5, 7-SUBSTI TUTED-I M DAZO [1, 2-C] PYRIM DI NES AS | NH BI TORS OF JAK KI NASES
[ 0001] The present invention relates to novel conpounds, to pharnaceuti cal
conposi t iwonoIBpr46si Nng t he conpounds,; to processes for PORRISR@10BEBI6
conmpounds, and to the use of the conmpounds in therapy More particularly,
it rel ates to certain 5 7-sub tltutedlmdazl_{ JTpd/rlmdl ne Wounds
whi ch are/ 1ISHRSITYFEDHMIDAZO [ 24 FYRIMIPINES %[N R OE ot

i nhibitors of Tyk2, JAK1l, JAK2, and/or JAK3, and are useful in the

treat nen JAK kj nase-associ at ed di seases spuch as aut qi ne di seases,
0t ol BB 3 eatis PRSPyt Bs fHEdo BT (R UREHNTD  BHCECHRCH and
henat ol 0gdhRsitidhs EdrelR st paRécdiiouBdsa AcHBSesses [RQRAUingTie comphats aad td the Janus
ki nase (JAK) fam |y of non-receptor, intracellular tyros]ne kinases are

conponent¥ %tthefptstep%is di ghestpyt r%ﬂ%‘ﬁﬁ%ﬁlﬁéﬁly’ I:rfotﬁlat?Sah (e Re b SRS been
i dent i fi ggidabfKd-clpdMliedine &fshoaRab JMKt?-areTllﬂﬁblM@f B\ll@hﬁnﬁ‘segeﬁl peRti&ldrtnt he

intracel lular signaling nediated through Type and Type Il cytokine
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phosphor WTGHlﬂednmas&Ta%'SOIdpomnm pécytdkian s bt atu&ducnotnh §om1fahﬂg3n@tﬂﬂrsakat/e vat e

expressi pon af n i.nd phen r.owm di ffe and
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ysregu ate play arole in 0 Is of i.nmune or_inflamm

di seases haniReasREAALS BHE; wIC%&%%%@%neﬁ/wwdsm (O Sdlivagy etagl MR)bI

| munol . 120001, 7249497, NEheNat, Qﬁtn%old@Mﬁﬁ%@@zt)ewgt%ﬁtm% At%ﬁérmes%l l'i zi ng

cyt oki nes have been inplicated in a nunber of disease states. In addition,

nut at i onﬁlettrreqsetogﬁn%léw@ retivaFed ppd ehasphgiglatel the regrorpereatipg podking sitgnier

ki nases, ®IAfioRIALSh 1RNE, I)]Mugl:’%ﬂ_erﬁt?egs}%ia{hg rsanQf RLRHRS %Hcﬁ Qctﬂr%tor of

phosphotyr03| e p osp atases, SOCS protelns, S proteins have been

r epor t edtramscapticar (Syl) dhmdy. séawesphOWiemldmr é@Matdemen@AKamWattedhe

response 5| o] [ e f n

over - act ?vg :g oaﬁ8a %VaYe {i%r zsalﬁ@%g%%ﬁcté mhr%)l‘ged lgcft evaﬁéﬁ&t 0%‘?8“9& gcﬁe? ?nttzlfltéoﬁlél es,

respect i vl main@nghes u@ge&taﬁy d)thxell tstpies.i The dymkmesedtmf:d tetslbnnbmmﬂfchatef b}dm{(

Ki The JAK/ STAT d
nyper pr of g7 A6y ARE SRR oh iSea L8O iy TRbloB R g
pr ogr essimmunca@opflaamstoradiglege hesins, ddﬁltéﬁam rand matl@@hags (&'Sanigdaeytadj, on of

t he i mmupne system (Haura a ni c ice oIo 2005,
2(6), 315Mbo2mmypgln 208t 355497&1@&6@?% i gef ?V§ lspe Jé\tségn Shosiiing
423-434) ¢ btttn@sdﬂavel&en itnPRcadAKih ST Mmstrgaahﬂséhge RRtBWRY addtidnRRItdtRAS ok N t he
genesi s and differentiation of hematopoietic cells and re ul at i ng bot h pro-
and ant i Polypoihispniatarey! and I wrigkie riecspéms 0K dingsgs) iSTad atoteaps, and
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Mur r ay Jprotellmmlmelbeenz@@m@@ D 628¥ty qfhbﬂeesesray%en tsiwrt:gltla}ect dnKamedigothi st s of
JAK ki na LNET 8- i | t V. I ases
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mut at i onsr onmpe eymtdreptat@mtii: defidiencAKCHEATV gha tahdayggestp (ﬂ&O@]lﬂWﬁﬁ wefoif ci ent

m ce exhi conbl ed. | defl |enc

failure or?“qlt)‘? oc;e/[% ?{m(?%??el op r’r‘]e‘A‘@glrl ‘éve3y ngmvniee(f ahtt ﬁ%ﬁle%@gports
the util hypermt)hfeangehndtgan;bAKralatsdrprdm@aSﬁsucaﬁgs odli- atceadpmgfeksldny APHOEsYY, e
activation. [0004]In .addition.to the Schﬂ ghenot pe of Itlhe JAKSNdefi ci ent
m ce, thé&'@P&E0a % Vé%ﬁl? dadsyisgnd é‘;‘/t‘%‘?%} & \Aﬂ@é‘ﬂ 3(5&5%1( "t Stuﬂh

JAK3- asseﬁhatledragadmn@&tsgpomooham)l B13-Bf4; aVarRd QF Yal. 2@nédiMNIEMCESRSRS S
suggests that inhibjtors 3. coul d i nmpede T-cel | activatjon and pr event

rej ect i oReHEVY P2 1 t%) nlg qdfialﬁe &%%Kﬁf%?lﬁnah@g PEGWRY SVINPET AR apeut i c
benefit yR PALLERAS dﬁ‘ft:frén%ﬁd]ﬂoﬁﬁérﬁét%ﬂf&f% Qs ! a'ﬂﬁ'r@gﬁfﬁin%rﬁfoﬂ@“p%rﬂﬁrém-
(reviewed in O Sullivan et al. . Imunol . 2007 44:2497; Mirray J.

| munol . 2007 178: 2623). [0005] I nh| bi tors of the tyrosine kinase JAK3 have
been described to be useful as immunosuppressants (see, for exanple, US
patent 6,313,129; Boric et al., 2003 Curr. Opin. Investigational Drugs
4:1297). JAK3 has al so been shown to play a role in nast-cell nediated
allergic reactions and inflammatory diseases. [0006] JAK1- and

JAK2 def| CI ent an| rral s are not Vi abI e. St udi es have identified a hi gh

o o o = . - AIZAN  a g - A BN IS A =\



pat hogens and are | ess susceptible to sone autoi mune di seases. This
phenotype supports the utility of inhibiting Tyk2 in particul ar disease
settings.wBanti/isoi4ar |y, targeting Tyk2 appears to be a pPComs30ing3speé at egy
for the treatnment of I1L-12-, 1L-23- or Type 1 | FNredi ated di seases or

di seases. These include but are not ligmted to rheunatoid arthritis,
multiple sclerosis, lupus, psoriasis, psoriatic arthritis, inflammtory
bowel di sdlaseatary eintli symardresponse dOSulliviiShawil., Woletulal Immitrodegy B2a7,. Acad.

oo 2807 BegSs afdi i tong Fsicat Breap of I kS Rl 50 a ol The)

[ 0009] Thﬁﬁﬁuﬁ(ﬂ.rmoovswzmecMﬁrmy pomumszwdlmdzeﬂ&hérermayhse utiegt f;ent  of
aut oi mune di seas i nfl anmat di.seases ti ssue._and cell

transpl aﬁ%t%o@ﬁé%cpf JAK Xingsese o igfgHies dl?tgaofaa’éle/sseé%w%mf@fﬂ%& EUSCasSR MVIARY

OF THE | W%b%[tgoﬁﬁhbﬁlath%dkﬁl\é’s bgennf albded hRbockEd alith mutations or
5, 7-substi tuted-i mdazo pyrim di ne conpounds are inhibitors of one or

nor e JAKP‘Rlb’WQEPé@mém‘ﬁthﬁﬂg%ﬁlllpath‘wyst reating autoi nmune di seases,
i nfl ammimged' Seaﬂ%@é& derfﬁleﬁ%ﬁc%réxﬁlfbltt rs‘%@ér@'c@r%lﬁgd Hﬁrﬂér{b%eﬁ&éxﬁg%%dr@rﬂg cells,

as well as mat ol ogi ¢ di sorders and nmali1gnancies and thelr Co-norbidities.
[ 0011] Mofseidg pBrei filwalof yymphoeeytasipedepnesht tthen pthersaet heaW%emnm@lrsuppw| tHes

Conpoundstﬂ?t&gfﬁéé%lﬁgJASK? ft i Q2 edswet‘ﬁ S%{p%@é %55& pf‘ar maceutical [y

acceptabfl vat es t%ereo R4, R5, R6, RY,
XI and XPo0d4e as defaddeidn herls scid [pﬁﬁlb%]p/é\mftth@ﬂAHS-pleﬁd:leIﬂfmitcﬁethp)reEs'andi

i nvention provides thod of. tr ti a.dj sease. di sorder nodul at ed by
one-or BBk Sk rHARES VR herd TG ar kS ERR R s R R RdRd of
such tr ea{flafﬁliﬂtat(ﬁty’l agd ﬁrﬁmhne/&smrﬁug@efstsahmﬁmmd 00 TAKBI Bulidnivpsdd Mekbr
pharmaceutjcal ly (gcce ptable salt_or solyate thereof. In one enbodi t he

di sease BIVAIUL AR PIFENE SREHIOB IO BEES a0l BV ey RNsHitkle SWBYY: ORFP APFRE: 6r y

di seases theaOutRIHaIt td pRRHE saﬂéh%%{mﬂlﬁlaﬁ@&i iMMmmBbECdidRdbrs | (RevdiRURET
enmbodi nent, the di sease or di sor is selected from hennat ol ogl cal

di sor der & StHvamst #lg e clmssunof. B84 U1 h ¥y petmmigrol 2087 brE2@A- i nvent i on

pr ovi des | oBfar MaGhbi63lor SRTRASIC! ARa.C AMRT B0%och BQPROWNG 0f ubh Jpr esent
i nventi on or a pharmaceutical I'y acceptable salt or sol vate thereof

[ 0015] Anorierosaipessantofses. Her praplnlSimicahtBoh 1t Boridet alco?@ﬁb Gindts Opfn. t he
present i&%ﬁ%liﬁﬂsflﬂ’ﬁ “ﬁ?z%@. gfﬁt&ﬁg%s 2Bk} A% 1G5 ?a%Pg%le g cgﬁese”t

i nvention pr oun Fesent i nventton-for use 1A
treat rrenmedtfatediaﬁegsesacoonschnédlﬁuﬁmtwldseased from aut oi mune di seases,

i nfl ammat or dise an tISSU and cel.l. . transpl.ant . ion.
[ 0017] Ani)@ﬂélr asp fan? ﬂA%S?‘geg ESET TROERATS ‘PP% et (?Z‘éd?%o 8@13%‘# “the
present higienirevalentor ofsani mctligedt ra&awtiﬂgt MMeﬁﬁmamb@gi(meﬁmbdeﬁs and
mal i gnanci pr esent |nvent| rovi des the

E}%g B]A ot her aspect ? 51
Use of aTEBRBBUIRIEE SHIGT Wahts GRVCKNERE HuFSENGl OTOmbaes et ant f or
the treaidigathiOmydbiBasiean®to 415k dekest 5 abesdethd: ldam Bt PhTRG: SAgRases,
i nfl ammatory di seases, .and organ, tissue and cell transplant rejection.
protéin is able to activate downstream signaling in the absence of cytokine stimulation,
resulting in autonomous growth and/or hypersensitivity to cytokines and is believed to play a
role in driving these diseases (MJ Percy and McMullin MF, Hematological Oncology 2005,
23(3-4), 91-93). Additional mutations or translocations resulting dysregulated JAK2 function
have been described in other malignancies (Ihle JN and Gilliland DG, Curr. Opin. Genet.
Dev. 2007 17:8; Sayyah J and Sayeski PP 2009 Curr. Oncol. Rep.11:117). Inhibitors of
JAK2 have been described to be useful in myeloproliferative discases (Santos ¢t al., Blood
2010 115:1131; Barosi G. and Rosti V., Curr. Opin. Hematol. 2009 16:129, Atallah E. and
Versotvsek S., 2009 Exp. Rev. Anticancer Ther. 9:663). More rarely, mutations in JAK1 and

JAK3 have been reported in hematologic malignancies (Vainchecker et al., Semin. Cell Dev.

Biol. 2008 Aug. 1; 9(4):385-93). JAK family kinase inhibitors may be useful in these



[ 0019] Anot her aspect of the present invention provides the use of a
conpound of this invention in the manufacture of a nedi canent for the

t r eat mentwof2ohiersat46l ogi cal di sorders and mal i gnanci es. PBT[USO®0j0A1309¢ her
aspect of the present invention provides internediates for preparing
conpounds of Formula I. [0021] Anot her zaspect of the present invention

i ncl udes net hods of preparing, nethods of separation, and nethods of
purifi catdtinpsofSapyab kempSuymdki BP 2009 Curnv@ibl. dkep. DETAV L EDh DESGHR, PIMeON OF

Toooo (PO PRt stk i EE uBKS 6 SRR PR CE e

di sor der stage I(m dmflilﬁgncmkmbmnﬁvﬁws@ as e¥ Sullindd amamt by Idins@ak €907 or gan,
tissue aréw_ gel trans ant re ectéjg and hemat ol ogi cal di sorders and
mal i gnanctés’’s PBEEY A @P’&qlr&?‘o ®3nmbodi ment of this invention provi des

a conpoufghe?f the penenal veek Mepsdd td QibAdl angh SHRF eSO MRIIScuRdor in
pharmaceut i cal |y acltl:tjgt abl e salts and sol vates thereof, wherein: [0025]Xl

is N or erBhomfen with JAKRopJAlGRdepenfing o6 fRIztokHY it (Hykel WHEEEaikHcsy H,

(1-6C al kykohved G sﬁlhv% 12063\' MQtrr %Qooﬁc)ﬁx%éaalewh ofld ?Q%ﬁeﬂvh'lc% élgriad\“ 1
het Ar2, hetAr3, Ari,

cycl oal k
al kyl )pythf@lglhoh\}‘ﬂ hmolz@]l h@ph@ated m @nﬁmh@fnwgeﬁléuumea@?/mﬂﬁlymaﬁomngMW ng 1-3
ring het t t f I
ubst i upaR o dR o RTB PRS0 Sk i e SO B ool £ SR BOEL Y
(1- 6C) al Kigbased. | uoro(l 6C) al kyl, difluoro(1-6C)al kyI tr|fI uoro (1 -6

e s e it g R e
het Cyca( patRégeat klyd are hek Aﬂ@éﬁtrb?@oadohw autElmie 41@6a3b§<y1"hisl bhadyip} cdppots al kyl ) ;
00201 et o oy SR ISH T M EIRENC LR "SR BAATD Belereaion
(1-60Q) al Kpﬂears to be a promising strategy for the treatment of IL-12-, IL-23- or Type 1 IFN-
mediated discases or diseases. These include but are not limited to rheumatoid arthritis,
multiple sclerosis, lupus, psoriasis, psoriatic arthritis, inflammatory bowel disease, uveitis,
and sarcoidosis (Shaw, M. et al., Proc. Natl. Acad. Sci. USA, 2003, 100, 11594-11599;
Ortmann,. R.A., and Shevach, EM. Clin. Immunol., 2001, 98, 109-118; Watford et al.,
Immunol. Rev. 2004 202:139).
[0009] There remains a need for compounds and methods for the treatment of
autoimmune discases, inflammatory discases, organ, tissue and cell transplant rejection, and
hematologic disorders and malignancies.
SUMMARY OF THE INVENTION
[0010] It has now been found that certain 5,7-substituted-imidazo[1,2-c]pyrimidine
compounds are inhibitors of one or more JAK kinases and are useful for treating autoimmune
diseases, inflammatory diseases, rejection of transplanted organs, tissues and cells, as well as
hematologic disorders and malignancies and their co-morbiditics.
[0011] More specifically, one aspect of the present invention provides compounds of

Formula I:



WO 2011/ 130146PCT/ US2011/ 031896 6 [0030] hetAra is a 6 nmenbered heteroaryl
having 1-2 ring nitrogen atons; [0031]hetAr2 is a 9-nenbered bicyclic

parti al | ywonsatueabed or fully unsaturated heterocyclicPCrug201aesrsge 3 ri ng
nitrogen atons and optionally substituted with one or nore substituents

i ndependently selected from (1-6C)al kyl; [0032]hetAr3 is a 6 nenbered
heteroaryl having 1-2 ring nitrogen atons and optionally substituted with
one or nore substituents independently segfected from (1-6C)al kyl, hetCycb
and (1-6C)al koxy; [0033]hetCycb is a &pEnbered heterocycle having 1-2 ring
nitrogen atons and optionally substitu RM th one or nore substituents

i ndependently selected from (1-6C)al k I £0034] Ari is phenyl substituted
with a substituent selected from het ce het Cycd, het Arb,

trifluoro(1-6C)al kyl and (1-6C)al kBXyNT 0035] het Cycc is a 6 nenbered

het erocycl e having 1-2 ring heteraato i ndependently selected fromN and O
and optionally substituted with on re substituents independently

sel ected from (1-6C)al kyl; [0036] et is an 8-nmenbered bridged

het erocyclic ring having 1-2 1 ng &t efoarons i ndependently selected fromN
and 0; [0037]hetArb is a 5-nenbered hgteroaryl ring having 1-2 ring
nitrogen atons and optionally substituted with one or nore substituents
independﬁhﬂzy selemﬁe&mﬁhonm@kmﬂQ%ahhyﬁnﬁﬂ@ﬂ@ﬁﬁxﬁﬂ@sﬂsaadb@naosﬁmmgffused

toa56 ki 1 and.is o substltuted wi th one or
ror e sunaPRRRahe B AR R e K130 BT b SRR Bl byt - 1 6030] Ra Lo H
[004% Rb[o(;ﬂa]( 1- 6C)zaﬂdﬂyelr aspledt G cpredeaninkatition @rd@&teémtho[i@@mtﬂdaﬁﬁgd AdBedss a

6- nenber e et er oa Vi ng 12r| N at ons 0042]1R2 is ro

hal ogen, °{ 159? ra{P%{}’i¥atng?’-‘3°ned{‘l mQrg. ﬁ%%%%&?‘@‘il gy IPHYGHW t(b‘i‘ H@g@t%nw

[ 0043] R3ii sicdty @F Q@M trebthcBC)ad! k¥dctivChghoul offa c&Mbdind (- 66 enehea oyl ;

[ 0044] R4 |s H or aél 6C) al kyl, and [0045]R5 is H, (1-6C)alkyl, -CH2CN,

( 3- 6C) cyBhaEpgatic la;p%%ﬁ%lq yals eb§@hvetettbﬁequ Bnengemhestimenia thsg diseare ohet Oyce,

Ara or h@fs&rdgv is selected from autoimmune discases, inflammatory diseases, and organ, tissue and

cell transplant rejection. In another embodiment, the disease or disorder is selected from
hematological disorders and malignancies.

[0014] Another aspect of the present invention provides a pharmaceutical
composition comprising a compound of the present invention or a pharmaceutically
acceptable salt or solvate thereof.

[0015] Another aspect of the present invention provides compounds of the present
invention for use in therapy.

[0016] Another aspect of the present invention provides compounds of the present
invention for use in the treatment of diseases or disorders selected from autoimmune diseases,
inflammatory discases, and organ, tissue and cell transplant rejection.

[0017] Another aspect of the present invention provides compounds of the present
invention for use in the treatment of hematological disorders and malignancies.

[0018] Another aspect of the present invention provides the use of a compound of this
invention in the manufacture of a medicament for the treatment of diseases or disorders
selected from autoimmune diseases, inflammatory diseases, and organ, tissue and cell
transplant rejection.

[0019] Another aspect of the present invention provides the use of a compound of this
invention in the manufacture of a medicament for the treatment of hematological disorders

and malignancices.



[0046] or R4 and R5 together with the carbon atomto which they are attached
forma 4-6 nenbered azacyclic ring optionally substituted with a

subst it uewod 20eVBat4ed from (1- 6C)al kyl, fluoro(1-6C)al kpCT/US2011/031896

di fluoro(1-6C)al kyl, trifluoro(1l-6C)alkyl, tetrafluoro(1l- 6C)al kyl, p
entafluoro (1 -6QC) al kyl, (3-40C) al kynyls, cyano (1-4 Cal kyl, benzyl, -CH2(3
-6C 7 cyclo alkyl), -CH2hetCycf, -C (=0)0 ( 1 -6 Calkyl), -C(=0)( 1 -6C
al kyl), 100Q6D) ( CR RioKFAspchedfhe prdsdrt 6G)casial palkiyd intamddibiesirieemadng
oxacyclic ri ng ng, qzﬁ [0047]or R4 and R5 together with the carbon atom
to whi ch* VAR ¥ ForPWafled form a 4- menbered oxacyclic ring, [0048]or R4
amralTb R5 tCI et her V\AlAI’(thidﬂeasp@dt bemthat mdho QMhﬁdm tlmd }deﬁl’rﬁetﬁddsaﬁﬂ'lj@%pfnﬁﬁg[n a 3] 6
menbered c clic.rin I on substjiuted w 6C) al ky 0049] or
R4 and R@e%g f%/?éi’ar?zﬁotnha“%ﬁ%g E%ﬂsﬁg %@%ﬁ?‘t tb\%‘fO&‘FPOP CLEP Sa‘}l%mé{?‘t“é?&hed forma
7-9 menbered bicyclicpERAPED B EeRPTON DPOTH pvvEdTRON R5 together with
the carbon atomto which they are attached forma 7-9 nenbered bicyclic
spiro hel®8kycl e Havdstyhercin #g wewennsst o shir@atetcdl composions Rerether ei n
sai d i ngiih! LEARBAALPTAAEHNRACIFHicchs ARE BRAALLYLRURS b ffbithhufe 2
substituent selected from (1-6C)al kyl, fluoro(1-6C)a

di f | uor ofites@) aifkyimatary dispases; g(gﬁn,ats:)lal dagicell trensplahd n@u@pt@n( ard hogra@)ledide)| , p
ent af | uo, d - SO2Re; [0051] hetCyce is a 5-6-nmenbered

het er ocy c%ljdﬁg\??ér?n% é%hClé‘gﬁN atom and substituted with a substituents

sel ect ed[(ma]m ( Oac(cﬂzrdfﬁ@ﬁldnylembpdlﬁﬁﬁq &4 thisi isvgnhiem ptovales iacoaipbyndsefixbe i t ut ed
with one or rrﬁre uiugsti tuents i ndependently sel ected from hal ogen, CF3,
(1-60C) al ﬁ?ﬂerae\ C) al koxy; [0053]hetArd is a 6-nmenbered heteroaryl

having 1-2 ring nitrogen atons and optionally substituted with one or nore
substituents independently selected f al ogen, (1- 6C)al koxy,
(1-6C)al kyl and CF3; [0054] het Cycf isga\G6:rrenbered oxacyclic ring; [0055]R

and R' are independently hydrogen or ne XJ’ or R and R' together with the
carbon atomto which they are attach ”ﬁgrm a cycl opropylidine ring;
[ 0056] het Ae is a 6-nmenbered hetero 2"ing having 1-2 ring nitrogen atons;

RZ

%\N SN
N)\/kw

[0024] and stercoisomers and pharmaceutically acceptable salts and solvates thereof,
wherein:

[0025] X' is N or CR* and X? is N or CR™;

[0026] R*® and R® are independently H, (1-6C alkyl), CF;, F, Cl, CN, or (3-
6C)cycloalkyl;

[0027] R' is hetAr', hetAr?, hetAr’, Ar', Ar, C(=O)NRaRb, (3-6C)cycloalkyl, or N-

(1-3C alkyl)pyridinonyl;

[0028] hetAr' is a 5 membered heteroaryl ring having 1-3 ring heteroatoms
independently selected from N, O and S and optionally substituted with one or more
substituents independently selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl,
trifluoro(1-6C)alkyl, (1-4C alkoxy)(1-6C)alkyl, trimethylsilyl(1-4C alkoxy)(1-6C)alkyl, (3-
6C)cycloalkyl, a 4-6 membered oxacyclic ring, hetCyc’(1-2C)alkyl, hetAr"(1-2C)alkyl and
(1-4C alkylsulfonyl)(1-6C alkyl);

[0029] hetCyc" is a 6 membered heterocycle having 1-2 ring heteroatoms
independently selected from N and O and is optionally substituted with (1-6C)alkyl;



[0057]Rc is (1 -6 Calkyl, fluoro ( 1 -3 Qalkyl, difluoro( 1 -3 C)al kyl
trifluoro ( 1 -3 Qalkyl, tetrafluoro ( 1-3 Qal kyl, p entafluro( 1-3

O al kyl, wB208/3)wycl o al kyl (optionally substituted w PRT(UB2@T)paiskey| ), or
phenyl (optionally substituted with one or nore groups independently
selected from (1-6C al kyl), CF3, CF30-¢ and hal ogen); [0058] R6 i s hydrogen
or nmethyl; and [0059] R7 is hydrogen or (1-6C)al kyl. [0060]In one enbodi nent
of For mu[@030], [ 006G} isiash iNeraber&RBAcraargll PéRinigd -Nring niCH3d, atawder ei N onl y one

of Xl an ma e N> .[0062 a d b are i ndependently H, -6C. al kyl
or Cra D003 RIS HeBATTIeHEE Aty oo R3S APFRSACS O, by ueidyi,
[ 0864] hgh&aioc&cﬂsic I&in@ hﬁ&iﬁf@ar@cgNﬂﬁ&bgrnommé arfd SygioRani ﬁlglstiltutéd Eﬂimgodaeir gﬂi@at ﬁm;

i ndependentl.y se| ecte rom N, a nd optiona substituted with one
or nore §Lﬂ’5§w@twﬂffr§ngﬁ?&1@ﬁ@ﬁﬁ@n§?fg}?ﬁ-ééba@iygd from (1-%0) al kyl ,

1 uor o( 11@@ap! kyl neths® Qs @( eared Mitleroakyli vir 0-2( fing Gridkdgdh katbrs Gikd - 4C

al koxy)( 1. -6 Calkyl, trinmethylsilyl(1l -4C al koxy) (1 -G%J)al Kyl ‘5§ -

6C) cycl oaptigpplly subatitgtedsnhone ar Brescybtityentsipdppenisaity sekacted oy kG Dalkld

het Ar a( 1hgt@,@alalﬁgl(}:_6‘{jﬁ%§%;het Cyca is a 6 nenbered heterocycle having 1-2

ring heteroatons i ndependently selected fromN and O and is optionally
substi t ul®d3hi t h (HEtBC) a$ kyd-menbeedhatstonyele ihoving 6 -Auigeritozdnettemp anyg |

having 1-2.ri it - ; - ' 9- ' |4 €

par t131 1 SRR LEA AL PP  SHR LR M e Be R R RORA 1 RCGHEU €
ni g r ogeg [(H)Bttrns alnomém pomal kqbsstmst\iri}(mla eutEsg%ltGegt] ﬁtaetAedgfrqmmetczu“ownEyudegt s

i ndepen By e rom(1- ; etAr3 is a 6 nenbere

het er oar g?r’][gﬁam%ﬁlﬁmﬁ'ge}a’ﬁwgaﬁ(S[F()gcgélﬁo’g%’(ons and optionally substituted with
one or nmpBssubst iHcu@nrt sisi Adepemaderiddy hsetoegtledhdvigm I(-1- 6y ahdtstbatamsl

het Cycb; .[0069] het Cycb is a 6-ne red, heteerocycle haying 1-2 ring nitrogen
atonms an dsrm%m %e bl EY é‘&gaﬁt fich patetal irur et W ieesor more

i ndependeslidici®inasicadedts aodds #6m @l k¥ dalkyl,[ 0070] Ari is phenyl substituted
with a substituent selected fromhetCyce, hetCycd and het Arb; [0071] het Cycc

is a 6 miMBEE ed hdiEriscyisl & Hawrmbered bipdgad) hrsireqyshe oing ihAvBpefdering y

sel ect edp{iE@MoNs 2y Qdale QRELQABI Y 5SSt i tuted with one or nore
substituents i ndependentl’y selected from (1-6C)al kyl; [0072] het Cycd is an

8- menmber EW3BF i dgedichet ér voymémbeered hgethayl nge having il Fgrikenigtopert gams and
! ndEpendgﬂtHnXH}? ﬁlb?t%ﬂ%g \Jlt’il%% B Iﬁ&% sMbstituents independently selected from (1-6C)alkyl;
[0038] Ar’ is a benzo ring fused to a 5-6 membered azacyclic ring and is optionally

substituted with one or more substituents independently selected from (1-6C)alkyl;

[0039] R*is H;

[0040] R’ is (1-6C)alkyl, (3-6C)cycloalkyl or hetAr®;

[0041] hetAr® is a 6-membered heteroaryl having 1-2 ring N atoms;

[0042] R’ is hydrogen, halogen, (1-4C)alkyl, CF3, CN, (3-4C)cycloalkyl, azetidinyl or
oxetanyl;

[0043] R’ is hydrogen, (1-6C)alkyl, CFs, F, Cl, CN or (3-6C)cycloalkyl;

[0044] R*is H or (1-6C)alkyl, and

[0045] R’ is H, (1-6C)alkyl, -CH,CN, (3-6C)cycloalkyl (optionally substituted by one

or more halogens), hetCyc®, Ar® or hetAr,

[0046] or R* and R’ together with the carbon atom to which they are attached form a
4-6 membered azacyclic ring optionally substituted with a substituent selected from (1-
6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl, tetrafluoro(1-
6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, benzyl, -CH,(3-6C



[0073] hetArb is a 5-nenbered heteroaryl ring having 1-2 ring nitrogen atons
and optionally substituted with one or nore substituents independently

sel ect ed woem(1BeB€) al kyl ; [0074] Ar2 is a benzo ring PaTA$2410/0318% 6
menbered azacyclic ring and is optionally substituted with one or nore
substituents independently selected from (1-6C)al kyl; [0075]Ra is H;
[0076]Rb is (1-6C)al kyl, (3-6C)cycloal kyl or hetAre; [0077] hetAre is a

6- nenbere;zbldaei{ye)r oa:r}yzhetﬁaafj n@(ﬁ(-))@(t-bﬁglkpxl) at-06%))([-QCA B IR2-C(sOhY IR RYER;, F, C
or CN; 8 4 is Hor (1-60) al kyl,
and V\D @3@%‘#@? {7 6’%?@38 @Ylf(%“o%‘ﬁ[aﬁg % . (1-6C) al kyl , - CH2ON,
(3-60 cygma] kyl, Qe'Gye R’ tdetcOwith EtcAathon [1QRBRY] WhiciRcantt Maclcddeinher with

t he carbogn atomto WhliCh they are attached forma 4-nmenbered azacyclic ring
opt i onal MyRFETFADEUC W h a substituent selected from (1- 6C) al kyl,

f1 uoro( 1idazpl kyl ,or@®*fahy QP @((glath@p)vﬁh 5% oarHoh'afo'nUQ)r @ﬁléh ﬁl@}@}eka\fﬂaehed form a
tetrafl uoro(l 6 O al kyl, ent af | uoro ( gl (3 -4 Oal kynyl,
yL -

cyano( 13= @@'@ﬁf@éﬂﬂboﬁﬁﬂfﬂﬂg opicpp{ly sut@wuaeycw (5161@41 CHzhet Cycf, -C (=0)0

(1-6C (ﬁ)l 5?/ SR g}l& rE tog@ﬁ"leial)vm{ ke carbg{l a@h( {RviBed (s ’arehﬂttaé{e@ form
(3-60 cycl oa kyI a 4-6 nenbered oxacyclic ring and - [ 0083] or R4 and

R5 t oget Adrmeunbered tieychiasimreagtoomle.o whi ch they are attached forma

6- menber acycl arj nes j A bst.i

(1- 6C) al E“S’Pﬁalzf | uordé?ﬁ-ah@%) 2#5%@%* &ﬁf’ ?%ucﬁbSF f?oé%é’a‘i%‘&&‘? !fh%?tdfef %ﬁ%%gm ) al kyl ,
tetrafl u@{%@ém&@@bﬂcydli,c S}p'&nﬂlatfefqawle)@ivinﬁé:)r'mgldytteroa(ﬁn Mcad:d(ﬁwml() and N,
cyano(1-4C) a C cycl.oal k CH2h

c( =0) 0( 1% %ﬁ c} nng &Zty%f? ftogbé/%%}g/ ijesgn(% t)l%néi:lé' Fs‘,ul?s i %ﬁ '&r Sélbstltuent

(3-60) cyﬁélmédkﬂom ﬁ(l%@alﬁﬁﬁﬁbfo@d{l@@ﬁg‘ﬂj ldriﬂladrds(g @)ﬂkylsmﬁagogméﬂ@lr R4 and
R5 together wit e carbo ich they are attached forma

4- rrenberéegag%’{%@ 4@%11‘}’]?1%%“@‘["8(?8?]% Jaliggha ‘&ﬂ&% ‘together with the carbon atom
to whi chgosey are @t@@e heds bahdmiradt RtdISdBR Mg ArrRCY Glont add f@stituted

[ 0086] het ce is a 5-6-nenbered heter ogﬁ;cl e having a ring N atom and

subst i t ut* aw‘wﬁ%@a%@ﬂ@@m@ —9a(1efDelliyk r om C(=0) (1-6C) al kyl ; [0087] Ara

i's phenylgoapf i onal Ay %U%Eﬁﬁu%ﬁ%n\éﬂg; hsu‘BE‘t@cu@ﬂ aRhe oﬁé’b&t 'Iﬁ&i@n'%l?ostltuents
i ndependently sel ected from hal ogen), 3, (1-60Qalk and (1-6C)al koxy;

[ 0088] hetndepPnidently S@lemqlrﬁ@méldloﬁ@b@ﬁ@dhﬁﬁ)&i@dm@(lﬁ@a X nitrogen atons and
[0053] hetAr? is a 6-membered heteroaryl having 1-2 ring nitrogen atoms and

optionally substituted with one or more substituents independently selected from halogen, (1-

6C)alkoxy, (1-6C)alkyl and CFs3;

[0054] hetCycf is a 6-membered oxacyclic ring;

[0055] R' and R" are independently hydrogen or methyl, or R' and R" together with
the carbon atom to which they are attached form a cyclopropylidine ring;

[0056] hetAr® is a 6-membered heteroaryl ring having 1-2 ring nitrogen atoms;

[0057] R¢ is (1-6C)alkyl, fluoro(1-3C)alkyl, difluoro(1-3C)alkyl trifluoro(1-3C)alkyl,

tetrafluoro(1-3C)alkyl, pentafluro(1-3C)alkyl, (3-6C)cycloalkyl (optionally substituted with
(1-6C)alkyl), or phenyl (optionally substituted with one or more groups independently
selected from (1-6C alkyl), CF3, CF30- and halogen);

[0058] R’ is hydrogen or methyl; and

[0059] R’ is hydrogen or (1-6C)alkyl.

[0060] In one embodiment of Formula I,

[0061] X" is N or CR* and X? is N or CR*, wherein only one of X' and X* may be
N;

[0062] R* and R*" are independently H, (1-6C alkyl) or CFj;



optionally substituted with one or nore substituents independently sel ected
from hal ogen, (1- 6C)al koxy, (1-6C)al kyl and CF3; [0089] het Cycf is a

6- menber edloaruepel4bc ring; [0090] R and R' are i ndependemrCiryushyidosgen or
methyl, or [0091]R and R' together with the carbon atomto which they are
attached forma cyclopropylidine ring;g [0092] hetAre is a 6-nenbered
heteroaryl ring having 1-2 rlng nltroqen atons; [0093]Re is (1-6C) al kyl,

f 1 uor o( 1{®63Rl kyl ,R'ds hétAdt bétA" @At kat', Afmﬁthﬂbbﬂ&R%C)alkyl tetrafluoro (
1-3 Q) al henyl ;

Coood ol ttEHD ro sBIAMTR § b BettBed Beter iy B WiVe. 8 iy p o080 Y05 1 n

one enbodidapdﬁtiemfy Scidorad| foh, NRIO iafid etfd ioptisvaéy QsluBstfﬂlﬂédQ\l’wnhl 8ned ob nige&rber ed

heteroaryl rin ving 1-3 ring,_het to i nd q ecte fron1N
0 and S 3§y % & enélwglf?t?%fr (sC e Tusro s %ﬂb&ﬁmra iy

i ndependgftuoyo( S8Rk d(1E4©@mMKby) ﬁ@cﬁ lélsryltrlmfe{h%aﬂﬂ(llz*fégl@b&)(i 6C)alky1 (3-
dlfluoroél 6C3a|ky| trlfluoro(& y) O a

tri met hy PSiavglaglpylact Simestpyenxeayh Rl% he@c%b)zaﬁélwéamdd}qﬂgra@ 241)6lkwlenber ed

oxacycl i gogsn9 h%@@ﬁ:a( : C)6a|nlﬁe¥1{berelaethpire?€fc clgqiaf?ul&%/ll Q‘nﬂné 1ﬁé&oatoms )
al kyl sul Tonyl ) (1-6C dl kyl). [0097] In one ehbodinent of Formula I, Rl is

het Ari, wdepadentlyeselaeted fremaN Sdrke pivkis edtidnatle sld&ht}atedrvrlﬁglf%i\)@lhjd 1-3 ring
het er oat ﬁiﬁﬁ%ﬂdepgﬁ%ﬂ t e I%%E&%@@et{raﬁmlﬁmg c}ai‘lqn pgna& onal ly

substitu ne or nore su y se 8ct ed from(1-
6C) al kyl [0067or o ﬂme@f as laysp-membéﬂeddm(cne @)@)tlallkylhsatmraueﬁ | ou Cfin kg hﬂﬁaﬁ)raﬂedkyl
(1-4C al kox O t hyl

(3 60 oy braghegi g Bred ot BB At ooy B IR e ang
hetﬂwa(lsﬂﬁﬁ@hhymquﬁaaﬂbBﬂc@ﬂeﬁ@ﬁbbdcmmqm, het Ari is pyrazolyl, thiazolyl,
oxazol yl

t hj adi azol m dazo rrol i aphenyl opt onaII
subst | tu{@&gim th %&X IS'rbeemE Eéﬁﬁ* tlﬁémagyl.yfe?a’@lﬁeig' b yﬂ%%ae%%@as b
(1-6C) al kythonafly s®k@Gd @%adnkbt mof $ubbatQslmB&peaddil scltdidd faR Y 6Lyl
O al kyl , (1 -4C alkoxy)( 1 -6 Qalkyl, trimethylsilyl( 1 -4C alkoxy)( 1 -6

O al kyl , a%%mﬁ BKQcycloalkyl a 4-6 nenbered oxacyclic ring,
het cha( fooe9) al kylpetdigt AL %é‘-m%ﬁ%b%!f%%te?&?clé Jhaé‘lg%all 53 n%%fr@é’@ﬁ' Qt&tills Qfa al kyl).

