+

87 366.425[367.2, 368.2 -+

88 331.343332.1, 333.1 L+

89 323.36 [324.2, 325.2 L+

90 409.4941410.2, 411.2 L+

91 1309.333310.2, 311.1 L+ +

92 352.402/353.21 L+ +

93 438.5361439.07, 440.49 L+

94 424 509425.07, 426.32 4+

958 428.5 [429.1 -+

95A 470.5371471.1 [+
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12group consi sting of am no,

hydr oxy

, Cl1_8al koxy,

het erocycl yl, am nocar bonyl, 13am noCl_8al koxy, aryl
w@paohategT oaryl ; 14(c) C3_8cycl oal kyl, opti onaP¢TUS2009/002512
substituted with from1 to 3 amino substltuents 15(d)
ary| optl ohallv—substit iyt ed withfr
substitu *om t he group ’(&I‘C@qcogﬁ ng of
G _sal kyl[%6Bc1 8af‘@<’0’§5@45© sal kyl ani np5+* C
1 8al kyl g##bonyl [206.588507L.Yam nocar bony+ C1_8al kgxy,
am nosul fignyT, am1n4ma023@nyl am noCiiSaI kyl erle
18car bonydfa —8at trato;—19(e) | heterocydl yl ,
hal ogens, éﬁiaﬂc,Q§?579&¥§ ¥ oqust:tﬁ+id vf+hz%rgn1l to
3 substi tgz‘nt$7?\(zg; 9 ;UA% fromthe g+m|p consi{sti ng of
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111 425 452/426.4 et
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114 475.556/476.4 -+
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131 345,378346.2 -
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Cl1_8al kyl heterocycl y1C1_8al kyl ene, ary

microtieg AssAyCpeesenriEky dbe Posgduns wo; anizgam, H@}le[ et al. (1999) Thromb.
o O SPLIHARR B0 X B Rt

plateletisichy phayma hlyRiP)oxyCI _8al kyl ene, imno, oxo 45and =S;

Inhibition of Convulxin-Mediated Platelet Calcium-Mobilization In Vitro

[0676] Inhibition of Convulxin-induced calcium-mobilization was determined in human
washed platelets using the FLIRP Calcium 3 Assay Kit (Molecular Devices, Sunnyvale, CA).
For preparation of washed platelets, human venous blood is collected from healthy, drug-free
volunteers into ACD (85 mM sodium citrate, 111 mM glucose, 71.4 mM citric acid)
containing PGI, (1.25 ml ACD containing 0.2 uM PG]l, final; PGI, was from Sigma, St.
Louis, MO). Platelet-rich plasma (PRP) is prepared by centrifugation at 160 X g for 20
minutes at room temperature. Washed platelets are prepared by centrifuging PRP for 10
minutes at 730 g and resuspending the platelet pellet in CGS (13 mM sodium citrate, 30 mM
glucose, 120 mM NaCl; 2 ml CGS/10 ml original blood volume). After incubation at 37 °C
for 15 minutes, the platelets are collected by centrifugation at 730 g for 10 minutes and
resuspended at a concentration of 3 X 10® platelets/ml in Hepes-Tyrode's buffer (10 mM
Hepes, 138 mM NaCl, 5.5 mM glucose, 2.9 mM KCl, 12 mM NaHCOs;, pH 7.4). This
platelet suspension is kept >45 minutes at room temperature before use in calcium

mobilization assays.
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catiof SRR oY SRS i v
t I
o 8 O A A A St o s
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room tequegg:uﬁyt}lg 3???&%5 #?d?g@ te rggqeg?% g{i(?&‘o nt(f’%F%%xStatlon (Molecular

Dev1ce€;]SL®ab'W¢ lifpnihe E]:xSEatlkuy bmptmm@lalfmh&mbhhfm ;measuring Calcium
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Fluoreé@&je_ﬁa%di&&éQSsa%@Hﬂé eﬂ"é% excitation 485 nM, 525 nM with a cut-off of 515
8al koxycar bonyl G _sal k | ene, am no, am nocar bonyl,

nM; P%zﬁ"amnsoEMTbmmyit@nt}[Sé.l pqyétm’twgla%ﬁ(p&meﬁd)nyie 2 minutes and 40

second%ﬂrgzi.ﬁfJl | ko %Z{Sg%nylﬁ’géwgg%&?égfﬁpcn oiyt Pf?g/econds of baseline

readm%@hl@f&%ﬂh@%ﬂﬂ aGbn $4 ﬂ%%@tmﬁ%‘f ©heMRin toWinal
009/ 131687PCT/ U82009/ 00

concentration of 125 ng/ml. Inhibition of calcium-mobilization was calculated as the
maximum response observed in the presence of inhibitor, compared to that in the absence of

inhibitor. ICs¢s were derived by non-linear regression analysis.

Inhibition of Convulxin-Mediated platelet Aggeregation In Vitro

[0678] For preparation of human platelet-rich plasma for aggregation assays, human
venous blood was collected from healthy, drug-free volunteers into 0.38 % sodium citrate
(0.013 M, pH 7.0 final). Platelet-rich plasma (PRP) is prepared by centrifugation of whole
blood at 160 x g for 20 minutes at room temperature. The PRP layer is removed, transferred
to a new tube, and the platelet count is adjusted, if advantageous, to achieve a platelet
concentration of ~3 x 10° platelets/ml using platelet-poor plasma (PPP). PPP is prepared by
centrifugation of the remaining blood sample (after removal of PRP) for 20 minutes at 800 x
g. This preparation of PRP can subsequently be used for aggregation assays in either a 96-

well plate or standard cuvette aggregometry.

[0679] Inhibition of Convulxin-induced aggregation is determined in 96-well flat-bottom
microtiter plates using a microtiter plate shaker and plate reader similar to the procedure
described by Frantantoni et al., Am. J. Clin. Pathol. 94, 613 (1990). All steps are performed
at room temperature. For 96-well plate aggregation using platelet-rich plasma (PRP), the total

reaction volume of 0.2 ml/well includes 190 ul of PRP (~3 x 108 platelets/ml, see above), and
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. hydroxyCl 8al kyl eneani_ nosul f qnyl : o
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calculal@U SR A ttsasd 8f ODRMtIB508t b dgMeleY ] ICsistwdr derived by non-

. optionally substituted with 1-3 substituents, R4d,
linear rggiesrderpenaieit | y sel ected fromthe group consisting of
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[0680] 0X@hibitfon i CERUKAXIEARICBO BYregARNDGYals AR EREAEDRITEhvette light
am nosul fonyl, 72Cl1_8al kyl car bonyl and

transmigianeru3gare saiPn @eay bRyl difptiras (i3 of des cpepoppdsnvemrepared in

30% DY YR £ PR SleT ¥ 8Pl e o3 ool T B was
0.3%). Jhe tgdt EOmMpduid (3QuU @ sétial lluBahdkii DMBE)avashyeihontistedanidh PRP for

~0x0; 76R7a is selected fromthe group consisting of H,
20 mingtes QEOK P1initiign 6f ageregatpa) Restipas. VBHFR A ras@rmed in a ChronoLog
|. | i . rdanyl 0
b R L e T R R
The aghepaticareyttiodain ré®rdyt oo A ahihyarsiastintuunt extend dffaghadgation is
Cl1 8al kyl , 79Cl 8al koxy, cyano, am no, hydroxyl i
determinefl Sy B¢ ifierefiva T RECHAYHEEMEAN RIS HCeSOBPYBT KT tedpaximum
aggregation that occurs during the 4 minute period of the assay. Inhibition of aggregation was
calculated as the maximum aggregation observed in the presence of inhibitor, compared to

that in the absence of inhibitor. ICsos were derived by non-linear regression analysis.
[0681] The following table 4 gives syk and PRP 1Cs values.

Calcium flux assay in Ramos cells induced by BCR cross-linking
[0682] Ramos cells (2G6.4C10, Burkitt’s lymphoma, ATCC Item Number: CRL-1923) are

sub-cultured at 5 x10° cells/ml in fresh medium 3 or 4 days ahead of experiments. Cells are
harvest and re-suspend in fresh medium at 8 x 10° cells/ml before dye-loading. An equal
volume of Calcium 3 loading dye (Molecular Device) is added and mixed into cell
suspension. Loading cells are dispensed in a 96 well plate and incubated 30 min.
Compounds are then added in the dye-loaded cells and incubated for another 30 min. Spin
cell down at 1000 rpm for 3 min before fluorescence measurement in FlexStation. BCR
stimulation is carried by the addition of 5 pg/ml antibody (AffiniPure F(ab’), fragment

Donkey anti-human IgM, Jackson ImmunoResearch Laboraotries).

Calcium flux assay in Jurkat cells induced by TCR cross-linking
[0683] The protocol is very similar to B cell calcium flux as described in the previous

section. The only differences are that T cells (clone E6-1, Acute T cell Leukemia, ATCC
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incubati GH2BHCHS transHe bl @-he 2ntibody-coated plate and incubated for 16 hours.
100 wl of cell medium after incubation is used for IL-2 measurement after incubation. IL-2

level is determined using an IL-2 ELISA kit (Human IL-2 ELISA kit II, BD Bioscience, No.
550611).
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al kyI am no, @oxyl g42(1,1‘1_8§7I8k%>(y, ?'(trazm_
é 8al kyl am rbony?, am noClL_8al kyl en(B PP
%\Nrf 1 8al koxy, 14(d)| aryl}| opt|onally sub%é,{e%gd
% m nosul fonyl | am poCl8alkyl ene,
15C1_8a w ?é\g&myl G _Bal koky, hydr oxYkpiperidin-
Ci 8a| ko | KMI ajmi nocar bonyl 1-yl)-7H-
16ami noC1_8dr kyI ene ami nodL_8al koxy or hal pyrddig.e)
het erocyclyl, optional] y supstitpted with Cdlegriradiyl ,

Cl1_8al knxvcar baonyl , an 8hydroxyl | C1 agtazrma/
G _®al kyl ani nocar bonyl |, 41§rﬁ #3915 Bal kyl ene, | 1-(4-(4- (4
al koxy, , or339cyanoC| _8al kyl en¢ &%\‘qu
2?)( K/ teroary optipnal Iy subpitityted ,

am no, ~hytg al koxy, 21CL_8al kyl am
am noCl_83 Ne”}wal am noCl_8al koxy; | 22R41
sel ect ed fromHt he grbup consistipg of |H hy gmph
G _sal kyl carbonyl -, 23(C1_8a] koxygar bonyl C | 8alijpiperné,
C1_8al koxycar bonyl ani np, anj nocaf bonyl G _8akiyi-ene,
24hydr oxycar bonyl, hydroxycgarbonyl1Cl_8al kyl ehehanon
am nocar bonyl , am noGi | ol ky| ene, | 25hyd@r oxy | €

hydroxyCi _8al k\/l enecar nn\/l m _no

igrolo 5}’ Yl

(piperazin-

~Bal kyl am _8al k?ﬁ eneam npcar bonyl , )
ari‘i\n/o ar bonyl anilno, yl')phenyl)_

N"SY 4-
)\ (pyrrolidin-
H 1-yl)-7H-
pyrrolo[2,3-
d]pyrimidin-
2-amine

Cl_8al kyl ani no@sgﬂ Kyl 63 | 3645 | ++ N-(4-
1

o D 405.5 | 406.5 | ++ 1-(4-(4-(4-
N 06 (pyrrolidin-

N 1-yl)-7H-
N/\ﬁf% pyrrolo[2,3-
O M N d]pyrimidin-
H 2-
ylamino)ph
enyl)pipera
zin-1-
yhethanon
e

O~ _NH5 420.5 | 421.5 | + 1-(2-(4-

21 (piperazin-
1-
yl)phenyla
mino)-7H-

N
k/ pyrrolo[2,3-
N\@ N)Y\B d]pyrimidin-
| 4-
N)\ Z N yl)piperidin
H H e-4-
carboxamid

e
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27C _gal kyl sul fonyl G _sal kyl ene,
C3_8cycl oal kyl car bonyl am no and

W@1008ab16§1 car bonyl am no;

G _8al kyl car bonyl
or ("l 8al |1\/|; QﬂD’-'\ s

and 28R4°

1

8a kvl

is H am noPCT/US2009/002512
am nocar bonyl G _8al koxY; 29R4d is H

31R6 i S cal aet ed

24

fromthe groupg '%1,
hyd oxy and oxo; 2R7
sting of H

Kﬁg\llﬁ/\l\lkoxyC1

8al'kyl e
0XO0, _lhal yl e
i ndi cat emﬁ e or
Rab- Zi b conbi MEs Ni th

ring, 36containing 1-3
optionally substituted
oxo, .S, am no, hydrox

or 38

25

WO 200

gQndi sting of:

N
N7 NH,
A
N" N

H

_sa

aryloxycarbonyl Cl]
cl aign 37, havin "Phe f

ne,

Wi
yl,

oF

f
kyl,
[ er oaf
5i ngl e

Rf or
het er

[ 83l k;
o;ilﬁﬁ 2
071316

4@?5
ected fro
cyano,
_olk
yl;
bon
5-7
oat o
th|G _s
CL_8al

se
g

;
renbr
s, ||
Al kyl ,
Kyl caf
138.

G+ 8al kyl |

yl car bonyl ,

and t he 34(1@:;#&@{2@ ne
350r t he dipytimid-

SE
icetk/{ Blper

ﬂ"p?gnyla Y,

t he

c
S,

ne hetder ocycl i
ncl udi| nipipgridd,
hal 9.&-87cyang,

bonyl| catPgEn¢ dxy
The ¢&mmound of

ylene
429 et ed
587 PCJ/ US2(

from ‘g@éroup

09/ 002574

yl)phenyla
mino)-4-(4-
(aminomet
hyl)piperidi
n-1-
yhpyrimidin
e-5-
carboxamid
e

26

77

355.3

356.3 | ++

1-(2-(1H-
indazol-6-
ylamino)-5-
fluoropyrimi
din-4-
yl)piperidin
e-3-
carboxamid
e

27

11

441.5

442.4 | +

1-(2-(4-(4-
acetylpiper
azin-1-
yl)phenyla
mino)-5-
fluoropyrimi
din-4-
yl)piperidin
e-3-
carboxamid
e

HeC™ N

89

482.5

483.6 | ++

2-(4-(4-
acetylpiper
azin-1-
yl)phenyla
mino)-4-(4-
(2-
hydroxyeth
yl)-1,4-
diazepan-
1-
yhpyrimidin
e-5-
carboxamid
e
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6 5 6wherein Ribis Cl_8alkyl, optionally substituted
W th am no, heterocyclyl or 7am noheterocyclyl, and
we&X08ayeBDal kyl, optionally substituted w th ardTUS2009002512

i s hal o, 8hydroxy,

C] Ralkvlrnrhnnvl

P\IFI

no_or _nhen

Cl1_8al koxyCl_8al kyl ene,

/rldlnvl

/1

is H 9Crsal kE}l
is H Cr8al
108al koxyc
car bo

rcmm

ﬁ@l
i _8al kyl
| and hyd
Hcen ﬁcally
meund of cl
Cl 8a1kyf* optionally
of claim 37 or 38, whe

2optionally substitute
or 38 wherein Ribijs

H

*@gl K%

% 8al kyl ene,

1S4
cl

0472/

Y,
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ene, carbo
roxyd _8al
12acckept ab
ai m 37/ or

2substi t ut
rein Ribi
d. 14{1. The

cvcl exv]

D
.

