I ndazol e and Pyrazol opyri di ne Conpounds As CCR1 Receptor Anta2onists
APPLI CATI ON DATA This application clains benefit to US provisional

appl i cat iwo 20ewva49417no. 61/ 253,590 filed October 21, 2009CTRISEMDOSH4T HE
| NVENTI ON Thi s invention relates to indazoles and pyrazol opyri di nes
containing aryl- or heteroaryl-carbocyclylam ne, as well as aryl- or
het eroaryl - heterocycl yl am ne that are useful as antagonists of CCRL

activity and RigsoiduRl &Qidlﬁpﬁﬂinetﬂf&;ﬂéddﬂﬂs @s‘(l@liﬁké’ceﬁiorgﬁlﬁﬁ'@%ﬁs and

di sorders that are medrated or sustalne roug e actirvity of CCR1

i ncl udi ng aut oi mune di seases, such as rheumatoid arthritis and nultiple
sclerosis. AppScarY8RIpLM al so rel ates to pharnmaceutical conpositions

conpri sing these conpounds, nethods of using these compounds in the
treatment of various di seases and di sorders, processes for preparing these

conpounds I 0% i .0t ND OF THE
RVENTI O Ol R S Yl e B RS e T e g ami 1y
(>20) of chigladbOaEbérd1c3i08ki ne (chenoki ne) receptors that interact with
speci fic chenokines (>50) to nmedi ate | eukocyte trafficking, granule
exocytosi s, gene transcription, mtogenic effects and apoptosis. Chenokines
are best kndwhDff THRENVEALIONty to nedi ate basal and inflammtory

| eukocyte trafficking. The binding of at |east three chenokines (MP-1

al pha/ CCL3, MCP3/ CCL7 and RANTES/ CCL5) to CCR1 is responsible for the

traf fickingreé inaacytreRtes Ndc imdphage sndngrakblbppelites t@tdififg aargd @i Ssues of

rheumatoid arthriti RA), and mul tipl e scl erosi VS) tients (Trebst et
al . (2001) Wf‘é?%r&léfﬁfsb\?gﬁﬂ%%‘tnﬁ’&s % 8514 Pr hft?@fyﬁ-hr(%;ﬁm%ﬂa@@ei% [(‘”&rmat ory
protein 1 alsphda MRohisel @h@)R1 raGIORRAGR: Gheinaitbactant Vet ot 3 ( MCP- 3)
and regul ated on actjvation, normal T-cell expressed and secreted (RANTES)

are all foutiars APHEIeNSTSIhaME Bietidertd suspnekthrueh 1heaqsnky ShECRANTES are
found in thacelR afotuRXReHIIEAIARlas Attufia b BenBRCARNALONY 8tikblis. ( EAE)
nodel of MS (Review. Gerard and Rollins (2001) Nature I nmunol ogy).

Macr ophagesTndntio etltcs relgics hie iphrmasasticdly pauoaitions RAMpEtingnihgscar e nmayj or
producers ofo,MoBidk, AbMBA GNEifRANEESomPhingh it QR tAMRUS,YAHBE! Mbdasdseukocyt es
to the synovial tissues of RA"patients to propagate chronic I nflanmation
(Volin et aind disbo®8) pCicksses fomprapating thaseuevopatits| aod yntekipdhatestusefhl in( 1994) J.
ain. Inveq%&gz%&%&éSCbnlon et al. (1995) Eur. J. Inmmunol ogy). Antagoni zing
the interactions between CCR1 and its chenokine |igands is hypothesized to
bl ock chenot axi s of nobnocytes, nacrophages and Thl cells to inflanmed

ti ssues an Iﬁg@i' ronic inflammtion associated with

aut oi rmune iQgggggJsucf$§?§E§Y%ﬂ§K@E. Evi dence for the role of CCRL in the
devel opnent and progression of chronic inflammti on associated with
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CCR1 defi ci@bimofit@ecysiife sihomokih® exdptddd that adetae dyvigliseipii dkmokiyes( 55% vs.
100% and reduced severity (1.2 vs. .2.5) of active EAE (Rottnan et al.
(2000) Eur _(>§& |t%m?ﬁjbf}t%gl§r‘)lﬁogﬁﬁr‘t”ﬁ§?% e%ra%‘ﬁi %P%‘tt?sé&i%?ﬁ‘g of S$THRP ol ecul e
ant agoni st @fiodobiRlafrotist Mdrmpdsnat.e @khbkinty ak Mlestkdod@ MhdiOtbiligt oCCRL, was
shown to delay the onset and reduce the severity of EAE when adm ni stered
intr avenpusmgfﬁ«'(ttibaﬁbé& ingpmmgiopolgykerytegraiickingneestindiye ofridesh®me of nice
wi th anti bogi.gskiapeairf ¢ /ddie, ¥Rb/bbgandd MANIEGR8) have @l go been
shown to be effective in preventing devel opnent of acute and rel apsi ng EAE
by reduci ngretneasiblantiehs trafficRing ef menegntgs.nakcreanbhzegesd M8E calls @dnflagnadne CNS
(Kar pus et : : : J, Leukocyte
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Bi ol ogy). Thus, at |east one I gan as been denonstrated to recruit
| eukocyt es €001 HenegNB Al Pprholoayadep.cibdni Ma¢mphagendtainortirn pRAED Lpr ovi di ng

further in \i,vo | i No) [ ol q&g%.i Vi vo
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i nf | ammat i osxpaiderjtdi antoiideshe veiplatoniyRliat dEALZyinedd o&tMal(ReyidBO9Fgrakdmunol ogy
Letters). Another publication described potent antagonists of murine CCRL
that reduced severity (58% in LPS-accel erated coll agen-induced arthritis
(ClA), when adninistered orally (Biordanic and Medicinal Chemistry Letters
15, 2005, 5160-5164). Published results froma Phase Ib clinical trial
with an oral CCR1 antagoni st denonstrated a trend toward cli nical

i nprovenent in the absence of adverse side effects (Haringman et al. (2003)
Ann. Rheum Dis.). One third of the patients achieved a 20% i nprovenent in
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An_ is carbocycle, heteroaryl or heterocyclyl each optionally substituted
by one to three Ra; Ar2 is carbocycle, heteroaryl or heterocyclyl, each
opt i onal lwo=sohsp4iat ed by one to three Rb; Cyclic G is earhseyoloszi4pr

het er ocycl yl each optionally substituted by one to two Rg; Rl is hydrogen,
Cl 6 alkyl or G _6 alkoxyC _6 alkyl; R2 is hydrogen or Ra; Ra is Cl-6

al kyl, C3_10 cycloal kyl, Cl-6 al koxy Cl-6 al kylthio, Cl1-6 al kyl sul fonyl,

Cl-6 al kOXYeﬁﬁrmmél(QO(ﬁmﬁtre RS 'M@oﬁlagésiﬁﬁh @H’l BQis ncalfﬁnﬂamed
cycl oal kyl am no, C1-6 al kyl am nocar onyl, Ci- Cl-6 acyl am no, Cl-6

di al kyl ani noBaYbHORRA DPHiFIHY Fnajqﬁaqr@bléws Oé%%l alﬁ?fft pyl RéMESRSJhgélO) m NH-
R3- NH- S( 0)
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(CH2) . -NR, ) Re7y e-S o_i-, -NRr
C(0) - Re, %ﬁé@4ag)%%&lﬁﬁgﬁ§%ﬁe&%y§c 19953 é}ﬁ . (1;9)#2% Mryl , each
Rl ) where pOstggdnizng sha)pniemnmﬂsy bbta«leclge(ﬁ@Rédarmlr 1tsubm0ﬂ<uteedigwds hisl to 3
Cl 6 al kyl rox 1- aI k carbo C al kyl - S( 0)m,
aryl or carlg X% e\éa@h& gk C%d%{éa}xés |0£1 epe eyntnily (Pl);g eggaélé %% kyI Cl-6
acyl, C3 101nﬂgmécbatsh@sl andCﬂaeﬁebalahrekyratehgnd rchw;a@ mBa@ahlkiydn assycamed @ith6 aI kyl ,
Cl-6 al klel 6 al koq I(ﬁ( | sul gon Cl-6 al koxyc arbonyl Co_3 al kyI
Cl-6 al koxyt'GPHBAY %ﬁ*’?ﬁ SRt % (CH2) . - C(0)- NReRf or -(CH2)a- NReR! :
each Re, Rt. are independently hydr ogen Cl-6 al kyI C3_10 cycl oal kyl, Ci1-6

al koxy, C1- 6 | koxyCl 6al ky nono- or 6al k am noCl_6al kyl ,

hydr oxyGi - 6 ‘éi‘i?“fl{‘f/? )%Tr ]'“élr%e Q'Eﬁcm theg gf(’jel%g meRt Yd PRRRESHTTH of (BOBE 6 al kyl

i s optional ihyla@hidndshtia@sd m{ é%eﬂﬁblﬂﬁlﬁiﬁﬁﬁﬁﬂﬁun&@ﬂc@piﬁhﬁ@(B/AE) gafhecycl e,

C _6 al koxy, carbocyclyl-Cl_6 al koxy, carbocy Cl&g%Cl 6 al kyl, hydroxyG _6
al kyl, hydrdxultiple 6@49318 Idpeiongbogly gepetigdelesio an @lkmﬁ%flwmgon@rs 6 al kyl ,
C3 60ycl oal &V@Rbet@m%ﬁ&xﬁt(&le@mrelshomn@ esa{lbl@l&ed{;éed@ueéebmﬁm (889, Mono- or
di -1 _6al kyl am nqé CI—I(((%)r N(Re)-, ar or heteroar each optionally

subst i t ut edvswil Moy andoreduced sevesfskiil2 V@@ By GroE K E (Remgariadxiz0hal ogen,
hydr oxyl, o ,,P% am no,
Cl-6 al koxy%%r lgon lb'gy&.l_lg[{rg%i}*x%ﬁ]%%n nﬂéﬂiﬁﬁn Om&g%(rﬁ{edgh epe%(%@%ltt y 0-3;
each mis |(ﬁ@]ébewdembdiqrat@aﬁinitm(Ka—ﬂﬁ@mhﬁdemat Sé?RllyWai:sh@pna@kl@laysdiet t her eof .
I n anot her o f oynd of the
formul a (I)&ggs)[ %?gg cEie eswe% H{E{gy a 3€gl%{n?5tcf§c\1/\,ﬁ%r%%ngg%§/gr g%n%alll

car bocycl e- (@f)(i)(])dnaiov ;Cfsmbmy) tTlEadlehly)f(mmee woh hnvd)oﬂgs spenifiarfot he CCRibodi nent
of the inventi r C 0 t he f | a

provi ded | ﬁ%ﬁaa?% a@b Eulyy 18‘” P ¥ ?@GCHV‘% 1“o%reve“9%%1n}fevelogfé1§?tbocyc| e
optional | y &udestei atnutxeldpsbg/g EAE Hyoretitivi ge thieajunie® ofST calﬂsbﬁmlymhceoplfagémet eroaryl,

each opti onaII one, t ree Rb; Rl is
G _3al kyl, %‘Qyéﬁ%ﬁﬂéfx% f’lk)ﬁ%?%r?r{o?mww}ys afpbl% gqf?&fl%cggn or
cyano; Rb i@9¢wdr mbaytecabla@ygylmu&)at REEBne €CRIHRAYandNs bee(ncael&)onstﬁaam 6al kyl ,
nitro, -S03H, Cl-6 al kyl -6 al keng C2-6 al kynyl i ocycl oaI kyl ,
G - 6al koxy,todec%‘él ]I?E/lf%(téﬁ 1o the (&pynd NFoRagate ﬁ@%(%}‘?%@ﬂ?}’i%nﬂn E,
R3- S( 0) m NRgovidiRa thviRer §(\@\)Jﬁ(a@h‘!ﬁ)dﬁid)rthe rolNRSf (10) mRAE and MS.
-(CH2)y-C(0)-(CH2) a- NReRd, heterocyclyl, aryl or heteroaryl, each RI') where
possible is optionally hal ogenated or substituted with 1 to 3 C1_6 alkyl,
Cl-6 acyl, lcf}lvi@oa{/ahfaét)/&@'bpmﬂll ifrlm@ @év@ébm&(to)nm 7pr%&ltloﬁr ofRhRANY!I; R3 is
hydrogen, Cl 6 al kyl, C3_6cycloal kyl, heteroc , nono-or di-Cl-6
al kyl ami no, inflenwatgim agsaciegatityR A %@(M%ntsr&g@w@mlq(wrymlstram% of gr
het er oar yl i
C3_6cycl oal ‘E%Qh a%tgﬁdggsﬁz%x%,&ﬁ%%%égﬁkg rr%)t{%y &eg>(<%IA§:(J§%?)t%A%I¥ﬁwe I&SO) Nl ZeRf,
am no, nonadkeen skiwiOb- 18 effdkyveaimi m@tlcu@lsy@@aalkmﬂgmlaatbmngdd joint @istr@ctawy | ani no.
In a furthe t ;0 e nve r ound of
the formul a a]?e{%gérﬂ? egvcil ngb% I 0§F Oﬁettﬁrsg Ao gp ‘Rﬁt\)/l ng(gl BosCROHY

potent antagonists of murine CCRl that reduced seventy (58%) in LPS accelerated

collagen-induced arthritis (CIA), when administered orally (Biorganic and Medicinal

Chemistry Letters 15, 2005, 5160-5164). Published results from a Phase Ib clinical



An_ is phenyl is substituted by one to two Ra; Ar2 is phenyl, thiadiazolyl,
oxadi azolyl, pyrimdinyl, furanyl, thiazolyl or pyridyl, each optionally
substi tutWOZl)yl/(E%Hﬂo two Rb; Cyclic Gis cyclopropyl orCeyuskabos3th Ra is
hal ogen; Rb is hydroxyl, carboxyl, halogen, -CF3, -CN, - S 03H, C1-3 al kyl,
C3-6 cycl oal kyl Ci1-3 al koxy, -(CH2)a-CO2Cl1_3al kyl, -(CH2)a-NR Rd,

R3-S(0) m{CH2) 0-i -, R3-S(0)2-NRe-, R3-NRe-S(0)2(CH2)o-1-, -NRr C(0)-Re,

- (CH2) y- C( OinNRReh or@f CORY Qﬁt@édnﬁy hem&@ﬁmed?@ tremRPoRaRl dhmi@n%@&/@ﬁlwt hydr ogen,
Cl1-3 al kyl, Ci1-3 acyl, cyano-Cl-3 a C1-3 al kox%/car bonyl1CO 3al kyl, C1-3
al koxycar bolﬁyhmbsswcqfcaéww qu;?ffeccsdﬁé}lagmroyt NRERP?) Angig &heime DI ar e
i ndependent by, Jﬂﬁgro@ﬂ%goa%nt%clﬁe\%h l513/104% rbv%nﬁ){fjfn%&ﬁna%ld%h@@é 4&% each
optionally substitut w th one oxy, or In a another
enbodi ment @l symptomyARR2ZGon deerld ané C&Rivpoalélde aelbom@mddcedfbyﬂﬁ@ ormul a (1)

?E g;oi" dedt&%%@ %t]hé{ t P[ggga?e%@dﬁxmesg%ﬁa@ﬁ%hﬁ%oﬁ; @%&Y &Flr gpopi/l Ra is
- OCH3, - OOZLW}ldmg\IR@'Rdeductl@Hm QRéREI ceRB-58(0jedugtiorR3n Sﬂl&) X Nﬂleand 34%

R3- NRe- S(0) 2 C(O)NR, Rd or norpholinyl; each Re, Rd are
i ndependentlieddchlon m A Op)ha%ﬁ-B -C(0)CH3, -CH2CN, C1-4 al koxycar bonyl ,

nmet hoxycar bonyl G 2a| kyI , et hoxycar bonyl - C3cycl oal kyl - or -

ot b b ST o A e TRk PR SR ool NS SBE R P ey o

oxo. In anodﬁherrap@ﬁb@dioﬁﬁator(ﬂ{edekzeoprﬂematconlhllitegoﬁmstss provi ded a conpound of
the formula (1) as provided in the broadest generic enbodi nent, and wherein
Xis An_ is carbocycle optionally substituted by one to three Ra; Ar2 is

car bocycl e BPRIEFSIVINENRY Ore@aahmovtNomiN |y substituted by one to three Rb;
Cyclic Gis carbocycle optionally substituted by one to two Rg; Rl is
hydrogen; R2 is hydrogen or Ra; Ra is Cl_3alkyl, Cl-3 al koxy, di-Cl-6

al kyl am no, Tiehlaydng %Jeﬁtwl rokl@kpg@%l BpbY:RIN Avhi P blosk N iRXMetionCaT boxy!
hal ogen, -(CH2)a-CN, - CO2C1_6al kyI , hitro, -SO03H, Cl1-6 al kyl, 2.6

al kenyl , CX@R |ava9ngs|hga@® awsk gl Bt Rgaiul o1 -walino yariety @adikgapas oyl |

(CHR) a- NR, Refeo,R3s %(aQ)aEE Qléal)a%d' or» subiamet M TuHRGre: ac@mNB? "R Hcfddink0- 1, R
C(0)-Re, -(CH2)y-C(O0)- NReRd, heterocyclyl, aryl or heteroaryl, each
Rl ) where pusdinbluge |dsseaﬁ]9s i @nhldSyrhhlanaigénatmds ond supgpliet wteeebiswi thhisl to 3

Cl_6 al kyl,. Cl-. | _ |
car_boiyl y elgg%'tlgré,aﬁééelaatr%tq %%%%‘gﬁ P(%%ASI&IP % &%@é thé% %1%01&1?15 5 agr |,
Clskl(icclzy(él a.aitk«yds of g%ingttakdlz@fgpor?ydm my@atngnaTWhpumaaMi?glacgﬁgrf 3 ICl g e
a al kox al sul fa al koxyc a -
21 Koxycar by Tes A B B el R TP M By ek

DETAILED DESCRIPTION OF THE INVENTION

In its broadest generic aspect the invention provides a compound of the formula (I)

@

wherein



each Re, Rf are independently hydrogen, Cl-6 al kyl, C3_10 cycloal kyl, Cl-6

al koxy, Cl-6 al koxyCl _6al kyl, nono-or di Cl 6a|ky|an1noC1 6 al kyl,

hydr oxy CIwe 2ai tkgboior Cl- 6 acyl R3 is hydrogen, Cl_6 alkﬂwﬂmﬂﬁgmﬁyaioalkyl,
het er ocycl yl (CH2) 0-1, nono- or di - C1-6 al kyl am no, nono- or

di -1_6al kyl am no(CH2) 2_3N(Ci _6al kyl )-, aryl or heteroaryl each optionally

substituted with 1 to 2 Cl1-6 al kyl, C3 _6cycl oal kyl, Cl1-6al koxy, hal ogen,
hydr oxyl , oxo, carboxyl, -C(0)N ZeRf, am no, nono-or di-Cl-6 al kyl am no,
Cl-6 alkoxycarbonyl or Cl-6 acylamno. In a further enbodi rent of the

i nvention tRéruUegngRdvRded a conpound of the fornula (1) as provided

i medi ately above, and wherein An_ is phenyl is substituted by one to two
Ra; Ar2 isoﬁhenyl, t hi adi azol yl, oxadi azolyl, pyrimdinyl, furanyl,

t hi azol y1 oAripy rcadhpéycleg detaroapt oo hetetogydylbath optiadllhyubshietaddy o Rt o; Cyclic
Gis cyclo%%RQ or cyclobutyl; Ra is G _3al kyl, nethylsulfonyl, hal ogen,

or cyano; 'S hydroxyl carboxyl, hal ogen, -CF3, -CN, -SO03H, Ci-3 al kyl,
C3-6 cycl oal kyl C1-3 alkoxy, - (CH2)n- C2G _3 aIkyI -(CH2), - NReRd,

R3- S(0) m( Re 0) - Re,
RS0 MO Yo . Bl RUT Mo B R PR 0 0 ar o
Cl- 3 al kyl ,th2R3; acyl , cyano- Cl- 3 al kyl, Ci1-3 aIkoxycarbonyICb_3aIkyI C1-3

aIkoxycarbony1C3_60ycIoaIkyI, or -(CH2).-C(0)-NReRr; each Re, Rf are

i ndependently hydrogen or Cl1-3 alkyl; R3 is hydrogen or G _6al kyl, each

optional | y cuigtG fskh®dcysict br RgodyOlyt 340h GpirdpallKk@bytitudd by Snecdo BRORREr

enbodi nent of the invention there is provided a conpound of the fornmula (1)

as provided i medi ately above, and wherein Cyclic Gis cyclopropyl; Rais

-F or -0, REkRydrogdieChydisulof Q[lé’zilk&ryC%’@Hﬁ; Ro is -CH3, carboxyl, -F, -d,

-Br, -1, -CF3, cyc%opropyl -OCH3, -0G2Me, -NReRd, - (CH2)-NReRd,
R3-S(0)m, R3-S(0)2-NRe-, R3- NRe- S(0)2-, -NRf- C(O) Re, - C(0)NReRd or

nor phol i nyl g, @@¢dtofBorRd; are independently hydrogen, -CH3, -C(0)CH3,

-CH2CN, Cl1-4 al oxycarbonyl met hoxycar bonyl - G _2al kyl -

met hoxycar bonyl - CBCycIoaIkyI or - (CH2)-C(0)-NReRr; each Re, Rf are

i ndependent r i OfRy I ptionally

substltutedk%f?%%éﬁgﬁqkl qmﬁu%%H316aﬁ§E%QE I'n algﬁbgagﬁﬁéﬁgggﬁgéﬁt of the

i nventi on tHkaxgcdrgonyt, oalmd@,dn@n@@rrw@@md adkylarhigo f 6Bmﬂyaloelﬂ<ylamwor(“dreng to any

one of the g i Gyclic Gis
cycl opropyl %ﬁ cygﬁﬂﬁ%y gﬁﬁ &:E&ﬁmﬁ 3ﬂ%§%¥8n€ﬂﬂ%W%, ntlon there
IS provi dedlaa)gcmrcpaundltmfomhﬁs S(ﬂ)mNIa R NIES((Dmowiyd edearmxgldi at el y above,
and wherein Cyclic Gis cyclopropyl. In a another enbodi nent of the
invention there is provided a conpound of the fornula (1) according to any

one of the RmhddﬁﬂﬁmESmMMQMGwﬁgmhidHEbﬁCNEK@HEﬂMHM@l&mddWﬁ@meS@ﬂEe is
hydr ogen or ano

-6 ac
& o Loy oot Koligrotor grabhy iy et Yangiey S Ayt . or
-(CH2) . - [ OOCHzNFReﬁ{er, R3-S(O)m(CH2)o.1-, R3-S(O)m-NRe-, R3-NRe-S(O)m(CHz)o.1-, -NR¢-
C(O)-Re, -(CHy)y-C(O)-(CH)n-NRcRg, heterocyclyl, aryl or heteroaryl, each Ry
where possible is optionally halogenated or substituted with 1 to 3 C;¢ alkyl,

hydroxyl, Ci-¢ acyl, Cy-g alkoxycarbonyl, C;-¢ alkyl-S(O)m-, aryl or carboxyl;

each R, Ry are independently hydrogen, C;-¢ alkyl, Ci-¢ acyl, Cs.19 cycloalkyl, Ci-¢
alkoxy, hydroxyC;-g alkyl, cyano-Ci-¢ alkyl, Ci-¢ alkylC;-¢ alkoxy, C;-¢ alkylsulfonyl,
Ci-¢ alkoxycarbonylCysalkyl, Ci-¢ alkoxycarbonylCsocycloalkyl, -(CHa)y-C(O)-
NRcR; or -(CH,)n-NRRy;

each Re, Ry are independently hydrogen, C;-¢ alkyl, Cs.1o cycloalkyl, Cy-¢ alkoxy, Ci-¢
alkoxyC;galkyl, mono-or diC;_ealkylaminoC; galkyl, hydroxyCi-¢ alkyl or C;-¢ acyl;



each Re, Rf are independently hydrogen, Cl-6 alkyl. In another enbodi nent
of the invention there is provided a conpound of the fornmula (I) according
to any orwoabivdagsienbodi nents where applicabl e herei nabece/useaombEnei n Ar 2
i s phenyl, pyrimdinyl, furanyl, thiazolyl or pyridyl, each optionally
substituted by one or two Rb; Rb is -S02Me, -1, -Br, -d, -CF3, -0M,

-NMe2, -CONHWe, -SO2NH2. |In a another enbodi nent of the invention there is
provi ded a conmpound of the forrmula (I) according to any one of the

enbodi nents_where applicabl e herei nabove and wherein Ar2 is I n a anot her
enbodi ment B¢ isthealkpl gherinnhe Geradkil & qptiondlly edrtiglle oy htlogsmatehd >fsor nul a (1)

according t the i her e | i ef el ove and
wherein Ry e A T R A P8 SEE P F 55 5%y

car bocycl y IlodroyCr.edkt ovdedxyh @Rb)n- PR OHIkydpexyl , -CRC _4 al kyl or oxo;
or ii) is methyl, vinyl, -CF3, phenyl, -CH20H, or hydroxyl. The foll ow ng
are representative conpounds of the invention which can be made by the
gener al synRheét hpdreghe s, allihe Cescanipiled, hendckad(@Hnet hooe-drnditthe art .

Tabl e | Hpal'ﬂg:_lell\@ngatrgon%)—or %E-E_Ea% Mr§ino I&%fZTESN(%)j—,ere\l/reld or heteroaryl each
y y ( y ry

optionally substituted with 1 to 3 Cy-¢ alkyl, Csecycloalkyl, C;-galkoxy, halogen,
hydroxyl, oxo, carboxyl, -C(O)NR.R;, amino, mono-or di-C;-¢ alkylamino, Ci-¢
alkoxycarbonyl or C;-¢ acylamino;

each n, y are independently 0-3;

each m is independently 0-2;

or a pharmaceutically acceptable salt thereof.

In another embodiment of the invention there is provided a compound of the formula

(D) as provided immediately above, and wherein

Cyclic G is carbocycle-optionally substituted by one to two Ry;

In another embodiment of the invention there is provided a compound of the formula
(I) as provided immediately above, and wherein

X is nitrogen;

Arq is carbocycle optionally substituted by one to three R,;

Ar; is carbocycle or heteroaryl, each optionally substituted by one to three Ry;

R; is hydrogen;



Mass (b) rt (mn) 0

1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4-cl pyri di ne4-carboxylic acid (1-

1, 3, 4- t hiwoi2anal49B7yl cycl opr opy0- am de 381.60 1.29 N N PET/USBO1IOMSAAD 1 N N
0O/ NBr

R, is Cy3alkyl, Ci-3 alkoxy, di-Cj-¢ alkylamino, methylsulfonyl, halogen, or cyano;

Ry, is hydroxyl, carboxyl, halogen, -(CH2)y-CN, -(CH»)n-CO2Cy6alkyl, nitro, -SO3H,
Ci-¢ alkyl, Cy-¢ alkenyl, Cy-¢ alkynyl, Cs.jocycloalkyl, Ci-galkoxy, CisalkylC(O)-, -
(CH2)u-NR(R4, R3-S(O)m(CH2)o.1-, R3-S(O)m-NRe-, R3-NRe-S(O)m(CH2)o.1-, -NR¢-
C(O)-Re, -(CHy)y-C(O)-(CH)n-NRcRg, heterocyclyl, aryl or heteroaryl, each Ry
where possible is optionally halogenated or substituted with 1 to 3 C;¢ alkyl, Ci-¢

acyl, C;-¢ alkoxycarbonyl, C;-¢ alkyl-S(O)y,-, aryl or carboxyl,;
y y y y y y

Rj3 is hydrogen, Ci¢ alkyl, Csecycloalkyl, heterocyclyl(CHj)o;, mono-or di-Ci-g
alkylamino, mono-or di-jealkylamino(CH,),3N(Cjealkyl)-, aryl or heteroaryl each
optionally substituted with 1 to 2 Cj-¢ alkyl, Csecycloalkyl, Ci-¢alkoxy, halogen,
hydroxyl, oxo, carboxyl, -C(O)NR.R;, amino, mono-or di-C;-¢ alkylamino, Ci-¢

alkoxycarbonyl or C;-¢ acylamino.

In a further embodiment of the invention there is provided a compound of the formula

(D) as provided immediately above, and wherein

Arq is phenyl is substituted by one to two Ry;

Ar; is phenyl, thiadiazolyl, oxadiazolyl, pyrimidinyl, furanyl, thiazolyl or pyridyl,

each optionally substituted by one to two Ry;

Cyclic G is cyclopropyl or cyclobutyl;

R, is halogen;

Ry, is hydroxyl, carboxyl, halogen, -CF;, -CN, -SO3;H, C;-3 alkyl, Cs-¢ cycloalkyl C;-3
alkoxy, -(CHp)p-CO,Cisalkyl, -(CH2)p-NRcR4, R3-S(O)m(CH2)o.1-, R3-S(0O)2-NRe-,

R3-NR-S5(0)2(CH2)o.1-, -NRg-C(O)-Re, -(CH»)y-C(O)-NRRg, or morpholinyl;

each R, Ry are independently hydrogen, C;-3 alkyl, C;-3 acyl, cyano-C;-3 alkyl, Ci-3
alkoxycarbonylCysalkyl, Ci-3 alkoxycarbonylC;¢cycloalkyl, or -(CHy),-C(O)-NReRy;



1- (4- Fl uor o- phenyl) - 1H pyrazolo[ 3, 4-cl pyri di ne-4-carboxylic acid
[ 146- br ono- pyri di n-3-y0- cycl opropyl | -am de 452.60; 454.60 1.75 NLIN IH/
-N owvt2DN/4p917 NN . N s 611 O PCT/US2010/053142
1- (4- Fl uor o- phenyO- 1H pyrazol o[ 3, 4-cl pyri di ne-4-carboxylic acid [ 146-
met hanesul f onyl - pyri di n3-y0-cycl opropyl | -am de 452. 67
each R., Ry are independently hydrogen or C;-3 alkyl;

R3 is hydrogen or C;galkyl, each optionally substituted with one to two C;-galkoxy, or

0XO.

In a another embodiment of the invention there is provided a compound of the

formula (I) as provided immediately above, and wherein

Cyclic G is cyclopropyl;

R.is -For -CI;

Ry, is -CH3;, carboxyl, -F, -Cl, -Br, -1, -CFs, cyclopropyl, -OCHj3;, -CO;Me, -NR(Ry, -
CHZ_NRCRd’ R3'S(O)m', R3_S(O)2_NR9_’ R3_NR9_S(O)2_’ _NRf_C(O)_Re’
C(O)NR R4 or morpholinyl;

each R., Rq are independently hydrogen, -CHs;, -C(O)CHs;, -CH,CN, Cj-4
alkoxycarbonyl, methoxycarbonyl-C;,alkyl-, methoxycarbonyl-Cscycloalkyl- or -
(CH2)-C(O)-NRcRy;

each R., Rrare independently hydrogen or -CHjs;

R3; is hydrogen or C;4alkyl each optionally substituted with one to two -OCH3 or oxo.