[ 0099] I n one enbodi ment, hetArl is pyrazolyl, i azol yl, oxazol yl
t hi adi azeobtidnally srbstzuistl wth opy PF mblylsubﬂtlﬂtehﬁs cuphwpntbfpﬂek‘@ﬁqé friogn (4 ws3alkylut ed

w th one res cl | kyl ,

f1 uor of 1[@2912& R e e R S Gl 1S

al koxy) ( h&tA+'s C)alkyl trimethylsilyl( 1 4calkoxy)( 1 -6 CQalkyl,(3 -

6C) cycl o a menber ed oxa r|n (31-20) a
hetAra(lﬁk%§LIkylﬁwﬁéﬁloﬁ]ﬁn%oﬁgmgﬁgg‘ gaﬁeﬁ‘?ﬁgﬁgésu él%éé‘atﬂm‘v\nth one
or two ofindspanderslybsdlédidde fitomn N randn® emb@@hmﬁmy subgtitAted wih salesbi tudred Wit h
one of said.substituents. Partijcul ar exanples of (1-6C) alkyl

subst i t uSHeEtuFSF ndepepdsntly § Fﬁﬁgé%%?%ﬁtymﬁihyl, propyl, isopropyl, butyl,

i sobutyl [ooapd ter ticluifcy!is bOGLARMBaEd i Gridead xasBkRS @iy hhuag o(-2- 66y al kyl

substituents for hetAri jnclude fluoronethyl and fl uoroethyl.
[00103]Pé@?@@ﬁ@@ﬁ“@ﬂﬁﬁﬁﬂ@§eﬁﬁm@ﬁPFU%P%Q@ 6C) al kyl substituents for hetAri

i ncl ude [0073] hetAr® is a 5-membered heteroaryl ring having 1-2 ring nitrogen atoms and
optionally substituted with one or more substituents independently selected from (1-6C)alkyl;
[0074] Ar’ is a benzo ring fused to a 5-6 membered azacyclic ring and is optionally

substituted with one or more substituents independently selected from (1-6C)alkyl;

[0075] R*is H;

[0076] R’ is (1-6C)alkyl, (3-6C)cycloalkyl or hetArS;

[0077] hetAr® is a 6-membered heteroaryl having 1-2 ring N atoms;
[0078] R%is hydrogen, F, Clor CN;

[0079] R’ is hydrogen or (1-6C)alkyl;

[0080] R*is H or (1-6C)alkyl, and



di fl uoronet hyl and difluoroethyl. [00104] Particul ar exanpl es of
trifluoro(1l-6C)al kyl substituents for hetAri include trifluoronethyl and
2,2, 2-triwburoriosotagl . WO 2011/ 130146PCT/ US2011/ 031896 PLCT[US0MAEAMBa¢ti cul ar
exanpl es of (1-4C al koxy) (1-6C)al kyl substituents for hetAri include

met hoxynet hyl, ethoxyethyl, ethoxyethy and (2-isopropoxy)ethyl. [00106]A
parti cul ar exarrpl e of atrinmethylsilyl(1l-4C al koxy) (1-6C)al kyl substituent
for het AfG08il tri ri#tlhﬁ L &li- dS@/)Ia&yhe(XI;Im l§H6C)dyCIBAIRYT, Palyd cAt" ar hesdipl es of

3-60)c kyl su ents for tAri. in C. ro cl obut yl
Cycl opentWRELAd cotPoHkIY PosEteT g i prsnii Bt b8V o Hotheliptr oo
oxgcycl i g- nﬁdnﬂ:@reﬁiubﬁtbydhueﬁﬁgi obmnag% sﬁbst1t!1t6@|wilﬁﬁ aOxbk@astt, seleefeﬂaﬁl(y[dl’((lf- ur anyl
an tetr r an [o S. r{icu
het Cyca( %%@w Tk 110%4%@%) kflent 1r069<?ﬁ€3%1f¥1, | HfgE ?gﬁﬁ@m dfsspfreety | pip
eridi nyl gthwyi, pb&ltﬁ’ﬁﬁ?d(ﬂﬁbﬁﬁﬁ&ﬂ}" (pﬂ@)aﬁd’yﬁﬂ' rwhmt hy aﬁg,%ilo Zphaldm-set hyl . A

particul ar exanpl e i Particul ar

erazi ny et h
exanpl es cysoaigtiar H@h?é)’%ll k(}( g@pﬂlhélﬁpt s ﬁﬂ)%llh@@%]ﬁﬁlh FOAERR")CFs,

pyri di nyh&?&ehg' L6C eyaamwydﬁgméhlbe&u kéﬂ?yglﬁdw ]g%hhgb gand pyrimidinylethyl. A
particul ar ex I'e”is pyrid-3-ylnmethyl ]Par I cul ar exanpl es of (1-4C

al kyl sul 149831 ) ( 1- BCRAIaRG Ry taggivst thhlélmogruooratqmetomhlch sy atbeti@piggoom a 6C

al kyl), fc 0] ri
optionall'y gﬁ%getqu% %Cty gg@ %Jg[ %b%%u%;ﬁ@%&%ﬂ eﬁ%ﬁﬁ?ﬁ?@ﬂk&ﬁﬂ@e Fﬁ’/ sel ect ed
f rom net h§)alkybt hi;ﬂluproi(bé@)aﬁgyl triﬂusmbht’)gl)alkyz Rr2fludro(lfdQ)akpletpaeytafluoro(1-

et r ang ORIy sy R PR Ry SR e gpicarhy) and

CH3 S 02CHAWIR1-6CRAON,1BY+0)( DHERNHOCI-RBNCR REIEA ictAS, Om0)onridalkyl, aubst i t ut ed
wi th one or nore substi tuegt$ i ndependent|y selected fromnethyl, ethyl,
i sopr opy '™ berg qrpyelioying a8d -3Q3R Y yor oet hyl | (2-i sopr opoxy) et hyl

trimet hypﬁlsh]yl et haxRTRhORP ogiet AR ne cartfbn Bk ahyEieR thebiayer Aaed form a
(4- met hyl pi perazi nyl)ethyl and pyrid-3-yl methyl .

4-membered oxacyclic ring,

[0085] or R* and R’ together with the carbon atom to which they are attached form a
3-6 membered carbocyclic ring;

[0086] hetCyc® is a 5-6-membered heterocycle having a ring N atom and substituted
with a substituents selected from C(=0)(1-6C)alkyl;

[0087] Ar" is phenyl optionally substituted with one or more substituents
independently selected from halogen, CF3, (1-6C)alkyl and (1-6C)alkoxy;

[0088] hetAr’ is a 6-membered heteroaryl having 1-2 ring nitrogen atoms and
optionally substituted with one or more substituents independently selected from halogen, (1-
6C)alkoxy, (1-6C)alkyl and CF3;

[0089] hetCycf is a 6-membered oxacyclic ring;

[0090] R'and R" are independently hydrogen or methyl, or

[0091] R' and R" together with the carbon atom to which they are attached form a
cyclopropylidine ring;

[0092] hetAr® is a 6-membered heteroaryl ring having 1-2 ring nitrogen atoms;

[0093] R is (1-6C)alkyl, fluoro(1-3C)alkyl, difluoro(1-3C)alkyl trifluoro(1-3C)alkyl,
tetrafluoro(1-3C)alkyl, pentafluro(1-3C)alkyl, (3-6C)cycloalkyl or phenyl;

[0094] R® is hydrogen; and

[0095] R’ is hydrogen or (1-6C)alkyl.



[00114] I n one enbodi nent, hetAri is pyrazolyl, thiazolyl, oxazolyl,

t hi adi azolyl or im dazolyl optionally substituted with one or nore

substi t uewb20imdependent |y sel ected from (1-6C)al kyl, flPaonse¢d168)8aé kyl |
di fluoro(1-6C)al kyl, trifluoro(1-6C)al kyl, (1-4C al koxy)(1- 6C)al kyl,
trimethylsilyl(1-4C al koxy) (1-6C)al kyhg (3-6C)cycloalkyl, a 4-6 nenbered
oxacyclic ring, hetCyca(1l-2C)al kyl, hetAra(l-2C) al kyl and (1-4C

al kyl sul {o999] ) (1- 6€ aiekymboduﬁlaﬁldfsfoﬂnmmrle Rémbdmhtmémwheﬂ@et AeuArI $s pysazol yl,

t hi | v Lt d th
e o Y sewRE B tronah faf dEol nf e Gre i bbb RBhh TRelst ) O\t &4 ¥
f 1 uor o( 156G alpkydally (ihﬁduumé’d){vil'h 6@ at kiple s%ﬁt[tﬁéﬂﬂ@i’n@ép%n@&i)lwskMI:ted fdmAQ-

| k - 60 al k [ h I C al
(5~ 60 ey B ulky Mt b liEh nberolbChlol e g HEEE) Eal 146 kPt~ and
het Ar a( 1¢@faliah, k)ﬁllmeti@lsﬂﬁgu@] itlﬁox@rg@ @J}Jﬁlﬁgﬂ %C)cm&aﬁfyl iaS 4091 ﬁi%ﬁh'oetéd yl,
t hi azol -5-yl, imdazol-1- 4-1 |ad|azol opti onal substltuted
- oneosicyrinzs s AIesy s HAREN I ergdl et oy 106 0Pyl |
{1 uor o Ly@hel k! inclld ke Qo 1T | NoKakL. ARk ks o488
al koxy) ( al kyl, trinmethylsilyl(1-4C aIkoxy)(l-
( 3- 6C) cyuvicodbicy hetewaryl ngrbavtes bd riog Aetgroiomsindey endhetﬂw&,e&(edfronzm Qlary| ,
het A f I
ool T SR K S BB R 80
1, 3, 4- th6@ﬂMaioﬂu@@wlaapmwbn@ﬂhmnsM@@b&vhtEdhmu(h66hwqmr(hﬁ@eMkmhsﬂktuents

i nd d l. d f C 1-6 | k

a1 oor opa i e e BreShG | ERORESIME Y (e cepapwst
trinetPyb&kbMﬁﬁiﬁﬂfae&&Qxy?g}ﬂ?Emabkyg1ﬁC?fﬁﬂ)cygL?a:tyl a04168nFnbered
oxacycl i e a n et Ar a n_one
enboélneﬁp9hhetAr| Q%W%mﬁtéﬂ %tﬁlﬁﬁ@ﬁo %ma“’ Zaa& % qlyl,

opti onal infidgspat pyr%@ld OWtﬁlpréﬁﬁ t1oEY@1|I3€ sﬁ?t&&ﬂﬁﬁddt Hfﬂﬁt(ﬁle' &dﬁﬁ%‘gﬁﬂ{liukén@e' ected
from(1-6C) al kyl, fluoraq trifluoro

(1-6 C)néépwrientwﬁla@eéIfm&@)qc)alkyleﬂwpﬁy@c)alﬂw f’fé}uﬁm(‘sﬁﬁgﬂim tmémro 1-

| k | k 3; | i ;
et Oytn( 1CBE] (4C | HRAMAB Y il BIPEERE] E?F%ﬁ?%%?ﬁi Id)n%dal 1)
Yo ran

[00119] | ﬁCMdO@hﬁodl%membh@ﬂmaCMChc p)hylgalz%@yﬂclyzc)alkhh agtdir(52¢)a
i m dazol I tituted with one or nore substituents
independ ?%m@ﬁ@kﬁ&@@ %&?1 6C) al kyl, fluoro ( 1 -6 Calkyl, difluoro (
1-6 O a[WP] tri fIhLmreoer(lbolilmﬁlt,C)laIAk]y is, pYrizoly, diikaoky,) ()xaml-yBO)aalIdiaydﬂyl

t t hyl s 1-4C Ik 1- 6C k
g C WS ity (5 BRNSLoBl) o 88 TREer o
enbodi neirdepdnetniiyl selestecﬁ)}?tbalz(o I-GG}aijrl flbdrb@z@l )albyly difluora( ﬂé@}mﬂky],—tyiﬂlu(ﬁb(l -

| naepenabhitt sel &Y ea Rl - ampttyMlelloG,y RRoRagROgist 6.t 1o S

2, 2, 2-tr sticyepariihy k-6 rﬁ&nueséapfx@@@whﬁg Iwﬂcycat(r DORIIBY hisd tIeyAle(thgwmt hyl ,
4-t et rahydro- 2H pyran - .met hyl pi perazi nyl ) ethy

c cIobut |,
pgrl d- 3- Iﬁﬁ@?lhw dh@nermbeboeptcetr is ft@etitztf}i IVﬁthcﬂ*I’é OB KR W@Iﬁubstméftn;m is

pyrazol - f; fe erttBbid#al, haay! is sﬁﬂﬂlﬂ?e%i%lthlon% brofid dubdiddedihi adi azol - 2-y1
optionally substituted with one or nore substituents i ndependent |y sel ect ed

f rom net BM101]et hy|Particyibas reapypples jo§ db¢)dlkyl substipuents for hetAgetipgpede methyl,

(2-1sopr h i Y, thyI cycl obutyl,
4-tetrah$@%¥‘)§§&1@§?‘§°w %h&bﬁ‘lﬁr@ Jélfatﬁée}?az hyl Yethyl and pyrid-3 -yl methyl .
[00122]|ﬂmbﬂé enbdtirtimehir | examplas | off Supypflag@hiksl shbstittehmz ol - Betgd  mclude

i m dazol ; ¥ E{M%Qﬁ (¥ﬂlpbst|tuted with one or nore substituents
|ndependen? eCt e 3n1nethy|

et hyl, |sgmm0ﬂyl i Stalptituldr , ZaRpl2s tof | diflues@etthylkyl( Rrbitito@ito pax kjtathinkclude 13
trinethy et .hox hyl cl obutyl, 4-tetrahydro-2H pyranyl , (4-

met hyl pi P IZIl‘aéé % f%‘{d@h %Bff}wd 3-yl nethyl and CH3S02CH2CH2-. [00123]1n one
enbodi rremmohet A i PairtscuRy 'k @@bted of | triflidtb@z61 )alkyly dubefitubnts daz BétAL- htlude
optlonally substituted with one or nore substltuents i ndependently sel ected

fr om net Hiffeorqmatiyl and Sogrtgyqrocthdoput yi, 2,2 , 2-trifluoro ethyl,
(2-1sopropoxy) et hyl, tr|nethyIS|IerthoxynEthyI, cycl obutyl,
4-tetrahydro-2FIpyranyI, (4- et hyl pi perazi nyl)ethyl and pyrid-3 -yl nethyl.
[00124] I n one enbodi nent, hetAri is pyrazol-4-yl optionally substituted a
substi t uent



selected fromnethyl, ethyl, isopropyl, isobutyl, 2,2,2-trifluoroethyl,
(2-1sopropoxy)ethyl, trimethylsilylethoxynethyl, cyclobutyl, oxetanyl,

4-t et r ahywlocoiH3ppsanyl , (4- met hyl pi perazi nyl) et hyl, pycirars2enlossphyl and
CH3S02CH2CH2-. [00125] 1 n one enbodi nent, hetAri is pyrazol-4-yl optionally
substituted a substituent selected fromnethyl, ethyl, isopropyl, isobutyl,
2,2,2-trifluoroethyl, (2-isopropoxy)ethyl, trinethylsilylethoxynethyl,

cycl obut y0010%ix et arBakticutkr t etamaley dofo ¢ REE pylkaxyyl ;6 )dkylmeithytupatp eoadiectiy! ) et hyl
and pyrid-3-ylnethyl. [00126]]ln one e diyment, hetArj js pyrazol-4-yl

opt | omal (5Gh BETRR i EhY b 0P SBRe BT Sl Ra drrsRhetnl T ot byt

i sopropy[oo1dsjobut YA pafidulds Sxadmpld off & vOharfkiw(1-4OLSA)Rad)hicul abstaxarpl es of
R when represent ed Q&SgetAri i nclude the structures: 14 [00128]In one
enbodi mef heRy isSrigstintsdylethigaymstvlnet Ar2 is a 9-nenbered bicyclic partially

unsat ur ajg@donr f ulpaytidinsaburpl8doNel-8URSGYIGhKG Kl EwBAY] 38 RotAH NGicRdEr 0gen
atons and optionally substituted with one or nore substituents

i ndependeyflanjoryélcaeloaayls exsiapenty oplayWghexyl. [ 00129] In one enbodi nent, het Ar2
i's 5,6, 7(gnbgt r ahysrQim: @?ng[glés éf AloPYEAZLLY Bxé@%licoﬂﬂ% LpsRBRe bdrUed! Wi th

one or nore substituents independently selected from (1-6C)al kyl, such as
met hyl omcbidpgketafyb0atgdy dafurdny Linartcteshaidioberanyd israips.when represent ed by

het Ar2 i e th s t '« N o] i AR 1§ het Ar3,
wherein ﬂ@biﬂB i sePzi1§t U&r’flgf%gélr%élas ﬁ’glt}l gl\{rdgg?%?é%]agl{}'ilng&fﬁg&%?nfgpﬁ%t FoRlélglrlllﬁ%t ons
and opt i pipatidigylsithst,i t utipaidmyidthydne eiperminglnstiyst i t pipatginylndéyendend | y

sel ected fr (1-6 | kyl .. het Cych an -gC) al koxy., [00132] 1 n one
enbodineﬁpﬂﬁgh%éWﬁﬁgﬁ‘gﬁngﬂﬂ%%%T&F§”g§£%mgp%%%€8¢§%mﬁeteroaryl having 1-2
ri Bg ni t [omg &0 a; O%rt?jﬂ(hr?)@(faﬁ@}’t@ dfyga?ﬁﬁlt-t@)ﬂk@ﬁ)s\alrsﬁimeﬁmefdﬁrhdﬂ%lfleinclude
substituents in endent selected. fro 1-6C) al.ky]. and het Cych, [00133]1In
one emboBl HURITCHE: Aﬁyéﬁi"é’yebl})’ii Ayt >§h & pésﬁw%wiff%g}- s%wé’caftfcﬂ[aéd wi % h
one or ng%ﬁmﬁ&ﬁ§®ﬁ&ggmh&h1ndependentIy sel ected from (1-6C)al kyl, hetCych
and (1-6C)al koxy. [00134] In one enbodinent, het Ar3 is pyridyl or

pyri mi dyl00ptli onalRajticslas skannlesed (Lt rlkaal iy Dibpe aEﬂBﬂWS@g’éﬁ&S dor hetAr
'ndependﬁﬁhbXCﬁﬁé@%l%@%ﬁ&?ﬂhﬁ%Xﬁﬂ&@%ﬁ@éoQﬂgchﬁlCbe- [ 00135] Exanpl es of

(1-6C) al kyl substituents for he tAr3 include nmethyl and ethyl.
[ 00136] EXP2les oflnhencCymbodimiontt ihetfantis dndiondlst artgtifured| witk gicper ingirayl  and

e D
par ti cul aifliexefipl.&2-0oplopogyabyli molctigdsly kthorphétysy ipeysloabugyi 4rdtrahydro-2H-
ct'noxy. | O0Rda R BB B R RGPS PR Ll a0R Bichional 1) “substit ut o
w th met [ooi113]4- In onc embodiment, hetAr' is optionally substituted with one or more
substituents independently selected from methyl, ethyl, isopropyl, isobutyl, 2,2,2-
trifluoroethyl, (2-isopropoxy)ethyl, trimethylsilylethoxymethyl, cyclobutyl, 4-tetrahydro-2H-
pyranyl, (4-methylpiperazinyl)ethyl and pyrid-3-ylmethyl.
[00114] In one embodiment, hetAr' is pyrazolyl, thiazolyl, oxazolyl, thiadiazolyl or
imidazolyl optionally substituted with one or more substituents independently selected from
(1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl, (1-4C alkoxy)(1-
6C)alkyl, trimethylsilyl(1-4C alkoxy)(1-6C)alkyl, (3-6C)cycloalkyl, a 4-6 membered
oxacyclic ring, hetCyc*(1-2C)alkyl, hetAr*(1-2C)alkyl and (1-4C alkylsulfonyl)(1-6C alkyl).
[00115] In one embodiment, hetAr' is pyrazolyl, thiazolyl, oxazolyl, thiadiazolyl or
imidazolyl optionally substituted with one or more substituents independently selected from
(1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl, (1-4C alkoxy)(1-
6C)alkyl, trimethylsilyl(1-4C alkoxy)(1-6C)alkyl, (3-6C)cycloalkyl, a 4-6 membered
oxacyclic ring, hetCyc*(1-2C)alkyl and hetAr*(1-2C)alkyl.



met hyl pi perazi nyl or nmethoxy. [00139] 1 n one enbodi ment, hetAr3 is pyridyl
optionally substituted with nmethyl or 4- nethylpip erazinyl .

[ 00140] PawoDi2eulBn14exanpl es of R when represented by hetATASzeralosses t he
structures: 15 [00141] I n one enbodinent, R is Arl, wherein Ari is
phenyl substituted with a substituent sel ected from het Cyce, het Cycd,

het Arb, trifluoro(1-6C)alkyl and (1-6C)al koxy. [00142]In one embodinent, R
is Arl, yiodigi n Arlh o8 phemihersyubstiAir't it egrawdl byl a tisados5iy, uernﬂazsbl@btoed from

het Cyce, het Ar 0 I n.one enbodi ne

Cubst 1 ¢ ut S-SR e e, Beoh e SN B8 Comecon T et el HaduPREDLY o

havi ng llFaedtedggomf(tl&f(})ﬁkg{rﬁmmﬂ@e@@)@m@ntd@{ueﬁ&(ﬂ%cl)zﬂldyl)‘ frﬁ‘fﬁb%(&ﬂd)aﬂ‘kyla,n(d- I g
opti ona W t. re subst nts_i ndependent el ecte
fPom (1-4 éc&lg?’k)é 6u(Llf_)9<‘g Ité‘gleg‘ﬁ’ﬁH caIF S ogé)%jﬁbler(ﬁ %ﬂ%loag‘b’ge? g“z nyl and
nor phol | Hﬁé{nbéﬂeagsom}dh@naﬂlﬁgy P@L@@@lk th oBQrRI-20MIG1SURIt i tluant s

i ndependently sel ected from (1-6C) al kyl, for exanpl e nethyl and ethyl.

Par t 1 cul akykwamsDesoGrlkiét oyce i ncl ude 1- met hyl pi peri di n-4- yl

1- net hyl a2| n h ly I i is
phenyl saml?gt??t ut edlﬂvm&ltjeh@rﬁseiotd&%&, HétA(gr (llas %QQ)H@]H gn%rz}?s %rrg%g{%glﬂ ;%Elge

het er ocy¢Bidethradiagolavii eigjionally silpstjtuitest é/rltbaQIGn’Br mede pelrstibints yindeperdentyd from N

and O. f 3 00145] I n

one. enbod by o (TG Ift Blrod ORI A U R R p o

5- ge[m;ar téddhikmt%?]@aﬁ@hu{ﬂ rtgniemvlsggl(IHQ alqugz)(m-d(i‘)aigﬁn (?T@)@clb)ahtgfbga rbo’ilal ly

substi tuted, w on S y selected from

(1- 6C) al RYMP @BW%? rg}gnﬁ%ﬁ)ﬁg ?@8&&%@%%@?9@3@3 pyrazol yl rings

?pti o?al [(}01$8]bst| tl;,it(ﬁd: mlbdailnﬁﬂe hétAlﬁlDﬁﬁgﬁluhﬂ-Ml-}tl,uﬂﬁﬁle -bytlepennligaiol-y-ysel ect ed
rom(1-6 or e net and et hy artlclar ex | e of

het Arb .gpt)zp"ﬁ@f PR fed 3.0ge §r mm[@c%ﬁ%}epﬁl 5%@ btrtRsied Tron I@%@nyl

opt i onal hﬁoragb@:)latkyt edJﬂﬁbfd('l ac§l tIt¥1ﬂ&%(156ﬂ)ﬂﬁ§led(lf-4©”hl((b})y)(TD@(E)E!IQW nyl,

(ii) piperidinyl stituted w -6Q) al kyl, (i1i) plpera2|nyl

opt i onal Fryn@]@ﬂ@{y,l(tltfpealkwx)é Qq)a]g@) é]i-é@cycl@pl\l;yl a 4-6 ' membered oxacyclic ring,

3- | Y hn o bstituted with
(1% SR e e e aberagne wpin el i

one enbotl0tHt , Arlp ¢ng Qh@wmelé,ph?témallﬂ yyrgzﬂi§tylt thiezg!- \inyi horalnsld tient
sel ect Edﬁé o%gf )( él}b)stgﬁ{eg Q&Qi!h'oﬂ¥ mgf*e S)Jbﬁfﬂ%ﬁ{s 11% géﬁ{dle{l) ée‘? %n‘?(’iib%%ﬂtkylked wi th

(1-6Q)a pi per azi ny optionally su
(iv) oxaﬂBeranatﬁE)@Wl o[Blurol]-6€Ciadleys, tafiebré(t)o(Pylkplz o(1y4C oplkom)am@alkyl

subst i t u%rlmetl\{glglgrl((l ]4C6 ga(oxylﬁéll 6C)aﬂ€yl (3-6C)cycloalkyl, a 4-6 membered oxacyclic ring,
hetCyc”(1-2C)alkyl and hetAr*(1-2C)alkyl.
[00120] In one embodiment, hetAr' is pyrazol-4-yl, thiazol-5-yl, imidazol-1-yl or
1,3,4-thiadiazol-2-yl optionally substituted with one or more substituents independently
sclected from methyl, cthyl, isopropyl, isobutyl, 2,2.2-trifluorocthyl, (2-isopropoxy)cthyl,
trimethylsilylethoxymethyl, cyclobutyl, 4-tetrahydro-2H-pyranyl, (4-
methylpiperazinyl)ethyl, pyrid-3-ylmethyl and CH3SO,CH,CH,-.
[00121] In one embodiment, hetAr' is pyrazol-4-yl, thiazol-5-yl, imidazol-1-yl or
1,3,4-thiadiazol-2-yl optionally substituted with one or more substituents independently
selected from methyl, ethyl, isopropyl, isobutyl, 2,2.2-trifluoroethyl, (2-isopropoxy)ethyl,
trimethylsilylethoxymethyl, cyclobutyl, 4-tetrahydro-2H-pyranyl, (4-methylpiperazinyl)cthyl
and pyrid-3-ylmethyl.
[00122] In one embodiment, hetAr' is pyrazol-4-yl, thiazol-5-yl or imidazol-1-yl
optionally substituted with one or more substituents independently selected from methyl,

ethyl, isopropyl, isobutyl, 2,2 2-trifluoroethyl, (2-isopropoxy)ethyl,



[00148] I n one enbodi nent Ari is phenyl substituted with a substituent
sel ected from norpholin-4-yl, 1 -nethylpiperidin-4-yl, 1
- met hyl piwerarivizedeyl , 8 -oxa-3 -azabicyclo [3 .2.1] ocramyiS2011/031896
1-net hyl - 1H pyrazol yl, nmethoxy or trifluoronmethyl. [00149]1n one enbodi nment
Ari is phenyl substituted with a subst3tuent sel ected from norpholin-4-yl,
1 -nmethyl piperidin-4-yl, 1 -nethyl pi perazin-4-yl, 8 -oxa-3 -azabicyclo [3

. 2. 1] octramythylgtytbtHoxynethialy| - 1C)qufmwyaa,zo |yl . [O0G8Q[ta2idperaentbodi n@at , Ari
i s phenyl substitut ro (1- 6C)al koxy. In one
enbodi rremeﬁly%llfereizgl @ﬁ%‘%?yré‘{]%%{ #@f é&&ﬁ%@&ﬁhgy or trifluoronethyl.
[ 00151] Pgooti3ul ar Iexapb@bodithed® hetaeh ig @pfa@@lemyledhlbzolér}ﬂ dGhidelel-1 e

structures 00152] 1 n. one enmbodi nent., Rl .i wherein Ar2 i a benzo
ring fuseerlqnaﬂsé[sgb%t%]@rfﬁ@? Q8° &% ARy ISPRStibeRY i el? iy 5! Tesied omswpayh ¢ ut ed

wi th onec@y, mor elsﬁ,g b, tuentis%bhtg}gepenm Itrmu'@,edegg,l ed fromdpilse)ahky! ., such

as nethyl or eth n one enbodi nent, Ar2

1,2, 3, 4- tféﬂ@@ﬂ@lb?(%b%wﬁihﬁb cyGhateuy}l 46¢trabyc2f0§H4pxréw dhyetisilgpearindiaty 7- y1
opti onal Ly Slst i fdd with one or nore substituents independently selected
from (1-6C)al kyl - Pa icular exanpl es of R when represented by Ar2 include
the strut@0dR4ds: In[0®® eBB9dimennketAne direnitd:yl Rptionally eilesttuead f subshithet Ar | |

net o2 Mo he DS 07 AR LA RIBRRLIERY, (BifppEEplec | rom
Ar 2. [ OOﬂBﬁdth)dSlUﬁmhcelymﬁﬁiyh'e nteyclBbutyls Clox@hyRa Rb4- te{tﬁﬁj}_cﬁé’-]Zanwmgrl enb@di nent ,
[00158] PAFLMIIREP BRs R B BF g G P ChPER by & <o) NRaRo  nel ude ©he
st ruct ur g125]WO 20k bhd 30b4EMET WSRO hi{)ﬁﬁﬂ(ﬂg@rl optionally substituted a substituent

selected from methyl, ethyl, isopropyl, isobutyl, 2,2.2-trifluoroethyl, (2-isopropoxy)ethyl,

trimethylsilylethoxymethyl, cyclobutyl, oxetanyl,  4-tetrahydro-2H-pyranyl, (4-

methylpiperazinyl)ethyl and pyrid-3-ylmethyl.

[00126] In one embodiment, hetAr' is pyrazol-4-yl optionally substituted a substituent

selected from methyl, ethyl, isopropyl, isobutyl and 2,2,2-trifluoroethyl.

[00127] Particular examples of R' when represented by hetAr' include the structures:

A A A A=
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A A A A
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17 on' 3 [00159] In one embodiment, R is N-(1-3C alkyl)pyridinonyl. In one
enbodi nent, R is N-nethylpyridonyl. In one enbodinent, R 1is

1- net hyl pyoi2div3@aéH) - on-5-1y or 1- dinethyl pyridin- 2(1H¢Tanan4mymp6mhich
can be represented by the structures: ,s,ssrO [00160]respectively.
[00161] I n one enbodinent, R is (3-6C4cycloal kyl. I'n one enbodiment, R is
cycl opropyl. [00162]In one enbodinent, Xl is N and X2 is CR3b, such that

t he resi ¢hoe28it thdnﬁmemnmbmmwntdf1Bmewnﬁhd&zmﬁhmzftkpyﬁmmmﬂmﬂﬂlnqmgchas t he
structure r i ne indicates
he poi ne B DaP AT Tl Erat AT SRTONTE fitrds a8 3fest BERYAH aif e

ri ng andoftnalRBiubstRdted Roth o6 oduibre R bstif2n® Snddpéndeat feRetcfFaomull @d)alkyin one

enmbodi nent structure A, R3 and R3b, are_bath h dro 164] 1 n one
enbodi neHi0! %h i 5 1BRAYE AEPOBNSIL  betdy lgué,gﬂt?ﬁhfatr 1%%&5?2 Ryﬁae?“?/

position oﬂfonﬁﬂﬁsdb@ﬁtﬂ@é Qlith.ode 61 R¥F subghﬁeﬁtsrlhdegemﬁt& &%c&hrﬁ&{ gt&:)alhlgamn as
structure B: 0165] wherein the wavy |line indicates the point of

attachneﬁﬁh@éﬂﬁﬁélgﬁﬁﬁélt|on of the inidazo[1,2-c]pyrinidine ring and R3,

R3a, R3b 00'%0 RS, paficuldt e 1§7of ‘1’{” %vh@l? r ?Jsélﬂ&fjb)f AP Mol @nd strubtire@ne
enbodlnent of structure B a and 'R3b 1s hydrogen. [00166]In

one enbodi nent, XIAN s~CR3a and X2 |sf§%/§uch that the group at the 5-
position of the im ﬁ%%m[l 2- c]pyrlnldlne Ning has the structure shown as

structure C (; ig
H N\
[00131] In one embodiment, R' is hetAr’, wherein hetAr” is a 6 membered heteroaryl
having 1-2 ring nitrogen atoms and optionally substituted with one or more substituents
independently selected from (1-6C)alkyl, hetCyc® and (1-6C)alkoxy.
[00132] In one embodiment, R' is hetAr’, wherein hetAr” is a 6 membered heteroaryl
having 1-2 ring nitrogen atoms and optionally substituted with one or more substituents

independently selected from (1-6C)alkyl and hetCycb.

[00133] In one embodiment, hetAr is pyridyl or pyrimidyl optionally substituted with
one or more substituents independently selected from (1-6C)alkyl, hetCyc” and (1-6C)alkoxy.
[00134] In one embodiment, hetAr® is pyridyl or pyrimidy! optionally substituted with
one or more substituents independently selected from (1-6C)alkyl and hetCyc”.

[00135] Examples of (1-6C)alkyl substituents for hetAr’ include methyl and ethyl.
[00136] Examples of hetCyc® substituents for hetAr’ include piperidinyl and

piperazinyl rings optionally substituted with one or more substituents independently selected

from (1-6C)alkyl, such as methyl or ethyl. A particular example of hetCyc® includes 4-

methylpiperazinyl.

[00137] Examples of (1-6C)alkoxy substituents for hetAr’ include methoxy and
cthoxy.

[00138] In one embodiment, hetAr’ is pyridyl optionally substituted with methyl, 4-
methylpiperazinyl or methoxy.

[00139] In one embodiment, hetAr® is pyridyl optionally substituted with methyl or 4-
methylpiperazinyl.

[00140] Particular examples of R' when represented by hetAr’ include the structures:



18 C [00167]wherein the wavy line indicates the point of attachment to the
5-position of the imdazo[1l,2-c]pyrimdine ring and R3, R3a, R4, R5, R6 and
R7 are aswoebimeoisbor Forrmula |. In one enbodi nent of sPCuaASae1d/081896R3 and
R3a are both hydrogen [00168]In one enbodinent, X1 is N and X2 is N, such
that the residue at the 5-position of ;$he i m dazo[1, 2-c]pyrimdine ring has
t he structure shown as structure D R7 x/ N D[ 00169] wherei n the wavy

| i ne indi he polnt f att nt to the 5 tlon of the
i mdazo[ 1, -c] yrim di ng an R4 R5 NR7 are as defined for
Formula 1. Mne enbo of st ,agen. [00170] I n one

enbodi nent, R4 is H or (TGC)aIkyI R5|s H (T al kyl, -CH2CN,
(3-6C) cycl oal kyl (optionally substi tut e th one or nor e hal ogens),

het Cyce, Ara or hetArd. In one enpodi R4 is H In one enbodi nent, R4
is (1-6CJWIAY | fdp ewasmpadinataR) as byl W]@?ﬁ@ﬁ férs iprethppll sybstisgted) With ©0171] 1 n

one enbogt}yggﬁraﬁ nt sgéﬁéc?frﬁn%&cfxé“ ﬁ&tgﬁka{émw%@ugﬁ 6O fleyf i D@y, - CHEAN

(3-6C) cyc ra or diment, R4 s H In
one enbotl0i#t , R4nj @e(@n@@ramzyR if v, ea(l@ﬂf@heﬁlf nsmywl@abstlt@@lth‘flﬁilsa met hyl

hyl H 1-6C) al kyl d RS
ﬁ)r/d(rag gnsubwtg&%%llea @@gm%g@%d g&ﬂg H éh&%’ét h)c/)lr gand R)5al syhygpogen 'S

[00173] | [”ﬂﬂdmﬁ enbddlonemlbodﬁﬂentsAH mphe(lﬂl-sﬁ@)lalté(yMﬂahIdCRS wiser¢i h&Cyellikyl . R4

2. 2" af et AT SBYA e e g BT o g Rt s e HGTRENIR ana R

i S - CH2Chhd optionally substituted with one or more substituents independently selected from (1-
6C)alkyl. Examples of hetCyc® include piperidinyl, piperazinyl and morpholinyl rings
optionally substituted with one or more substituents independently selected from (1-6C)alkyl,
for example methyl and ethyl. Particular examples of hetCyc® include 1-methylpiperidin-4-
yl, 1-methylpiperazin-4-yl and morpholinyl.
[00144] In one embodiment, Ar' is phenyl substituted with hetCyc?, where hetCyc is
an §-membered bridged heterocyclic ring having 1-2 ring heteroatoms independently selected
from N and O. An example of hetCyc? is 8-oxa-3-azabicyclo[3.2.1]octanyl.
[00145] In one embodiment, Ar' is phenyl substituted with hetAr®, wherein hetAr® is a
5-membered heteroaryl ring having 1-2 ring nitrogen atoms and optionally substituted with
one or more substituents independently selected from (1-6C)alkyl. Examples of hetAr®
include pyrrolyl and pyrazolyl rings optionally substituted with one or more substituents
independently selected from (1-6C)alkyl, for example methyl and ethyl. A particular
example of hetAr® is I-methylpyrazol-3-yl.
[00146] In one embodiment, Ar' is phenyl optionally substituted with a substituent
selected from (i) morpholinyl, (ii) piperidinyl optionally substituted with (1-6C)alkyl, (iii)
piperazinyl optionally substituted with (1-6C)alkyl, (iv) oxa-3-azabicyclo[3.2.1]octane, (V)
pyrazolyl optionally substituted with (1-6C)alkyl, (vi) trifluoro(1-6C)alkyl, and (vi) (1-
6C)alkoxy.
[00147] In one embodiment, Ar' is phenyl optionally substituted with a substituent
sclected from (i) morpholinyl, (ii) piperidinyl optionally substituted with (1-6C)alkyl, (ii1)
piperazinyl optionally substituted with (1-6C)alkyl, (iv) oxa-3-azabicyclo[3.2.1]octane, and
(v) pyrazolyl optionally substituted with (1-6C)alkyl.