G

a

br _8aII

kyCi _|118al
Kyl ene; or
e salt thg
38, whereil
ed. 140. Thy
5 C3_8cycl (
compound (

2cytl oprdg

“z%d

fluoro-2-(4-

1 noCL_8al k I1‘,en

t@%@m

 @A&mino)p
1 yithidink4s

> yroweidinn
pat kyl ,

) mﬁmaﬁﬁ‘

amiddipghemer

/) rpethyien |

30

cycl obut yl,
142. The conpougd
het er ocycl y1,

Foel

ofHanhli

2optionally s

145 445
aPn137 or
ubst i

bnal |y suk
38, mhereir
ut ed

%ﬁed

carl amoy
henylamino
)-5-
fluoropyrimi
din-4-
yl)piperidin-
4-
yl)methylca
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31

NH,

3443
94

345.3

+++ 0.345

4-(4-(4-
(aminomet
hyh)piperidi
n-1-yl)-5-
fluoropyrimi
din-2-
ylamino)be
nzamide

32

\\ //

QL

380.4
46

381.3

+++ 4.670

4-(4-(4-
{(aminomet
hyl)piperidi
n-1-yl)-5-
fluoropyrimi
din-2-
ylamino)be
nzenesulfo
namide

29

NH;

o)
N
N
N TX—F
Mo
N7 N
H

HsC

H;C

372.4
48

373.3

+++ 0.315

N-(4-(4-(4-
(aminomet
hyl)piperidi
n-1-yi)-5-
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din-2-
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enyl)-N-
methylacet
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143. The compound of claim37 or 38 or a
phar maceutically acceptable salt 2thereof, wherein R b
w0 g00baswsDcycl yl, which is selected fromthe grOUIPS2009/002512

consi sting of 3p|per|d|nyl nDrphoIino and
t nyv| 144 T coppound of cl aim 37-or

33 | 38, wherein R f“E’gary 370.4 1y %7.11:‘}19+t+om391§ﬁ%l 4 ai m 37
or 38, wherein |Rib is hthoclclic| 2het gPoar y (M tT1e
conpound cl ai or 38, wherein/Rib {s pyl 2 l)_ i

147. The compound/of any onel of c|ains|37 to

i
erkein Zib |s"2heterocycly , whjch i$ sel Pg;h ynm om
= % P co Ag of: NI| 3 14B. The corrp)waﬁh.r@f any
@ of Al |37 to 46, wherein fhe npiety|343is
sel ect ed frro e group congistipg of] R3 4 dbydrequin n
R8 is selectled fromthe group cohsisting of ok-2(1H)-
C1 8a| kyl , one
34 427.5 | 428.4 | + 1-(4-(4-(4-

HSCJ( 3 (2-
O N NH, (aminomet

hyl)piperidi
QY e
P fluoropyrimi
NN din-2-
ylamino)ph
enyl)pipera
zin-1-
yl)ethanon
e

35 (LH 4415 | 4423 | + tert-butyl
CH
N.__O 3 |1 (1-(2-(1H-

EO ¢ indazol-6-
N//\J@\ N)ﬁ/ 3 ylamino)-5-
‘N P fluoropyrimi
H din-4-
yh)piperidin-
2-
yl)methylca
rbamate

36 OV 3413|3423 | + N-(4-(2-
9 (aminomet

N NH; hyl)piperidi

E n-1-yh)-5-
7 N fluoropyrimi
N\lltjl /l _ din-2-yl)-

N 1H-indazol-
6-amine

Example 146 Millipore Upstate KinaseProfiler™ screening

[0685] This assay is a direct measurement of the effect of compound on the catalytic activity
of JAK3. Purified human JAK3 (GenBank AF513860) sequence (residue 781 — C terminus)
was obtained from insect cells. The catalytic hydrolysis of ATP is measured using a
radiometric filter binding method. Incubation of kinase with *’[PJATP and substrate leads to
incorporation of 33 [P] into the substrate which can then be separated from the other reaction
components by filtration. Assays were performed using 10 uM ATP and in the absence or
presence of 1, 0.3, or 0.1 uM compound. Activity was expressed as % of inhibition of

control.
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6hydr oxycar bonyl G _8al kyl ene,
al koxycar bonyl1lCl_8al kyl ene and 7C 1

wO @bl yleami noCi _8alkyl eneam nocar bonyl Ci _8al kyP@&mnes2009/002512
149. The conpound of claim 37, having the fornul a: N

[0686) S 1 HoAb BT HEVBY e B osasiig PRified asgolipwsabhT ICs <

. AQrou g L I L 10 UM. 44 =
00010 W A PRI 17 Eh 20 Bl JYE ST OpM I 010 M. ++
0.10 pvhery), <5amd, py£idigy | pM.50. The conpound of cl ai m 37,
having the fornmula: 151. The conpound of clai m 37,

Table ﬂ%%hﬁgit}o@?ﬂéﬁw (l)ta c:ata%yl'f‘c &%N’féy%% JQKI, 2 and 3 by the compound

Compound Concentration {uM)
JAK 1 JAK 2 JAK 3
++ ++ ++

NH
y N™
LU
N N N N
H H H
C + + +
NHO
4 N™
IO
N N~ N N
H H H
NH, ++ ++ ++
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NN 9 ./QRY ...S NNN HHRA9
is Cl 8alkyl, C3 8cycl oal kyl,

)
aryl

or
wW@boowh3ieB7 i S optionally 6substituted w th hydrBXyps2009/002512

4 5whe
het er oa

rein Rib
ryl; each

Cl1_8al koxy or am noCl_8al koxy; R4b is H or CH3CO-; R7
Hs—H—FC—8atiao Cl_Sa!ky!carbonxL, aniﬂcggg oy —
cyano, phenyl or pyridinyl|; RO is or Cl 8alky1l, gand
Riois H G _gal kyl, C _8al koxy,
Ci _8al koxycar XHCL_8al ky|l ene, am noCi _ol kyl ene,
9a51nq$arbonyIO 8al eng, carboxyCl_8al kyl epe,
C3 8¢yCchwahkyl nan roxylCl _sal kyl ene. 152. The
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NH N

N\
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++
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N
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3 4wherein: 5Yib is Cor N 6each R21 is independently
sel ected fromthe group consisting of am no,
wQq 2000n81687 gal kyl ene, am nocar bonyl , PCT/US2009/002512
aninocarbonyIO _ogal kyl ene, carboxy,
oxy al kyl ene, G _gal koxycar bon
Table 8- T§BpKIOR A B SHPHE AGHVES PERGIAR P! i)l comprunds
C _gal kyl carbonyl; 10ZlI b is -heterocyclyl; 11R4c is
nd H, 12Rib is H, cyano, pyrldqul ofon W@ﬂ“%®n1|§ or
1, and 14p is O or 1. 153. Th% compou a of clalm

having the formula Ic: 2 3(lc)
NH
(L0
N NNl
ND 82 ND

o)
H3C\N A\NH
CHs N

ND: not done

Example 147 Ambit KinomeScan screening

[0687] This assay is an ATP-site dependent competition binding assay in which human
kinases of interest are fused to a proprietary tag (T7 bacteriophage). The amount of kinase
bound to an immobilized, active-site directed ligand is measured in the presence and absence
of the test compound. Ambit’s JAK assays use kinase domains and not full-length proteins.
The domain used for JAK1 binding is the pseudo kinase domain while that for JAK3 binding
1s the catalytic domain (Mazen W Karaman, Sanna Herrgard, Daniel K Treiber, et. al. A
Quantitative analysis of kinase inhibitotr selectivity. Nature Biotechnology, 2008, Volume

26, No. 1, Page 127-132).

Example 148 JAK3/STATG6 cellular assay

[0688] Stimulation of Ramos B cells by interleukin 4 (IL4) leads to signaling through
JAK1/JAK3 resulting in phosphorylation of STAT6 (signal transducers and activators of
transcription). The effect of compounds on inhibition of JAK3 and/or JAK1 can be assessed
by measuring the amount of phosphorylated STAT6. This is performed by Western blotting
using a specific phospho-STAT6 antibody.

211



4or a tautonmer or a pharmaceutically acceptable salt

t hereof; wherein: 5R2b is selected fromthe group
weongitste8hg of H, am noC _gal kyl ene, ani nocar bPeEUS$2009/002512

6am nocar bonyl G _gal kyl ene, hydr oxy,

hydr oxycar bonyl G _gal kyl ene, C _gal koxycar bonyl and
[0689] 7 dRargey R 65lc WrisowsPanded i Ky mi¥h éleperpiiried RE meded2 x 107

. = o : . g
el o T AR P RE A VLS PR PR RN € P Systems
Inc, cat3f 2OY-1I4dinah comuehamen: O3 3q. gihd). ircmbatiorsalérg facemiaid 3° C in

the absgxg%ete%:pg%re;elq?egﬁ %Eé%&%g&ggdig Sgg‘Vro 8’%4@@%4{%?5 were terminated
by the 2dHiGHHE A0 7k ROGAB RPN 00 AINITFABIHIOIYI 8.0, 2 % Triton-
ythe _geltll%%) ene,dﬁﬁyg@gyﬁ?ﬁhyd%xycar 3tgonyl G _8al kyl e%lg, o frion
X-100,CamiybKIPT /8 QJSQSnMrIﬁany a0 Ky Elmerol, 312 BalMk &M&ka rSbo Ny $odaurd
orthovz%ldzt%?% mylﬁgfyggr%\ﬁ)(%phgt%! I%lell %gr%’plete EDTA protease inhibitor cocktail

(Sigma)).

[0690] Samples were incubated with 1 ul of the nuclease, benzonase (Novagen, cat #
71205-3) for 1 hour, room temperature and then 50 pul 5x loading buffer (330 mM TRIS pH
6.8, 9.5 % SDS, 34 % glycerol, 0.01 % bromophenol blue, 10 % beta-mercaptoethanol) was
added.

[0691] Cell lysates (15 pL) were subjected to SDS-PAGE (Novex 4-12 % TRIS-glycine
gels, Invitrogen) under reducing conditions, followed by electroblot-transfer onto
nitrocellulose membranes. Membranes were then incubated in Zymed blocking buffer
(Invitrogen) for 1 hr at room temperature (RT) then overnight at 4° C with 1:500 anti
phosphotyrosine- STAT6 (Cell Signaling Technology, cat # 9364) primary antibody in
Zymed blocking buffer. Following 5 x 10 min washes with Tris-buffered saline, 0.25 %
NP40 (TBSN), blots were incubated for 1 hr at room temperature in the presence of 1:10,000
HRP-conjugated donkey anti-rabbit secondary antibody (Amersham Biosciences, cat #
NA934V) in Zymed blocking buffer. After 4 x 10 min TBSN washes, blots were visualized
by ECL (Pierce Western Lightening, Perkin Elmer cat # NEL101). In order to determine total
B3 content, blots were stripped, washed 4 x with TBSN, and re-probed with 1:2000 C3A
antibody in block buffer overnight at 4° C. After 4 x 10 min TBSN washes, blots were
incubated with 1:10,000 goat anti-mouse secondary antibody in blocking buffer, washed 4

more times with TBSN and exposed to Western Lightening reagent.

[0692] Levels of stimulation over background and the extent of inhibition of compound
were were determined by densitometry. Figure 4 shows the effect of increasing dose of a
compound of the invention on pSTAT6 formation in reponse to IL4 stimulation of B Ramos

cells.

212



9R7a is H, Cl1_8al kyl, hal o, hydroxy,

Cl_8al koxyCl_8al kyl ene, C ol kyl carbonyl, cyano or
waomynswinyl ; and 11mis 0 or 1. 155. The conpoREMUSI009/002512

cl ai m 54, wher ei n mis 0; 2R7a is selected fromthe

ro nsi f H cyano or ridinyl. 156.The .
Exampg"olr?%g[ﬂh 1n ‘E‘J J%qﬂgglgse ?r&%’ﬂ‘éﬁaﬁs% gRim(’%é?%‘Flﬁsmg gl“&}i“&ad with
1L-4 fromthe group consisting of H cyano or pyridinyl.

157. The compound of claim 1, having the fornmula: R4
I'NLNNNZ2 3 and Rdb is H or CH3CO-. 158. The
[0693] c ofheseiexhnaflecillaismate metlandsfgr ¢vdudtiognhe & vieo an@fr @yo homan
ut.oner phar naceut i C&‘,-'b‘i tabl e salt .
IAK ki RETIEG pEfhg PrEniis BmpS Suistaf B SPiefRInEn T grggps procedures
known G fhei a8t kit Rfa tbbt f8MIhBR GbilRH k& hesIethe ABT VIBLSHH R plasma JAK
kinase. The potent affinities for human JAK kinase inhibition exhibited by the inventive
compounds can be measured by an ICs, value (in nM). The ICsq value is the concentration
(in nM) of the compound required to provide 50% inhibition of human JAK kinase activity.
“The smaller the ICsp value, the more active (potent) is a compound for inhibiting JAK kinase

activity.

[0694] An in vitro assay for detecting and measuring inhibition activity against JAK kinase

is as follows:

[0695] The activity of the compounds for JAK kinases is confirmed in cellular assays
designed to test for JAK inhibition. Briefly, JAK inhibition is tested in human Ramos B-cells
activated with cytokine Interleukin-4 (IL-4). Twenty to 24 hours post stimulation, the cells
are stained for upregulation of CD23 and analyzed by FACS. Stimulation of the B-cells with
IL-4 leads to the activation of the JAK/STAT pathway through phosphorylation of the JAK
kinase JAK1 and JAK3, which in turn phosphorylate and activate transcription of factors
STAT-5 and STAT-6. The low-affinity IgE receptor (CD23) is upregulated by activated
STAT-5.

[0696] For the assay, human Ramos B-cells (ATCC, Catalog No. CRL-1596) are cultured
in RPMI 1640 medium (Cellgro, Catalog No. 10-040-CM) containing 10% fetal bovine
serum (JRH, Catalog No. 12106-500M) according to the propagation protocol supplied with
the cells, and maintained at a density of approximately 3.5 X 10° cells/ml. The day before the
assay, the cells are diluted to 3.5 X 10’ cells/ml to insure they are in the logorithmic growth
phase. The cells are spun down, and suspended in RPMI 1640 medium (Cellgro, MediaTech,
Inc., Herndon, Va., Cat No. 10-040-CM) containing 5-10% fetal bovine serum (FBS), heat
inactivated (JRH Biosciences, Inc, Lenexa, Kans., Cat No. 12106-500M) according to ATCC
propagation protocol. Cells are maintained at a density of 3.5 X 10*2 cells/ml. The day
before the experiment, Ramos B-cells are diluted to 3.5 X 10 cells/mL to ensure that they are
in a logarithmic growth phase and aliquots dispensed into a 96-well tissue culture plate. Cells

are incubated with test compound (dissolved in DMSO) or DMSO (control) for 1 hr at 37° C.
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6am nocar bonyl C1_8al kyl ene, hydr oxy,
hydr oxycar bonyl C _sal kyl ene, Cl_8al koxycar bonyl and
wa aiogalekpxycar bonyl Ci _8al kyl ene; 8R7b is H, CReRnUS2009/002512
pyri dinyl; and 9mis O or 1. 159 The conpound of cI aim
havi ng t he

and thep IS BH AL g EeRaiEE GlbE Noa 2R it BT @O hours (Gnal
Concenhgg&ﬁlgzso @rgtgﬁnf)prrpound having the fornula Il: R c2c .

[0697] Cells are spun down and suspended in RPMI with 5% serum. 5X10” cells are used
per point in a 96-well tissue culture plate. Cells are pre-incubated with compound or DMSO
(Sigma-Aldrich, St. Louis, Mo., Cat No. D2650) vehicle control for 1 hour in a 37° C.
incubator. Cells are then stimulated with IL-4 (Peprotech Inc., Rocky Hill, N.J., Cat No. 200-
04) for a final concentration of 50 units/mL for 20-24 hours. Cells are then spun down and
stained with anti-CD23-PE(BD Pharmingen, San Diego, Calif., Cat No. 555711) and
analyzed by FACS. Detection is performed using a BD LSR I System Flow Cytometer,

purchased from Becton Dickinson Biosciences of San Jose, Calif.

[0698] Proliferation is measured using CellTiter-Glo.RTM. Luminescent Cell Viability
Assay (Promega), which determines the number of viable cells in culture based on
quantitation of the ATP present, as an indicator of metabolically active cells. The substrate is
thawed and allowed to come to room temperature. After mixing the Cell Titer-Glo reagent
and diluent together, 100 pL is added to each well. The plates are mixed on an orbital shaker
for two minutes to induce lysis and incubated at room temperature for an additional ten
minutes to allow the signal to equilibrate. Detection is performed using a Wallac Victor2

1420 multilabel counter purchased from Perkin Elmer, Shelton, Conn.

[0699] On day two, A549 cells are pre-incubated with a 2,4-pyrimidinediamine test
compound or DMSO (control) (Sigma-Aldrich, St. Louis, Mo., Catalog No. D2650) for 1
hour. The cells are then stimulated with IFNy (75 ng/mL) (Peprotech Inc., Rocky Hill, N.J.,
Cat. No. 300-02) and allowed to incubate for 24 hours. The final test compound dose range is

30 uM to 14 nM in 200 pL F12K media containing 5% FBS, 0.3% DMSO.

[0700] On day three, the cell media is removed and the cells are washed with 200 uL PBS
(phosphate buffered saline). Each well is trypsinized to dissociate the cells, then neutralized
by addition of 200 puL complete F12K media. Cells are pelleted and stained with an APC
conjugated mouse anti-human ICAM-1 (CD54) (BD Pharmingen, San Diego, Calif., Catalog
#559771) antibody for 20 minutes at 4° C. Cells are washed with ice cold FACS buffer
(PBS+2% FBS) and surface ICAM-1 expression is analyzed by flow cytometry. Detection is
performed using a BD LSR I System Flow Cytometer, purchased from BD Biosciences of

San Jose, Calif. Events are gated for live scatter and the geometric mean is calculated
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R7c 3(11) 4or a tautoner or a pharnmaceutically
acceptable salt thereof, wherein: 5Ric is selected

WO caoiste€7 gr oup consi sting of 6(a) C3_8cycl oal RgT/USENL002512
WO 2009/ 131687PCT/ US2009/ 002512 7(b) aryl, each of

which is optionally substituted with froml to
(Bectors Divdipsop &+l ugst sofnage Bersiom 3 hd rgrdind-aksndi-49i %OIB%HC means

are plot\%c{ %@k@é ht'e g%%ﬂg?ﬁ}n@gﬁncja{gﬁt%w t:o’ %:%ragel asd6s%|??%0h|§)%§}1?$g

eterocycli ng, con
het eroatons, 10including N, 0, S, optionally
substituted with from1 to 2 substituents, each of
whi ch is 11li ndependently selected fromthe group
Exampleoli$i bthitigonbf Sykimredeacdapyd] Grrasducyibe mlepugh the B cell receptor in

20 . sal kox car nyl am noCl_8al kyl ene,
non- o rsndy b ﬁi

[0701] 1 3&dis Sk BWG@Jt&PfBHI%uF %@g%x“\yitﬁe&np%ﬂm 02 to 2uM) prior to
am nocar bonyl am nocar bonyl am no, 14

stimulagipy CB GBHIrkmpyma;ntgbmg Ib@rrmcuhauanmﬁ o&il&sr\mdn glpug/ml raotiamul antibody
|stakentogettﬂ éoformda
c1um oading dye and the

0XO0,
for 10 ‘H&”Eﬁs&&%q il Al sumemarads
F]exStal@ﬁ%M@l’éc‘ﬁﬁ{rQ%Wée’) By&ﬂqgegﬁﬁfl s@ﬂaﬁﬁg RABYEAPEBy intracellular
substituted wth from1 substTtuents
phospho-Flow Cytometry, following protocols supplied by BD Pharmingen (San Jose, CA).
Syk activation was measured by induction of BLNK tyrosine phosphorylation at amino acid
position 84 (pBLNK Y84) and induction of ERK1/2 tyrosine phosphorylation at amino acid
position 204 (pERK Y204). Activation of the Src family member Lyn was measured by
induction of Syk tyrosine phosphorylation at amino acid position 352 (pSyk Y352). Data are
presented as UM ICsos. Each compound effectively inhibited B cell receptor-induced Ca’*

fluxing and activation of Syk, but not the Src family member Lyn.