In another embodiment of the invention there is provided a compound of the formula

(I) as provided in the broadest generic embodiment, and wherein

X is C-Ry;

Ary is carbocycle optionally substituted by one to three R,;

Ar; is carbocycle or heteroaryl, each optionally substituted by one to three Ry;

Cyclic G is carbocycle optionally substituted by one to two Ry;



1.39 0 1-(4-Fluoro-phenyl)-1Hpyrazol o[ 3, 4-cl pyri di ne4-carboxylic acid (1-
pyridin-4-ylcycl opropyO-amde 374.71 1.15 NNIH/ NN 1110 / N 0O N)LIN
| H/ N-NWwWOBp11M4991(4- Fl uor o- phenyO- 1Hpyr azol o[ 3, 4- cl pyr iPdirrus4e10asi1exyl i c
acid [1-(2-brono-pyridin-4-y0- cycl opropyl|-am de

R; is hydrogen;

R; is hydrogen or Ry;

R, is Cy3alkyl, Ci-3 alkoxy, di-Cj-¢ alkylamino, methylsulfonyl, halogen, or cyano;

Ry, is hydroxyl, carboxyl, halogen, -(CH,),-CN, -(CH,),-CO,Cy6alkyl, nitro, -SOz;H,
Ci-¢ alkyl, Cy-¢ alkenyl, Cy-¢ alkynyl, Cs.jocycloalkyl, Ci-galkoxy, CisalkylC(O)-, -
(CH2)n-NRcRa, R3-S(0)m(CHz2)0.1-, R3-S(O)m-NRe-, R3-NRe-S(O)m(CHz)o.1-, -NR¢-
C(O)-Re, -(CHy)y-C(O)-(CH)n-NRcRg, heterocyclyl, aryl or heteroaryl, each Ry
where possible is optionally halogenated or substituted with 1 to 3 Cy¢ alkyl, Ci-¢

acyl, Cy-¢ alkoxycarbonyl, C;-¢ alkyl-S(O)p-, aryl or carboxyl;

each R, Ry are independently hydrogen, C;-¢ alkyl, Ci-¢ acyl, Cs.19 cycloalkyl, Ci-¢
alkoxy, hydroxyC;-g alkyl, cyanoCi-¢ alkyl, C;-¢ alkylC;-¢ alkoxy, C;-¢ alkylsulfonyl,
Ci-¢ alkoxycarbonylCysalkyl, Ci-¢ alkoxycarbonylCsocycloalkyl, -(CHa)y-C(O)-
NRcR; or -(CH,)n-NRRy;

each R, Ry are independently hydrogen, C;-¢ alkyl, Cs.19 cycloalkyl, Ci-¢ alkoxy, Ci-¢
alkoxyC;galkyl, mono-or diC;_ealkylaminoC; galkyl, hydroxyCi-¢ alkyl or C;-¢ acyl;

R; is hydrogen, Cis alkyl, Csecycloalkyl, heterocyclyl(CHy)o.;, mono-or di-Ci-¢
alkylamino, mono-or di-;galkylamino(CH,),3N(Cygalkyl)-, aryl or heteroaryl each
optionally substituted with 1 to 2 Cj-¢ alkyl, Csecycloalkyl, Ci-¢alkoxy, halogen,
hydroxyl, oxo, carboxyl, -C(O)NR.R;, amino, mono-or di-C;-¢ alkylamino, Ci-¢

alkoxycarbonyl or C;-¢ acylamino.

In a further embodiment of the invention there is provided a compound of the formula

(D) as provided immediately above, and wherein

Arq is phenyl is substituted by one to two Ry;



452.66; 454.64 1.53 110 NNINO I / -N 1 0O
1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4-c[ pyri di ne4-carboxylic acid [1-(2-
met hanesuwoaenylo4pari di n4-y1) - cycl opropyl | - am de 452. 68 PC38IS20161085142

Ar; is phenyl, thiadiazolyl, oxadiazolyl, pyrimidinyl, furanyl, thiazolyl or pyridyl,

each optionally substituted by one to two Ry;

Cyclic G is cyclopropyl or cyclobutyl;

R, is Cj3alkyl, methylsulfonyl, halogen, or cyano;

Ry, is hydroxyl, carboxyl, halogen, -CF;, -CN, -SO;H, C;-3 alkyl, C3-¢ cycloalkyl C;-3
alkoxy, -(CHp)p-CO,Cisalkyl, -(CH2)p-NRcR4, R3-S(O)m(CH2)o.1-, R3-S(0O)2-NRe-,

R3-NR-S5(0)2(CH2)o.1-, -NRg-C(O)-Re, -(CH»)y-C(O)-NRRg, or morpholinyl;

each R, Ry are independently hydrogen, C;-3 alkyl, C;-3 acyl, cyano-C;-3 alkyl, Ci-3
alkoxycarbonylCysalkyl, Ci-3 alkoxycarbonylC;¢cycloalkyl, or -(CHy),-C(O)-NReRy;

each R., Ry are independently hydrogen or C;-3 alkyl;

R3 is hydrogen or C;galkyl, each optionally substituted with one to two C;-galkoxy, or

0XO.

In a another embodiment of the invention there is provided a compound of the

formula (I) as provided immediately above, and wherein

Cyclic G is cyclopropyl;

R, is -IF or —Cl, methyl, methylsulfonyl or cyano;

Ry, is -CH3;, carboxyl, -F, -Cl, -Br, -1, -CFs, cyclopropyl, -OCHj3;, -CO;Me, -NR(Ry, -
(CH2)-NRRa, R3-8(O)m-, R3-S(0)2-NRe-,  R3-NRe-5(0)2-,  -NRrC(O)-Re, -
C(O)NR R4 or morpholinyl;

each R, Ry are independently hydrogen, -CHj;, -C(O)CH;, -CH,CN, Cj-4

alkoxycarbonyl, methoxycarbonyl-C;,alkyl-, methoxycarbonyl-Cscycloalkyl- or -
(CH2)-C(O)-NRcRy;



.01 / NN 1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic
acid [145- brono-pyrimdin-2-yl)- cyclopropyll-am de 453.21; 455.37 1.54
Hj OwiNd0 01/049917 PCT/US2010/053142

each R., Rrare independently hydrogen or -CHjs;

R3; is hydrogen or C;4alkyl each optionally substituted with one to two -OCH3 or oxo.

In a another embodiment of the invention there is provided a compound of the
formula (I) according to any one of the embodiments where applicable hereinabove

and wherein
Cyclic G is cyclopropyl or cyclobutyl.

In a another embodiment of the invention there is provided a compound of the

formula (I) as provided immediately above, and wherein
Cyclic G is cyclopropyl.

In a another embodiment of the invention there is provided a compound of the
formula (I) according to any one of the embodiments where applicable hereinabove

and wherein

R,, is hydrogen or C;-¢ alkyl, and R4 is C;-¢ acyl, cyano-Cj-galkyl-, Ci-
galkoxycarbonyl-Cysalkyl-, Ci-¢ alkoxycarbonylCsocycloalkyl, or -(CH,),-C(O)-
NReRf;

each R, Rrare independently hydrogen, C;-¢ alkyl.
In another embodiment of the invention there is provided a compound of the formula
(I) according to any one of the embodiments where applicable hereinabove and

wherein

Ar; is phenyl, pyrimidinyl, furanyl, thiazolyl or pyridyl, each optionally substituted

by one or two Ry;

Ry is -SO;Me, -1, -Br, -Cl, -CFs, -OMe, -NMe,, -CONHMe, -SO,NH,.

10



Il NNN O 1-(4-Fluoro-phenyl)-1Hpyrazol o[ 3, 4-c[ pyridi ne4-carboxylic acid
[ 145- net hanesul fonyl pyrimdin-2-y1)- cyclopropyll-amde 453.71 1.39 HN
I Ns(:) WwoO2011/04D917 11iP O N-N/ 9,0 PCT/US2010/053142

In a another embodiment of the invention there is provided a compound of the
formula (I) according to any one of the embodiments where applicable hereinabove

and wherein Ar; is

.J@ ]:j/\\ C/\\ C/ C/|<
/ //O
B~

O

s

In a another embodiment of the invention there is provided a compound of the
formula (I) according to any one of the embodiments where applicable hereinabove
and wherein

R, is

1) Cy, alkyl, -CIs, C, alkenyl, phenyl, C;4 alkoxy, -carbocyclylCH,0O-,
carbocyclylCH,- -CH,OH, hydroxyl, -CO,C;4 alkyl or oxo;

or

ii) is methyl, vinyl, -CF;, phenyl, -CH,OH, or hydroxyl.

The following are representative compounds of the invention which can be made by

the general synthetic schemes, the examples, and known methods in the art.

Table 1

HPLC-MS
Data®

Observed rt
Mass ® | (min)

Structure Name

11



Sx' 1-(4-Fluoro-phenyl)-1Hpyrazol o[ 3, 4-c[ pyri di ne4-carboxylic acid [145-
nmet hanesul fonyl -furan-2- yl)-cycl opropyl|-am de 441.13 1. 46
| . NL O WbD20114P9170 3-(1-{ [1-(4-Fl uorophenyl)-1H pyr 2cOIUSpBOA53142

NH1/ 1

c[ pyri di ne-4-carbonyl |- am no}-cycl opropyl)- benzoic acid nethyl ester
O
NN, S/> 1-(4-Fluoro-phenyl)-1H-
N~N pyrazolo[3,4-c]pyridine-
N / 4-carboxylic acid (1- 381.60 1.29
N 1,3,4-thiadiazol-2-yl-
Q cyclopropyl)-amide
F
O
N* N = N 1-(4-Fluoro-phenyl)- 1 H-
S i o
) AN Br pyrazolo[334 C]Pyndlne 452.60;
N1, 4-carboxylic acid [1-(6- 45460 1.75
bromo-pyridin-3-yl)- '
Q cyclopropyl]-amide
F
O
N~ | NV IN 1-(4-Fluoro-phenyl)-1H-
2 X ~ pyrazolo[3,4-c]pyridine-

Ne l\/l ol 4-carboxylic acid [1-(6- 452.67 1.39
methanesulfonyl-pyridin-
3-yl)-cyclopropyl]-amide

F
O
TN T 1-(4-Fluoro-phenyl)-1 H-
A N pyrazolo[3.,4-c]pyridine-
N / 4-carboxylic acid (1- 374.71 1.15
—N . g
pyridin-4-yl-
Q cyclopropyl)-amide
F
0]
N | H = | B 1-(4-Fluoro-phenyl)-1H-
X N pyrazolo[3,4-c]pyridine- )
) L 452.66;

N1, 4-carboxylic acid [1-(2- 454 64 1.53
bromo-pyridin-4-yl)- '
cyclopropyl]-amide

F

12



431.22 1.61

0O T NNOCH |

1H pyrazolo [3,4-c

/H/ N-N 110 3-(1 - {
[ 144- Fl uor ophenyl) - 1H pyrazol o [ 3, 4-
-cycl opr op@2pri/daenzoi ¢ acid 417.20 1.43 o T NN O H |
144- Fl uor o- pheny1) -
met hyl car banoyl- phenyl)-cycl opropyl |

cl pyridine-4-c arbonyl]

- am de 430. 19

am no }

/ BCT/US20NM0D350 42
pyri di ned-carboxylic acid [143-

0
N N =
| H |
x> N
/
QN_N

|
Ss
\N(e)
O

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(2-
methanesulfonyl-pyridin-
4-yD)-cyclopropyl]-amide

452.68

1.38

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(5-
bromo-pyrimidin-2-yl)-
cyclopropyl]-amide

453.21;
455.37

1.54

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(5-
methanesulfonyl-
pyrimidin-2-yl)-
cyclopropyl]-amide

453.71

1.39

Iz

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(5-
methanesulfonyl-furan-2-
yl)-cyclopropyl]-amide

441.13

1.46

3-(1-{[1-(4-Fluoro-
phenyl)-1H-pyrazolo[3,4-
c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-
benzoic acid methyl ester

431.22

1.61

13



1.37 ow)L,v NN/HO / N 110 -N 1-1341- { 11-(4-Fl uorophenyl)-1H pyrazol o
[3,4- cl pyridine-4-c arbonyl] - amno } -cyclopropyl)- benzoyl am no] -

cycl opr opwvanrrtec/apioxyl i ¢ acid nethyl ester 514.26 1.44 @CVUSR2MO0/053142H / NN
| P 1(4-Fl uoro- phenyl)- 1Hpyrazolo [ 3, 4-cl pyridine4-carboxylic acid {143-
(cyanonet hyl - car banoyl) - phenyl | cycl opropyl } -am de 455.17 1.42

0 O
NT X N OH 3-(1-{[1-(4-Fluoro-
! = H phenyl)-1H-pyrazolo[3,4-
N N/ c]pyridine-4-carbonyl]- 417.20 1.43
amino }-cyclopropyl)-
Q benzoic acid
F
0 o
X N 1-(4-Fluoro-phenyl)-1H-
N| N H pyrazolo[3,4-clpyridine-
& > 4-carboxylic acid [1-(3- 13019 | 137
N-N methylcarbamoyl- ' '
phenyl)-cyclopropyl]-
amide
F
o) (e}
o 1-[3-(1-{[1-(4-Fluoro-
N N N > phenyl)-1H-pyrazolo[3,4-
L H o c]pyridine-4-carbonyl]-
N ’\/l amino }-cyclopropyl)- 514.26 1.44
benzoylamino]-
cyclopropanecarboxylic
E acid methyl ester
0 O
1-(4-Fluoro-phenyl)-1H-
NS
N| > HZQ)‘\H SN pyrazolo[3,4-c]pyridine-
& 4-carboxylic acid {1-[3-
/ 455.17 1.42
N=N (cyanomethyl-
carbamoyl)-phenyl]-
cyclopropyl}-amide
F
[o) (@)
o< [3-(1-{[1-(4-Fluoro-
@C‘\HZ@/MH/\E phenyl)-1H-pyrazolo[3,4-
p c]pyr1d1ne—4—carbonyl]— 488.20 L41
N-N amino }-cyclopropyl)-
benzoylamino]-acetic
acid methyl ester
F

14



o NNO /H/
pyridi ne-4-c
nmet hyl

cycl opropyl) -

eswoenotigeIng 1. 41
Fl uor o- pheny1l) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-c arbonyl] -
benzoyl am nol - propi oni ¢ aci d net hyl

--N 110 11341- { 1144-Fl uorophenyl)-1H pyrazolo [3, 4- cl

arbonyl ] -

am no } -cycl opropyl)-
oTNL NO I

benzoyl am no]
IH/

ester

-acetic acid

-N I P (S) - P¢3AIS201p/0pF1421 -
an nol -
502. 27 1.47

[o) (@)
(0]
NN HJW\
|/ H lo)

/
N~N

(8)-2-[3-(1-{[1-(4-
Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carbonyl]-amino } -
cyclopropyl)-
benzoylamino]-propionic
acid methyl ester

502.27

1.47

O

NN
| H
N
F7IF
F

&

\

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(3-
trifluoromethyl-phenyl)-
cyclopropyl]-amide

441.07

1.07

F
0 I
N™ N ©
| H
&
/

N—

8

z

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(3-
methoxy-phenyl)-
cyclopropyl]-amide

404.03

0.95

F

F
9 |
N N NN
I H |
= =

/
N=-N

8

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(6-
dimethylamino-pyridin-
2-yD)-cyclopropyl]-amide

417.27

0.7

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid (1-
pyridin-3-yl-
cyclopropyl)-amide

374.14

0.56

15



F 1-(4-Fl uoro-phenyl)-1H pyrazol o] 3, 4-c[ pyri di ne-4-carboxylic acid [1-(3-

trifluoronethyl-phenyl)- cyclopropyll-amde 441.07 1.07 O NNO1 | /H/ NN
it 0 WO-20t/Hbuoer o- phenyl) - 1H pyrazol o 3, 4-c[ pyri di nectAsasbox314t c aci d
11143- net hoxy-phenyl)- cycl opropyll-am de 404.03 0.95 v /)L T NNHII/ [/
N™ 1-(4-Fluoro-phenyl)-1H-
| Z pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4- 403.99 0.94
N—
methoxy-phenyl)-
cyclopropyl]-amide
NMA 1-(4-Fluoro-phenyl)-1H-
| Z pyrazolo[3.,4-c]pyridine-
N 4-carboxylic acid [1-(4- 391.02 0.97
fluoro-phenyl)-
cyclopropyl]-amide
N7~
| 1-(4-Fluoro-phenyl)-1H-
& pyrazolo[3,4-c]pyridine- 38710 1.01
N~ 4-carboxylic acid (1-m- ) )
tolyl-cyclopropyl)-amide
O
Cl
@d\uz@/ 1-(4-Fluoro-phenyl)-1H-
= pyrazolo[3,4-c]pyridine-
N~ l\/l 4-carboxylic acid [1-(3- 407.20 1.03
chloro-phenyl)-
cyclopropyl]-amide
A 4-(1-{[1-(4-Fluoro-
% phenyl)-1H-pyrazolo[3,4-
N cIpyridine-4-carbonyl]- 417.19 0.8
amino }-cyclopropyl)-
benzoic acid
F
O
@HZ@ 1-(4-Fluoro-phenyl)-1H-
Z pyrazolo[3,4-c]pyridine-
N*l\/] L 4-carboxylic acid [1-(3- 391.98 0.97
fluoro-phenyl)-
cyclopropyl]-amide
F

16



N-N it O 1-(4-Fluoro-phenyl)-1Hpyrazol o[ 3, 4-c[ pyri di ne4-carboxylic
acid [1-(6- dinethylam no-pyridin2-yl)-cyclopropyll-amde 417.27 0.7 NN H /

N-N .

WO 2biN/d4pdIR- N / O

PCT/US2010/053142

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4-
chloro-phenyl)-
cyclopropyl]-amide

407.13 1.04

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid (1-p-

tolyl-cyclopropyl)-amide

387.50 1.02

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid (1-
phenyl-cyclopropyl)-
amide

373.97 0.95

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid (1-0-

tolyl-cyclopropyl)-amide

388.27 1.02

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(3-
cyclopropyl-1,2,4-
oxadiazol-5-yl)-
cyclopropyl]-amide

404.93 0.89

Z \

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(5-
cyclopropyl-1,2,4-
oxadiazol-3-yl)-
cyclopropyl]-amide

405.11 0.86

17



1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4-c[ pyri di ne4-carboxylic acid (1-

pyridin-3-yl cycl opropyl)-am de 374.14 0.56

O VNNOI

/H/ NN 10

1- (4- Fl uowo-2phiemydy - 1H- pyrazol o[ 3, 4- cl pyri di ne- 4- car boxyCirasaciods3114 44-

met hoxy- phenyl) - cycl opropyl|-am de 403.99 0.94 o VNIL NO /H/ -
1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne- 4-carboxylic acid [1-(4-

fl uor o- pheny

1)- cycl opropyl | -am de

N O

N

s
-
8

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(2-
methyl-thiazol-4-yl)-
cyclopropyl]-amide

394.15 0.84

F

O

F
N™ ™ N NS
| Ho |l
P =
/ 1k
N~N N o

[2-(1-{[1-(4-Fluoro-
phenyl)-1H-pyrazolo[3,4
c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-
pyridin-4-ylmethyl]-
carbamic acid fert-butyl
ester

503.30 0.83

(@]
N N Ns
| Ho |
2 P4
L
Q N NH2

F

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4-
aminomethyl-pyridin-2-
yl)-cyclopropyl]-amide

403.17 0.51

(@]
NN NS
| Ho |
4 P
/
N-N O\

F

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4-
methoxy-pyridin-2-yl)-
cyclopropyl]-amide

404.20 0.58

o)
N N NS
| H
= =
/
al

N—N

o

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4-
chloro-pyridin-2-yl)-
cyclopropyl]-amide

408.13 0.92

F
0
NT N N
L H I‘/
Br

/
N=N

&

F

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(5-
bromo-pyridin-2-yl)-
cyclopropyl]-amide

452.10;

45407 | 097
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391.02 0.97 0 VIl NLN110 /H/ NN *

1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-cl pyri di ne- 4-carboxylic acid

(1- nt ol ylwoyeliopeapyl) - am de 387.10 1.01 O . PCT/US2010/053142

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne- 4-carboxylic acid [1-(3-
chl or o- phenyl) - cycl opropyl | -am de 407.20 1.03 NNO C I /H/

O

N
NI\ NS 1-(4-Fluoro-phenyl)-1H-
& = pyrazolo[3.,4-c]pyridine-
I 4-carboxylic acid [1-(4- 500.12 0.96

/
N—

N iodo-pyridin-2-yl)-
cyclopropyl]-amide

O
N™ ™ N 1-(4-Fluoro-phenyl)-1H-
| H 10[3,4-cIpyridine-
7 Br pyrazoiolS,a-cIpy 451.10;

( N/ 4-carboxylic acid [1-(4- 453.06 1.06
bromo-phenyl)-
cyclopropyl]-amide

F

o]

F
N [6-(1-{[1-(4-Fluoro-
NI = H = phenyl)-1H-pyrazolo[3,4
Z = c]pyridine-4-carbonyl]-
HN. O amino }-cyclopropyl)- 503.31 0.88

/
N—-N . .
pyridin-3-ylmethyl]-
N

! ester

carbamic acid fert-butyl
F

0

NN NS 1-(4-Fluoro-phenyl)-1H-
| Z = pyrazolo[3,4-c]pyridine-
N 4-carboxylic acid [1-(5- 403.18 0.53
2

/
N=N aminomethyl-pyridin-2-
yl)-cyclopropyl]-amide

F
o) O
NH, | 1-(4-Fluoro-phenyl)-1H-
N 2
N| > HZ©)LH/\([)]/ pyrazolo[3,4-c]pyridine-
& ) 4-carboxylic acid {1-[3-

N—p, (carbamoylmethyl- 47323 h
carbamoyl)-phenyl]-
cyclopropyl }-amide
F
o Q H
N | 1-(4-Fluoro-phenyl)-1H-
AN N
N HZ©)LH/\[£ pyrazolo|3,4-c|pyridine-
= 4-carboxylic acid {1-[3-
y 487.24 1.28

//
N-N (methylcarbamoylmethyl-
carbamoyl)-phenyl]-
cyclopropyl}-amide
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NN it o VNNO I /HOH NN 111

4-(1-1[ 1- (4- Fl uorophenyl) - 1H pyr azol o[ 3, 4- cl pyri di ne-4-carbonyl | -

am nol - cywbDaprigpydiy- benzoic acid 417.19 0.8 0 NN(40 PHT/US2018/08R42
1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-cl pyri di ne4-carboxylic acid [1-(3-
fl uoro- phenyl)- cycl opropyl|-am de 391. 98

(0]
NN o 1-(4-Fluoro-phenyl)-1H-
P pyrazolo[3.,4-c]pyridine- 451.10;

/ ’ Sty
(. 4-carboxylic acid [1-(3 452.99

bromo-phenyl)-
cyclopropyl]-amide

F
O
3-[3-(1-{[1-(4-Fluoro-
I\QCA\HZQ phenyl)-1H-pyrazolo[3,4
x c]pyridine-4-carbonyl]-
N N/ O= amino }-cyclopropyl)- 523.21 1.50

1.68

S
o* WO\ benzenesulfonyl]-

o} propionic acid methyl
F ester
m |
Ss
N NXQ/ INe 1-(4-Fluoro-phenyl)- 1 H-
| H 0] J 1
= pyrazolo[3,4-c]pyridine-
N ’\1 4-carboxylic acid [1-(3- 451.24 1.45

methanesulfonyl-phenyl)
cyclopropyl]-amide

o) (e}
NT N NH, 1-(4-Fluoro-phenyl)-1H-
| = H pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(3- 416.23 1.33

carbamoyl-phenyl)-
cyclopropyl]-amide

F

/
N~N

3-[5-(1-{[1-(4-Fluoro-

F
O
NZ N =N 0 phenyl)-1H-pyrazolo[3,4
H 9
QCL | % s/\)J\o/ c]pyridine-4-carbonyl]-
N ’\/l & "o amino }-cyclopropyl)- 524.23 1.40

pyridine-2-sulfonyl]-
propionic acid methyl

. ester
O
N” N Z N 1-(4-Fluoro-phenyl)-1H-
| H | i S
X N N pyrazolo[3,4-c]pyridine
Ne / H 4-carboxylic acid [1-(6- 403.21 1.24
N methylamino-pyridin-3-
Q yl)-cyclopropyl]-amide

F
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0.97 OVNNSI /Hcl _ .

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(4-
chl or o- pheoyetj)tjo4eacl opr opyl | -am de 407.13 1.04 0 V NN OPCT/US2¢10/088142
iitolyl-cyclopropyl)-am de

1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-cl pyri di ne-4-carboxylic acid (1-p-
387.50 1.02 O

z
\
Iz

1-(4-Fluoro-phenyl)-1H-

pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(6-
sulfamoyl-pyridin-3-yl)-
cyclopropyl]-amide

453.13

1.33

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(3-
sulfamoyl-phenyl)-
cyclopropyl]-amide

452.22

1.39

—Z
/
Iz

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(2-
bromo-pyridin-4-yl)-
cyclobutyl]-amide

466.14;
468.08

1.61

zZ
\
=

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(2-
methanesulfonyl-pyridin-
4-yl)-cyclobutyl]-amide

466.14

1.43

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4-
methoxy-phenyl)-
cyclobutyl]-amide

417.58

1.02

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(4-
fluoro-phenyl)-
cyclobutyl]-amide

405.09

1.05
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1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-car boxylic acid (1-

phenyl - cycl opropyl) -

am de 373.97 0.95 NN O |
1- (4-wWDOuorig4phenyl) - 1H pyrazol 0113, 4-cl pyri di ne- 4- cachasgéioosaaz d

(1Lotolyl-cyclopropyl)-anide 388.27 1.02 0 NN--N\/1

IH/ NNO

0O VII

O

Q

F

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid [1-(6-
morpholin-4-yl-pyridin-
3-yl)-cyclopropyl]-amide

459.21

1.27

1-(4-Fluoro-phenyl)-1H-
indazole-4-carboxylic
acid [1-(2-
methanesulfonyl-pyridin-
4-yD)-cyclopropyl]-amide

451.16

1.50

1-(4-Fluoro-phenyl)-1H-
pyrazolo[3,4-c]pyridine-
4-carboxylic acid {1-[6-
(acetyl-methyl-amino)-
pyridin-3-yl]-
cyclopropyl}-amide

445.24

1.46

6-Bromo-1-(4-fluoro-
phenyl)-1H-indazole-4-
carboxylic acid [1-(2-
methanesulfonyl-pyridin-
4-yD)-cyclopropyl]-amide

529.07;
531.06

1.63

1-(4-Fluoro-phenyl)-6-
iodo-1H-indazole-4-
carboxylic acid [1-(2-
methanesulfonyl-pyridin-
4-yD)-cyclopropyl]-amide

577.08

1.65

1-(4-Fluoro-phenyl)-6-
methanesulfonyl-1H-
indazole-4-carboxylic
acid [1-(2-
methanesulfonyl-pyridin-
4-yD)-cyclopropyl]-amide

529.15

1.47
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1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4-cl pyri di ne4-carboxylic acid 11143-

cycl opropyl-1, 2, 4-

oxadi azol - 5-y1) -

/ N-N 11 wo 201104D917HO / N-N O

1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4-cl pyri di ne4-carboxylic acid

cycl opropyl | -am de 404.93 0.89 1H/-' N

PCT/US2010/053142
[ 145-

cycl opropyl -1, 2, 4- oxadi azol - 3-y1)- cycl opropyl|-am de 405.11 0. 86

NX

(0] '2/
/I <0

N

Ir—-=

6-Cyano-1-(4-fluoro-
phenyl)-1H-indazole-4-
carboxylic acid [1-(2-
methanesulfonyl-pyridin-
4-yD)-cyclopropyl]-amide

476.15 1.53

@ See Synthetic Example Section for HPLC-MS methods.

® Observed [M+H]* is reported for all compounds. For bromine containing compounds, the observed

[M+H]" for two bromine isotopes (i.e., ”Br and *'Br) are reported.

or the pharmaceutically acceptable salts thereof.

For all compounds disclosed hereinabove in this application, in the event the

nomenclature is in conflict with the structure, it shall be understood that the

compound is defined by the structure.

The invention also relates to pharmaceutical preparations, containing as active

substance one or more compounds of the invention, or the pharmaceutically

acceptable derivatives thereof, optionally combined with conventional excipients

and/or carriers.

Compounds of the invention also include their isotopically-labelled forms.

An

isotopically-labelled form of an active agent of a combination of the present invention

is identical to said active agent but for the fact that one or more atoms of said active

agent have been replaced by an atom or atoms having an atomic mass or mass number

different from the atomic mass or mass number of said atom which is usually found in

nature. Examples of isotopes which are readily available commercially and which

can be incorporated into an active agent of a combination of the present invention in

accordance with well established procedures, include isotopes of hydrogen, carbon,

nitrogen, oxygen, phosphorous, fluorine and chlorine, e.g., ’H, *H, B¢, “C, PN, ®o,

17O, 31P, 32P, 358, 18F, and 36Cl, respectively. An active agent of a combination of the

present invention, a prodrug thereof, or a pharmaceutically acceptable salt of either

which contains one or more of the above-mentioned isotopes and/or other isotopes of

other atoms is contemplated to be within the scope of the present invention.
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N-N 41 1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-car boxylic acid
11142- nethyl-thiazol-4-yl)- cyclopropyll-am de 394.15 0. 84 0O NLN 1H
/1 N NWO2011/421¢1-{ [ 1- (4-Fl uorophenyl) - 1H pyrazol o[ 3C#AIS2010/053142
cl pyridi ne-4-carbonyll- amino } -cyclopropyl)- pyridin-4-ylnmethyllcarbamc
acid tert-butyl ester 503.30 0.83

The invention includes the use of any compounds of described above containing one

or more asymmetric carbon atoms may occur as racemates and racemic mixtures,

single enantiomers, diastereomeric mixtures and individual diastereomers. Isomers

shall be defined as being enantiomers and diastereomers. All such isomeric forms of

these compounds are expressly included in the present invention. Each stereogenic

carbon may be in the R or S configuration, or a combination of configurations.

Some of the compounds of the invention can exist in more than one tautomeric form.

The invention includes methods using all such tautomers.

All terms as used herein in this specification, unless otherwise stated, shall be
understood in their ordinary meaning as known in the art. For example, “C;.4 alkoxy”
is a C;.4 alkyl with a terminal oxygen, such as methoxy, ethoxy, propoxy, butoxy. All
alkyl, alkenyl and alkynyl groups shall be understood as being branched or
unbranched where structurally possible and unless otherwise specified. Other more

specific definitions are as follows:

Carbocycles include hydrocarbon rings containing from three to twelve carbon atoms.
These carbocycles may be either aromatic or non-aromatic ring systems. The non-
aromatic ring systems may be mono- or polyunsaturated. Preferred carbocycles
include but are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptanyl, cycloheptenyl, phenyl, indanyl, indenyl,
benzocyclobutanyl, dihydronaphthyl, tetrahydronaphthyl, naphthyl,
decahydronaphthyl, benzocycloheptanyl and benzocycloheptenyl. Certain terms for

cycloalkyl such as cyclobutanyl and cyclobutyl shall be used interchangeably.

The term “heterocycle” refers to a stable nonaromatic 4-8 membered (but preferably,
4 or 6 membered) monocyclic or nonaromatic 8-11 membered bicyclic or spirocyclic
heterocycle radical which may be either saturated or unsaturated. Each heterocycle
consists of carbon atoms and one or more, preferably from 1 to 4 heteroatoms chosen
from nitrogen, oxygen and sulfur. The heterocycle may be attached by any atom of

the cycle, which results in the creation of a stable structure.
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O NNIH NNNit NH
1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4-cl pyri di ne4-carboxylic acid [144-
am nonet WwD-2pyrdsgdin- 2- 1) - cycl opropyl | -am de 'y 403. 17 OPBT/US20d0M53134 NN H |
1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(4-
met hoxy- pyri di n-2-y1l)- cycl opropyll-am de 404.20 0.58 O NI).LN H/ -

The term “heteroaryl” shall be understood to mean an aromatic 5-8 membered

monocyclic or 8-11 membered bicyclic ring containing 1-4 heteroatoms such as N, O

and S.