19 [00175] I n one enbodinent, R4 is Hor (1-6Calkyl and R5 is

(3-6C)cycl oal kyl optionally substituted with one or nore hal ogens. In one
enbodi merwQ 2Rd/i381461 or (1-6C)al kyl and R5 is (3-6C)cycl earkyskoopsisenal |y
substituted with one or nore fluorines. In one enbodinment, R4 is H or

met hyl and R5 is cyclopropyl, 2,2-difhgorocyclopropyl, cyclobutyl,

cycl opentyl or cycl ohexyl. [00176] I n one enbodi nent, R4 is Hor (1 6C) al kyl
and R5 |{500(l@8]60) cyIﬁIooaIeklybdlmbm fonas pirdnplchuhﬁmtpd RdthlassubStmlennMécydd feomdl R5 i s

cycl opro byt cl ohexyl 177

o boat mombriei e e e CEE AR AR Lot SR & Morer ity ) s a
5- 6- rrenbeaed:lhehem@ym@rmwﬂ ﬂ@stlﬂaxlyloﬂglfMOﬁhﬁHﬂh}&nd substituted with a
substituent selected fro al k f het ce i ncl ude
Nt e 1Pty SRR S o At TR AT I Yo
from C(=@) bﬁ@ﬁl%ﬂk)ﬂmetgﬂﬁﬁm&§-4%’ﬁ LDy diper®inal ,y|8 o%h'@se{zhlglb&%ﬂ'ﬁ s2iipcl ude
C(=0) M an articular exanple of hetCyce is 1- acetylplp

eridi n- 40§ﬁﬁnylﬁlﬂ}bim}hb’h1§r@m’éﬁ]ﬁbdl ment, R4 is Hor (1-6C)alkyl, and R5 is
Ara, whejgi4§a is IHQ%@XanQcﬂﬁl'eﬁ’tnﬁw ¥ ﬁH@@Eﬁﬂsﬂﬁ&q Mﬁ@lﬂg&%&pé%?or (1-

substituents |ndependently sel ect ed P rom hal ogen kyl " and
(1- 6C) al k¥jkoxy nlngme cawbdidione At is Paeny ssubstinted %itg @)ctioky ot trighvdroRBtliys Ar a,

Gl Arﬁo ﬁyphe“yﬂa{ﬁ%@&a{ nal 1% o%%%ﬁeﬂlgépgﬁ&ﬂe@%% 8(1(1%‘{9%%1—1?&{9%“ tuents

i ndependent sel ecte rom-hal ogen a a 1 nclude phenyl

optional | bstituted withions nore substi Ayt i ndependently sel ected
fromd an 3. In one enbod , R4 is Hor | and R5 is Ara wherein
Ara i s pheny¥, -/Eljl or ophenyl

il or ophenyl ,
3-(trifluoronet Ryl pphenyl. [00179]

ophenyl or
nape enbodi nent, %éuws\ H or
(1-6C) al kyl, and R5 is hetArd, where hetArd is a 6-nenbered heteroaryl

havi ng 1<2_rtQg ni trogen g and opti dxatyy substitutes,wth one or nore
substi tuenndependent |y ected from pgen, (1-6 koxy, (1-6C)alkyl
and CF3. In i ment & or (1- 60) and

. d : 5°¢rs het Ard, where
het Ard is a 6-nenb d heteroar ,\r\aw ng 1-2 ring nitrogen atons and
optionally substi ed with one or \m)re substituents independently sel ected
from hal oﬂcben and (1 6C) al koxy. Exanples of hetArd include pyridyl and
pyri mi dy%%ptli onal Inyong grbofimene R vis th oWRergp %ﬁ%ashﬁwr%éws% t0 a 5-6

i ndependgRib¥red elA&icad i (%Oﬁhch% QPEEhaAP dsubdiitBiEd alPX¥e JromoRXaMRlikcane or
nore substituted independently sel ected from methoxy and brono. |n one

embodi nedepmrdently Sﬂe@f@d fremty16Colly LRBich 85 methlra cthih efneing crgpdipgnt, 41 is
rid-2- %%Ja

b)r/olrmpyr %{,5, %Erhl@d?’mé’dg&FBMﬁ '6&%61& %% C3) Cfflstﬁe n Rff%aﬁﬁglblgn 2 IyY%p]‘_[R)ﬂ lysiubst tnte%1 nd RS

is H, mewmillone pr trateydubstyehis 1ddemn¢wtlps@w¢d frgy 46Kyl Paroytdaroqxampges

2,2-difl Upk 0 r%?rrﬁé)eﬁf'ld%%%xﬁ ?,bg% eé)pentyl 20

1- acetylplperl uoronethylphenyl chlorophenyl

pyridyl, pyri dyl bronnpyridyl . 4 n_gn enbodi meg >

nmet hyl . In enfbodi nent |s hydrogen 18¥1 n one e inmgnt, R4 is
H or (1-6Crakk ,N\and R5 i s\E~\pethyl , 2- di met sy#pepyl.,
cyanonet hyl , ~cycl | openty 3 rlpll n-4-yl,
phenyl , mlﬁluoro g%ﬁh@%fmo@ gﬁl%cﬁar%[ﬁ‘iﬂ‘ﬁetﬁ?rl“dw Eﬂ'g{ h‘égfgg AFdyl or

br omopyr [oiyb4] | n Clﬁ%n@&’ﬁ@diiuﬂaﬂtli iRgeléBedHr@n hemi'hinld heda’. one enbodi nent, R4
is hydro&mn [00182] I n one enbodl ment, R4 and RS together with the carbon

atom to WHEH t heynapecabedimencR i seiecicdinn AsdrSd azacyclic ring

opti onal [go184iPSt i tiHlGMcMbddiment SRS CLoprSel ected from (1-6C)al kyl,
fluoro(1l-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1l-6C)alkyl, tetrafl uoro
(1 -6C) allyp7l p eriﬂa@ll%@mboéllllentﬁ@i aliskyiethyf, 3ethid) dsdoyeryl., t-byfansyelobaylal kyl |

benzyl %%{108%@10 al kyl ), - CH2het Cycf,-C (=0)0(1-6C al kyl),-C ( 0)(1
-6C al kyf R') CF3, het Are (3-6C) cycl oal kyl, a 4-6 nmenbered
oxacycl i €00dF#g andParBORRexaiplY 3B]R' nwhere remrbouidrmt CFRINRAR REludogbt her

W th thestg,:uaC bon atomto which they are attached forma 4-nenbered azacyclic
ring opti onal 1 y substituted with a substituent selected from (1-6C)alkyl,
fluoro(1-6C)al kyl, difluoro(1-6C)al kyl, trifluoro(1l-6C)alkyl, tetrafluoro
(1 -6C) al kyl, pentafluoro(1-6C)aI kyl , (3 -4 C)al kynyl , cyano (1 -4

O al kyl, benzyl, CH2(3 -6C cycloal kyl), -CH2hetCycf, -C(=0)0(1-6Calkyl),
-C(=0)(1 -6C alkyl), [00184]-C(=0)(CR R")CF3, hetAre, (3-6C)cycloal kyl, a
4-6 nenbered oxacyclic ring and - SO2Rc. I n one enbodi nent, the substituent
is coupled to the nitrogen atom of the 4- nenbered azacyclic ring. In one
enbodi mrent, R4 and R5 together with the carbon atomto which they are
attached form azetidin-3-y1 which is optionally substituted with any of

sal d sub sti tuents [00185] In one enbodi nent, R4 and R5 together with the

o,




are attached forma 4-nmenbered azacyclic ring optionally substituted with a
substituent selected from (1-6C)al kyl, fluoro(1l-6C)alkyl,

di f | uoro(MoGQal3kb, trifluoro(1l-6C) alkyl, tetrafluoro @CTASY)1aloBisbe

pent af | uoro(1-6C)al kyl, (3 -4 C)al kynyl, cyano (1-4 Cal kyl, -CH2(3 -6C
cycl oal kyl'), -CH2-hetCycf, (3-6C)cycloal kyl and -SO2Rc. I n one enbodi nent,
the substituent is coupled to the nitrogen atomof the 4-menbered azacyclic
ring. Ingd neHgﬁgodlnent;‘R4Hand R5 togep‘herti h the car onHathtto whi ch
they are d formaz 3-yl mhlc tlonally bs ituted with
any of sa substituents. o[ 00¥86] I n one eorb R4 an R5 ether with
the carbon atomto which they are attached fornta 4 menber ed azacyclic ring

opti onal tomgy]bst | titogd et%tohmensubﬁtw kH?@%lk%rgbﬁﬁﬁ&glyf rmmneeﬁlhwlmeﬁtt h
i sobutyl, fluorometh | T | uor opr opyl Iuoro

propyl, 1so
oy ks Smadinisstoayor i1 aneoerpbeghmatt. bty Stmebyloonbngl 1Horssly. or 1

-difluor . A I Joropropyl,
2,2,3,3 9&“5?*&%%%% é%@ ?lk&%% yn%%n%% Qﬁ§§§bkh%§anonethyl

2- cyanoethyl benzyl , clo-rgpylnethy cyqﬁobutylnethyl

(tetrahydro- 2prran 4- yl) yl, cyclop opyl, SO2CH3, SCQCHZCHS,
SQRCH2CH2CH3, SO2CH( CH3) 278 CH2 CH2 CF3'~, CF3, SO2CF2CF3,
SOZ(cyclﬁﬁ{ogyl) SOZ(CyéJohexyI), and SO02(phenyl). In one enbodi nent, the
substitu Is couptPEHIME t he nitrogen atom of the 4- nmembered azacyclic
ring. |npg@ie1embodhngrt smidindd RS if oetheycvit. t heosatkhesiiatamrt gs whi ch
they are attached formazetidin-3-yl which is optionally substituted with
any of s&Y¥erseystituents. [00187]1n one enbodlnent R4 and R5 together with
the car bpﬂn@i o t n itk GlhobBfn @ N ARNRd i oRM &, tﬁﬁ‘%’iflfibefe%uf‘éat%%' icring
opti onal substituted wth a sSubstituent se ecte from (1-6C

f1 uorof 1p@9®)®l &iythe ingidédo(lo?-o[pyrie@ind tayd has thei sfrbcforecdwib &) difukiptc A:
tetrafluoro(1-6C)al kyl and pentafluoro(146C) al kyl. In one enbodi ment, the
substituent is coupled to the nitrogegr g om of the 4-nmenbered azacyclic
ring. In one enbodinent, R4 and RS tqgé&ther with the carbon atomto which
they are attached form azetidin-3-yl w lhis optionally substituted with
any of said substituents. [00188]In enbodi mrent, R4 and R5 together with
the carbon atomto which they are Rft ch@& forma 4-member ed azacyclic ring
optionally substituted with a substit®ént selected fromnethyl, ethyl,
propyl, isopropyl, isobutyl, fluoronethyl, 3- quoropropyI 2- quoro ethyI

2 ,2- di f | uoro eth 1, 2,2,3 ,3 -tetrafluoro ro , 1,3 dlfluoroprop 2-yl,
2,2 ,2- 1801631 yor dfv@tm the’ wavy ling ingipatey t&erpeblt egwaca gntgo ghegd-gosition of

3 pent afeURiRRS ‘PEYCI pyr{nggl;tg%.]né B PRE Rmmmsmn’d RArendicRRed BRI W th the
carbon atomto hey are attach d forma 4-nmenbered azacyclic ring
opt i onal IWO@@H@PdWE@WQWGaA Ribvsd Rt venbot bydsegaad from net hyi, et hyI
propyl, gyopyl, Q 2 i
t oget her Wi tﬂ t he I(I:lg)E1 glﬁlﬁgélgltrchgé %( mﬁ?%h%h%qgt%g@;??%ctﬁﬁgh? %Bﬁ? % menber ed
azacycl i positiangoiopt inodadol 2-s|plysmiding ma hais the saustuteshowuendtrusteteddt ed from
fluoronet hyl, 3-fluoropropyl, 2-fluoroethyl, 2,2-difluoroethyl, 2,23, 3-
tetrafl uoropropyl, 1, 3- d|fluoroprop 22yl #72,2,2-trifluoroethyl,

3,3, 3- trlfluoropropyl and 2,2,3,3,3 - - P tafluoropropyl [00191] I n one
enbodi nent, R4 and RS together mntqathe "bon atom to whi ch they are
attached forma 4-nember ed azacyclV s _rjfAAgroptional |y substituted with a
substituent selected from2,2,2-triffuqroethyl and
2,2,3,3,3-pent af | uoropropyl. [001 enbodi mrent, R4 and R5 toget her
with the carbon atomto which they a attached forma 4-nenbered azacyclic
ring optionally substituted with a 4-6 nenbered 22 oxacyclic ring. In one
enbodi mrent, R4 and R5 together with t carbon atomto which they are

attacheddoassp a 4-wiide tRAvAF Hay Gldidatck tmg;oﬁ]l@bf andhhdht SAHAS BipbbitiesloMht h
oxet an- 3-yl . &00193]In one enbodj nent ,. and, R5 together with the carbon

atom to whideael bhrelpysipiding e MR s Br nRa» B RenbetWR araaydafingd far fgret i onal | y
subst i t uyefh g bhnadRkRSIrkans prelagad fr AR Skl 6Cal kyl)

-C(=0) (1-6Cal kyl') and - 0)(CR R'")CF I n_gne enbodinent, the substituent

i s coupl €916@ t he Iniane dlateem%flst(ﬁe 4H¢Té<n‘rjeﬁ\edu@zﬁ]@y&1ﬁ|8§mm gigthe Pon one
enbodi e hey are
attachedB§o#ﬁﬁg?%%Fﬁﬁzgggpﬁpﬁﬁ I%P?%@%?@g%a Ifgggﬁgtgﬁﬁggﬁgégth any of
sai d substituents. [00194]In one enbodi nent, R4 and R5 together with the
carbon atomto which they are attached fornta 4- menber ed azacyclic ring
optionally substituted with a substituent
sel ect edf rom C(=0) 0C( CH3) 3, - C(=0) CH3, C(=0) CH2CF3and




C(=0) (cycl opropyl i dine)CF3. [00195] 1 n one enbodi nent, R4 and R5 together
with the carbon atomto which they are attached form a 4-nenbered azacyclic
ri ng subswototiegowst h het Are. Exanpl es of het Are i ncl udecCmyuszeiyio3snel
pyrimdyl. A particular exanple of hetAre is pyrimdin-2-yl. In one

enbodi ment, the substituent is coupledgto the nitrogen atom of the

4- menbered azacyclic ring. In one enbodinent, R4 and R5 together with the
carbon atomto which they are attached fgfm azetidin-3-yl which is
optionally substituted with hetAre. [8 6] I n one enbodi nent, R4 and R5
together with the carbon atomto which-\hey are attached forma 4-nenbered
azacyclic ring substituted with ayrim |nyI ring. In one enbodi nent, R4
and R5 together with the carbon ato whi ch they are attached form
azetidin-3-y1l which is optionally sybstiituted with a pyrimdinyl ring.
[00197] I n one enbodi ment, R4 and R5 ether with the carbon atomto which
they are attached forma 4-nenbered cyclic ring substituted with - SO2Re.
I n one enbodi nent, the SO2Re group |sccoupl ed to the nitrogen atom of the
azacyclic ring. I'n one enbodi ment, R4 and R5 together with the carbon atom
t o whi ch[G0hey] ar e validrac Hedvdvedine azlenicd it pBHIyﬂfoDh}hentm thptiporiabh yf the

1 dor of 11565 kg eSS B ok kg A KigRg (o 16 iyl L 1o

Eet rafl uaﬁ@erﬁbognﬁexﬁﬁidémureﬁ t?tftngfg%l&ﬁbtlﬁ:)hhy&ogéxﬁl ky: ((3 - 6C|) fycl oal kyl
opti onal substituted wt al ky. r en tiona

subst i tu{(g% 63k t h JRE B FMbRSFECRr Juis t%&édéwdeﬁ&ﬂwﬁt&r Ué&“thérﬁoélilo%C

al kyl), GFde ifddd3R1, @Jag) yRAiA8EeM ¢ hds thanecerash BNl bs (1-6C) al kyl,
fluoro(1-3C)al kyl, ditluoro(1- SgC)aI kyl trlfl uoro(1l- 3 Q) al kyl, tetrafl uoro
( 1-3 Qalkyl, p entafluro (1-30Qal kyI (3 -6 Qcyclo al kyI or phenyl .

[ 00198] I n one enbodi ment, R4 and R5 tR er with the carbon atomto which
they are attached form a 4-nenbered yGhsi ¢ ring substituted with
-S02CH3, -S02CH2CH3, WD 2011/ 130146PCT/XJ52011/ 031896 23 - S02CH2CH2CH3,

- S02CH( CH3) 2, - SO02CH2CH2CF3, - S02CF3N—NSOREF2CF3, -S02- cycl opropyl,

- S02-cycl ohexyl or -S02-phenyl. In ghe gnbodi ment, the substituent is
coupl ed to the nitrogen atom of tHé nbered azacyclic ring. [00199]1In
one enbodi nent, R4 and R5 together witth the carbon atomto which they are
attached forma 5-nenbered azacyclic Ting optionally substituted with a
substituent sel ected from (1- 6C) al kyI D fluoro(1- 6C) al kyl ,

gIHI L?FLS&(&)I%}) al kyl el‘?ll& l{elvéi"a%% cl)a%s lﬁ}élpomtt e% at%c}&mu%{t% tﬁl&% aﬂo‘s(ltlfn)t %t%g .

CH2( 3- 6C1rﬁi}d€io@ﬁ24€}ﬁy)1m1&1ﬁﬁ-l2ﬂf§irﬁ§l€ -I@( (R]Z-a&(.‘ﬁl defihgd, for Eémﬁh)f(]l -l6Gat kyI ) 5

- C(=0)( ' het Ar 6 cI oal kyl, a 4-6 nenbered oxacyclic ring
and - soz%y?ga %?elbtr‘?éStélfﬁ)‘Hﬁ hy?ﬂ)‘?é "Substituent is coupled to the nitrogen
atom of {dve78i- rrerrtlﬁroaéieraz@w@ﬂmc“lﬁmg(l b8, AR HENL6C)Rdy1aTH, BN,

together with the carbon atomto which they are attached form

pyrr ol i dfFoQeyalogflyl dpptiogalipniubsiutes W@&ag O fetselplgenh, %ﬁt&}wosrA% 8F fetAr’.

substi t ugng-enfBERQAI, RER @NE &Mb&%h@ RR% ngmt)ﬁﬁylt fé%idﬂﬁiﬂe Wddafikpe carbon
atomto which they are attached forma 5- ered azacyclic ring optionally
subst i t usush apimethyhorsaiibdt i t uent sel ected from (1-60) al kyl ,

{1 uor o(Li@yal kvl 1y lt}gg%o?tfgnt@?% -oEfhyRgRe tskﬁ@aédgm% gl voro (
O al kyI (3r€¢-12y®0a165¢ Yy SR Pt RetAr Clmoh@@@wﬁmet(tsli Yt ylol ava lekpbdisett, - 802 Rc.
In one e t 1 i d to.the nitrogen atom of the
5- rrenbergg gga a“qul f%?exa%l%%ﬁ(ln ﬁgﬁ(\él ucﬁ%&e{ﬁylﬁghﬁd R5 together with the
car bon a[(l!)mn]o V\hllﬁtbrtel"myboarrmenatR‘hthdorf Ar60)plkyt ohd &P ris Jyyibgwhi ¢ ohs
optional |y, substi with any eof said substituents. [00201]In one

embodi mefif't° ‘Fﬂ lﬁgﬂtréﬁeélmétﬁl% tsﬁly?rﬁgencar bon atomto which they are

at L ached[o‘mvs]tia 5 Iﬁg)ﬂ?emeﬁﬂlﬂﬁ%pf{tislﬁof(ln&}ﬁlktyl Matkslly(wmhtkyt uRé;i)h }wnolth a
substit uent eecste r t hy propyl, isobuty

f I uor ometsiw! a@ﬁiﬂﬁ@ﬁ@pﬂ?sﬁg{spw@yl PWQ?'%MWY%Q BmaPrITBY bet hyl ,

2,2, 3, 3- jeurff | uoriaRhoembodidhen; 11 it HUQK PBEKyZaNd R® B -EHZeNt ri fl uoroet hyl,
3,3,3-trifluoropropyl, 2,23, 3, 3- pent af | uor opr opyl, prop-2-ynyl,

but - 2-ynyl , cyanonethyl 2- cyanoet hyl, benzyl, cyclopropylnethyl
cyclobutylnethyl, (tetrahydro-2prran-4-yI)nethyl, cycl opropyl, SCQCHB,
SOR2CH2CH3, SO2CH2CH2CH3, SO2CH(CH3) 2, SQ2CH2CH2CF3, SO2CF3, SO2CF2CF3,
S02(cycl opropyl), S02(cyclohexyl), and S02(phenyl). In one embodi ment, the
substituent is coupled to the nitrogen atomof the 5- nenbered azacycllc
ring. In one enbodiment, R4 and R5 together with the carbon atomto which
they are attached forntpyrrolldln 3- yl mhlch |s optlonally substltuted mnth

. P S I ~~r 2



[ 00204] I n one enbodi nent, R4 and R5 together with the carbon atomto which
they are attached forma 5-nenbered azacyclic ring optionally substituted
with a swetntwentsssel ected from net hyl, ethyl, propyl, PCTaseappbissand

i sobutyl. [00205]1n one enbodinent, R4 and R5 together with the carbon atom
to which they are attached forma 5-nggbered azacyclic ring optionally
substituted with a substituent seI ected fromfluoronethyl, 3-fluoropropyl,

2-f | uor of0hg5], 2, Andérel vobathint R* 2s 2H 3r3¢l -6@ikgf Iambmipnso@yac)cycloatkyl

1, 3-difl uoropro 2,2, 2-trifluoroet 3-trifd.upr

25,5 3 UGB RRRILIS sThEpFof PlaBBERR dhetsss R i SO Dget her
Wit h t heale:camﬁ?@ (atalgmycﬁ)amb @btldﬂﬁ,ﬂy sabgitatd adiheend of More %uﬁﬁﬂé&er &d oazacyclic
ring optio y substituted with a.s titu ecte rom

2,2, 2-tr F‘PF‘Ef]é‘FIS%tt Ryfs Brog methyl gngR3 lsp@ﬁfoafqpag%?pﬁﬁﬁwcm?%%ﬂ PRoBH!:

enbodl e BologbtybirtyHons9get her with the carbon atomto which they are
attached forma 5-nenbered azag&pllc I’(I o tionally substituted with a 4-6

nenber ed [ A@ycl i dnoppgmbedimey Bljwﬂ‘aﬁdlsF@ oCogystontyl intoRe t he
carbon atQmdiQeMR T H He¥etRy Sn@RE RCDA rBﬂS{l r@a@lo@u > 1Dg6 R4 %/E&atgf)éﬁhé}@l ring

optional [y substituted wth oxet an- 3- n one erbodi'nent,” R4 and
R5 toget HWA7Wi t h tlhene ambedimantoh tsdim(lcﬁctali@ya@ﬂé athmﬂquedvhfe@rhw%yc

el eotoatt o PR b (ERaaPl YL SO Yol ] SR hbEANy ) s

| n one esdautidnfzorh C(+OK 1 ahakyl Uxatpics of bﬁﬁyédncﬂmdet ﬂs;erohdmybgelrplpmmimyﬂ)f t he

5-menbered azacyclic n th the
car bon atBft L5 FLR b HePoaitnb e ERaR STrOKL BT SRyptinp-oltt
opt i onal bg)atiybsiitstitut@slinsivdl CEAY)NE arkiald @ OSBH A iphrtielbiSexahpleTdet(3%° is 1-
enbodi nrent, R4 anpd sg together with the carbon atomto which they are
at t ached *FOMPPH B4 nper ed azacyclic ring optionally substituted with

- C(=0) CHp017$0209]1hpRnoBab&trhedi RERtH oR4- @)Qkﬁ%ﬁdqdqt her wmﬁe I\t RYh&A1 bon

atomto which they are attached form a 5-nenbered azaci/g;gl c.ri ngl optionally
subst i t uPREPTRLY ﬁubétl%lé?és‘t’tﬂt Qe or g@ree&bé%tu?% Hdergndentyae grom hplegyncHa

O =0) CHOGES (kO VS LORARDY h ShoEhvéien] RORIAk 1 @eyauamqlm@t R4

and R5 togéther with the carboh atomto they are attached forma

5- menber &4, ahacysf uscphenﬂgbpﬁgmlm subﬁtléltted/wvtth Oh@pmmere FEhettiysingssinddpendenily e
i ncl ude E’éféd_te%ly#rmﬁ'ﬂgto o 1T @ ExAnBR hf&k‘l‘ E‘Elﬁ@ﬁ%@@ pRbndl s tfxﬁgmltéd vith

pyrim din- noeenbourent e su I's CcOo
ni t r ogenosd @"rmm:n‘: sutisetu&drrmtebardenﬂ}asﬁtwgedlfnom @hang CH: nlnoome em’mb(hdlemeﬁf jsHR4 and

R5together ith th scar han tomtoawhl y attah
pyrrolidfh- n%e S & sgﬁptvlﬁ%rﬁnl iy & u? C(l:}%mpthﬁnyhet% %H)rolj[%ﬁw’ll] In one
enbodi maﬁloroﬂae@h@kj;ﬁnﬂmgahhﬁyl)ptmeﬁﬁ the car bon atomto which they are

attached a 5- rrenber d.azacycl sti uted it h a riqgm di nyl
RSOt ) e gt Pl S R R G IR A

t hey ar e6aténa@tuadlete@dam1wmh@ h 120k - rdtrygk n \Win@hunil %p@@taup Bstitited gt drk 6k €d Wi t h
a pyrimdinyl ring. [00212]1n one enbodi nment, and R5 toget her with the

carbon af'$H tvésttwt%mfimd%tﬂé sgleetat Hen adesy a(lté%%%r elaoezbey g €y i ng
substi tUt@alevuntﬂtdm%@ZBe is HorQNe MR dindBitis hdiRE, REREQONR d-hemBiRied tO

the nitrogen atom of the azacyclic ring. In one enbodinment, R4 and R5
t oget her hetetopryt havisarlbdningt whegen sipme Hng rpjionally abstifeté dvifftopps or more

Crboai e s S P R R RIS Sha ) EFCIMOR RIS B0 o1 by

trifluorecfuds- Byr(dyaldnyll pyrtretdylafdpumratiy( subs@u@)l alvikly | onep oe ninarfel ambstlmints
30) al kyl C t|on I bstltuted wth (1-6C ,
eyl ( SSERBAGEELEBL o AR USRS, e altish of iophBelied
sel ected 1ﬂdepﬁmdérﬁty6;€teab(k§rbm mdThaky aﬁEBﬂnnoarId ohatmb@fihent) R* i® mboremhyllan& nt, Re

is (1-6Q)al 4f l.uor.o di f.l. yoro(1-30) a trifl oro 1 -3C

)al kyl tsr%ft Tro SR g?f)“éu %zwﬂ b‘éhtpé{tlti PO r%?t/ethoz‘%ﬁyé’é) ctjlcﬁngér kyl or

phenyl . pREdPIid-B-yone enbodi nent, R4 and RS together with the carbon atom

to vvhlchthea/ are attachdform 5- nmenper ed Eza clic rig%s bstituted
intiob e By 3, mocgy

with - SoR8IRIl - spdenpermlo 1ms@2&4§c§1|2€:f436c BH3Er3,

- S02CF3, dmedifE _@f%yanéﬁghylcés@ ogtétfpgmle}dlﬂwgcﬁvd@t®9?%yélo&ﬁyt SRepeitenyl . In
one enbodi nent, the substituént is coupled to the nitrogen atom of "t he

5- menber ed azacycl ic ring. [00214]1In one enbodi nent, R4 and R5 together
with the carbon atomto which they are attached forma 6- menber ed azacyclic
ring optionally substituted with a substituent



26 selected from (1-6C) al kyl, fluoro(1-6C) alkyl, difluoro(1l-6C)alkyl,
trifluoro(1l-6C)al kyl, tetrafluoro (1 -6C)alkyl, p entafluoro (1 -6C) al kyl,
(3 -4C) alwonyiyizemano (1 -4 O al kyl, benzyl, - CH2(3 - 6ECEyuSk@aloryshy

- CH2het Cycf, -C(=0)0 (1 -6C alkyl), -C (=0)(1 -6C al kyl), -

C(=0) (CR R")CF3, hetAre, (3-6C)cycloabkyl, a 4-6 nenbered oxacyclic ring
and - SO2Re. I n one enbodi nent, the substituent is coupled to the nitrogen

atom of thectGlpiperitierdeyl, pieagly alfluoromatigylphienylocidorepiizagli, ppidyl, frthaxypyrilyl
t oget her th the

t t hed : 4.
oi per i i At JSPENRn OO RBMAReY i i el Bl « TSR, Sapo L R
substi t ugfdregen. [ 00215] I n one enbodi ment, R4 and R5 together with the

b t which th t hed f 6- d I

it TR A E S RS S S e LA
oo gy, Shidaanal g oyt et SOt i o
- CH2( 3 e@na&élrl%uoapwwlphmwgh mp@%ﬁ ps(r@ybe}eélwmmdw pr Biggnopgtike In | n one
enbodi Megfo edhilRiniHR S HQJ?‘ine'th%l CRWRAE e bsBmERER NishiQeL, at om of the

6- menbered azacyclic rin I'n"one embodi ment, R4 and RS together with the
car bon at®iBZlo V\:hIIGh)n'@W Oéﬂ@ntath anh&d tgsther mltbéh¢ dirhongatom tahwhaeh they

emboat merit, S B BACA Dot SR BRI RIS ORRER) W haf0Gy

at t achedsdlanan drofe nidrigdalky, a&mg(¢46c¢a1kylngilmm(¢m)¢1yy1s ubﬁtlorb(lt-(ﬁftbal\lwlr, h a

7 vor ome s s rCiRlksprapgRior oBYl, sPAG M, SEFPHMAIT R 2, 2. 5
,3-tetrat¢mmgr opykloalky3, - d]thu@pdpr OfC2OYD(]1- a:aB;er tm:(leo;gn&(&mhy)l

3,3,3-tri 3 nt af ro , r. -2-ynyl, .

but - z-ynﬁ 53@2%3@%9@2@ @ﬁzsfé?ﬁw a%émﬁwre ;%W&l it ﬁbe

cycl obut ylorg3jhy! . ratodt reallamfr@ntZHwaerS G%étﬁwlhwhe c&¥6h Qtl@ﬁﬂl@ﬂfhwkﬁﬁﬂgm
SO2CH2CH35 SO 2 CH2 C H2CH3 : S 02CH2 CH2 CF3 , SO2 CF3 ,
SO 2 Cr2arepgtachedofprmye Hdwawqd) azasc?iie e @M@awlb) substigtedopitih Rerpaituent n one
embodi ”eﬁﬁlectédhffro%ilbétd )Mﬁx{lt ﬂ&r&@%@):ﬁ%&t %ﬂdb@o(n'éd)é]%gn RSP Aled IRy O-
menbered azacyclic rin n one enbodinment t oget her w t?; t he

car bon at@ﬁﬂ@@omcdhlkﬂhemn@ﬂeoraﬂt @E:)H’éidl f@r‘lﬁ)pllk@@fh dianodl-§@)alkiyi. c benizgl,

optionall s s 17]In one

enbodi rren(?Hiagé kggﬂgﬂ oge%‘her {:(ﬁ?ﬁgj éar 5r’1 éaQL%ﬂ\l 6C%\1§?%h they are

at t ached[G0dB4h a 6--@&&)@@%@"@&,@@@“ ,c(%d@jgycbqatklybmaél Bynesrlbb&tilotxanyeuc wigh a

a1 vor ofh SR kot ong PR S 8 ety PG B S nleeen epm R dna

|t0ﬁnt af It uareﬁfb&m?@aasww ring. NInayhe eeﬂsbdnmenerm“ alnﬁmét@ab&t intith elind Cdt‘]ﬁ.%l&ﬂ(btﬁd lt@? tOR4
e nitroge om o clic ring ope odi.nen

b 27" PR dBor b AR RO Ba B R aRTR el S ERRBEh St or m

pi peri di paAtitndntwwhi ch is optionally substituted with any of said

substituents. [00218] I n one enbodi nent, R4 and R5 together with the carbon

atom to VI8 t heyingne cabediReld K oivh By teestksiparhede 5316wy elomctory el 867 i onal | y

substi t uRdaibitdd RrSUPaIhdniRRl %hﬁ%% 5 RIBh AR EWHstltu?eHh\)ch aP{uBRMhent
i sopropyl, isobutyl, fluoroneth 3-fl uoropropy 2- fluoro ethyl, 2 2-

di f 1 uor osdedtgd frogm 21 HC)alkyl; eﬂm(ﬂ@@%brlopiyﬂuorcl(lféc)@kﬂl d@ﬂwpﬁpﬁ@alﬁ'l

,2- trif PF-0 ,

3 pent a1 nragy ok Buptd - SC AR LR Gt Bt SIS the
car bon at:mhaﬂlwl)akﬁﬁzhhett(ﬁsey (&%@)@tloa&me@df BOR* ahﬁemeeanﬂ@denbnazla@cwbktmem ng
optlonallysb dvmt hstitu sel ected from nmet yl,
propyl, | S%OBUIO% tt Ehe n1 dO%e lfll% f Hle 40]8 ﬁﬁr?d azacyclic nglg dIIn on mgﬁélme B5
t oget her and Rﬁtotgktﬁemﬂbtm cabomtbm mkwhzd:h ﬂhh;eyreattechadi tﬁamheeltldlmsml &héchnenber ed
azacyclic rin O@t i.on sub (#uhed with a substituent selected from
f1 uor omePMANAISES IStHBﬁf’ 69?’0 FaYFSEtny1 , 2, 2-di fl uoroet hyl, 2,2, 3, 3-

t et raf | uggoagsjopy! Injo,nS-edibfadhﬁiéﬁth?fQﬁd 2° Ybgethdr %itR-thé befrb(btpétﬁﬁlttbwlhlch they

3,3, 3- trlfluoropr pyl and 2,2,3,3,3 -pentaf]| uorop [00221] I n one
enbodi meff, atRghcdnterire f‘a@fél@b?&d faeeyslie H‘élgc%l?t%ﬁl Yaﬁk%f %‘E?dm)ﬁ’iﬂbﬁ pheuct e

at t achedd| Qi Rof- 1B ereﬁﬂrl 31% Clsbgropy1NboBRYA, %@Hrﬁ/etlﬁzlﬂbgﬂflh&%fn%gylwﬂ h a
substituent selected from2 -trifluoroethyl and

2,2,3,3,3-pent af | uor opr opyl . [00222] In one enbodi nent, R4 and R5 toget her
with the carbon atomto which they are attached forma 6-nenbered azacyclic
ring optionally substituted with a 4-6 nenbered oxacyclic ring. In one
enbodi mrent, R4 and R5 together with the carbon atomto which they are
attached forma 6-nmenbered azacyclic ring optionally substituted with
oxet an-3-y| [00223] I n one enbodl ment, R4 and R5 toget her W|th the car bon

o ~ o



28 [00225] 1 n one enbodi nent, R4 and R5 together with the carbon atomto
whi ch they are attached forma 6-nenbered azacyclic ring substituted with
het Are. Bxanpliesonb het Are include pyridyl and pyrim dyPCTASp@EB9é ar
exanple of hetAre is pyrimdin-2-yl. In one enbodi nent, the substituent is
coupled to the nitrogen atom of the 62penbered azacyclic ring. In one
enbodi nent, R4 and R5 together with the carbon atomto which they are

at t achedfliaoehpli pera-difinerdetyitl, WRI2CH3tsrafipdropopyl] v [ Sudiftdaropbed-yii t B2)2et Ar e.