Example 151: Syk inhibition exerts an anti-proliferative effect on non-Hodgkin’s lymphoma
cell lines
[0702] Cells were incubated with increasing concentrations of each compound, then

evaluated at 72 hours for extent of proliferation using the MTT assay (company, city, state)
following the manufacturer supplied protocol. Data are presented as pM IC50 values,
representing the mean plus/minus standard deviation from 5 or 6 independent experiments.
Each compound inhibited proliferation of SUDHL-4 and -6 cell lines, which rely on Syk for
survival and growth signals, in the low UM range. Toledo cells which do not require Syk,

was noticeably less sensitive to the anti-proliferative effects of Syk inhibition.

Example 152: Syk inhibition induces apoptosis in non-Hodgkin’s lymphoma cell lines

[0703] Data represent two independent experiments to evaluate the effect of Syk and
Syk/JAK inhibition on survival of diffuse large non-Hodgkin’s lymphoma B cell lines.
SUDHL-4 and SUDHL-6 cells lines rely on Syk-mediated B cell receptor signaling for

survival, while Toledo cells do not. Cells are incubated with compounds at the various
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[0705] Immune-mediated thrombocytopenia is caused by antibodies directed against
platelet surface glycoproteins, antibodies against drug-containing complexes on the platelet
surface, or by antibody-coated cells or immune complexes that interact with the platelet
surface. Select compounds were evaluated for their ability to inhibit platelet clearance in a
mouse model of antibody-mediated thrombocytopenia. In this model, a rapid clearance of
circulating platelets (approximately 50%) results from the intravenous administration of a rat
anti-mouse GPIIb (clone MWReg30) antibody (BD Biosciences, Pharmingen). To evaluate
capacity for inhibition of platelet clearance, compounds were suspended into 0.5%
methycellulose in water and administered via oral gavage (100 ul/mouse) at a time prior to
antibody injection when the compound would achieve maximum plasma concentration
(typically 1 - 2 hours based on separate pharmacokinetic experiments for individual
compounds). At 4 and 8 hours after injection of antibody, terminal blood samples were
obtained from groups of vehicle and test article treated mice (n=5 -10 mice/group) via cardiac
puncture. Blood was anticoagulated using trisodium citrate or EDTA. Whole blood samples
were measured for platelet counts on a hematology analyzer (Hemavet, Drew Scientific).
Remaining blood was processed for plasma and compound concentrations measured by mass

spectrometry.

[0706] Platelet clearance was determined by measuring the difference in platelet number

between the average non-antibody treatment group and animals administered the rat anti-
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M AR NS G CINE R T S
autoant@l?déﬁésqeeg@él H collagen and complement, thus arthritis can be induced by
administration of polyclonal antibodies or a mixture of monoclonal antibodies to type II
collagen. The CAIA model (Chondrex, Inc., Redmond, WA) uses a mixture of 4 clones
which recognize individual epitopes clustered within an 83 amino acid peptide fragment of
type II collagen. These epitopes share common amino acid sequences with many different
species of type II collagen including chicken, mouse, rat, bovine, porcine, monkey and
human. The mode] utilizes a monoclonal antibody cocktail followed by bacterial
lipopolysaccharide (LPS) to induce a severe and consistent arthritis in mice within 7 days.
This model was developed based on the hypothesis that bacterial toxins absorbed through the
gastrointestinal tract play a synergistic and pathologic role with autoantibodies to type 11

collagen in triggering arthritis in patients with Rheumatoid Arthritis.

[0708] For these experiments, the monoclonal antibody cocktail (Lot # OC-708) was
injected intravenously via tail vein at a dose of 4 mg/mouse (40 mg/ml) on day O followed by
intraperitoneal injection of LPS diluted into normal saline at a dose of 25 ug/mouse in 8 week
old, female Balb/C mice (Charles River, Inc.). Dosing of test articles was started just before
or after the IV injection of antibody cocktail. Compounds were suspended into 0.5%
methylcellulose in water and administered via oral gavage (100 ul/mouse) daily for the
duration of the 7 — 10 day study. Clinical inflammation scores were obtained daily.
Inhibition of clinical inflammation scores was determined based on the difference between
vehicle and test article treated mice at the end of the experiment. Plasma concentrations
represent peak concentration at 1 hour post last dose on the day of study termination.
Example 156: Inhibition of IL.-4 induced JAK1/3 to Stat-6 phosphorylation in Ramos B cells
[0709] Ramos B cells were pre-treated for 1 hour with increasing concentrations of
compound, as indicated prior to addition of IL-4. Cells were incubated with IL.-4 for 10
minutes, and then subjected to intracellular flow cytometry to measure the percent inhibition

of IL-4 induced Stat-6.
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(#ACCISEZé) ANi K,arpaaﬁ& RACAB22 008 AlB2i66T OTY DSYIDBBAREhYeig,
Germany); Toledo (#CRL-2631) and Ramos (#CRL-1596) were obtained from the American
Type Culture Collection (ATCC; Manassas, VA). All cells were maintained in RPMI media
(Invitrogen, Carlsbad, CA) supplemented with 10% fetal calf serum (ATCC) and
penicillin/streptomycin (Invitrogen), and maintained in a 37°C humidified tissue culture
incubator. Antibodies used in these studies include polyclonal goat F(ab)’2 anti-human IgG
(H+L) and anti-human IgM (BioSource, Camarillo, CA); rabbit anti-human Syk, rabbit anti-
human phospho-Syk (Y525/526), rabbit anti-human phospho- Syk (Y352), anti-human
BLNK, anti-human phospho-BLNK (Y&84) were obtained from Cell Signaling Technologies,
Inc. (Danvers, MA). The following antibodies were obtained from Becton Dickenson (San
Jose, CA) for phospho-flow cytometry: Alexa fluor 488-conjugated mouse anti-human
phospho-STAT6 (Y641), Phycoerythrin (PE)-conjugated mouse anti-human phospho-Zap70
(Y319)/Syk(Y352), and Fluorescein isothiocyanate (FITC)-conjugated mouse anti-human
phospho-ERK1/2 (T202/Y204).

[0711] Phospho-flow cytometry was performed essentially as described elsewhere (Irish,
Czerwinski et al. Blood 108(9): 3135-42 (2006). 0.5x106 cells in growth media were
stimulated with 1pug/ml anti-p or anti-y antibody for 10 minutes. Induced signaling was
terminated immediately following the indicated time by the addition of paraformaldehyde
(Electron Microscopy Sciences, Hatfield, PA) to a final concentration of 1%. Cells were
incubated with paraformaldehyde for 5 minutes at room temperature, washed once with
phosphate buffered saline (PBS), then resuspended and incubated overnight at 4°C in pre-
chilled methanol (-80°C) (company, address). Fixed and permeablized cells were
subsequently washed once in PBS, a second time in PBS containing 1% bovine serum
albumin (BSA) (Sigma-Aldrich, St. Louis, MO), and then stained with the indicated
antibodies diluted 1:20 in PBS + 1% BSA. After 30 minutes, cells were washed once in PBS
and subjected to flow cytometry using the FACS Calibur (Becton Dickenson). For Western
blot analyses, 106 cells were stimulated for 30 minutes with 2ptg/ml of the indicated BCR-
specific antibodies. Signaling was terminated by resuspending the cells in lysis buffer and

incubated on ice for 1 hour. Cell debris were removed by centrifugation, and the cleared
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[0712] @igg@s:nggﬁ%qg%;gﬁ%@ﬂoﬁ Jei hined SUDHL-4 (#ACC 495), SUDHL-6
(#ACCaM)NEBKBRAY-42D1(HRACEI Rk Sigine RFORODSMIDIBthuRBBweig,
Germany); Toledo (#CRL-2631) and Ramos (#CRL-1596) were obtained from the American
Type Culture Collection (ATCC; Manassas, VA). All cells were maintained in RPMI media
(Invitrogen, Carlsbad, CA) supplemented with 10% fetal calf serum (ATCC) and
penicillin/streptomycin (Invitrogen), and maintained in a 37°C humidified tissue culture
incubator. Antibodies used in these studies include polyclonal goat F(ab)’2 anti-human IgG
(H+L) and anti-human IgM (BioSource, Camarillo, CA); rabbit anti-human Syk, rabbit anti-
human phospho-Syk (Y525/526), rabbit anti-human phospho- Syk (Y352), anti-human
BLNK, anti-human phospho-BLNK (Y84) were obtained from Cell Signaling Technologies,
Inc. (Danvers, MA). The following antibodies were obtained from Becton Dickenson (San
Jose, CA) for phospho-flow cytometry: Alexa fluor 488-conjugated mouse anti-human
phospho-STAT6 (Y641), Phycoerythrin (PE)-conjugated mouse anti-human phospho-Zap70
(Y319)/Syk(Y352), and Fluorescein isothiocyanate (FITC)-conjugated mouse anti-human
phospho-ERK 1/2 (T202/Y204).

[0713] Phospho-flow cytometry was performed essentially as described elsewhere (Irish,
Czerwinski et al. Blood 108(9): 3135-42 (2006). 0.5x106 cells in growth media were
stimulated with 1pg/ml anti-p or anti-y antibody for 10 minutes. Induced signaling was
terminated immediately following the indicated time by the addition of paraformaldehyde
(Electron Microscopy Sciences, Hatfield, PA) to a final concentration of 1%. Cells were
incubated with paraformaldehyde for 5 minutes at room temperature, washed once with
phosphate buffered saline (PBS), then resuspended and incubated overnight at 4°C in pre-
chilled methanol (-80°C) (company, address). Fixed and permeablized cells were
subsequently washed once in PBS, a second time in PBS containing 1% bovine serum
albumin (BSA) (Sigma-Aldrich, St. Louis, MO), and then stained with the indicated
antibodies diluted 1:20 in PBS + 1% BSA. After 30 minutes, cells were washed once in PBS
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Example 159 Calcium flux assay and Selective inhibition of Syk in non-Hodgkin’s

lymphoma B cell lines.

[0714] Ramos cells were cultured (maintaining approximately 0.5 x106 cells/ml) in growth
medium 3 to 4 days ahead of experiments. Cells were harvested and re-suspended in fresh
medium at 8x106 cells/ml before dye-loading. An equal volume of Calcium 3 loading dye
(Molecular Device, Sunneyvale, CA) was added to the cell suspensions. Loaded cells were
dispensed in a 96 well plate and incubated for 20 minutes. Syk inhibitors were then added to
the loaded cells and incubated for another 30 minutes. B cells were stimulated with Sug/ml
anti-| antibody. Changes in intracellular Ca2+ concentration was measured using the

FlexSTATion (Molecular Devices, Sunnyvale, CA).

[0715] The selectivity and potency of Syk inhibition in B cells was initially interrogated by
Western blot, measuring BCR-mediated induction of pSyk Y525/526 and pBLNK Y84, both
measures of Syk kinase activity, and the induction of pSyk Y352, a measure of Src kinase
activity. SUDHL-6 B cells were stimulated with anti-BCR specific antibody for 30 minutes
in the presence or absence of each Syk inhibitor or vehicle control. Treatment with 0.16 or
1uM of each compound reduced BCR-induced Syk autophorphorylation (Y525/526) by
roughly 40% and 60%, respectively, as estimated by densitometry (data not shown). An
expanded range of concentrations was used to further evaluate the effect of these compounds

on BCR induced Syk and Src kinase activity.

[0716] The ability of each compound to suppress signaling events more distal to the BCR
was also measured. Cells were again stimulated by anti-BCR antibody in the presence or

absence of various concentrations of each Syk inhibitor. The induction of pSyk Y352 was
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tyrosine phosphorylation, demonstrating these compounds do not inhibit signaling events
down-stream of PKC. This shows that selective inhibition of Syk suppressed BCR-induced
Ca2+ flux in B cells with IC50 values around 100nM. This suggests that by inhibiting Syk,

these compounds suppress the signaling pathway, blocking the cellular response.

Example 160 Caspase 3 and proliferation assays: Syk Inhibition Disrupts Proliferation and

Survival of non-Hodgkin’s Lymphoma B Cell Lines.

[0717] Induction of apoptosis was measured using the PE-conjugated monoclonal active
caspase-3 antibody apoptosis kit (Becton Dickenson) following the supplied protocol. Cells
were suspended in growth media (0.5x106 cells/ml) and treated with the indicated
concentrations of each Syk inhibitor or vehicle control for 24, 48, or 72 hours prior to FACS
analysis. The MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a
tetrazole) assay (company name) was used as a measure of cell viability and growth,
following protocols supplied by the manufacturer. Cells were treated with the indicated

concentrations of each Syk inhibitor or vehicle control for 72 hours.

[0718] SUDHL-4 and SUDHL-6 cells were previously classified as “BCR-type” (Monti,
Savage et al. Blood 105(5): 1851-61 (2005); Polo, Juszczynski et al. Proc Natl Acad Sci U S
A 104(9): 3207-12 (2007) and sensitive to Syk inhibition by R406 (Chen, Monti et al. 2008).
The Toledo and Karpas-422 cell lines that lack BCR and BLNK expression, respectively
(Gabay, Ben-Bassat et al. Eur J Haematol 63(3): 180-91 (1999); Sprangers, Feldhahn et al.
Oncogene 25(36): 5056-62 (2006), having therefore adapted to survive independent of BCR
signals, were insensitive to R406 (Chen, Monti et al. 2008). The proliferation of these cell
lines when cultured in the presence or absence of various concentrations of each Syk inhibitor

for 72 hours was tested.
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Ramos cells (3x106) were injected subcutaneously into the hind flank area of conscious mice
using a 27 gauge needle in an injection volume of less than 0.5ml. Following injection, mice
were randomized into treatment groups (n = 15) and dosed twice daily by oral gavage with
vehicle or 10, 15, or 20mg/kg of the Syk inhibitor. Body weights were obtained at least once
per week and caliper measurements of tumors were determined twice per week beginning
when palpable tumorrs were formed until the end of the study. Tumor volume was assessed
by caliper measurement using a formula [maximum length x width x height x 7/6]. Twice
daily dosing of vehicle or the Syk inhibitor continued until the vehicle or any treatment group
exhibited tumors that exceeded 1.5 grams in size. At the time of termination (5 weeks post
Ramos innoculation) the mice were anesthetized with a ketamine cocktail. A blood sample
was obtained for CBC and plasma concentration determination via cardiac puncture and the
mice were euthanized via cervical dislocation. Tumors were then be excised and weighed.
One half of the tumor was snap frozen in liquid nitrogen for determination of concentration
of the Syk inhibitor in the tumor tissue and the other half was placed in 10% buffered

formalin for histological investigation.

[0721] The effect of Syk inhibition on Ramos tumor formation in a xenograft mouse model
was assessed. Mice were dosed twice daily with 10, 15, or 20mg/kg the Syk inhibitor or
vehicle control beginning the day of tumor cell inoculation. Caliper measurements were
initiated when tumors began to form, approximately thee weeks post-tumor inoculation, and
repeated every third day until termination of the study. The study was terminated when
tumor weights began reaching approximately 1.5mg, at which time tumors were excised and

weighed. Tumor and plasma samples were subjected to pharmacokinetic analysis.

[0722] Each tumor sample was homogenized in 3 ml of saline per gram of tumor using the

Kontes® Microtube Pellet Pestle® Rods and Motor (Kimble Chase, Vineland, NJ). Plasma
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-(4-(pt perazin-1-yl') phenylam ho) -
The filttipwas oljedt@d Sntd] 450ieXTAGIIV0-1YEC/MS/MDEquipped3vidh a turbo-ion spray
(S?l- 1-(4-(4 -(443 -hydroxypyrrolidin- 1-yl)-7H
source. The SykK inhibitor and compound A’wére separated on a Phenomenex Luna 5u
HILIC column (4.6 x 100 mm, 5Smm; Phenomenex, Torrance, CA). A mobile phase gradient
mixture of 10% mobile phase A (0.1% formic acid in water) and 90% mobile phase B (0.1%
formic acid in 90% acetonitrile, 10% water) to 65% mobile phase B was programmed over
1.1 minutes followed by a gradient of mobile phase B from 65% to 90% over 0.01 minutes.
The peak areas of the m/z 394/360 product ion of the Syk inhibitor were measured against
those of the m/z 357/295 product ion of the Syk inhibitor (internal standard) in positive ion

mode. The analytical range was 2 to 5000 ng/ml.

[0723] Pharmacokinetic analysis revealed that at steady-state, tumor concentrations of the
Syk inhibitor followed the concentration-time profiles seen with plasma in the 10, 15, and 20
mg/kg dose groups. Nonlinear increases in Cmax, AUC (0-8), and tumor Cmin were
observed as the dose was increased, but a dose-proportional increase in plasma Cmin was
noted. Mean Cmax and AUC (0-8) in plasma was at least 2-fold greater than that in tumor
for all doses examined; however, mean nadir concentrations (Cmin) were higher in tumor
than in plasma, indicating accumulation of the Syk inhibitor in the tumor compartment.