Unless otherwise stated, heterocycles and heteroaryl include but are not limited to, for
example furanyl, pyranyl, benzoxazolyl, benzothiazolyl, benzimidazolyl,
tetrahydropyranyl, dioxanyl, dioxolanyl, tetrahydrofuranyl, oxazolyl, isoxazolyl,
thiazolyl, pyrazolyl, pyrrolyl, imidazolyl, thienyl, thiadiazolyl, thiomorpholinyl, 1,1-
dioxo—1%6—thiomorpholinyl, morpholinyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrazinyl, triazinyl, pyrrolidinyl, piperidinyl, piperazinyl, purinyl, quinolinyl,
dihydro-2H-quinolinyl,  isoquinolinyl,  quinazolinyl, indazolyl, thieno[2,3-
d]pyrimidinyl, indolyl, isoindolyl, benzofuranyl, benzopyranyl and benzodioxolyl.

The term “heteroatom” as used herein shall be understood to mean atoms other than

carbon such as O, N, S and P.

In all alkyl groups or carbon chains one or more carbon atoms can be optionally
replaced by heteroatoms: O, S or N, it shall be understood that if N is not substituted
then it is NH, it shall also be understood that the heteroatoms may replace either
terminal carbon atoms or internal carbon atoms within a branched or unbranched
carbon chain. Such groups can be substituted as herein above described by groups
such as oxo to result in definitions such as but not limited to: alkoxycarbonyl, acyl,

amido and thioxo.

The term “aryl” as used herein shall be understood to mean aromatic carbocycle or
heteroaryl as defined herein. Each aryl or heteroaryl unless otherwise specified
includes it’s partially or fully hydrogenated derivative. For example, quinolinyl may
include decahydroquinolinyl and tetrahydroquinolinyl, naphthyl may include its
hydrogenated derivatives such as tetrahydranaphthyl. Other partially or fully
hydrogenated derivatives of the aryl and heteroaryl compounds described herein will
be apparent to one of ordinary skill in the art.

As used herein, “nitrogen” and “sulfur” include any oxidized form of nitrogen and
sulfur and the quaternized form of any basic nitrogen. For example, for an -S-Ci

alkyl radical, unless otherwise specified, this shall be understood to include -S(0)-Ci¢
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01
[ 144-

chl oro-pyridin-2-y1)-

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-car boxylic acid
cycl opropyl | -am de 408.13 0.92 0 NLN 1H /

-NO

Br 1-(4- AWoano/@bEmnyl) - 1Hpyrazol o[ 3, 4- cl pyri di ne4- car borgrius2@oiosB1t145-
br ono- pyridi n-2-y1)- cycl opropyl|-am de 452.10; 454.07 0.97 0

1- (4- Fl uor o- phenyl)-1H pyrazolo[ 3, 4- el pyri di ne4-carboxylic acid [144-

| odo- pyridin-2-yl)- cycl opropyl!|-am de

alkyl and -S(0),-Cy.¢ alkyl.

The term “alkyl” refers to a saturated aliphatic radical containing from one to ten
carbon atoms or a mono- or polyunsaturated aliphatic hydrocarbon radical containing
from two to twelve carbon atoms. A mono- or polyunsaturated aliphatic hydrocarbon
radical must contain at least one double or triple bond, respectively. “Alkyl” refers to
both branched and unbranched alkyl groups. It should be understood that any
combination term using an “alk” or “alkyl” prefix refers to analogs according to the
above definition of “alkyl”. For example, terms such as “alkoxy”, “alkythio” refer to

alkyl groups linked to a second group via an oxygen or sulfur atom. ‘“Alkanoyl”

refers to an alkyl group linked to a carbonyl group (C=0).

The term “halogen” as used in the present specification shall be understood to mean
bromine, chlorine, fluorine or iodine, preferably fluorine. The definitions
“halogenated”, “partially or fully halogenated”; partially or fully fluorinated;
“substituted by one or more halogen atoms”, includes for example, mono, di or tri
halo derivatives on one or more carbon atoms. For alkyl, a nonlimiting example

would be -CH,CHF,, -CF; etc.

Each alkyl, carbocycle, heterocycle or heteroaryl, or the analogs thereof, described

herein shall be understood to be optionally partially or fully halogenated.

The compounds of the invention are only those which are contemplated to be
‘chemically stable’ as will be appreciated by those skilled in the art. For example, a
compound which would have a °‘dangling valency’, or a ‘carbanion’ are not

compounds contemplated by the inventive methods disclosed herein.

The invention includes pharmaceutically acceptable derivatives of compounds of
formula (). A "pharmaceutically acceptable derivative" refers to any
pharmaceutically acceptable salt or ester, or any other compound which, upon
administration to a patient, is capable of providing (directly or indirectly) a compound
useful for the invention, or a pharmacologically active metabolite or
pharmacologically active residue thereof. A pharmacologically active metabolite

shall be understood to mean any compound of the invention capable of being
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500.12 0.96 N) . NIH NN/ * O VNNI /H/ NN 411 10 Br
1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-el pyri di ne- 4-carboxylic acid [1-(4-
br ono- phewng2pti/@yalropr opyl | - am de 451. 10; 453.06 1. 06 OPCT/US2010/053142

metabolized enzymatically or chemically. 'This includes, for example, hydroxylated

or oxidized derivative compounds of the invention.

Pharmaceutically acceptable salts include those derived from pharmaceutically
acceptable inorganic and organic acids and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycolic, lactic, salicylic, succinic, toluene-p-sulfuric, tartaric, acetic, citric,
methanesulfonic, formic, benzoic, malonic, naphthalene-2-sulfuric  and
benzenesulfonic acids. Other acids, such as oxalic acid, while not themselves
pharmaceutically acceptable, may be employed in the preparation of salts useful as
intermediates in obtaining the compounds and their pharmaceutically acceptable acid

addition salts. Salts derived from appropriate bases include alkali metal (e.g.,
sodium), alkaline earth metal (e.g., magnesium), ammonium and N-(C{-Cy alky1)4+

salts.

In addition, within the scope of the invention is use of prodrugs of compounds of the
invention.  Prodrugs include those compounds that, upon simple chemical
transformation, are modified to produce compounds of the invention. Simple
chemical transformations include hydrolysis, oxidation and reduction. Specifically,
when a prodrug is administered to a patient, the prodrug may be transformed into a
compound disclosed hereinabove, thereby imparting the desired pharmacological

effect.

The compounds of formula I may be made using the general synthetic methods

described below, which also constitute part of the invention.

GENERAL SYNTHETIC METHODS

The invention additionally provides for methods for making compounds of formula L.
The compounds of the invention may be prepared by the general methods and

examples presented below, and methods known to those of ordinary skill in the art

and reported in the chemical literature.
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NNH/ / NNOHNOII O [641-{[144-Fl uorophenyl)-1H pyrazol o[ 3, 4-
cl pyridi ne-4-carbonyll- amno } -cyclopropyl)- pyridin-3-ylnethyllcarbamc
acid tertwbuaoylosemrer 503.31 0.88 0 NN/ NN NH2 ityl) - egeluspeiopyidisz am de
1- (4- Fl uoro- phenyl) - 1H pyrazol 0113, 4- el pyri di ne- 4-carboxylic acid [145-
am nonet hyl - pyri di n- 2-

Unless otherwise specified, solvents, temperatures, pressures, and other reaction

conditions may be readily selected by one of ordinary skill in the art. Specific

procedures are provided in the Synthetic Examples section.

Aryl- or heteroaryl-cycloalkylamine intermediates are either commercially available,
prepared according to the general procedures or references described below (hereby
incorporated by reference in their entirety), or may be prepared by one skilled in the

art using methods described in the chemical literature.

Aryl- or heteroaryl-cyclopropylamine may be synthesized via titanium alkoxide-
mediated reductive cyclopropanation of the corresponding aryl or heteroaryl nitriles
with Grignard reagents (Szymoniak, J. et al. J. Org. Chem. 2002, 67, 3965, and
Bertus, P. et al. J. Org. Chem. 2003, 68, 7133) or with zinc reagents (de Meijere, A. et
al. Org. Lett. 5, 2003, 753). Alternatively, aryl-cyclopropylamines may be
synthesized from aryl nitriles or aryl esters via cycloalkylation (e.g., Jonczyk, A. et al.
Org. Prep. Proc. 27, 1995, 355), followed by conversion of the nitrile or ester group
to a carboxylic acid, Curtius rearrangement of the resulting carboxylic acid to a
carbamic ester (e.g., Hanano, T. ef al. Bioorg. Med. Chem. Lett. 10, 2000, 881), and

deprotection of the resulting carbamic ester.

Amide bond formations may be carried out by standard coupling conditions well-

known in the art (e.g., Bodanszky, M. The Practice of Peptide Synthesis, Springer-

Verlag, 1984, which is hereby incorporated by reference in its entirety), such as
reacting a carboxylic acid and an amine in the presence of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC) and 1-hydroxybenzotriazole.
Reaction progress may be monitored by conventional methods such as thin layer
chromatography (TLC). Intermediates and products may be purified by methods

known in the art, including column chromatography, HPLC or recrystallization.

The methods described below and in the Synthetic Examples section may be used to
prepare compounds of formula Ia (i.e., compounds of formula I wherein X is nitrogen,
Schemes [, II and III), and compounds of formula Ib (i.e., compounds of formula I

wherein X is C-R,, Schemes IV and V). In the schemes below, Ar;, Ar,, cyclic G, X,
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403.18 0.53 0O VNLN 1 /HO / -N 10 NH2

1- (4- Fl uor o- phenyl) - 1Hpyr azol o[ 3, 4- el pyri di ne4-carboxylic acid {143-

( car banoywoebtw99icar banoyl) - phenyl | cycl opropyl } -am decan32@8/033125 o V
NNO 1 /H/ NNO 144- Fl uor o- pheny1l) - 1Hpyr azol o[ 3, 4- el pyri di ne4- car boxylic
acid {143- (nethyl carbanoyl net hyl carbanoyl) - phenyl | cycl opropyl } -am de

R; and R, shall have the meanings defined in the detailed description of compounds

of formula L.

Compounds of formula Ia may be prepared according to Schemes I-II1.

Scheme 1
Ar,
I}IH
OxH N H
Cul
NaOAc diamine
Br = | Br + Ar,NHNH, Br . | Br
« EtOH ~ Base
N
Il 11 Y%
@]
Pd Catalyst
Z
Base /
N—N
Ar1/
Y, U la

As illustrated in Scheme I, a suitable hydrazine of the formula III (free base or a
suitable salt form such as a hydrochloride salt) bearing Ar; may be reacted with 3,5-
dibromo-4-pyridinecarboxaldehyde II in the presence of sodium acetate and in a
suitable solvent such as EtOH to provide the hydrazone of formula IV. Compound of
formula IV may be cyclized in the presence of suitable reagents such as a diamine
ligand (e.g., trans-N,N’-dimethylcyclohexane-1,2-diamine), a copper salt (e.g., Cul), a
base (e.g., K,COj3), and a solvent (e.g., N-methyl-2-pyrrolidinone) to provide the
compound of formula V. The bromo-azaindazole V may be heated in a sealed
pressure vessel with a suitable amine of formula VI in the presence of suitable cross
coupling reagents such as a Pd catalyst (e.g., PA(PhCN),Cl,), a ligand [e.g., 1,1-
bis(diphenylphosphino)ferrocene (dppf)], a base (e.g., EtsN), and a solvent (e.g.,

29



487.24 1. 28 O VNINO H/ NN #

1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c] pyri di ne-4-carboxylic acid 1114 3-

br omo- phewppti/myatopr opyl | - am de 451. 10; 452.99 1. 68 OPUTNN2Holo83142/ 0 O
3-[3-(2-{ [1-(4-Fluorophenyl)-1H pyrazol o[ 3,4- cl pyridine-4-carbonyl|am no
} -cycl opropyl)- benzenesul fonyll- propionic acid nethyl ester

toluene), under an atmosphere of CO that is pressurized (preferably at about 15 bars)

to afford the desired compound of formula Ia.

Scheme 11
CO i
Br  Pd Catalyst N
Z ’d
N | Ligand N | O Hydrolysis
A B —————— NS
) Base /)
N—N EtOH N-N
Ar1/ Ar1/
v VI
O
O
’
N | OH Amide Coupling NTX N Ar
i . = H o
) H,N"" A, &
N—-N /
Ar1/ N=N
Ar1/
Vil \ &

Alternatively, compounds of formula Ia may be synthesized according to the general
procedure illustrated in Scheme II. Bromo-azaindazole of formula V may be heated
under pressurized CO atmosphere, in the presence of a suitable Pd catalyst, ligand and
base as described above in absolute ethanol to provide the ethyl ester of formula VII,
which may be hydrolyzed with a suitable hydroxide base (e.g., KOH) in a suitable
solvent system such as aqueous methanol to afford the carboxylic acid of formula of
VIII. Carboxylic acid VIII may be reacted with a suitable amine of formula VI under
amide coupling conditions well known in the art. For example, acid VIII may be
treated with a suitable activating reagent such as thionyl chloride, oxalyl chloride,
(benzotriazol-1-yloxy)tripyrrolidinophosphonium-hexafluorophosphate (PyBOP), O-
(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate
(HATU), O-(benzotriazol-1-yl)-N,N.N’,N -tetramethyluronium hexafluorophosphate
(HBTU), or O-(benzotriazol-1-yl)-N,N.N’,N’-tetramethyluronium tetrafluoroborate

(TBTU) in the presence of a suitable amine of formula VI, a suitable base (e.g.,
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met hanesuwoaenylo4phienyl) - cycl opropyl | -am de 451. 24 1. 45PoT/UNDOBIOR3IAH / -
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triethylamine or N,N-diisopropylethylamine) in a suitable solvent (e.g.,

dimethylformamide or N-methylpyrrolidinone) to provide the desired compound of

formula Ia.
Scheme 111

O

OxH N B N Xy~ “oH
Base RMgClI
Br Br + ANHNH, — = X B NP~
Z | \ / Co, \ /
=N =N
\N Ar1/ Ar1/
Il 1l \ VI

Alternatively, the carboxylic acid of formula VIII may be prepared according to the
synthesis sequence shown in Scheme III. A compound of the formula II may be
reacted with a suitable hydrazine of the formula III (free base or a suitable salt form
such as a hydrochloride salt) using a polar aprotic solvent (e.g., NMP, DMF, DMAC,
or DMPU) in the presence of a base (e.g., aqueous KOH, aqueous NaOH, aqueous
LiOH, aqueous CsOH, NaOMe, NaOFEt, KOt-Bu or KOt-amyl), at a suitable
temperature (preferably at about 80°C) to provide the compound of formula V.
Bromo-azaindazole V may be reacted with a suitable Grignard reagent (e.g., R-MgCl
where R may be chosen from isopropyl, n-butyl, sec-butyl and cyclohexyl), and CO,
in a suitable polar aprotic solvent such as THF, MTBE, Et,O, DME or dioxane, at a
suitable reaction temperature (preferably at about -20°C) to afford the carboxylic acid
of formula VIII, which may be converted to compounds of formula Ia as described

above.
Compounds of formula Ib may be prepared as shown in Schemes IV and V. In these
schemes, Arj, Ar, G, X, R; and R;, shall have the meanings defined in the detailed

description of compounds of formula L

Scheme IV
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As depicted in Scheme IV, an indazole-4-carboxylic acid of formula IX may be
coupled to a suitable amine of formula VI using amide bond coupling conditions well
known in the art such as those described above. The resultant indazole-4-
carboxamide may be reacted with a suitable aryl halide of formula XI under cross
coupling conditions that are known in the chemical literature such as heating at a
suitable temperature (preferably at about 120°C), in the presence of suitable reagents
such as a catalyst (e.g., Cul), a base (e.g., K»CO3), and a ligand (e.g., racemic trans-
N,N’-dimethylcyclohexane-1,2-diamine), in a suitable solvent (e.g., DMF) to provide

the compound of formula Ib.

Alternatively, compounds of formula Ib may be synthesized as illustrated in Scheme

V.

Scheme V
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An indazole-4-carboxylic acid of formula IX may be transformed to its corresponding
carboxylic ester of formula XII using esterification conditions well known in the art
such as treatment with trimethylsilyl diazomethane in a suitable solvent system (e.g.,
methanol and toluene). FEster XII may be reacted with a suitable aryl halide of
formula XI under cross coupling conditions described above to provide the indazole-
4-carboxylic ester of formula XIII, which may be converted to the acid of formula
XIV under standard hydrolysis conditions such as treatment with a suitable base (e.g.,
NaOH) in a suitable aqueous solvent system (e.g., water and methanol). As
previously described, the acid of formula XIV may be converted to the compound of
formula Ib by reaction with amine VI under amide coupling conditions known in the

art.
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Compounds of formula I prepared by the above methods may be further converted to

additional compounds of formula I by methods known in the art and exemplified in

the Synthetic Examples section below.

The methods described below (i.e., Schemes VI-IX) and in the Synthetic Examples
section may be used to prepare intermediates VI, which may be used in the
preparation of compounds of formula I. In the schemes below, cyclic G, Ar, and R,,
shall have the meanings defined in the detailed description of compounds of formula

L

Intermediates of formula VIa (i.e., intermediate of formula VI wherein Ar; is a 1,3,4-

thiadiazole) may be prepared according to Scheme VI.

Scheme VI
i 5 Goupling Reagent H j\
+ H,N< ~1Bu > tBu
PG\H OH 2 H O Base PG\N N\H O/
0 H o
XV XVI XVII
a) Lawesson's
Reagent H |Cf a) DMF/Et,N
T, P -
b) Deprotection PG N\NH + CI”\"OFEt b) Deprotection /N-
N 2 OFEt HN N
S =/
XVl XIX Via

As illustrated in Scheme VI, an amino acid of the formula XV wherein PG is a
suitable protecting group (e.g., Cbz) may be coupled with Boc-protected hydrazine
XVI using amide bond coupling conditions well-known in the art such as those
described above to provide a Boc-protected hydrazide XVII. A compound of formula

XVII may be reacted with Lawesson’s Reagent in the presence of a suitable solvent
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1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c] pyri di ne-4-carboxylic acid [1-(4-
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144- Fl uor o- phenyl) - 1Hpyr azol ol 3, 4-cl pyri di ne4-carboxylic acid [146-

mor phol i n-4-yl -pyridin3-yl)-cycl opropyl | -am de 459.21 1.27 el /| N-N* /
such as toluene and at a suitable temperature (e.g., at about 90°C) to provide the
corresponding Boc-protected thiohydrazide, which may be deprotected using a
suitable acid such as 4N HCI in dioxane to provide the appropriate salt form (e.g., a
hydrochloride salt) of thiohydrazide XVIII. A compound of formula XVIII may be
reacted with DMF in the presence of a suitable reagent such as diethyl
chlorophosphate XIX and a suitable base (e.g., Et;N) to provide the corresponding
1,3,4-thiadiazole, which may be N-deprotected with a suitable reagent (e.g., 48% HBr

in acetic acid) to afford an intermediate of formula VIa.

Additionally, intermediates of formula VIb (i.e., intermediate of formula VI wherein

Ar is a 1,2,4-oxadiazole) may be prepared according to Scheme VII.

Scheme VII
Coupling Reagent Dehydration
OH > NH, ™
PG\N NH,CO, PG\N 5 PG\N CN
H o Base H o5 H
XV XX XXI
a) Coupling Reagent
NH,OH-HCI ) A
- = NH, * -
Base PG‘N R OH b) Deprotection H.N \ N\>,R
EtOH Ho 2 i b
A “OH ©
XX XX Vib

As shown in Scheme VII, a suitably protected amino acid of the formula XV (i.e., PG
is a suitable protecting group such as Cbz) may be converted to the corresponding
amide XX using standard amide bond coupling conditions such as those described
above, and in the presence of a suitable ammonium salt such as ammonium carbonate,
a suitable base (e.g., EtsN) and a suitable solvent (e.g., DMF). An amide of formula
XX may be reacted with suitable dehydrating reagent such as cyanuric chloride, in the
presence of a suitable solvent (e.g., DMF) and at a suitable temperature (e.g., at about

0°C to 30°C) to provide a nitrile of formula XXI. A compound XXI may be reacted
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with hydroxylamine hydrochloride, in the presence of a suitable base such as
potassium carbonate, in a suitable solvent (e.g., ethanol) and at a suitable temperature
(e.g., at about 79°C) to provide a compound of formula XXII. An amidoxime XXII
may be reacted with a suitable carboxylic acid of formula XXIII using an amide bond
coupling reagent well-known in the art (e.g., CDI), in a suitable solvent (e.g., DMF),
and under suitable conditions (e.g., heating at about 100°C) to afford the

corresponding 1,2,4-oxadiazole derivative that may be N-deprotected as described

above to furnish an intermediate of formula VIb.

Intermediates of formula VIc (i.e., intermediate of formula VI wherein Ar; is a

different regioisomer of 1,2,4-oxadiazole) may be prepared according to Scheme VIIL

Scheme VIII

HOLy  a CDIDMF

PG. OH + | =
H H N)\Rb b) Deprotection H,N

N
: =i

@] O-N
XV XXIV Vic

An amidoxime of formula XXIV may be prepared by the addition of hydroxylamine
to the corresponding nitrile under suitable conditions as described above. As depicted
in Scheme VIII, an amidoxime XXIV may be reacted with an amino acid of the
formula XV wherein PG is a suitable protecting group (e.g., Boc) utilizing a suitable
amide coupling reagent such as CDI, in a suitable solvent such as DMF, and under
suitable conditions (e.g., heating at about 100°C) to provide the corresponding 1,2,4-
oxadiazole, which may be N-deprotected under a suitable condition (e.g., reaction
with a suitable acid such as 4N HCI in dioxane) to afford an intermediate of formula

Vic.

Intermediates of formula VId (i.e., intermediate of formula VI wherein Ar, is a

pyrimidine) may be prepared according to Scheme IX.
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Scheme IX
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As illustrated in Scheme IX, a suitably protected amino carbonitrile of formula XXI
wherein PG is a suitable protecting group such as Boc may be converted to the
corresponding amidine hydrochloride XXV via reaction with suitable reagents such as
sodium ethoxide in ethanol followed by treatment with ammonium chloride and
ammonia. In a separate synthetic transformation, 3-dimethylaminopropenal XXVI
may be halogenated with a suitable reagent (e.g., Br, and NIS) in a suitable solvent
such as CHCI; to afford a 2-halogen-substituted 3-dimethylaminopropenal of formula
XXVII (i.e., Ry is Br or I). Subsequently, an amidine hydrochloride XXV may be
reacted with a compound of formula XXVII in a suitable solvent (e.g., EtOH) and at a
suitable temperature (e.g., at about 80°C) to provide a pyrimidine of formula XXVIIL
A compound XXVIII may be N-deprotected using conditions well-known in the art

and as described above to afford an intermediate of formula VId.
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Suitably protected amino acid of the formula XV, which may be used in the synthesis
of intermediates of formula VI are either commercially available, may be prepared
according to the reference described below (hereby incorporated by reference in its
entirety), or may be prepared by one skilled in the art using methods described in the

chemical literature.

3-tert-butoxycarbonylamino-oxetane-3-carboxylic acid may be synthesized according

to the procedure described in patent application WO 2009/070485 Al.

The following are examples of unnatural amino acids that are commercially available.
These Examples are for the purpose of supporting embodiments of this invention, and
are not to be construed as limiting the scope of the invention in any way. Suitable
protection of amino acids may be carried out by standard conditions well-known in

the art (for a comprehensive list see, Greene, T. W.; Wuts, P. G. M. Protective Groups

in Organic Synthesis, 3 Ed., Wiley, New York, 1999, which is hereby incorporated

by reference in its entirety).

OH Ph =
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f 1 uori nat edMethodhstminutied by one or nore(hbimigen at ons", includes fopr
exanpl e, no, di| or tr|i %¥aHe deri&ENves on one or nore carbon atops. For
al kyl, a nonlimtling exa}ﬁ@%fsg\%u dO8¥% - CH2CHF2, | - CF3 etc. Each al ky|,

car bocycl €, het erlocycl @ ‘¥ Agg‘f”é?‘ Ja%‘g;lﬂ;c or the apal ogs thereof, descfibed
her ei n shart—be Llldlb'l stfood d° be UPEO oTTatt Ja ait+yor fulty haogenat ed.
The conpounds,_, of t.”ie1 Hpvention—are—pnty thco"‘e whiBHM ansoaanCesmlahed to be
' cheni cal lly stablleldds [wi 1 be appreciated—bBy those pikiitlk edmert he art. For
exanpl e, leigbi ch V\Ebul d hay® g dar@gﬁyi ng valency' or a carbani on'
are not conpounds contenplated by the inventive nethods disclosed herein.
The invention incl 'l',ldeS phar mageut L ald ¥ AGsERl.ab! e deri va't'i ves of conpounds
of formula (1). A pharmceut%&%derlvatlve refers to any
phar maceutically acceptable salt or ester, or any other conpound which,
upon adm nigtration t atient, is capable.of providin directly or

P rect 1 vy SuRihh ihido BulR bt RePPRI B SR e ot ogi sl 1 y
active mnet aakifoadiag spharmeae lagtiledlih patat hppati @SWALE0DOR0486fA1: A

phar macol ogically active netabolite shall be understood to nean any
conmpound of the invention capable of being netabolized enzymatically or
chem cally. This includes, for exanple, hydroxylated or oxidized derivative
conpounds of the invention. Pharmaceut¥cally acceptable salts include those
derived from pharnmaceutically acceptabl e i norganic and organi c acids and
bases. Exanpl es of suitable acids include hydrochloric, hydrobrom c,

sul furic, nitric, perchloric, fumaric, maleic, phosphoric, glycolic,

| actic, salicylic, succinic, toluene-p-sulfuric, tartaric, acetic, citric,
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Am de bond formations may be carried out by standard coupling conditions

wel |l -known in the art (e.g.,
Synt hesi swoSpri/aagar Ver | ag,

inits ent

irety),
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1984, which is hereby incorpecatusdolops3iief er ence
such as reacting a carboxylic acid and an amine in the

presence of 143- dinethyl am nopropyl)-3-ethylc arbodiimde (EDC) and

1- hydr oxybenzotri azol e.
nmet hods such as thin |ayer chromatography (TLC).

Reacti on progress nmay be nonitored by conventi onal
| nt er redi at es and products

may be purified by nethods known in the art including colum

chr omat ogrjaphy, LC or rlecrystAl lizatipn. The nmet hods descri bed bel ow and
in the Synthetic | es| seei Yay be us to prepare o ounds| of
formula la (iH87, YgOmpounds of f la | wher | N\X | S| Hi chenes |
[l and 111}), and cQmfounds of formyla Ib (i.e npounds @* a
wherein X|lis CGR2, Schenes |V and In the schenes pel ow, Ar|, Ar 2,
cyclic G shal {-have the|l neaninngs defihed 1n the detailed
descripti g of . f, a |. Comounadsnof formul o | JTRY be
prepared & emes | . Scheme®™l [ JV As iVusfrated in
Schene |, azine off the fprnula I (free base a suitable
salt form chlorid @%&;) bearlng Ari npy be reacted with

3, 5- di br grro—4- Pyt —-ehrecarboxal dUIIyUU H—a—the ptresence of—sodium acet ate
and in a guitabl e*sol vent| such as EtOH to provide the| hydrazone of| formul a
' V. Conpoy izged i sence of suitgble
reagents s HN

trans-N, N i n€) , salt (e.g., [ul), a
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Scheme 111 Qqcibdh nBedle: i AWVBGL featdB RO MaNk ALY temperature for 30-60

minutes. Water (250 mL) is then charged at 80°C, and the resulting slurry is cooled to

ambient temperature over 4-16 hours. The slurry is filtered, the solid is washed with

water, and oven dried under vacuum to afford 4-bromo-1-(4-fluorophenyl)-1H-

pyrazolo[3,4-c]pyridin

e as a solid.
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Alternatively, the carboxylic acid of fornula VIII may be prepared
according to the synthesis sequence shown in Schene Ill. A conpound of the
formul a IwOrray/gireacted with a suitabl e hydrazi ne of whe/useonoba4l | |
(free base or a suitable salt formsuch as a hydrochloride salt) using a
pol ar aprotic solvent (e.g., NWP, DVF, DMAC, or DMPU) in the presence of a
base (e.g., aqueous KOH, aqueous NaOH, aqueous LiOH, aqueous CsOH, NaOMe,

NaOEt, KOt - BY o1 LK@aslaﬁyéh)arge@u @oﬁHlltqﬂtﬂlﬁrépﬁé@@[ﬁ?Eﬁﬁz&&{BQt&ﬁﬁﬂhﬂé at about
800) to provide the conpound of for Br onp- azai ndazol e V may be

reacted wit®08gs M]tla’élpb L et} it CeAgdnt Theslgry is Rongdar -ahér éPlM%ﬁaly be
chosen fromog@RTPRY mi.N24 Mllmolsze(ﬁlvpfhtﬂﬂ? ande @y& kﬁ’d?%?&lydt)a ra@RGkER 1N a
sui tabl e polar aprotic solvent such as THF, DVE or d| oxane, at
a suitabl e thesepetstnre bofper-0°Gr eTl(er#@Fl@m aitheyi alt- 1@k oliot 3112@@) Gy gaf fsord t he

carboxylic gy, dofntofg{ ”}éh io| ol X"*Un‘ai‘ cﬁ era?&@ ﬁ&%%g TT%%(C%{H)%”O'S of
formula Ia as descri bed ove. npoun be prepared as
shown i n Scthepestufe\begimd tQ/drdpnThdn@ae)estoh@rml,]usmﬂth 2%?(2 ,an@;i- P)fQAR!BQénd R2,

shal | have e, TRAN! DS, PR LR 1035, 0EhBLA ROAASRERlALI AT 65 ygmPounds of

Schene |V, ad wznda(zl% el4- Aho@di)ythchams d1@f sofutipmid ehalrgédrmyhdo&acimnpl ed to a

cnown 11 L MNP LB RS o dThage PrLEaretBos WrRe ¢ uf M Bz e 4

car boxam de-2#mymbeof @igctEd suildtidonaisSeHatgab! @harsgictibal ik de)omfi ffooarﬁuhﬁ Xl under
cross coupli ng conditl s thi‘{ﬂrﬂé‘e known i&rb e chem.cal te ure such as

heating at &M %f?‘f*‘&b‘?Vér ‘?}Betﬂe EprRerdta P & ]tteri‘éo , SO lst he

presence ofwsHid alihe waRAGQAtSPrOMEN odén @ri6dtualiyfShachemto, a@w)me aitkase (e.g.,
K2C33), and a ligand (e.g., racemc

transN, N - &WH@A@W&PBﬁexane 1,2-diamne), in a suitable solvent (e.g.,
DMF) to provide the conpound of fornula I'b. Alternatively, conpounds of
formula | b may be synthesized as illustrated in Schene V. Scheme V. I|b An
i ndazol e- 4-Exanelg g1 $xnthesisof df(dflypraphenyh- Iikindpeole-deactosyhirearid @) t s
correspondi ng carboxyli g ester of formulagKll using esterification
conditions well known ifgl the art such as tr eat men Wi th trimethylsilyl

di azonmet hane in a gt tygbl @stg@m S o g., A% thaagl and tol uene).
Ester XII may be reactrd Wi t-h—a—suist aryl :hg rmul a Xl under
cross coupling condifli ops desr'l'ﬂp@*bed abdve)to prowd
i ndazol e4- car boxyl i cNéé\ter of °t8Fmul a RN, whichimay be converted to the
acid of formula Xl V'under standard hyHroI ysis conditions such as treatnent
with a suitable base (e.g., NaOH) in a suitable aqueous solvent system
(e.g., water and nethanol). As previously described, the acid of formula
XI'V may be converted to the conpound of fornula Ib by reaction with am ne
VI under am de coupling conditpoons known in the ard. Conpounds of formula |
prepared by the above nethgds smy be further capvegted to additional
conpounds of fornula I by od3 known in t t &1Wd exenplified in the
Synt heti c Exanpl es secti ofgpe escri bed below (i.e.,
Schenmes VI-1X) and in the nt/het i c—Bxampl es sct on may be used to prepare
i ntermediates VI, which B¥ usedMeRMt he preparation of conpounds of
formula I. In the scheﬁel ow, cyclic G and Rb shall have the

meani ngs defined in th ail ed descriptig f cgnpounds of fornula I.