00226] I n. pne odi n R4 and ether with the carbon . atqgqmto which
hey at e TATPREEA for AT BUORERTe o AR dE B PR OPERY: JUREEYEd: dB-ahE
AR i oo el F S e S e i A et
subst i t uP¥aMAF 1W6§l¥§yr<fy @Ry} d%@zﬁ E@féﬁzﬂﬂsn Séﬁ H 3m§??€€ﬁ%ég3ghd R5

t oget her sy ¢, dHIEFEar BOrCAL OMG QFUEY.Ch sd}@d&c@bf%pgg} agsdydigndtyp, Gngber ed
d with -SCPRe. |

azacyclic ring substitute . I'n one enbodi nent, the SO2Re group

i s coupl 82@beyhe Ipjope sybedigeenthstsubsiducat wcepepled ta thegitrqesn gioa ehhedr nent |
R_4 an_d _Rﬁle{n‘Bgt%El an{cymc_t I}ihgt hl‘?l cﬁl@reQﬁBBdiﬁ?ﬂ?eﬁf,nlit4 QR %ke%h@?%itﬁrtﬁe albached tborm
pi peridin-4-yl which is optionally substituted wth SOG2Re. In one
enbodi mewhichRacyi are @ttadS) &rkydzetidipdeyl ofhiclBG)amtirylly stbstituiest with 2og oCyad ky|
trifl uorgb%ﬁtql-e% Calkyl, tetrafluoro ( 1-3 Calkyl, p entafluro ( 1-3

O al kyl , U( - %)cycl oal kyl (optionally substituted with (1-6C)al kyl), or
phenyl (@®87nal | yinsubstibbditredt, Ri'tahd ®ieogethenwiith the carpen atnnheperidenthky

sel ected fr -6C al kyl CE3, CF30-.and hal ogen).. one enhodi nent, Re

S (o G AUt 5 ey B rihor e B hiipled, Pt S et

8 al k?/l , seltlﬁdtefdafffdnoL(@-dcl)alk)?bgﬂzlmgd(y%c)ﬂk;&ntcaﬁhladﬂds(m-e(C)aﬂlkyl;s tﬁ)&%r&Ml—éC)éﬁﬁh 6 )
CyCl 0O a (0] e . I e e i ment R4 an R5 together wit

Che. car itttk e aky cind W@%@%?@&Eﬁﬁﬁ% 8Pﬁleal“b841%%él?eealba&t§@veﬁ ¢ ring

substit UE&%II:éM th |ﬁ1e‘1§9(:%,§hﬁtom SORECH2 6B eredSRAGIREHREHR, orre BAotinfehi8 k2 and

- S02CH20HRCFS, - SO2CF3, - SO2CF2CF3, - SCR- cycl apropyl, - S02- cycl ohexyl or

- S02- pheRy[togethsr 3 Berserdpreiom tq waich thet re diacherd Somp apttidin-1-3! vhishrdpt r ogen

at om of Lhe, GnyBFRanRE wAkaGY 6f dafd fubftBuent00229] I'n one enbodi ment, R4 and RS
together wth the carbon atomto which they are attached form a 4-nenbered

oxacycl i O0B#g. | ineme cavbpdidicne R anRR’ 4eattiRE witbghe abomitom thehidaihbon at om
to which_th e t anz 3-yl.. . o] ! t, R4
b 1t sefhefidfht SAIRMGRLMARE L Wionb RESIRHLRCDR, STREAARE . 2
menber edsdantdsioym| ethyli agyb propyhabdpyorylibisstiutydit Babroinethylo ftflvorpirdpyl, 2-

substi tut,ed wit.h - al kyl.. | epbodi nent, ;R4,.and R5 together, with
The- car baiorafbh S ERMorhy, 2 SRS TRaah PR 433 B Rer A Boeyel i ¢
ri ng subsifluotdedd], 313 hrifRibloptopyeidayd,2,3,83-ehaflydroplopylone enbodi nent, R4 and

R5 together wi th the carbon atom,to ich they are attached far. 3-6
rorber caliapllocy ol 1honf CHOSHTER b 476 Ko Bt sibdhe FRbGhEo BBt ey 29 Ra
and R5 t g@eitheficdWolh 4 hendaicRanaAt@m thgnbitRalliheybsafudab idahgdsttemm a 5- 6
menber ed carbocyclic ring which is unsubstituted. [00231]1n one enbodi nent,
R4 and Rselecrgdidemetht sthyherapxh bepronylomdiispbifilch they are attached form a
7-9 rrerrbpmdn]bl Cyahidhe SRILbANRA!, ROGHE IRE togthRr bethMhe BirbdChibm SRIMi&h they
carbocycle" as used herein refers to a carbocyclic ring system bonded to
anot her eEr #velad] foemrd Agnamberasihizacydip @ingapptionslbrsubsiitutsdewdhrigotibprwant t he
het er ocyglil C. i i 0, a ca e g e t he sanme
atom _ Exarisiod gh BHERERAR SORRGbRLT, crRRAE S R BALET 25

[ 00232] | tetrafleoreprboydi mbAtdiflRdopaomd2RE 202 tifborasititylh thd3¢afllwoeprepydmand whi ch
they are §t3t§i§_helgaﬁu%;mg ,4-bicyclic spiro carbocycle. In one enbodi nent,
R4 and R%’ togeP er W th Pre carbon atomto which they are attached forma
4, 5- bi cy@i0i1e1]spi r dnaat kabdydihent, R 206 R esdeddi mthtthe RdbanstoRSotvddet they wi t h
the carbon atomto which they are attached forma 4,.6- bicyclic spiro

car bocychE, APEIaR T AR eI ABIc e QP H POSHERdr Y e BHENRLY bon
atomto whitdd fdiey. 2ariflabloathied oI, 3 péni@iluesdesyed bicyclic Spiro

het erocycle having a ring heterogtomselected fromO and N, wherein said
ring nit f4&H at onvie sMBPERWAE R end B itegrtier yitd b earben alamyprhigh they

subst i t ugRtarEelc8 %8t ULATKLsBERAIKY ring bbHO0( JaGGh@ldwWin o did heppatd-

6C)al kyl, trifluoro(1l-6C)al kyl, tet rafFuoro( 1-6C) al kyl ,

pent af | uoro(1- 6C) al kyl and - SO2Re. The term "bicyclic spiro heterocycle" as
used herein refers to at | east one heterocyclic ring system bonded to
another ring systemat the sane atom In one enbodi nent, the heterocyclic
ring systemis bonded to a carbocyclic ring systemat the sane atom
Exanpl es of bicyclic spiro heterocycles include oxa- and azabicyclic spiro
het er ocycl es the structures such as:



[ 00234] where the nitrogen atom of the azabicyclic spiro heterocycle is
optionally substituted with a substituent selected from (1-6C) al kyl,

fl uoro( 1-wQpraikbisedi f 1 uoro(1- 6C)al kyl, trifl uoro(1l-6CparkisR011/031896
tetrafluoro(1l-6C)al kyl, pentafluoro(1l-6C)alkyl and -SOQ2Rc. [00235]1n one
enbodi ment, R4 and R5 together with the carbon atomto which they are
attached form a 4,4-bicyclic spiro heterocycle having a ring oxygen atom
| n one enbwgélivenmtg, IRanannthﬁmbmthf hmirR?/\nogbth&m&cale kemomtom toovhikti thay t hey
are attache piro het ring oxygen

f
o o e R Rtk femPiEY Freb ok Qe T QP SR Pefiabling: 1 hied.

30 [0023@jo1p3jone antadicHBodimeRE R sl RAnogetir wiBARSErbéh aos orvaae ment , R6
is methyl. £00238 In one e od| ment, R7 1s hy dja)’ ei)n.. 00239] I n. one
embodi mefie, dt@ghadsiorm_ s ¢ymagmiered geagylicjrng optiogy! n%r st drf&ﬂhw SUbPERPA0] | n

one embogi|sgdt frof3-a@ LQaREy), [-0023ht]-b0aRne 8 ORR"RF:1 ST
(1-6Qalkyl. A Bartl(&d[w{:l exa )Ie s net halgﬂ? 024 dIj}ri; one enbodl} r?g%t R3

i s CF3. Fl@b(zh@fmnﬂ@rféb%wam@wledmthesmlroge[ﬂommqflt drecndisrdcizaeftic R3 i s

d. [OOZﬁﬁ%I ﬂdﬁ@%m@%ﬁlghtnﬁmand ﬁoééhemlth[tﬁ@%ﬂla%n?fbewﬁ@ %%@Etach& s
(3-6C)cycloal kyl. I'n one enmbodi nent, R3 is cycl opropyl I'n one

embodi me frm argidin3 3l phichey mbnal[y@@lzﬂtw}wdwﬁhénmﬁﬁéldlsn’mﬁtuen@s is selected
Sel oct ed THaMN nyar Sgne MRSt 1l e Do cSERE R B T s | &
hydr ogenare[ 4Q2i5d] formoné- mﬂﬂmchdnmtychﬁﬁmgl sptiohalgChaeliskitpted wWitlpar substivhat
exanpl e |e§ecrtr%t hyl fo[nOOZSlH rb)g)r&%cﬁrs‘godl me&t 0) a IS gt::?b)CHZCFS and

C(=0)(cyclopropylidine)CFs;.

[00195] In one embodiment, R* and R> together with the carbon atom to which they

are attached form a 4-membered azacyclic ring substituted with hetAr®. Examples of hetAr®
include pyridyl and pyrimidyl. A particular example of hetAr® is pyrimidin-2-yl. In one
embodiment, the substituent is coupled to the nitrogen atom of the 4-membered azacyclic
ring. In one embodiment, R* and R’ together with the carbon atom to which they are attached
form azetidin-3-yl which is optionally substituted with hetAr®,
[00196] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 4-membered azacyclic ring substituted with a pyrimidinyl ring. In one
embodiment, R* and R’ together with the carbon atom to which they are attached form
azetidin-3-yl which is optionally substituted with a pyrimidinyl ring.
[00197] In one embodiment, R* and R> together with the carbon atom to which they
are attached form a 4-membered azacyclic ring substituted with -SO,R®. In one embodiment,
the SO,R* group is coupled to the nitrogen atom of the azacyclic ring. In one embodiment, R*
and R’ together with the carbon atom to which they are attached form azetidin-3-yl which is
optionally substituted with SO,R®. In one embodiment, R® is (1-6C)alkyl, fluoro(1-3C)alkyl,
difluoro(1-3C)alkyl trifluoro(1-3C)alkyl, tetrafluoro(1-3C)alkyl, pentafluro(1-3C)alkyl, (3-
6C)cycloalkyl (optionally substituted with (1-6C)alkyl), or phenyl (optionally substituted
with one or more groups independently selected from (1-6C alkyl), CFs, CF30- and halogen).
In one embodiment, R® is (1-6C)alkyl, fluoro(1-3C)alkyl, difluoro(1-3C)alkyl trifluoro(1-
3C)alkyl, tetrafluoro(1-3C)alkyl, pentafluro(1-3C)alkyl, (3-6C)cycloalkyl or phenyl.
[00198] In one embodiment, R* and R’ together with the carbon atom to which they

are attached form a 4-membered azacyclic ring substituted with -SO,CHs, -SO,CH,CH3,



[ 00252] I n one enbodi nent, R3a is F. [00253] 1 n one enbodi nent,
[ 00254] I n one enbodinent, R3a is CN. [00255] 1 n one enbodi nent

R3a is .

, R3a. is

(3-6C) cycWwoabkiyi3oi4bn one enbodi nent, R3a is cycl opropyl PCraB2&6j08189@ne
enbodi ment, R3b is hydrogen. [00257]1n one enbodi nent, R3b is (1-6C)al kyl.
A particular exanple is nethyl. [00258}In one enbodi nent, R3b is CF3.

[ 00259] I n one enbodinent, R3b is F. [00260]1n one enbodi nent,

R3b is d.

[ 00261] | FS@EELEHNOR, TeRO;CIREL),s C0,JIDOBECFL n -8OeCRMD R EHNCE; RIS S

Crrbod) bt OTESH AT AR o ntSpelbdn T o SRR BB PR O e By )

CF3, F, antle Gtrogdiut@nof tivdadémminéd a-R3aliaridle.R3b are i ndependently sel ected

fromH E 31 d, CF3 and nethyl,. In.one enbo
| ndependdIMPY sel dua PPBHMPL RS 2pd RS

i t, R3 d R3b
iﬁe@ggrhepmtﬂ't Soashe WRBE TR fhg{f?ga and

R3b are hRdgpendeihYa SEh&R A0/l @pdophiy substiiRd6dih Rasubliidnar

exanpl es of the residue at the 5-position of the imdazo[1, 2-

ring whefeletgsy deht@dPDyikylhelupreldCrlyla diflporg(1 REIFRERE tRETReT

o

[ 00265] i pehHElRo{ M) S UGEMERRT0(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, benzyl, -
CH,(3-6C  cycloalkyl), -CHhetCyc', -C(=0)O(1-6Calkyl), -C(=0)(1-6Calkyl),
C(=0)(CR'R")CFs;, hetAr®, (3-6C)cycloalkyl, a 4-6 membered oxacyclic ring and -SO,R°. In

one embodiment, the substituent is coupled to the nitrogen atom of the 5-membered azacyclic

ring. In one embodiment, R* and R’ together with the carbon atom to which they are attached

form pyrrolidin-3-yl which is optionally substituted with any of said substituents.

[00200] In one embodiment, R* and R’ together with the carbon atom to which they

are attached form a 5-membered azacyclic ring optionally substituted with a substituent

sclected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,

tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, -

cycloalkyl),

CH,(3-6C

-CHy-hetCyc', (3-6C)cycloalkyl and -SO.R®. In one embodiment, the substituent is coupled

to the nitrogen atom of the 5-membered azacyclic ring. In one embodiment, R* and R’

together with the carbon atom to which they are attached form pyrrolidin-3-yl which is

optionally substituted with any of said substituents.

[00201] In one embodiment, R* and R> together with the carbon atom to which they

are attached form a S-membered azacyclic ring optionally substituted with a substituent

selected from methyl, ethyl, propyl, isopropyl, isobutyl, fluoromethyl, 3-fluoropropyl, 2-

fluoroethyl, 2,2-difluoroethyl, 2,2,3,3-tetrafluoropropyl, 1,3-difluoroprop-2-yl, 2,2,2-

trifluoroethyl, 3,3,3-trifluoropropyl, 2,2,3,3,3-pentafluoropropyl, prop-2-ynyl, but-2-ynyl,

cyanomethyl, 2-cyanocthyl, benzyl, cyclopropylmethyl, cyclobutylmethyl, (tetrahydro-2H-
pyran-4-yl)methyl, cyclopropyl, SO,CHs, SO,CH,CH;, SO,CH,CH,CHs, SO,CH(CHa3),,
802CH2CH2CF3, 802CF3, S02CF2CF3, SOQ(CYCIOPI'Opyl), SOz(CYCIOheXYI), and

SOy(phenyl). In one embodiment, the substituent is coupled to the nitrogen atom of the 5-

membered azacyclic ring. In one embodiment, R* and R’ together with the carbon atom to

which they are attached form pyrrolidin-3-yl which is optionally substituted with any of said

substituents.



WO 2011/ 130146PCT/ US2011/ 031896 34 [00267] Particul ar exanples of the

residue at the 5-position of the imdazo[1l,2- c]pyrimdine ring when

repr esentwo 2by/Bheestructure B, N 1/ R5 R4 R3b B [ 00268 irruskudo3tshe

struct ures: [ 00269] i ncl udi ng enantioners thereof. [00270] Parti cul ar

exanpl es of the residue at the 5-posipjon of the imdazo[1,2- c]pyrimdine

ring when represented by the structure C C [00271]i nclude the structures:
[00202] In one embodiment, R* and R’ together with the carbon atom to which they

are attached form a S-membered azacyclic ring optionally substituted with a substituent
selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
tetrafluoro(1-6C)alkyl and pentafluoro(1-6C)alkyl. In one embodiment, the substituent is
coupled to the nitrogen atom of the 5-membered azacyclic ring. In one embodiment, R* and
R’ together with the carbon atom to which they are attached form pyrrolidin-3-yl which is
optionally substituted with any of said substituents.

[00203] In one embodiment, R* and R® together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with a substituent
selected from methyl, ethyl, propyl, isopropyl, isobutyl, fluoromethyl, 3-fluoropropyl, 2-
fluoroethyl, 2,2-difluoroethyl, 2,2,3,3-tetrafluoropropyl, 1,3-difluoroprop-2-yl, 2,2,2-
trifluoroethyl, 3,3,3-trifluoropropyl and 2,2,3,3,3-pentafluoropropyl.

[00204] In one embodiment, R* and R> together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with a substituent
selected from methyl, ethyl, propyl, isopropyl, and isobutyl.

[00205] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with a substituent
sclected from fluoromethyl, 3-fluoropropyl, 2-fluorocthyl, 2,2-difluorocthyl, 2,2,3,3-
tetrafluoropropyl, 1,3-difluoroprop-2-yl, 2,2,2-trifluoroethyl, 3,3,3-trifluoropropyl and
2,2,3,3,3-pentafluoropropyl.

[00206] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with a substituent
selected from 2,2,2-trifluoroethyl and 2,2,3,3,3-pentafluoropropyl.

[00207] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with a 4-6 membered
oxacyclic ring. In one embodiment, R* and R together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with oxetan-3-yl.
[00208] In one embodiment, R* and R> together with the carbon atom to which they
are attached form a 5-membered azacyclic ring optionally substituted with a substituent
selected from -C(=0)O(1-6Calkyl), -C(=0)(1-6Calkyl) and -C(=O)(CR'R")CF:. In one
embodiment, the substituent is coupled to the nitrogen atom of the 5-membered azacyclic
ring. In one embodiment, R* and R’ together with the carbon atom to which they are attached

form azetidin-3-yl which is optionally substituted with any of said substituents. In one



[00272] i ncl udi ng enantioners thereof. [00273]1n one enbodinment, R2 is

hal ogen. In one enbodinent, R2 is F, O or Br. In one enbodinent, R is F
or C. Irwonelsbad nent, R2 is F. I n one enbodi nent, RPCIraS@11/0313%
[00274] I n one enbodi ment of Formula I, R2 is (1-4C)alkyl. In one

enbodi ment, R2 is nmethyl, ethyl, propyk, isopropyl, butyl, isobutyl or
tert-butyl. In one enbodinent of Formula I, R2 is (1 3C3a|ky| I n one
enmbodi rreaﬂnbocﬁﬁemtsRﬁmd”l& togftB@2ViH tha corben emhoi Wik tlxajr afeorttatiied form R3-i s CF3.

00276]In o nbodi.ment o , Br, nethyl or CN.
00791 | ebiEregRagH i cBhofy Mlbuted W B0l G o o [ 05276 1 1 b
epbl(gdi rTel[’(102|0§] For mdloae |emb@glgﬁtl Wrﬂgérr’rtggfgller@ﬁth@ﬂ? c%@@tZZtQ]‘dﬂ@ vaiéh Ehﬁji)odi ment
(0] or nul a n on e odal (0] or

[00281] | ﬁreoﬁf@cgﬁh%&?lrfeﬁtm%rﬁ Fg&r?ﬁ&rs&%ﬁ mﬁz%@ﬂ%@/ %f‘m Subf’tﬁu%lﬁe
enbodi megdie@dd E%md(@ojoc@%gs -C-OhORY, Wb)cﬁm%%la%®yaap§éﬁm§ of

Formula |, R2 is azetidinyl. In one enbodi nent of For
azetidi nC8syl . [00283]In one enbodi ment of Formula |, R2 is oxetanyl. In

one e”boﬂio"z“? t of Iﬁ%gléhﬁoéhmeﬁ? RI4 Sn@Re tt@é%fh%r Wlth t[l@ Qﬁg&l latBrnOcB Q)vlﬁéﬁjﬂ)igﬂl ment of

Formul a i s selected from hydrogen,” hal ogen, (1- CF3” and CN.
In one enisodiachedforof 2 Foramblerediazadgeliq Bng eibsiittied WflfrdetAqydE@fgepies ¢f hehs®

met hyl, ﬁldg%gn%‘ ankd Sz%ﬁchl N AREEIROM IR of FIAMUL B ylimfRES 1OY, Q! ude

the fol | oW h
embodiment, the substltuent is coupled to the nitrogen atom of the 5-membered azacyclic

ring. In one embodiment, R* and R’ together with the carbon atom to which they are attached
form pyrrolidin-3-yl which is optionally substituted with hetAr®,

[00211] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 5-membered azacyclic ring substituted with a pyrimidinyl ring. In one
embodiment, R* and R’ together with the carbon atom to which they are attached form
pyrrolidin-3-yl which is optionally substituted with a pyrimidinyl ring.

[00212] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 5-membered azacyclic ring substituted with -SO,R®. In one embodiment,
the SO,R* group is coupled to the nitrogen atom of the azacyclic ring. In one embodiment, R*
and R’ together with the carbon atom to which they are attached form pyrrolidin-3-yl which
is optionally substituted with SO,R®.  In one embodiment, R is (1-6C)alkyl, fluoro(1-
3C)alkyl, difluoro(1-3C)alkyl trifluoro(1-3C)alkyl, tetrafluoro(1-3C)alkyl, pentafluro(1-
3C)alkyl, (3-6C)cycloalkyl (optionally substituted with (1-6C)alkyl), or phenyl (optionally
substituted with one or more groups independently selected from (1-6C alkyl), CF3z, CF30-
and halogen). In one embodiment, R is (1-6C)alkyl, fluoro(1-3C)alkyl, difluoro(1-3C)alkyl
trifluoro(1-3C)alkyl, tetrafluoro(1-3C)alkyl, pentafluro(1-3C)alkyl, (3-6C)cycloalkyl or
phenyl.

[00213] In one embodiment, R* and R> together with the carbon atom to which they
are attached form a 5-membered azacyclic ring substituted with -SO,CHs, -SO,CH,CH3,
-SO,CH,CH,CH3, -SO,CH(CH3);, -SO,CH,CH,CF;, -SO,CF;, -SO,CF,CF; -SO,-
cyclopropyl, -SO,-cyclohexyl or -SO,-phenyl. In one embodiment, the substituent is coupled
to the nitrogen atom of the 5-membered azacyclic ring.

[00214] In one embodiment, R* and R’ together with the carbon atom to which they

are attached form a 6-membered azacyclic ring optionally substituted with a substituent
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[00298] The terns "(1-4C)al koxy" and "(1-6C)al koxy", as used herein refer to
saturated |inear or branched-chain nonoval ent al koxy radicals of one to
four carbwo2at10138146r one to six carbon atons, respectiveCy/usesianaisnet he
radical is on the oxygen atom Exanples include nethoxy, ethoxy, propoxy,

i sopropoxy, and butoxy. [00299] The tepm "fl uoro(1l-6C)alkyl" as use herein
refers to saturated |inear or branched-chain nonoval ent radicals of one to
si x car b8n tegetis withithe eirhoroaemoto wiieh khesl rang ettachtd fosmi Sparel-ayedhih is

fluorine, r thyl , 3-fluoropropyl and 2- fluoroethyl.
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embodiment, the substituent is coupled to the nitrogen atom of the 6-membered azacyclic
ring. In one embodiment, R* and R’ together with the carbon atom to which they are attached
form azetidin-3-yl which is optionally substituted with any of said substituents. In one
embodiment, R* and R® together with the carbon atom to which they are attached form a 6-
membered azacyclic ring optionally substituted with -C(=0)CHa.

[00224] In one embodiment, R* and R’ together with the carbon atom to which they
are attached form a 6-membered azacyclic ring optionally substituted with a substituent
selected from -C(=0)OC(CHj)s, -C(=0O)CH;, C(=0)CH,CF; and C(=O)(cyclopropylidine)
CFi.
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oagont s/ e HP RN s WAERARGHY el BRATIOE JISARERL B oA (o1 opi o
vari ati ofsond etnhedimenp ®irisi$1-6€)4l e, fbmces(éFﬁC)illhylerdtﬂlmm(lﬁﬁﬁllt}értnﬂm:m@act ive

T Tt TR T
prepar at (H228lf a dargpeunBodinch Rhahé RI5 t@getlar sdthtthd ba&b@oitoﬁaodﬂfm}nmdy herein
0L SORBLES 9 | ROSATLL SOURl L8 5,5 PRER SRR
[ 00317] Wcmze:Hth&@H@ I SOV M@ H,0 Mg HRCHOH,, R2sey@r,as -siefdmes, f o For mul a
bowith zciyclopropyl, -SO,-cyclohexyl or -SO,-phenyl. In one embodiment, the substituent is coupled

to the nitrogen atom of the 6-membered azacyclic ring.

[00229] In one embodiment, R* and R> together with the carbon atom to which they

are attached form a 4-membered oxacyclic ring. In one embodiment, R* and R’ together with

the carbon atom to which they are attached form oxetan-3-yl.

[00230] In one embodiment, R* and R’ together with the carbon atom to which they

arc attached form a 3-6 membered carbocyclic ring optionally substituted with optionally

substituted with (1-6C)alkyl. In one embodiment, R* and R’ together with the carbon atom to

which they are attached form a 3-6 membered carbocyclic ring substituted with methyl, ethyl,

or propyl. In one embodiment, R* and R’ together with the carbon atom to which they are

attached form a 3-6 membered carbocyclic ring which is unsubstituted. In one embodiment,



correspondi ng conpound having the formula Il1: r BNW ORIII

[ 00318]where R3, R4, R5, R6, R7, XI and X2 are as defined for Formula | and
Rx and Rwenei1iH3or4e( 1- 6C) al kyl , or Itx and RY together WwCThISkéa/0ats96rs t O
whi ch they are connected forma 5-6 nenbered ring optionally substituted
with 1-4 substituents selected from (293C al kyl), wherein said coupling
takes place in the presence of a palladiumcatal yst and base and optionally
in the pRéamhBe takthar Withamdearlam §t603d Hhidh) théy arecattngied Moisn of5-Fowmbérad |

wherein R2.is hydrogen, .cyclizi a correspondi ng conmpound having the
fornul a Fa\?b%crycgyrb?go‘?@g@ deﬂg’tsﬁ%\l}%gi ve thereof

|V [0?32(I](I(Mjla]rﬁ R In o3 ,emB4dini3ht, rIIRF"Q@nd R7 ,toQé'theaﬂdtC(h)(Be) aa[rBORrg.ﬁtoﬁhetBivl;]lﬁdl fhey
Formula | (with the exception that R]. is_ not =0) N , W.th

2-chl or oér@e’l‘tES‘Pl%Félh%}H@ EE REmFEd 3}\%‘116@159 ﬁs@eeycf)e41¥?®é%r@1mle>)ch? Py
conmpound cghodyeleMi @sell hWREN 8Fch ©Bla dafbobflitring sPREMNDHERdARS Aioher Abrbofclié 2, and
R2 i s hydrogen, coupling a correspondi ng conpound having the forrmula V or a

pr ot ect efing systapnttithesanwerieans In pq mopdanh dhchaerogyslinyies Bitem isRandeto  R5,

R6, R7, X : | | ang L2 | tom
TS £ e A R B T R e s s e L P S P
VI AVI B [ 6B3283twiseirein R is as defined for Formula |, and Rx and RY are H

or (1-6C alkyl, or e e
[00232] In one embodiment, R* and R® together with the carbon atom to which they

arc attached form a 4,4-bicyclic spiro carbocycle. In one embodiment, R* and R’ together
with the carbon atom to which they are attached form a 4,5-bicyclic spiro carbocycle. In one
embodiment, R* and R’ together with the carbon atom to which they are attached form a 4,6-
bicyclic spiro carbocycle.

[00233] In one embodiment, R* and R> together with the carbon atom to which they
are attached form a 7-9 membered bicyclic spiro heterocycle having a ring heteroatom
selected from O and N, wherein said ring nitrogen atom when present is optionally
substituted with a substituent selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-
6C)alkyl, trifluoro(1-6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl and -SO,R".
The term "bicyclic spiro heterocycle” as used herein refers to at least one heterocyclic ring
system bonded to another ring system at the same atom. In one embodiment, the heterocyclic
ring system is bonded to a carbocyclic ring system at the same atom. Examples of bicyclic

spiro heterocycles include oxa- and azabicyclic spiro heterocycles the structures such as:

[00234] where the nitrogen atom of the azabicyclic spiro heterocycle is optionally
substituted with a substituent selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-
6C)alkyl, trifluoro(1-6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl and -SO,R°.

[00235] In one embodiment, R* and R’ together with the carbon atom to which they
arc attached form a 4,4-bicyclic spiro heterocycle having a ring oxygen atom. In one
embodiment, R* and R together with the carbon atom to which they are attached form a 4,6-
bicyclic spiro heterocycle having a ring oxygen atom. In one embodiment, the bicyclic spiro

heterocycle is unsubstituted.



Rx and RY together with the atonms to which they are connected forma 5-6
menbered ring optionally substituted with 1-4 substituents selected from
(1- 3C al kwbepimvisersei n sai d coupling takes place in the pceasaca/0df39a@

pal | adi um cat al yst and base and optionally in the presence of a |igand; or
[00324] (d) for compounds of Fornula |I3gherein R2 is hydrogen, R4 is H or
(1- 6Qalkyl, and R5 is H, (1-6Qal kyl, -CH2CN, (3-6C)cycloal kyl, hetCyce,
Ara or hgroase), couploneignbodimenteRpiohddrogenconpound havi ng the fornula Vi

Xi -NH VI 325] wher e .S hydr.ogen, ,and R, R3, XI and X2 are as defined
for For nlﬂ"%rgﬂ Wi \t,Yﬁoﬁe 8%?%@%?1@?1ﬁ8’6ﬁ%'}'yl onitrile reagent having the

Eorrml) aI l[((]fl)|238] d[OQﬁZ)ﬁ&WﬁBdcﬁmEiﬂ,Nsisaﬁdrdgfni ned for Formula |, R4 is Hor
1-60) a nd RS is H _(1- 6Qalkyl, -CH2CN, (3-6C)cycloalky], hetCyca,
ara or hilozsd i npiege E)‘PB%’%TH@E’ %fls gﬁﬁ%&&gﬁofé pr@%%lérﬂx)e@)yﬂeflwﬁﬂonpou% of
Formul a ggmtqr ei N 1R3nt SmHYEHOAERY is Ao and RS form a 4-nmenbered oxacyclic
ring, a 5-6 nenbered carbocyclic, ri ngﬁqor an unsubstituted 4 nenbered

azacycl i OR#Hg, cdupns ergbadimest R sip 6he byt ofpairdaraemals it methyor mul a Vi |

VI [OOBmMere R2 ohs VS QSRR @i, 12d, R3, XI and X2 are as defined for
Fornmula I, with a compound having the formula VIll-a, VIII-b, or VIIl-c

respecti {2431 [ d0329¢mbodimentpR'esénce of a base; or [00330](f) for a
conpound[@fmﬁornullgohegmg&ﬂl&ﬁgz@@g R5 forma 4 or 6 nmenbered

[00245] In one embodiment, R* is CN.

[00246] In one embodiment, R® is (3-6C)cycloalkyl. In one embodiment, R® is
cyclopropyl.

[00247] In one embodiment, R* is H or methyl.

[00248] In one embodiment, R” is selected from hydrogen, (1-6C)alkyl, CF3, F, and
Cl. Inone embodiment, R’ is selected from hydrogen, methyl, F and Cl.

[00249] In one embodiment, R* is hydrogen.

[00250] In one embodiment, R** is (1-6C)alkyl. A particular example is methyl.
[00251] In one embodiment, R* is CFs.

[00252] In one embodiment, R* is F.

[00253] In one embodiment, R** is CI.

[00254] In one embodiment, R* is CN.

[00255] In one embodiment, R* is (3-6C)cycloalkyl. In one embodiment, R* is
cyclopropyl.

[00256] In one embodiment, R*® is hydrogen.

[00257] In one embodiment, R* is (1-6C)alkyl. A particular example is methyl.
[00258] In one embodiment, R* is CFa.

[00259] In one embodiment, R™ is T

[00260] In one embodiment, R*° is Cl.

[00261] In one embodiment, R*® is CN.

[00262] In one embodiment, R* is (3-6C)cycloalkyl. In one embodiment, R™ is
cyclopropyl.

[00263] In one embodiment, R* and R* are independently selected from H, (1-6C

alkyl), CFs, F, and Cl. In one embodiment, R* and R* are independently selected from H, F,



azacyclic ring substituted with (1-6C)al kyl, fluoro(1-6C)alkyl,

di fluoro(1-6C)al kyl, trifluoro ( 1 -6 Calkyl, tetrafluoro(l -6 Qalkyl, p
ent af | uorwool/13614€) al kyl , (3 -4 C)al kynyl, cyano (1 - 2Cyaiskeih/o3tseqzyl ,
-CH2(3-6C cycl oal kyl) or -CH2het Cycf, coupling a correspondi ng conpound
having the formula I X 43 N.----- R1 31 | X [00331] wherein mand n are
each 1, or mand n are each 2, and R, R2, R3, R6, R7, x| and X2 are as
defi ned CarCHzandnethyl., Inwint kmaodiornte 8Famnd iRitare dmjependanthyaselcngd tioen Hlandrul a

L3-R, e 3.1s a leavin eu I, at om an 6 s - 6C) al kyl

i uor o 1056 a1 B GhereFianaind eheil 85 Pefihitioesed Fong Bdbegn

tetrafl upoaéd] - 6 @amdidayh ,expmplet aff | thor&iduc lat-the Grpdskioh, dofSthe itidaadkypnyl ,
cyano(1-4C) al kyl , .benzyl, -CH2(3-6C cycl oal kyl) or -CH2hetCycf, in the

pr esence Byl ,g%t%en[r%%@tr%gyﬂ%rmﬁufé ound of Formula | wherein R4
and R5 forma 4 or 6 nenbered azacyclicpi ng substituted wth (1-6C) al kyl,
fluoro(1-6C)al kyl, difluoro(1l-6C)al kyk?, Arifluoro ( 1 -6 C) al kyl,
tetrafluoro(l -6 Calkyl, p entafl uog\;a A& -6 Calkyl, (3 -4 Calkynyl,
cyano (1 - 4C al kyl, benzyl, -CH2(3-6C £ygloal kyl) or -CH2het Cycf, coupling
a correspondi ng conmpound having the ,6P‘rru alX 11X [00333]wherein mand n
are each 1, or mand n are each 2R® R R2, R3, R6, R7, Xl and X2 are as
defined for Formula I, with a corres di ng al dehyde having the formula O
44 [00334]where RHis (1-5C al kyl, fluyoro(1-5C)al kyl, difluoro(1-5C)al kyl,
trifluoro(l- 5 Calkyl, tetrafluoro ("1-5 C)al kyl, pentafluoro( 1-5

O al kyl , [00264]) al kyingihde thy stnefurds: - 3 C) al kyl , phenyl, -(3-6C cycl oal kyl) or
-het Cycf, in the presence of a hase and a reduciing agent; or [00335](h) for
a compound o Fornula | wherei# R4 and R5 form# 4 or 6 nenbered?azacyclic
ring substif{uted with cycl oprbpyl or oxetanyl \ coupling a conpdund havi ng
the formyl a/I X | X [00336] whef£in mand n arg_each 1, or mand_ e each 2,
and and %2 y\are as defi ned /01 Formula 1, vviéh/)a correspondin et one havi ng
the formulfa 0 Or
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[ 00337] respectively, or an acetal derivative thereof, in the presence of a
base and a reducing agent; or [00338](i) for a conpound of Fornula I

wher ei n REOo2and/RBl4borm a 4 or 6 menbered azacyclic ri ngPsSuzsRItLO8Ed6 W t h
-C(=0)(1-6Cal kyl) or -C(=0)(CR R')CF3, coupling a correspondi ng conpound
having the formula I X R2, R3, R6, R7,3xi WO 2011/130146PCT/ US2011/ 031896
45 [00339]wherein mand n are each 1, or mand n are each 2, and Rl, R2,

R3, R6, R7, 3N and X2 are as fined for Forgiila I, with a c)*'respondl ng
conmpound hay he formnul a ¢ K CO2H or respondl ng @nhydri de
t hereof , whg 2|s-(16 yI/ or -(CR , inthe p enge of a

base and#ggt onally in th ce of alc upl\ reagent&‘g’}y 340] (j)
for a co und of Formul a vvherei n R4 aﬁfRS forma 4 or menber ed
azacycli caking substitutediw th SQ2CF3, r ting a conpourd having the

formula I X 1 X [00341]wherein mand n are eaci 1, or mand n gre each 2,

and Rl, R2, , B8, R7, xlI a X2 are as defphed for Fornula #, with
triflic anhydr in the prege of a base; [00342] (k) f a conpound
of Formula e ein R4 angd ofma 4 or _ ered azacMc,\II NTi ng
substitu /e R SO2Re wh S Re i'S as defgned for Formula ,pcoupling a
correspon |ng corrpound ha%aﬁg the formul atré N
| X [ 00343 erein mand n e 1, or mand are 2, and RI, , R3, R6, R7,
)(1 and x2 e as defi ned fo,/ Formula 1, /h a correspondl, g conpound
havi ng the fornmula C -SQ2Re/in the presenc of a base; or

Q 4 (o,
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46 [00344] (1) for a conmpound of Formula | wherein R is C(=0)NRaRb,
coupling a correspondi ng conpound having the formula X X [00345]wherein
R2, R3, REQ2RE/130@s R7, Xl and X2 are as defined for FoPGWIS2011/08i806 a
correspondi ng conpound having the fornula HNRaRb in the presence of a base
and a coupling agent; or [00346](m fe@s a conpound of Fornmula |I wherein R2
is O, reacting a correspondi ng conpound of Forrmula XI Xl [00347] wherein
R2 is hydrogkn, and R, RS,QA R5, R6, R7,/t1 x and X2 arglMas defined for
r

Formula |, .t h 1-chloropyrdalidine-2,5-digng; or [00348] (§). for_a conpound
of For rrul% rein R2 is ,N—xacti ng g_ respondi ng ¢ cf Fornmul a
Xl 47 [k0R349] rein 1»s hydNpgen, a R15 R35 R45 § R65 R75 x|l and
-2 Aare gs defined for Fdrnula |, with %fodopyrrol i di niJne-2, 5-di one

foll owed by treatnent of theN resulting 3- i1odo-substituted derivative of Xl

with CuCN, ¢ [00350] (0) f%a conpound oi@;or mul a | V\/ne;@:n R4 is hydrogen

and RS is CN,o reacti ng onpound havi the formul a Q

N—SO,Me N=$ N~
N-N

Nﬁi
N=N CFs N-N 3
N N N N

[00266] including enantiomers thereof.