Tumor/plasma ratios determined from Cmax and AUC (0-8) were similar across the various
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16pyrrol o[ 2, 3-d] pyri m di n- 2-yl am no) phenyl ) pi per azi n-|
- yDet hanone; 2-(4-(4-acetyl piperazin- 171

WO yioppsessy | am no) - 4- (4- (am nonet hyDpi peri di n- | PILYS200D/@02512
yrrolo[2 ,3 -d] pyrimdine-5- 18carbonitrile;

4- 6 (4- (ar ni nonet pl per| di n- 2-
dose grfg§q a rﬂ%‘) ‘ﬁ’r‘i‘é?fw %t’ﬁpﬁ&’reéez’f"% ained ap Py%gﬂ’aﬁnéﬂf%@i\d over the entire
dosing 1f(t?rv£ﬂa£[‘ s%ﬂ?tsm(é ?o‘?'tlﬂ’eesglginrl‘ublt]or aabz/ g(? “13; and 20 mg/kg, respectively.

| uor opyr din-2-y1)-1H1nd -am ne

[0724] g\f%g dgse@p @&ﬁﬁ.@%&%@g&%hﬁ;&;%ﬁ ﬁl?%%;)ﬂ( @Lﬁyﬁolr] dere protected from

Ramos%tui(nﬂr brdwhtH i GivoamnRoRRS it S RERR T BallpeY feafrements (data not

2f [ uor opyri m di n- 2-yl am no) phenyl ) pi pera2| n-1-yl)etha
shown) @.ﬁp@ch ivgaled :prqg]@lpcat[am af tyimop Igecn)yth)m the-presence of the Syk inhibitor.

Upon sﬁ Cf erclzf%(nzhtléf}/ Y%ﬁe Cé.llﬂ?%ilzr?g a#ii 3org]'g-l_ Xlsjacml ci Welghecsn E8nsistent

with ca%ﬂaelymé@sha{rﬂmﬁs @]swrsnamy sﬁgxﬂﬁ}éaﬁrﬁ%di@hﬂﬁ' Y RRARANADE Welght was
ypet hanone; pi perazin-1-

achlevqgwl a)llpieénl)gjarmm( ativs! toiehicke- genjrolz Hgse datagp veab thaf pyhr-i

mlcrorﬁc%udcl.?rﬂﬁéggirnpgf ?Q}gégg]lé}n ﬁfo:( é ﬁ%&e@nrg{%%%ros)xqﬁﬁlo}l by an aggressive

NHL cyll Jip¢ pemase. i n- 1- ypet hanone oo 1-
2009/ 131687PCT/ US2009/ 002512

[0725]%#%&6%&%93{ %Mni‘n o} ARG géllaﬁ}b Qite{ F.:Ld ¥&d MJRIL&S f1 &y subset

I peri di ne-4- oxam e an
of white- b@dbd(o@llé Alrataet, yheporde reﬁfzctmb];elweqb Imamyh anreesy 11v the pyanibel of

lymph(%:_y e& ue k‘ﬂgr é%g(})wﬁgzlgﬂ%k%%%y’% }tgrrﬁvﬁj(gg) bW?P)g?lgt ge%eated in mice

dosed @Qﬁ @mop 00R LR )Iﬁieﬁ‘éfahdé Beﬂceﬁ{tl (Qf QX&H 81 B Bype-haly R0 4t 9Ro
1-(2- (1Hi ndazol - 6-yl am n

unaffegad bw&mmlnmbdpnécwtwmqtphpwn) d@m ev@agampox tpdteé with vehicle
controllna% a 4.4540%n<?rg§ste¥!1 % 8)(15 (N%lzglhrt] Il/hce treated with 10, 15, and 20mg/kg the Syk

inhibitor, on the other hand, had on average 0.27% increase, 1.67% decrease, and 2.27%
decrease in body weight, respectively, over the course of the study. There was no
relationship, however, between % change in body weight and tumor growth (R2 = 0.27).
These data suggest that the inhibition of tumor growth was indeed mediated by suppression

of Syk activity.

[0726] The Syk-specific inhibitor the Syk inhibitor was also tested for activity in a Ramos
tumor mouse xenograft model. At all the concentrations tested, statistically significant
reductions in tumor growth were observed in mice dosed BID with the Syk inhibitor. The
lowest concentration tested was 10mg/kg, achieving tumor concentrations ranging from 64 to
140nM over the course of the day. Suppression of tumor growth at these concentrations in
vivo is consistent with concentrations of <125nM found to suppress BCR-induced Ca2+ flux
and distal BCR signaling to pERK Y204. The selective pharmacological inhibition of Syk
results in effects on the proliferations and survival of NHL cell lines. These data suggest that
the selective targeting of Syk may similarly have clinical benefit in a variety of B-cell

proliferative disorders.
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32yl ) phenyl am no) - 5-f | uor opyri m di n- 4-yppi peri di ne-3-c
ar boxam de; tert-butyl (1-(5-fluoro-2-

W@ 3(4A¢n8Tet hyl acet am do) phenyl am no) pyri m di nP@F/yE0pe/p2512
eri di n- 4- yOret hyl car bamat e; I\I-(4-

P AT e R T
prohfex(a&oﬁ %nﬁ%uﬁ@&@amﬂe@\t@ng kaﬁ‘lﬁ‘n?)lcg{ecﬁ hULT SRk RE. diEXpréssion of

ylI) pi peri di n-4-yl ) nethyl car bamat e;
Constltliﬂti\(eﬂy fative diykno mmyde)ypurmfarthdrbobeynarrcﬁw t¢llsandyges ilerikdinma in

mice, ajd Sy 42 ER SHEE OB Fr it Yarety OELIPIRIGRS P PhaR Given

the rolezof h@bapﬁﬂéfdﬁg? ﬁ?%éét%aﬁ'ﬁlgﬁron may be sufficient to provide clinical
4-(am nomet hyppi peri di n-1-y1)-5-fl uor opyri m di n-

beneﬁtgn Bmdl mcﬁlfuﬁtw@ da]sodqldqy drloteuicdeding taxiditys thaemay arise due to

t hyl din-1-y1)-5-
Suppfesjbéq ?f(oﬂl&%ﬁf Eﬁréﬁ% noneamynznl)mpﬁgglyl I) B. pe)r/a)zi n-1-yl)etha

none; tert-butyl (1-(2-(1Hindazol -6-
[0728] 4 {Thepreses) ineniiQropropides gingmberof embodimenti At i apparap thyt the
exampf‘?g?‘g&%%%f#g{eﬁgg)pgé\éé’? <Igt§er ex&bocﬂnegtsqu 6}(1)1? (1)nvyeP|t1%%1 dTherEfore1 it will
be appreﬂ:idtddrtﬁalhé scﬁrpamf fiets inbefifidn {sGo bk defiged by the appended clalms rather
-(2-0xo0-1 3, 4-tetrahydroqui nolin-6-ylam no) pyrl m
than bydqhﬁ sgfccyffu) %qnbgthmnﬁ whggh)k}@(g Wq:r) mpéeéentid by way of example.
44(4-(4-(5-fluoro-4-(4-(hydroxynethyl)piperidin-1-yl)p
[0729]y r Altiofl the- dboyt &S .o quite )8 ) mitge mpplicatiidn pdblitatienkhdhSnpatent

applicai(tsiﬁglg ffgl%egg%é)%éméﬁé oy o%% gtﬁéﬁ%/ﬂl qu%; F‘?’f{ é(?r&ﬁﬁt%%%g}bﬁl&nons referred
to in thés {pEECACRZ A& 1 @TTNR APpiEXTh AP I}Aée’lmﬂrg Mcofpdrated herein by
47pyrrol o[ 2, 3-d] pyrirnidine-5-carbonitri le

referenge, (it thsitt entiyety hyirgm e oyegaomg opyill bNZLPp@IGFalTQddhzfo plthough specific
embodfir?e?nég 1)it'l_]|9 1 \%ég éi? k]g\[ezl?een d]%g%/rlbfmh%rqu for’ pél"lrp%sggn b ‘?l’ustratmn, various
modifiéRi{oay ﬁ{a@ﬂfeQﬂaﬁe&thﬁtﬁl)t dzbiaﬂug Frohofhe sgirid hpy kdope Gif Bhebmyéention.

t hanone; N4-cycl opropyl -
Accordingly, the invention is not limited except as by the appended claims.
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50i ndazol - 6-y1)-5-(pyridin-4-yl)-7H pyrrol o[ 2, 3-d] pyri
m di ne- 2, 4-di am ne; 1-(4-(4-(4-
w® iqopitpwsT di n- 4- yl nmet hyl am no) - 5- (pyri di n- 4- y1peHS1399/002512

ol o[ 2, 3-d] pyri m di n- 2-
52yl am no) phenyl ) pi perazi n-1 -yl ) et hanone;
2-(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 4-

WHAB(ISiI(IeAIMED-I8: y| et hyl ami no) - 7H pyrrol o[ 2, 3-d] pyrim d
i ne-5-carbonitrile; 2-(4-(4-
54acet yl pi perazi n- 1-yl ) phenyl am no) - 4- (4- (am nonet hyl)
pi peridin-1-yl1)-7H pyrrol o[ 2, 3-
55d] pyri m di ne-5-carbonitrile;
N (4- (4% (cydt SR A BATiRG oYU} i di n- 4- y1) - 7H pyrrol o
[2’ 3- 1a 2a
56d] pyri m di n- 2-yl am no) phenyl)FiM’r?et,ﬁ]yl acet am de;
6- (4- (cycl opropyl am no) - 5- (pyri ?' = 41a
57yl) - 7TH pyrrol o[ 2, 3-d] pyrdan di if- 2-[yl &mge0) - 3, 4- di hydr
oqui nol i n-2( 1H) - one; S-Hﬁgorm?“ﬁ]él)-\,( r\?m
58cycl obut yl - N2- (1H-i ndazol - 6yyd) - 7H-mf¢rrol o 2, 3-d] pyr
i m di ne-2, 4-di am ne; 5-chl oro- N4-
59cycl obut yl - N2- (1Hi ndazol - 6-y1) - 7H pyrr ol o[ 2, 3-d] pyr

ora 686?8%{‘%# Hg?at-%lﬁ-aigggg F%‘%E%ﬁ?ﬁﬁ%ﬁ%, 7-di hydr opyrrol of 2,
wher8ind] pyri m di n-5-one; 1-(2-(4- WO
200R/.131687PCT/ US2009/ 002512
61{ pipEIEEE A P BER AP S8 N STl of 2, 3- d] pyri ni
di 1'* &-o¢lerpil PO W BRUPcOMINM a3k @61d, IN(C,_salkyl)-, -SO,-, -CO-, -
am nog) - 7H pyrr ol

B 23 AR BLRSLoEL L RIS T By

4- g 4 @rcRamRhhk kRipebhdithslory 1) - N- (4- (pi perazin- 1-

yl_%ﬁﬂenyl) 7H: 64pyrrol o[ 2, 3-d] pyri m di_ n- 2: am ne,

1 {4-(4-(4-(am nonet hyl ) pi peridin-1-yl1)-7H

058y 1 g1 2y ALK 1l B An oA 1) RIBSALERS BALAR ot he
group consisting of amino, hydroxy, C,_galkoxy, heterocyclyl, aminocarbonyl,
aminoC,.galkoxy, aryl and heteroaryl;

(c) Cs.scycloalkyl, optionally substituted with from 1 to 3 amino substituents;

(d) aryl, optionally substituted with from 1 to 3 substituents selected from the group
consisting of C,_salkyl, C,_salkoxy, C,_salkylamino, C, galkylcarbonylamino;
aminocarbonylC,; galkoxy, aminosulfonyl, aminocarbonyl, aminoC; galkylene
carbonylC, galkoxy and halo;

(e) heterocyclyl, halogens, cyano, optionally substituted with from 1 to 3 substituents
selected from the group consisting of C,.galkyl, oxo and C;_zalkoxycarbonyl, cyano
C,.salkylcarbonyl, aminocarbonyl, arylC;_salkoxycarbonyl, arylaminocarbonyl; and

(f) heteroaryl, optionally substituted with from 1 to 3 substituents selected from the
group consisting of C,.galkyl, C,_salkylsulfonyl and cyanoC,.salkylenecarbonyl;

R*is H, C,.galkyl, or is taken together with R'® and the nitrogen to which each is
attached to form a heterocyclic or heteroaryl ring, containing 1-3 heteroatoms, including N, O

or S, optionally substituted with from 1 to 2 substituents, R?, independently selected from
P p y

the group consisting of C_salkoxy, C,_salkoxycarbonyl, C, galkoxycarbonylC, galkylene, C;.
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66(am nonet hyppyrrolidin-l-yl)-N (1Hindazol -6-yl)-7H
pyrrol o[ 2, 3-d] pyri m di n-2- am ne;

WO (N3 1681 2- (4- (pi perazi n- 1-yl ) phenyl am no) - 7HEYUSM0D(02512
2,3-d] pyri mdin-4-yppyrrolidin-3-ol;
68(S)-1-(4-(4-(4-(3-hydroxypyrrolidin-1l-yl)-7Hpyrrolo
[2,3-d] pyri mdin-2-

galkoﬁwkwﬁyraﬁﬂrw@@mkmsﬁdoemzﬂ mmﬁmxcl Ja&tiarpfRinoaryl, aminocarbonyl,
2-(4-(4-acetyl pi perazin phenyl am no -

am‘“‘?‘fﬁ’(ba‘}nﬁﬂaﬁﬁ%taﬁ‘yb“ﬁ?fﬁeﬂlﬁi wﬂay)fw) an?lppwb% Izoég sekps RS, ni
amlngéaﬂ%XZCFéﬂ@%'et a{duln@sulf%n%4ar(1ﬂ1bsﬂf30§2@1¥ill@§/l@&r @?—lgzﬂky]l C

enyl ani no) - 4- ydr oxynet i peridin-1 Y
galky}sp lml r@l_gglkyh;g]é(gyyﬂa)@a}ky@ge Ci. galkylheterocyclyl Ci. galkylheterocyc ylCy.

galkyi?ené %rﬂy?r?ﬁ? t Mk&a@%?@l%ﬁoy&}m né’zir @023'1 gy eén% &)%mm@;

oxyet pi peri )pyri n|d okam de;
scyleall@yl ifado, (hste(aiar)(latmtqmml(hwi]sylpm hdlemcSLC—lyllb\chHypun n- 2-

0 Zi pet.hanone;
nyerdY R B BB E SRR PSR =8y 6. 1) -
757%8{1’}/ rﬂl(g:itlla{/lZoﬁs cHkpty tdgeihdi witR termaiery R4a Z]a and the nitrogen to
4 3- ani nopi peri di n-1- rro
which S ffsheh h Torty BRGTOR Shy eI n HobrPRoy sEhEhGiwio
from b 2-s(¥ktitRATs TRt A L RIHRE W HE s independently selected from the group
77y1l) -5-fluorgopyrimdin-2-yl)-1H i ndazol - 6- am

con51§l11(g40f(camil ll}%yﬁfgppr&il,@118@1}(9§y03rb0nylcl galkylene Cl
8aJkoZ§<fa|rE&5/Qrﬂ*JCjagé‘Ik§leﬁé 'M&QM@?QM el Kﬁlglbﬁy? 2/ de8rbonyl,

am norrethy pi peri di n-

ammvmbqny)ansncf |aam<z§pl§bpnmmm 2safkyAericrrd)iperarhaky Bi-g98eiearn- 1
ammg%{lﬁoﬁ%h%ﬁggiﬁllffwl@ @1%%:1 @i'gzﬁkgi Gyl }y}s;Jlof(:)Ln[l .Sga%ﬁylsulfon%lcl_
8alkyﬂq¢b;C.3ga]amhnt@rocycl§/l4C(l,gal](}élhe(tg]opg:ﬂyl@ falkylene, aryl, .

arle8 éé/ll]('())xyiarb%/ %rﬁljng[c boxxp%iboecs b%r]l(ager% cayg]ng (& 393?0%/21112)9,' lpa?o,

heter823L, yitohany lhtdleqpyhereobdydiyh -hidipty -hyhEpyCraliglede Imd@yxo
dg%m di n-2-am ne; 1-(4-(4-(4-(pyrrolidin-
aNa®31-y1)-7H pyrrol o 2, 3-d] pyri m di n- 2-yl ami no) phenyl ) pi
perRAzd Ricdte Ifoat tha B codsidtitg (0f-

(a) aryl, optionally substituted with from 1 to 3 substituents, R*, each of which is
independently selected from the group consisting of C,-galkoxy, amino, C,.salkylcarbonyl
and aminocarbonylC, galkoxy;

(b) heteroaryl, heterobicyclic C,_g alkyl, halo, hydroxyl, optionally substituted with
from 1 to 3 substituents, R*, each of which is independently selected from the group
consisting of C, galkyl, halogen, hydroxyl, oxo C,.galkoxy and =S;

(c) heterocyclyl, each of which is optionally substituted with from | to 3 substituents,
R, each of which is independently selected from the group consisting of C;.galky! and oxo;