I nternedi ates of formila Vla (i.e., interrediate of fornula VI wherein Ar2

IX\S/X\a/I g-(VIP)I 4- I)ngl hl ﬁedél carlg)oxg/?lc &Y (Zb(ﬁ) gp 15 B%ﬁn‘?&) 1%‘%85%%9&68(% %ngth%(l:oq ?ﬂ?ml\ﬁ eindSC heme Vi

toluene (30 mL) at room temperature. A solution of 2M trimethylsilyl diazomethane
(12 mL, 24 mmol) in toluene is added slowly and the mixture is stirred at room
temperature until the solution turned yellow. The reaction is quenched with

concentrated acetic acid (5 mL) and the solvent is removed in vacuo. The residue is
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Reagentl Ra) DMF/ Et 3N NNH2 N.+ C - \ OEtN b) Deprotecti onP&) Deprotection.N
CEtH2ZN H_// XVII IXIXVla As illustrated in Schenme VI, an amno acid of the
fornmul a XWOowhew@pn7PG i s a suitable protecting group (ePgT/USGnn)psiray be
coupl ed with Boc-protected hydrazi ne XVI using am de bond coupling
conditions well-known in the art such as those descri bed above to provide a
Boc- protected hydrazide XVII. A conpound of formula XVII nmay be reacted
with Lawes f1%d B%gl%al% ell dnrcrnlfheog%&@%nfeﬁg Qfithds SHditAR -0 V@ PLaceidCh as

t ol uene an a suitable tenperature ﬁ .g., at about 90C) to provide the
correspondllﬁ@eB@éStﬁragP@’ckféwdﬁWeoﬁy@P@z’ esidstohesdly be deprotected using a
suitable acid such as 4N HCl1 in dioxane to provide the appropriate salt
form(e.g., a hydrochloride salt) of thiohydrazide XVIIl. A compound of

f ormul a XVIAImixgye ple lieederder4wiatbhxivRcichmethsl ptasgefce 28fmaok.u¢apadsl e r eagent

such as di e | qQr t | I e Et3N) to
provi de thekglg%r(glsq]pg ﬁgﬁ@g@ E(-){%]Slégglr}%rzbgfﬁg \fﬂl%cg 8% Wghfc?eprot ected
with a sui tﬁ%bdlr@0¢®ag@n¢ (647 9g,, 3UByHBY isnclmeedi m acsecd)edtmbefa‘tOHOdman
|nterrred|at Y/ Addi t.i onall t.er nedi f la VIb

(0 o T F e mBtRL Yl B 014 RRRE Ko 8 TSPk &) Yy e
pr epar ed ac(df)md”ngadded Sdlere bYirdc-trdasMeNediMethyRgclsitownre- 1,2 dBotien®.991 | , a

suitably protected.a d of the f PG is a suitable
oot oot ) g BrouETeEN THS CRU Rey B 08 Fuch bt Haen GIeCisoming o de
XX usi ng sttamgaamreamddﬁlutwmﬂthcm@{ EOIgand iethyDistagu@h ndS. tihesegadrscr i bed
above, and in the presenc suit m sal t such_as .ammoni um
car bonat e, 'AYd§ feppiaked b%g‘ %é‘”@ bnnﬁt@ﬁﬂ‘i& m@@glo‘f’%{f odiughiuliafse .g., DWVF).
An ami de ofcrhiqy méh@ctxg(fmatedbeoﬂcaafawadaﬂ@ plriredi tyablien dahyslsmibgigpnyeagent
such as cyanuric chlorid in the presence of a suitable solvent (e.g.,

DMVF) and atCl@ingumitapy érafhéwp%fr 9139%6%114 getatean Beanes Boifesd 30 Masopr ovi de a
nitrite of fRhuh A ixdbole A-GQARPUNE PR hRY e reacted with hydroxyl anine
hydrochl oride,” In the presence of a suitable base such as potassium
carbonate, in a suitable solvent (e.g., ethanol) and at a suitable
tenperat ur erd &. Girped 3b1uABRWE 17@Cﬁuo}<9p1{2:'i191\f'1¢ﬁn§az6fé@&¥m RE afigriha XXI1. An

am doxime XXIl may be reacted with a suitable carboxylic acid of” formula
XXl 1| usi ngesten (adre.det hored) io oaptr (HgmE pangandthage] (20 klownaddad g lselutagrtof( e. g. |

CDl), in a ik Al g IF;)ME [ (o] tions
(e.qg., heatﬁg(15 at }gé@%&ﬁ?% &it)o%l? gg%%ﬁrggg{sf)%lﬁ%ltfﬁgi ?0]% Zﬂlgxadl azol e
deri vati ve sohaibn pegoolsd twq&tenlemp@‘amlechnaacmé@dmb bl ¢-abol éNtagudous HiCEh an
e 2 Bl B8 R Y IPLRLTRRL 28 R B o
1, 2, 4- oxadi d&iedlt@)fforay- (Mumoqnﬁnﬁﬁlﬂdmden@atb@xﬁmm VIIl. Schene VIII
HONa) CDI/ DVMF OH +b) Deprotectiona- H2ZNRbH2NN )--R /b

Example 3: Synthesis of  1-(6-bromo-pyridin-3-yl)-cyclopropylamine

bistrifluoroacetic acid salt (3)

2TFA
NHBoc NH,
EtMgBr Boc O
N = TI OIPI’ N = N = CH C| N _
C CI
3

An oven dried 2 L round-bottom flask equipped with a mechanical stirrer is charged
with anhydrous THF (750 mL) followed by Ti(Oi-Pr)4 (72.8 mL, 246 mmol) under Ar
atmosphere. 'The solution is purged under Ar and heated to 50°C. 6-Bromo-

nicotinonitrile (30.0 g, 164 mmol) is added to the mixture followed by dropwise
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ON XVXXIWIic An am doxinme of formula XXIV may be prepared by the addition
of hydroxylam ne to the corresponding nitrite under suitable conditions as
descri bedwvalouen4993 depicted in Schene VIII, an am doxi meTXKRMoms314he
reacted with an amno acid of the fornmula XV wherein PGis a suitable
protecting group (e.g., Boc) utilizing a suitable am de coupling reagent
such as CDI, in a suitable solvent such as DVMF, and under suitable

condi tions a(dangm,@\t&ea@ infBudd) o RRUIHIRGY et 1loANHE biAGAE A T1gs pandi ng

1,2, 4- oxadi azol e, which may be N-deprotected under a suitable condition
(e. g., T eactl-oh OinmAD a Tae reagtimess alowrdsashr #5040 Adier § Rowr.dhareyiano af f or d
an [ nt er Medhah . Rleod @l M Wifiperd bt SR Ak SR Lol QBT hihedi 356
internediate of formula VI wherein Ar2 Is a pyrimdine) nmay prepared
accor di ng toLBsHdded. | Ke m8dire e trangfoped to)dxagparator xRk Washed X1 1Vid As
illustrated, t n a ri of
formula XXl t%é?%?ﬁg%é (l?ésmg) :Eﬂe ﬂ%k%“%%‘%% gg%ﬁ%&grooﬁan%si\%ﬁn%% Bt)hg may be
converted toutdve loer isethpohalifgl tamfﬁllﬁ@wthlyﬁ‘ﬂ@@lhdtqus isdletioixf Ma@Hr édtet i on wit h
sui table r e 10& 1S %Hcgd (’\Ixzsit SﬁtngucniS%b hﬂ?ﬁ gnd I rg %noslol t%lnllgw? orol?1¥1 treat ment
wi t h ammoni um chl ori de and ammonia. r? a separa egsylf et ¢ Kransformati on,
3-di net hyl amrnacbpfonpernmhteé(mhenm]{utm 1baulllogema1i acindvivttile ahs Uayeabslewlyeagent
(e.g., Br2 and ({] %l‘ rﬁé,tablde sol.vent suc as CHC13 to.afforg1 a

2- hal ogen- sUBYtF E“do@m&? thyi S%PF?SSP%BWS‘F‘G SETFBPREE SRV e, RO s
Br or |). Swhsequenbignic aﬁyeamldld@ﬁlbhyedr @adnbo rigebrdM soayLbaric€acéred W th a

conpound of formula XXVlI| in a suitable solvent (e.g. Et and at a
suitabl e teMB gbﬂaﬂlﬁr@nfe@“@wd 1%1’“%6%’(”@6‘@)01% ﬁ‘ﬁr%éﬂed)gl '3 pblg,&%yoqﬂ,xfg of

formul a XXMl lchrofatfpay idinX4AVhiadici®yr 020 KePHOinecHed, Usiagrdc eieli tions
wel | -known 1n the art and as descri bed above to afford an internediate of
formul a VI dPromeRyEigB13yy I he {PEPSRIURR #ornai] vhith tlovely feortliizas P+ ffi ch may be
used in thegynbthepis of intermediates of fornmula VI are either
comercial ly available, may be prepared according to the reference

descri bed bel ow (hereby incorporated by reference inits entirety), or may

be prepar ed; yn8R6-p3 kil ﬁﬂg L1808y RinkindI St ng el BOASndESEr hi0@H eliNint he

chemcal literature.” 3-ter ut oxycar bonyl ani’'no- oxet ane- 3- car boxyl i ¢ acid
may be synt@dsgilz@l ndocloisNi(hgs mb. 5ﬁ@rmlb@?édiﬂce() tleblcg. iSH€dninel) prataddnd
applicatio 7 I n a nnat ur al

am no aci dgs e%naggpé&c%%?ﬁogl Qt?rzra%/dg%lt l%g#egm%%sug@( Exgggr?g?ggogﬁé or the
pur pose of supiporit |dtrigteérm0rdCthhﬁtzs(2©mehalsi waieeri2d od,) @ddtharleyemotret 0 be
construed ag | i mtjng, the scope aof th v y ui t.abl e
protect s on- SPui i T el MR ET LG Wb EaRY et ine

wel | - known CHzalhaym tire(Washedawitio hriee igaisove e MaSe, fHeesd aﬁdeemntra'[ed o/ ; Wits,

Toos. oni S Bo T REBR Y SDSSOhGRAPSPERE w3 P [y
solid.

[1-(6-bromo-pyridin-3-yl)-cyclopropyl]-carbamic acid fert-butyl ester (0.800 g, 2.55
mmol) is dissolved in CH,Cl, (10 mL). TFA (5 mL) is added dropwise. After 4
hours, the reaction is concentrated in vacuo to afford the title compound as an oil

(ES+ m/z 213.1, 215.1).

Example 4: Synthesis of 1-(5-bromo-pyrimidin-2-yl)-cyclopropylamine
dihydrochloride (4)
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Ph BocHN OH BocHN OH H2NOH 0 BocHNCH CF, OPh OH BocH N OH

WO 2011/049917 PCT/US2010/053142

i Br i HCl EtOH
2
H,N
\T«\)LH—. NNy s e %NHBOC —
r NH

chel, 1

N HCI N
N NHBoc — = N NH,
| =N CH,Cl, | =N 2HCI
Br Br
4

3-Dimethylamino-propenal (50 mL, 500 mmol) is dissolved in CHCl; (400 mL) at
room temperature. Bromine (25.7 mL, 0.500 mol) is added neat via syringe over 5
minutes. After 30 minutes, the reaction is poured into a mixture of 200 mL saturated
aqueous NayS,0; and 200 mL saturated aqueous NaHCO;, and the mixture is
extracted with CH,Cl, (3 x 100 mL). The combined organic layers are dried over
MgSO, and concentrated to give a solid. The solid is dissolved in EtOAc (200 mL),
insoluble materials are filtered off, the filtrate is concentrated in vacuo and the
resulting solid is washed with a solution of 50% FtOAc in hexanes to afford 3-

dimethylamino-2-bromo-propenal as a solid (ES+ m/z 178.28).

(1-Carbamimidoyl-cyclopropyl)-carbamic acid ferz-butyl ester hydrochloride (1.0 g,
4.2 mmol) (prepared according to the procedure described in patent application WO
2009/070485 Al) and 3-dimethylamino-2-bromo-propenal (1.1 g, 6.4 mmol) are
added to FtOH (2 ml) in a pressure tube. The reaction vessel is capped and the
mixture is heated at 80°C for 24 hours. The mixture is cool to room temperature and
methanol (20 ml) is added. The resulting solids are filtered and the filtrate is
concentrated in vacuo. The residue is dissolved with CH,Cl, (50 mL) and the solids
are filtered. The filtrate is concentrated and the residue is purified by silica gel
chromatography using a gradient of 0-50% EtOAc in hexanes to afford [1-(5-bromo-

pyrimidin-2-yl)-cyclopropyl]-carbamic acid fert-butyl ester as a solid.
[1-(5-Bromo-pyrimidin-2-yl)-cyclopropyl]-carbamic acid fert-butyl ester (1.18 g, 3.76

mmol) is dissolved in CH,Cl, (5 mL) at room temperature. A 4M solution of HCI in

dioxane (9.4 mL., 38 mmol) is added. After 2 hours, solvents are removed by a stream
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WO 2011/049917 PCT/US2010/053142

of N, to afford crude title compound as a solid, which is used without purification

(ES+ m/z 216.3).

Example 5: Synthesis of [1-(5-iodo-furan-2-yl)-cyclopropyl]-carbamic acid terz-
butyl ester (5)

O O
o X I s Nk
H DMF | N
\ \
5

To a solution of (1-furan-2-yl-cyclopropyl)-carbamic acid fert-butyl ester (4.30 g,
19.3 mmol) (prepared according to the procedure described in patent application WO
2009/070485 Al) in anhydrous DMF (77 mL) at room temperature is added solid N-
iodosuccinimide (4.77 g, 21.2 mmol) in one portion. After 2.5 hours, the reaction is
diluted with a saturated aqueous solution of NaS,03 (75 mL), water (75 mL), and
ethyl ether (100 mL). Phases are separated and the aqueous layer is extracted with
ethyl ether (2 x 100 mL). The combined organic layers are dried over Na,SO4 and
concentrated. The resultant solid is triturated with hexanes to afford the title

compound as a powder (ES+ m/z 350.5).

Example 6: Synthesis of 3-(1-amino-cyclopropyl)-benzoic acid methyl ester (6)
o o
Me(CO)CI
H,N OH—————— H,N o
MeOH
6
Acetyl chloride (0.600 mL, 8.46 mmol) is added to methanol (15 mL) at 0°C and the
solution is warmed to room temperature. After stirring for 20 minutes, 3-
aminocyclopropyl benzoic acid (0.500 g, 2.82 mmol) is added and the reaction
mixture is heated at reflux. After 16 hours, the mixture is concentrated at 65°C under
a stream of nitrogen. The residue is neutralized with saturated aqueous sodium
bicarbonate (50 mlL) and extracted with ethyl acetate (3 x 50 mL). The combined
organic layers are washed with brine (100 mL), dried over MgSQy, filtered and

concentrated to afford crude title product, which is used without purification.
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Example 7: Synthesis of 1-(2-bromo-pyridin-4-yl)-cyclopropylamine
trifluoroacetic acid salt (7)
Br Br Br

MsCl Br(CH,),Br
XN DIPEA Xy KCN XN NaH
- - B —— ~ _——
HO 2 CHCl, MsO ) EOHH,0 ~ (B0
DMSO
Br Br NaCI02 Br
XNy DBAL-H o Xy NaH,PO,H,0 o NN
N\ B —— -
N = Toluene H =~ 2-methyl-2-butene HO =
t-BuOH/H,O
(PhO),PON, Br Br
Et;N | SNOTFA - orpea | XN
—_— —_—
@) N >
t-BuOH >( N CH,Cl, H,N =
O 7

To a stirred 0°C solution of (2-bromo-pyridin-4-yl)-methanol (3.00 g, 16.0 mmol) and
N, N-diisopropylethylamine (8.3 mL, 48 mmol) in dichloromethane (30 ml.) is added
methanesulfonyl chloride (1.30 mL, 16.8 mmol). The resulting mixture is warmed to
room temperature. After 1 hour, the mixture is diluted with dichloromethane (20 mL)
and washed with saturated aqueous ammonium chloride (3 x 10 mL), saturated
aqueous sodium bicarbonate (10 mL), brine (10 mL), dried over MgSQy, filtered and
concentrated to afford crude methanesulfonic acid 2-bromo-pyridin-4-ylmethyl ester,

which is used without purification.

Methanesulfonic acid 2-bromo-pyridin-4-ylmethyl ester (4.24 g, 15.9 mmol) is added
to a stirred solution of potassium cyanide (1.02 g, 15.1 mmol) in a mixture of ethanol
(30 mL) and water (6 mL) at room temperature. After 72 hours, ethyl acetate (80 mL)
and saturated aqueous sodium bicarbonate (40 ml) are added and phases are
separated. The organic layer is washed with water (3 x 40 mL), dried over MgSOQy,
filtered and concentrated.  The resulting residue is purified by silica gel
chromatography eluting with a gradient of 0-60% ethyl acetate in heptane to afford
(2-bromo-pyridin-4-yl)-acetonitrile (ES+ m/z 197.41; 199.40).
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Phase Fl ow (ni/m n) Col umm H20 (0. 1%A) cii3cN éo. 1%:A} Al
solution ‘of (2-bromo-pyridin-4-yl)-acetonitrile (1.20 g, 6.09 mmol) and the 1,2-

dibromoethane (0.663 mlL, 7.61 mmol) in a mixture of dry Et,O (5 mL) and dry
DMSO (1 mL) is added to a suspension of NaH (60% dispersion in mineral oil, 585
mg, 14.6 mmol) in dry DMSO (10 mL) while controlling the resulting exotherm by
cooling in a water bath, and the resulting mixture is stirred at room temperature. After
18 hours, water (10 mL) and ethyl acetate (10 mL) are added, phases are separated
and the aqueous layer is extracted with ethyl acetate (3 x 10 mL). The combined
organic layers are washed with brine (30 mL) and dried over MgSQ,, filtered and
concentrated. The residue is purified on SiO; eluting with a gradient of 0-60% ethyl
acetate in heptane to afford 1-(2-bromo-pyridin-4-yl)-cyclopropanecarbonitrile as a

solid (ES+ m/z 223.36; 225.39).

To a solution of 1-(2-bromo-pyridin-4-yl)-cyclopropanecarbonitrile (1.16 g, 5.20
mmol) in toluene (30 mL) is added DIBAL-H (10.4 mL, 1M in toluene) at -78°C.
The mixture is stirred 1 hour at -78°C and warmed to room temperature. After 1 hour,
ethyl acetate (30 mL) is added, followed by 1M aqueous solution of H,SO4 (30 mL).
Phases are separated and the aqueous layer is extracted with ethyl acetate (3 x 50 mL).
The combined organic layers are dried over MgSQ,, filtered and concentrated to
afford crude 1-(2-bromo-pyridin-4-yl)-cyclopropanecarbaldehyde (ES+ m/z 226.48;

228.47), which is used without purification.

A solution of sodium chlorite (368 mg, 3.26 mmol) and sodium dihydrogen phosphate
monohydrate (449 mg, 3.26 mmol) in 5 mL of water is added dropwise to a solution
of crude 1-(2-bromo-pyridin-4-yl)-cyclopropanecarbaldehyde (566 mg, 2.50 mmol)
and 2-methyl-2-butene (1.73 ml, 16.3 mmol) in tert-butanol (12 ml), and the
resulting reaction mixture is stirred at room temperature. After 18 hours, the mixture
is concentrated in vacuo, acidified to pH 2 with 1M aqueous solution of HCI, diluted
with brine (25 mlL) and extracted with ethyl acetate (3 x 50 mlL). The combined
organic layers are dried over Na;SQy, filtered and concentrated to afford crude 1-(2-

bromo-pyridin-4-yl)-cyclopropanecarboxylic acid, which is used without purification.

To a solution of crude 1-(2-bromo-pyridin-4-yl)-cyclopropanecarboxylic acid (0.350
g, 1.45 mmol) in tert-butanol (7 mL) in a pressure vessel is added diphenylphosphoryl
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azide (0.312 mL, 1.45 mmol) and triethylamine (0.202 mL, 1.45 mmol). The tube is
sealed and the reaction mixture is stirred at 90°C. After 4 hours, the pressure vessel is
cooled in an ice-bath, vented and opened. The reaction mixture is concentrated in
vacuo. The resulting residue is dissolved in ethyl acetate (70 ml.), washed with
saturated aqueous ammonium chloride (70 ml) and saturated aqueous sodium
bicarbonate (70 mL), dried over MgSQ,, filtered and concentrated. The residue is
purified by silica gel chromatography eluting with a gradient of 0-50% ethyl acetate
in heptane to afford [1-(2-bromo-pyridin-4-yl)-cyclopropyl]-carbamic acid ferz-butyl

ester.

To a stirred solution of [1-(2-bromo-pyridin-4-yl)-cyclopropyl]-carbamic acid fert-
butyl ester (0.160 g, 0.511 mmol) in dichloromethane (3 mL) is added trifluoroacetic
acid (1.0 mL, 13 mmol) at room temperature. After 18 hours, the reaction mixture is
concentrated in vacuo to yield crude title compound (ES+ m/z 213.49, 215.40) as an

oil, which is used without purification.

Example 8: Synthesis of 1-(2-bromo-pyridin-4-yl)-cyclobutylamine

trifluoroacetic acid salt (8)

Br
Br( NaClO,
| N NaH SN DIBALH_ SN NaH,PO,*H,0
=
Toluene 2-methyl-2-butene
CN DMSO t-BuOH/H,O
(PhO),PON,
0o | SN Et N H SN TFA 2TFA SN
N
HO Z " tBuOH Chol

1-(2-Bromo-pyridin-4-yl)-cyclobutanecarbonitrile is prepared from (2-bromo-pyridin-
4-yl)-acetonitrile (1.50 g, 7.61 mmol) according to the cycloalkylation procedure

described in Example 7 using 1,3-dibromopropane instead of 1,2-dibromoethane.
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1-(2-Bromo-pyridin-4-yl)-cyclobutanecarbaldehyde is prepared from 1-(2-bromo-
pyridin-4-yl)-cyclobutanecarbonitrile (1.26 g, 5.20 mmol) according to the DIBAL-H

procedure described in Example 7.

1-(2-Bromo-pyridin-4-yl)-cyclobutanecarboxylic acid (ES+ m/z 256.40, 258.38) is
prepared from 1-(2-bromo-pyridin-4-yl)-cyclobutanecarbaldehyde (532 mg, 2.22

mmol) according to the oxidation procedure described in Example 7.

[1-(2-Bromo-pyridin-4-yl)-cyclobutyl]-carbamic acid fert-butyl ester (ES+ m/z
327.54, 329.46) is prepared from 1-(2-bromo-pyridin-4-yl)-cyclobutanecarboxylic
acid (0.100 g, 0.390 mmol) according to the Curtius Rearrangement procedure

described in Example 7 using a reaction temperature of 100°C.
The title compound (ES+ m/z 227.30, 229.27) is prepared from [1-(2-bromo-pyridin-
4-yl)-cyclobutyl]-carbamic acid tert-butyl ester (82.0 mg, 0.262 mmol) according to

the Boc-deprotection procedure described in Example 7.

Example 9: Synthesis of 1-(5-methanesulfonyl-furan-2-yl)-cyclopropylamine

hydrochloride salt (9)
NaSO,Me
cul 0 HCl 0
| Ol NHBoc N N Ol NHBoc o Os Ol NH,
DMSO /. N\ Dioxane  /~ "\ HCl
9

[1-(5-Methanesulfonyl-furan-2-yl)-cyclopropyl]-carbamic acid tert-butyl ester is
prepared from [1-(5-iodo-furan-2-yl)-cyclopropyl]-carbamic acid tert-butyl ester
(0.500 g, 1.43 mmol) according to the copper (I) iodide-mediated coupling procedure
described in Example 19; however, sodium methanesulfinate is used as coupling

partner instead of sodium 3-methoxy-3-oxopropane-1-sulfinate.

[1-(5-Methanesulfonyl-furan-2-yl)-cyclopropyl]-carbamic acid fert-butyl ester (0.430
g, 1.42 mmol) is dissolved in a 4M solution of HCI in dioxane (5.0 mL, 20 mmol) at
room temperature. After stirring for 16 hours, the mixture is evaporated under a

stream of nitrogen. The resulting oily solid is suspended in ethyl acetate (5 mL.), ethyl
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ether (25 mL) is added, and the mixture is filtered to afford crude title product as a

solid, which is used without purification.

Synthesis of Compounds of Formula I

Example 10: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(5-methanesulfonyl-furan-2-yl)-cyclopropyl]-amide 10)

o
w0
NZ OH NT X )
| “rO PyBOP |
N \ / DIPEA &
/ + HCI
N~N

N é

. F 10

To a stirred mixture of 1-(4-fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carboxylic
acid (0.310 g, 1.21 mmol), N,N-diisopropylethylamine (0.630 mL, 3.62 mmol) and 1-
(5-methanesulfonyl-furan-2-yl)-cyclopropylamine-hydrochloride salt (364 mg, 1.53
mmol) in DMF (30 mL) is added (benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (PyBOP) (0.650 g, 1.25 mmol). After 18 hours, the mixture is
diluted with saturated aqueous ammonium chloride (100 mL) and extracted with ethyl
acetate (4 x 30 mL). The combined organic layers are washed with brine (50 mL),
dried over sodium sulfate, filtered and concentrated. The residue is purified by silica
gel chromatography eluting with a gradient of 0-100% ethyl acetate in hexanes to

afford the title compound as a solid.

The following compound is prepared using the coupling method described in

Example 10; however, N,N-diisopropylethylamine is replaced with triethylamine:

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(5-bromo-
pyrimidin-2-yl)-cyclopropyl]-amide.

Example 11: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(2-bromo-pyridin-4-yl)-cyclopropyl]-amide (11)
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To a mixture of 1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-clpyridine-4-carboxylic acid
(0.120 g, 0.467 mmol) in DMF (2 mL) is added HATU (186 mg, 0.490 mmol). After
30 minutes, N,N-diisopropylethylamine (325 ulL, 1.87 mmol) and 1-(2-bromo-
pyridin-4-yl)-cyclopropylamine-trifluoroacetic acid salt (223 mg, 0.507 mmol) are
added, and the reaction mixture became homogeneous. After 18 hours, the mixture is
concentrated in vacuo, reconstituted in ethyl acetate (50 mlL) and washed with 1N
sodium hydroxide (3 x 50 mL). The organic layer is washed with saturated aqueous
ammonium chloride (2 x 50 mL), saturated aqueous sodium bicarbonate (50 mL),
brine (50 mL), dried over MgSQy, filtered and concentrated in vacuo. The residue is
twice purified by silica gel chromatography eluting with a gradient of 0-10%

methanol in methylene chloride to afford the title compound as a solid.

The following compounds are prepared using the coupling method described in

Example 11;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(6-bromo-
pyridin-3-yl)-cyclopropyl]-amide; and

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid (1-pyridin-4-yl-
cyclopropyl)-amide.

Example 12: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid (1-1,3,4-thiadiazol-2-yl-cyclopropyl)-amide (12)
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To a suspension of 1-(4-fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carboxylic acid
(90.0 mg, 0.350 mmol) in DMF (2 mL) is added N, N-diisopropylethylamine (243 uL.,
1.40 mmol) and HBTU (159 mg, 0.420 mmol). After 20 minutes, a solution of 1-
1,3,4-thiadiazol-2-yl-cyclopropylamine (51.0 mg, 0.361 mmol) in DMF (1 mL) is
added and the mixture is stirred at room temperature overnight. The reaction mixture
is poured into saturated aqueous sodium bicarbonate (50 mL), ethyl acetate (30 mL) is
added and phases are separated. The aqueous layer is treated with brine and extracted
with ethyl acetate (3 x 20 mL). The combined organic layers are concentrated in
vacuo. The crude material is purified by silica gel chromatography eluting with a
gradient of 0-10% methanol in methylene chloride to afford the title compound as a

solid.

Example 13: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(3-br0m0-phenyl)-cyclopropyl]-amide 13)

o)
NZ | H
TBTU
DIPEA A )
N—N Br

13

To a solution of 1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carboxylic acid
(0.500 g, 1.94 mmol), 1-(3-bromophenyl)cyclopropanamine (453 mg, 2.14 mmol) and
N, N-diisopropylethylamine (1.73 mL, 9.72 mmol) in DMF (18 mL) is added TBTU
(0.780 g, 2.43 mmol). After 2 hours, the mixture is concentrated in vacuo, dissolved
in ethyl acetate (200 mL), and washed with 2N sodium hydroxide (3 x 100 mL),
saturated aqueous ammonium chloride (2 x 100 ml), saturated aqueous sodium

bicarbonate (100 mL), brine (100 mL). The organic layer is dried over MgSO.,
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filtered through a pad of silica gel eluting with ethyl acetate (3 x 100 mL), and
concentrated in vacuo. The residue is purified by silica gel chromatography eluting
with a gradient of 50-70% ethyl acetate in heptane to give a solid that is triturated

with methylene chloride to afford the title compound as a solid.

The following compounds are prepared using the coupling method described in

Example 13:

3-(1-{[1-(4-Fluoro-phenyl)-1 H-pyrazolo[3,4-c]pyridine-4-carbonyl]-amino } -

cyclopropyl)-benzoic acid methyl ester;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(2-bromo-
pyridin-4-yl)-cyclobutyl]-amide; and

1-(4-Fluoro-phenyl)- 1 H-indazole-4-carboxylic acid [1-(2-methanesulfonyl-pyridin-4-
yl)-cyclopropyl]-amide.

Example 14: Synthesis of 3-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-
4-carb0nyl]-amin0}-cyclopropyl)-benzoic acid (14)

THF-MeOH-H O N =N

Z\

To a solution of 3-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-benzoic acid methyl ester (0.650 g, 1.51 mmol) in a mixture of
THF/methanol/water (22.5 mlL, 3:1:1) is added LiOH*H,O (253 mg, 6.04 mmol).
After 3 hours, the reaction mixture is neutralized with glacial acetic acid and
concentrated in vacuo. The residue is dissolved in a solution of 20% methanol in
methylene chloride (100 mL). Water (100 mL) is added and the mixture is acidified
to pH 4 with 2M aqueous hydrochloric acid. Phases are separated, and the aqueous

layer is extracted with 20% methanol in methylene chloride (9 x 100 mL). The
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combined organic layers are dried over MgSQ,, filtered and concentrated to

approximately 50 mL.. The resulting crystallized solids are filtered, washed with cold

methanol (3 x 2 mL) and air dried to afford the title compound as a solid.

Example 15: Synthesis of [3-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-

4-carbonyl]-amino }-cyclopropyl)-benzoylamino]-acetic acid methyl ester (15)

g E

\ 7

@) O
/ /

N N N™ R N
| H Gly-OMe*HCI | H
o
TBTU
N o?”>oH  DIPEA N=N 07 > NH
Kfo

z

15 O\

To a solution of 3-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-benzoic acid (0.200 g, 0.480 mmol), Gly-OMe*HCI (68.1 mg,
0.543 mmol) and N,N-diisopropylethylamine (426 UL, 2.40 mmol) in DMF (4.5 mL)

is added TBTU (192 mg, 0.600 mmol). After 4 hours, the mixture is concentrated in

vacuo.

The residue is dissolved in ethyl acetate (100 mL) and washed with 2N

sodium hydroxide (3 x 50 mL), saturated aqueous ammonium chloride (2 x 50 mL),

saturated aqueous sodium bicarbonate (50 mL), brine (50 mL). The organic layer is

dried over MgSQy, filtered and concentrated. The residue is purified by silica gel

chromatography eluting with a gradient of 0-8% methanol in methylene chloride to

give a foam, which is triturated with ether (3 mL), filtered, washed with cold ether (3

x 3 mL) and air dried to afford the title compound.