0 X1I-N/%9 0 R1 Xii [00351]wherein R1, R2, R3, Xl and X2 are as
defined for Fornmula I, with a dehydrating agent; or [00352](p) for a
conmpound WO 2pavsi4a | wherein R2 is F, reacting a corregpons2og/ossopound of
Formula XI R3 ---).......... 4. . .4,-;.1...... NR1L XI [00353]wherein R2 is
hydrogen, and Rl, R35 R45 R55 R65 R7534'1, A and X2 for Fornula I, wth an
el ectrophilic fluorinating agent; or [00354](q) for a conpound of Fornula I
wherein R®263 F, rReaduiangexamplppduthd rofidkeonimtleaSxbtitioarod tas ichifazoje-

correspo Q]%gfrqg]idine ring when represented by the structure B

N
RO R°

3a
R as

[00268] include the structures:

//N //N //N
o Som ¢

[00269] including enantiomers thereof.
[00270] Particular examples of the residue at the 5-position of the imidazo[1,2-

c]pyrimidine ring when represented by the structure C

N
R7 //
RS R®
R3a R4
N
/B
RN\

1

C
[00271] include the structures:

4 Q y 4
0
>/~<l v % <C <<)N—\

[00272] including enantiomers thereof.
[00273] In one embodiment, R is halogen. In one embodiment, R*isF, Clor Br. In

one embodiment, R? is F or Cl. In one embodiment, R* is F. In one embodiment, R* is Cl.



XI'1l [00355]with an al kyl lithiumor alkyl magnesium halide reagent,
followed by treatnent with an electrophilic fluorinating agent; or

[ 00356] ( rwofor/domenpound of Formula | wherein R2 is F, PCERASROINGH3IEBIG
correspondi ng conpound of Formula IV 1V [00357]with

2-chl oro-2-fl uoroacet al dehyde or 2-brgso-2-fl uoroacet al dehyde; and

[ 00358] optionally renovi ng any protecti ng groups and optionally preparing a
salt thef0®ar4] [ 0035hRefmbodimag of FomedlinbR *(ia]1-4G)alkyhbh enpahbedihent Kas al yst s

i ncl ude Pd(PPh3)4, Pd2(dba)3, .Pd(OQAc)2. and.Pd(PPh3)2Cl2 . Suit.able |igands
ol e RSB s SERE G a A RO BEE ) hen paPocsShel SOy b kal
met al carlrnatie3C)axer axbfeemieddkaxit e iomeget at e, such as for exanple cesium
car bonat e, sodi um car bonat g, ogassiu&%carb nate, sodi um hydroxi de, sodium
tert- but S92 or L “3%‘&0 t veHi it sol vents include aprotic

sol vent s [gagé) as ahlBE SmbddheR varhinfild ERF 2y dr, ¢ Ry @-di.oxane),
tol uene, DMF The reaction can be conveniently perforned at a

or DIVE. = C
t enper at {087 Hangi g one obedipens el Foramek & irfs 7. 61 006NC, for exanpl e from 80
to 110 Cygobhg | eavihige %%irh&nt%@ﬁo%laal,Ralisqgﬁfbg@ﬁ,@ﬂoréwh as chloride. 49
[00360] Conpounds of formula Il can be prepared by treating the
corr espoti¥2AY 5- Hyednosypbatemenigf Foreuld LR RAEOH NRL 11-a [00361]with a
hal ogenatj agent ] of Formula Il-a wherein R2 is
hydr ogenida(l)zgolRl islhé’gyg’g?(?d?l%lg%%rgo g?%?\a%dég'an be formed by coupling the
cor r espof28Y 7- cHhone cubsodimantiof &omitlin LtRies &pH¢ opeloakd. Moomnintbodahant
derivati Vﬁ:i n %f}ﬁ presence qf a pall adium catal yst. [00362] Conpounds of
formul a PTiOERK hE Brcé ey by reacting the correspondi ng brom de
derivati y®282]t h a Ineagemntbobiawinhgf FoendfloinRl & Be@Rayl( ORbYne dExRAPh@s obf
B(01V) (ORb) inclyde boronic acid (i.e., where Ra and Rb are both hydrogen),
and bor ofif ‘%%ﬁ@ré%aZEsk%WgrYis of boronic esters include di oxaborol anes
(i.e., WnezRa and dA dne@alol@f oMEohndiha, ®F Qixétenyihileonkheyoalsendtof ached
forman optional Ly substituted 5-nmenbered ring) and di oxaborinanes (i.e.,
wher e RaFamileh R dyeetser-ith the atoms to which they are attached form an

opt i onal h)()zﬁaﬂb?t | tiHtRd cRibIBRRE! cﬁq?o%ﬁ‘lg)l; RAPRIck e Yol hﬁ%@é@ﬂ,‘ ﬁ’alégen,a(l-
di oxoborinane is

4,4, 4" | 44CHIky]5F:5nd 68% anetdny tmpodimens qf Fogmpla dj Rikisbelegbdfien hydfogen,Haown as

bi s( pi ”a%?ln%@ﬁﬂ)éﬁﬁgﬁﬁﬂl)’ whi ch can be prepared by reacting the

correspondi ng “broni de dérivative with pinacol diborane in the presence of a
pal | adi ut0g83]) catlalopstmbpedigent, PoiGlids Hgs DOMncludnthedolbasag ¢@ngpundai- al kal i
metal carbonat e id oxi.de or et at nd. opt i LI,y in the
presenced Opéoﬁyi’l'égﬁ?@éﬁlgﬁ’ygg&% %agll%lzog'(sdﬁ% é‘%f/‘ﬁ%%bcg i"H l)nf‘:’gg?'cl){ééne (dppf).

[00363] Rekelsliyipraanaetitod Ybkloptdpel-Base7-(ayicthel-1H-012,4uanpidey)imidaad kal i

net al acetate, .carbaqonat hydr oxi de, or .al koxi de, su s _for ex | e

Tot assh b St Byab i a D e e r SR Sy Sopabd. - 7S TN TE bonat e.
sodi um hydkedh4e261)irhiiaekd) NP Lefytintdlh GX}IH eH-pSHizb (bl §prs pn¥ @RS, dnacd-ade-

al coholic solvents such as ethanol. The reaction is conveniently perforned
in the pfedercaclpronylstiyh-1Ehpyrazol-4oiN-1sppropyhmikesela e IBamidine-"The reacti on
i s convepightahygper forned at el evated tenperatures, such as 90-100 C

[ 00364] Conpounds of Formula IV can be prepared by couEI ing the X
cor r espohl¥i2Be In one embodiment of Formula I, R" is selected from hetAr’, hetAr”, hetAr”,

Ar' and Ar%; R is H; R? is H; R* is H; R’ is H, (1-6C)alkyl, -CH,CN, (3-6C)cycloalkyl
(optionally substituted with one or more halogens), hetCyc®, Ar® or hetAr®; R®is H; and R’ is
H.

[00287] In one embodiment of Formula I, R' is selected from hetAr', hetAr?, hetAr’,
Ar' and Ar%; R? is H; R’ is H; R* is H; R’ is H, methyl, t-butyl, 2,2-dimethylpropyl,
cyanomethyl, cyclopropyl, 2,2-difluorocyclopropyl, cyclobutyl, cyclopentyl, 1-
acetylpiperidin-4-yl, phenyl, trifluoromethylphenyl, chlorophenyl, pyridyl, methoxypyridyl
or bromopyridyl; R°is H; and R’ is H.



chloro derivative IV-a NN Jt H2ZN--R1 WD 2011/ 130146PCT/ US2011/ 031896 50

[ 00365]with the appropriate boronic ester derivative having the formul a

I V-b | V-wO[200386i46r ot her suitable boronic ester derivaCirusg)itiosspére
presence of a palladium catal yst. Conpound |V-a can be prepared by treating
2,6-dichloropyrimdin-4-amne with thggappropriate boronic ester derivative
when R is as defined for Formula | (with the exception that R is not

C( =0) NRaRi9288][ 00367 ]oRe kmbodimgntt af Foedhlad, K& )s, NsuiCGRahIE ipal dracR Uk Bandl yst s

i ncl ude Pel( PPh3)4, Pd2 a d (L OA d Pd(PPh3) 212 Suitahl.e |igands
ol ude RHEBIT By BB TP A e ae e A R 6t M Raltfal ak o ki
met al caRBamt(e-6ChalkioxXIHIEN, aldOxideulion, rRaeicyie’ ortieedr’,as if Br ard@npHe cesi um
carbonat e, sodi ug] car bgnat e, potassi um carbonate, sodi um hydroxi de, sodi um
t ert - but JHESBPIRNEILSSiIUMPEE &t 5t%1 Conveni ent sol vents include aprotic

sol vent s|gpagd) as ahh@k ImbbAmepXFMRBukat Kahydricrranqs Noordh R are Jand
t ol uene, The reaction can be, conveni ent I% &erfornpd at a
0 T,

or .
t enper at B-rge\g:f? Jrhgﬁ% selegpd Anpi kavhs e et Uk eisths R2 f sril:e%atpile(If r om 80
to 110 Cecl993 Q%kgéﬁpgug@ﬁyaéalfﬂf B e VA SRR LD P TRERGEL Y PR @@ﬁphh Y. a

correspondi ng ‘conpound havj ng the formula V-a V-a [00369]with a
cor r esporrdberimansy ¥| s andiX@s C&lagent having the formula /7 ...... 5 R R4.
51 [00290] In one embodiment of Formula I, X! is N or CR*, X? is N or CR*®; R* and

R®® are H; R' is hetAr'; R? is H; R* is H; R* is H; R® is H, (1-6C)alkyl, -CH,CN, (3-
6C)cycloalkyl, hetCyc’, Ar® or hetAr®; R® is H; and R’ is H; wherein hetCyc®, Ar® or hetAr®
arc as defined for Formula I. In one embodiment, X' is N and X* is CH.

[00291] In one embodiment of Formula I, X' is N or CR* X? is N or CR®®; R*" and
R*® are H; R' is pyrazol-4-yl, thiazol-5-yl, imidazol-1-yl or 1,3,4-thiadiazol-2-yl optionally
substituted with one or more substituents independently sclected from methyl, ethyl,
isopropyl, isobutyl, 2,2,2-trifluoroethyl, (2-isopropoxy)ethyl, trimethylsilylethoxymethyl,
cyclobutyl, oxetanyl, 4-tetrahydro-2H-pyranyl, (4-methylpiperazinyl)ethyl and pyrid-3-
ylmethyl; R?is H; R*is H; R* is H; R’ is (3-6C)cycloalkyl, R%is H; and R” is H. In one
embodiment, X' is N and X* is CH.

[00292] In one embodiment of Formula I, X' is N or CR* X? is N or CR®®; R*" and
R*® are H; R is hetAr!; R? is H; R® is H; R* and R’ together with the carbon atom to which
they are attached form a 4-membered azacyclic ring optionally substituted with a substituent
selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, -CH»(3-6C
cycloalkyl), -CHy-hetCyc', (3-6C)cycloalkyl and -SO,R; R® is H; and R’ is H. In one
embodiment, X'is N and X? is CH.

[00293] In one embodiment of Formula I, X' is N or CR*; X? is N or CR*®; R* and
R*® are H; R' is pyrazol-4-yl, thiazol-5-yl, imidazol-1-yl or 1,3 4-thiadiazol-2-yl optionally
substituted with one or more substituents independently selected from methyl, ethyl,
isopropyl, isobutyl, 2,2,2-trifluorocthyl, (2-isopropoxy)ecthyl, trimethylsilylethoxymethyl,
cyclobutyl, oxetanyl, 4-tetrahydro-2H-pyranyl, (4-methylpiperazinyl)ethyl and pyrid-3-
ylmethyl; R* is H; R’ is H; R* and R’ together with the carbon atom to which they are
attached form a 4-membered azacyclic ring optionally substituted with a substituent selected

from methyl, ethyl, propyl, isopropyl, isobutyl, fluoromethyl, 3-fluoropropyl, 2-fluoroethyl,



[ 00370] Conpounds of fornula V-a can be prepared by cyclizing correspondi ng
conpounds having fornmula V-b X1-NH I'1'y2 R3" V-b [00371]with

2-chl oroawetalidishpde i n t he presence of a base. [00372] Refrarseéing3tses met hod
(d), suitable bases include am ne bases such as 1, 8-

di azabi cycl o[ 5. 4. 0OJ undec-7-en (DBU) og7al kali netal hydride bases such as
sodi um hydri de. Suitable solvents include aprotic solvents such as ethers
(for exabplaflaedataty dy,nd G;taraﬂubropdipgab;,a ned-diflnodMep-ZTyie r eackt ﬂricﬁlluoﬂosthyl

conveni e erfor d at res bet 0 .C
Co057a] bR T il 2T aR R BB RBRE T Nt SR S . cBhnsBind of
For mul a Mhbodim&it, NsN MdIX*ibBH. VI | - & [00374]Mﬁth the appropriate boronic

ester derj i ve. npounds of farmula Vl|} R_,i.s as defingd for
For mul a l‘%&%lth © H % CBBOP B R g nbﬂtNe(fﬁéf RRGR) N @ beR pagbar ed by

coupl i ngre £OMRINpRaxd1 g1t Mez104-PUkRid¥Iol-151 éﬁ D 4li0R 2] ik Bpﬁchﬁny

appropriate boroni ¢ ester derivative, followed by treatnment with a

chl or i natibsgiuredagéht onsuen meege W@wguen[soe@vmnﬂ@ﬁbfr plerdedt drome iyl ethyl.
sui t abl ejBases iilHuHIe 28 RRILBRES! s(ltze@opfflépo@%hgf[ k@i Rt m{ﬂ?ﬂ de

bases such as’ Sodi um’hydride. Sul sol'vents”i'ncl ude a OtIC sol vent s
such as eydugyly f oxet@t)yérrﬁit@rahﬁdrpd%m@ﬁymr éﬂﬁn@thyhmpma@maﬁet)lylo pnOFrid-Phe

e s S L TR

DI EA SOQCHQCH}, -SO,CH,CH,CH3, -SO,CH(CHas),, -SO,CH,CH,CF3, -SO,CF3, -SO,CF,CF3,-
SO,-cyclopropyl, -SO,-cyclohexyl or -SO,-phenyl; R is H; and R” is H. In one embodiment,
X'is N and X* is CH.
[00295] It will be appreciated that certain compounds according to the invention may
contain one or more centers of asymmetry and may therefore be prepared and isolated as a
mixture of isomers such as a racemic or diastercomeric mixture, or in an enantiomerically or
diastereomerically pure form. It is intended that all stereoisomeric forms of the compounds of
the invention, including but not limited to, diastercomers, enantiomers and atropisomers, as
well as mixtures thercof such as racemic mixtures, form part of the present invention.
[00296] In the structures shown herein, where the stereochemistry of any particular
chiral atom is not specified, then all stereoisomers are contemplated and included as the
compounds of the invention. Where stereochemistry is specified by a solid wedge or dashed
line representing a particular configuration, then that stercoisomer is so specified and defined.
[00297] The term "(1-6C)alkyl" as used herein refers to saturated linear or branched-
chain monovalent hydrocarbon radicals of one to six carbon atoms. Examples include, but
are not limited to, methyl, ethyl, 1-propyl, isopropyl, 1-butyl, isobutyl, sec-butyl, tert-butyl,
2-methyl-2-propyl, pentyl, and hexyl.
[00298] The terms "(1-4C)alkoxy" and "(1-6C)alkoxy", as used herein refer to
saturated linear or branched-chain monovalent alkoxy radicals of one to four carbon atoms or
one to six carbon atoms, respectively, wherein the radical is on the oxygen atom. Examples
include methoxy, cthoxy, propoxy, isopropoxy, and butoxy.
[00299] The term "fluoro(1-6C)alkyl" as use herein refers to saturated linear or
branched-chain monovalent radicals of one to six carbon atoms, wherein one of the hydrogen
atoms is replaced by fluorine. Examples include fluoromethyl, 3-fluoropropyl and 2-

fluoroethyl.



(diisopropyl ethylam ne) or triethylamne, or alkali nmetal carbonates such
as for exanple 52 cesium carbonate, sodium carbonate, potassium carbonate.
Sui t abl e wol2oami3si4bncl ude di chl or omet hane, di chl or oet hameT/UBRIH,1/031896
acetonitrile and DM. The reaction is conveniently perfornmed at
tenperatures between 0 C and anbi ent ggnperature. The |eaving atom L3 may
be a hal ogen atom for exanple chloro. Alternative, L3 nay be a | eaving
group, s{iB0@s a tThef {eat €'d{fUbO( DHCHlityA’ baayhlse:hbmmi cbéer m&tﬁjaled linear or

[ 00378] Referri,ng to ne ases e .an ne
basee’) o e By Rty a0 SR BRy o rSoAotes OERT st Rl
reduci nga@ge AtsreplBEIdwg eludan ) AeYadipitsamdudyakiNiignctiod] 2,24 fos@tnenhs 1/3ncl ude
neut r al %Ié‘ vent s such as acetonitrile, THF and di chl oroet hane. The reaction
i s conveAtMAPIPPeY or ned at anbi ent tenperature. [00379] Referring to
net hods (joBoANd ( Ihe 1St UARRoQWMDALNG af EBLRMS(ILIOLIGL a5 WerdilBldidrs TBTU,

, EDC and any ot her am de coupling reagents well khown to persons
skilled r%aﬂﬁ@ef}a/hmear gulrerghpE s mengvigionigeicals hendga sescarbog @fprzssangdopp

(di'i sopr gpyk&t Lyl AR r@§pe$t'[de WA et fhat &o%&l XBRS Saré ppldpppeut ral

sol vents such as THF, DM, | or omet hane and | or oet hane.

[ 00380] Rélfl@rme; ﬁgamnlemphd@mfblpyonmﬂwl (%% 2-tgﬂuqra¢jh3é e 3tribloreoryhi ne
bases, ﬂs m]i “ﬂe{%%fﬂ)éto%%&gaugﬁ” % 81 %é?é?&rﬁ éa‘E{ﬁLt&?%n&?%E ral
solvents suc FOr ot hane an oroe ane ere ionis

conveni ehtahg/hepehailommdvaaetnt relipBrodbur esibetweaeirons, Ghenaoh fawmdyifelnt hydergper at ur e.
[ 00381] Referrin ts include dichloronethane
bnd i chiBPoaEmb PR P IS APl oA e ot t ermpor at uf es
bet ween @0303Nd artlicanin tRAPALALULEC)alkOD I8 bdefeasin tdfgsltcosaﬁ&hﬂad)dinéaﬂ)or

sui tabl e, sol v s. for the reac n with 1- iodopyrrolid ne25 i one
i ncl ude afaeﬂ}egﬂhﬁﬁﬁwgﬁ%a %aadaqaémcfa%@t%%é Onm%ﬁ%y» Shereinolive; of t%%@&}%ﬁ%m ly

per f or meghoads atcaBPEIALYTRSHRSIAYCSOANPIGs and BRbeRMuctaRat ure. A suitable
solvent for the reaction of the iodo |nterrred| ate with CuCN is DiVF.

[00383] REWEPHi ng thertenh dd-4Colkoxnil to4bpliyld anysd dreraiyreige iy wiyrdfed liewsr 2, 2, 2-

trichlor 9@%%&1¥ﬂed%‘ﬂhﬁrh@&vaﬁﬁpﬁa@ﬁgfs%{so&x%cm Qfafﬂéﬁat@rﬁéj \%é?&ﬁ o%‘:“&fatlﬁl: e
dehydrating agents known to persons skilled in the art. Conpounds of

For mul a Rydrogearptges brreplaged dyy(1t4ealkoxg rove acsoieﬁe@pl@m@n ndgxaoplds walkidag t he
formul a X lio@yméd1 (cH, oM Nal méthe Sl Ricriblorcn,-).
[00305] The term "trimethylsilyl(1-4C alkoxy)(1-6C)alkyl" as used herein refers to
saturated linear or branched-chain monovalent radicals of one to six carbon atoms, wherein
one of the hydrogen atoms is replaced by a trimethylsilyl(1-4C alkoxy) group. An example
includes trimethylsilylethoxymethyl (Me;SiCH,CH,OCHj,-).
[00306] The term "trimethylsilyl(1-4C alkoxy)" as used herein refers to saturated
linear or branched-chain monovalent alkoxy radicals of on¢ to four carbon atoms in which the
radical is on the oxygen atom, wherein one of the hydrogen atoms is replaced by a
trimethylsilyl group.
[00307] The term "(1-4C alkylsulfonyl)(1-6C alkyl)" as used herein refers to saturated
linear or branched-chain monovalent radicals of one to six carbon atoms, wherein one of the
hydrogen atoms is replaced by a (1-4C alkyl)sulfonyl group, that is, a (1-4C)SO,- group.
[00308] The term "halogen" includes fluoro, chloro, bromo and iodo.
[00309] In instances where the term "heterocycle” is used, the term is intended to refer
to a saturated or partially unsaturated heterocyclic ring. In one embodiment, the term

"heterocycle" as used herein refers to a saturated heterocyclic ring.



[00384]with anmpnia in the presence of a coupling agent such as carbonyl
diimdazole. The acid having fornula Xll-a can be prepared by treating a
conpound WO 2bavwsd4a VI1-a Vil-a [00385]where R, R2, RBCTXIS2@ina31%2 ar e as
defined for Formula I, with (E)-di nethyl pent-2-enedioate, followed by
saponification of the resulting diestgg. [00386] Referring to nethods (p)
and (q), an exanple of an electrophilic fluorinating agent is

1- chl or of®3h811- 4- fIk wdl dsalbe, a@pwicamdmlhaabércamcéomﬂoﬁnds&fﬂ])rrmﬂa hmay be used as

bls(tetrafluo a as_ Sel ect The reaction is
conveni eHt§{e g?%?h%%”%Fm§WBlEﬁ%ﬂ?EWﬁ@ng Ek ‘%ﬁlelevated t enper at ur es
[ nI a sui ]!(mblﬁ] sol mﬁtcoaipamlcla&)f@@ﬁﬁmmutmdhhc& dalig thmghom édat)alrlllogmlﬁiauﬁdnlfser

sol vent for 387 er ng.to t ho the reaction is
conveni eH¥l %9 ﬁv%@%fetﬁ ﬁmﬁw At keeﬁéh%r I it thg 3@%@}1&%35 {UHPG &t ur es
in a suitRhlde oﬁ@{ ¥RObT SR RoRPoRlShicRarc ot ABRbsafiB! prefacutich PP 238} tai ne
groups in conpounds described in any of the above nmethods may be protected

with anysdenipdnvtech mapbhiesch g¢ Btarmagatgy &mrepﬁr@rg wdgprelvae geperidsed in

G eene &Féﬂﬂlﬁa 1868 /0r f01P§e951%ﬁ1t1g @Han%ﬂyx@%f' &ng'ogﬁﬂ' & FHRLREET Fxampfad ofd- New
York; John Wley & Sons, 1991. s of am ne protectinhg groups

|ncludg a@ybmahﬁh%mkbdybﬂk%@hywegﬂ@@p@ﬁﬂhmnﬁC%geﬁﬂ%utoxycarbonyl (BOO), and
[2-(tri ”Eﬁo'ﬁ% si | ypglhoxyl %%FX&!CG&‘[@%% ackdpf %‘f%"sﬁldlc%f%E %tyt 9L QUPRTRY be
ed W car I ﬂhﬁ or exanple as

pr ot ect h any conveni'en cting oup,
descri bedorhpnsfﬁoeelneco&pwms cheagally "aRd/ot e@ctmorlrgglﬁly),upﬂstmme @tlganngre@yms hesi s,

21K1 ed. New. Y. sSons, ..l nc anpl es of carboxyl
ot ot et F BT ROM R k8 BRRH 5Pk s ATH TS Tt hyl, o byl and
t-butyl. [083¢3hol gt MDﬁJrfhﬁlybéD@pm’cM@lCthath\bddipoaﬁ&s efforetiadnind ahdgodath

b ot ect ity denubised e g P Bypiinas ooy Tag SN ¢oR RS DI | oy &
sons, |nQﬁhmkﬂgémp&&ﬁﬂpb@&mpﬁy@hﬁﬁh0| protecting groups include benzyl,
trltyl Si | ethers, and the |ike. [00389] The compounds of the fornulas

1V, V., v[q03¥4}| a, Campounds of theyiyenkipn Mgy @lsgicersaip ampay@bproporiens i wamiand ar e

provi ded 1s@§)p£suﬁttdﬂ% for 3RRE6E fhe UtoriBat (Q)Yl?cﬁﬁt'e Qlieh L&l%%@&s-rhﬁla@ ATRR l?lﬂ)@r? iRf
Formul a | represent novel inhibitors of one or nore JAK ki nases. In

par ti cul a#ficulirevconpentinde! Artelatiorhioht earrpuad adpkding PAITMURAKLOMRIFE? 8l JAK3,
and are %% %ﬁg ahd] 15t0|fb id ‘hﬁ;% e Rkt 8&4&?‘% tFS‘ f?e[ufmi(fs%j E.IEL{SIHZ}%% o?%?z{?t%t?c%ﬁ

di seases as aut |nnune i seases rejection of
transpl aptoddcedr géns w1th|I@Bmzésabamian®e¢rl ig anasntwm¢alllyeesrlbi®dﬁbmh o@olcex;tmp@r ders

and mal i s and rq o Moy b|d|t 391k The 0 npounds
of i ho. | SOBREYERecD 3 bk FOR MRleRlit s P b S0t P bePh a® e
assay desabébBdndntiomxais endé:rstdoﬁ(i(ﬁ b élcatﬁd |“t(§/ l‘bﬂ‘ ommtlﬁbmt(ﬂSreOﬂ‘ wihbe

invention to act as. |%P|b1tors of . J ﬁ% e1 nstratedtgﬁ H?e assay
descri beBPEERARPIENE, 1T H BTG Ll t?y SUABSEE Dok ihehtion to
act as i piydeh iPmsntRhed A2 uRBYsth& BaBRNES ot éd lfm tle “assaixbeschébed 1 n
Exanpl e C [00394] The abl|lté of conpounds of thg ijaventjon to act as

i nhi bi t opRd when t&wgo raipepiiong rfbﬁs‘tntdérts@ad i rf¢ido ads ay Jevfurgeercol ERanpl e D.

compounds according to the invention therefore also comprise compounds with one or more
isotopes of one or more atom, and mixtures thercof, including radioactive compounds,
wherein one or more non-radioactive atoms has been replaced by one of its radioactive
enriched isotopes. Radiolabeled compounds are useful as therapeutics, research reagents,
c.g., assay reagents, and diagnostic agents, ¢.g., in vivo imaging agents. All isotopic
variations of the compounds of the present invention, whether radioactive or not, are intended
to be encompassed within the scope of the present invention.

[00315] The present invention further provides a process for the preparation of a

compound of Formula I or a salt thercof as defined herein which comprises:



[ 00395] Conpounds of Forrmula | may be useful in the treatnment of JAK ki nase-
associ at ed di seases such as autoi mmune di seases and i nflammatory di seases.
[ 00396] Bxsiopbagi3ef46aut oi mune di seases and i nfl ammat or y Pdirasasies3iseel ude,
but are not limted to: [00397](i) arthritis, including rheunatoid
arthritis, juvenile arthritis, psoriagpc arthritis, reactive arthritis,
ankyl osi ng spondylitis, osteoarthritis, and seronegative arthopathies;
[ 00398] ( {00816]nt est(eneduplind b aom@poraiig ¢anglound hayify thhfdosuii Heaseprowtteér at i ve
colitis, inf%a tory bowel disease, celiac diseases, proctitis, and
eosi nophffi{*et %@?¢8énteritis; [00399] (iii) airways diseases including
ast hma and ot her obstructive airm@y di sleases, including severe refractory
asthma, chronic asthma, airway hyper-responsiveness, bronchitis, allergic
ast hma, and chronic obstruction p hary di sease; [00400](iv) allergic
reactions including severe allerghc_teagtion (including anaphyl axis);
[ 00401] (v) eye diseases, disordersNor Xondt'tions including autoi nune
di seases of the eye, uveitis includingguveitis associated with Behcet's
di sease, |ens-induced uveitis and optic neurjtis; 55 %00402](vi).skin

A

di seases[008&Adi t i overok Wiedevingratom aed BahmgR pept defingd fatFopnda devitut i ti s,

severe d 1145, aNB I - pruritus and other pruritic
conditio%%gggkgggéfg$greaf§ gﬁ%“ﬁ%@?%?gtosis; [ 00403] (vii) sepsis, systemc
i nflanmat ory response syndrome, and neut pdpenic fever; [00404] (viii)
fibrosis, including hepatic fibrosis,R{dfopathic pul nonary fibrosis,
nmyel of i brosi s and scl eroder ng; [0040§¥ X)gsgout (resol ution of tophi);

[ 00406] (x) | upus (al so known as system upus erythemat osus), including

mani f est ati ons such as cut aneous Iupu%N | @bus nephritis, neurosychiatric

| upus and ot her manifestations; - PR
BN
R*O ORY
11
[00318] where R?, R*, R, R®, R7, X! and X? are as defined for Formula I and R* and

RY are H or (1-6C)alkyl, or R* and R’ together with the atoms to which they are connected
form a 5-6 membered ring optionally substituted with 1-4 substituents selected from (1-3C
alkyl), wherein said coupling takes place in the presence of a palladium catalyst and base and
optionally in the presence of a ligand; or

[00319] (b) for compounds of Formula I wherein R” is hydrogen, cyclizing a

corresponding compound having the formula IV or a protected derivative thereof

[00320] where R', R*, R, R’, R®, R’, X" and X are as defined for Formula I (with the
exception that R' is not C(=0)NR*R®), with 2-chloroacetaldehyde in the presence of a base;

or



[ 00407] (xi) neurodegenerative di seases including denyelinating di seases,
such as nultiple sclerosis, notor neuron disease, Alzheiner's disease,

Par ki nsorwe 2diseaste, anyotrophic | ateral sclerosis, andPC3aiseni®31896
reperfusion injury in stroke; [00408](xii) diabetes, including Type |

di abet es and conplications from di abeges, netabolic syndrone and obesity,
and [00409] (xiii) axial spondyl oarthorpathy (axial SpA). L00410]Additional
exanpl es[@B2Hut oi nwufoe adbmpaseofdocilafl vdwrit Bf is st dmes? eArdider’ or

nephr opat hy, ncoi dosis, pancreatitis, .autoi mune thyroiditi
b oy and RSB sBRERE & tost-srrD e SRV nh e oMl ¥ fiine
at r ophi cp@astadideiitatio tReHAI Ci ous anem a, aut oi mune encephal onyelitis,

aut oi nmune orchitis, Goodpasture's di sease, autoi nmune myocarditis,
aut oi nmune t hronbocyt openi a, synpat hetj c gopht hal mi a, myastheni a gravis,

G aves' disease, primary biliary cirr s, chronic aggressive hepatitis,
menbr anous gl onerul opathy, Sjogren's 8YyngrBnme, Reiter's syndrone, systenic
sclerosis, polyarteritis nodosa, bullg enphi goi d, Cogan's syndrone,

Vegener's granul omatosis, cystic fibio
anti phosphol i pi d syndrome, pol ynyo3iti
nephritis, primary sclerosing choRangitis, severe chronic urticaria, giant
cell arteritis, eosinophilic esophagj , and eosinophilic gastritis.
[00411] Accordingly, this inventioR furtfer provides a nethod of treating a
di sease or disorder selected from &n t oiLimune di sease and an inflamuatory
di sease in a manmal in need thereof, gpnprising admnistering to a manmal a
therapeutically effective anmount of at |east one conmpound of Forrmula | or a
phar macelf0322l | y avwepRibs dydmbtn, t Rér BHTR’, RSGR],00428] Xi awnes dnficdi foent , t he
aut oi mmugne_or i nflanmatory di sease is selected fr I i asis,

psor 1 at | Lompin A T Fledlite st P AF eiPri RS Thiie s AP Uy oP £ G

infl ammatory bowel di seRSes. [00413] Conpounds of the present invention may
al so be useful forRttRating organ, ti sue and cell transplants, including
bone marrow transpl antOR’and in the tr%aﬁ#ﬁﬁwyaﬁ aut oi mune and i nfl ammatory
di seases and of coylications arising thengigrom [00414]Accordingly, this
invention further provides a nethod of treating organ, tissue or cel

t ranspl af032y; ect i whereim Ra s dened fr Fesewlaglh andoldt anddis sy Hor hlgoQubvhiost er i ng
to a MamgBly @R RELHREWh B A¥mEhd §hilch Rey 2O UBncOkd #rnd £33 mONBEPRRQUN Of
Formula | or a pharmaceutically acceptable salt thereof. [00415] Conpounds
of the pregwaly subyienicd onthned subsitiociesdrstetlftoni (-3¢ elsyl).nghasen sad poupling
mal i gnangj Lneludi old j cer, '
nalignan%%%gﬂgﬁgﬁﬂ%&“%%ﬁ%ﬁ%k&?h%gﬁkﬁgﬁ eﬁ&ggggg%gOpﬁggﬁggyﬁ%%h%gkﬁggfuI in
treati ngatipsmdconpl i cati ons thereof, including sequelae of henatol ogic

mal i gnangj (for nple, in the_treat t of splenqnmegal y:in

nyel of i bIWard) | ad S conpountah P Naterste & R ABER o il O-
[0?416] AsChiigi,ngldy R tishiHls (ﬁ%@ﬂﬁﬁpmﬂm,h@%%}bﬁm@ad@& ket@Rd” hae _m; h&tAe"at: ng

mal i gnanci es in a mammal , i ch conprjses istering to said manmal a

t her apeuf?ltpipg ?/C%IT?SBW%OHWBWWtha&ngéh%’g%@ﬁ%Pof Formula | .

[ 00417] Conpounds of Forrmula | may be adgini stered al one as a sol e therapy
or can be adninistered in addition w/th \gne or nore other substances and/or
treatnments that work by the sane & a ferent mechani sm of action. These
agents may include but are not limted|{to cyclosporin A (e.g. Sandi nmune0
or Neoral 0), rapanycin, FK-506 (tRcrolinmus), |eflunom de, deoxyspergualin,

5&5, m xed connective tissue di sease,
, dermatonyositis, nmenbranous

nycophenol ate (e.g. CellceptO, az { hne (e.g. lmuran0), daclizunmab
(e.g. Zenapax0), OKT3 (e.g. Oth QL ne0)), AtGam aspirin, acetam nophen,
i bupr of en, naproxen, piroxicam amnTlI angat ory steroids (e.g.

predni sol one or dexanet hasone), nethotrexate, statins, anti-TNF agents
(e.g., EnbrelO (etanercept) or Hunirdﬁ“(adalinunab)), Orenci a0 (abatacept),
cycl ophoggeaasy de, e ORPENR drSpeaChdl R NYA! KX YENIXOr.QAM inc@Rd FRILbaNM N.
These agents may be admi nistered with one or nore conpounds of Formula | as
part of WHB asaesperdingiraylanisilepseqne havdraipe fapmglat he sane or different routes
of adm ni stration, and on the sane or different adm nistration schedul es
according to standard pharnmaceutical practice known to one skilled in the
art. [00418]In the field of nmedical oncology it is normal practice to use a
conmbi nation of different fornms of treatnment to treat each patient with
cancer. In nedical oncology the other



conponent (s) of such conjoint treatnment in addition to conpositions of the
present invention 57 may be, for exanple, surgery, radiotherapy,

chenot herwipyotigidgral transduction inhibitors and/ or non@cirarseal/oarspé bodi es.
[ 00419] Accordi ngly, the conpounds of Formula | may be administered in
conbination with one or nore agents sgpected frommtotic inhibitors,

al kyl ati ng agents, anti-netabolites, antisense DNA or RNA, intercalating
antibiotics, growh factor inhibiRérs, msgmal transduction inhibitors, cel
cycle inhibitors, enzyme inhibitor tinoid receptor nodul ators,

pr ot easone inhi bitors, topoisoner hi bi tors, biological response
nodi fi ers, anti-hornones, angi ogenesis'inhibitors, cytostatic agents

anti - andft932els, t avlpet BUisantdebodifesForpvia- ICOR is Eberdfl g€alkylrnbiRe oy 8, (land
prenyl -p i ferase inhi bitors. ,These ,agents nmay be.adm ni stered
Wwith one%giaﬁ( rl]r'éﬁgﬂgﬁnp@hﬁc C%ﬂ@n(#grh R 1raosr%f.)taArrt’ moﬁ&lep FRNSH TR or separ at e
dosage f ¢(00827] vi a (thfer s aompamdadif Fhemenl wheeine®’ iohydrdginniugt R Binddy, foand on

t he sane oy di feéent apninistrggion éCh dul es Fccording to a%and rg

phar maceft TR PFAPEE K AGEN 2t O JAENIRTY FUBOPH1E AidaPt 2N [BOWIBTKS TUised
herein, hRMEEred b Radlic rig, cdupRdd MBHesponing ofpound @EARE tHeiférmuld vRNY| act i c,

pal l'iative or preventative neasures. Beneficial or desired clinical results
include, but are not limted to, alleyi¥tion of synptons, diminishment of
extent of disease, stabilized (i. ers3 X¥wor seni ng) state of disease, delay
or slowi ng of disease progression, ane|lioration or palliation of the

di sease state, and rem ssion (mheé?gr artial or total), whether detectable

or undetectable. "Treatnent" can n prol ongi ng survival as conpared
to expected survival if not recei W treat ment. Those in need of treatnent
i ncl ude those already with the conllition &f disorder, as well as those

prone to have the condition or disorden or those in which the condition or

disorder is to be prevented. [00421]1n qne enbodi nent, the terns
"t reat meHl0O32Yr "t relrs Rgis BdrogsadamdeR eifn, Xneath Xarreary esfingd frformplakol e or

in part, woh af%Xﬁ’iB&ﬁﬁ%a@i%g Qe fBingda Vi, §1ALE oF dﬁ'l-c%s_p%é{{lﬁélfyt ion (e.g.,
aut oi mune di seases, inflammtory di seases, rejection of transplanted
organs, tissues and cells, as well @ hematol ogieCdi sorders and

mal i gnanci es and t hgiGN co- nor bi di tfj es as descri kd herein), or slow ng, or
halting of further progression o rseni ng of<§;05e synmptons. [00422]1n
one enbodi nent, th erm " preven g" as used hérein nmeans the prevention
of the onset, recuroence or spread, ‘il whol e or Boat part, of the disease or
condition(e.g., auygjgmune di seagfg., | nfl ammat @y di seases, rejection of
transpl anted organs, tissues and cells, as well as hematol ogi c di sorders
and malignancies and their co-norbidities as described herein), or a
synpton1@ﬂ§%§of. ho %ZSQTQ%(%E%W%‘"effective anount” and "therapeutically
effectiv unt" TEFH YN 3Rt of conpound that, when administered to
a mamal [00330leed af) sarahcoipeatd@ Hormila I vaRrduRf hed Rhforta 4 br) 6 meddtredr

prevent a particul ar disease, .condition, or disorder, (i) attenuate,

el or abwt g difen WaYBahe ViR AbrE I e SR pet e R R e nse.
condi t i o&ifludfo( HieERIER tetrdTuotd(i-60)aMyEMRAtafl@srod b @YKy N E3-00 R n@f c@Rg(10r nore
synptons of the particular disease, condition, or disorder described

d
herein. thelkhohzybf -GlesipotitPabaDrer miHahCychat cQNNIRE b reOEEHBAHNE 0 such

an anmountombduhnd ¥aFiXe A€ RGARIING upon factors such as the particul ar conpound,
di sease condition and its severity, the identity (e.g., weight) of the

manmal in need of treatnent, but can neverthel ess be routinely determ ned
by one skilled in the art. [00424] As used herein, the term "manmal"
refers to a warm bl ooded aninmal that has or is at risk of devel oping a

di sease described herein and includes, but is not limted to, guinea pigs,
dogs, cats, rats, mce, hansters, and primtes, including humans.