R* is selected from the group consisting of H, C,_galkyl, aminoC;_galkylene,

C, salkylcarbonyl, C,.galkylcarbonylamino, C,.galkylsulfonyl, C,_salkylsulfinyl,
C,salkylsulfonylamino, C,_galkylsulfonyl C,_galkylene, C,.galkylthio, C, galkoxy,
C,.salkoxyC,;-salkyleneamino, C,.galkoxycarbonylamino, C,_salkoxycarbonyl,
C,.salkoxyC,_galkylene, C,.salkoxycarbonylC,_salkylene, amino, aminocarbonyl,
aminocarbonylC, galkylene. aminosulfonyl, C,.galkoxycarbonylC, salkyleneaminosulfonyl,

aminoC, galkyleneaminocarbonyl, aminocarbonylC, galkoxy, aminoC, galkylene,
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84( pi perazin-|-yl)phenyl am no) - 7H pyrrol o[ 2, 3-d] pyri m
di n- 4-yl) pi peri di ne-4-carboxam de; 1-
W@ (02184871 4- acet yl pi perazi n-1-yl) phenyl ani no) - F&¥/pyr000002512
o[ 2,3-d] pyrimdi n-4-yppiperidine-4- 86carboxam de;
2-(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 4- (4- (am nom
et hyl ) pi peri di n-1- 87yQopyri m di ne-5-car boxam de;
aminbC( iKyldretatiarn|anagdacich NC) 325k)fld:d¢@ﬁ1mby£dlfd$h¢li, tarfexy,

88 i peri di ne- r boxa
Cﬂb%)@)?ﬁ%ﬁwa@e@é ?%YEéﬁr 25 Ifa@swf%&wfmwcasbonﬂammo Cs.
gcyclagfkylu%@@arnam Uiydrody, yiyhmxp«e[ aﬂdme%rﬁaé@l%&meq@ammo

acety g perazin-1-y henyl ani no) -

amlr@@isaékzvlf@chqu M@w}symxleaﬂaavmmﬁy@ yak A ni di ne-5
hydro%l ?Qﬁﬁgﬁéé%’boﬁ)ﬁﬁﬁnnguﬁ)\dro yk (§ peHQJaPoon 1,

4-1N-net hyl acet am do eny am no pyr|n1d|n 4-yl)p
hymb%%%mdkﬁﬁmwyhWnéﬂﬁykﬂémb&mﬁﬂ@ﬂmn@wﬂbHQQbutyI

hydr&;?y(,é%a]gfle&%mﬁ’%ggﬁ%)oﬁ@f%q a%ﬂ‘ {g}oc Clyi uor opyri mi di n-4-yl)

4-if R—‘(léhétamcmmett lnsymlopmliy sdubmultey Ljith5-3 bubstimpyts iR di n-

indeggagegt SR HORUPRSICRE Eraiiae AE G gk mlBR BysoRY- At
halo; c&ano VD, 2308 JaBB§ eIy 12239y, Adddcdrbonyl, aminosulfonyl,

if n1no)benzenesu|fonan1de
Cis 3%Eﬂ(ﬂyk%‘ ﬁ@ﬁ%ﬁ%?%?ﬁ%Pﬁ%rldln 1-y1)-5-fl uoropyrimd

| NR24s Rfyleamidnoime edipkbndiiglory d
arblqg4jls(4§ﬁ(éamnomet%yl)plry:inert?%ln |§§§£§ﬁ1 Fieycloalkyl and
Crsajpfiarylsplépyki ni di n- 2 ylan1no) 3, 4- dlhydrqu|noI|n 2(1FD

pﬂw@tﬁﬁ@gufm@r alz |gnoup cyesestmgmﬁh!e C. %k}ér ¢yaw_t y!
C; gaﬁlgoxsré (ailléé’léngdé glkquylyb %ﬂgglk)‘sl Cf aﬂgﬁc%.%rn&fh%rgiﬁ ‘0x0, halo
and aryl wherem each aryl and heteroaryl can be optionally substituted with halo, C;_galkyl,

C,.galkoxy, cyano, amino, hydroxyl, heteroaryl; and the dashed line indicates a double or

single bond.

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

3. The compound of claim 1, wherein R' is Csalkyl.

4. The compound of claim 1, wherein R'is Csscycloalkyl.

5. The compound of claim 1, wherein R" is cyclohexyl, cyclopropyl or
cyclobutyl.

6. The compound of claim 1, wherein R'* is aryl.

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

8. The compound of claim 1, wherein R'* is heterocyclyl.

9. The compound of claim 1, wherein R'® is heteroaryl.

10. The compound of any one of claims 1 to 9, wherein R*is H.

11. The compound of any one of claims 1 to 9, wherein R*is C,_galkyl.

12. The compound of any one of claims 1 to 9, wherein R*is taken

together with R'* and the nitrogen to which each is attached to form a heterocyclic ring

selected from the group consisting of piperidine, piperazine, homopiperazine and pyrrolidine.
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100yl ) et hyl car bamat e; and N-(4-(2-(am noneth
yl)piperidin-1-y1)-5 -fluoropyrimdin-2-yl)-1H
wQaom9nsiwsol - 6- am ne. 185. A conpound sel ect ed fPONUB1Y69/002512

group consisting of 1-(4-(4-

2(cycl obutyl am no) - 71- 1- pyrrol o[ 2, 3-d] pyri m di n- 2-yl am

i no) phenyl sul f onyepi peri di n-4-o0l; 3butyl

2-(4-(4-(cyclobutylanino)-7FprrroIo[2,3-d]pyriniQLn-Z

-yl am n@) - NThdgembgundioé ayy end dfetrams d6) Aodteagiecach R7 s
inde;%né{/}ﬁtl&%elgcctg{% ﬁgrpltffxésl %r??n%ggr)sisé# 8%’ —%{I—%%ﬁ%é—;&izﬁ]}%i f@fl%'bﬂc%h)z, -

m no eny nam aoy ace
CH,CH{NHA 4c(C5Nobh 1 HNH,ar0 1o CH,BH) yC H AR, 3€H,NHC(O)NHS,, -

coo 50 B RN FFh R bl o0)acer
77H- pyriuol ofrde 3o peuhidi oTiafly ol ik M€ pheetdpiyparidi n
-4-0l; tert-butyl 4-(2-(1Hindazol -6- C la-
8yl am ) - 7MhpgPPBPBIAl 30y pRRAfictaimp hial 3 vaira Y piipaH d
i ne- 1- car boxyk %E)I_%i)c_)Lm%'((fll bt %®lims 1 to 13, wherein Y'? is C.
96-y1) - M- (pi peridin-4-yl)-7H pyrrol o 2, 3-d] pyrim di ne
- 2, 4- dildm ndhe kampgundgtf gny puangf-cfaigs 1 to 13, wherein R™is H.
10i ndazgl - 6 - 6- l, - i gBdi pe-
’ 4|_ di aﬁ.‘%he; '%%2C?I§P<g{§1ntd%_a5)’7 glieo(yfrcﬁaQJrlgﬁ %0 %7%]}1%}[&91 ﬁBE% aﬁga?kyl.
11di nmetl9y| pihpydypdigid(cf dayl ehanafatins 643171 wheksipRiTiotabép

3-d | i, di - a4~ di . ; - (1H .
ogeyd (YRGS R SRR BRn Reibiyrtys it o gt 2, <
heterochichiy kingd di ne- 2, 4- di ami ne; N-(4-(4-

13(3- amnobly v s noy: ghs pyr O oL 2, 3P ke 2

togetil;_élﬂ\l_vigﬂrhé ‘izhoﬁt%y R_ﬁiiﬂ? ﬁ%@lh@ ?)ﬁmékla gﬁ'smt}% Zalldhpystitfa@h%{ 13,f8mel} py
ri mdin-2-ylam no)phenyl) - met hyl acet am de

heterRgryhtigg- ( 2- ani noet hyl ani no) - 7H pyrrol of 2, 3-d] pyri ni di n

-2- 16ydjam RekRERPYI JafFbAYSASERLITIES), wherein R™ is aryl.
N—(4-(€i(5-an1nopentylan1no)-7kkpyrro|o 2, 3-

2. The compound of any one of claims 1 to 20, wherein R* is phenyl.
23, The compound of any one of claims 1 to 20, wherein R* is heteroaryl.
24.  The compound of any one of claims 1 to 20, wherein R* is
heterocyclyl.
25. The compound of any one of claims 1 to 24, wherein 7! is a bond.

26. The compound of any one of claims | to 24, wherein Z'is -N(C,.

galkyl)-.
27.  The compound of any one of claims 1 to 24, wherein Z' is -SO»-.
28.  The compound of any one of claims 1 to 24, wherein Z' is -CO-.
29. The compound of any one of claims 1 to 24, wherein Z'is -NR*SO,-.
_ 30. The compound of any one of claims | to 24, wherein Z'is
heterocyclyl.
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17d] pyri m di n- 2-yl am no) pheny1) - N- et hyl acet am de;
1-(4-(4-(4-(4-am nocycl ohexyl am no) -
wAa 0B pg8T ol o[ 2, 3-d] pyri m di n- 2-yl am no) pheny epdpEsEnY/ 02512
-1-yl) et hanone; N (4-(4-(5-
19am nopent yl am no) - 5- br ono- 7H-pyrrol o[ 2, 3-d] pyri m di n
-2-yl am no) phenyl) - N- 20net hyl acet am de;
N (4- (4- (5-am nopentyl am no) -5, 6- di br ono- 7H pyrrol of 2,
3-d] pyrilm diThe compoyrddanfiany pphelnldins NHordé hwheacetZais de;
- am nosul f onyl - phenyl am no) - 7H
hete%?E?{é%lémg?%ﬁ[%,&d]pyrim'din-2-y|amno)phenyl)-N-rrethyIac
et am de; Ethyl 2-(6-(4-
23( cyclBbut yEwicnoportid-qfypny ohopiXl@md|lpy R4 vittirgia Z2isy | ami
- -3, 4- di hydr oqui nol i n- 241(2H) -yl ) acet at e;
hmmg?%%ﬁ?ﬁé?%&clobutyanino)-?kkpyrrolo[2,3-cf|pyrinidine-
2-yl am no) - 2- oxo- 5
253, 4- di3hy dridgeompbund-of aRjHpag bf) daatsildo 42 wherein R™ is H.
2-(6-(4-(cycl obutyam no) - 7H pyrrol o[ 2, 3-

20y 1y i 2 bRl i BaoBcndado g oAy R A
27(di net hyl am no) et hyl ) acet am de; Met hyl .
4-(4-( (;3)5€| oﬁl{jley:p@ppln‘@)af‘ppy pye elgdlamp 2 t@ 34, wherein R™ is selected

i S R A L g

[ 2, 3- 4P i niThiemoRpyirainifraoy pheotdldimst! iy B6.arteacaRE" is selected
fromtit Go Sl e SR KRR S ety Reer i o
C satietismifbnld; CNalkdtstliny8 11 gylkylonfaapaham, o kal(ys pfonk ¢ Osalkylene,
C g%\%wgioggfwggf{? ggéﬁ(_o}{)llc%r oﬂgPaEQr? or? )éll_)gz;lgc;xh cgr{agﬁ(% ,_é\ll-galkoxycarbonyl
C gAMby CdnpBodaybonR a frdkrod @Il S0 f: @Rk YRy A h ey heaRtihdd¥Ifonyl,
aminrogll_?allgy%énga_lminocarbonyl, aminoC, galkyleneaminocarbonyl,
aminocarbonylC,.galkoxy, aminocarbonyl, aminocarbonylC;_galkyleneaminosulfonyl,
carboxy, carboxyC.galkyleneaminosulfonyl, C; gcycloalkylcarbonylamino, halo, hydroxy,

hydroxyC,.salkylene, hydroxyC,_galkylenecarbonylamino, hydroxyC, galkyleneamino-,

hydroxyC,.salkyleneaminosulfonyl, hydroxyC,_salkyleneaminocarbonyl, oxo and

heterocyclyl.
37. The compound of claim 1, having the formula Ia:
1b

R NH R7

45" N~ %

R4c N N7 N
R

(Ia)

or tautomer or a pharmaceutically acceptable salt thereof, wherein:
Y'®ig N, CH or C;
Z"is heterocyclyl, -NR*S0,-, heterocyclylsulfonyl or a bond,

R'" is selected from the group consisting of
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20
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22
23
24
25
26
27
28
29
30
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32
33
34
35
36
37
38

33d] pyri m di n- 2, 4-di am ne;
N4- cycl obut yl - N2- ( 3- et hyl suf onyl net hyl )
W@ b@ogBe87H pyrrol o 34[ 2, 3-d] pyri m di n- 2, 4- di aP@TES2009/002512
2-(3-(2-(1H i ndazol - 6-yl am no) - 7H pyrrol o[ 2, 3-cfl pyrim
I di n- 354-yl am no) phenoxy- N- net hyl acet am de;
N2- (1H i ndazol -6-yl)- 7H pyrrolo [2, 3-d] pyri m di n-
3&2) H; di am ne;

g R LR A e L

alko;d}l- Cf'rga(lédz(rlﬁl;{@damfn?pﬁhlm gz)lkﬂﬁrepym@b@ﬂaikc&y&]rw hidrogly 6
382- ){I anmi no) pheny1) - N-net hyl cycl opr opanecar boxami de;
heterfgyCWl( 4- (et hyl ami no) - 7H-

39(@)/@{&&&&%@1 &Jt oemw mbgtl&t%\yu@mﬂoaﬂmnw@o& et RxbEy,

ﬁqy opr opanecar boxam de;
Ciga lanumtboeylyarampﬁoaaﬂwuqsymm@p@[@ll@xm pyri mi di n-4-yl am

4 1? gfggtumtn% ?nlh%ggb e%iéiylgilarllr(}gl an['u?o amd1]n(|:))s)}1rlflom/l dammgC. alkr%lene
Ci. sahfo)aphmwﬂ:)mﬁcq ehlmactyhmmm)clualkéml b‘r}lk)‘dmmnamrlj@;yl
cyc Iarri 0) - 7Hpyrrol o[ 2, 3-d] pyri m di n-2
amm'&b Saalkg'fén§ aﬁf’%’) dr et KT ani nopr opyl ) benzani de;
N(éﬁhﬁéec(}cm I apbuﬁaxlyanbsnm)teﬂ Hrtpymg alkgl, Salﬂ}x@yirbmﬂ,i dmiro,

hydrcmy ?’@’ygl)‘ @Elf 3%9 ngﬁ;ﬁﬂﬁ%y no%l gﬁm}éﬁ’ mo gzﬂkoxy 0X0, Or

cyané@lp&yn@@h&b&mﬁypfl pyri m di n-2-yl am no) phenyl) - 3- hydr oxy
- N-_net hypr opanam de;

4d@ﬁ&éﬁif&ﬂwi601gi}0&ﬁlﬂwab§1m&lti(dmﬂb9lﬂ<alz aming, hydroxaly Gueplkgx [ 2

C. gfllk?hﬂ]lﬁ’dﬁ%ib@hﬁ' NG C sl RE ambid | Ttk
azol - 6=yl am no) - N4- ( 2- msthoxyeth IC) 7H pyrrol o[ 2,

3- I%I‘Fr; plepd ffﬁ@-tﬂe arodp spasieing of Hahydgoxy, aalkylEirbonyl-

cl_gafzk%& ah%ng@‘ hen .§é“t‘ aﬁﬁ‘(&%ar%&'fyﬁ%@ Fg?,egkﬁocﬁxb%% LAk LAY

am n pI perazrn anone;
hydrmci(rhzﬂyll mamyee@bqnym sathylehd ai2ndvpdooxly aninplC) salkHqngr r o

wardy Pyt RTor atn B roGasy Byt am no) -
C;_ga]ldyﬂa}ﬁynw(clgaiﬂ(gl,eﬁearmnocarbonyl aminocarbonylamino,
Ci.galkylsulfonylC, galkylene, Csscycloalkylcarbonylamino and C, galkylcarbonylamino; and

R* is H, amino, C_galkylcarbonyl, aminocarbonylC, galkoxy;

R* is H or C,_galkyl;

R’is Hor C, galkyl;

RY is selected from the group consisting of H, Cy_galkyl, halo, hydroxy and oxo;

R’ is selected from the group consisting of H, Cy_galkyl, cyano,
C,.salkoxyCj_salkylene, C,_salkylcarbonyl, hydroxy, oxo, halo, aryl and heteroaryl; and the
dashed line indicates a double or single bond;

_7'® combines with R* to form 5-7 membrane heterocyclic ring,

or the moiety R
containing 1-3 heteroatoms, including N, O, S, optionally substituted with C,_galkyl, halo,
cyano, 0xo, =S, amino, hydroxyl, C,_galkylcarbonyl, C, salkoxy or

aryloxycarbonylC,.galkylene.