The following compounds are prepared using the coupling method described in

Example 15:

1-[3-(1-{[1-(4-Fluoro-phenyl)-1H-pyrazolo| 3,4-c]pyridine-4-carbonyl]-amino } -

cyclopropyl)-benzoylamino]-cyclopropanecarboxylic acid methyl ester;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid {1-[3-

(cyanomethyl-carbamoyl)-phenyl]-cyclopropyl }-amide; and
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(8)-2-[3-(1-{[1-(4-Fluoro-phenyl)-1 H-pyrazolo[3,4-c]pyridine-4-carbonyl]-amino } -

cyclopropyl)-benzoylamino]-propionic acid methyl ester.

Example 16: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(3-carbamoyl-phenyl)-cyclopropyl]-amide (16)

¢¢2©* Wﬁ*

MeOH

Z\

16

A solution of 3-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-benzoic acid methyl ester (70.0 mg, 0.163 mmol) in a 7M
solution of ammonia in methanol (1.00 mL, 7.00 mmol) is stirred at 120°C in a sealed
pressure tube. After 78 hours, the reaction vessel is cooled to room temperature,
vented and opened. The reaction mixture is concentrated in vacuo, and the resulting
residue is purified by silica gel chromatography eluting with a gradient of 0-10%

methanol in methylene chloride to afford the title compound a solid.
The following compound is prepared using the method described in Example 16:

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid {1-[3-
(carbamoylmethyl-carbamoyl)-phenyl]-cyclopropyl } -amide.

Example 17: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(3-methylcarbamoyl-phenyl)-cyclopropyl]-amide (17)

NT N™
I I
Z MeNH, F
N N

MeOH

Z\
Z\

17
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A mixture of 3-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-benzoic acid methyl ester (70.0 mg, 0.163 mmol) in a 2M
solution of methylamine in methanol (3.0 mL, 6.0 mmol) is stirred at 90°C in a sealed
pressure tube. After 18 hours, the reaction vessel is cooled to room temperature,
vented and opened. The reaction mixture is concentrated in vacuo. The residue is
purified by silica gel chromatography eluting with a gradient of 0-8% methanol in

methylene chloride to afford the title compound as a solid.
The following compound is prepared using the method described in Example 17:

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid {1-[3-
(methylcarbamoylmethyl-carbamoyl)-phenyl]-cyclopropyl }-amide.

Example 18: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(6-methanesulfonyl-pyridin-3-yl)-cyclopropyl]-amide 18)

0
NZ | HZ@ NaSO,Me ZQ
X A CuI ~g”
/ |
N—~N

DMSO

F F 18
A solution of 1-(4-fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carboxylic acid [1-
(6-bromo-pyridin-3-yl)-cyclopropyl]-amide (72.7 mg, 0.161 mmol), sodium
methanesulfinate (32.8 mg, 0.321 mmol) and copper (I) iodine (61.2 mg, 0.321 mmol)
in DMSO (1 mlL) is evacuated and purged with argon three times and heated at
130°C. After 45 minutes, the reaction is cooled to room temperature and N,N’-
dimethylethylenediamine (69 UL, 0.64 mmol) is added. The mixture is stirred for 30
minutes, diluted with ethyl acetate (20 mL) and stirred for 15 minutes. A saturated
aqueous solution of ammonium chloride (20 mL) is added; the resulting mixture is
sonicated for 30 minutes, and diluted with ethyl acetate (100 mlL). Phases are
separated and the aqueous layer is extracted with ethyl acetate (3 x 20 mL). The
combined organic layers are washed with saturated aqueous ammonium chloride (2 x

50 mL), saturated aqueous sodium bicarbonate (50 mL), brine (50 mL), dried over
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MgSQ,, filtered and concentrated. The resulting residue is purified by silica gel
chromatography eluting with a gradient of 0-8% methanol in methylene chloride to

afford the title compound as a solid.

The following compounds are prepared using the method described in Example 18:

1-(4-Fluoro-phenyl)- 1 H-pyrazolo| 3,4-c]pyridine-4-carboxylic acid [1-(2-
methanesulfonyl-pyridin-4-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid [1-(5-
methanesulfonyl-pyrimidin-2-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid [1-(3-
methanesulfonyl-phenyl)-cyclopropyl]-amide; and

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid [1-(2-
methanesulfonyl-pyridin-4-yl)-cyclobutyl]-amide.

Example 19: Synthesis of 3-[5-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-

c]pyridine-4-carbonyl]-amino}-cyclopropyl)-pyridine-2-sulfonyl]-propionic acid

methyl ester (19)
0 o
Z 7 z 7

N | N IN NaSO,(CH,),CO,Me N | N IN o
N X Cul N > n_o

/ Br - / S

N~—N DMSO N—N r

Q Q 0“7 "o

F F 19 |

A solution of 1-(4-fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carboxylic acid [1-
(6-bromo-pyridin-3-yl)-cyclopropyl]-amide (0.250 g, 0.553 mmol), sodium 3-
methoxy-3-oxopropane-1-sulfinate (289 mg, 1.66 mmol) and copper (I) iodide (316
mg, 1.66 mmol) in DMSO (2 mL) is placed in a microwave tube and evacuated and
purged with argon three times. The reaction mixture is heated in a microwave at

110°C for 2 hours, diluted with ethyl acetate (200 mL), washed with saturated
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aqueous ammonium chloride (4 x 100 mL), saturated aqueous sodium bicarbonate
(100 mL), brine (100 mL), dried over MgSQy, filtered and concentrated. The
resulting residue is purified by silica gel chromatography eluting with a gradient of

50-100% ethyl acetate in heptane to afford the title compound as a solid.
The following compound is prepared using the method described in Example 19:

3-[3-(1-{[1-(4-Fluoro-phenyl)-1 H-pyrazolo[3,4-c]pyridine-4-carbonyl]-amino } -

cyclopropyl)-benzenesulfonyl]-propionic acid methyl ester.

Example 20: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-
carboxylic acid [1-(6-sulfamoyl-pyridin-3-yl)-cyclopropyl]-amide (20)

Q(\CJ\ ZCKS' © ) NaOMe/MeOH Q(\C‘\ XQ

) NH,OSO,H
NaOAc
O o H,0O 20
| F

To a stirred solution of 3-[5-(1-{[1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-

O
=0

1.0

carbonyl]-amino }-cyclopropyl)-pyridine-2-sulfonyl]-propionic acid methyl ester (153
mg, 0.292 mmol) in DMSO (4 mL) is added a freshly prepared 15% solution of
sodium methoxide (0.110 mL, 0.306 mmol) in methanol. After 15 minutes, the
mixture is placed in a water bath, and a solution of N-hydroxylamine-O-sulfonic acid
(661 mg, 5.84 mmol) and sodium acetate (384 mg, 4.68 mmol) in water (16 mL) is
added. 'The water bath is removed and the reaction mixture is stirred at room
temperature. After 60 hours, the mixture is diluted with ethyl acetate (20 mL) and
water (20 mL). Phases are separated and the aqueous layer is extracted with ethyl
acetate (3 x 20 mL). The pH of the combined organic layers are adjusted to 7 with
10% aqueous sodium bicarbonate. The organic layer is washed with water (3 x 20
mL), dried over MgSQy, filtered and concentrated. The residue is purified by silica
gel chromatography eluting with 100% ethyl acetate. The resultant solid is triturated
with ether (3 times), filtered and dried under vacuum to afford the title compound as a

solid.
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The following compound is prepared using the method described in Example 20:

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(3-sulfamoyl-
phenyl)-cyclopropyl]-amide.

Example 21: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(6-methylamino-pyridin-3-yl)-cyclopropyl]-amide (21)

0 0
Ty YRG!
X X MeNH2 A X -
Br N
/ _— y/ H
N=N (COH N=N
F F

MeNH(CO

21

A pressure tube charged with 1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-
carboxylic acid [ 1-(6-bromo-pyridin-3-yl)-cyclopropyl]-amide (0.200 g, 0.442 mmol),
33% methylamine in ethanol (0.250 mL, 1.99 mmol) in N-methylformamide (1 mL) is
heated at 160°C. After 36 hours, the reaction is cooled to room temperature and
diluted with ethyl acetate (20 mL) and water (20 mlL.). Phases are separated and the
aqueous layer is extracted with ethyl acetate (3 x 20 ml). The combined organic
layers are washed with saturated aqueous ammonium chloride (3 x 100 ml.), saturated
aqueous sodium bicarbonate (100 mL), brine (100 mL), dried over MgSQy, filtered
and concentrated. The residue is purified by silica gel chromatography eluting with 0-

15% methanol in dichloromethane to afford the title compound as a solid.

Example 22: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(6-morpholin-4-yl-pyridin-3-yl)-cyclopropyl]-amide (22)

O O
A X Br Morpholine A X N/ﬁ

/ —_— /
N=K L_o

N~N DMSO

22
F F
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A solution of 1-(4-fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carboxylic acid [1-
(6-bromo-pyridin-3-yl)-cyclopropyl]-amide (35 mg, 0.077 mmol) and morpholine (68
UL, 0.77 mmol) in DMSO (1 mL) is heated in a pressure tube at 160°C. After 40
hours, the mixture is cooled to room temperature, diluted with EtOAc (50 mL) and
washed with saturated aqueous ammonium chloride (2 x 50 mlL), saturated aqueous
sodium bicarbonate (50 mL), brine (50 mL), dried over MgSQOy, filtered and
concentrated. The resulting solid is purified by silica gel chromatography eluting
with a gradient of 0-5% methanol in dichloromethane to give a solid, which is

triturated with ether (5 mL), filtered and dried to afford the title compound.

Example 23: Synthesis of 1-(4-fluoro-phenyl)-1H-pyrazolo[3.,4-c]pyridine-4-
carboxylic acid [1-(3-trifluoromethyl-phenyl)-cyclopropyl]-amide (23)

0
s
N | OH CI(CO),Cl
A ) DIPEA
HCI
QN-N |

23

To a suspension of 1-(4-fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carboxylic acid
(40.0 mg, 0.156 mmol) in methylene chloride (1 mL) is added oxalyl chloride (14 uL.,
0.16 mmol) dropwise. After 10 minutes, a drop of N,N-dimethylformamide is added
and the suspension is stirred at room temperature. After 60 minutes, an additional
portion of oxalyl chloride (14 pL, 0.16 mmol) and a drop of N,N-dimethylformamide
are added. After stirring for 30 minutes, the solvent is removed in vacuo; the residue
is suspended in methylene chloride (1 mL) and concentrated in vacuo. The residue is
dried under vacuum for 30 minutes, suspended in methylene chloride (1 mL) and
added to a solution of 1-(3-trifluoromethyl-phenyl)-cyclopropylamine hydrochloride
(74.1 mg, 0.312 mmol) and N,N-diisopropylethylamine (0.080 mL, 0.46 mmol) in
methylene chloride (500 pl.). After shaking at room temperature for 15 hours, the
reaction is quenched with methanol (500 ul) and concentrated. The residue is
purified by reverse phase HPLC using a Water BEH column (2.1 x 50 mm C18 1.7
uM) and a gradient of 10-95% acetonitrile in water containing 0.05% formic acid to

afford the title compound.
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The following compounds are prepared using the method described in Example 23:

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(3-methoxy-
phenyl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid [1-(6-
dimethylamino-pyridin-2-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid (1-pyridin-3-yl-
cyclopropyl)-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4-methoxy-
phenyl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(4-fluoro-
phenyl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid (1-m-tolyl-
cyclopropyl)-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(3-chloro-
phenyl)-cyclopropyl]-amide;

4-(1-{[1-(4-Fluoro-phenyl)-1 H-pyrazolo| 3,4-c]pyridine-4-carbonyl]-amino } -

cyclopropyl)-benzoic acid;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(3-fluoro-
phenyl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)-1H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(4-chloro-
phenyl)-cyclopropyl]-amide;
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1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid (1-p-tolyl-
cyclopropyl)-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid (1-phenyl-
cyclopropyl)-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c|pyridine-4-carboxylic acid (1-o-tolyl-
cyclopropyl)-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(3-cyclopropyl-
1,2,4-oxadiazol-5-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(5-cyclopropyl-
1,2,4-oxadiazol-3-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3.4-c]pyridine-4-carboxylic  acid  [1-(2-methyl-
thiazol-4-yl)-cyclopropyl]-amide;

[2-(1-{[1-(4-Fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carbonyl]-amino } -
cyclopropyl)-pyridin-4-ylmethyl]-carbamic acid ferz-butyl ester;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4-methoxy-
pyridin-2-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(4-chloro-
pyridin-2-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic  acid  [1-(5-bromo-
pyridin-2-yl)-cyclopropyl]-amide;

1-(4-Fluoro-phenyl)-1H-pyrazolo[3,4-c|pyridine-4-carboxylic acid [1-(4-iodo-
pyridin-2-yl)-cyclopropyl]-amide;
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Br H2N * Internmedi ate may be prepared using appropriate reagents and
according to the procedure described in the reference for a rel ated anal og.
Exanpl e woSyntdiesirs of 1-(4-fl uorophenyl)-1H pyrazol o[ 3CFAUSp@pnsHiene- 4-
carboxylic acid (1) To a 1 L flask is charged

3, 5-di br omopyri di ne- 4- car boxal dehyde (50.0 g, 189 mml, 1.0 eq) and

4-f 1 uor ophenyl hydrazi ne hydrochloride (31.0 g, 191 mmol, 1.01 eq). NWP (250
n) is chargedruadthntig)- tﬁfpyiatzaag ShPIEdnd-fedbblylied Al anfq }ar&orﬁ@nperat ure
for 2 hours. A solution of aqueous KOH is prepared from 85% KOH pel l ets
(27.4 g, 41BcRvOFYClPropyEdYmighd water (27.4 nl), and this KOH solution is
charged to the reaction m xture. The batch is heated to 80C and is held at
this tenperature for 30-60 mnutes. Water (250 nmL) is then charged at 80C,
and the resl@tdi{hlg(4sklueroyphiryle bidipedzelel Santipgivine €pgreenatlcingn@ver 4- 16 hours.

inder vacuu LB B FBFa s ot B M TS ¥ byt avol of 5. 4-cl pyr i di ne

as a solid. To all flask is charged

4- br onmo- 1- (4 f L.uor oph | ol (50, 171 mol , 1
eq) and TH '?%%%8ﬁi ?Sa%éﬁ%’ﬁ¥@§& 88%“? m@%%bg aﬁgPiRﬁgﬁgﬂmf%tlon
(128.2 ni, @Ehdyltcyrablutyl[2anfiddlandh THF, 1.5 eq) is charged at a rate to keep
the tenperature below -10C. The reaction is held at -10C for 3 hours. CQ2
gas is bubbled into the reaction mxture until the tenperature increase
peak, and thel-Flsjpghaiy-eHpeakels|3t4oc)gyine-Faabsgiper atidr e[l-gl-fdjast ed to
22C, and i i.s added. A solution of aqueous HCl i's prepared
fron1conceﬂﬂ?gp%8&iéﬂg’S%mﬂi) and mater (195 nmL). About 10 nL of this HC1
solution is charged to the reaction m xture to achieve pH 6-7. The m xture
is then heated to 55C, and the remaining -240 nL_of the HCl1 solution is
char ged. Thiher Pllewingncorapoupdy aig RiePassthPEng tice Apppliag upeshagy discribedoilr | hel d at
this tenmperglifpfe HOrfolioQUby BRUepolebGSEecotity 8Ol dndiBodVaSBEEEIWnt h wat er
and i-PrOAc, oven dried under vacuumto afford the title conpound as a
sol i d. Exanipta@p®7:Synthesis of 1-(4-fl uoro-phenyl)- 1H i ndazol e- 4- carboxylic
acid (2) | ndazol e-4-carboxylic acid (2.00 g, 12 3 mmol) is suspended in
met hanol (20 nL) and toluene (30 nL) at roomtenperature. A solution of 2M
tri met hyl si I-A-Fldprazbeest h bideyaidolfid-c1pyridimeot-yarberyliol uenécids addédt-sl ow y and
the m xture t r ntil the solution turned

yel | ow. Thg“#@%@%?@ ﬂm% ugzgﬂhﬁﬁﬁﬁﬁﬁﬂ%g%%g%trated acetic acid (5 nL) and
the solvent is renoved |n vacuo The residue is purified by silica gel

chromat ogr a glutin qradj %ethyl acetate hexanes to
afford 1H i i; %lgo?m p)ile%' O)PE; Ogcil gp%cﬁl]e ?car Vars A mixture (5# ?5'
1H—|ndazoleﬁmﬂ@mmbﬁxyhﬁmjaﬁbdyﬂ@ﬂ@ym]amﬂer (5.0 g, 28 mmol ), copper iodide
(5.7 g, 3.0 mmol), potassium carbonate (4.15 g, 30.0 nmmol) and 4-

fl uor oi odobenzene (3.47 g, 30.0 nmml) is charged in a seal ed tube at room

t enper at ur eExabiysle t e SyﬁtmmaCUﬁtﬁmﬂmﬁﬁ@hEhﬁlj €H-pirr 401 618,30 Tpyaidine-4-

di met hyl formam de (20, nL) s added fol . .

Fact r ans- NRPLRFe R oU/cloTAEski e by Arena Py atip G- Wheislonsomyhiipide. The
solution ispgfirred at 120C for 3 hours, then cooled to roomtenperature
and dlluted with water (50 nL) and ethyl acetate (80 m.). The organic |ayer
i s separated, washed brine (30 nL), and drled oV sodium sul fate. The

crude product is# entrated and ca gel

chr omat ogr aphy e uting i ¢ a |pradi ent _of 0-3 thyH adqetdje |n hexanes to
afford 1-(4- fiuors y0-1 oléidgcarboxy fcoaci d yluester To a
stirred sol ution of~g- (4-fluoro-pheny0-1H i ndazgL@g- 4- carboxylic acid nethyl
ester (2.0 g, mmol) in water (20 nL) an thanol (20 ) Ts added a
sol ution of 2 ium hydroxide (10 ni). T lution is warned at refl ux
for 1 hour. olution is cooled to room erature 2nd acidified to pH

3-4 with 1IN Jhueous HCl. The mixture is filTtered, and the resulting solid
is washed wAtdyMBR s (13Q-fideto- ﬁl{'&qyﬁflﬂeﬂ/r&@loﬁ i pr‘ij/ndlne 4-carboxylic acid [1-

1-(4-fluoro-phenyl)-1Hindazol e-4-carboxylic acid
Exanpl e3: Syiftiiblapine-pyedinrarbeysyaniaiyH=81igel Y4& yrg. dpiBpyinah e acetic

bistrifluoroacetic acid salt (3)
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2T FA N |11 NH2NHBoc/\ NH2 Et MgBr Boc20TFA I Nir Ti (G Pr), N (Et)3NNCH2CO 2
THFCH2C 2 N BrBrBrBr 3 An oven dried 2 L round-bottom fl ask equi pped with a
mechani cavo=biwvmed17i s charged with anhydrous THF (750 merTfUuskéiomsesi4by
Ti(Q-Pr)4 (72.8 nL, 246 mmol ) under Ar atnosphere. The solution is purged
under Ar and heated to 50C. 6-Brononicotinonitrile (30.0 g, 164 mol) is
added to the mxture followed by dropwise addition (over 40 m nutes) of 1M

sol ution of 4@l @ARESEs HEhRE @b foR 16Htuks4 IeheMeotuihd Qs BEBUI to HBR reaction

is allowed to stir at 50C. After 3 hours, the reaction mxture is cooled to
room t enper@rperaugn dilwed mitgliedus! & ANUTOTwsion o apeepug Aspoxtingbien) is added.
The i Xt ur elpict LANSLELEA | ih BrSPRALA O i hUNAElrARE faserfRelied Wit h eLhyl
ether (3 x 500 nL). The aqueous’layer Is a o stand overnight. The
aqueous | aysegnegumetabakliidrédesnd eonptta@dwi ke eMlaqgeeotbesby sicogclof NaOH,
The solutio e e.r ol,ution is
vi gor ousl y églf(lslﬁartg%g#g eq%[ ﬂlﬁﬁéMg%gg r}l?ﬁ gﬁq}aé&a Cﬁaﬂ(gg%lgtg %lfeaénd whi | e
t he | ayers dfopddhy tidepanpitued. The organic | ayer is decanted and the sane
extraction process is repeated twi ce. The organic |ayers are conbi ned,
washed with brine (50 nlL), dried over MJSO4 and concentrated in vacuo to
yi el d an oi Exanijle 28 Slﬂﬂh@lsl ofi GSbipuio- I (efludry-jshehylg-aHgatlaok-bomtbogylephy usi ng
a gradi ent ot 0- 2C1 ff
br omo- pyri ot 3[13]}? EO PH He4 %@ Op(SPﬁ’yl](Wfdc?h(?sﬁab\MaS}ch/%taI li zes
(ES+ m z 21Bucto-phéhyl 3§ ;odb-(fﬁilhra@m4pbﬁfb&|ync 3-¢ld - cpakRapsthaesaronye (1. 16 g,
4.60 nmml) is dissolved in CHZClzééfo m). Et3N (0.78 nL, 5.6 mmmol) and
Boc20 (1. 11PYgidigd-yb)-cxciopyopyllamidg b%equentl ally and the reaction is
stirred at roomtenperature. After 20 hours,Othe reaction@®s diluted with
CH2C12 (20 gL) a ter (20 nL) andgi he.l ayers are separated. The aqueous
| ayer is extra i C123 | ayers are
vvashed with br : ated to afford |
- (6- br ono- pyr|d| A- 3- y4) | oproapyl | -carbAm c acid tart#/butyl ester as a
solld | 1 - (6- br SN pyri di g~y 1hMeycl 0pr P | - car bagic ¥ d tert-butyl
ester (0.800 g,” 2.55 nmol ) g s dissol |n CH2C12 @ ). TFA (5 nmL) is
added dropwi se. After 4 hours the rédacfion is conted in vacuo to
afford the title conpound as an oil F(ES+ mz 213. k 215.1). Exanple 4:
Synt hesi s of 1-(5-bronmo-pyrimdin-2-yl)-cyclopropyl am ne dihydrochloride
(4) 4 3-Dinethylam no-propenal o(50 nL, 500 mgpl) is dissolved in CHC13
(400 nL) at room tenpergfure, Bjonm ne (25.7 0. 500 1) |s“édded neat
via syringe over 5 m nutesy eroBo mn e react | D@ured into a
m xture of 200l sat ur at edgagqueous Na2S2Q3 ‘and 20027Ha S uJ\at ed aqueous
NaHCO3, an d_t_he__m_%_Lu.r_,e is extracted,with 12 (3 x 100 M), The conbi ned
or gani c | ayersr/aeeHesd ed oveN-MgSO4 and comtentrated tagggive a solid. The
solid is dissolved in Et(200 m.), 'I ubl e materiaipsAare filtered off,
the filtrate is concentrated in vacuo 3 he resultingMolid is washed
with a solution of 50% Et OAc in hexangS to afford 3-
di met hyl am no- 2- brono- propenal as a solid (ES+ niz 178.28).
(1- Car bam m doyl -cycl opropyl)-carbamc acid tert-butyl ester hydrochloride
(1.0 g, 4 2 mol) (pregar accor i/ngtothe proc re des?:}lbed i n patent
application WO 2Q09A07048 ang.3- di no: o propenal (1.1 g,
6.4 mol ) are addq ! e Peaction vessel
is capped and the % NThe m xture is
cool to roomtenperatufe and net hanol+ (20 m_% /s added. The resulting
solids are filte Nad the filtrate is M rated in vacuo. The residue
is dissolved w 2C12 (50 nl) andth ids are filtered. The filtrate
is concentrated the resadue is purifled by silpsa gel chromatography
using a gradi eat of 0-50% EtO0OAc in hexanes to afford
I'1-(5-bro yrimdin-2-yl)-cycl opropyl | -carbam c acid tert-butyl ester as a
solid. II- g BEOHS- ‘ffy?lbﬁ?fﬁ‘i’ h e Iyarp-Rag Lo HE-dpliprle-derharlc adf dnetyl - but y
ester (1. 18esgzr add A6(40MRk0- pﬂe§¥/1‘§u63§&8 Yﬁﬂndaﬂol%@b@xﬁ& d nRthyl @AM is

tenperature. A 4M solution o in dioxane (9.4 nL, 38 nmol) is added.
After 2 houtepargblroené-Srogrel HdsuderHsyroaxyicr acanesthyzsien (HF9 6y d9€r ude title
conmpound as a solid, which is used without purification (ES+ intz 216.3).
Exanpl e 5: Synthesis of [1-(5-iodo-furan-2-yl)-cyclopropyl]-carbamc acid
tertbutyl ester (5) 65




5 To a solution of (1-furan-2-yl-cyclopropyl)-carbamc acid tert-butyl

ester (4.30 g, 19 3 nmmol ) (prepared according to the procedure described in
pat ent appbi2eatdsea7\WO 2009/ 070485 Al) in anhydrous DVF @TT/uskjloas3mepom
tenperature is added solid N odosuccinimde (4.77 g, 21.2 mol) in one
portion. After 2.5 hours, the reaction is diluted wth a saturated agueous
sol ution of Na2S203 (75 nL), water (75 nL), and ethyl ether (100 ni).

Phases are $8BBr at6dindnd tHRecHEMEAUBaEBYRSs IcSufdhh 6tRbdredshriuhyl et her (2
x 100 nlL). The conbi ned organic |ayers are dried over Na2SO4 and

concent r at &ampife.resul tant solid is triturated with hexanes to afford the
title conpound as a powder (ES+ ntz 350.5). Exanple 6: Synthesis of

3-(1-am no-cycl opropyl) - benzoic acid nmethyl ester (6) 00 Me(COCI OH MeOH
6 Acetyl chlord delyieneo) tht, mgtae pfrof-promy- kadéepre-phensh HEhwlazols4-nl) at 0C
and the sol uti Qo1 s r o] tigf 1 fpr 20

m nut es, 3-&%%$2%%y%10pgﬁgll g@%ﬁg?%?ggﬁﬂﬁ%ﬁﬁgﬁgﬁ%fggﬂgffﬂﬁgﬁﬁki£ added and
t he reacti orrbwixxliusced insthpleastee dSt mg)ah [THE (1Afoley medahd it syl)t dnd wdtxt ure i s

concentrate : . neam ni troggn. The resi i s neutralized
W th sat or andi gt IR RHT R o Bk 0260 P sERLTH Gt B OR L et
acet at e (3 for 30havky, . thel a@acéenbixved iorngamilzed ayar EMaHEl wastvadated,t ndbri ne (100

m.), dried over NgﬁCé fii.ere and concentrated t ffor u title
or tituct , - wr s AL LG pleef B A Bl Shant 218 m ] WELH oo
Exanpl e7: Symthssidgaf dnd(Be PHOSOhO i AtGHeNs 4djyisigd YL apriopyiGaniPigses are
}\/LBE:E;J grwoagieﬁ%zlggte&%lng tt?ealac}ue u7 laﬁgrBlg e[)\;ltr%%ecdl w{'t) Fe)l ﬁt/}/‘o soﬂtioHnO of /me%;'%g i%
dichloromethane (9 x 100 mL). The combined organic layers are dried over
magnesium sulfate, filtered and concentrated to give a mixture of 6-bromo-1-(4-
fluoro-phenyl)-1H-indazole-4-carboxylic acid and 1-(4-fluoro-phenyl)-6-iodo-1H-

indazole-4-carboxylic acid as a solid.

The title compounds are prepared according to the coupling procedure described in
Example 13 wusing a mixture of 6-bromo-1-(4-fluoro-phenyl)-1H-indazole-4-
carboxylic acid and 1-(4-fluoro-phenyl)-6-iodo-1H-indazole-4-carboxylic acid (420
mg), and 1-(2-methanesulfonyl-pyridin-4-yl)-cyclopropylamine trifluoroacetic acid
salt (851 mg, 1.93 mmol), and are purified by reverse phase HPLC using a C18
column and a gradient of acetonitrile in water containing 0.1% trifluoroacetic acid.
The intermediate 1-(2-methanesulfonyl-pyridin-4-yl)-cyclopropylamine
trifluoroacetic acid salt is prepared from [1-(2-bromo-pyridin-4-yl)-cyclopropyl]-
carbamic acid tert-butyl ester according to a copper-mediated coupling procedure
described in WO 2009/134666 (Example 7), followed by the Boc deprotection

procedure described above (Example 3).