[ 00425] Conpounds of the invention may be adm ni stered by any conveni ent
route, e.g. into the gastrointestinal tract (e.g. rectally or orally), the
nose, lungs, nuscul ature or vascul ature, or transdermally or dermally.
Compounds may be adm nistered in any convenient admnistrative form e.qg.
tabl ets, powders, capsul es, solutions, dispersions, suspensions, Syrups,
sprays, suppositories, gels, enulsions, patches etc. Such conpositions nmay
contai n conponents conventional in pharmaceutical preparations, e.g.
diluents, carriers, pHnodifiers, sweeteners, bul king agents, and further
active agents. |If parenteral admnistration is desired, the conpositions
will be sterile and in a solution or suspension formsuitable for injection
or infusion. Such conpositions forma further aspect of the invention.

[ 00426] The present invention further provides a pharmaceutical conposition,

o o Y 1 Y P T [ T T Y T T



59 desired. The solution is typically filtered, e.g., using a 0.2 mcron
filter, to renove inpurities and contam nants. [00428] The present invention
further pwowodesomeéconpound of Formula | or a phar naceurcralskgr1assept abl e
salt thereof, for use in therapy. In one enbodi nent, the invention provides
a conmpound of Formula | or a pharmaceygically acceptable salt thereof, for
use in the treatnent of cytokine or JAK ki nase-associ ated di seases in a
manmal . [ 00429] I n one enbodi ment, the inyghtion provides a conmpound of
Formula | or a pharmaceutically accepizabfe salt thereof, for use in the
treatment of autoi mune di seases and i tory diseases in a manmal .

[ 00430] I n one enbodi ment, the inventRbn Vi des a conmpound of Fornula I or
a pharmaceutically acceptable salt ther Nfor use in the treatnent of
transplant rejection in a mamml. [ 4&1]Innone enbodi ment, the invention
provides a conpound of Formula I ¥far maceuti cal |y acceptabl e salt
thereof, for use in the treatnent of hematol ogi ¢ di sorders and mal i gnanci es
in a manmal . [ 00432] According tea further aspect, the present invention

provi des the use of a conmpound of_Faq la | or a pharmaceutically
acceptabl e salt thereof, in the/reatmelit of cytokine or JAK
ki nase-associ ated di seases in a L N 00433] I n one enbodi nent, the

i nvention provides the use of a ébnpound B8f Fornula | or a pharmaceutically
acceptabl e salt thereof, in the treatment of autoi mmune di seases and

i nfl ammat ory di seases.. [00434] 1 n one enbodi nent, the |nyvention.provides the
use of ol W3kHound T G §r¢ Shonal. B ARG FAchI% Ik s BotBibRe oakt

t her eof , aidxt i@ ab HERABM FRFuRMIRMN alcbBSPEnRhg Ethdouhd BRSHY @B fork@iaaCti on in
a manmal . [ 00435] Ln one enbodi nent, the invention provides the use of a
conmpoundRof HsFmMH als| 2 deavengpEgepeetiencand R adc éppabillel.sdperotiiépelsyl. in t he

t r eat meng; i I i n I h
conpoundhg$$%%gﬁggg€¢q#§&gg é%?egﬂfrgﬁé&?%gggg?gﬁi???ng%kggeﬁg?ﬁyﬁf 1
H- pyr azoHCmllgnyl ndyde(d-4Clalkyd, befzypy rClki(3HOR- Byclgallyl) br HCHhet@yo) -n 1the

-yl) pent inigrile; [00438]3 -Cyclopropyl-3 - (4- (7 - (21-nethyl-
1H pyraz %g%@QP§%%¥§é§o 1l ,2-cl pyrimdin- 5 - yl)- 1 Hpyrazol- 1
-yl ) prop[aa2ii tri l(g) ;fof D@4FREhefMEdronkrIlwicdein RE yod RO firmpyd or @mempdred (7- (1

-methyl - 1Hpyraz 01-4-.yl)inida 2-,. cl rimdin-5 - - razol -
1 -yl glpr 8?510% nitHe; |sgbs;t1u¥cec} w1tg %P—6£ﬁ)ah<y’l, ﬂuoro(?—%cl)aqil(yq, d1§uor¥(j126C)gﬂll_<'SrlE)y
trifluoro(1-6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-

4C)alkyl, benzyl, -CH,(3-6C cycloalkyl) or -CHjhetCyc', coupling a corresponding

compound having the formula IX

IX
[00333] wherein m and n are each 1, or m and n are each 2, and R', R?, R, R%, R7, X'
and X” are as defined for Formula I, with a corresponding aldehyde having the formula

0

M

R H



60 [ 00440] Enant i omer 20f 3-cycl opropyl-3-(4- (7-( 1-nmethyl- 1H pyraz 01-4-

yl)yimdazo [ 1,2-clpyrimdin-5-yl)- 1H pyrazol- 1 -yl)prop anenitrile;

[ 00441] 3 wO2e(17306- net hyl - 1 H pyrazol -4-yl)i m dazo [ 1PCT/US2011/031896
,2-c]lpyrimdin-5-yl1)-1H pyrazol- 1 -yl)pentanedinitrile; [00442]3
-(4-(7-(1 -methyl- 1 H pyrazol -4-y0i myglazo [1 , 2-c] pyri mdin-5-yl1)-1H
pyrazol - 1-y1)-3 -(pyridin-2-yl)propanenitrile; [00443]3 -(4-(7-(1 -nethyl -
1 H pyrap®334)-yl )m?lhetﬂezmb1 1[511-,52)2&1}yﬂ)yﬂmm(d+5t€)5kyll)irﬂhb¥o(py@nﬂqyl -triflugrd(l- 3

-(pyridi ) ane t y. (44741
et by SGh PSBRSL A ke AR ohBS ORI [RIRIRAL S R S o1 | 1
;|_ |¥||. ) pr Oppﬁ@Zl L(BLGCEcyc[OQMH@} alet((ﬁf,lﬂftfhﬁ'?gkyéﬂcg bfa Base ¥dd a @dudide zl(g?:nt( &r - met hyl -
pyrazo yp| a 0 ri i n-5- razo
-32” ) ]prop Ak r I.ﬁl éh?)o g@%}@m{ %fp %( e R h&;&{ R ffgy%;fz Prtd@;mim??;ﬁg 8233] g 1
Cl PYT h2¥cGdlid- stithted RYMTERE T Y bxeta HdY ®ReMBEUnd! Karv B
-(2-chl oropﬁd 1)gy3- (7-(1 }%e({ph(il/pyt 1 H pﬁg-/ylrpazo%d r%yl )i g’l dazo %
c] pyri m &rpukRKg) - 1 H—pyrazol 1 -yl)propanenitrile; [00448]3
-(3-chl orophenyl)-3-(4-(7-(1 -methyl- 1 Hwpyrazol-4-yl)imdazo [1 , 2-
cl]pyrimdin-5-yl1)- 1 Hpyrazol- 1 yh}pr anenitrile; [00449]3
-(4-chl orophenyl)-3-(4-(7-(1 -nethyl - pyrazol -4-yl)imdazo [1 , 2-
c]pyrimdin-5-yl)- 1 Hpyrazol- 1 -ykd nenitrile; [00450]3 -(4-(7-(1
-methyl - 1 H pyrazol-4-yl)imdazo [1 ,24]pwsi mdin-5 -yl1)-1H pyrazol- 1
-y1)-3 -(3- (trlfluoronethyl)phenyl)pnepan itrile; [00451]3 -(4-(7-(1
-methyl- 1 H pyrazol - 4- y0|n1dazo [1./2 bgpyrlnldln 5 -yl)-1H

IX
[00336] wherein m and n are each 1, or m and n are each 2, and R', R?, R, R®, R7, X'

and X are as defined for Formula I, with a corresponding ketone having the formula

=1 o o=CCo

[00337] respectively, or an acetal derivative thereof, in the presence of a base and a

b

reducing agent; or
[00338] (i) for a compound of Formula I wherein R* and R form a 4 or 6 membered
azacyclic ring substituted with -C(=0)(1-6Calkyl) or -C(=O)(CR'R")CF;, coupling a

corresponding compound having the formula IX

R7 //
RS n
NH
PN
R3 / X2



pyrazol - 1 -y1)-3 -phenyl butanenitrile; [00452]3 -cyclop entyl-3 -(44741

-nmethyl- 1 Hpyrazol-4-yl)imdazo [1 ,2-c]pyrimdin-5- yl)- 1 Hpyrazol-1

-yl ) propawertwisbeps [ 00453] 4, 4-di net hy1-3-(4-(74 1 - et irgITAIS2011/031896

H pyrazol -4-yl)imdazo [1 ,2-c]pyrimdin-5- yl)- 1 H pyrazol -

-yl)pentanenitrile; [00454]3 -(4-(7-(35-nethyl- 1 Hpyrazol-4-yl)imdazo [1
,2-c]lpyrimdin-5-yl)-1H pyrazol- 1 -yl)prop anenitrile; 00455] 3

- cycI obu{00339 - (4-whRrdid m aneitrhyrk cach ll-k)pmremzl(ml ardeach), mdRZ &R, RS, R/, X!

o6 B S readisa T by AT it Yo R SRARE R G having the formula

H Ip%/l’ aZORlzngéH)dr mcdﬁzspgﬁcﬂmgl anhyadiquythedfivied R'Yik)-€1-4Cdtkypysraacr’ R”h)Cng, in
-y plperl I ne- ar boxyl at e; 0045 (1 -(4- 1 -nmethyl- 1
H- pyr azof e@f%f?l}qeﬁf akss nq Optzoneﬁlwr f}?réra%eﬁcestlfz %fﬂ?}‘l?lmﬁll@agﬁg}é 870l - 1
-yl)cycl Ph)@l()’]' ) ac Qjc}omrtardohl%oul{m%%}l&a(llvhe(e’ﬂﬁ RY addIR* fRh YA or d membered
H pyrazol -4-yl )i m dazo rimdin-5 -yl)- 1H pyrazol- 1

-yl eyel é?f?ém wrylaé@ltsaﬂitqdrwl@o{(%zrsm@g @ gompaung having thsdpprula KX

H pyrazol -4-yl)imdazo [1 ,2-c]pyrimdin-by-yl)- 1H pyrazol- 1

-yl') oxetan-3-yl)acetonitri I e; [00460]3 - ¢#4-(3-chloro-7-(1 -nethyl-
1H pyrazol -4-yl)imdazo [1,2-c]pyrim -5 -yl)- 1Hpyrazol- 1

-y1) - 3-cycl opropyl propanenitrile; [0% {1 -(2-cyano-1

-cycl opropylethyl)- 1 H pyrazol-4-yl1)-7- et hyl - 1 H pyrazol -
4-yl)imdazo [ 1,2-c]pyrimdine-3 -carRonMirile; [00462]3 -(1 -acetylpip
eridin-4-y1)-3 -(4474 1 -nethyl- 1 fpyrazol™-4-yl)imdazo [1 ,2-

c]pyrimdin-5-y1)- 1 H pyrazol- - fopanenitrile;
R2
%\N NN
N)\)\R1
IX
[00341] wherein m and n are each 1, or m and n are each 2, and R', R%, R?, RS, R7, X*

and X? are as defined for Formula I, with triflic anhydride in the presence of a base; or
[00342] (k) for a compound of Formula I wherein R* and R’ form a 4 or 6 membered
azacyclic ring substituted with SO,R® where R is as defined for Formula I, coupling a

corresponding compound having the formula IX

R // ’

RS n

x1—N\ :H
R3 4 2

IX
[00343] wherein m and n are 1, or m and n are 2, and R', R%, R%, R%, R7, X' and X* arc
as defined for Formula I, with a corresponding compound having the formula CI-SO,R® in

the presence of a base; or



[00463] 2- (1-nmet hyl-4-(4-(7-(1 -nethyl- 1 Hpyrazol-4-yl)imdazo [1
,2-c]lpyrimdin-5 - yl)- 1 Hpyrazol- 1 -yQpiperidin-4-yl)acetonitrile;

[ 00464] 2-WO 20tti3964- (4-(7-( 1 -methyl- 1 H pyrazol - 4- ylPrirnisdeao318%6
,2-c]lpyrimdin-5 -yl)- 1H pyrazol- 1 -yl)piperidin-4-yl)acetonitrile;
[00465] 2- (4-(4-(7-(1 -methyl- 1 Hpyragol-4-yl)imdazo [1 ,2-c]pyrimdin-5
-yl)- 1H pyrazol- 1-yl1l)-1 -propylpip eridin-4-yl)ac etonltrlle

[ 00466] 2{((0644(]4 ( 7-(01 forretdowipeurti &f Pyrmazol wheydin Riid €260 NR*R2-@hphyrg @i di n- 5

-yl1)- 1FL fluoro ethyppip

of 14t - oA EE Gl PP Y R BN opr opy1 5 LA (7~ ( 1
-((2-(trinethylsilyl)ethoxy)nethyl)-1H pyYazol -4-

ypi m dazo[ 1, 2-c]pyrimdin-5 -yl)- 1H azol - 1 -yl)propanenitrile;
[00468]3 -(4-(7-(1H pyrazol -4- innidaz s2-clpyrimdin-5 -yl)- 1H pyrazol -

-y1)-3- cycl opropyl prop anenitrile; 1_ 469]3 Cycl opropyl-3 -(4-(7-(1
-isopropyl- 1 Hpyrazol-4-yl)im dazol - c]pyrimdin-5-y1)- 1 H pyrazol -
1 -yl)propanenitrile; [00470]3 -thIo ropyl 3-(4-(7-(1 -(pyridin-3
-ylmethyl)- 1 H pyrazol - 4y|)|m zo - c]pyrimdin-5-y1)- 1 H pyrazol -
1 -yl)propanenitrile,; [00471]3- ropy13(4(7 (1

-(tetrahydro-2H pyran-4-yl)- 1H—py | 4- yO0i m dazo[ 1, 2-c]pyrimdin-5 -yl)-

1H pyrazol - 1 -yl)propanenitrile; 00 72F&H-cycl opropyl1-3-(4-(7-(1

-1 sobutyl 1 H pyrazol - 4 yl)imdazo [ X, 2-c] pyri mdin- 5 -yl)- 1H pyrazol -

1 -yl) anenitrile; [00473], Cycl.oprop (44741 -(oxetan-3 -yl)- 1
DOTRAIGI ) | i hrn (R KR o o b o RACL p o deripopgardippmula 1. wih 3

H pyrazo

-yl)pr Op@&%#)éﬂdidgecorﬁ%uhg%gﬁk 3he (f&ﬁ{u@ep'HNWﬂ{b 3a (s F?esc(n%e of a base and a
-(2,2,2-trifluoroethyl) Hpyrazol -4-yl)imdazo [1 ,2- c]pyrimdin-5-yl)-

1 H pyr ag@ipling agept; ppr opaneni tril e;

[00346] (m) for a compound of Formula T wherein R” is Cl, reacting a corresponding

compound of Formula XI

N

)
R® R®
x-N R

XI
[00347] wherein R? is hydrogen, and R, RY, RY, R®, RS, R, X! and X are as defined
for Formula I, with 1-chloropyrrolidine-2,5-dione; or
[00348] (n) for a compound of Formula T wherein R? is CN, reacting a corresponding

compound of Formula XI

N
R7 //
R® R®
x-N R



[00475] 3 -cycl opropyl-3-(4-(7-( 1 -ethyl- 1 H pyrazol-4-yl)imdazo [1
,2-c]lpyrimdin-5 - yl)- 1 Hpyrazol-1 -yl)propanenitrile; [00476] 3

-cycl opr opQ2eB8/13d1467- (1 - (2-1 sopropoxyet hyl)- 1 H pyrazelCTArSgéosisdazo [ 1
,2- c]lpyrimdin-5-yl)- 1 Hpyrazol- 1 -yl)propanenitrile; [00477]3
-(4-(7-(1 -cyclobutyl- 1 Hpyrazol-4-yy)imdazo [1 ,2-c]pyrimdin-5-yl1)- 1
H pyrazol - 1-yl)-3 -cycl opropyl propanenitrile; [00478]3

- cycl opr §1994913- ( 4-wherdioRAz0hydBogey, andnik &z oR L Bék% By, X nandi Xr- e ayddfined H-

pyrazol - .1 -yl )prop.anenitrile; [00479]3 -cycl opr 1-3-(4-(7-(,.1

P2 o it Ry R 0orpo g abis R aS B SRS dithlyfsbiepe >
1,2-r]py&hahdbﬁhfk&%aﬁ?ﬁiudfmyﬁ&%ﬂhﬂﬁ%(nyl%prgpaneritri:e; [82280]3
-Cyclopropyl-3 -(4-(7-(5 -net -1 ,3,4-thiadi azol -2-yl)in 0 2-
c] pyri mi Hitas -y1)-©} f%@%%lpﬁ of Forujs,} EYBSrﬁ@n‘?‘tﬁsihD’éngT%Méi]lﬁ ik,

- Oycl opr ey cobfbolift KeirFahdWokmutd X | mi dazol - 1 -yl)ini dazo [1
,2-c]lpyrimdin- 5 -yl)- 1Hpyrazol- 1 -yl)prop anenitrile; [00482]3
-Cycl opropy1-3 - (4-(7-(thiazol-5-{1\imdazo [1 ,2-c]pyrinidin-5 -yl)- 1H
pyrazol- 1 -yl)prop anenitrile; [O 3

-cycl opropyl-3-(4-(7-(2-nethylthiazgl - yl)imdazo [1, 2-c]pyrimdin-5
-y1)- 1H pyrazol - 1 -yl)propanenitrjT; 84]3 - Cycl opropyl-3
-(4-(7-(6-nethyl pyridin-3 -yl)i mria XfP,Z-c]pyrinidin-S -yl)- 1H pyrazol -
1 -yl)propanenitrile; [00485]3 r
-cycl opropyl-3-(4-(7-(2-met hyl pypd Rﬂ-yl)inidazo [1,2-c]pyrimdin-5
-yl)- 1H-pyrazol- 1 -yl)propanedityilg; [00486]3

-cycl opropyl- 3- (4- (7-(6-(4-met hyNpip#erazin- 1 -yl)pyridin-3 -yl)inidazo [1

,2- c]lpyrimdin-5-yl1)- 1 H pyrazol - ]yl)propanenitrile; [ 00487] 3
-Cyclopropyl1-3 -(4-(7-(1 , 2,3, 4-tetrahydroi soquinolin-6-yl)imdazo [ 1, 2-
[00351] wherein R', R% R?, X! and X? are as defined for Formula I, with a dehydrating
agent; or
[00352] (p) for a compound of Formula I wherein R? is F, reacting a corresponding

compound of Formula XI

N

iy
R® R®
x-N R

XI
[00353] wherein R? is hydrogen, and RY, R, R* R°, R®, R, X! and X? are as defined
for Formula I, with an electrophilic fluorinating agent; or
[00354] (q) for a compound of Formula T wherein R” is F, reacting a corresponding

compound of Formula XIII



c]pyrimdin-5-yl1)- 1 Hpyrazol- 1 -yl)propanenitrile; [00488]3

-Cycl opropyl-3 -(4-(7-(2-methyl -1, 2,3, 4-t etrahydroi soqui nol i n- 6-

yl)imdazwp2op/shpygri m din-5 -yl)- 1H pyrazol- 1 -yl) pr@panseeiiosises

[ 00489] 3 -Cycl opropyl-3 -(4-(7-(1 ,2,3,4-tetrahydroi soquinolin-7-yl)imdazo

[ 1,2- c]pyrimdin-5-yl1)- 1 H pyrazol4gl -yl)propanenitrile; [00490]3

-Cycl opropyl-3 -(4-(7-(2-methyl-1,2,3,4-tet rahydroi soqui nol i n-7-

yl)imdazo[1, 2-c]pyrimdin-5 -yl)- 1H-pyrt/'2 - 1 -yl)propanenitrile; 63

[ 00491] 3 -Cycl opropyl-3 -(4-(7-(5 ,6, Ri8/fetrahydroi m dazo [1

, 2-a] pyrazin-3 - yO0imdazo[1, 2-c]pyripgidi ngd -yl)- 1H pyr azol 1

-yl )propanenitrile; [00492]3 -cycl opropyk 3 (4-(7-(7-met hyl -
,6,7,8-tetrahydroimdazo [ 1 ,2-3a] pyr)@lzmn-Fis‘ - yl)imdazo[ 1, 2- c] pyrimdin-5

-y1) 1H pyrazol - 1 -yl)pr opanenl tr, e, >{200493] 3
-(4-(7-(4-(8-0Oxa-3-azabicyclo [3 .P2 Il o ctan-3 -yl)phenyl)imdazo [ 1, 2-

clpyrimdin-5-yl)- 1 Hpyrazol- Xyl)-B -cycl opropyl propanenitrile;

[ 00494] 3 - Cycl opropy1-3 -(4-(7-(4-f4gmeehyl pi perazin- 1 -yl)phenyl)imdazo

[ 1,2- c]pyrimdi n 5-y1)- 1 H pyr zMyl ) propanenitrile;

[ 00495] Tert - but yl - (cyanonet hyI)N Rf- ( 1 -methyl- 1

H-pyrazol-4-y|)imdazo [1,2- c]pyri iJn 5 - - 1 Hpyrazol- 1 -yl)az

etidine- 1 -carboxylate; [00496]2 (3@% (7- (1 I\/Et hyl -

1H- pyr azaiosds)y pi rri\d@mn[ Aik@- Gy | A Bk P Bnap¥ebium ]hal'ﬂe Py a0l followed by

-yl )azetidin-3-yl)acetonitrile; [00497]2-(1 -Acetyl- 44741 - et hyI 1

H- pyr azoftsdmgntith apiestpahiliofqripgtingdednthos. y1)- 1 H- pyrazol - 1

-yl') azet {gh386]3 yl(})acﬁ, Qr&bﬁlfz)blhﬁ of[fg%glg]lzwk(egelﬁ &2 (157F (r%ac’tll}{gtak%hespondm

1H pyrazol -4-yl )i n'dazo clpyrimdin-5 -yl)- pyrazol - % 1 -(
,3,3-tri ﬁqmml@épﬁbzfﬁwﬂll)azetl din-3-yl)acetonitril e

N| SN
HoN J\)\w
v

[00357] with 2-chloro-2-fluoroacetaldehyde or 2-bromo-2-fluoroacetaldehyde; and
[00358] optionally removing any protecting groups and optionally preparing a salt
thereof.

[00359] Referring to method (a), suitable palladium catalysts include Pd(PPhs)s,
Pd,(dba)s, Pd(OAc),, and Pd(PPh3),Cl,. Suitable ligands include XPHOS, DIPHOS or rac-
BINAP. The base may be, for example, an alkali metal carbonate, hydroxide, alkoxide or
acetate, such as for example cesium carbonate, sodium carbonate, potassium carbonate,
sodium hydroxide, sodium tert-butoxide or potassium acectate. Convenient solvents include
aprotic solvents such as ethers (for example tetrahydrofuran or p-dioxane), toluene, DMF or
DME. The reaction can be conveniently performed at a temperature ranging from ambient
temperature to 120 °C, for example from 80 to 110 °C. The leaving atom L' can be a halogen

atom, such as chloride.



[00499] 2- (3-(4-(7-(1 -Methyl - 1H pyrazol-4-ypimdazo [1,2-c]pyrimdin-5

-yl)- 1 H pyrazol- 1 -y1)-1 -(1

-(trifluowvormetimgbideycl opr opanecar bonyl ) azeti di n- 3-yl ) ac@Coniseetitloat896

[ 00500] 2- (1- Cycl opropyl-3 -(44741 -nethyl- 1H pyrazol-4-yl)imdazo [ 1, 2-

c]pyrimdin-5-yl1)- 1 Hpyrazol- 1 -yl)azetidin-3 -yl)acetonitrile;

[ 00501] 2-(3-(4-(7-(1 -Methyl- 1H pyrazol -4-y0Oimdazo [1,2-c]pyrimdin-5

-yl)- 1 [-!I}OSﬁ(y]r azoICorﬂpoyaﬁd&df fo(roxle tThreaiB be yrepaze thydiraatie thel oarcgtooding 15k | e;

[00502] zflé‘? e% X II\/let hyl - 1H pyrazol-4-ypimdazo [1, 2-clpyrimdin-5
daiyf Vef Y1)-1 -(pyrimdin-2-yl)azetidin-3 -yl)acetonitrile;

[00503]2 (1 (2 2-dDi fluoro ethyl )3 - Hl-(?-(l - met hyl -

1H pyrazol -4-yl)imdazo [1, 2- c]py -5-y1)- 1 Hpyrazol- 1
-yl)azetidin-3 -yl)acetonitrile; [€O! 04]N2 (3-(4-(7-(1 -Methyl -
1H pyr azol - 4-y0i m dazo [ 1, 2-c] pyri IR= rRtY1l)- 1 H pyrazol- 1 -yl)-1

-(2,2,3,3,3 -pentafl uoropropyl)azetidi n-3 -yl )acetonitrile;
[ 00505] 2-(3-(4-(7-(1 -nethyl- 1 H-pyrléz"ol-4 yl)imdazo [ 1 ,2-c]pyrimdin-5

-y1)- 1H‘[00@]ﬂ]aZO| -with ’dy]i]ﬂldg}enatﬁ dscht, st hiPoe;. Compounds of Formula II-a
et hyl)azetidin )acetonitri %00506 2 (1-ethyl-3-(4- ( 1-nethyl-
1

1H pyr az Wer&uylil%smyd@z@n pad B &) aﬁyde Aedfos Formyuly I Cﬂﬂbmf@ra@é y “cpupling the
-yl) azet bf“rég (?hd}'tlr%) Z(Eﬁfot)@'d%ﬁ{f%tﬁe \[anP 3?67 ]aéplg%la(tg‘ ‘tfo%onlc( %sten( %lelr%rtlbé’ |5 51 the

1H pyrazo i ypI azo pyrim pyrazol - azeti di ne-
1, 3- di ylpdsacevonpaliafiver cataat. [ 00508] 2- (1- (3-f | uor opr opy1l) - 3 (4 (7-

( 1- met hyk 8&«%‘ pyr a(?O%cpeé&mgSD {)ﬂ(ﬁ%ﬁﬁ it edn bglprépélr’edr%fjireqct?n &%-compBX&iﬁ§O| )

1-yl)aze oni
[ 00509] 2bfoinidd LdteﬂQatyayﬁz)th 3a (rdageilt (havurgttlhyl forriia pRGR WORAY. y | )EKmIﬂezsz of[ 1, 2-

LB BB o g i AR R AR LD L o

[ 1, 2- c[ pydtérsi dixampley &) borbhic esters include dioxaborolanes (i.c., where R* and R® together
with the atoms to which they are attached form an optionally substituted S-membered ring)
and dioxaborinanes (i.c., where R* and R” together with the atoms to which they are attached
form an optionally substituted 6-membered ring). A particular example of a dioxoborinane is
4,4,4'4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolanc) (also known as
bis(pinacoloato)diboron), which can be prepared by reacting the corresponding bromide
derivative with pinacol diborane in the presence of a palladium (II) catalyst (e.g., PdCl-dppf-
DCM), and a base (e.g., an alkali metal carbonate, hydroxide, alkoxide or acetate), and
optionally in the presence of a ligand, such as 1,1'-bis(diphenylphosphino)ferrocene (dppf).
[00363] Referring to method (b), the base may be, for example, an alkali metal acetate,
carbonate, hydroxide, or alkoxide, such as for example potassium acetate, cesium carbonate,
sodium carbonate, potassium carbonate, sodium hydroxide or sodium tert-butoxide. Suitable
solvents include alcoholic solvents such as ethanol. The reaction is conveniently performed
in the presence of a pH 7 buffer, such as a phosphate buffer. The reaction is conveniently

performed at elevated temperatures, such as 90-100 °C.

[00364] Compounds of Formula IV can be prepared by coupling the corresponding
chloro derivative IV-a
Cl
NJ§N



pyrazol - 1-yl1)-1-(prop-2-ynyl)azetidin-3-yl)acetonitrile,;

[00511] 2-(1-(2-fluoroethyl)-3- (4- (7- (1-nmethyl- 1H pyrazol-4-yei m dazo
[1,2- cl woromidde5-yl)- 1H pyrazol - 1-yl)azetidi n- 3-yPraastaniosrses e;

[ 00512] 3-(3-(cyanonet hyl )-3- (4- (7 -(1-nethyl- 1H pyrazol -4-ypi m dazo
111, 2- c]pyrimdin-5-y1)- 1H pyrazol-s5d-yl)azetidin- 1-yl)propanenitrile;
[ 00513] 2-(1-(1, 3-di fluoropropan-2-y1)-3-(4-(7-(1-nethyl-1H pyrazol - 4-

yl )i m dap®Bas)2- c[ pyith e dpprejiaycljordite peparalzovative dvimzbt famoladVyl) acetonitril e
, [00514]2-(3-(4-(7-(1-nmethyl- 1H pyrazol;4-yl)im dazo

[1,2-c] pyrimdin-5-y1)- 1H pyrazol- ., #

1-y1)-1-(2, 2,3, 3-tetrafl uoropropyl )aze din-3-yl)acetonitrile;

[ 00515] 2- ( 3- (4 (7-(1-met hyl- 1H pyrazdi®- 44#1) i mi dazo [1,2-c]pyrimdin-5
-yl)-1H pyrazol- 1 -yl)-1-propylazetidfn3 -ypacetoni tril e;

[ 00516] 2- (1-1isopropyl-3-(4- (7- (1l-npthyl-1H pyrazol-4-yl)imdazo [1, 2-cl
pyrimdin-5- yl1l)- 1H pyrazol - 1-yRja I'din-3-yl)acetonitrile;

[00517] 2-(1-methyl1l-3-(4- (7- (1-met hyI 1H- pyrazol -4-yl)im dazo
[1,2-c]pyrimdin-5- yl)- 1H pyrazol 1 )azeti di n-3-yl)acetonitrile;

[ 00518] 2- (1- (cycl opropyl met hyl )-3-(4 (1-nethyl - 1H pyrazol-4-yl)im dazo
111, 2- cipyrimdin-5-yl1)- 1H pyrazo | )azetidin-3-yl)acetonitrile;

[ 00519] 2- (1-isobutyl-3-(4-(7- (1- mat? I - 1H pyrazol -4-yl)im dazo |
1,2-c]pyrimdin-5- y1)- 1H pyrazol - 1¥§1)azetidin-3-yl)acetonitril e

[ 00520] 2{0036€]4- ( 7- c(rlotlmtdilythble Jobkqmcr aza| dedivytivies,nindidz @resence of a palladium

[1, 2-c] pyrim di

Ly 1B b i bl HadtTdbntrentipe 2 seishiotopyigidin-4-amine with

[00521] 2ﬂ{e1ap(pedpe1b@bwryﬂlmgﬂaﬁ/ ddrivdti¢d whéd - Redshydfmed Moy 6@l 14wyth)thei dazo [
1,2- c]pyrimdin-5-yl)- g\yragol 1-yl)azetidin-3-yl)acetonitrile;

[ 00522] 28XEPiRaAY R’ 3S n‘(tﬁ:-( @ARRI. net hyl - 1H pyrazol - 4-yl )i mi dazo
[ 1, 2- cl pygo3eydi N- Refdhdihs & HNBRERZS), - sukatit ) RASLHAT Qadyyd IRGREOPAPPh)E;

Pd,(dba);, Pd(OAc), and Pd(PPh;),Cl,. Suitable ligands include XPHOS, DIPHOS or rac-
BINAP. The base may be, for example, an alkali metal carbonate, hydroxide, alkoxide or
acctate, such as for example cesium carbonate, sodium carbonate, potassium carbonate,
sodium hydroxide, sodium tert-butoxide or potassium acetate. Convenient solvents include
aprotic solvents such as ethers (for example tetrahydrofuran or p-dioxane), toluene, DMF or
DME. The reaction can be conveniently performed at a temperature ranging from ambient
temperature to 120 °C, for example from 80 to 110 °C.

[00368] Compounds of Formula V can be prepared by coupling a corresponding
compound having the formula V-a

xW—N\H

R3 //X2

/N SN
<N\/J\2\L2

[00369] with a corresponding acrylonitrile reagent having the formula
N

o
R® \
R5

R4



[00523] 2-(3-(4-(7-(1-nethyl - 1H pyrazol-4-yl)imdazo
[1,2-c]pyrimdin-5-y1)- 1H pyrazol -
1-y1) - 1- (Woebralsydso- 2H pyr an- 4-yl ) net hyl ) azeti di n- 3- yl patatSoeniisisPe;
[ 00524] 2- (3-(4-(3-Chloro-7-(1-methyl- 1H pyrazol - 4-y0i m dazo [1
,2-c]lpyrimdin-5 - yl1)-1H pyrazol -1-y3)-1-(2,2,2-trifluoroethyl)azetidin-3
-ypacetonitrile; 65 [00525] 2-(1-(Isopropylsulfonyl)-3 -(4-(7-(1
- et hyl - 1[(]&3mlr azolCohpopndd dbfanuld V2a cah pyer prepaed-by- yyt)izind Hopyspandihg 1
-yl)azetidin l%/a# torlu%rlle [ 00526] 2- (3-(4-(7-( 1-methyl -
1H- pyr azB‘?mEf)ui}iiﬁ n& 29M c]pyrimdin-5-y1)- 1H pyrazol- 1 -y1)- 1

- (met hyl sul fonyl') azeti di n-3-yl)acetongtwile; [00527]2-(3-(4-(7-( 1-nmethyl-
1H pyrazol -4-yl)imdazo [ 1,2-c[pyrd - 5- yl)- 1H pyrazol- 1 -yl1)- 1

-(propyl sul fonyl)azetidin-3-yl)acetonitrile;
[ 00528] 2- (1- (cycl ohexyl sul f ony1) - 3- (N (7-( 1-nethyl-
1H pyrazol -4-yeimdazo [ 1,2- cl pyrijmdin-5-yl1)- 1H pyrazol- 1
-yl )azetidin-3-yl)acetonitrile; [O@ (21-(cycl opropyl sul fonyl)-3-(4- (7-
( 1-nethyl- 1H pyrazol-4-yl)imdazo | c]pyrimdin-5-yl)- 1H pyrazol- 1
-yl )azetidin-3-yl)acetonitrile; [0053 ‘6] 2- (3 (4-(7-( 1-nethyl -
1H pyraz{034atlyl )i nci/idazohl{)romce%lde[hpwmrrhedpmseﬁewdf)a-baaﬂ—l- pyrazol- 1 -yl)- 1
-(triflu thyI | f an t|d cetonl rile;
00531] 03Pl oy 1T PR ARl St e Rl e Passsush. gt dazo |

- ] pﬁfakeﬂi@bl&fﬂ 9ThhdecTHepyDBIZ0br- alkalt ylefabiz@iridd Ibﬁ]se@sﬁdh)aﬁ@@dlﬁhﬂlhtyﬂlhdld%

[ 0(2)53[2{5'5}(11%@ q@n&yll)lclu e}_gr]pr%% %);%B% STghm ?thgrli (110( gxamp ¢ [etrahydrofuran or p-

, 3, 3-tri flouaicpBF DMHA. Stefren)bn ﬁ%@ﬁ‘&e‘ﬂleﬂﬂﬁFé’rk&rﬁl@@hﬁeﬁﬂo&hﬂu&s between 0 °C and
[00533]2&3 (4-(7-( 1-nethyl- 1H pyrazo i mdazo |

2-c[pyP? ¥di n-5-y1)- 1H pyrazol- 1 -yl1)- 1
(phenyl Fonyl ) azgl i

[00534] Zﬁl(l)lg ?4 (7 ﬂlogg%br gt;) ib%ﬁﬁf_@t\ﬁz} F?%l/ﬁr Igé gar?pal_‘ed by cou&ahng a compound of
[1, 2-c] pyeimmildVH-% -y1)- 1H
Cl

{\N SN
VII-a
[00374] with the appropriate boronic ester derivative. Compounds of formula VII-a
when R' is as defined for Formula I (with the exception that R' is not C(=O)NRaRb) can be
prepared by coupling a compound having the formula VII-b

o

{/\NJ\NH
N)\%CI
VII-b
[00375] with the appropriate boronic ester derivative, followed by treatment with a
chlorinating reagent such as POCl;.
[00376] Referring to method (e), suitable bases include amine bases such as DBU or

alkali metal hydride bases such as sodium hydride. Suitable solvents include aprotic solvents
such as ethers (for example tetrahydrofuran or p-dioxane) or DMF. The reaction is
conveniently performed at temperatures between 0 °C and 50 °C.