38. The compound of claim 37, having the formula selected from the

group consisting of:
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51d] pyri m di ne- 2, 4- di am ne,
1-(4-(4-(4-(2-(2-arni noet hoxy)am no)-7H pyrrol o[ 2, 3-

WG 2appyre8m di n- 2- yl am no) phenyl ) pi per azi n- 1- yl P€1/0820091602512
, (5)-1-(4-(4-(2-(2-
53am noet hoxy) et hyl am no) - 7H pyrrol o[ 2, 3-d] pyri m di n-2
-yl am no) phenyl ) pyrrolidi ne-2- 54carboxam de;
3-(2- (4 4-acetyl pi perazi n-1-yl ) phenyl am no) - 7H pyrro
o[ 2, 3- dphy iy ni di n- 4g1B5yl ani no) benzani g
3-(2-(4-(pip razin-l-ylf%hdﬂ&lannno)-?H—p Hr olgg[ 2, 3-d]
pyrim din- m ng am dey NI 5
3-(2-(4-(4-acet | peflaziln- -yl H api n N Royrro
o[ 2, 3- 57d] pyri di%—4JyIaHino)b nz&éneful Nonani de;
3-(2-(4-(pi perazin-1-yl)phenyl am no) - 7H ,
58pyrrol o[ 2, 3-d] pyri m di n-4-yl am no) benzenesul f onam d
; N-(4-(4-(3-rP R1P
59( anifffomet hy| Jshenyi ani no) - 7H pyr r ol o[ 3- d} pyri mi di n
- Z-thﬁw 60met r ni,@)eiif\g7
(R) - g - (4- (- ydroxypropan- | am ng) -7H pyrrol of
2,3-d]pyr|m”ﬁrN NK)2009/131 7 %E$®O9H002512
612-yl am no) phenyl ) pi perazi n-1 -yl ) et hanone,; and
(R)-2-(2-(4-(piperazin-l-yI)PhenyIanino)-7F+
62pyrrol o 2, 3-d] pyri m di n-4R ﬂnino)propan-l-ol;
(S)-l-(4-(4-(4-(}¢ﬁ¥ oXypropan- 2R?
63yl ami no) - 7TH pyrr ol i
) pi per azi n- 1- yDet h&fo &
64(4- (pi perazi n-1-yl)phenyHam noW- 7H pyrrol of 2, 3-d] pyr
i m di n-4-yl am no) propan-1-01; 1-(4- )
65(4-(4-(1, 1-di oxy-tetrahydrot hi ophen-3-yl am no) - 7H py

whefe[rﬂk'@ﬁﬁc&aﬂtkpbpﬂidﬂaﬁ& Bobdtituted with amino, heterocyclyl or
.66yl am no) p enyl)piperazin-l-yl%ethanone; . ;.
amquégter@gxc&ylp@fda(ﬁgﬁycig%}l%m)?mll_y,\w_ s(tgp,nic_l ta)gp"l_mo; R’ is halo,

hydroxy, C;_salkoxyCi.galkylene, C,_galkylcarbonyl, cyano or phenyl, pyridinyl; and RS is H,
C,.salkyl or halo; R” is H or C, galkyl; and R' is H, C, galkyl, C,salkoxy, C,.

{ di n-2-yl am no) phenyl

salkoxycarbonylC,_ galkylene, aminoC,_galkylene, aminocarbonylC, galkylene, carboxyC;.
salkylene, Cj gcycloalkyl and hydroxyC, galkylene; or a tautomer or a pharmaceutically
acceptable salt thereof.

39. The compound of claim 37 or 38, wherein R'® is C, galkyl, optionally
substituted.

40. The compound of claim 37 or 38, wherein R'Yis C;.¢cycloalkyl,
optionally substituted.

41. The compound of claim 37 or 38, wherein R"™is cyclohexyl,
cyclopropyl or cyclobutyl, each of which is optionally substituted.

42.  The compound of claim 37 or 38, wherein R'® is heterocyclyl,
optionally substituted.

43. The compound of claim 37 or 38 or a pharmaceutically acceptable salt
thereof, wherein R'® is heterocyclyl, which is selected from the group consisting of
piperidinyl, morpholino and tetrahydrothiophenyl.

44.  The compound of claim 37 or 38, wherein R'® is aryl.
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67t et rahydr ot hi ophen-3-y1)-7H pyrrol o[ 2, 3-d] pyri m di ne
-2,4-diarnine; 4-(4-
wW® (oo aie8pr opyl am no) - 5- (pyri di n-4-y1) - 7H pyr r BEDPR2089/002512
] pyri m di n-2-yl am no) benzam de; 4-
69(4-am no-5-(pyridin-4-yl)-7H pyrrol o[ 2, 3-d] pyrim din
-2-yl am no) benzoi ¢ acid; 4-
70( cycl4spr ok aninpandd>f @&mmoﬁ& vihedeits BEriamodogyglic nol
het F yl am no) - 7H pyrrol o[ 2, 3-
em?T? ] pyri midine-5-carbonitrile;
4- (5- cy@no- 4hecy@m @mdojwinam(ﬁg}; \Zﬂréraww'bis@b?a,z&ed] pyrim
i din- 722-yl am no) benzam
N- (4- (5‘7cyarT6‘e&°‘PE9‘B1dd’§|aB}b9‘Pea‘?ﬁ%’}‘§ THD wéwmzz 344] py
heterf)é)'ﬂgql'\ﬂhlgh 1s%§l¥&t@ﬂr69)t9@§x’&ﬁﬂr%od¥isﬂﬁ%§y l'acetam de;
4-(5-cyano- 4- (cycl opropyl am no) - 7H-pyrrol of 2, 3-

74c] pyri n- 2- ylanbﬁoifenzenesul anmi de;
a yl ) phenyl agi,no) - 4-

2-(4-(4- yl pi per
75(cyc|o%?6p am no) - p%rrolo[Z fpyr|n1d| &5 car
bonitrile; 4-(cyclopropyl am no) - 2- (2-
760x0-1, 2, 3, 4-t et r Ahydr oqui nol i’n- 6- yl am no)- 7H pyrrol o
[ 2, 3-d] pyri m di ne-5-car boxam de; 4-
77( 4- ( B3( 2- Bpasompednd of phyend efiatrizhs §T sndhovheie fhy maodty
[2 3-d] pyri mdin-2- 78yl am no) benzam de;

4-(4-(1-(2- cyanoacetyl)plperldlg 3-yl ami no) - 7H pyrrol o
[2,3- 79d] pyrimdin-2-ylam g)e::r: de;
4- (4- met hoxyphenyl am no) - 2- , 3, 4-
80tetrahydrqu|noI|n 6- ylan1n6¢ rrolo[2,3-d]pyrim

4-
%Fﬁ%%%‘g nw%ﬁ#‘fonég%lé%/?t{dl n- 4- yl) 7H pyrrol o[ 2, 3-d

]pyrlmdln 2-yl ani no) - 1- net hy1- 3, 4- R®

82di hydr oqui nolin-2(1
6- (4- Am no-5- (4-fl uorg%mssﬂ—l-mg 3-d[ pyrimd
i n-2-

83yl am - get i. hydr oqui nol i n

O R e S ok B #4000
hydr&4R¥ibbYIC[ Al Pk X HbBnyACY faBkichO hnd. - et hy 1- 3, 4- di hy

droqui nol i n-2( 1H) - one
CjsalkylaminoC;. galkyleneammocarbonylcl salkylene.

49. The compound of claim 37, having the formula:

wherein R* is aminocarbonyl, aminoC, galkylene or hydroxy; and R’ is selected from the
group consisting of halo, hydroxy, C)_galkoxyC,_salkylene, C,galkylcarbonyl, cyano, phenyl
and pyridinyl.

50. The compound of claim 37, having the formula:
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85(Benzyl am no) - 2- (1- met hy1- 2- oxo-1, 2, 3, 4-t et rahydr oqu
i nolin-6-ylam no)-7H pyrrolof 2, 3-
w@ewppyre8m di ne-5-carbonitrile; Butyl PCT/US2009/002512
1-(2-(4-(4-acetyl pi perazi n-1-yl) phenyl am no) - 9H puri n-
6- 87yl ) pi peri di ne-3-car boxyl at e;
1-(2-(4-(4-acetyl pi perazi n- 1- yOphenyl am no) - 9H puri n- 6

- 88y| ) pi per|3 car boxyl icc aci d;
(4-(pi pe - 1nd) ) phe a no) OH pur| n
Ia) pi per it ne* 3 a?ét{)oxyl i c)ua ?ch HN /,S\CNHZ
-(4- B Per azi n- 1- yINg m pQrpn-
“Z erl d| e- 3- car boxam de;
%2 34tetrahydrqu| |N)6\ no)
917H— pyr F'ol o[ 2, 3-d] pyri mi dj n- 4-yl ) pi peri Hi n- 4- ypacet at or
e; 2(1(2(20x01234

92t et r ahydr oqui nol i n- 6-yl .@n -7H pyrrol o[ 2, 3-d] pyrim
i di n-4-yppi peridi n-4-ypagetheaciNt, 2-

93(1-(2-(2-o0x0-1, 2, 3, 4-t et r ahygiroqui nol i n- 6-yl am no) - 7
H pyrrol of 2, i m o

94yl ) pi peri dﬁ#@@@cﬂ ;

1-(4-(4-(4-(4-Harni n(ﬂret NprH peri di n-1-y1)-5-chl oropyr
imdin- W 2009/ 131687PCT/ US2009/ 002512 -

952-yl am no) phenyl ) pi perazi n-1-yl ) et hanone;

6- ( 5- f I1310r 0-The (cBmpxay qfetatdi3f; Havitg)tpy fdrmuldt n- 2-

96yl am no) - 3, 4- di hydr oqui nol i n- 2( 1H) - one;
1-(4-(4-(5-fluorg-4-(piperazin-1-yl)pyrim din-2-

97yl am no) pheny i perazin-|-yl)ethanone;

4-( 2- (4 acetyl herdzi n- | -yl) phenyl am@ﬁo) 5-

98f | udtey di g~ pi perazi gle z Q- car box deR7
2-(1-(2 c,é&% erazi nRln-3
fhu T‘d,\]ﬁl ,hdl n-4-y

99yl ) phenyl am or opyri mirgdi%h

| ) acet am de; Benzyl 1-(2-(4-(4-

100acet yl pi per azi n-1 -yl ) phenyl am no) - 5- fI uor opyr| i di n
-4-yl ) pi peridin-4-yl carbamate; 1-(4-(4-

R10 _R'b R
\(O Hn R R7 NH g7
N
O G 0L
Z N “=N
NTNTTN H N N H
4b
R

NH R7 4
K/N o) NH
NN\
A e A0
N“°NT N N“ NZTN
or H H

wherein R'® is C,.salkyl, Cs.scycloalkyl, aryl or heteroaryl; each of which is optionally
substituted with hydroxy, C,.salkoxy or aminoC, galkoxy; R* is H or CH3CO-; R’ is H,
C,.salkyl, Cy.galkylcarbonyl, aminocarbonyl, cyano, phenyl or pyridinyl; R%isHor Cjsalkyl;
and R'®is H, Cysalkyl, C,salkoxy, C,.galkoxycarbonylC, galkylene, aminoC, galkylene,
aminocarbonylC, galkylene, carboxyC;_salkylene, C; scycloalkyl and hydroxyC, salkylene.

52. The compound of claim 1, having the formula Ib:
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101(4-(4-am nopi peridin-1-yl1)-5-fluoropyrimdin-2-ylam
i no) phenyl ) pi per azi n-1 -ypet hanone; 1-
wQaOR0A31687 (4- (4- acetyl pi perazi n-1-yl ) phenyl am poy/US2009/002512
oropyrimdin-4-yl)piperidin-4-yQurea; 2-
103(4-(4-acetyl pi perazi n-1-yl ) phenyl am no) - 4- (4-(ureid
onet hyl ) pi peri di n-1-yl ) pyrim di ne-5- 104car boxam de;
4- (4- (4- (am nonet hyl ) pi peridi g\Imy1)-5-fl uoropyrimdin
- 2-yl am no) benzoi ¢ 105aci d; i/\%_(sz
6- (4- (4- (ani nonet hyl ) pi peri dingt-y
2-yl am no) - 3, 4- 106dieydr oqui nglin
4-(4-(4-((di nmet hykam thyd wpey di n- | -y1) - 5-
107f 1 uor opyri m di n- 2- ! 0 i de; Et hyl
3- ani no- 3- (1- (5-f 1 udf o- 2- (2} ox¥- 1,12, 3, 4-
108t et r ahydr oqui nol i n- 6- yl dfi no) pyri ni di n- 4-yl ) pi peri d
i n-4-yl)propanoate; Mthyl 2-am no-2-
109(1- (5-fl uoro- 2- (2- oxo- L) 3, 4- t et r ahydr oqui nol i n- 6-
yl am no) pyri m di n-4-yl ) pi peridin-4- 110yl )acet at e;
wheryn{ 1- ( 2- (4- (4- acetyl pi perazin-1-yl)phenyl am no) -5-fl uo
ropytd ‘;rbpan 4- 111yl ) pi peridi n-4-yl)-2-cyanoacet am de;
3-(4-(2-(4-(4-acetyl pi perazin- 1-yl)phenyl ani no) - 5-
1 %264 R ioinyepeniaitiy-sdlegtpd frprthe group crikistiBg okopinopaneni t
- rhler 6-(4-(.4-(am nonethyl)piperidin-1-
aminby Sty Rat o g SRR S sos5vs. - i nyar
carboagdj_qatilyleme 2C Jslkopy@arboayl, €5 (dkoxycarbonylC salkylene and hydroxy;
1146 am nonet hyl ) pi peridin-1-y1)-5-cycl opropyl pyrimdin
- %yisgﬁsﬂg?@ °W'di hydr oqui nol i n- 1152( 1H) - one;
6-4'Brs (Ket&rodlyl4- ami nocycl ohexyl ami no) - 5-f | uor opyri mi di
n- 2-yl am no) - 3, 4- 116di hydr oqui nol i n- 2( 1H) - one,
4-R43¢ s, 4s) - 4- ani nocycl ohexyl ani no) - 5- f | uor opyri mi di
N-R® i1 ahadT gﬁaihﬁ%aamm?: ,
1-(4-(4-(4- S, 4S) - 4- am nocycl ohexyl am no) - 5- f | uor opy
r i) o-B-and 18yl am no) phenyl ) pi perazi n- 1 -ypet hanone;
6-5&0(0”.3, 4s) - 4-am nocycl ohexyl am no)-5-(pyridin-

&;395- br omopyri mi di n-
ré(1H) - one;

53. The compound of claim 1, having the formula Ic:

W
_R2b
N/

(Ic)
or a tautomer or a pharmaceutically acceptable salt thereof; wherein:

R?is selected from the group consisting of H, aminoC;_galkylene, aminocarbonyl,
aminocarbonylC, galkylene, hydroxy, hydroxycarbonylC, salkylene, C, galkoxycarbonyl and
C.salkoxycarbonylC, galkylene;

R™ is H or CH;CO-;

O RN N N W

R™isH, cyano or pyridinyl; and

misQOor 1.
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3

1194-yl ) pyri m di n- 2-yl am no) - 3, 4- di hydr oqui nol i n-2( 1H)
-one and 6-(4-((1s,4s)-4-

wa2®answerycl ohexyl am no) - 5- cycl opropyl pyri m dP@F/BS300&0N2512
i no) - 3, 4-di hydroqui nol i n-2(1H)-one. 186. A conpound
having a structure found in the exanples. 187.A
conpound having a structure found in the figures.
188. A compound having a structure found in the tables.
189. A canposTHeicompoitufickiimd , Baviogmpe tarehutd Idany one of
the preceding 2clains in conbination with a
phar maceutical ly acceptabl e carrhgr or diluent. 190.A

nmet hod for inhihyting syk, JA nase or a signa
transduction 2pafth medi at e a;r$%ast in part by syk
alr

or JAK ki nase dctiNity conprisiMg tkRe step of
3contacting a cellkyum a~CO yof any one of the
precedi ng cl ai s. 191.£)§|\f/ }>r eating a
condition or disorder negia & ast in part 2by
syk or JAK kinase activity iin a subject conprising the
step of admnistering to a subject in 3need of such
treatnment a therapeuticalIggﬁffective anmount of a
conposition of claim89. 192/ The nmethod of claim 89,
or a whhRL or 4 piearSadediiddligaceupabiesqltdigdredfswheatiact ed 2f rom
t he,,gr qup consi sting of cardi ovascul ar di sease,
in Idﬁ§ﬁ¥3ﬁy di sease, immune-rel ated 3di sease and cel

pr R @ietdd\Rneline QFdPconsiQihg DI 1, AR 8mBloCt kakyrR2,
~wherein said cardi ovascul ar di sease is
aminocarbonyl, aminocarbonylC, galkylene, hydroxy, hydroxycarbonylC, galkylene, carboxy,
C, scarboxyalkylene, C;_galkoxycarbonyl and C, galkoxycarbonylC, galkylene;
R™is H, C,salkyl, halo, hydroxy, C,_salkoxyC, galkylene, C; galkylcarbonyl, cyano or
pyridinyl; and

misQorl.

55. The compound of claim 54, wherein m is O;

R’ is selected from the group consisting of H, cyano or pyridinyl.

56.  The compound of claim 54, wherein mis 1;

R’ is selected from the group consisting of H, cyano or pyridinyl.

57.  The compound of claim 1, having the formula:

I;J N
H ;
and R* is H or CH3CO-.
58.  The compound of claim 1, having the formula Ie:
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2sel ected fromthe group consisting of restenosis,
t hronbosi s, immune thronbocytopeni c 3purpura, heparin
w0 pebaasst hr ombocyt openi a, dil ated car di onmyopar¢yUsS2009/002512

sickle cell disease, 4atherosclerosis, nyocardia

i nfarction, vascul ar inflammation, unstable angina and

acute 5coronary syndrones. 194. The nethod of claim 92,

wherein said inflammatory di sease i(sysel ected 2from

the group consisting of allergy, qéfthﬁk r heumat oi d

arthritis, B Cell mediated diseases 35uch as Non

Hodgki n' s Lynphoma, aq%i hosphol i pijd syndrone, | upus,

psoriasis, nultiple 4s \di sease, and

end stage renal disease. of claim 92,

wherei n said cardiovascul ar di sefiseMis sel ected from

t he group consisting of thronboslts, imune

t hr onbocyt openi ¢ purpura, and 3heparin induced

t hronbocyt openi a. 196. The qej hod of claim 92, wherein

said inflammatory disease is rheumatoid arthritis or
or a RYRMER IR Hacery HG‘EF&Pta%Q??‘}Yﬁ@ er?gt 1%t clai m 92,

WhRT @ s8leS @t Grofi @K ofoup @bhsiding @B BIE anfmoteLAefiaR, Zhiherarbdis,

_group consisting of sickle cell anem a

amingearRqnylyesaksplens iNydiox yi hydrpxycarbenyilt s bgleqe. S salkox ycarbonyl and
C).saBlA MRG0, aRPEnS| Ckl e beta-zero thal assem a.