Example 26: Synthesis of 1-(4-fluoro-phenyl)-6-methanesulfonyl-1H-indazole-4-
carboxylic acid [1-(2-methanesulfonyl-pyridin-4-yl)-cyclopropyl]-amide (26)
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N Br(CH2)2Br NaH (Et)20 DVMSO To a stirred OC sol ution of
(2-bronmo-pyridin-4-yl)-nmethanol (3.00 g, 16 0 nmol ) and

N, N- di i sopoepylevdiyl am ne (8.3 ni, 48 mmol) in dichl or omerhse@o03042L) is
added net hanesul fonyl chloride (1.30 nL, 16.8 mol ). The resulting m xture
is warnmed to roomtenperature. After 1 hour, the mxture is diluted with

di chl oronet hane (20 nlL) and washed wi th saturated agueous amoni um chl ori de
(3 x 10 nmL), saturategd ueous gsodi um bi carbonate (10 nlL), brine (10 nL),
dried over MySO4, fill texed ndgébncentrated to afford crude nethanesul fonic
acid 2-brono-p | “@ster, which is used without purification.
Met hanesul f oni ¢pyr|d|n 4 yl methyl ester (4.24 g, 15 9 mvl)
is added to a stirrrd sol ution of potaSS|un1(¥an|de (1.02 g, 15 1 mmol) in
a mxture of ‘ m) and water (6 m)j at rody eratfre. After 72
hours, et hyl nm) and saturated asf i bgnate (40
are separ ajge.mdhe or g
~over MgSO4, leltered ans

The

graphy elutlng with a
gradi ent of 0-60% ethyl acetate in Hé¥i@ne t o4 ord

(2- brono- pyridi n- 4- yl) acetonitrile (ES+ n1241; 19.40). A sol ution
of (2-brono-pyri di n%- ~acet@nitrile (1.20 6.09 mmol) and the 1, 2-

di br onoet hane frgl) in a nlfture of dry Et20 (5 nL) and dry
DMSO (1 mL) is ension of NaH (60% di spersion in mneral oil
585 ng, 14 6 (10 nmL) while controlling the resulting

exot herm by cool iNag{in a water bath, and the resulting m xture is stirred
at roomterrpure. After 18 hours, water (10 nmL) and ethyl acetate (10
\)

water (3 x 40

m.) are adde ases are separated and the aqueous layer is extracted with
et hyl acetat 2 x 10 nmL). The conbined organic | ayers are washed with
brine (30 nf) and dried over MyS4, filtered and concentrated. The residue
is purified on Si02 eluting with a gradient of 0-60% ethyl acetate in

hept ane to gff r 1tyile as a
e

1- ( 2- br ono-lpwanipti nl&4- @QI)l @y chiepro paih e bropwnl - (4 flucgo-phienyB- 1gl-inga2@-4mol ) i n

t ol uene (30 e C. The

m xture is s?k&ﬂ“:a 3?Q%gé%?gggéﬁdwﬁgbﬁ%ﬁp%wﬁb %ﬁ@zggberég 2? After 1
hour, ethyl ﬂm@pml)(&mdmm indzalddedrbokylid Mcﬂlb@cn&%muﬂﬁmy?&pﬁ@mt i on of
H2SO4 (30 Phases e .S ed and the aqueous layer is extracted with
et hyl acetg¥£bf§g%ﬂ§@dﬁ§?d ?@gngénblned organic |ayers are dried over

MySO4, filtered and concentrated to afford crude

o anCr oMo Bl B3 SYarhed SR SR B e ST HS el ERBBERIE ( 368 My
3.26 mol ) aid[1sQdhetiarkistifsiyeppRdmhpsiplpdiepropnphinidea2® (449 ny, 3.26 mmol)

in5 n of water is added dropwi se to a solution of crude

1- (2-brono-pyridin-4-yl)-cycl opropanecar bal dehyde (566 ng, 2.50 mml) and
2-met hyl -2-butene (1.73 nmL, 16.3 mmmol) in tert-butanol (12 nL), and the
resulting reaction mxture is stirred at roomtenperature. After 18 hours,
the m xture is concentrated in vacuo, acidified to pH 2 with 1M aqueous
solution of HCl, diluted with brine (25 nL) and extracted with et hyl
acetate (3 x 50 nL). The conbi ned organic |ayers are dried over Na2SO4,
filtered and concentrated to afford crude 1-(2-

br ono- pyri di n-4-y1)-cycl opr opanecar boxylic acid, which is used w thout
purification. To a solution of crude

1- (2-brono-pyridin-4-yl)-cycl opropanecarboxylic acid (0.350 g, 1.45 mol)
in tert-butanol (7 nL) in a pressure vessel is added di phenyl phosphoryl
azide (0.312 nlL, 1.45 mmol) and triethylam ne (0.202 nL, 1.45 nmol). The
tube is sealed and the reaction mxture is stirred at 90C. After 4 hours,
the pressure vessel is cooled in an ice-bath, vented and opened. The
reaction mxture is concentrated in vacuo. The resulting residue is

di ssolved in ethyl acetate (70 nL), washed with saturated aqueous anmoni um
chloride (70 nL) and saturated aqueous sodi um bi carbonate (70 n.), dried
over MgSH4, filtered and concentrated. The residue is purified by silica
gel chromatography eluting with a gradlent of 0-50% et hyl acetate in
heptane to afford Il-(2-brono-pyridinb4-y1)-cycl opropyl|-carbanic acid
tert-butyl ester. To a stirred solution of | 1
-(2-bronmo-pyridin-4-yl)-cycl opropyll-carbamc acid tertbutyl ester (0.160
g, 0.511 mmol) in dichloronmethane (3 nmL) is added trifluoroacetic acid (1.0
m., 13 nmol) at roomtenperature. After 18 hours the reaction mxture is
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1- (2-Brono- pyridin-4-yl)-cycl obut anecar bal dehyde is prepared from
1- (2- bronopyridi n-4-yl)-cycl obut anecarbonitrile (1.26 g, 5.20 muol)
accor di ngvoaotiaoDr BAL- H procedur e descri bed i n Exanpl e P€T/US2010/053142
1- (2-Brono- pyridin-4-yl)-cycl obut anecarboxylic acid (ESt+ nlz 256. 40,
258.38) is prepared from 1-(2-brono-pyridin-4-yl)-cycl obutanecar bal dehyde
(532 ng, 2.22 mol) according to the oxidation procedure described in
Exanple 7. 11-(2-Braypo-Jayri di ned-yl)-cycl obutyll-carbamc acid tert-butyl

. 9.46) &(s prepared from
W) - c|obu@anecar boxylic acid (0.100 g, 0.390 nmol)
according to t CAUtiHUS angenent procedure described in Exanple 7
using a reactionitepperature of 100C. The title conmpound (ES+ niz 227. 30,
229.27) is prepa™N from 11- (2- brono- pyri di g4-y1) - ¢y tyll-§arbamic acid
tert-butyl eg (82.0 ng, 0.262 nmol) accord L Q
ped in Exanple 7. Ex(anrgle 9: S '
1- (5- met haneSul f onyl - f ur an- 2-y1) - cye(Pej,opyl am T "\He salt (9)
NaSO, Me Culji) OHCI.P+ s NHBocNHBoc—DMS& Di oxa

| | - (5- Met hanesul f onyl - furan-2-y1) - c@é’l%propy#r Banic acid tert-butyl
t

ester is prepared fromII-(5 i gdo-furan-2-yl | oprapyl | -carbam c acid
tert-butyl ester (0. 50 1. 4§/mml) accor dj o the copper (1)

i odi de- nedi atled_capaN 8upe described in Exanple 19; however, sodium
met hanesul fi nat u%ed upling partner instead of sodium
3- net hoxy- 3- oxopxopgne- 1-s I nat e.

| 1 -(5-Met hanesul fag I-furan 2-yl)-cycl opropyl|-carbamc acid tert-butyl
ester (0.430 1. 42 mmol) is dissolved in a 4M solution of HCl in di oxane
(5.0 m, 20 ) at roomtenperature. After stirring for 16 hours, the
mxture is e rated under a streamof nitrogen. The resulting oily solid
is suspendell in ethyl acetate (5 nL), ethyl ether (25 nL) is added, and
the mxture is filtered to afford crude title product as a solid, which is

used W t hou, Q%Eﬂr&% ﬁ&hﬁcﬂ{‘of SHRY @’P‘-kfﬂﬁ’cfro &%Pumlﬁld old= @E&H&@hk a@&a”p' e 10:

Synthesis o uor o- pheny pyrazo 3,4-c| pyridine-"4- car boxyl iC
acid [1- (5 el £ tnaptimgedutfomyHpy fidinalnyl Reyeloprapy Hopdo pand] 1-d&hrildero(pheylo® " s,

PyBGPN) . od&llh%zae—%—cjarb%&%}cu PEA%(Cld+ HCl [1I—?B/—Fmejflganesulfonyl—pyrldm—4—y1)—
cyclopropyl]-amide (150 mg) in DMF (1.0 mL, degassed and anhydrous) is added
tetrakis(triphenylphosphine)palladium (33 mg, 0.028 mmol) and zinc cyanide (40 mg,
0.34 mmol). The solution is evacuated and purged with Argon (3 times) and warmed
to 120°C. After 3 hours, the reaction is cooled to room temperature, diluted with
saturated aqueous ammonium chloride (50 mL), and extracted with ethyl acetate (3 x
50 mL). The combined organic layers are washed with brine (50 mL), dried over
magnesium sulfate, filtered and concentrated. The residue is purified on Si0O, using a
gradient of 50-100% ethyl acetate in heptane to give a solid, which is triturated with
ethyl ether to afford the title product.

ASSESSMENT OF BIOLOGICAL PROPERTIES

Compounds are assessed for the ability to block the interaction of CCR1 and MIP-1a

in a functional cellular assay measuring calcium flux in CCR1transfected cells.
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FF To a stirred m xture of

1- (4-fl uoro-phenyO-1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid (0.310 g,
1.21 nmolwo 214817 sopr opyl et hyl ami ne (0. 630 nmL, 3. 62 nroT)USacnd/03314% 5

- met hanesul fonyl -furan-2- yl)-c ycl opropyl am ne-hydrochl oride salt (364 ny,
1.53 mmol) in DMF (30 nL) is added

(benzotriazol -1-yloxy)tripyrrolidi nophosphoni um hexaf | uorophosphate (PyBOP)
(0.650 g, IN&PadReRh) -cef tpRfchddd NAYMS ChéhRoM KdrPbiBLidnS (ﬁwb@ﬁs@j Wably saturated
aqueous ammoni um chloride (100 nL) and extracted with eth acetate (4 x 30
nL). The cobreadee srcgahinant QR end Cealphis He drengten gr i M %é%ydlu@ru ed over
sodi um sul f @§&ardch! ﬂ%%%ﬁ?quﬁﬁ&%&hrﬁﬁﬁ%%ﬂﬂﬁs '@ HYRII SRt iRd by
silica gel chromatography el utin radi ent of  0-100% et hyl acetate

i n hexanes Repicdfif/graptanhein | @1 @ed@mgbihﬁdssas the eadls jard. loaded il Gadsimg conpound
i s prepared; i t ; wever,

N, N- di i sopr a}pé)y ﬁ%mﬁg‘gwﬁsﬂ%p a‘%gg P\Elj\ﬁ&t% ﬁécltl&r)?gltv W%ﬁﬁlg@o} A o

1- (4- Fl uor oceiﬂkfmlwtbr 1 Ryt amm ehpSadue| folperi 1d10ru841248—y®a¢ ostadl ineaB8#-cielll- ( 5- br ono-
pyrimdin 1 m. d

1-(4-f1 uorgmb”{ e)cu?tfl%ctie%@dér azct)lacc)1 %sltﬁ%f ﬁyrl |1?1/gelji A?%mé)mggly ﬁ%&%%tes

[ 1-(2-br ormcm;pbumﬂ in-added 1) theywadliap I’ad’pWe]a-tamd&elﬁtﬂajl))n 03 QOOth(dnﬂlﬁecbct

o oo SRS S0 M 02 Bl AR 880 ROl S £, 129 ©
m nutes, N, NBSS$ I(Blﬁ)mrog@yﬂaﬁnhylv@ﬂh‘iZGBm(\/BZEPESLat pH 84. nmmd &ellal’iﬁbubate 30

1-(2- brom)prldln cl.opr.opyl am ne-trifluorpacetic acid salt (223 ng,
0. 507 mmol ) HH‘@S& eé akl%ﬁ’)é ﬁ ‘Eé&tﬁ%ﬂww{i‘%‘fb @aﬁ%e%i‘f BiEEYs. After
18 hours, theh&HEMARIABSICOMSSBI00aEEe INIPYRGIH, in I 1€E BF3Y ist wde@l at Ehee'[ hyl
acetate (50 nL) and washed with 1N sodi um hydroxide (3 x 50 nlL)

or gani ¢ | ayer3( Gnajganserirafirr h Altaiesapey ba did FudihhoH? afﬁhemaarqf&ée(z X 50
nL), saturapednaawepds- SASLWPhRLeRLRARalifed DPMID-dnstelt biN@nfpBthd¥elve dri ed
over MgSO4, filtered and concentrated in vacuo. The residue is tw ce
purified byasdhqgasgolgeDaromabeyrusipgyAciviae Bag saftvarea gradi ent of 0- 10%
nmet hanol in nethylene chloride to afford the title conpound as a solid. The

foll owi ng conpounds are prepared using the coupling nethod described in
Exanpl e 1 ]_;In general, the preferred potency range (ICso) of compounds in the above assay is

1- (4- Fl uor hen 4- cI i he- vl | - (6- br ono-
pyridin-3-y %:)r/l)é)?lonll\lflopypﬁflz anp%ngStrPé ed potehcy ra%ge R(())Xl nM?ggd 1%\/[
1- (4- Fl uor o- phenyO- 1H pyrazol o 3, 4-cl pyrl di ne- 4-car boxyl ic acid

(1-pyridin | cycl opr - am de

LA o oty A R O U3 RO RO SR B TGP st

(1-1, 3, 4-t aRdk@a@l aclviyy aCYCROphilagnists, 81 prebdny anotier anbaBpensr e of 1 -
(4-fluoro-phenyl)-1H pyrazolo |3 ,4-cl pyridine-4-c arboxylic acid (90.0
my, 0.350 i °tn DMF (2 nl) is added N, N-diisopropylethylanine (243 p L,
1.40 nmol ) and HBTU (159 ng, 0.420 mmmol). After 20 minutes, a solution of
1- 1,3,4-thiadiazol -2-yl - cyclopropyl amne (51.0 ng, 0.361 mml) in DVF (1
m.) is added and the m xture is stiA@BEIht room tenperature overnight. The
reaction mxture is pour ed into saturated aqueous sodi um bi carbonate (50
m.), ethylacetate (30 1L Ts added and piases ar e separ atjed. |l|e dqueous
layer is tfeated with brine and ¥#Meacted with ethyl acetdte @@ 0O n).
The conbi ned organl c layers are concentrated in vacuo. The cﬁCqu@M?ateri al
is purifie chro ogr.a e vvlth rladi ent of [0- 10%
oo hanol” 1 JEREHEER o R SRR RO dipifing e oy o
Exanpl e 13 %%0 A= AR )Lf'érrlg phenyl ) - 1H pyr azol o[ 3. 4-c] pyri dj ne- 4-
car boxylic ﬁ@n-phubrla-pﬁq@nﬁ)tpmg)yﬁkeﬁaml&c]gyiﬁii&m-@ﬁuaﬂynam:idq1.(613) 001(50H TBTU

DI PEA %o—pyridin%—yl)—cyclopropyl]—amide

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(6-
methanesulfonyl-pyridin-3-yl)-cyclopropyl]-amide

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid (1-

pyridin-4-yl-cyclopropyl)-amide 18
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To a sol ut
ar boxylic
ny,

ion of 1 -(4-fluoro-phenyl)-
acid (0.500 g, 1.94 mmol),

1H pyrazol o 113, 4-

cl pyri di ne-
1- ( 3- bronmophenyl ) cycl opr opanam ne (453
2. 14 woubd/aed7N, N-di i sopropyl ethylamine (1.73 nL, ®@CTAISRWOI0F314N DVF

4-c

18 m.) is added TBTU (0.780 g, 2.43 mmol ). After 2 hours, the mxture is
( g
concentrated in vacuo, dissolved in ethyl acetate (200 nL), and washed wth
2N sodi um hydroxide (3 x 100 ni), saturated aqueous amoni um chloride (2 x
100 mL), s Ted SOdIU picar ine (100 mL). The
or gani ¢ 1 aybi - BOGARERT by el PR ETPHIGGH L $Rd of s51 i ca gel
eluting wilt tﬁ“@‘f’ﬁ\‘ﬁl g hre P89) . and concentrated |in vacuo. [The
residue is| puiinhb®hnbyysiAipGA-8613 LApAIRILILARNMY 18 LMEI NG W th a gradi ent of
50- 70% et hy&fﬁ%glﬁ%gyll ﬁyilaglp §§%y lgpra[)}){]eargidgo |Mtlh§t I[S@[ rliturated wt h
met hyl ene solid.—The folliow ng
conpounds [at-&-Biuepatheny] 4 Si/pgravdlel 3cioeipyridiuge-4reirheglidesdriid®d i n g%anple 13:
3- (1-111- @dmﬁmyﬁmnmpb@nyﬁibﬁkbﬂyamzml013 4-cl pyri di ne-4-ic arbonyl ]| -
am nol cycl U{) yJ.) UUIILUI c acid nett
1- ( 4- FI uor jol-ghEHYQ-PhepydY HPy1ealal 34 @pmmed% ﬁ@b%’&érﬁ%){%@ caci d14- ( 2- jor ono-
pyridinT4-y@?h€V8ﬂﬁﬁﬁkW@mn@ﬁﬁH@)C%ﬁHWIWHG@nﬁiuoro phenyl)-| 1H i ndazo| e-4-c
arboxylic oF gpmaém h(zt?yl{? DonsS T onY] L FlBsric Bk £YET[OPT opyTT - ani de.
3-(1-1[1-( '4m uoraq D%ana]n\ e C\I/Or st oafl?%de clpyridined-car bonyl ] -am nol -cyc
| opr opy 1) - [oe iz il G4 @iosh-pHky1) QB0 yNMb 1N Ipykiitigkialcatbody1L4 Td a sol ution of 3-
(1 -{11- (%ﬁlh@p&md@h@w@eﬂidldoaemﬁ&hge@és 4-cl pyri di ne- 4- gar bo Il -] amino
} - cycl opr opyb)—benzoic—aci-d—rethyl—ester—{(0-650¢—1-5t-mpl)—+n—am xture
of THF/ met h%ﬂo{[/lw&tFéqu plengl)iH-pysazplofJ. 4 pysidided- Clarbmlyllllzo (253;ngy, .04
mol ) . Af t|eamiBo hegtopropyhéensacicibn m xture is neutrallzed with gIaC|a
acetic acild i& co%ﬁen r ed | 0 Vac The re aL sSol'vedin a
sol ution o 813L yﬁ%@ﬂ %?8ﬁ$%? ?Fﬂ' 66“’ ?( Wat er X100 L) is
added and [t ﬁ?%fﬂ?%’ PRI AF PP 8™ 4 with 2M aqueous hydrochl ori ¢
aci d. PhaseB{ﬁ@eﬂ$eﬁﬁhmtemmnﬁdeﬁheuamﬁbbubymay@ncm&oewlracted wth 20%
met hanol i [moed hystcepeopghiboniogamithxcydOfropdnpcarbidxglic conbiandd or gadi c | ayers
are dried anehﬂM , filtered and concentrated to approxijmately 50 |niL. The
resulting [c alho! %P? 9 J&] Efed4 R ﬂga&hﬁb gl d nethanol (3 x
2 nmL) and ? ‘a % { éf d. ERanpl e 15:
2 ) 2nd B ladlhl j 0 ke Rt e
[ 3- (1-1[ 1-|(@-(fl{poreoFriphe byl Hpyfaaci3of dp diddepy tirbbaygd- car bonyg ] - ani nol - cy
cl opropyl)| mﬁapwcmd’p@])-baﬁﬁ)waﬁmaqladetmwdyhetmtaﬁér (15) 00
G y- OveHl G ('S) Q' [3 (1- {"[1"(4 Fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-
carbonyl]-amino}-cyclopropyl)-benzoylamino]-propionic acid methyl 30
ester
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(3- 0.4
trifluoromethyl-phenyl)-cyclopropyl]-amide '
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(3- 5
methoxy-phenyl)-cyclopropyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(6- 3
dimethylamino-pyridin-2-yl)-cyclopropyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid (1- 38
pyridin-3-yl-cyclopropyl)-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4- 17
methoxy-phenyl)-cyclopropyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4- 75
fluoro-phenyl)-cyclopropyl]-amide
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,4-cl pyri
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organic | &
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ether (3
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a&ﬁa@ﬁm@ﬂ pyﬁa@d ym@y&m&m dr@lag oom t enper at ur e,

ranant Nneoant r at A

tube. Afte
vent%@ and

Yy o

20C in
d to
r at ed

e
dis
(c

Xyl i c

) LNN/
razol o
nmet hyl
nol

r 18

o

e H ~Nn P H Th
|CQ\JL|U|| ||| /\L uIC |° culieTritr at cu | || V(J.\.,uU LI

y1-6i-Fluew-nhetyle bl ot dglidapdipyreding4-paybaviviin agid d k&t
nmethoyypyeida- ekl oyéloeopyd]-afidord the title conpoun

If'l
resteaue—

ent { 0-8
d as a sol

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4-
chloro-pyridin-2-yl)-cyclopropyl]-amide

17

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(5-
bromo-pyridin-2-yl)-cyclopropyl]-amide

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4-
iodo-pyridin-2-yl)-cyclopropyl]-amide

1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4-
bromo-phenyl)-cyclopropyl]-amide

[6-(1-{[1-(4-Fluoro-phenyl)-1H-pyrazolo|3,4-c]pyridine-4-carbonyl]-
amino }-cyclopropyl)-pyridin-3-ylmethyl]-carbamic acid terz-butyl ester
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The foll ow ng compound is prepared using the nmethod described in Exanpl e
17: 1-(4-Fluoro-pheny0-1H pyrazol 0113, 4-cl pyri di ne- 4-car boxyl i caci d{ 143-

(et hyl ¢ wokanmsbaret hyl

-c arbanoyl) - phenyl |

18: Synthesis of 1-(4-fluoro-phenyl)-1H pyrazol of 3, 4-c] pyri di ne- 4-

carboxylic

acid [1-(6-nmet hanesul f onyl

- cycl opr opyPEI/tspe1dms31Exanpl e

-pyridin-3-yl)-cycl opropyl]-am de (18)

A solution of 1 -(4-fluoro-phenyl)- 1H pyrazolo 113 ,4-cl pyridine-4-c

ar boxylic am de (/2.7 ny,

0. 161 rmol ) 6Bl o %%Vg&é; ﬁ%?ﬂ?a"'t% gt {0 By e (T2

i odi ne (61, aimﬂ‘ﬁme P CYCran ‘?71_) is evacuated and purged with

argon thr eeL. . Fiﬁ&o%@nﬁﬁ?ﬁ{%?ra% B30Gpy il cﬁﬁom@u&g {-[ihe reaction is

cooled to %ﬁlgm%@ L YkiEin RN perNl]‘c | enedi am ne (6% itt, 0.64

mmol) is alddvu_ e mxture s cflrrnri .O!‘ VO mnllfnc iHut ed wi-th et hyl

acet at e ( 201-tH:Nluanoephsiyil)- t ghyfaeslo[BS!-cipyritiess-cabsaliv nad e{ad[i&q ueouz sol uti on of

anmoni um Cl‘(hi&[hytﬂ;ar‘t(aﬁﬁylmﬂe)hyll Saradﬁl@d) pHehﬁ] bﬁﬂmnlnbpym]gamﬂdxt ure |is s %i cated for

30 m nut esj—and dirtuted—w th—eth acetate 1y s—are separ at ed

and the aqub&f'uEluPragz@an)sHéW%@t%& @mrﬁlﬂ@rmﬁrrb%&yéﬁ afid [&éﬁ 20 nL). The

conbi ned orlgalﬁP@h?Ié’@érY@Oal?Oéy]\}vé@H@d with sat ur at ed aqueous ammoni um chl ori de

(2 x 50 rrL3;ps Cﬁi? gk g&a%io E ¢ LR0.AE).[ brine (50 ni),

dried over g re$f7due |i s

purified bval 0 %ydogr hr Qe ogg) gﬁ‘\)e/m%lf)u | na %ES%SI ilent of 0-8%

met hanol i |ni- (mmhyﬂoqmen}qj:mrpyﬁ@olbp m]bﬁ{cﬂnd-hearbd)iyhle a@i@rm(mnd as a soljid. The

fol |l ow ng C@&H%ﬂﬂ@nﬂtlﬁlepﬁﬁ@ﬁ;ﬂ@(ﬂopyﬁlaﬂgdé he met hod descri bed in anpl e 18:

1- ( 4- Fl uor p-—phenyt)—ItHpyrazolo—113,4-<clpyridine—4-—~carboxycactdf-1—( 2-

net hanesul f bifyFlupproihdind)- B pyipzelolsel- dpyroblw f-carhgriydle acid [1-G-| 4

1- (4- Fl uor|ccaghenyiiphenyd pyqi@zmyd)] -atige 4- ¢l pyri di ne- 4- car boxyl i caci d[ 145-

met hanesul |f di n- z Cl a

1- (4- Fl uor W%Qn%f Aﬂﬂ é 1‘3%“ Bﬁﬁgﬁ?”iﬁhﬂ%w a 8‘?36]0xyl i cacid[ 1-|( 3-

met hanesul f é’x‘/{:‘ ‘BB opy? 5 a%{ﬂEPe ester

1- (4- Fl uor|or phenyblmd Py fa&ao[%lﬁe] Ifdu&yx be&?hé agar eyl cagidl 1-(2-

met hanesul fﬁa@laﬁﬁllbllgh@m%y] ly&o -am Exanpl e 19: 28ynt hesi s of

3-[5-(1- 1[ - fl yoro- n n\lr:\?nl an 4-

c] pyri di ne-14640Elnbx(orghbl}yliatﬂi{wiaz@ybl%cﬂpmnyﬂeH pgtbo;dzilmeelﬂ-[sm flonyl | 5 Pr opji oni c

aci d net hy|l sufsmeyl-pyiidin-VyINcyddptdpyl Hbdd 1, 0 S' )
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(3- 3
sulfamoyl-phenyl)-cyclopropyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(2- 3
bromo-pyridin-4-yl)-cyclobutyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(2- )
methanesulfonyl-pyridin-4-yl)-cyclobutyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4- 5
methoxy-phenyl)-cyclobutyl]-amide
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid [1-(4- 62
fluoro-phenyl)-cyclobutyl]-amide
1-(4-Fluoro-phenyl)-1H-pyrazolo[3,4-c|pyridine-4-carboxylic acid [1-(6-
morpholin-4-yl-pyridin-3-yl)-cyclopropyl]-amide 6
1-(4-Fluoro-phenyl)-1 H-indazole-4-carboxylic acid [1-(2-
methanesulfonyl-pyridin-4-yl)-cyclopropyl]-amide 4
1-(4-Fluoro-phenyl)- 1 H-pyrazolo[3,4-c]pyridine-4-carboxylic acid {1-[6-
(acetyl-methyl-amino)-pyridin-3-yl]-cyclopropyl }-amide 20
6-Bromo-1-(4-fluoro-phenyl)- 1 H-indazole-4-carboxylic acid [1-(2-

2

methanesulfonyl-pyridin-4-yl)-cyclopropyl]-amide
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0 0 191 A solution of 1 -(4-fluoro-phenyl)- 1H pyrazolo 113 , 4-cl
pyridine-4-c arboxylic acid [1 - (6-bronmo-pyridin-3 - yl)-cycl opropyll

-am de (OWO2011gn4907553 nmol ), sodi um 3- net hoxy- 3- oxopr @pRES2010/053ut f i nat e
(289 ny, 1.66 mmol) and copper (I) iodide (316 ng, 1.66 mml) in DVSO (2
m.) is placed in a mcrowave tube and evacuated and purged with argon three
times. The reaction mxture is heated in a mcrowave at 110C for 2 hours,

di | uted W [ £FRYo-RERIRE ﬁ)dbqlmmmz)ole %@rﬂ&@h&\ﬂa&ﬁ' [S@lurated aqueous

anmoni um C%&Béﬂé@ulﬁ)ﬂ Af-ark)cyS igdqueous sodi um hi car bgnat ¢ (100
m.), brine rie oveJrC iltered and concentrated. The
bri e R e e g d. Th

resul ting res4 Ellueror;ﬁlemumfrne&dnéa;ylfsnylulﬂanmbleelhcrawmpmgeroaphy eluting with a
gr adi ent of [150-nld0%ewibyl-paadinat @)-tyeldpeplyanaido afford the titl’e conmpound
as a solid_The following compound is prepared using the nethod descri bed
in Exanpl g @§yang-1-(43uqra-pheny])4lH-indazPlerbeasbypiybingdy L pyr aZol o
113, 4- cl pyringthanssutonglyoidin-4-yb-amélogsopyll-amside | opr opy1) - benzenesuﬁ)'ﬂonyl I

- pr Opi Oni C Aart A ot haygl act oy Evanmnl oA 20 Svunt hoact o

acte—rethy—ester—bxanple—20—Synthesis——of
1- (4-fl uoro-phenyl)-1H pyrazol o[ 3, 4-c] pyri di ne-4- carboxylic acid

[ 1- (6-sul fanoyl - pyridi n-3-y1)-cyclopropyl]-amde (20) 00 / NN O 11 O s
1) NaOMe/ MeQHTREDDO\BROSP31- 1 NaOAc H20 F To a stirred solution of 3- [541-
{ [1- (4-fluoro-phenyO-1H pyrazolo |3 ,4-cl pyridine-4- c arbonyll-amno }
-cycl opropyl) - pyridi ne-2-sul fonyl | -propionic acid nethyl ester (153 ng,

0.292 mmol )Tﬂe%o%@lc{s%f %hn@@'ﬁt@rg%@ff@ctfvfa%ﬁtgggdhls% &RAE Bfbrd A% SRWEdnon of
sodi um net hoxi de (0.1 nmol ) in nethanol. After 15 mnutes, the

mxture is @rRted litSrvhamwatl@hgamé& zhld thrsdnhibis 6B inendiagefd activity. Therefore,

N- hydr oxyl d. 0, acetate (384
ny, 4.68 n?r%p ?Eei %@gh@aﬂe (gat% mg(gl@l%ﬁdecfresTﬁgpr\é\”/amée&r at ﬁ@ugj lr'“Jlleg;l %ed and the
reacti on msutamaung d§t)1dr:1rsedmatconmolmd@eﬁpm aventon. Aﬁtaeothaoerhimdrrsent,t he

m xture is y Phases are
separ at ed aﬁéc:fj H%T%QW}%& llﬁet%(]Iiéaéfeu;%gﬁ% Bﬁ?n(n%g)ml&l&hsﬁﬁ %‘{ ngD% 1ate h(63 x 20
m.). The pHnedntibhe conbl ned organic layers are adjusted to 7 with 10%
aqueous sodi um bi carbonate. The organic |ayer is washed with water (3 x 20
m.), dried over MgpSOH4, filtered and concentrated. The residue is purified
by silica gwﬁth@hr\mslﬁhg)gd a(phwulﬁil Ibit tHegrywby inthQ&faieg |fbe| inegetiadsebetdér@ resul t ant
solid is trq':@lg{at h et her._ 3 ti 52 f|| E}f aq’ﬁ dried ﬂnder vacuum
to afford t it “&o 6‘8 8¢ a asso d.omP?H‘é FowiigoEspBuRE i s
pr epar ed USlhﬂgnﬁlEl@ryWBélBQﬂcldﬁﬁ§ midaeetdsn nﬁ&@ﬁmges ABxdritic cells, eosinophils,
1- (4- Fl uor o- phen 1H pyrazol 0113, 4-cl pyri di ne- 4-car boxyl ic acid

EE LR

Il -(3-sul f a9 '({911 %?Iﬁlﬁ%ﬁq 1 ppepige cells to inflamed tissues and thereby

ameliorate the chronic inflammation associated with autoimmune diseases. Thus, the

inhibition of CCR1 activity is an attractive means for preventing and treating a variety
of autoimmune disorders, including inflammatory diseases, autoimmune diseases,
organ (Horuk ef al. (2001) JBC 276 p. 4199) and bone marrow transplant rejection
and other disorders associated with an influx of pro-inflammatory cells. For example,
the compounds of the invention may be used to prevent or treat acute or chronic
inflammation, allergies, contact dermatitis, psoriasis, theumatoid arthritis, multiple
sclerosis, type 1 diabetes, inflammatory bowel disease, Guillain-Barre syndrome,
Crohn's disease, ulcerative colitis, graft versus host disease (and other forms of organ
or bone marrow transplant rejection), Alzheimer’s disease (Halks-Miller et al. (2003)
Ann Neurol 54 p.638), Asthma (Jouber et al. (2008) J. Immunl80 p. 1268), chronic
kidney disease (Topham ef al. (1999) J. Clin. Invest. 104 p. 1549), sepsis (He ef al.
(2007) Am J. Physio 292 p. G1173), autoimmune myocarditis (Futamats ef al. (2006)
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Exanpl e 21: Synthesis of 1-(4-fluoro-phenyl)-1H pyrazol o[ 3, 4-c] pyri di ne-4-
carboxylic acid [1-(6-nethylam no-pyridin-3-yl)-cyclopropyl]-amde (21) 00
F A presswoeotwigoicharged with PCT/US2010/053142

1- (4-f 1l uoro-phenyl)-1H pyrazol 0113, 4-cl pyri di ne-4- carboxylic acid

11- (6- brono- pyridi n-3-y1)-cycl opropyl | -am de (0.200 g, 0.442 mmol), 33%

nmet hyl ami ne in ethanol (0.250 mi, 1.99 nmml) in N-nethylformamde (1 n) is

heated at 16@fs it €driRfghar s, 85t3hqmﬂﬁ@16t rhaS(IQQ&J @@01)097" Ep@snganperature
and diluted with ethyl acetate (20 niL wat er ases are

separ at ed ahd3tHOREYBMgE @@zyefnvwélge wc@%@v&‘wp 88519/? ) GOSN x 20
nL). The co desn&gch%ﬂééﬁkc Th DB iR MABBEHS Wb TAbRIAGYERMS ammoni um
chloride (3 x 10 ,_ saturated aqueous sodi um bi carbonate (100 nL), brine
(100 nl), duhﬁlenlat@dearrthwgscand fuglfiple rselgrasisd ék&meh&ow@f%@ssomhtéd rvadi thee |s
purified by, BEet o]y | Wt

di chl or orrettﬁag%%amr?ggogﬁ) (1)1?f %r?%]?sg‘p%ﬁoﬁe oun gg\éﬂl{')fjasog Ofcﬁ?a{%xgﬁh Q,{?[}{%

Synt hesi s ofrt dnd(c4n allscubﬁrtmeapﬂd@nsﬂ the qqm;;wn@mtl@{nﬁpmt@}lpyfrthdumnmn car boxyl ic
acid [1-(6-norpholin-4-yl-pyridin-3-yl)-cycl opropyl]-amde (22) 00

N) LNNN. LNN TH TTH\ DIVBO 22 A solution of 1 -(4-fluoro-phenyl)-

1H pyrazol 1 | p ine r id...