[00377] Referring to method (f), suitable bases include amine bases, such as DIEA

(diisopropylethylamine) or triecthylamine, or alkali metal carbonates such as for example



pyrazol- 1 -y1)-1 -(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile,;

[ 00535] 2-(3-(4-(7-(1-1sopropyl - 1H pyrazol-4-yl)imdazo [1

, 2-C] pyriwodon/Bemé) - 1H pyrazol- 1-yl1)-1 PCT/US2011/031896
-(trifluoromethyl sul fonyl)azetidine-3 -yl)acetonitrile;

[ 00536] 2- (3-(4-(7-(2-Methylthiazol -5 syl)imdazo [ 1 ,2-c]pyrimdin-5 -yl)-
1H pyrazol -1 - y1)- 1 -(2,2,2-trifluoroethyl)azetidin-3 -ypacetonitrile;

[ 00537] 2€<(sﬁmﬁ 4afbonftd, sédiwh obuibaplate, Ttapyinaz airbohatel ) i uitalelz osofvents include

,2-C -1 ol- 1.-y1)- . )

L5 S B b Por e Yt b RRESseroBisel Shi T o Thp i 3.convepienty. 1
- Et hyl - @hlfcpmeambmﬂeryﬂu)ds tehazo0 PA add eﬂlplyﬁﬂ tamgérmmﬁ: “Thd Yeavibihatpy L 8&aY -
1-y1)- 1- 2-trifl oroethl zeti acetonltrlle
[ 00539] 2¢ %3 hebg%nratemi Or(eémlaﬁ rQ.y 4 temmep% B0 £ G195 EIqup SuEh §s 2

, 2- C] PYT tifagH (@*ﬁwrls)lrforyﬁcmlﬁ@ez(g@cg -y1)-1
-(2,2,2-trifluoroet )Yazetidin- thetonltrlle [ 00540] 3
- (3- met h10328]1( 74 1R€‘r‘(%‘flﬁ§/ ta mﬂhowgézm ityhlerberay mcjudg amzledqawr fueh @b n- 5

-y1) - 1Hphyk az8lsoprd ylé’th}l@ﬁlﬁlg n&n't{'l&h 1§m1r16005§1}11ta%1e (édﬁ%gﬂya! afts (#icfude
1- met hyl - 1H pyr azo? )g 1H pyrazol - 1

di n-
-yl) pr opaeEh B end N@@NB%Sﬁ@?aéloe( 5®lV(GBtS m&;ﬂ%@ﬁehﬁ?{l 3:3]2g_nts prsh lay heetanitrile,
H Z
DY 22l Mof AL TrnAskk BT el thdrned o B RUER Fhefao Fom opyl-3

-(3 - et B37Y- (7- (Elsfemteg ey Imethbiis pyraad ) ) ﬁﬂtylbl)ncnulﬂmgcrez[geﬁ‘r,schlude HATU

ChEye. 5 SR, o TR b R RRE bt bE AR B puRL

E:] pyri ]m htiNedm g art. ]}Sthfabbél’bai’ds |1nchﬂde-a§d‘ht)d3]5a@@am&hlak DIE& (diisopropylethylaming)
00545 Enant| mer 1of 3 ent - met hyl pi peri djp- 4-
yl') phenyP) i HFHREZEIFL §1¥1@}3 v rfn%&%)neuﬁ g‘ﬂy?néfz oﬁug{ fsy &ﬁﬁr ogMF

aneni t ri 4Rhloromethane and dichloroethane.

[00380] Referring to methods (j) and (k), suitable bases include amine bases, such as

DIEA or tricthylamine. Suitable solvents include neutral solvents such as dichloromethane
and dichlorocthane. The reaction is conveniently performed at temperatures between 0 °C
and ambient temperature.

[00381] Referring to method (m), suitable solvents include dichloromethane and
dichloroethane. The reaction is conveniently performed at temperatures between 0 °C and
ambient temperature.

[00382] Referring to method (n), suitable solvents for the reaction with 1-
iodopyrrolidine-2,5-dione include dichloromethane and dichloroethane. The reaction is
conveniently performed at temperatures between 0 °C and ambient temperature. A suitable
solvent for the reaction of the iodo intermediate with CuCN is DMF.

[00383] Referring to method (o), suitable dehydrating agents include 2,2,2-
trichloroacetyl chloride, phosphorous oxychloride, and other suitable dehydrating agents
known to persons skilled in the art. Compounds of Formula XII can be prepared by treating

the corresponding acid having the formula XII-a



[ 00546] Enant i oner 2of 3-cycl op entyl-3-(4-(7-(4-( 1 -nethyl pi peridin-4-
yl )phenyl)imdazo [1 ,2-c]pyrimdin-5-y1)- 1 Hpyrazol-1 -yl)prop
anenitri WO 2p00B4AF3 - Cycl op entyl-3 -(4-(7-(4-norphol i mophiseyihipsrspelazo [ 1
,2-c]lpyrimdin-5-yl1)- 1H pyrazol- 1 -yl)propanenitrile; [00548] Enantioner 1
of 3 -cyclop entyl-3 -(4-(7-(4-norphoksnophenyl)imdazo [1 ,2-
clpyrimdin-5-yl)- 1 Hpyrazol- 1 -yl)propanenitrile; [00549] Enantioner 2
of 3 -cyclopentyl-3 -(4-(7-(4-norphQlinophenyl)imdazo [1 , 2-
c]pyrimdin-5-yl1)- 1 Hpyrazol- 1 - ropanenitrile; [00550]3
- met hyl - 3- (4- (7- (4- nor phol i nophenypi m o[1,2-c]pyrimdin-5 -yl)- 1 H
pyrazol - 1 -yl)butanenitrile; [0055 ]'1%2 OH
-cycl opropyl- 3-(4-(7-(4-norphol i nop 19i mi dazo[ 1, 2-c] pyrim din-5 -y1)-
1H pyrazol - 1 -yl)propanenitrile®’ [00552]3
-(4-(7-(4-norpholinophenyl)im da?)[N S¥-c]pyrimdin-5 -yl)- 1H pyrazol -1 -
yl ) butanenitrile; Az
[ 00553] 2- net hyl - 3- (4-(7- (4- nor pho'T i noph&hypi mi dazo[ 1, 2-c] pyrim din-5 -y1)-
1 H pyrazol- 1 -yl)prop anenitrile; XiBA554] 3 -(4-(7-(4-norpholinophenyl)
i m dazo -c]lpyrimdin-5 -y1)- 1H pyrazol-1 - yl)prop anenitrjle;
[ 00555] 3‘0?0&&@ op eHily prnoniz lgn%?hRst-eEge( P (o0 o PETO pHERY ) FHPRRY 0 [ 1, 2-
c] pyri m diimidazold) -Thd abtdmak@gotormdia ME-hRfa@ RRNGBPEEd b treating a compound of
[ 00556] N-tert-butyl-5-(1-(2-cyano- 1 -cyclopropylethyl)- 1
H pyr azofemwlpy Yk dazo [1 , 2- c]pyri mi di ne- 7- car boxam de; [00557]5 -(1
-(2-Cyano- 1 -cycl opropyl ethyl)-1H pygagol - 4-y1) - N
cycl ohexyl i mi dazo[ 1, 2-c] pyri mi di ne- 7-/tarjpoxam de; [00558]5 -(1 -(2-Cyano- 1
-cycl opropyl ethyl)- 1H pyrazol - 4- y&Y - N/

RZ

%\N SN
N/J\)\R’]
ViI-a
[00385] where RY, R?, RY, X! and X? are as defined for Formula T, with (E)-dimethyl

pent-2-enedioate, followed by saponification of the resulting diester.

[00386] Referring to methods (p) and (q), an example of an electrophilic fluorinating
agent 1s 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane  bis(tetrafluoroborate)
(also known as Selectfluor). The reaction is conveniently performed at ambient temperature
or at elevated temperatures in a suitable solvent such as acetonitrile for method (p) or an ether
solvent for method (q).

[00387] Referring to method (r), the reaction is conveniently performed at ambient
temperature or at elevated temperatures in a suitable solvent such as ether or alcohol solvents.
[00388] Amine groups in compounds described in any of the above methods may be
protected with any convenient amine protecting group, for example as described in Greene &
Wauts, eds., “Protecting Groups in Organic Synthesis”, 2" ¢d. New York; John Wiley & Sons,
Inc., 1991. Examples of amine protecting groups include acyl and alkoxycarbonyl groups,
such as t-butoxycarbonyl (BOC), and [2-(trimethylsilyl)ethoxy]methyl (SEM). Likewise,
carboxyl groups may be protected with any convenient carboxyl protecting group, for
example as described in Greene & Wats, eds., “Protecting Groups in Organic Synthesis”, 2™
ed. New York; John Wiley & Sons, Inc., 1991. Examples of carboxyl protecting groups
include (1-6C)alkyl groups, such as methyl, ethyl and t-butyl. Alcohol groups may be

protected with any convenient alcohol protecting group, for example as described in Greene



cycl obutylimdazo [1 ,2-c]pyrimdine-7-carboxam de; 67 [00559]5 -(1

-(2-cyano-1 -cyclopropylethyl)- 1 Hpyrazo 1-4-y1l)-N-(pyridin-2- yQO m dazo

[ 1 ,2-c]woriniddne- 7- car boxam de; [00560] 3 - Cycl opr opy PC3/USEB1408189¢ 1

-nmet hyl - 1H pyrazol -4-ypimdazo [ 1 ,2-c]pyrimdin-5- yl1)- 1 Hpyrrol- 1

-yl')propanenitrile; [00561]2-(3-(3-(7541 -Methyl- 1H pyrazol -4-y0im dazo [1
,2-c]lpyrimdin-5 -yl)- 1 H pyrrol- 1 -yl)azetidin-3 -yl)acetonitrile;

[ 00562] 2& WsSeds? (Photedulet: [Grbups ikt Qryara S}nthesisl )znﬁndiaN@V [Ybrk; Zelw] Piitely &t di n- 5

: i fl

31 acet Skt Hie 499} ot ve st il poiselibe sRemabhgy p7E ph Pt cners oy
1 H pyraz@l thétipd.) i mdazo [1,2- c]lpyrimdin-5 -yl)- 1 Hpyrazol- 1 -yl)az
tidi b t 005 7-

H p;,P SZH’]P ﬁﬁ‘calro. o icaglpalgn éogfﬁﬁ@fﬁ‘%‘% (X W@VH-& lﬁ Xoy 349G gpe also

-yl') azet p@iReBroendeQ it ﬁatdv@‘ded[ag)ﬁﬁ%ﬂ @péods df3nd ifvdntion.Met hyl -

1H pyrazol l)Yimdazo [1 rimdin-5 -yl1)- 1 H razol 1)-1
(2on 2- {W?‘Pﬁoao Eb%wﬂ}lgﬂlé‘éﬁ‘Eﬁ‘lr?-%ulﬂll)féhféieﬁhﬂgvﬁi mélbltmo%ey gr megfcw%rz)pyl 3

-(7- Lﬂqasegei e i PUE ouﬂas\/&b mhﬂ%sns I T %,kz 2rAq<hpyAKznaﬁa/Hr ﬁm Yk -
H-pyrazol @tyl) propanenltrl e; [00567] 2- ( 3- - Bt hyl -
b 1p

H- pyr azohress ieckacatmgnt of cyPokeqauyrd Ak lﬁnase-assoylat)ed dmeqtsewplaz@mlmnmm_) 1

- gf:rG't ;: ”gf %Jﬁr?st ﬁ}ﬁ" %%a@o‘??ﬁ ?:e%&r reﬁééu‘éh i imsﬁla)lﬁ%? ‘Sl;ﬁ%géé%‘ééu[eseind[ %ﬁ? %?L%n (r%} din. 5
-y1) - 1thﬂy¢talbgulcdlsﬂ)rde;sl a)lgjyrrahgﬂlandlematﬁl-tyd:l) eccmbdmimm | e; [00569] 2 ( 3 (4-(7-(1
LT Py Sl Ve ok G ERIT I by it 22!
[ 00570] 2dérlor(sayted bpthepysdag dedcabydlip Elamplé 741 - met hyl - 1
Hpyr aZO|[0-0%-92/]| ) m"lq%za%ﬂ y g'f c’o%n-pounds of the invention to act as inhibitors of JAK1 may be
demonstrated by the assay described in Example B.
[00393] The ability of compounds of the invention to act as inhibitors of JAK2 may be
demonstrated by the assay described in Example C
[00394] The ability of compounds of the invention to act as inhibitors of JAK3 may be
demonstrated by the assay described in Example D.
[00395] Compounds of Formula I may be useful in the treatment of JAK kinase-
associated diseases such as autoimmune diseases and inflammatory diseases.
[00396] Examples of autoimmune diseases and inflammatory diseases include, but are
not limited to:
[00397] (1) arthritis, including rheumatoid arthritis, juvenile arthritis, psoriatic arthritis,
reactive arthritis, ankylosing spondylitis, ostcoarthritis, and seronegative arthopathies;
[00398] (ii) intestinal inflammations including Crohn's disease, ulcerative colitis,
inflammatory bowel disease, celiac diseases, proctitis, and eosinophilic gastroenteritis;
[00399] (ii1) airways discases including asthma and other obstructive airway discases,
including severe refractory asthma, chronic asthma, airway hyper-responsiveness, bronchitis,

allergic asthma, and chronic obstruction pulmonary disease;

[00400] (iv) allergic reactions including severe allergic reaction (including
anaphylaxis);
[00401] (v) eye diseases, disorders or conditions including autoimmune diseases of the

eye, uveitis including uveitis associated with Behcet's discase, lens-induced uveitis and optic

neuritis;



pyrimdin-5-yl1)- 1 Hpyrazol- 1 -yl)azetidin-3 -yl)acetonitrile;
[00571] 2-(3-(4-(7-(4-(4-methyl pip erazin- 1 -yl)phenyl)imdazo [1
iwodnn/3eme) - 1H pyrazol- 1 -yl1)-1 -(2,2,2-trifPaorusetihybes2et i di n- 3

, 2-¢] pyr

-ypacetonitrile; [00572]2-(3-(4-(7-(4-(4-nethylpip erazin- 1

-yl)phenyl)imdazo [1 ,2-c]pyrimdin-55y1)- 1H pyrazol- 1 -yl)- 1
-(triflu
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[00408] (xiij diabetes, including Type I diabetes and complications from diabetes,

metabolic syndrome and obesity, and

[00409] (xiii) axial spondyloarthorpathy (axial SpA).

[00410] Additional examples of autoimmune discases and inflammatory discases
include  nephropathy, sarcoidosis, pancreatitis, autoimmune thyroiditis, fibromyalgia,
atherosclerosis, autoimmune hemolytic anemia, autoimmune atrophic gastritis of pernicious
anemia, autoimmune encephalomyelitis, autoimmune orchitis, Goodpasture's disease,
autoimmune myocarditis, autoimmune thrombocytopenia, sympathetic ophthalmia,
myasthenia gravis, Graves' disease, primary biliary cirrhosis, chronic aggressive hepatitis,
membranous glomerulopathy, Sjogren's syndrome, Reiter's syndrome, systemic sclerosis,
polyarteritis nodosa, bullous pemphigoid, Cogan's syndrome, Wegener's granulomatosis,
cystic fibrosis, mixed connective tissue disease, antiphospholipid syndrome, polymyositis,
dermatomyositis, membranous nephritis, primary sclerosing cholangitis, severe chronic
urticaria, giant cell arteritis, eosinophilic esophagitis, and eosinophilic gastritis.

[00411] Accordingly, this invention further provides a method of treating a disease or
disorder sclected from an autoimmune discase and an inflammatory disease in a mammal in
need thereof, comprising administering to a mammal a therapeutically effective amount of at

least one compound of Formula I or a pharmaceutically acceptable salt thereof.
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1



[00582] (S)-3-((S)-2,2-di fluorocyclopropyl)-3 -(4-(7-(1
- et hyl - 1H pyrazol -4- yOi m dazo[1, 2-c]pyrimdin-5 -yl)- 1H pyrazol- 1
-yl) propawertrwisbeps [ 00583]R)-3 -((S)-2,2-di fluoro cycl eprapsgdio3tse- (7-( 1
-methyl- 1 Hpyrazol-4- yl)imdazo [ 1,2-c]pyrimdin-5 -yl)- 1H pyrazol- 1
-yl )propanenitrile; [00584](S)-3-((R)s&, 2-di fluorocyclopropyl)-3 -(4-(7-( 1
-nmethyl- 1 Hpyrazol-4- yl)imdazo [ 1,2-c]pyrimdin-5 -yl)- 1H pyrazol- 1
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splenomegaly in myelofibrosis), as well as cachexia in patients with solid tumors.

[00416] Accordingly, this invention further provides a method of treating malignancies
in a mammal, which comprises administering to said mammal a therapeutically effective
amount of a compound of Formula I.

[00417] Compounds of Formula I may be administered alone as a sole therapy or can
be administered in addition with one or more other substances and/or treatments that work by
the same or a different mechanism of action. These agents may include but are not limited to
cyclosporin A (e.g. Sandimmune® or Neoral®), rapamycin, FK-506 (tacrolimus),
leflunomide, deoxyspergualin, mycophenolate (e.g. Cellcept®, azathioprine (e.g. Imuran®),
daclizumab (¢.g. Zenapax®), OKT3 (e.g. Orthocolone®.), AtGam, aspirin, acetaminophen,
ibuprofen, naproxen, piroxicam, antiinflammatory steroids (e.g. prednisolone or
dexamethasone), methotrexate, statins, anti-TNF agents (e.g., Enbrel® (etanercept) or
Humira® (adalimumab)), Orencia® (abatacept), cyclophosphamide, mycophenolic acid,
hydroxychloroquine, and metformin. These agents may be administered with one or more
compounds of Formula I as part of the same or separate dosage forms, via the same or
different routes of administration, and on the same or different administration schedules
according to standard pharmaceutical practice known to one skilled in the art.

[00418] In the field of medical oncology it is normal practice to use a combination of
different forms of treatment to treat cach patient with cancer. In medical oncology the other

component(s) of such conjoint treatment in addition to compositions of the present invention



y0i m dazo[ 1, 2-c] pyri m di n-5-y1)-1H pyrazol - 1-yl)azeti din-3-yl)acetonitrile;

[ 00594] 2-(3-(4-(7-(1-(oxetan-3 -yl)-1H pyrazol -4-yl)imdazo

[1, 2-c] pywOorhdiiset6-y1l) - 1H pyrazol -1-y1)-1-(2,2,3 ,3 , BCT[US2011/031896
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70 undetectable. "Treatment" can also mean prolonging survival as compared to expected

survival if not receiving treatment. Those in need of treatment include those already with the
condition or disorder, as well as those prone to have the condition or disorder or those in
which the condition or disorder is to be prevented.

[00421] In one embodiment, the terms "treatment” or "treating” as used herein, mean
an alleviation, in whole or in part, of symptoms associated with a disorder or condition (e.g.,
autoimmune diseases, inflammatory diseases, rejection of transplanted organs, tissues and
cells, as well as hematologic disorders and malignancies and their co-morbidities as described
herein), or slowing, or halting of further progression or worsening of those symptoms.
[00422] In one embodiment, the term "preventing” as used herein means the
prevention of the onset, recurrence or spread, in whole or in part, of the disease or
condition(e.g., autoimmune discases, inflammatory discases, rejection of transplanted organs,
tissues and cells, as well as hematologic disorders and malignancies and their co-morbidities
as described herein), or a symptom thereof.

[00423] The terms "effective amount” and "therapeutically effective amount" refer to

an amount of compound that, when administered to a mammal in need of such treatment, is



APCl At nospheric Pressure Chem cal |onization Bl NAP

2, 2" -bi s(di phenyl phosphi no) -1, 1' - bi napht hyl Boc tert-butoxycarbonyl CDC13
Deut er at estoChi1aefsor m DBU 2, 3, 4, 6, 7, 8, 9, 10- Cct ahydr opyr iPairdspdi 123 wpazepi ne
DCC N, N -di cycl ohexyl carbodi i m de DCE 1, 2- D chl or oet hane DCM

Di chl or omet hane DI EA Di i sopropyl et hyl agi ne DI PHOS

1, 2- Bi s( D phenyl phosphi no) et hane DVE 1, 2- di net hoxyet hane DVF

N, N- Di netuffitibar toa(ii deat DMBOevent a particular discase, condition, or disorder, (ii) attenuate,

ameliorate, or eliminate one or more symptoms of the particular disease, condition, or
disorder, or (iii) prevent or delay the onset of one or more symptoms of the particular disease,
condition, or disorder described herein. The amount of a compound of Formula I that will
correspond to such an amount will vary depending upon factors such as the particular
compound, disease condition and its severity, the identity (e.g., weight) of the mammal in
need of treatment, but can nevertheless be routinely determined by one skilled in the art.
[00424] As used herein, the term "mammal" refers to a warm-blooded animal that has
or is at risk of developing a disease described herein and includes, but is not limited to,
guinea pigs, dogs, cats, rats, mice, hamsters, and primates, including humans.

[00425] Compounds of the invention may be administered by any convenient route,
c.g. into the gastrointestinal tract (c.g. rectally or orally), the nose, lungs, musculature or
vasculature, or transdermally or dermally. Compounds may be administered in any
convenient administrative form, e.g. tablets, powders, capsules, solutions, dispersions,
suspensions, syrups, sprays, suppositories, gels, emulsions, patches etc. Such compositions
may contain components conventional in pharmaceutical preparations, e.g. diluents, carriers,
pH modifiers, sweeteners, bulking agents, and further active agents. If parenteral
administration is desired, the compositions will be sterile and in a solution or suspension
form suitable for injection or infusion. Such compositions form a further aspect of the
invention.

[00426] The present invention further provides a pharmaceutical composition, which
comprises a compound of Formula I or a pharmaceutically acceptable salt thereof, as defined
hereinabove. In one embodiment, the pharmaceutical composition includes the compound of
Formula I together with a pharmaceutically acceptable diluent or carrier.

[00427] An example of a suitable oral dosage form is a tablet containing about 25 mg,
50 mg, 100 mg, 250 mg, or 500 mg of the compound of the invention compounded with
about 90-30 mg anhydrous lactose, about 5-40 mg sodium croscarmellose, about 5-30 mg
polyvinylpyrrolidone ("PVP") K30, and about 1-10 mg magnesium stearate. The powdered
ingredients are first mixed together and then mixed with a solution of the PVP. The resulting
composition can be dried, granulated, mixed with the magnesium stearate and compressed to
tablet form using conventional equipment. An aerosol formulation can be prepared by
dissolving the compound, for example 5-400 mg, of the invention in a suitable buffer

solution, ¢.g. a phosphate buffer, adding a tonicifier, ¢.g., a salt such sodium chloride, if
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[00428] The present invention further provides a compound of Formula I or a
pharmaceutically acceptable salt thercof, for use in therapy. In one embodiment, the
invention provides a compound of Formula I or a pharmaceutically acceptable salt thereof,
for use in the treatment of cytokine or JAK kinase-associated diseases in a mammal.
[00429] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of autoimmune diseases and
inflammatory diseases in a mammal.
[00430] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of transplant rejection in a
mammal.
[00431] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of hematologic disorders
and malignancies in a mammal.
[00432] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
cytokine or JAK kinase-associated diseases in a mammal.
[00433] In one embodiment, the invention provides the use of a compound of Formula
I or a pharmaceutically acceptable salt thereof, in the treatment of autoimmune diseases and
inflammatory discases.
[00434] In one embodiment, the invention provides the use of a compound of Formula
I or a pharmaceutically acceptable salt thercof, in the treatment of organ, tissue or cell
transplant rejection in a mammal.
[00435] In one embodiment, the invention provides the use of a compound of Formula
I or a pharmaceutically acceptable salt thereof, in the treatment of malignancies in a mammal.
[00436] In one embodiment, the compound of Formula I is selected from:
[00437] 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)pentanedinitrile;
[00438] 3-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
y1)-1H-pyrazol-1-yl)propanenitrile;
[00439] Enantiomer 1 of 3-cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;
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3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-3-(pyridin-2-yl)propanenitrile;

[00443]

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-3-(pyridin-4-yl)propanenitrile;

[00444]

3-(5-methoxypyridin-3-yl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00445]

3-(5-bromopyridin-3-yl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00446]

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-3-phenylpropanenitrile;

[00447]

3-(2-chlorophenyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00448]

3-(3-chlorophenyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00449]

3-(4-chlorophenyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00450]

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-3-(3~(trifluoromethyl)phenyl)propanenitrile;

[00451]

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-3-phenylbutanenitrile;

[00452]

3-cyclopentyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-cJpyrimidin-5-

yl)-1H-pyrazol-1-yl)propanenitrile;

[00453]

4,4-dimethyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-

yl)-1H-pyrazol-1-yl)pentanenitrile;

[00454]

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)propanenitrile;

[00455]

3-cyclobutyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-

yl)-1H-pyrazol-1-yl)propanenitrile;

[00456]

tert-butyl  4-(cyanomethyl)-4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)piperidine-1-carboxylate;
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[00463] 2-(1-methyl-4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)piperidin-4-yl)acetonitrile;

[00464] 2-(1-cthyl-4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)piperidin-4-yl)acetonitrile;

[00465] 2-(4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-propylpiperidin-4-yl)acetonitrile;

[00466] 2-(4-(4~(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)piperidin-4-yl)acetonitrile;

[00467] 3-cyclopropyl-3-(4-(7-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00468] 3-(4-(7-(1H-pyrazol-4-yl)imidazo[ 1,2-c[pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-
cyclopropylpropanenitrile;

[00469] 3-Cyclopropyl-3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00470] 3-cyclopropyl-3-(4-(7-(1-(pyridin-3-ylmethyl)-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00471] 3-cyclopropyl-3-(4-(7-(1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-

yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00472] 3-cyclopropyl-3-(4-(7-(1-isobutyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00473] 3-Cyclopropyl-3-(4-(7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo|[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;
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[00483] 3-cyclopropyl-3-(4-(7-(2-methylthiazol-5-yl)imidazo[1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile;

[00484] 3-Cyclopropyl-3-(4-(7-(6-methylpyridin-3-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

[00485] 3-cyclopropyl-3-(4-(7-(2-methylpyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

[00486] 3-cyclopropyl-3-(4-(7-(6-(4-methylpiperazin-1-yl)pyridin-3-yl)imidazo|[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00487] 3-Cyclopropyl-3-(4-(7-(1,2,3,4-tetrahydroisoquinolin-6-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00488] 3-Cyclopropyl-3-(4-(7-(2-methyl-1,2,3,4-tetrahydroisoquinolin-6-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00489] 3-Cyclopropyl-3-(4-(7-(1,2,3,4-tetrahydroisoquinolin-7-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00490] 3-Cyclopropyl-3-(4-(7-(2-methyl-1,2,3,4-tetrahydroisoquinolin-7-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;



Exanpl es when tested in the assays described in Exanples A, B, C and D. For
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[00491] 3-Cyclopropyl-3-(4-(7-(5,6,7,8-tetrahydroimidazo[ 1,2-a]pyrazin-3-

ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00492] 3-cyclopropyl-3-(4-(7-(7-methyl-5,6,7,8-tetrahydroimidazo[ 1,2-a]pyrazin-3-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00493] 3-(4-(7-(4-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl)phenyl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-cyclopropylpropanenitrile;

[00494] 3-Cyclopropyl-3-(4-(7-(4-(4-methylpiperazin-1-yl)phenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00495] Tert-butyl  3-(cyanomethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate;

[00496] 2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)azetidin-3-yl)acctonitrile;

[00497] 2-(1-Acetyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00498] 2-(3-(4~(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(3,3,3-trifluoropropanoyl)azetidin-3-yl)acetonitrile;

[00499] 2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(1-(trifluoromethyl)cyclopropanecarbonyl)azetidin-3-yl)acetonitrile;
[00500] 2-(1-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00501] 2-(3-(4~(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(oxetan-3-yl)azetidin-3-yl)acetonitrile;

[00502] 2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(pyrimidin-2-yl)azetidin-3-yl)acetonitrile;

[00503] 2-(1-(2,2-dDifluoroethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
¢]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00504] 2-(3-(4~(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,3,3,3-pentafluoropropyl)azetidin-3-yl)acetonitrile;

[00505] 2-(3-(4~(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluorocthyl)azetidin-3-yl)acetonitrile;

[00506] 2-(1-ethyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yI)-
1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00507] 2,2'-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)azetidine-1,3-diyl)diacetonitrile;
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[00508] 2-(1-(3-fluoropropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00509] 2-(1-(but-2-ynyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)-1H-pyrazol- 1-yl)azetidin-3-yl)acetonitrile;

[00510] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(prop-2-ynyl)azetidin-3-yl)acetonitrile;

[00511] 2-(1-(2-fluoroethyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00512] 3-(3-(cyanomethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)- 1H-pyrazol-1-yl)azetidin-1-yl)propanenitrile;

[00513] 2-(1-(1,3-difluoropropan-2-yl)-3-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl1)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00514] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)yimidazo[ 1,2-c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)-1-(2,2,3,3-tetrafluoropropyl)azetidin-3-yl)acetonitrile;

[00515] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-propylazetidin-3-yl)acetonitrile;

[00516] 2-(1-isopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00517] 2-(1-methyl-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00518] 2-(1-(cyclopropylmethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)-1H-pyrazol- 1-yl)azetidin-3-yl)acetonitrile;

[00519] 2-(1-isobutyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c|pyrimidin-5-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00520] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)yimidazo[ 1,2-c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)-1-(3,3,3-trifluoropropyl)azetidin-3-yl)acetonitrile;

[00521] 2-(1-(cyclobutylmethyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)-1H-pyrazol- 1-yl)azetidin-3-yl)acetonitrile;

[00522] 2-(1-benzyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00523] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)yimidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)azetidin-3-yl)acetonitrile;

[00524] 2-(3-(4-(3-Chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢ ]pyrimidin-5-
yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;
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[00525] 2-(1-(Isopropylsulfonyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00526] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)yimidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(methylsulfonyl)azetidin-3-yl)acetonitrile;

[00527] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(propylsulfonyl)azetidin-3-yl)acetonitrile;

[00528] 2-(1-(cyclohexylsulfonyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00529] 2-(1-(cyclopropylsulfonyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)- 1H-pyrazol- 1-yl)azetidin-3-yl)acetonitrile;

[00530] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

[00531] 2-(1-(ethylsulfonyl)-3-(4-(7-(1-methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00532] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)-1-(3,3,3-trifluoropropylsulfonyl)azetidin-3-yl)acetonitrile;

[00533] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(phenylsulfonyl)azetidin-3-yl)acetonitrile;

[00534] 2-(3-(4-(7-(1-Isopropyl-1-H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00535] 2-(3-(4-(7-(1-Isopropyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidine-3-yl)acetonitrile;

[00536] 2-(3-(4-(7-(2-Methylthiazol-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yD)-1-(2,2,2-trifluorocthyl)azetidin-3-yl)acetonitrile;

[00537] 2-(3-(4-(7-(1-Cyclobutyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00538] 2-(3-(4~(7-(1-Ethyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00539] 2-(3-(4-(7-(1-(Oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-y1)-1-(2,2,2-trifluorocthyl)azetidin-3-yl)acetonitrile;

[00540] 3-(3-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

[00541] 3-(5-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;
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[00542] 2-(3-(3-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-

yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00543] 3-Cyclopropyl-3-(3-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00544] 3-Cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00545] Enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-

yDphenyl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00546] Enantiomer 2 of 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-

yl)phenyl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00547] 3-Cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile;

[00548] Enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00549] Enantiomer 2 of 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00550] 3-methyl-3-(4-(7-(4-morpholinophenyl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)butanenitrile;

[00551] 3-cyclopropyl-3-(4-(7-(4-morpholinophenyl)imidazo[ 1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile;

[00552] 3-(4-(7-(4-morpholinophenyl)imidazo  [1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-

yl)butanenitrile;

[00553] 2-methyl-3-(4-(7-(4-morpholinophenyl)imidazol[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)propanenitrile;

[00554] 3-(4-(7-(4-morpholinophenyl)  imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-

yl)propanenitrile;
[00555] 3-Cyclopentyl-3-(3-methyl-4-(7-(4-morpholinophenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00556] N-tert-butyl-5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)imidazo[ 1,2-

c]pyrimidine-7-carboxamide;

[00557] 5-(1-(2-Cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-N-
cyclohexylimidazo[ 1,2-c]pyrimidine-7-carboxamide;

[00558] 5-(1-(2-Cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-N-

cyclobutylimidazo[1,2-c]pyrimidine-7-carboxamide;
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[00559] 5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-N-(pyridin-2-

yl)imidazo[1,2-c]pyrimidine-7-carboxamide;

[00560] 3-Cyclopropyl-3-(3-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-

yl)-1H-pyrrol-1-yl)propanenitrile;

[00561] 2-(3-(3~(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrrol-1-yl)azetidin-3-yl)acetonitrile;

[00562] 2-(3-(3-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrrol-1-y1)-1-(2,2,2-trifluorocthyl)azetidin-3-yl)acetonitrile;

[00563] Tert-butyl  3-(cyanomethyl)-3-(3-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate;

[00564] 2-(3-(3~(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-

pyrazol-1-yl)azetidin-3-yl)acctonitrile;

[00565] 2-(3-(3-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00566] 3-Cyclopropyl-3-(3-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-

yl)-1H-pyrazol-1-yl)propanenitrile;

[00567] 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-1-(trifluoromethylsulfonyl)pyrrolidin-3-yl)acetonitrile;

[00568] 2-(1-acetyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)pyrrolidin-3-yl)acetonitrile;

[00569] 2-(3-(4~(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)pyrrolidin-3-yl)acetonitrile;

[00570] 2-(1-(cyclopropylsulfonyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00571] 2-(3-(4~(7-(4-(4-methylpiperazin-1-yl)phenyl)imidazo[1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00572] 2-(3-(4~(7-(4-(4-methylpiperazin-1-yl)phenyl)imidazo[1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

[00573] 2-(3-(4~(7-(2-methylthiazol-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-

yD)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

[00574] 2-(1-(cyclopropylsulfonyl)-3-(4-(7-(2-methylthiazol-5-yl)imidazo[ 1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00575] 2-(1-(cyclopropylsulfonyl)-3-(4-(7-(2-methoxypyrimidin-5-yl)imidazo[ 1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;
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[00576] 2-(3-(4~(7-(2-methoxypyrimidin-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

[00577] 2-(3-(3~(7-(1-(2-(methylsulfonyl)ethyl)- 1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;
[00578] 2-(3-(3~(7-(1-methyl-2-ox0-1,2-dihydropyridin-4-yl)imidazo[ 1,2-c]pyrimidin-
5-yD)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00579] 2-(3-(3-(7-(1-methyl-6-ox0-1,6-dihydropyridin-3-yl)imidazo[ 1,2-c]pyrimidin-
5-yD)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

[00580] 2-(3-(4~(7-(4-(trifluoromethyl)phenyl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

[00581] 3-(2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00582] (S)-3-((S)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-
ylDimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00583] R)-3-((S)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00584] (S)-3-((R)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-
ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00585] (R)-3-((R)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-
ylhimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00586] 2-(6-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-2-oxaspiro[3.3]heptan-6-yl)acetonitrile;

[00587] 2-(3-(4-(7-cyclopropylimidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-
(2,2,2-trifluorocthyl)azetidin-3-yl)acetonitrile;

[00588] 2-(2-(4~(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-7-oxaspiro[3.5|nonan-2-yl)acetonitrile;

[00589] 3-cyclopropyl-3-(4-(3-fluoro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1 ,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

[00590] 2-(3-(4~(3-chloro-7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluorocthyl)azetidin-3-yl)acetonitrile;
[00591] 2-(3-(4-(3-fluoro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)-1-((trifluoromethyl)sulfonyl)azetidin-3-yl)acetonitrile;

[00592] 2-(3-(4-(3-chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)-1-((trifluoromethyl)sulfonyl)azetidin-3-yl)acetonitrile;
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[00593] 2-(1-(2,2-difluoroethyl)-3-(4-(7-(1-(oxetan-3-yl)-1H-pyrazol-4-
ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00594] 2-(3-(4-(7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-y1)-1-(2,2,3,3,3-pentafluoropropyl)azetidin-3-yl)acetonitrile;

[00595] 2-(3-(4-(7-(4-methoxyphenyl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-
yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

[00596] 2-(1-(cyclopropylsulfonyl)-3-(4-(7-(4-methoxyphenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

[00597] 2-(2-(4~(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)spiro[3.3]heptan-2-yl)acetonitrile;

[00598] 2-(2-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)spiro[3.4]Joctan-2-yl)acetonitrile;
[00599] 2-(2-(4~(7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)spiro[3.3]heptan-2-yl)acetonitrile;
[00600] or a pharmaceutically acceptable salt or solvate thereof. In one embodiment,
the salt is a hydrochloride or trifluoroacetate salt.