198, The frethod of claim92, wherein said

i i esiane.@d pHiidiegs end s

mis Oor 1.

59. The compound of claim 58 having the formula:

0]
H N
N

ROCEH S

H
H

or a tautomer or a pharmaceutically acceptable salt thereof.

60. A compound having the formula II:

R'¢ .R%
N

7
NT RS
R4 /l\/

(ID)
or a tautomer or a pharmaceutically acceptable salt thereof, wherein:
R'® is selected from the group consisting of

(a) Cs.gcycloalkyl, and
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2sel ected fromthe group consisting of an autoi nmune

di sease, host versus graft rejection, 3graft versus
whomb/18®geCct i on, a Type |V hypersensitivity reBCT/US2009/002512

and al lograft rejection. 199. The nmethod of claim92,

wherei n sai d autoi nmune di sease is selected 2 fromthe

group consisting of henolytic anem a, inmune

t hibparph eydhap evhich ip Uptﬁnﬂ’aﬂy sﬁmlitu'tqﬂlveitkﬁﬁmhdrtOQi sabstituents selected

psoriasis an ar r 100. The nethod of

fromé‘?"‘a??ﬂf‘b“é’“%‘gcg §l§?/]da B?‘gﬂ’f‘ér @tive disorder is
2 ik eukeioacher with RY P RsHiPa helekBdyclid Afg BhfARENDOS-3 GkRidioms,

92, wherein said disorder is acute nyeloid 2 | eukem a,

including 5hiQ: St 9rHoRBRY 1Pl RV oM &1t AswhsHBERRi Gicl of which is
1ndcde¥5€i’llﬂ9 @aectéldl-ﬂgm tf@&oﬂﬁ&h‘fggtl% opérﬁhgaaggﬂnym%ﬁlﬁyl@nosa' d

di sord Myel oproliferative 2D sorders,
G sam@wmadioagi @@an@kalwgmhﬂkOXdehylenq,d| opat hi ¢

Cl-gaclﬁég$c%fﬂgg?ﬁﬁllr§q(C P é%ﬁ%g agliérlfoh n{ﬂ[ﬁéé rgé)rﬁ&lar@né;&%)o%?/ a‘iﬁl cp of
arylC_galkoxycarbonylamino, aminocarbonylamino and oxo;

R*is H or is taken together with R'“ to form a heterocyclic ring, optionally cyanoC;.
salkylcarbonyl, cyanoC, salkylcarbonylamino substituted with from 1 to 2 substituents
independently selected from the group consisting of aminocarbonylC,_galkylene,
C,.galkoxycarbonyl, aminoC, galkylene, hydroxyC,.galkylene,
C,.salkoxycarbonylaminoC).galkylene, amino, aminocarbonylaminocarbonylamino,
arylC,.galkoxycarbonylamino, aminocarbonylamino and oxo;

R*is H or taken together with R* to form a heterocyclic or heteroaryl ring, each of
which is optionally substituted with from 1 to 2 substituents independently selected from the
group consisting of C; salkyl, C, galkylheterocyclyl, aminoC;_galkylene, aminoaryl,
hydroxyC,.galkylene, aminocarbonyl, C,_salkoxycarbonyl, amino, imino,
C,.salkylcarbonylamino, oxo, halo, aryl, heterocyclyl, heterocyclylC,.galkylene and
C,.galkylheterocyclylC.salkylene;

R* is independently selected from the group consisting of

(a) Csgcycloalkyl,

(b) aryl,

(c) heteroaryl, and

(d) heterocyclyl; each of which is optionally substituted with from 1 to 3 substituents
R*, R* and -Z'R*, each of which is independently selected from the group consisting of
C,.salkyl, aminoC, galkylene, hydroxyC, galkylene, aminocarbonyl, C,_galkoxycarbonyl,
carboxy, amino, imino, C,_galkylcarbonylamino, oxo, halo, aryl, heterocyclyl and
heterocyclylC, salkylene, provided that at least one of R'® and R* or R* and R*! are
combined with the nitrogen to which each is attached to form a heterocyclyl or heteroaryl
ring; and

R’ is selected from the group consisting of H, C,.salkyl, Cy-galkynyl, cyano,

aminocarbonyl, nitro, C;-galkoxy, halogen, , aryl, heteroaryl and Cs_gcycloalkyl.
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61.  The compound of claim 60 having the formula Ila:

(Ila)

or a tautomer or a pharmaceutically acceptable salt thereof.

62.  The compound of any one of claims 60 to 61, wherein R* is H.

63.  The compound of any one of claims 60 to 61, wherein R* is phenyl.

64.  The compound of any one of claims 60 to 61, wherein R* is indazyl.

65.  The compound of any one of claims 60 to 61, wherein R*is
cyclohexyl.

66. The compound of any one of claims 60 to 61, wherein R* is
dihydroindoyl.

67. The compound of any one of claims 60 to 61, wherein R3¢ is is taken

together with R* and the nitrogen to which is each is attached to form heterocyclic ring
selected from the group consisting of pyridinyl, imidazolyl, tetrahydroimidazoyl, indazolyl,

piperidinyl, piperazinyl, pyrrolidinyl, triazoyl and benzamidazoyl.

68. A compound of claim 61 or a pharmaceutically acceptable salt thereof,

wherein the moiety R*‘R*N- is selected from the group consisting of:

R4a
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the dashed lined indicates a single or double bond; and the wavy line indicates the point of

attachment to the remainder of the molecule.

69. The compound of claim 60 having the formula IIb:

R'¢ _R%
N

ic 7
RAQ/Z Nl)j/ﬂ ¢
P

(1Ib)
or a tautomer or a pharmaceutically acceptable salt thereof, wherein:

R is halo;

R'¢ and R* are taken together to form a heterocyclic ring, optionally substituted with
from 1 to 2 substituents independently selected from the group consisting of:
aminocarbonylC,_zalkylene, C, galkoxycarbonyl, aminoC, galkylene, hydroxyC, gsalkylene,
C, galkoxycarbonylaminoC; galkylene, amino, aminocarbonylaminocarbonylamino,
arylC,.galkoxycarbonylamino, aminocarbonylamino and o0xo;

Z'° is heterocyclyl, -N(C_salkyl)-, -SO,- or -CO-;

R*is selected from the group consisting of H, C,_galkoxy, C,_galkylcarbonyl,
C,-galkylcarbonylamino, amino, aminocarbonylaminoC,_galkylene, aminocarbonyl and
aminosulfonyl;

each R* and R* is independently selected from the group consisting of H-, C,_galkoxy
and C,_galkylcarbonyl; or can be taken together with -Z'°-R“€ and the benzene ring to which
each is attached to form a fused heterocyclic ring system, optionally substituted with from 1

to 2 oxo substituents, halogens, C,_salkyl, C,.salkyl.

70. The compound of claim 69, wherein the moiety

is selected from the group consisting of:
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N N—Q§ §
H3C _/ HSC_N\CH
, 3

o)

¢Hs H32N§ H
HgC N N
o, St

71. The compound of any one of claims 60 to 70, wherein R’ is selected

GHy
HO\/\H/N
@) \©\;\

b

from the group consisting of F, Cl, Br, cyano and aminocarbonyl.

72. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thereof, wherein R s CONH; or F.

73. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thereof, wherein R'®is Cs_gcycloalkyl.
P Y y

74. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thereof, wherein R' is cyclohexyl.

75. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thereof, wherein R'® is cyclopropyl.

76. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thereof, wherein R s cyclobutyl.

71. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thereof, wherein R'€ is aryl.

78. The compound of any one of claims 60 to 70, or a pharmaceutically

acceptable salt thercof, wherein R'is phenyl.

79. The compound of any one of claims 60 to 70, wherein R is taken
together with R'® and the nitrogen to which each is attached to form a pyrrolidinyl,

piperidinyl or piperazinyl, diazapenyl ring.

241



ol B - Y|

10
11
12
13

WO 2009/131687 PCT/US2009/002512

80. The compound of claim 60 having the formula selected from the group

Y20 m Y20) m
)_RZd )_RZd
R? .R®
N N NH, N
7c 7c
o‘ous N/%rR o Njﬁ/ R
P M2
: ” N H N
éyzb m éYZb m Y20\ m,
R )—R —R2d
S N /\ N)

consisting of:

OH N N
R7C N R7c R4g_ N R7C
OO O
N7 N7 N)\ N" A NZ
H H H

wherein Y?* is N, NH, C or CH; R* is H, C,galkylaminoC, galkylene, aminocarbonyl,
aminocarbonylamino, aminocarbonylaminocarbonylamino, amino, oxo, aminoC;.galkylene,
aminocarbonylaminoC, galkylene, hydroxyC, galkylene, arylalkox ycarbonylamino; cyanoC,.
salkylenecarbonyl, cyanoC,_salkylenecarbonylamino, hydroxyl, C; galkoxycarbonyl,
alkoxycarbonylC,_salkylene, optionally substituted by amino; and R’¢is H, halo,
aminocarbonyl, cycloalkyl, cyano or pyridinyl; R® is H or C;.galkyl; R'®is H, C;.galkyl, C,.
galkoxy, C;_galkoxycarbonylC, salkylene, aminoC,_galkylene, aminocarbonylC salkylene,

carboxyC,.galkylene, C;gcycloalkyl and hydroxyC,.galkylene; misOor 1; and qis O or 1.

81. The compound of claim 60, wherein R’ is selected from the group

consisting of F, Cl, Br, cyano and aminocarbonyl.
82. The compound of claim 60, wherein R’ is CONH, or F.

83. The compound of claim 60 having the formula:

242



Nl e Y " I

[N TR NG T N J NG T (NG S N S NG T Gy S S T e S S
AN R W NN = O D NN R W~ O

WO 2009/131687 PCT/US2009/002512

NH,

H N
Ox N NN F
A -
N N
H
or a tautomer or a pharmaceutically acceptable salt thereof.

84. A compound selected from the group consisting of N2-(1H-indazol-6-
y1)-N4-methyl-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; 1-(4-(4-(4-
(methylamino)-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-
yDethanone; N2-(1H-indazol-6-yl)-N4-methyl-5-(pyridin-3-yl)-7H-pyrrolo[2,3-d]pyrimidine-
2,4-diamine; 1-(4-(4-(4-(cyclopropylamino)-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; 4-(4-aminophenyl)-1-(5-carbamoyl-4-
(cyclopropylamino)pyrimidin-2-yl)pyridinium; 1-(4-aminophenyl)-3-(5-carbamoyl-4-
(cyclopropylamino)pyrimidin-2-yl)- 1 H-imidazol-3-ium; 2-(6-amino-7-chloro-1H-indazol-1-
yl)-4-(cyclopropylamino)pyrimidine-5-carboxamide; 1-(2-(4-(piperazin-1-yl)phenylamino)-
7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-3-carboxamide; 1-(2-(4-(4-acetylpiperazin-1-
ybhphenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-3-carboxamide; 4-(4-
(aminomethyl)piperidin-1-yl)-N-(4-(piperazin-1-yl)phenyl)-7H-pyrrolo[2,3-d]pyrimidin-2-
amine; 1-(4-(4-(4-(4-(aminomethyl)piperidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; (S)-1-(2-(4-(piperazin-1-yl)phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)pyrrolidin-3-ol; (8)-1-(4-(4-(4-(3-hydroxypyrrolidin-1-yl)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; 2-(4-(4-acetylpiperazin-
1-yl)phenylamino)-4-(4-(aminomethyl)piperidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-
carbonitrile; 1-(4-(4-(6-(4-(aminomethyl)piperidin-1-yl)-9H-purin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(4-(aminomethyl)piperidin-1-yl)-5-
fluoropyrimidin-2-yl)-1H-indazol-6-amine; 4-(4-(aminomethyl)piperidin-1-yl)-5-fluoro-N-
(3,4,5-trimethoxyphenyl)pyrimidin-2-amine; 1-(4-(4-(4-(4-(aminomethyl)piperidin-1-yl)-5-
fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(piperazin-1-yl)phenyl)-4-
(piperidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-amine and 1-(4-(4-(4-(piperidin-1-yl)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(piperazin-1-
yl)phenyl)-4-(pyrrolidin- 1-yl)-7H-pyrrolo{2,3-d]pyrimidin-2-amine and 1-(4-(4-(4-
(pyrrolidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin- 1 -yl)ethanone; 1-
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(2-(4-(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide and 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidine-4-carboxamide; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(4-
(aminomethyl)piperidin-1-yl)pyrimidine-5-carboxamide; 1-(2-(1H-indazol-6-ylamino)-5-
fluoropyrimidin-4-yl)piperidine-3-carboxamide; 1-(2-(4-(4-acetylpiperazin-1-
yl)phenylamino)-5-fluoropyrimidin-4-yl)piperidine-3-carboxamide; tert-butyl (1-(5-fluoro-2-
(4-(N-methylacetamido)phenylamino)pyrimidin-4-yl)piperidin-4-yl)methylcarbamate; N-(4-
(4-(4-(aminomethyl)piperidin- 1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)-N-
methylacetamide; tert-butyl (1-(2-(4-carbamoylphenylamino)-5-fluoropyrimidin-4-
yD)piperidin-4-yl)methylcarbamate; 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-
2-ylamino)benzamide; 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-
ylamino)benzenesulfonamide; 6-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-
ylamino)-3,4-dihydroquinolin-2(1H)-one; 1-(4-(4-(4-(2-(aminomethyl)piperidin-1-yl)-5-
fluoropyrimidin-2-ylamino)phenyl)piperazin- 1-yl)ethanone; tert-butyl (1-(2-(1H-indazol-6-
ylamino)-5-fluoropyrimidin-4-yl)piperidin-2-yl)methylcarbamate and N-(4-(2-
(aminomethyl)piperidin- 1 -yl)-5-fluoropyrimidin-2-yl)-1H-indazol-6-amine; 1-((1-(5-fluoro-
2-(2-ox0-1,2,3,4-tetrahydroquinolin-6-ylamino)pyrimidin-4-yl)piperidin-4-yl)methyl)urea; 1-
(4-(4-(5-fluoro-4-(4-(hydroxymethyl)piperidin-1-yl)pyrimidin-2-ylamino)phenyl)piperazin-1-
yl)ethanone; 6-(5-fluoro-4-(4-(hydroxymethyl)piperidin-1-yl)pyrimidin-2-ylamino)-3,4-
dihydroquinolin-2(1H)-one; 2-(1H-indazol-6-ylamino)-4-(cyclopropylamino)-7H-
pyrrolo[2,3-d]pyrimidine-5-carbonitrile; 5-(1-butoxyethyl)-N4-cyclopropyl-N2-( 1 H-indazol-
6-yl)-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; 1-(2-(1H-indazol-6-ylamino)-4-
(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)ethanone; N4-cyclopropyl-N2-(1H-
indazol-6-yl)-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; 1-(4-(4-(4-
(piperidin-4-ylmethylamino)-5-(pyridin-4-yl)-7H-pyrrolo{2,3-d]}pyrimidin-2-
ylamino)phenyl)piperazin- 1-yl)ethanone; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-
(piperidin-4-ylmethylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile; 2-(4-(4-
acetylpiperazin-1-yl)phenylamino)-4-(4-(aminomethyl)piperidin- 1-yl)-7H-pyrrolo[2,3-
d]pyrimidine-5-carbonitrile; N-(4-(4-(cyclopropylamino)-5-(pyridin-4-yl)-7H-pyrrolo{2,3-
d]}pyrimidin-2-ylamino)phenyl)-N-methylacetamide; 6-(4-(cyclopropylamino)-5-(pyridin-4-
y1)-TH-pyrrolo[2,3-d]pyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one; 5-bromo-N4-
cyclobutyl-N2-(1H-indazol-6-yl)-7H-pyrrolo{2,3-d}pyrimidine-2,4-diamine; 5-chloro-N4-
cyclobutyl-N2—(-1H-indazol—6-yl)—7H—pyrrolo[2,3—d]pyrimidine—2,4-diamine; 2-(1H-indazol-
6-ylamino)-4-(cyclobutylamino)-6,7-dihydropyrrolo[2,3-d]pyrimidin-5-one; 1-(2-(4-
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(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-3-carboxamide; 1-
(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-3-
carboxamide; 4-(4-(aminomethyl)piperidin-1-yl)-N-(4-(piperazin-1-yl)phenyl)-7H-
pyrrolo[2,3-d]pyrimidin-2-amine; 1-(4-(4-(4-(4-(aminomethyl)piperidin-1-yl)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; (S)-4-(2-
(aminomethyl)pyrrolidin- I-yl)-N-(1H-indazol-6-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-amine;
(S)-1-(2-(4-(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)pyrrolidin-3-ol,
(S)-1-(4-(4-(4-(3-hydroxypyrrolidin-1-yl)-7H-pyrrolo[2,3-d]}pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; 2-(4-(4-acetylpiperazin- 1-yl)phenylamino)-4-(4-
(aminomethyl)piperidin-1-yl)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile; 2-(4-(4-
acetylpiperazin-1-yl)phenylamino)-4-(3-(hydroxymethyl)piperidin-1-yl)pyrimidine-5-
carboxamide; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(2-(2-hydroxyethyl)piperidin-1-
yl)pyrimidine-5-carboxamide; 1-(4-(4-(6-(4-(aminomethyl)piperidin-1-yl)-9H-purin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; (S)-4-(3-aminopiperidin-1-yl)-N-(1H-indazol-6-yl)-
7H-pyrrolo[2,3-d]pyrimidin-2-amine; (S)-1-(4-(4-(4-(3-aminopiperidin- 1 -yl)-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(4-(aminomethyl)piperidin-1-
yD)-5-fluoropyrimidin-2-yl)- 1 H-indazol-6-amine; 4-(4-(aminomethyl)piperidin-1-yl)-5-
fluoro-N-(3,4,5-trimethoxyphenyl)pyrimidin-2-amine; 1-(4-(4-(4-(4-(aminomethyl)piperidin-
1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(piperazin-1-
yl)phenyl)-4-(piperidin-1-yl)-7H-pyrrolo[2,3-d}pyrimidin-2-amine; 1-(4-(4-(4-(piperidin-1-
yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(piperazin-
1-yl)phenyl)-4-(pyrrolidin- 1 -yl)-7H-pyrrolo[2,3-d]pyrimidin-2-amine; |-(4-(4-(4-(pyrrolidin-
1-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; 1-(2-(4-
(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide; 1-
(2-(4-(4-acetylpiperazin- 1-yl)phenylamino)-7H-pyrrolo[ 2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(4-(aminomethyl)piperidin-1-
yl)pyrimidine-5-carboxamide; 1-(2-(1H-indazol-6-ylamino)-5-fluoropyrimidin-4-
yl)piperidine-3-carboxamide; 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperidine-3-carboxamide; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-
4-(4-(2-hydroxyethyl)-1,4-diazepan-1-yl)pyrimidine-5-carboxamide; tert-buty! (1-(5-fluoro-
2-(4-(N-methylacetamido)phenylamino)pyrimidin-4-yl)piperidin-4-yl)methylcarbamate; tert-
butyl (1-(2-(4-carbamoylphenylamino)-5-fluoropyrimidin-4-yl)piperidin-4-
yDmethylcarbamate; 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-
ylamino)benzamide; 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-
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ylamino)benzenesulfonamide; N-(4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-
ylamino)phenyl)-N-methylacetamide; 6-(4-(4—(aminomethyl)piperidin— 1-yh)-5-
fluoropyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one; 1-(4-(4-(4-(2-
(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone;
tert-butyl (1-(2-(1H-indazol-6-ylamino)-5-fluoropyrimidin-4-yl)piperidin-2-
yh)methylcarbamate; and N-(4-(2-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-yl)- 1H-