16 br oo el e PEEatafu B P bllinans o homsisty ana

nmor phol i ne €GB8ty dgse @vﬂl?gemmﬂll}) bé¢ m M&geﬁrM)abbls (helatogtkgi th adoyr B®sur e t ube
at 160C. Afte ég hour s. tthe m xture is cog ?g}f r omte,rn%pg]lr!hafgure di | uted
with Et0Ac PORnECRRSIE4OTEE R & SrUPAPd ST BFUBSRLCHAIB 0N CRior i de (2 x
50 m), satzu;baﬁ @d nagikie aushoa0 ) uiykY claliddg natight (oP dodage. bod @anmphQ forl) , dri ed
over MgSH, filtered and concentr ed The resu solid ur i f| ed by
o VT ca g6l EHIBHER S AaHy Tl iy o ires TGkt it Pofog bustie? WG

di chl or onet aGE7000 nHl pee ddsagObil Heondusdof tBe Inl’vbﬁtid)haﬁ@ﬁra\bdytﬂﬁ)rﬁhmlt 7@5 rrL)
filtered and dried to afford the title conpound. npl e 23: Synt hesis of

1-(4-fluor om%)I%?"RPPﬁ %‘B%/P%{Zj@fw@fﬁ ﬁmﬁ]‘iﬁ%}‘?‘?%ﬁrﬁémﬁ doe%%g%tioe i R§
[1-(3-triflugrRues AxbmRReRYbpimty boRY RPY lahd pi¥leHe ThedivEQn@efliRensi on of 1
- (4-fluoro-phenyO-1H pyrazolo |3 -cl pyridine-4-c arboxylic acid (40.0
my, 0.156 nheoidinisierse{mip ldad wris@dite (1 nl) is added oxalyl chloride (14 p
L, 0.16 mol) dropwi se. After 10 minutes, a drop of N, N-di nethylformam de
is added and the suspension is stirred at roomtenperature. After 60

m nutes, ancafe haSnadcaRek bidohaffiacts@hyboftlsiohde (14 p L, 0.16 nmml) and a
drop of N, N-dinmethylformam de are added. After stirring for 30 nminutes, the
sol vent is Wapbvedl ian Rhaaseuticpls, thesicompounds fjsihe ndeahtiph aiettiifdle chl ori de
(1 nL) and eﬁi?rﬁﬁi@t@feﬁ?ﬂ &6 tbrth d(faa%grma-ggﬁlcﬁlec%h%9§u&§ $ich @&nﬁ%gﬁ)ﬁs YgGum for 30
m nut es, suspended in nethylene chlorid m.) and added to a sol ution of
1-(3- trifl uRse RSk sinig pm\?éﬁly@)welyhnoo\@rlopl}elmlﬁimﬁ@emwlr@t@kl@pmn@se(awa&t my, 0.312
mol ) and I e in 4 I t.hyl ene

chl ori de (g%%l_ %Jn}_%%&p(,[é\? Pﬁe }nﬁ&{gﬁ)ﬁg ?Itle( ?%%&Oqingg_rrgfe?% glrv e mﬁ’g aﬁguﬁr%s t he
reaction i sadqujm'stcwédﬂmetdr 1rr3t0hﬂ1>matior( 500 epljdy)mtanhhtcmhamcltsmaﬂiad of Tiee resi due
is purified usi BEH ¢ x 50 mm C18
15PN and oG R ATy T 0B & il PRl ne R, 0. 056
form c aci deohairadd e ib hertain éﬂlbaochmemmprrdude 1if¢’reasé(d)thlsﬁﬂutmg oa:drfpﬁunnis are
prepared using the nethod descrih

U1 B uor o pHRYY SaBEH Ao BREaeroR s plilisr MR e i sompopti®®1 143

- met hOi(yphEd&ydr)imgycﬁhlﬁman&}doh nlam &Eusedlon thel(r:i own or in corlljjunctllon with (()jther
1-(4-Fluoro 1H pyrazol 013, 4-¢c ri.di ne-4-carboxylicaci dl1146-

di gTEt hyl ami 1 V?)y.%?t)alilc‘ﬁs Qgcy@?n_g(f?g}edweélﬂ |0P5‘P‘H ﬂéalso (1:n conﬁmgtlon \%th other

1- (4- Fl uor Opmhﬁatw %rcllﬁr ik @ avk@dds ATt daihl, then@nhoGRf RO ¥ inCerdith are
(1-pyridin-3-yl cycl opropyl)-ani de; 1- (4-Fluoro-phenyl)-1H pyrazol 013, 4-cl
pyri di ne- 4- ftslnamﬂesezgluv@t fe,rmumaﬂ(wr PERRBKSRE Ry Al cct e ppne At mayhede;

administered in lower amounts for diagnostic or other purposes.
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1- (4- Fl uor o- phenyl) - 1H pyrazol 013, 4-cl pyri di ne-4-carboxyl i caci d11-(4-fluoro
- phenyl)-cycl opropyl | -am de;

1- (4- Fl uowo-2phiemydy - 1H- pyrazol 013, 4-cl pyri di ne- 4- car boxypCiraseod3iznz t ol yl -
cycl opropyl) - am de;

1- (4- Fl uor o- phenyl) - 1H pyrazol 013, 4-cl pyri di ne-4-car boxyl i caci d11-(3-chl oro
- phenyl)-cycl opropyl | -am de; 4- (1-111-(4-Fluoro-phenyl)-1H pyrazol 013

,4-cl pyri d\d@mfubidH FARY EdmpRAING! BY lvORIoAPY IpurPRRE O ¢n AFhbropriate
1- (4- Fl uor o- phenyl) - 1H pyr. azol 013, 4-cl pyri di ne-4-car boxylicaci dll-(3-fluoro

- phenyl) - dgb@myﬁp@}w] G;Qna}?p@@n can be carried out using any of the accepted modes of

1-(4-Fluoro dﬂﬁﬁ&Yaa)n]dT"[ﬂMfrﬁa%%tﬁgtﬁc&n@sRﬁéﬁé diigs, ad‘frﬂﬁlgt%%h'&ﬂcded%ér (4-chloro
- pheny1l)-cycl opropyl I -'am de; | 'uor o- pheny1) - 1H pyrazolo 113

, 4- el pyri di ¢xemplec @albtaxqucelbm(agl syblingyiaily), @%S@lﬂsopp@pl}tqmﬂsanimally
1- (4- Fl uor , b cid(1
- phenyl - c;c/)tc g%?%%i%) gfﬁ’ldf %q%&?lg{l %‘ l.%lé)lel’ g(l éfngdfga Séﬂsogpag)é?ﬂlh%?
4- el pyri di pevddr, or hqdydagec@ong (dch-as; ﬁoob?saltr*plﬁcyable@psmpy&l)omeﬁmdb soft
1o ool L i R TR P i ¢ 11
1- (4-Fl uor olil{ahprvﬁelably Itupiy rdazagk dofn® sudtalde gy sldlpfeeacﬁnlmsiafrth)d)qulpreclﬁCi d Il

-(5-cycl opr 4- adi azol 1 cl.opro | . -an de; .

1 CaSh uor By 8¢ SHEARYRESHT Sondhint R0 RERRIL iieB otavrnicont o (

1-(2- et hyl;ﬁﬂahﬂﬂ:@llltroﬂl- qai;t)e-r(br yodigipit Qay h]compafﬂddﬁ the 1&1'2611(t10ﬂ.as {he/lah |act1ve

-(4- Fl uoro- hen % razolo 113 , 4-el é’ c arbon -amno } -
cycl opr opy 198¢ g‘i‘ i‘h aﬁdl&l Ty ipglude %tP‘ffarH‘?CE lﬁaélaﬁe”ct%rptha%‘l%?}’ruc satgé?ts

1- (4-Fl uor ocaam@yla)djuva,ﬁds PydiRgak 0 {ehicld; ebpy ebilbingidhs Candestyl i csagid 111

- (4- et hoxypyridin-2-yl1l)-c yclopropyl] - am de ; 1-(4-Fluoro-phenyl)-

1H pyr azol oPlpgnacgutcplly A¢cqpta e&X%alﬁ%x%ﬁmeésdar Aditivesas orlopsometsdsi @fi n- 2-y1) - ¢

ycl opropy! ] maki@hpki€maceutical compositions for various modes or administration are well-
known to those of skill in the art. The state of the art is evidenced, e.g., by
Remington: The Science and Practice of Pharmacy, 20th Edition, A. Gennaro (ed.),
Lippincott Williams & Wilkins, 2000; Handbook of Pharmaceutical Additives,
Michael & Irene Ash (eds.), Gower, 1995; Handbook of Pharmaceutical Excipients,
A.H. Kibbe (ed.), American Pharmaceutical Ass’n, 2000; H.C. Ansel and N.G.
Popovish, Pharmaceutical Dosage Forms and Drug Delivery Systems, 5th ed., Lea
and Febiger, 1990; each of which is incorporated herein by reference in their entireties

to better describe the state of the art.

As one of skill in the art would expect, the forms of the compounds of the invention
utilized in a particular pharmaceutical formulation will be selected (e.g., salts) that
possess suitable physical characteristics (e.g., water solubility) that is required for the

formulation to be efficacious.
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1- (4- Fl uoro- phenyl)- 1H pyrazolo [3 , 4-el pyridine-4-carboxylicacid[ 145
-brono- pyridin-2-yl)-c yclopropyl] - amde ; 1-(4-Fluoro-phenyl)-
1H pyrazoWwo 2pBR/o4991el pyri di ne- 4- car boxylicacidlll - (4-i edoASpywiosimz 2-y1l)-c
ycl opropyl] - amde ; 1 - (4 -Fluoro-phenyl)- 1H pyrazolo 113 ,4 - €]
pyridine-4- ¢ arboxylicacid[1l - (4 -brono- phenyl)- cyclopropyl] -am de;
116- (1 - { [1 - (4 -Fluoro-phenyl)- 1H pyrazolo 113 ,4 - e] pyridine-4- ¢
arbonyf!l -ami Aghsycl opropyl)-pyridin-3-ylnethyThcarbam c acid tert-butyl
ester; 1 - (4-Fluoro-phenyl)- 1H pyrazolo 113 ,4 - e] pyridine-4- c
arboxylic acid [1 -(4 -nethoxyphenyl)- cyclobutyl] -amde; and 1 -
(4- Fl uor o- phenyb)soudd biML R#QLIQ (3 -4 - el pyridine-4- ¢ arboxylicacid[1 -
(4 -fluoro- phenyl)- cycl obutylf -am de. The followi ng conpounds are
prepared using the coupling nmethod described in Exanple 23, followed by
Boc- deprotection according to the nethod-described in Exanple 7: 1 -
(4- Fl uor o- phenyl)- 1H pyrazolo [3 ,4 -pyri dine-4 -c arboxylicacid[1
QPr @
e DX

-(4- am nonet hyl -pyridin-2 - yl)-c y@l pyl] -am de; and 1 -
(4- Fl uor o- phenyl) - 1H pyrazolo ¥r|dine 4 -c arboxylicacid[1l -(5-
am nonet hyl -pyridin-2 - yl)-c vy | of rod“I]Azanlde Exanpl e 24: Synthesis of
1- (4-fl uoro-phenyl)-1H pyrazol ofN3ANc] pyri di ne-4- carboxylic acid
11-[ 6- (acet yl - net hyl - am no) - pyri d} n#3-y1] - cycl opropyl | -am de (24) FF A
solution of 1 -(4-fluoro-phenyly> 1M—pyrazo|o 113 ,4 - e] pyridine-4- c
arboxylic acid [1 - (6- nethylanlho pyridin-3 - yl)-cyc | opropyfl -am de (40
ng, 0.099 mml) in acetic anhydride (1 nL) {Is heated at 60C for 16 hours.
The solution is cooled to roomtenperature, diluted with 3 nL of a 1N
solution of aqueous NaOH, stirred for 20 m nutes and extracted with ethyl
acetate (5 whereinThe organic layer is dried over magnesiumsulfate, filtered
and concentrated. The residue is purified by silica gel chromatography
eluting with a gradi ent of 0-10% nmethanol in dichloronmethane to afford the

title conpoXihitrogen or, C-Ry;

Ar, is carbocycle, heteroaryl or heterocyclyl each optionally substituted by one to

three Ry;

Ar; is carbocycle, heteroaryl or heterocyclyl, each optionally substituted by one to

three Ry;

Cyclic G is carbocycle, or heterocyclyl each optionally substituted by one to two Ry;
R; is hydrogen, C;¢ alkyl or Cy_¢ alkoxyCy.¢ alkyl;

R; is hydrogen or Ry;

R, is Cy-¢ alkyl, Cs.19 cycloalkyl, Ci-¢ alkoxy, Cj-¢ alkylthio, C;-¢ alkylsulfonyl, Ci-¢
alkoxycarbonyl, amino, mono-or di-C;-¢ alkylamino, Cs-¢ cycloalkylamino, Cj-g

alkylaminocarbonyl, C;-¢ acyl, C;-¢ acylamino, Ci-¢ dialkylaminocarbonyl, hydroxyl,

halogen, cyano, nitro, oxo, R3-S(O)n-NH-, R3-NH-S(O)m-, aryl or carboxyl;
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Exanpl e 25: Synt hesis of

6- br ono- 1- (4-fl uoro- phenyl ) - 1H i ndazol e- 4- carboxylic acid

[ 1- ( 2- metwarreswi4panyl - pyri di n-4-yl)-cycl opropyl ] -am de @2%a)So1an63112 ( 4-

fl uor o- phenyl ) - 6-i odo- 1H i ndazol e- 4-carboxylic acid

[ 1- (2- met hanesul f onyl pyri di n-4-y1)-cycl opropyl ]-amde (25b) 0 + F A

m xture of 6-brono-1-(4-fluoro-pheny0-1H i ndazol e-4-carboxylic acid nethyl

ester and Ig( ﬂ‘ﬂyhﬂﬁ&l‘?tﬁh@@l'Haio%eﬁ,oggﬂldz}nt@\mQ@F@n%@_fﬁﬂﬁﬁkﬂ{ﬂr(ﬂ csegid methyl
b i ¢ acid nethyl ester

ester is prepared from 6-bronmo-1H i ndazol e- 4- car boxyl i

(10.0 g, 39%2s alkrolys dkevt dinglingyh ke ncoppelkyinbd atkew. ¢nodsyI€Blpl-i ng
procedure d@?f&fn'-r@ﬁﬂzdl Iks-@éégmtﬁg)gf-, RR-SPOSONRLT @0-nak,-4 (08, s, W eNgl}}L

6- br ono- 1- ( uor o- phényl) - 1H'I ndazol e-4- carboxylic acid nmeth ester and
1- (4- f | uor o-Ehdhy HCIEOED-(CH iR Ral Betarocysdilbawy | dr chesgspatylneeadly IRvest er (500
ng) in THF . )i e 01-11120
(240 ny, 5.§%§%$%%$ﬂ§2§?@?8%#§ﬂ1| én%%pgggﬁ%ﬁéﬁ%gngu¥ééf%ggﬁq% urs, the
reacti on mktdurxegl, iCs-c aelt ¢iad allwagicanhaniil, (Mo HELL-SE0m¢ ent oratddxyland dil uted with
a 20% sol ution of nethanol in dichloronmethane (100 nmL). Water (100 nlL) is
added and the pH of the mxture is adjusted to 4 with 1M HCl1. Phases are
separ at ed aruch RaeRaguéclepeddentbr hyidsogent Cacilied, @4-¢ icyd QQYewtdailyl, dh-cof

met hanol in _dichl or ongt h 9 x.100 . The conhi ned, organi ¢ | ayers are
dried over ﬂ%@ﬁe |5ﬁ§§ﬁ??§§%,ww? 1€Fggk§ﬁﬁagﬁﬁgéﬁﬁ?é¥ ‘ﬁ%ng@@w m xture
of 6- br omo-Qr{ ddkoklessionylohend- Thi attazeh®odylCanbeiowlkiyt aci,anad)-

1-(4-fl uoro- nyl)-6-i - 1H ndazol e- 4-carboxylic acid as a solid. The
title conpdﬁﬁggogﬁéHﬁkgﬁgﬁéd according to the coupling procedure described
in Exanple 13 using a m xture of 6-brono-1-(4-fluoro-phenyl)-1Hindazol e- 4-
carboxylic acid and 1-(4-f]uoro-phenyl)-6-iodo-1H-indazol e-4-carboxylic

aci d (420 niyh Rart 2p-pErrdepbnbeinee iy 9 dimeslgpliyl dywsiabgrodyaan ne
trifluor oacaqf(dxcftc@gan%l,%nb-o& ard (ABylackindS, R, hyaBRf 8T 8yPof ¢ L1 L1, by reverse

phase HPLC using a C18 colum and a gradient of acetonitrile in water
containing 0.1%trifluoro acetic acid. The internediate 1

- (2- met haneguy EE_Q)(lh@lPM/B&QﬂnQﬁe“Cl_yalﬁyj ?sydialti&ﬁ)aﬁlgwﬂtﬁﬁ} ufly hzﬁlbéé%t@@,‘(%léi ¢ acid
salt is prepared from 11-(2-brono-pyridin-4-yl)-cyclopropyllcarbam c acid
tert-butyl dkmgl cadweyrda.ngi¢ elkexy opperyaddiiat dkoxyowpibpenglybos edil.e

descri bed i 00 E | ), I d by the Boc deprotection
procedur e S%%?ééaﬁgégégﬁgﬁﬁgﬁ%gg(g?ih M%ﬁﬁ%gﬂg6: Synt hesi s of

1- (4-fl uoro-phenyl)-6-net hanesul fonyl- 1H i ndazol e-4- carboxylic acid

[ 1- (2- met hagesul f onyl - pyri din-4-y1).- | opr.opyl l,-amde (26) The title
conpound igﬁ%ﬁh%%ég%¥%gxﬁégggﬁﬁﬁCy@8ﬁ¥ﬁe%%85%%ﬁﬁ8ﬁgaﬁcéﬁd?éﬂd%ggﬁibed in
Exanpl e 18 flkydamiao i mbnor@ ali- Glibiomoe(CIHA-K{RIBr oarphenty hptedddryil ndachol e- 4-

carboxylic acid JI-(2-methapesul fonpyl - i din-4-y1)-cycl opr | | -am de, and
ST uor TRy TS BROTEL A 6B, il CHRIGR oz,

Il - (2- met hamasiklyf, syl cpipoiydl DAOYRIR:IGY el amtoloradiicle, (IkORmRY) .C,;Exanpl e 27:
Synt hesi s of 6-cyano-1-(4-fl uoro-phenyl)-1Hindazol e-4-carboxylic acid
[1-(2-nethaﬂ@¥ﬁ?¥@ﬁ?l@71ﬁVHY%UW@?1)-cyCIopropyl]-anide (27) To a stirred
sol ution of 6-brono-1-(4-fluoro-phenyl)-1Hindazol e-4-carboxylic acid

| 1 -(2-met hanesul fonyl - pyridin-4-yl)-cycl opropyl!|-am de, and

1- (4-f | uor o23phBrYAY Inlepndefly f+fi ndazol e- 4-c arboxylic acid

| I -(2-met hanesul fonyl - pyridin-4-yl)- cyclopropyll -amde (150 ng) in DV
(1.0 nL, degassed and anhydrous) is added
tetrakis(tr@%%ﬁh?ﬂﬁﬁ@@éﬁﬁ%éb%alIadiun1(33 my, 0.028 mml) and zinc cyani de
(40 ng, 0.34 mmol ). The solution is evacuated and purged with Argon (3
times) and warnmed to 120C. After 3 hours, the reaction is cooled to room

t enper at ur eQr agihhunaeehtigiliyhacseptablcatali theaeplieous ammoni um chl ori de (50 nl), and
extracted with ethyl acetate (3 x 50 nmL). The conbined organic | ayers are
washed with brine (50 nm.), dried over magnesiumsulfate, filtered and
concentrated. The residue is purified on 5i02 using a gradient of 50-100%
et hyl acet iLn _heptane t ive.a soli which is triturated with ethyl
othor o arrartceRERRR Rk Ehal it 8l o' B Bl 0loti caL"PROPERT Es
Conmpounds are assessed for the ability to block the interaction of CCRL and
MP-1 a in a functional cellular assay nmeasuring calciumflux in CCR

| transfected cells. Non-adherent cells purchased from Chem con Corporation
(HTS005C), stably expressing reconbi ndht CCRL and G al pha-16 are grown in
RPM 1640 nedi um (Medi atech 10-080-CM suppl enented with 10% FBS, 0.4 ng/nL
Geneticin and penicillin/streptonycin. On the day of the assay, the cells
are |l oaded with Calcium 4 dye (Ml ecul ar Devi ces R7448) with Probenecid
(I'nvitrogen P346400) at 8E5 cells/nL for 1 hour at roomtenperature. After

o o o ~S A . o,



Table Il Name CCR1 | Cso (nM

1- (4- Fl uor o- phenyO- 1H pyr azol 0113, 4-cl pyri di ne- 4-car boxyl i caci d( 1-

1, 3, 4- t hiwoOi2anal49R7yl - cycl opr opyl) - am de 265 PCT/US2010/053142

1- (4- Fl uor o- phenyO- 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid II-(6-
br ono- pyri di n-3-yl)-cycl opropyl|l -am de 19

1- (4- Fl uor o- phenyO- 1H pyr azol 0113, 4-cl pyri di ne-4-carboxylic acid Il-(6-

net hanesul f ofdic-AP¥ch®b&eR=oplidnadly ShiRRRMylone ANMIWIR,7 _ _
1- (4- Fl uor o- phenyO- 1H pyrazol 0113, 4-cl pyri di ne-4- car boxyl i caci d( 1-
pyri di n-4-yl -cycl opropyl)-am de 18 1- (4- Fl uor o- phenyl) - 1H pyrazol o

113, 4-cl pyr i di g fhe G DR FatAChH bt 2-

brono- pyri di n-4-y1)-cyclopropyll-amde 0.5 1-(4-Fl uoro-phenyl)-1H pyrazolo
113, 4-cl pyri di ne-4-carboxylic acid [1-(2-

met hanesul f onyl - pyri di n-4-y1)-cycl opropyl | -am de 2

1- (4- Fl uor o- phenyl) - 1H pyrazol o 113, 4-cl pyri di ne-4-carboxylic acid [1-(5-
br ono- pyr i M. diha-cRmpdyndeyedrdipg opsthiin-Zamdiehe&nl- ( 4- Fl uor o- phenyl) - 1H pyrazol o
113, 4-cl pyri di ne-4-carboxylic acid [1-(5-

met hanesul f onyl - pyri m di n-2-y1)-cycl opropyl | -am de 14

1- (4- Fl uor oX¥remyskth: 1H pyrazol o 113, 4-cl pyri di ne-4-carboxylic acid [1-(5-
met hanesul f onyl - furan-2-y1)-cycl opropyl | -am de

Ary is carbocycle optionally substituted by one to three R,;

Ar; is carbocycle or heteroaryl, each optionally substituted by one to three Ry;

R; is hydrogen;

R, is Cy3alkyl, Ci-3 alkoxy, di-Cj-¢ alkylamino, methylsulfonyl, halogen, or cyano;

Ry, is hydroxyl, carboxyl, halogen, -(CH»),-CN, -(CH»),-CO,Cj6alkyl, nitro, -SOsH,
Ci-¢ alkyl, Cy-¢ alkenyl, Cy-¢ alkynyl, Cs.jocycloalkyl, Ci-galkoxy, CisalkylC(O)-, -
(CH2)u-NR(R4, R3-S(O)m(CH2)o.1-, R3-S(O)m-NRe-, R3-NRe-S(O)m(CH2)o.1-, -NR¢-
C(O)-Re, -(CHy)y-C(O)-(CH)n-NRcRg, heterocyclyl, aryl or heteroaryl, each Ry
where possible is optionally halogenated or substituted with 1 to 3 C;¢ alkyl, Ci-¢

acyl, Cy-¢ alkoxycarbonyl, C;-¢ alkyl-S(O)p-, aryl or carboxyl;

Rj3 is hydrogen, Cy¢ alkyl, Csecycloalkyl, heterocyclyl(CH;)o;, mono-or di-Ci-¢
alkylamino, mono-or di-jealkylamino(CH,),3N(Cjealkyl)-, aryl or heteroaryl each
optionally substituted with 1 to 2 Cj-¢ alkyl, Csecycloalkyl, Ci-¢alkoxy, halogen,
hydroxyl, oxo, carboxyl, -C(O)NR.R;, amino, mono-or di-C;-¢ alkylamino, Ci-¢

alkoxycarbonyl or C-¢ acylamino

or a pharmaceutically acceptable salt thereof.

4. The compound according to claim 3, and wherein
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4 3-(1-{

[ 1- (4- Fl uor o- phenyl) - 1H pyr azol o[ 3, 4-cl pyri di ne- 4-car bonyl | am no} - cycl opr op

y1) - benzowo 2ativd9met hyl ester 11 3-(1-{ PCT/US2010/053142

[ 1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-cl pyri di ne- 4- car bonyl | am no }-

cycl opropyl)-benzoic acid 27 1-(4-Fluoro-phenyl)-1H pyrazol o

113, 4-cl pyridi ne-4-carboxylic acid [1-(3-

met hyl car banoyl - phenyl ) -cycl opropyl| -amde 2 1- [3-(1- {

[1-(4-FIuoro-pheny%}-lH—pyrazolo 113, 4-cl pyri di ne-4-carbonyllam no }-

cycl opr opy 14 tibepEsy] iatHba}ted by 9o @pveRanecar boxyl i caci d met hyl ester 98

1- (4- Fl uor o- phenyl) - 1H pyrazol o 113, 4-cl pyri di ne-4-carboxylic acid {1- 113-

(c yanonet hyl - c¢ arbanoyl)-phenyl] -cyclopropyl}- amde 35 [3-(1- {

[ 1- ( 4- Fl uordrphalym)l- thiadpyelsl okafigohd.chymynilidyin duranyd athipanly] bapymdl.- cycl opr op

y1l) - benzoyl am - [T oPHr-Toy t ster 5 (S)-2-113-(1-{

[1-(4-FIuor%@%ﬁék§%§e%¢égégg og%fgszgkpyridine-4-

car bonyl | - am no}-cycl opropyl) - benzoyl am nol - propi oni caci dnet hyl ester 80

1- (4- Fl uor o 1)-1H-pyrazol 0,113, 4-cl pyri di ne-4-carboxylic acid [1-(3-

trifluorone?ﬁﬁﬁ?%ﬁgﬁéﬂfg lgfggggﬁéﬁl-anide 0.4

1- (4- Fl uor o- phenyl) - 1H pyrazol o 113, 4-cl pyri di ne-4-carboxylic acid [1-(3-

nethoxy-phe€y1h10é§[opropylI -amide 5 1-(4-Fluoro-phenyl)-1H pyrazol o

113, 4- cl pyrT i &4 car boxylic acid [ 1-(6-

di met hyl am no- pyridi n-2-y1l)-cycl opropyl | -am de 3

L AR B B el e b 2
alkoxy, -(CHy)y-CO,Cysalkyl, -(CH)n-NR(Ra, R3-S(O)m(CH)o.1-, R3-S(O)2-NRe-,

R3-NR-S5(0)2(CH2)o.1-, -NRg-C(O)-Re, -(CH»)y-C(O)-NRRg, or morpholinyl;

each R, Ry are independently hydrogen, C;-3 alkyl, C;-3 acyl, cyano-C;-3 alkyl, Ci-3
alkoxycarbonylCysalkyl, Ci-3 alkoxycarbonylC;¢cycloalkyl, or -(CHy),-C(O)-NReRy;

each R., Ry are independently hydrogen or C;-3 alkyl;

R3 is hydrogen or C;galkyl, each optionally substituted with one to two C;-galkoxy, or
0XO0

or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 4, and wherein

Cyclic G is cyclopropyl;

R.is -For -CI;

Ry, is -CH3;, carboxyl, -F, -Cl, -Br, -1, -CFs, cyclopropyl, -OCHj3;, -CO;Me, -NR(Ry, -

CHZ_NRCRd’ R3'S(O)m', R3_S(O)2_NR9_’ R3_NR9_S(O)2_’ _NRf_C(O)_Re’ -
C(O)NRR4 or morpholinyl;

79



88 1-(4-Fl uoro-phenyl)-1H pyrazol o 113, 4-cl pyri di ne-4-carboxylic acid

[ 1- (4- net hoxy-phenyl)-cycl opropyl|l -am de 17

1- (4- Fl uowo-2phiemydy - 1H pyrazol o 113, 4-cl pyri di ne- 4- car bexyhiseoaosx4t 1- ( 4-
fl uoro- phenyl)-cycl opropyl | -am de 75

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid
(1-ntolyl-cycl opropyl)-am de 26

1- (4- Fl uor as.pheRry 1R, 1hkePhdRpldedd3. ufdeBy " Lditne-dpermoxyhienac,d [ 1-(3-
chIoro-phenyl)-cycIoProp |1 -am de 3 74-(1-
[ 1- (4- Fl uoridkppienonyl 1 meBormadreyls,14alkylpy Pietpreadopdrbeyiakati Ab)-- cycl opr op

y1l) - benzoi c - ®INR R
1-(4-Fluora¥gﬁén9?5-l f’pyrazoI0113,4-cIpyridine-4-carboxy|ic acid [1-(3-

fl uoro- phenyl)-cycl opropyl | -am de 13

1- (4-Fl uoro; n - r 4- clpyri di ne-4-carboxylic acid [1-(4-
chl or o- pheny ?“3%%8%$%g%ﬁﬁﬁ§k§§%%Tbmckﬁ%’

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne- 4-carboxylic acid
(1-ptolyl-cycl 1) --am 1 . . .

1 (71 Vor aph BNy TRRREA S o ppgongi syt vtpme 9 WA gE R, 1
phenyl - cycl @prpbpyiacewichltieactG@able salt thereof.