indazol-6-amine.

85. A compound selected from the group consisting of 1-(4-(4-
(cyclobutylamino)-7H-pyrrolo{2,3-d]pyrimidin-2-ylamino)phenylsulfonyl)piperidin-4-ol;
butyl 2-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d}pyrimidin-2-ylamino)-N-
methylphenylsulfonamido)acetate; 2-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenylsulfonamido)acetamide; 2-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-N-methylphenylsulfonamido)acetic acid; 1-(4-(4-(cyclobutylamino)-
TH-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperidin-4-ol; tert-butyl 4-(2-(1H-indazol-6-
ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidine- 1 -carboxylate; N2-(1H-indazol-
6-yl)-N4-(piperidin-4-yl)-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; N4-cyclobutyl-N2-(1H-
indazol-6-yl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; N4-(3-amino-2,2-
dimethylpropyl)-N2-(1H-indazol-6-yl)-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; N2-(1H-
indazol-6-y1)-N4-(3-morpholinopropyl)-7H-pyrrolo{2,3-d]pyrimidine-2,4-diamine; N-(4-(4-
(4-aminobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide;
N-(4-(4-(2-aminocyclohexylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylacetamide; N-(4-(4-(2-aminoethylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)-N-methylacetamide; N-(4-(4-(5-aminopentylamino)-7H-pyrrolo{2,3-
d}pyrimidin-2-ylamino)phenyl)-N-methylacetamide; 1-(4-(4-(4-(4-aminocyclohexylamino)-
7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; N-(4-(4-(5-
aminopentylamino)-5-bromo-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylacetamide; N-(4-(4-(5-aminopentylamino)-5,6-dibromo-7H-pyrrolo[2,3-d]pyrimidin-
2-ylamino)phenyl)-N-methylacetamide; N-(4-(4-(3-aminosulfonyl-phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-methylacetamide; Ethyl 2-(6-(4-
(cyclobutyamino)-7H-pyrrolo{2,3-d]pyrimidine-2-ylamino)-2-oxo0-3,4-dihydroquinolin-
1(2H)-yDacetate; 2-(6-(4-(cyclobutyamino)-7H-pyrrolo{2,3-d}pyrimidine-2-ylamino)-2-oxo-
3,4-dihydroquinolin- 1 (2ZH)-yl)acetic acid; 2-(6-(4-(cyclobutyamino)-7H-pyrrolo[2,3-
d]pyrimidine-2-ylamino)-2-ox0-3,4-dihydroquinolin- 1 (2H)-yl)-N-(2-
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(dimethylamino)ethyl)acetamide; Methyl 4-(4-(cyclobutylamino)-7H-pyrrolo [2,3-
d]pyrimidin-2-ylamino)phenyl(methyl)carbamate; Methyl 4-(4-(cyclobutylamino)-7H-
pyrrolo [2,3-d]pyrimidin-2-ylamino)phenyl(methyl)carbamate; N-(4-(4-(cyclobutylamino)-
7TH-pyrrolo [2,3-d]pyrimidin-2-ylamino)phenyl)-2-hydroxy-N-methylacetamide; N-(4-(4-
(cyclopropylamino)-7H-pyrrolo [2,3-d]pyrimidin-2-ylamino)phenyl)-2-hydroxy-N-
methylacetamide; N4—cyclobutyl—N2-(4-methylsufonylmethyl)phenyl)—7H—pyrrolo [2,3-
d]pyrimidin-2,4-diamine; N*-cyclobutyl-N2-(3-methylsufonylmethyl) phenyl)-7H-pyrrolo
[2,3-d]pyrimidin-2,4-diamine; 2-(3-(2-(1H-indazol-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-
4-ylamino)phenoxy-N-methylacetamide; N( 1 H-indazol-6-yl)- 7H-pyrrolo [2,3-d]pyrimidin-
2,4-diamine; N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylcyclopropanecarboxamide; N-(4-(4-(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidin-
2-ylamino)phenyl)-N-methylcyclopropanecarboxamide; N-(4-(4-(methylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-methylcyclopropanecarboxamide; 2-(2-(1H-
indazol-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)acetamide; N-(4-(4-
(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-2-(dimethlamino)-N-
methylacetamide; N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-N-(3-
dimethylaminopropyl)benzamide; N-(4-(4-(cyclobutylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)-3-hydroxy-N-methypropanamide; N-(4-(4-(cyclopropylamino)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-3-hydroxy-N-methypropanamide; N*-(1H-
indazol-6-ylamino)-N*-(1H-pyrazol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine; N>-(1H-
indazol-6-ylamino)-N*-(2-methoxyethyl)-7H-pyrrolo[2,3-d)pyrimidine-2 4-diamine; 1-(4-(4-
(4-(2-methoxyethylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin-1-
yl)ethanone; N*-(1H. —indazol—6—ylamjno)—N4—(2—hydroxyethyl)-7H—pyrrolo[2,3-d]pyrimidine-
2,4-diamine; N*-(2-2-(aminoethoxy)ethyl)-N*-(1 H-indazol-6-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-2,4-diamine; 1-(4-(4-(4-(2-(2-aminoethoxy)amino)-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; (S)-1-(4-(4-(2-(2-
aminoethoxy)ethylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)pyrrolidine-2-
carboxamide; 3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzamide; 3-(2-(4-(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)benzamide; 3-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-7H-pyrrolof2,3-
d]pyrimidin-4-ylamino)benzenesulfonamide; 3-(2-(4-(piperazin-1-yl)phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino)benzenesulfonamide; N-(4-(4-(3-
(aminomethyl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)-N-
methylacetamide; (R)-1-(4-(4-(4-(1-hydroxypropan-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-
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2-ylamino)phenyl)piperazin-1-yl)ethanone; (R)-2-(2-(4-(piperazin-1-yl)phenylamino)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino)propan-1-ol; (S)-1-(4-(4-(4-(1-hydroxypropan-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)phenyl)piperazin- 1-yl)ethanone; (S)-2-(2-
(4-(piperazin-1-yl)phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)propan-1-ol; 1-(4-
(4-(4-(1,1-dioxy-tetrahydrothiophen-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; N2-(4-(piperazin-1-yl)phenyl)-N4-(1,1-dioxy-
tetrahydrothiophen-3-yl)-7H-pyrrolo{2,3-d]pyrimidine-2,4-diamine; 4-(4-
(cyclopropylamino)-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)benzamide; 4-
(4-amino-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)benzoic acid; 4-
(cyclopropylamino)-2-(2-oxo0-1,2,3,4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-
d]Jpyrimidine-5-carbonitrile; 4-(5-cyano-4-(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidin-
2-ylamino)benzamide; N-(4-(5-cyano-4-(cyclopropylamino)-7H-pyrrolo[2,3-d}pyrimidin-2-
ylamino)phenyl)-N-methylacetamide; 4-(5-cyano-4-(cyclopropylamino)-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)benzenesulfonamide; 2-(4-(4-acetylpiperazin-1-yl)phenylamino)-4-

(cyclopropylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile; 4-(cyclopropylamino)-2-(2
oxo-1,2,3 4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo{ 2,3-d]pyrimidine-5-carboxamide; 4-
(4-(1-(2-cyanoacetyl)piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)benzamide; 4-(4-(1-(2-cyanoacetyl)piperidin-3-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)benzamide; 4-(4-methoxyphenylamino)-2-(2-oxo0-1,2,3,4-
tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile; 6-(4-(4-
fluorophenylamino)-5-(pyridin-4-yl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-1-methyl-3,4-
dihydroquinolin-2(1H)-one; 6-(4-Amino-5-(4-fluorophenyl)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)-1-methyl-3,4-dihydroquinolin-2(1H)-one; 6-(4-(benzylamino)-5-(pyridin-4-yl)-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)-1-methyl-3,4-dihydroquinolin-2(1H)-one; 4-
(Benzylamino)-2-(1-methyl-2-oxo0-1,2,3,4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-5-carbonitrile; Butyl 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yDpiperidine-3-carboxylate; 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yDpiperidine-3-carboxylic acid; 1-(2-(4-(piperazin-1-yl)phenylamino)-9H-purin-6-
yDpiperidine-3-carboxylic acid; 1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-9H-purin-6-
yl)piperidine-3-carboxamide; Butyl 2-(1-(2-(2-0x0-1,2,3,4-tetrahydroquinolin-6-ylamino)-
7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetate; 2-(1-(2-(2-oxo0-1,2,3,4-
tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)acetic acid; 2-
(1-(2-(2-ox0-1,2,3 4-tetrahydroquinolin-6-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidin-4-yl)acetamide; 1-(4-(4-(4-(4-(aminomethyl)piperidin-1-yl)-5-chloropyrimidin-
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2-ylamino)phenyl)piperazin-1-yl)ethanone; 6-(5-fluoro-4-(3-oxopiperazin-1-yl)pyrimidin-2-
ylamino)-3,4-dihydroquinolin-2(1H)-one; 1-(4-(4-(5-fluoro-4-(piperazin-1-yl)pyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; 4-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperazine-1-carboxamide; 2-(1-(2-(4-(4-acetylpiperazin-1-
yl)phenylamino)-5-fluoropyrimidin-4-yl)piperidin-4-yl)acetamide; Benzyl 1-(2-(4-(4-
acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-yl)piperidin-4-ylcarbamate; 1-(4-(4-
(4-(4-aminopiperidin-1-yl)-5-fluoropyrimidin-2-ylamino)phenyl)piperazin-1-yl)ethanone; 1-
(1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-yl)piperidin-4-yl)urea; 2-
(4-(4-acetylpiperazin-1-yl)phenylamino)-4-(4-(ureidomethyl)piperidin-1-yl)pyrimidine-5-
carboxamide; 4-(4-(4-(aminomethyl)piperidin-1-yl)-5-fluoropyrimidin-2-ylamino)benzoic
acid; 6-(4-(4-(aminomethyl)piperidin-1-yl)-5-bromopyrimidin-2-ylamino)-3,4-
dihydroquinolin-2(1H)-one; 4-(4-(4-((dimethylamino)methyl)piperidin-1-yl)-5-
fluoropyrimidin-2-ylamino)benzamide; Ethyl 3-amino-3-(1-(5-fluoro-2-(2-0x0-1,2,3,4-
tetrahydroquinolin-6-ylamino)pyrimidin-4-yl)piperidin-4-yl)propanoate; Methyl 2-amino-2-
(1-(5-fluoro-2-(2-ox0-1,2,3,4-tetrahydroquinolin-6-ylamino)pyrimidin-4-yl)piperidin-4-
yDacetate; N-(1-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-fluoropyrimidin-4-
yl)piperidin-4-yl)-2-cyanoacetamide; 3-(4-(2-(4-(4-acetylpiperazin-1-yl)phenylamino)-5-
fluoropyrimidin-4-yl)piperazin-1-yl)-3-oxopropanenitrile; 6-(4-(4-(aminomethyl)piperidin-1-
yl)-5-(pyridin-4-yl)pyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one; 6-(4-(4-
(aminomethyl)piperidin-1-yl)-5-cyclopropylpyrimidin-2-ylamino)-3,4-dihydroquinolin-
2(1H)-one; 6-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-ylamino)-3,4-
dihydroquinolin-2(1H)-one; 4-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-
ylamino)benzamide; 1-(4-(4-(4-((1s,4s)-4-aminocyclohexylamino)-5-fluoropyrimidin-2-
ylamino)phenyl)piperazin-1-yl)ethanone; 6-(4-((1s,4s)-4-aminocyclohexylamino)-5-(pyridin-
4-yl)pyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one and 6-(4-((1s,4s)-4-

aminocyclohexylamino)-5-cyclopropylpyrimidin-2-ylamino)-3,4-dihydroquinolin-2(1H)-one.

86. A compound having a structure found in the examples.

87. A compound having a structure found in the figures.

88. A compound having a structure found in the tables.

89. A composition comprising a compound of any one of the preceding

claims in combination with a pharmaceutically acceptable carrier or diluent.
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90. A method for inhibiting syk, JAK kinase or a signal transduction
pathway mediated at least in part by syk or JAK kinase activity comprising the step of

contacting a cell with a compound of any one of the preceding claims.

91. A method for treating a condition or disorder mediated at least in part
by syk or JAK kinase activity in a subject comprising the step of administering to a subject in

need of such treatment a therapeutically effective amount of a composition of claim 89.

92. The method of claim 89, wherein the condition or disorder is selected
from the group consisting of cardiovascular disease, inflammatory disease, immune-related

disease and cell proliferative disorder.

93. The method of claim 92, wherein said cardiovascular disease is
selected from the group consisting of restenosis, thrombosis, immune thrombocytopenic
purpura, heparin induced thrombocytopenia, dilated cardiomyopathy, sickle cell disease,
atherosclerosis, myocardial infarction, vascular inflammation, unstable angina and acute

coronary syndromes.

94. The method of claim 92, wherein said inflammatory disease is selected
from the group consisting of allergy, asthma, rheumatoid arthritis, B Cell mediated diseases
such as Non Hodgkin’s Lymphoma, anti phospholipid syndrome, lupus, psoriasis, multiple

sclerosis, Crohn’s disease, and end stage renal disease.

95. The method of claim 92, wherein said cardiovascular disease is
selected from the group consisting of thrombosis, immune thrombocytopenic purpura, and

heparin induced thrombocytopenia.

96. The method of claim 92, wherein said inflammatory disease is

rheumatoid arthritis or Non Hodgkin’s Lymphoma.

97. The method of claim 92, wherein said sickle cell disease is selected
from the group consisting of sickle cell anemia, sickle-hemoglobin C disease, sickle beta-plus

thalassemia and sickle beta-zero thalassemia.
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98. The method of claim 92, wherein said immune-related disease is
selected from the group consisting of an autoimmune disease, host versus graft rejection,

graft versus host rejection, a Type IV hypersensitivity reaction and allograft rejection.

99. The method of claim 92, wherein said autoimmune disease is selected
from the group consisting of hemolytic anemia, immune thrombocytopenic purpura, multiple

sclerosis, psoriasis and Sjogren's syndrome.

100. The method of claim 92, wherein said cell proliferative disorder is

leukemia or a lymphoma.

101. The method of claim 92, wherein said disorder is acute myeloid

leukemia, chronic lymphocytic leukemia, or non-Hodgkin’s lymphoma.

102. The method of claim 92, wherein said disorder is Myeloproliferative

Disorders, Hematological malignancies, Chronic idiopathic myelofibrosis.

103. A kit comprising a composition of claim 89, packaging and

instructions for use.
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