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne- 4-carboxylic acid
(1-otolyl-cycl opropyl)-am de 61

1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(3-

cycl opropyl- 1, 2, 4- oxadi azol - 5- -cycl opyl | -am de
y Propy 6. JI’he "compound according toy cjlgim 5){ anc? @flergi}{

X is C-Ry;
Arq is carbocycle optionally substituted by one to three R,;
Ar; is carbocycle or heteroaryl, each optionally substituted by one to three Ry;
Cyclic G is carbocycle optionally substituted by one to two Ry;
R; is hydrogen;
R; is hydrogen or Ry;
R, is Cy3alkyl, C;-3 alkoxy, di-Cy-¢ alkylamino, methylsulfonyl, halogen, or cyano;
Ry, is hydroxyl, carboxyl, halogen, -(CH»),-CN, -(CH»),-CO,Cj6alkyl, nitro, -SOsH,
Ci-¢ alkyl, Cy-¢ alkenyl, Cy-¢ alkynyl, Cs.jocycloalkyl, Ci-galkoxy, CisalkylC(O)-, -
(CH2)n-NRcRa, R3-S(0)m(CHz2)0.1-, R3-S(O)m-NRe-, R3-NRe-S(O)m(CHz)o.1-, -NR¢-
C(O)-Re, -(CHy)y-C(O)-(CH)n-NRcRg, heterocyclyl, aryl or heteroaryl, each Ry

where possible is optionally halogenated or substituted with 1 to 3 Cy¢ alkyl, Ci-¢

acyl, Cy-¢ alkoxycarbonyl, C;-¢ alkyl-S(O)p-, aryl or carboxyl;
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11 1-(4-Fl uoro-phenyl)-1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(5-

cycl opropyl-1, 2, 4- oxadi azol - 3-y1)-cycl opropyl | -am de 61
1- (4- Fl uowo-2phiemydy - 1H- pyrazol 0113, 4-cl pyri di ne- 4- car borgrius2@oios31fa- ( 2-
met hyl -t hi azol - 4-y1)-cycl opropyl | -am de 99 112-(1-{

[ 1- (4- Fl uor o- phenyl) - 1H pyr azol o[ 3, 4-cl pyri di ne- 4- car bonyl | am no}-cycl opr op

y1l)-pyridin-4-ylmethyll-carbamc acid tert-butyl ester 285

1-(4-F uor%aelbwyﬂg ard khdeyéragalyordkvhid oén od Py ATk I@fa6 deygarnoxidaiyaat,d [ 1- (4-
am nonet hyl - di n-2-y1)-cyclopropyll-am
1- (4- Fl uor oalgﬂ@nlw}myﬁu pgflkalz@sraaq(iea &1k>d4 Ewiaﬂwlﬁewﬂ@ay Bosxyplkytsubend [ 1- (4-

met hoxy- pyrdd p
T A H] by (O Mnerfchlndi R, AREAPYYS” FROHRarbbnvICy noyclonligl, (CHMCOX

chl or o- pyrllﬂReRf@r;ﬂQ}LtheBpr opyl | -anm de 17

1- (4- Fl uoro- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(5-
br onmo- pyri di n-2-y1)-cycl opropyl | -am de 9

1- (4-Fl uoroeaplhga;lilr)arelihﬁqwlr@zw it @ed.- Cl-qafkyil i ne cyl@ilayb 6oy lalkoxadie [ 1- (4-

odo- pyri di i
14 Bl uor o SRRt AT S R0 T e o don G ighon Ce ek a [1- (o
br ono- phenyl) cycl opropyl | -am de 4

1 opropy 1) Byt SRy SRkl R SENE RefnR il CBuryredterfdr °m 0

1- (4- Fl uor crlpheind) mbib- plyﬂ@.ZGQlk@IaﬁHIﬂ)(CHQYjN(@il k- caybox ubeagt iegth 1- (5-

am noret hyl oth)lo}’lelllgzl lesztltgtea i }”6 Ialky{n 83 6cyc?oalkyl Ci-salkoxy, halogen,
hydroxyl, oxo, carboxyl, -C(O)NR.R;, amino, mono-or di-C;-¢ alkylamino, Ci-¢
alkoxycarbonyl or C-¢ acylamino

or a pharmaceutically acceptable salt thereof.
7. The compound according to claim 6, and wherein

Arq is phenyl is substituted by one to two Ry;

Ar; is phenyl, thiadiazolyl, oxadiazolyl, pyrimidinyl, furanyl, thiazolyl or pyridyl,

each optionally substituted by one to two Ry;

Cyclic G is cyclopropyl or cyclobutyl;

R, is Cj3alkyl, methylsulfonyl, halogen, or cyano;

Ry, is hydroxyl, carboxyl, halogen, -CF;, -CN, -SO3;H, C;-3 alkyl, Cs-¢ cycloalkyl C;-3
alkoxy, -(CHp)p-CO,Cisalkyl, -(CH2)p-NRcR4, R3-S(O)m(CH2)o.1-, R3-S(0O)2-NRe-,

R3-NR-S5(0)2(CH2)o.1-, -NRg-C(O)-Re, -(CH»)y-C(O)-NRRg, or morpholinyl;

each R, Ry are independently hydrogen, C;-3 alkyl, C;-3 acyl, cyano-C;-3 alkyl, Ci-3
alkoxycarbonylCysalkyl, Ci-3 alkoxycarbonylC;¢cycloalkyl, or -(CHy),-C(O)-NReRy;
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1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic acid {1-[3- (c
ar banoyl net hyl -c arb anoyl) - phenyl] -cycl opropyl}- am de 74
1- (4- Fl uowo-2phiemydy - 1H- pyrazol o[ 3, 4-c[ pyri di ne- 4- car boxyCirasaciods3112 [ 3-
(et hyl ¢ ar banmoyl net hyl - ¢ ar banoyl) - phenyl] -cycl opropyl }- am de 78
1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic acid [1-(3-
br ono- phenyl ) -cycl opropyl | -am de 1
3-113- (1- 1[ hek #: R, URlife Jg}@@lytily)hyh% pY 62z 0! A3, 4- c[ pyri di ne- 4-carbonyl | am no
| - cycl opropyl) - benzenesulfony I-proplonlc acid nethyl ester 17
1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic acid [1-(3-
nmet hanesul f Vi
1 (4P uor o e IS YL AREPAMha et vih one 8 500 Cre ™SOV e 1 (3
car banoyl - pt¥enyl ) - cyclopropyll-anlde 40
3-115-(1-1[}- (%mﬁhy tﬁal P ]§¢TQWEQ%OI0113 4-c[ pyri di ne-4-carbonyl | am no
| -cycl opropyl)-pyri ne 2 S onyl I -propionic acid nethyl ester 10
1- (4- Fl uor o- pheny1l) - 1H—pyrazo|o[3 4-c[ pyri di ne-4-carboxylic acid [1-(6-
met hyl am no- pyri di n- 3-y1)-cycl opropyl | -am de 28
1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic acid [1-(6-
sul f anoyl - p3 fTihdicomPeyit)acayding pr dgyl 1, amhwhigeib
1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic acid [1-(3-
sul f anoyl - pheny1l) - cycl opropyl | -am de 3
1- (4- Fl uor oepdiiety ik cydibprpysiazol 0113, 4- ¢l pyri di ne- 4-carboxylic acid [1-(2-
br ono- pyridin-4-y1)-cycl obutyll-amde 3
1- (4- Fl uor o- phenyl) - 1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(2-
met hanesul fRNYLF pyrd1dnehdi; indhysyedngbetteyhdce;, am de 2
1-(4-FIuoro-phenyl)-lkkpyrazoF0113,4-c|pyridine-4-carboxy|ic acid [1-(4-
nmet hoxy- phenyl ) -cycl obutyl | -am de

Ry, is -CH3;, carboxyl, -F, -Cl, -Br, -1, -CFs, cyclopropyl, -OCHj3;, -CO;Me, -NR(Ry, -

(CH2)-NRRa, R3-8(O)m-, R3-S(0)2-NRe-,  R3-NRe-5(0)2-,  -NRrC(O)-Re, -
C(O)NR(Rq or morpholinyl;

each R, Ry are independently hydrogen, -CHj;, -C(O)CH;, -CH,CN, Cj-4
alkoxycarbonyl, methoxycarbonyl-C;,alkyl-, methoxycarbonyl-Cscycloalkyl- or -
(CH2)-C(O)-NRcRy;

each R, Rrare independently hydrogen or -CHj;

R3 is hydrogen or C;4alkyl each optionally substituted with one to two -OCH3 or oxo
or a pharmaceutically acceptable salt thereof.

9. The compound according to claim 8, and wherein

Cyclic G is cyclopropyl or cyclobutyl

or a pharmaceutically acceptable salt thereof.

10. The compound according to claim 9, and wherein
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51 1-(4-Fl uoro-phenyl)-1H pyrazol 0113, 4-cl pyri di ne-4-carboxylic acid [1-(4-
fl uoro- phenyl)-cycl obutyl | -am de 62

1- (4- Fl uowo-2phiemydy - 1H- pyrazol o[ 3, 4-c[ pyri di ne- 4- car boxyCirasaciods3112 ( 6-
nmor phol i n-4-yl -pyridin-3-yl)-cycl opropyfl-am de 6

1- (4- Fl uor o- phenyl) - 1H i ndazol e- 4-carboxylic acid [1-(2-

nmet hanesul fonyl - pyri di n-4-y1l)-cycl opropyl | -am de 4

1- (4- Fl uor o- phenyl) - 1H pyrazol o[ 3, 4-c[ pyri di ne-4-carboxylic acid 11-[6-
(acetyl - et hyl -am no) - pyridin-3-yl|l -cyclopropyll- am de 20

6- Br onp- 1- (4¥dlic§oisygarRpgi) - 1H i ndazol e- 4- car boxyl i c acid [142-

met hanesul f qoylhaRytbdicinyfctdlafychopropy! | -anide 2

1- (4- Fl uor o- phenyl) - 6-1 6do- IH i ndazol e- 4-carboxylic acid lii (2-

met hanesul f-onyl - pyri di n-4-y1)-cycl opropyl | -am de 13

1- (4- Fl uor o- phenyl) - 6- net hanesul f onyl- 1H i ndazol e- 4-carboxylic acid

11- ( 2- net hanesul fonyl - pyri di n-4-y1l)-cycl opropyl | -am de 7

6- Cyano- 1- (Y- Thaeropphdnycdydiddoiaradl ad4viermitboxyl i c acid 11-(2-

met hanesul fonyl - pyri di n-4-y1)-cycl opropyl | -am de 0.1 METHOD OF USE The
conpounds of the invention are effective antagonists of the interactions
bet ween CCRR., andhydrsgenhenoki-nelltyil,gandlsRans €Chysacyhheshne-COERiylnedi-at ed

et hods. of TPERIg"ditioN b 6 LbraerEuls g EbtuAgs GO nvent | on:

I n anot her ¥RiRdi nent, there is provided nethods of treating inflamrmatory
di sorders using conpounds of the invention. Wthout w shing to be bound by
t heory, by antagonizing the interactions between CCRL and its chenoki ne

| i gands, t haclk RO Gslcpnackilyayarmetaxi s akdyl pro-infl ammatory cells including
nonocyt es, macrophages dendritic cells, eosinophils, and T cells (THL)

cel I's and ot'Rdhamrrautisylly aergpsableetajtdhereoti nf | aned ti ssues and t her eby
aneliorate the chronic inflammation associated wi th autoi mmune di seases.
Thus, the inhibition of CCRL activity is an attractive neans for preventing
and treating a variety of autoi mune disorders, including inflammtory

di seases, ayit QhiMUAEHISERSER, iR 1( BRI Whergh al . (2001) JBC 276 p. 4199)
and bone marrow transplant rejection and other disorders associated with an
influx of pro-inflammtory cells. For exanple, the conpounds of the

i nvention . 0. \Y; Iy t r . ONkC Janf: ﬁgnation,
aIIergies,q%%ﬁggggggg?ﬁg¥@§ﬁéﬁ§%¥gg?%%%@fﬂ?ﬁgéﬁh%%P%ngghgf?gé%nultiple
scl erosi s, bypeoitwh Bbet es, inflammatory bowel disease, Guillain-Ban-e
syndrone, Crohn's disease, ulcerative colitis, graft versus host disease
(and other forns of organ or bone marrow transplant rejection), Alzheinmer's
di sease (HaRkis-SMIMerI, dir, &ll, -QF2008)e, AvieNatOWHM=4-90),888) , Ast hma (Jouber et
al. (2008) J. %nnun%golP. 12 %ﬂ ﬁg§onic ki dney di sease (Topham et al

(1999) J. dAH*PHGEsE? yfcsaepga. GBI epsis (He et al. (2007) Am J. Physio
292 p. G1173), autoi nmune myocarditis (Futamats et al. (2006) J Ml Cel
Cardi ol ogy 40p. 853), nultiple nyeloma (Blood (2001) 97 pp 3349- 3353),
COPD (Expert Opin. Investig. Drugs (2005) 14 pp 785-796) and systenic | upus
eryt hemat osiss Thd RopddndGedodding fol@aiGANPAURERrd®BXr,Re used to prevent or treat
rheumatoid arthritis and nultiple sclerosis. Qher disorders associated
with the trafficking of pro-inflanmatory cells will be evident to those of
ordinary skill in the art and can also be treated with the conpounds and
conpositions of this invention.
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For treatnent of the above-described di seases and conditions, a
therapeutically effective dose will generally be in the range from about

0. 01 ng/ kyotoriademy 100 ng/ kg of body wei ght per dosagePofi/is2@onpiaynd of
the invention; preferably, fromabout 0.1 ng/kg to about 20 ng/ kg of body
wei ght per dosage. For exanple, for admnistration to a 70 kg person, the
dosage range would be fromabout 0.7 ng to about 7000 ng per dosage of a
conpound of the invention, pgeferably(jron1about 7.0 ng to about 1400 ny
per dosage. S0 degree &dtlne do optinigzatgon nay ke ie Quired to
deternine an dptifal dogi ny | &el pétterﬁijgﬁe act i ngredlent may be
adm ni stered f 200 Nnes a ~., Cener a nlnlstr on and

Phar maceuti cal ConpoOsi.ti ons Wen used as . pharmaceutical s, the conpounds of
the invention are f&pically adm nistered in the formof a pharnmaceuti cal
conposition. Such compositions can be prepared using procedures well known
in the pharmaceutical art and conprise at | east one conpound of the

i nvention. The conpounds of he i nventg on nay al so be adm ni stered al one or

in conbinatian Alt'|adi that gnbance.stability of the égW%ounds of
the invention, ilita dm ni s i ol of “phalmaceut i con‘Bosi tions
cont ai ni ng th- 38 cert enbod| el S, prov '§§%e§s-s gi ssol ution or

di spersion, increased antagonist activity, provideNdgdjunct therapy, and the
| i ke. The conpounds according to the invention my be used on their own or

i N conj unctdér@rphuinidaeaichi®r acagridbikesat iiesdofinces according to the invention
optionally also in conjunction with other pharnacol ogically active
substances. In general, the conpounds of this invention are adm nistered in
a therapeutically or pharnaceutically effective anount, but nay be

adm nistered in | ower anounts for diagnostic or other purposes.

Adni ni st r at oA ORRYNE G 8&%@%@%@&@%@%ﬂon in pure formor in an
approprlateRQQarnaceutlcal conposition, can be carried out usi ng any of the
accepted nodes of admi nistration of pharmaceutical conpositions. Thus,

adni ni st r ati ok 1catlkple, -¢1or examtbewyl ohanyly Coucelbewy ¢abesyclyKkhPrngual 1 y)
nasal |y, p@%ﬁﬁkﬁﬂﬂbhxhcﬁﬁéﬂcgﬁﬁd3dtC@ sdefgBbd oko; vaginal ly, or rectally, in
the formof solid, sem -soli | yophi zed powder, or |iquid dosage forms,
such as, for exanple, tablets, suppositories, pills, soft elastic and hard
gel atin cap Sy ti ons, or aerosols, or the

i ke, prefe?géﬁémypg P @982»#%?§§1§ﬁ?$§§§% for sinple adm nistration of
preci se dosages. The pharnaceutlcal conpositions will generally include a
conventi ona | ri.er exci pient and a conpound of the

i nvention d% &ﬁ Pﬁﬁ&gg%ﬂ ﬁm%ﬁﬁﬁz#ﬁtmg(ﬁ in addition, may include other
nmedi ci nal agents, pharmaceutical agents, carriers, adjuvants, diluents,
vehi cl es, or conbinations thereof. Such pharnaceutically accept abl e
excipients, carriers, or additives as well as nethods of making

phar maceut i tsalA @aippesi dhb@nsrohor vari ous nodes or admi nistration are
wel | -known to those of skill in the art. The state of the art is evidenced,
e.g., by Rem ngton: The Science and Practice of Pharmacy, 20th Edition, A
Gennaro (ed.), Lrpprncott WITranms & W[ KIns, 2000; HandbookK]| of

Phar maceutical Additives, C | & Irepe Ash (e&d , Gower, | 1995; Handbook
s Ki bbge (e j Phar maceut i cal
NI1 PapOVISh, \bd nmeiteut i dal Dosage Fornms and

of Pharmaceutical Exci

Ass' n, 2000; H.C. Ansel

Drug Delivery Systens, hed. , Leb and| Febi 19907 e&ch pof which is

i ncorporated herlein b ference inthejr enth™Neties to better describe the
state of the art. As @ of skill in the woul d expect, the forns of the
conpounds of the invertdon utilized in p ticul ar pharmaceuti cal

fornul ation willl befselected (e.g., salt§) that possess suitable physical
characteri sti cs {e—g———water—sotubtHty)—that—+srequired+of the
formulation to be efficacious. CLAIMS 1. A conpound of the formula (1)

(I') wherein Xis nitrogen or, CGR2; Ari is carbocycle, heteroaryl or

het er ocycl yl each optionally substituted by one to three Ra; Ar2 is
carbocycl e, heteroaryl or heterocyclyl, each optionally substituted by one
to three RI); Cyclic Gis carbocycle, or heterocyclyl each optionally
substituted by one to two Rg; Rl is hydrogen, ClL 6 alkyl or Cl1 6 al koxyC 6
alkyl; R2 is hydrogen or Ra; Ra is Cl1-6 al kyl, C3_10 cycl oal kyl, Ci1-6

al koxy, Cl-6 alkylthio, Cl-6 alkylsul Bényl, Cl-6 al koxycarbonyl . ami no,
nono-or di-Cl-6 al kyl am no, C3-6 cycloalkylanino, Cl- 6 al kyl am nocar bonyl ,
Cl-6 acyl, Cl-6 acylam no, Cl-6 dial kyl am nocar bonyl, hydroxyl, hal ogen,
cyano, nitro, oxo, R3-S(0)m NH , R3- NH-5(O)n} aryl or carboxyl; Rbis
hydroxyl carboxyl halogen (CH2) CN, (CH2) -co2C1 6a|ky| nitro,

NN PN ~ I B P~ N ] ~ I | NN AN - I ~A ~




each n,

y are independently O-3;
phar maceutical ly acceptable salt thereof.
claim 1, wodowaedirn

each mis independently 0-2;
2. The conpound according to

Cyclic Gis carbocycl e-optional | ypPsuhseémwosiad2 by one
to two Rg or a pharnaceutically acceptable salt thereof.
according to claim2, and wherein X is nitrogen;

or a

3. The conmpound
An_ is carbocycle

optionally substituted by one to three Ra; Ar2 is carbocycle or heteroaryl,
each optional |l y[substituted by one to three Rb, RL is hydrogen;, Ra is

G _3al kyl, Ci-3]al koxy, di®- 6 al kyl am no, net iyl sul fonyl, hal ogen, or
cyano; Rb is hydroxylyz ~~al ogen, -( ~nEN A CH2) | - CO2C1_6al kyl
nitro, -S03H, Cl-6 al kyll a2- 6l al kenyl , | C2- a|kyhylp\ _iocycl oal kyl

G - 6al koxy, G _6al kyl C[{0)y, - ( %m.-NR Rd, -»(0) m CH2) o- 1t
R3-S(0) m NR, -, R3-NRe- Si0) n{ CH2) 04°, -NRr C(0OY=NRe,

-(CH2)y-C(0)-(CH2) n Rd, heterocyclyl or heteroaryl,|each RI') where
possi ble is optijona hal ogenat ed or subg uted with 1 to B C1_6 al kyl,
Cl-6 acyl, Ci1-6|al koxycarbonyl, Cl1-6 al kyl-S(0)m, aryl or carboxyl; R3 is
hydr ogen, Cl_6 aHoH-—E3—-+6eyeleaHHo—heteroeeyelyr{EH201 no-or di-Cl-6
al kyl am no, nong-or di-1_ am no(CH2) 2_3N( Cio ryl or

het eroaryl each|optio tJ Bed with t ,
C3_6cycl oal kyl, |G -6a , hydr ox I,|ox% - C(0) NReRf

anm no, nono-or di-Cl-6Y Nc1-6| al k rbon +6 acyl am no or
a pharmaceuticallly acceptgbl e salt thergof. 4n-NThe conmpound according to

claim 3, and whe

21 el _is phenyl is s
xadi azol yl, pyri
al'ly substituted by

ub uted by one to

two Ra; Ar2 is

phenyl , thiadiazoly m |, furanyl, thiazolyl or
pyridyl, each optie ehe to two Rto; Cycl|c Gis

cycl opropyl or g¢yclobutyl; Ra is halogeh; Rb is hydroxyl, cafboxyl,

hal ogen, -CF3, qCN, -SO03H,,Cl-3 al kyl, [C3-6 cycloal kyl Cl-3 al koxy,

- (CH2) a- Co2C1_3al kyl , - ) SANReRd, R3¢ i-, R3-5(0)2-NRe-,

R3- NRe- S(0) 2( CHz N -Re, - or porpholinyl;
each Re, Rd are|i tly en, aay|, cyano-Cl-3
al kyl, Cl1-3 al kg yVCb_3aIkyI,rC1-3 al kox carbonylé?\chcloalkyl, or
-(CH2).-C(0)-NRe e, Rf are ind r Cl-3 al kyl;

R3 is hydrogen ¢
G - 6al koxy, or ¢

"Ikyl, each optio

eperdent |y hydrogen o
ha substituted wt

h one to two
r eof .

a pharmaceutical | y acCeptabl e salt the
(0] e} (o)
(@] w0
NN S NN o~
| Ho L I H
= =
/ /
~N N~N
F F
0O Q e} O
NN OH X N~
4 =
/
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5. The conmpound according to claim4, and wherein Cyclic Gis cyclopropyl;

Rais -For -d;

- OCH3, - OwRlb11/04MReRd,

R3- NRe- S( 0) 2-,

i ndependent|y hydrogen,
-G _2al kyl -

nmet hoxycar bonyl

Ro is -CH3, carboxyl,

NRf - C( 0) - Re,

-F,

-d, -Br, -1,
mor phol i nyl ;

- C3cycl oal kyl - or

(CH2) - C( 0) - NReR(

hydr ogen or G al
0x0 or a pharmag
according to cl
substituted by ¢
optional |l y subst

optionally substit
Ra; Ra is Cl_3al
cyano

hal ogen, or

aim

, each Re,

kyl
eut i

Rf—are indep
sub

nal
ne tf Hhree
itut dtNnby one to three

ed by one to two Rg
7 Cl1- 3 al koxy, di
Rb is hydroxyl, carb

- Cl1+

endent I'y hydrogen or
stituted with one to

t therg@of\/ 6. ITh co
-R2,|)1 Hisrb%cylﬁ
car bogyel e or het er oa

Rb:; lic Gis carbo
i s hydrogen; R2

kyl am no, net hyl
oxyl, hal ogen, -(CH2)

-(CH2).
C3_i ocycl oal kyl ,

R3- S(0) m CH2) o- i

- (CH2) y- ¢(0) - (O
possible is opti
Cl-6 acyl, Ci1-6
Re,
Cl- 6 al koxy,
al koxy,
arbony1C34 ocycl

hy ¢

L COR2CL. 6akky

Rd are indepe
Cl-6 alk

[vavl g aY| t ro, QﬂQI—I Cl

-6alkoxy, a 6a|ky|
R3- Sf0O NRe} , R3: NR
D) Ny /yﬁ?yl
onal ated(br s
al koxygar bonyl, Ci1-6 al
tly hydrogen, Cl-6
Ir i -6 alkyl, c yano
ylsul fonyl, C1-6 al koxy
o alkyl, -(CH2).-C(0)-

O

H
hal o

al lev] C2-6 3l kanvl
CAT l\yl [] == J CAT l\\/llyl

C( 0) - (CH2) . - NR Rd

e~ S(0) 0Y0-d-1 - NR
WWI\
tedwth 10to

ak
ubstl
kyl -SC@)m, aryl or c
|, Cl-6 acyl, C3

-6 al kyl, C1- 6 al

C arbonyICb_B al kyl ,
NReRf or -(CH2),-NReR

are i ndependent|
al koxyCl_6al kyl ,
Cl-6 acyl; R3 i<

het er ocycl yl (CH2

di -1_6al kyl am n¢
substituted wth
hydr oxyl , oxo0, ¢
Cl- 6 al koxycar bg

y hydrogen o Cl-
di

nNono- Or, 1 wal kyl am
hydr OH_G [,
) 0- 1, -or di 6 a
(CH2) 2_3 i _6al kyl) -
11

arb

t "th6 al kyFNeC3_
-C(O)NI Z€Rf, a
nyl Cl1-6 acylamno o

C3_10 cygl oal kyl ,

r armaceutically

- CF3,
CH2- NReRd, R3-S(0)m, R3-S(0)2PKNRars2010/053142
C(0) NReRd or
-CH3, -C(0)CH3, -CH2CN, Cl1-4 al koxycarbonyl,
nmet hoxycar bonyl

each Re,

cycl opropyl,
Rd are

LCH3; R3 is
[wo - OCH3 or
mpound
e optionally
ryl, each
cycl e
s hydrogen or
sul fonyl ,
- CN,

C2-6 al kynyl,

C(0) - Re,
each RI') where
3 C1_6 al kyl,
ar boxyl ; each
10 cycl oal kyl ,
kyl G -6
Cl- 6 al koxyc
f; each Re,

[

Rf

Cl: 6 al koxy, Cil1-6

noCl_6al kil , ydro%yCl-G al kyl or
C3_6l yciroa HW

kyI , n

aryl o eteroaryl each optionally
60y. oal Ryl , G - 6al koky, hal ogen,
m rmno or di-Cl-6|al kyl am no,

accept abl e salt

thereof. 7. The |conpound according to c §|n16 and wherein An_ is phenyl is
substituted by gme to two Ra, ArZ 1s phgnyt, [n|%9|a20|y|, oxadi azol yl ,
pyrimdinyl, funanyl, thi Y dyl, eachjopKj/onal 'y substituted by
one to two Rb; Cycliq & DI CY¥ j s O _3al kyl,
nmet hyl sul f onyl , |hal ogién 5 hydro Hcarbpﬂ | , | hal ogen, - CF3,
-CN, -S03H, C1-3 al kyl3; Cl1-3 XY, 2) r CO2C1_3al kyl
- (CHAr NReRd, R3-4S(0) n( &=n2) 0-1-, R3-S(0) 2- NReN-NR3- NRe- S(0) 2( CH2) o-1i -,
-NRf-C(0)-Re, -(CH C(0) - NReRd, or norp nyl; each Re, Rd are
i ndependent |y hydro ., Cl1-3 al kyl, C1-8 . cyano-C1-3 al kyl, Ci1-3
al koxycar bonyl Co_3al kyl , C1-3 al koxycar pehylC3_6cycl oal kyl, or
-(CH2).-C(0) - NReRt—; 5

N™ X N x

*eh+sUlllive

) o
N~N N~N
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each Re, Rf are independently hydrogen or Cl1-3 alkyl; R3 is hydrogen or

C _6al kyl, each optionally substituted wwth one to two G -6al koxy, or oxo
or a pharwaceutdisedalrl y acceptable salt thereof. 8. The eomraseed/0a8dr di ng
to claim7, and wherein Cyclic Gis cyclopropyl; Rais -For -d, nethyl,
met hyl sul fonyl or cyano; Rb is -CH3, carboxyl, -F, -d, -Br, -1, -CF3,

cycl opropyl, -OCH3, -02Me, -NReRd, - (CH2)-NReRd, R3-S(0)m,
R3-S(0) 2- NRe-, R3-NRe-S(0)3&-, NHT C(O)FRe, - \ pr phol i nyl ;

each Re, Rd are|indepen den I yroen - CH3 N CN, Cl-4

al koxycar bonyl , |met hoXjca rb 2al kyl -, e ho&{yc C3cycl oal kyl -
or - (CHZ)-C(O) NReRr ; are | nde 3% n or -CH3; R3
i s hydrogen or @ al kyI optlonally subst i ed with one o two -OCH3 or

0X0 or a pharnmageuti y acceptable sa|t reof. 9. The cpnpound
according to claim$8 d wherein Cyclic cycl opropyl or|cyclobutyl or
a pharmaceuticallly édcceptable salt therp 10. The conpound| according to
claim9, and wherein Cycljc Gis cyciopropyl or oa pharmaceut| cal l'y
acceptabl e salt |[there
wherein Re, is hydro

< N nd accor di ny tq claim 10, and
[ , n and 'Rd sﬁ:- yl,
- Cl- % 3 D _3a , Clal koxyc
ar bonyl1C3 10cycllo al kyIN,_Nor - C(0) - NRaRrN, Rf

cyano- Cl- 6al kyl 4, C1-

_ eacheRe, are
i ndependently hydro , Cl-6 alkyl or a|p ceutically acceptable salt
t hereof. 12. The co nd according to gl 11, and wherein| Ar2 is phenyl,
pyrimdinyl, funangl, thiazol yI or yri dyl, each optionally substituted by

one or two Rb; RO TS -BUAIV@, - -, -CF35 -0Me, - NvEZ CONHME,
-S2NH2 or a phcxrmaceut C ac eptable salt_tHergof, 13. The conpound
according to claim 12\ ad er Ar2 js NoJ N
=
/
N—N
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g(NH2 No or a pharnaceutically acceptable salt thereof. 14. The conpound
according to claim 13, and wherein Rgis i) G _2 alkyl, -CF3, C2 al kenyl,
phenyl , GYo4odldsgnay, carbocycl y1CH20-, carbocycl y1CH2- PCHAGR)10/0yHADXYI ,
-CO2C14 al kyl or oxo; or ii) is methyl, vinyl, -CF3, phenyl, -CH2CH, or
hydroxyl or a pharmaceutically acceptable salt thereof. 15. A conmpound

chosen from O NNN [/ *
0 o)
N™ N N\ N7 N N\
| Ho | | H
Z ¥ Z =
N { N ¢ o)
:S N NH, 3 N ~
F F
(e} (@]
N N
N™ N X N7 N X
| H | Ho
P Z P = Br
/ /
N-N Cl N~N

F F
(@] @]
N
NI N X N N
| Ho | | H
S Z Z Br
/ | /

N—-N N~

8 &

F

0 O
N N AN N™ N Ns
! HN (@) NH,
T

=

/
N~N N—N

F F
o) (0]
N /\n/NHz i i H\
N N NS N N
' H H o | H H/\é(

= =

/) //
N-N N~N

F F

0 O
B
N\ N r N N
| H | H
S x
K o

N—N/ :N‘ O//S\/\n/o\
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LNi OIl/ S o NOH\ N/ NN1IP O 11/ or a pharmaceutically
acceptable salt thereof. 16. A pharmaceutical conposition conprising a
phar macewoDcallopomf f ecti ve anount of a conpound accordi rgTius2@basimd and
one or nore pharmaceutically carriers and/or adjuvants. 17. A nethod of
treating chronic inflammtion, allergies, contact dermatitis, psoriasis,
rheumatoid arthritis, nmultiple sclerosis, type 1 diabetes, inflammtory
bowel disease, @uilTTaln-Barre, syndrone, onnn S dlsease ulcnrative
colitis, graft versus hosfl diMsease, Alzh r S ase,“asthna, chronic
ki dney di sease, |sepsi's, | utibi nyocp an system upus
eryt hemat osus, c¢onpri S adm a %harnaceutically
ef fective anmount| of a ound acqé(ping to clvaf n11 18. The met hod
according to claim erein the®treathe s for rheumatoid arthritis and
mul tiple sclerosis. . The net hod accord to claim17 wherein the
treatnment is fon rheumatoid arthritis. F
N—

ZC(“/ O\s@d ZC(IS:
Q {

F F

S i I
peshen
Ho N
/
N-N

or a pharmaceutically acceptable salt thereof.

Q

16. A pharmaceutical composition comprising a pharmaceutically effective amount of
a compound according to claim 1 and one or more pharmaceutically carriers and/or

adjuvants.

17. A method of treating chronic inflammation, allergies, contact dermatitis, psoriasis,
rheumatoid arthritis, multiple sclerosis, type 1 diabetes, inflammatory bowel disease,
Guillain-Barre syndrome, Crohn's disease, ulcerative colitis, graft versus host disease,
Alzheimer’s disease, asthma, chronic kidney disease, sepsis, autoimmune myocarditis
and systemic lupus erythematosus, comprising administering to a patient a

pharmaceutically effective amount of a compound according to claim 1.

18. The method according to claim 17 wherein the treatment is for rheumatoid

arthritis and multiple sclerosis.
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20. The nethod according to claim17 wherein the treatnment is for multiple
scl erosis.
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19. The method according to claim 17 wherein the treatment is for rheumatoid

arthritis.

20. The method according to claim 17 wherein the treatment is for multiple sclerosis.
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