Examples
[00601] The following examples illustrate the invention. In the examples described
below, unless otherwise indicated all temperatures are set forth in degrees Celsius. Reagents
were purchased from commercial suppliers such as Aldrich Chemical Company, Lancaster,
Alfa, Acsar, TCI, Maybridge, or other suitable suppliers, and were used without further
purification unless otherwise indicated. THF, DCM, toluene, DMF) and dioxane were
purchased from Aldrich in Sure/Seal™ bottles and used as received.
[00602] The reactions sct forth below were done generally under a positive pressure of
nitrogen or argon or with a drying tube (unless otherwise stated) in anhydrous solvents, and
the reaction flasks were typically fitted with rubber septa for the introduction of substrates
and reagents via syringe. Glassware was oven dried and/or heat dried or dried under a stream
of dry nitrogen.
[00603] Column chromatography was done on a Biotage system (Manufacturer: Dyax
Corporation) having a silica gel or C-18 reverse phase column, or on a silica SepPak cartridge
(Waters), or using conventional flash column chromatography on silica gel, unless otherwise
specified.

[00604] Abbreviations used herein have the following meanings:
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APCI Atmospheric Pressure Chemical Ionization
BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
Boc tert-butoxycarbonyl
CDCl; Deuterated Chloroform
DBU 2,3,4,6,7,8,9,10-Octahydropyrimido[ 1,2-aJazepine
DCC N.N'-dicyclohexylcarbodiimide
DCE 1,2-Dichlorocthane
DCM Dichloromethane
DIEA Diisopropylethylamine
DIPHOS 1,2-Bis(Diphenylphosphino)ethane
DME 1,2-dimethoxyethane
DMF N,N-Dimethylformamide
DMSO dimethylsulfoxide
EDC 1-(3-dimethylaminopropyl)-3-ethylcarboiimide
Et,O Diethyl ether
HATU (2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate)
HBTU O-Benzotriazole-N,N,N’ N’-tetramethyl-uronium-hexafluoro-
phosphate
IPA Isopropyl alcohol
iPrOH Isopropyl alcohol
LAH Lithium Aluminum Hydride
LHMDS Lithium  bis(trimethylsilyl)amide (also known as lithium
hexamethyldisilazide)
MTBE tert-butyl-methylether
NaBH(OACc); Sodium triacetoxyborohydride
Pd(PPh3)4 Tetrakis(triphenylphosphine)palladium(0)
PdCly(dppf)*dem 1,1'-Bis(diphenylphosphino)ferrocene-palladium(IT)dichloride
dichloromethane complex
Pd,dbas Tris(dibenzylideneacetone)dipalladium(0)
S10, Silicon dioxide
S-Phos 2-Dicyclohexylphosphino-2',6'-dimethoxybiphenyl
TBTU O-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
tetrafluoroborate
TEA tricthylamine
TFA Trifluoroacetic acid
THF Tetrahydrofuran
TLC Thin layer chromatography
XPHOS 2-Dicyclohexylphosphino-2',4",6'-triisopropylbiphenyl
General Enzyme Inhibition Assay Method
[00605] The assays described in Examples A, B, C and D for the determination of

Tyk2, JAK1, JAK2 and JAK3 kinase activity, respectively, utilized the Omnia® Kinase

fluorescence peptide substrate-based technology (Invitrogen). The specific components of

the assay mixture are described in Examples A, B, C and D. In these assays, Mg”" is chelated

upon phosphorylation of the Omnia peptide by the kinase to form a bridge between the
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chelation-enhanced fluorophore Sox and the phosphate, resulting in an increase in
fluorescence emission at 485 nM when excited at 360 nM. The reactions were therefore read
at excitation 360 nm and emission was measured at 485 nm every 50 seconds for 45 minutes
using a PerkinElmer EnVision Multilabel Plate Reader.

[00606] The final buffer conditions for Tyk2, JAKI, JAK2, and JAK3 assays were as
follows: 25 mM HEPES, pH 7.4, 10 mM MgCl,, 0.01% Triton X-100 and 1 mM DTT.

IC5¢ Determinations:

[00607] Compounds were prepared at 50x the final concentration in DMSO by
conducting 3-fold serial dilutions from a 500-uM intermediate dilution to give a 10-point
dosing curve having a high dose of 10 uM. Two-uL aliquots of these were transferred to a
fresh plate for a ten-fold intermediate dilution with assay buffer. Five-uL aliquots of the
diluted compounds were then transferred to 20-uL of assay mixtures described in Examples
A, B, C and D for a final concentration of DMSO of 2%. A standard or reference compound
was typically included on each assay plate to validate that plate. For each plate, percent of

control (POC) values were calculated for each well according to the following equation:

_ Sa_mple :Xmin X100,

Xmax - Xmin

POC

where Xmw = Average Uninhibited Controls

Xmn = Average Background
ICs¢’s were estimated from the POC’s using a standard 4-parameter logistic model:

B-A

]

where A = Minimum Y (Bottom Asymptote)

Y=A+

B = Maximum Y (Top Asymptote)

C =ECs

D = Slope Factor

X = Compound Concentration (nM)

Y =POC
[00608] The ICsq is defined as the concentration of inhibitor at which the POC equals
50 for the fitted curve.
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Example A
Tyk?2 Inhibition Assay
[00609] Compounds of Formula I were screened for their ability to inhibit Tyk2 using

the general enzyme inhibition assay method, in which the assay mixture contained 10 pM
(Km app) or 1 mM ATP, 8 uM Omnia® Y12 peptide (Catalog # IVGN KPZ3121C;
Invitrogen Corporation, Carlsbad, CA) and 2 nM Tyk2 in a total volume of 20 uL. Human
Tyk2 kinase domain, comprising amino acids 886 to 1187 with 10 additional histidine
residues (histidine tag) on the carboxy terminus, was expressed and purified from
bacculovirus in-house at Array BioPharma Inc. (Boulder, CO). The histidine tag was cleaved
after purification using standard conditions.
Example B
JAK1 Inhibition Assay
[00610] Compounds of Formula I were screened for their ability to inhibit JAK1 using
the general enzyme inhibition assay method, in which the assay mixture contained 40 uM
(Km app) or 1 mM ATP, 8 uM Omnia® Y12 peptide (Catalog # IVGN KPZ3121C;
Invitrogen Corporation, Carlsbad, CA) and 15 nM JAKI in a total volume of 20 uL. JAK1
was purchased from Invitrogen Corporation, Carlsbad, CA (catalog # IVGN PV4775).
Example C
JAK? Inhibition Assay

[00611] Compounds of Formula I were screened for their ability to inhibit JAK2 using
the general enzyme inhibition assay method, in which the assay mixture contained 25 uyM
(Km app) or 1 mM ATP, 10 uM Omnia® Y7 peptide (Catalog # IVGN KNZ3071C,
Invitrogen Corporation, Carlsbad, CA) and 5 nM JAK?2 in a total volume of 20 uL. JAK2
was purchased from Invitrogen Corporation, Carlsbad, CA (catalog # IVGN PV4288).
Example D
JAK3 Inhibition Assay

[00612] Compounds of Formula I were screened for their ability to inhibit JAK3 using
the general enzyme inhibition assay method, in which the assay mixture contained 10 pM
(Km app) or 1 mM ATP, 10 uM Omnia® Y7 peptide (Catalog # IVGN KNZ3071C,
Invitrogen Corporation, Carlsbad, CA) and 2.5 nM JAK3 in a total volume of 20 uL. JAK3
was purchased from Invitrogen Corporation, Carlsbad, CA (catalog # IVGN PV4080).

[00613] Compounds of Formula I are inhibitors of Tyk2, JAK1, JAK2 and/or JAK3.
A compound is considered to be an inhibitor of Tyk2, JAK1, JAK2 and/or JAK3 if it has an
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ICsq value equal to or less than 1000 nM when tested in the above assay of Example A, B, C
or D, respectively.

[00614] Table A provides averaged ICso ranges for compounds described in the
Examples when tested in the assays described in Examples A, B, C and D. For each ICs
value shown in Table A, "A" represents an ICsy value of less than 10 nM, "B" represents an
ICs¢ value of between 10 nM and 100 nM, "C" represents an ICsy value of greater than 100
nM and less than 1000 nM, and "D" represents an 1Csq value of greater than 1000 nM.

Table A
Example # Tyk2 JAK1 JAK2 JAK3
ICsp 1Cso 1Csp I1Cso
1 A B B C
2 A C B D
3 B C C C
4 A B B C
5 B C C D
6 B C B D
7 A B B C
8 B C B D
9 B C B D
10 A B B C
11 A B B C
12 B B B C
13 A B A C
14 B B B C
15 A B B C
16 C D C D
17 A B B D
18 B C C D
19 B C C D
20 A B B D
21 C D D D
22 B C C D
23 B C C D
24 B B B D
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157 B C B D
158 A A B C
159 A B B D
160 A C B C
161 A C B D
162 A C B C

Preparation A

3-Methylbut-2-enenitrile

)\/CN

[00615] NaH (1.634 g, 40.86 mmol) was suspended in THF (100 mL) and cooled to 0
°C. Diethyl cyanomethylphosphonate (6.856 mL, 43.58 mmol) was added drop-wise while

maintaining the temperature below 5 °C. The reaction mixture was stirred at 0 °C for 1 hour
and then propan-2-one (2.000 mL, 27.24 mmol) added slowly. The reaction mixture was
heated at reflux for 5 hours and then cooled to ambient temperature. The reaction mixture
was partitioned between saturated aqueous NH4Cl and EtOAc. The organics were washed
with brine, dried, MgSO, and concentrated under reduced pressure to afford the crude
material. The crude product was purified by flash column chromatography (eluant: 100 %
DCM) to furnish 3-methylbut-2-enenitrile (0.755 g, 9.31 mmol). 'H NMR (CDCl3) d 5.13-
5.09 (m, 1H), 2.06 (s, 3H), 1.93 (s, 3H).
Preparation B

3-Cyvclopropvlacrylonitrile

\_CN

[00616] Dicthyl cyanomethylphosphonate (1.914 mL, 11.92 mmol) and
cyclopropanecarbaldehyde (1.000 ml, 13.12 mmol) were suspended in THF (20 mL) and

cooled to 0 °C. KOtBu (1.605 g, 14.31 mmol) was added in portion-wise (reaction became
hot). The reaction mixture became very thick and hard to stir. The reaction mixture was
stirred at ambient temperature overnight. The reaction mixture was partitioned between
saturated aqueous NH4Cl and EtOAc. The organic layer was washed with saturated aqueous
NaHCQO;, water and brine, dried over MgSO4 and concentrated under reduced pressure to
afford the crude 3-cyclopropylacrylonitrile (1.055 g, 11.33 mmol, 95.02% yield) as a mixture
of cis and trans isomers, which was used without further purification. 'H NMR (CDCls)
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(about a 1:1 ratio of E/Z) § 6.13 (dd, 1H), 5.79 (t, 1H), 5.35 (d, 1H), 5.17 (d, 1H), 2.06-1.96
(m, 1H), 1.64-1.53 (m, 1H), 1.11-1.04 (m, 2H), 1.04-0.97 (m, 2H), 0.70-0.63 (m, 4H).

[00617] The compounds of Table 1 were prepared according to the method of
Preparation B using the appropriate starting materials.
Table 1
Compound Structure Name Data
a MeQ, 3-(5-methoxy- MS(apci) m/z = 161.1 (M+H)
=\ /CN | pyridin-3-yl)
?\l / acrylonitrile
b =\ /"~CN 3-(pyridin-4-yl) | '"H NMR (CDCls) (about a
NW acrylonitrile 4:1 ratio of E/Z) 6 8.76-8.73
(m, 0.5H), 8.72-8.68 (m, 2H),
7.64-7.61 (m, 0.5H), 7.36 (d,
1H), 7.33-7.28 (m, 2H), 7.12
(d, 0.25H), 6.09 (d, 1H), 5.70
(d, 0.25H).
c =\ /™CN 3-(pyridin-2-yl) | "H NMR (CDCls) (about a
\ acrylonitrile 5:1 ratio of E/Z) & 8.76-8.72
N (m, 0.2H), 8.66-8.61 (m, 1H),
7.86-7.82 (m, 0.2H), 7.82-
7.77 (m, 0.2H), 7.77-7.71 (m,
1H), 7.40 (d, 1H), 7.35-7.29
(m, 2.2H), 7.25 (d, 0.2H) 6.60
(d, 1H), 5.67 (d, 0.2H).
d > 4 4-dimethylpent- | "TH NMR (CDCls) (about a
\ N 2-enenitrile 1.7:1 ratio of E/Z) 3 6.72 (d,
0.6H), 6.35 (d, 1H), 5.23 (d,
0.6H), 5.22 (d, 1H), 1.25 (s,
9H), 1.08 (s, 5.3H).
e Br. 3-(5-bromo- "H NMR (CDCl») (ca. 5:1
=\ /™CN pyridin-3-yl) ratio of E/Z) 8 8.76-8.69 (m,
N\ / acrylonitrile 1.4H), 8.60 (d, 1H), 8.44 (t,
N 0.2H), 7.92 (t, 1H), 7.35 (d,
1H), 7.10 (d, 0.2H), 5.99 (d,
1H), 5.67 (d, 0.2H).
f cl 3-(3- '"H NMR (CDCls) (about a
/7 CN chlorophenyl) 4.4:1 ratio of E/Z) 8 7.77-7.75
acrylonitrile (m, 0.23H), 7.72-7.69 (m,
0.23H), 7.46-7.30 (m, 5.5H),
7.08 (d, 0.23H), 5.89 (d, 1H),
5.52 (d, 0.23H).
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Compound Structure Name Data
g Q””\_ 3-cyclopentyl- "H NMR (CDCl,) (about a
\ CN acrylonitrile 2:1 ratio of E/Z) § 6.74-6.65
(m, 0.5H), 6.37 (t, 1H), 5.29
(dd, 0.5H), 5.21 (t, 1H), 3.09-
2.96 (m, 1H), 2.65-2.53 (m,
0.5H), 1.99-1.80 (m, 3H),
1.78-1.56 (m, 6H), 1.44-1.29
(m, 3H).
h F3C 3-(3-(trifluoro- "H NMR (CDCls) (about a
/" CN | methyl)phenyl)acr | 5:1 ratio of E/Z) & 8.12 (d,
ylonitrile 0.2H), 7.91 (s, 0.2H), 7.74-
7.52 (m, 5H), 7.44 (d, 1H),
7.18 (d, 0.2H), 5.98 (d, 1H),
5.59 (d, 0.2H).
i ©_</MCN 3-phenylbut-2- 'H NMR (CDCls) E-major
enenitrile signals & 7.49-7.37 (m, SH),
5.62 (s, 1H), 2.47 (s, 3H)
J N 3-cyclobutyl- "H NMR (CDCls) (about a
{rN\on acrylonitrile 1:1 ratio of E/Z) & 6.81 (dd,
1H), 6.55 (dd, 1H), 5.31-5.12
(m, 2H), 3.49 (m, 1H), 3.09
(m, 1H), 2.37-2.13 (m, 4H),
2.07-1.80 (m, 8H)
k 5,5-dimethylhex- | "H NMR (CDCls) (about a

2-enenitrile

1:1 ratio of E/Z) & 6.77-6.70
(m, 1H), 6.59-6.52 (m, 1H),
5.40 (d, 1H), 5.32 (d, 1H),
2.33(d, 2H), 2.11 (d, 2H),
0.98 (s, 9H), 0.94 (s, 9H)

tert-butyl 4-(2-

MS (apci) m/z=137.1

+O>_NC>_\\M cyanovinyl)piperi | (M+H-Boc).
0 CN dine-1-
carboxylate
m Zon | tert-butyl 4- MS (apci) m/z = 123.1
o O/M (cyanomethylene) | (M+H-Boc).
>< \[( piperidine-1-
O carboxylate
n 2-cyclohexyl- 'H NMR (CDCls) 8 5.04 (s,
O\/CN ideneacetonitrile | 1H), 2.49 (m, 2H), 2.25 (m,
2H), 1.58-1.71 (m, 6H).
0 O\/ 2-cyclopentyl- 'HNMR (CDCl3) § 5.23 (m,
x-CN 1deneacetonitrile | 1H), 2.60 (m, 2H), 2.46 (m,
2H), 1.74-1.84 (m, 4H).
P o\j\/ 2-(oxetan-3- 'HNMR (CDCl3) & 5.39 (m,
X~CN ylidene) 2H), 5.30 (m, 2H), 5.25 (m,
acetonitrile 1H).
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Preparation C

1-(tetrahydro-2H-pyran-4-y1)-4-(4.4,5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-1H-pyrazole

g“JO
0-B,
X@
[00618] Step A: Preparation of tetrahydro-2H-pyran-4-yl methanesulfonate: To a
solution of tetrahydro-2H-pyran-4-ol (2.5 g, 24.5 mmol) in DCM (40 mL) was added DIEA

(6.40 mL, 36.7 mmol) at 0 °C and allowed to stir under nitrogen for 10 minutes. Methane
sulfonyl chloride (2.18 mL, 28.1 mmol) was added slowly. The reaction was allowed to
proceed for 1 hour at 0 °C. The reaction was partitioned between 100 mL of DCM and 50
mL of 0.5 M hydrochloric acid. The layers were separated and the organic layer was then
washed sequentially with water, saturated sodium bicarbonate, and brine. The organic layer
was dried over MgSQ,, filtered, and concentrated under reduced pressure and dried on high
vacuum to afford tetrahydro-2H-pyran-4-yl methanesulfonate (4.4 g, 24.4 mmol, 99.7%
yield).

[00619] Step B: Preparation of 1-(tetrahydro-2H-pyran-4-yl)-4-(4,4.5,5-tetramethyl-

1,3.2-dioxaborolan-2-yl)-1H-pyrazole: In 8 mL of N,N-dimethylformamide were combined

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (0.75 g, 3.87 mmol), tetrahydro-
2H-pyran-4-yl methanesulfonate (1.04 g, 5.80 mmol), and Cs,CO3 (2.01 g, 6.18 mmol) in a
glass bomb and then sealed under nitrogen and heated to 100 °C. After one hour the reaction
was cooled and water was added to dissolve all solids. The solution was diluted with water
and then extracted with EtOAc (250 mL). The organic layer was then washed with water and
brine. The combined aqueous layer was then extracted with EtOAc (200 mL). The organic
layers were combined, dried over MgSQOs, filtered, and concentrated under reduced pressure.
The crude material was dried overnight on high vacuum. The crude was purified by way of
silica gel chromatography eluting with a gradient of 15-25% EtOAc in DCM to afford 1-
(tetrahydro-2H-pyran-4-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(0.176 g, 0.633 mmol, 16.4% yield). MS (apci) m/z = 279.2 (M+H).

[00620] The compounds of Table 2 were prepared according to the method of

Preparation C using the appropriate starting materials.

Table 2
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Compound Structure Name Data
a J\ 1-isopropyl-4- MS(apci) m/z = 237.2
NN (4.4,5,5- (M+H)
3;/ tetramethyl-1,3,2-
B dioxaborolan-2-
>OK€ yl)-1H-pyrazole
b NN N 3-((4-(4,4,5,5- MS(apci) m/z = 286.2
— /\O tetramethyl-1,3,2- | (M+H)
N dioxaborolan-2-
2 B\O yl)-1H-pyrazol-1-
yl)methyl)pyridine
c /N‘N/\CFg 4-(4,4,5,5- MS(apci) m/z = 277.1
37/ tetramethyl-1,3,2- | (M+H)
dioxaborolan-2-
O’B\o y1)-1-(2,2,2-
Xﬁ trifluoroethyl)-1H-
pyrazole
d N0 1-(2- MS(apci) m/z = 281.2
gé/ \r isopropoxyethyl)- | (M+H)
4-(4,4,5,5-
0B, tetramethyl-1,3,2-
X@ dioxaborolan-2-
yl)-1H-pyrazole
¢ /D 1-cyclobutyl-4- MS(apci) m/z = 249.2
PANN (4,4,5,5- (M+H)
— tetramethyl-1,3,2-
B dioxaborolan-2-
Q 0 yl)-1H-pyrazole
f //:/O 1-(oxetan-3-y1)-4- | MS(apci) m/z = 251.2
PANNY (4,4,5,5- (M+H)
S;/ tetramethyl-1,3,2-
B dioxaborolan-2-
>OK€ yl)-1H-pyrazole

Preparation D

1-(2-(4-methvlpiperazin-1-yl)ethyl)-1H-pyrazol-4-ylboronic acid

OH
7
B

HO™ \f\
<"\

NN
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[00621] Step A: Preparation of 2-(4-(4.4.5.5-tetramethyl-1,3.2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)ethanol: To a flask charged with 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-pyrazole (1.000 g, 5.154 mmol), Cs,CO;s (2.687 g, 8.246 mmol), and 2-bromoethanol
(0.5479 mL, 7.730 mmol) was added 10 mL of DMF and the flask was sealed under nitrogen
and heated to 100 °C for 48 hours. The reaction was diluted with ethyl acetate (100 mL) and

stirred for 30 minutes before it was passed through a glass microfiber filter and the cake was
washed with ethyl acetate. The organic was concentrated under reduced pressure. The crude
was then purified by silica gel chromatography eluting with a gradient of 75-100% ethyl
acctate in Hexanes to afford 2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-
1-yl)ethanol (0.4290 g, 1.622 mmol, 31.47% yield). MS (apci) m/z =239.2 (M+H).

[00622] Step B: Preparation of 2-(4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-

pyrazol-1-ylethyl methanesulfonate: To a solution of 2-(4-(4.4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)ethanol (0.150 g, 0.630 mmol) and TEA (0.132 mL,
0.945 mmol) in 5 mL of DCM was added methansulfonyl chloride (0.0536 mL, 0.693 mmol)

with stirring at 0 °C. The reaction was allowed to proceed at 0 °C for 30 minutes. The
reaction was loaded directly onto a silica gel column pre-pre-wetted with and eluted with
50% ethyl acetate in hexanes to afford 2-(4-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1H-pyrazol-1-yl)ethyl methanesulfonate (0.169 g, 0.513 mmol, 81.4% yield) MS (apci) m/z
=317.1 (M+H).

[00623] Step C: Preparation of 1-(2-(4-methylpiperazin-1-yl)ethyl)-1H-pyrazol-4-

ylboronic acid: To a solution of 2-(4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)ethyl methanesulfonate (0.080 g, 0.253 mmol) in 0.5 mL N,N-
dimethylformamide was added 1-methylpiperazine (0.281 mL, 2.53 mmol) and the reaction
was sealed under nitrogen and heated to 50 °C for 2.5 hours. The reaction mixture was
diluted with dichloromethane (3 mL) and then loaded directly onto a silica gel column pre-
wetted and eluted with 15% methanol in dichloromethane containing 1% ammonium
hydroxide to afford 1-(2-(4-methylpiperazin-1-yl)ethyl)-1H-pyrazol-4-ylboronic acid (0.038
g, 0.160 mmol, 63% yield) as a result of hydrolysis on silica in the presence of methanol and
ammonium hydroxide. MS (apci) m/z =239.1 (M+H).

Preparation E

4-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazole
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[00624] A solution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(10.00 g, 51.54 mmol) in DMF (100 mL) was cooled to 0 °C in an ice bath and treated with
sodium hydride (60% dispersion in oil) (3.092 g, 77.30 mmol) in one portion. The reaction
mixture was stirred at 0 °C for 2 minutes, then at ambient temperature for 30 minutes. The
reaction mixture was cooled to 0 °C and (2-(chloromethoxy)ethyl)trimethylsilane (11.82 mL,
67.00 mmol) was added. The reaction mixture was warmed to ambient temperature and
allowed to stir overnight. The reaction mixture was poured into aqueous saturated
ammonium chloride (100 mL) containing ice (approximately 100 mL) and stirred until the ice
melted. After the ice melted, the cold mixture was extracted with ethyl acetate. The
combined organic extracts were washed with water, brine, dried over MgSQ4, and
concentrated under reduced pressure to afford the title compound (14.45 g, 44.56 mmol,
86.46% yield). MS (apci) m/z = 325.0 (M+H).
Preparation F

Tert-butyl 3-(cyanomethy])-3-(4-(4.4.5.,5-tetramethvyl-1.3.2-dioxaborolan-2-y1)-1H-pyrazol-1-

ylazetidine-1-carboxylate

CN
N—N%\ ~
/

Boc
S
/B\
A
[00625] Step A: Preparation of tert-butyl 3-(cyanomethylene)azetidine-1-carboxylate:

In a 5L flask, a suspension of NaH (24.531 g, 613.34 mmol) in 500 mL of THF was cooled
in an ice bath. A solution of diethyl cyanomethylphosphonate (104.08 mL, 648.39 mmol) in
THF (200 mL) was added dropwise. After addition, another 120 mL of THF was added to
aid stirring. The reaction was warmed to ambient temperature for 1 hour then cooled back to
0 °C for 1 hour to give a milky yellow solution. Then a solution of tert-butyl 3-oxoazetidine-
1-carboxylate (100.00 g, 584.13 mmol) in THF (400 mL) was added dropwise over an hour.
The resultant reaction mixture was stirred for 15 hours, then quenched with water and
concentrated to remove THF. The resultant aqueous solution was extracted with EtOAc. The

combined organic layers were washed with brine and dried with MgSQO,. The filtrate was
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concentrated down to a yellow oil, which precipitated out a yellow solid after sitting
overnight. This solid was diluted in cold EtOAc, sonicated, filtered and washed with cold
EtOAc and hexanes to afford 82.09 g of a cream colored solid (80%). Additional product
was isolated by concentrating the filtrate in vacuo and purifying by silica chromatography
using a gradient of 20-30% EtOAc/Hexanes to afford an additional 18.6 g (18%) of tert-butyl
3-(cyanomethylene)azetidine-1-carboxylate. "H NMR (CDCls) 8 5.38 (m, 1H), 4.69-4.72 (m,
2H), 4.60-4.63 (m, 2H), 1.46 (s, 9H).

[00626] Step B: Preparation of tert-butyl 3-(cyanomethyl)-3-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate: In a 5L flask, tert-butyl 3-
(cyanomethylene)azetidine-1-carboxylate (Preparation F, Step A; 94.2 g, 485 mmol) and 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (85.6 g, 441 mmol) were
dissolved in acetonitrile (882 mL). To this was then added DBU (33.0 mL, 220 mmol). The
resulting clear orange brown mixture was stirred at ambient temperature for 15 hours. The
reaction mixture was concentrated down to remove solvents and afforded a dark reddish-
orange oil. Solid crystals formed within a few hours at ambient temperature. This was
isolated by washing with cold Et,O and cold EtOAc (carefully to prevent dissolution) to
afford 110 g (64% yicld) of the title compound. The recrystallization was repeated to give
another 13.7 g (8% yield). Additional compound was isolated by purification of the filtrate
from the above recrystallization. This was purified by silica chromatography eluting with a
20-50% EtOAc/Hexanes gradient to afford an additional 22.7 g (13%) of the title compound.
MS (apci) m/z =289.2 (M+H-Boc).

Preparation G

7-chloro-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1.2-¢]pyrimidine

\S/
PIN
/0
N—N
X
/NT SN
[00627] Step A: Preparation of 6-chloro-2-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)pyrimidin-4-amine: A flask was charged with 2,6-dichloropyrimidin-4-amine
(10.0 g, 61.0 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (Preparation E; 29.7 g, 91.5 mmol), and K,COs
(25.3 g, 183 mmol) in dioxane (40 mL) before 300 mL of dioxane and 11 mL of water were

added to the reaction mixture. The reaction mixture was then purged with argon for 30
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minutes before tetrakis(triphenylphosphine)palladium (0) (3.52 g, 3.05 mmol) was added in
one portion to the reaction which was then purged with argon for another 30 minutes. The
reaction mixture was then sealed and heated at 50 °C overnight. The reaction mixture was
cooled to ambient temperature and partitioned between ethyl acetate (300 mL) and aqueous
saturated sodium bicarbonate (300 mL). The aqueous layer was then extracted with ethyl
acctate twice more and separated. The organic layers were combined, dried over MgSQO,,
filtered, and concentrated under reduced pressure. The resulting residue was purified by silica
gel column chromatography eluting with 20-100% ethyl acetate in hexanes to afford 6-
chloro-2-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (5.00 g,
15.3 mmol, 25.2% yield). MS (apci) m/z = 326.1 (M+H). Structure and regioisomer
confirmed by observed nOe.

[00628] Step B: Preparation of 7-chloro-5-(1-((2(trimethylsilylethoxy)methyl)-1H-

pyrazol-4-yl)imidazo[1.2-c]pyrimidine: To a solution of 6-chloro-2-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (2.750 g, 8.439 mmol) in
60 mL of 1:1 absolute ethanol: pH=7 phosphate buffer were added sodium acetate (1.385 g,
16.88 mmol) and 2-chloroacetaldehyde (1.905 mL, 14.77 mmol) and the reaction mixture
was then fitted with a condenser and heated to 95 °C overnight. The reaction was not
complete so sodium acetate (1.385 g, 16.88 mmol) and 2-chloroacetaldehyde (1.905 mL,
14.77 mmol) were added and the reaction mixture was heated to 95 °C for four hours. After
this time the reaction was allowed to cool to ambient temperature and was then diluted with
aqueous saturated sodium bicarbonate (50 mL) and extracted with ethyl acetate. The organic
layers were combined, dried over MgSQ, filtered, and concentrated under reduced pressure.
The resulting residue was purified by silica gel chromatography eluting with 30-45% ethyl
acctate in hexanes (1L) to afford the title compound (1.16 g, 3.315 mmol, 39.29% yicld). MS
(apci) m/z = 350.1 (M+H).
Preparation H

7-Chloroimidazo[1.2-c]pyrimidin-5(6H)-one

[00629] Step A: Preparation of 7-chloro-5-(methylthio)imidazo[1.2-¢]pyrimidine

hydrochloride: A solution of 6-chloro-2-(methylthio)pyrimidin-4-amine (25.17 g, 143.3
mmol) and 2-chloroacetaldehyde (27.73 mL, 215.0 mmol) (50 % aqueous) in 1,4-dioxane (50

mL) was heated at 95 °C for 14 hours. The reaction mixture was allowed to cool to ambient
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temperature and then cooled in an ice bath. The reaction mixture was filtered and the solids
washed with dioxane to afford 7-chloro-5-(methylthio)imidazo[1,2-c]pyrimidine
hydrochloride (24.01 g, 101.7 mmol, 70.96% yield) as a tan powder. MS (apci) m/z = 200.0
(M+H).

[00630] Step B: Preparation of 7-Chloroimidazo[l,2-¢c]pyrimidin-5(6H)-one:  7-

Chloro-5-(methylthio)imidazo[1,2-c]pyrimidine hydrochloride (10.5 g, 44.5 mmol) was
partially dissolved in MeOH (40 mL) and then a solution of potassium hydroxide (11.2 g, 200
mmol) in water (100 mL) was slowly added and the reaction was heated to reflux. The
reaction generates methane thiol, so caution was taken to contain this noxious gas in the
hood. After 2 hours the reaction was cooled and then neutralized with a solution of 1N HCI
to reach a pH of between 6 and 7. The reaction was filtered and the solid was washed with
MecOH. The solids were dried on the filter cake and then dried on a high vacuum pump to
provide 7-chloroimidazo[1,2-c]pyrimidin-5(6H)-one (6.6 g, 87% yield) as a white solid. MS
(apc1) m/z = 170.1 (M+H).
Preparation I

7-(1-methyl-1H-pyrazol-4-yl)imidazo[1.,2-c]pyrimidin-5(6H)-one

Jig
</\N NH
=\~
N =
J\)\E\IN’
N

[00631] To a mixture of 7-chloroimidazo[1,2-c]pyrimidin-5(6H)-one (Preparation H;

10.0 g, 59.0 mmol), 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(19.0 g, 88.5 mmol) and XPHOS (2.81 g, 5.90 mmol) in isopropyl alcohol (400 mL) was
added 2M K;3PO4 (88.5 mL, 177 mmol). The mixture was purged with N; for 15 minutes
with vigorous mixing and Pd,dba; (2.70 g, 2.95 mmol) was added. The mixture was heated
at reflux under a N, atmosphere for 20 hours. The mixture was charged additional 1-methyl-
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (6.00 g) and Pd,dbas (1.00 g)
and heated at reflux for an additional 20 hours. The mixture was cooled to ambient
temperature and concentrated to an aqueous syrup. The syrup was partitioned into HO (500
mL) and 50% EtOAc-hexanes (250 mL) and mixed. The mixture was filtered through filter
paper and the orange organic layer was removed. The aqueous layer was washed with 50%
EtOAc/hexanes and was cooled on an ice bath. The solution was treated with concentrated
HCI to pH 6 with stirring and the resulting fine precipitate was collected, washed with H,O
and Et,0O and dried under vacuum to provide the title compound (9.65 g, 76% yield) as faint
grey solid. MS (apci) m/z = 216.2 (M+H).
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Preparation J

5-chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine

o

A
</N\/N ;N

)
[00632] To a suspension of 7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-
5(6H)-one (Preparation I; 9.60 g, 44.6 mmol) in dry DCM (90 mL) was added DIEA and the
suspension stirred at ambient temperature for 5 minutes. The mixture was cooled to 0 °C and
POCl; (12.3 mL, 134 mmol) was added over 5 minutes. The mixture was allowed to reach
ambient temperature and the resulting thick slurry was treated with dry DCM (50 mL). The
mixture was vigorously stirred at ambient temperature for 23 hours. The resulting light tan
suspension was diluted with hexanes (90 mL) and collected by vacuum filtration. The
collected solid was washed with Et,O and dried in vacuum to give the crude product salt.
The salt was suspended in 5:20:75 MeOH/DIEA/EtOAc (200 mL) and stirred for 30 minutes
at ambient temperature. The mixture was filtered through a SiO, plug capped with a Celite
layer cluting with 5% McOH/EtOAc. The filtrate was concentrated and the residual solid
dried in vacuum to provide the title compound (5.65 g, 54% yield) as a light cream colored
solid. MS (apci) m/z = 234.2 (M+H).

Preparation K-1

7-(1-methyl-1H-pyrazol-4-v1)-5-(1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine (Method 1)

N—NH

[00633] To a mixture of 5-chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidine (Preparation J, 132 mg, 0.565 mmol) and 4-(4.4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (164 mg, 0.847 mmol) in DME (4 mL) was added IM
K,COs (1.69 mL, 1.69 mmol) and the resulting solution was purged with N, for 15 minutes.
Pd(PPh;),4 (65.3 mg, 0.0565 mmol) was added, the flask sealed, and the mixture stirred at 90
°C for 15 hours. The reaction mixture was cooled to ambient temperature and diluted with
H,0 (10 mL). The aqueous mixture was extracted with EtOAc, the extracts were combined
and diluted with hexanes (1 vol). After standing for 15 minutes, the resulting precipitate was
collected by vacuum filtration and washed with 50% FEtOAc-hexanes to afford desired

product. The EtOAc filtrate was extracted with 1M NaOH and the extracts were combined
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with the previous aqueous portion. The aqueous mixture was treated with 6M HCI to pH 4
then with NaCl to saturation. The mixture was extracted with DCM and the combined
extracts were dried over Na,SQys, filtered through a Celite pad and concentrated. The residual
product was combined with the previous batch and dried in vacuum to provide the title
compound (133 mg, 89% yield) as a light yellow solid. MS (apci) m/z = 266.2 (M+H).
Preparation K-2
7-(1-methyl-1H-pyrazol-4-yl1)-5-(1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine hydrochloride

(Method 2)

H

N-

=z

—

HCl

/NN

N o
N—

’

\
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!
z

[00634] Step A: Preparation of 6-chloro-2-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yvDpyrimidin-4-amine and 2-chloro-6-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)pyrimidin-4-amine: 2,6-Dichloropyrimidin-4-amine (4.00 g, 24.4 mmol), 4-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazole (Preparation E; 14.0 g, 36.6 mmol) and K3;PO4 (15.5 g, 73.2 mmol) were suspended
in dioxane (120 mL, 24.4 mmol) and H,O (4.39 mL, 244 mmol). After degassing under
nitrogen, Pd(PPhs)4 (1.41 g, 1.22 mmol) was added and the reaction sealed and stirred at 50
°C for 15 hours. After cooling, the reaction mixture was partitioned between saturated
aqueous NaHCOs; and EtOAc. The organics were washed with water, brine , dried with
MgSO,, filtered and concentrated under reduced pressure to afford the crude material as a
thick yellow orange oil. The crude mixture was purified by silica chromatography using a 20-
100% EtOAc/Hexanes gradient to afford 6-chloro-2-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazol-4-yl)pyrimidin-4-amine ~ (4.00 g,  50.3%) and  2-chloro-6-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (2.96 g, 37.2% yield).
MS (apci) m/z = 326.1 (M+H). The structure and regioisomer of products were confirmed

by observed nOe.
[00635] Step B: Preparation of 6-(1-methyl-1H-pyrazol-4-y1)-2-(1-((2-
(trimethylsilyl)ethoxy)-methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine: 6-Chloro-2-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (1.00 g, 3.07mmol), 1-
methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (0.958 g, 4.60 mmol),
K5PO4 (1.95 g, 9.21 mmol), and Pd(PPhs),4 (0.355 g, 0.307 mmol) were suspended in dioxane
(15.3 mL) and H,O (0.829 mL). After de-gassing with nitrogen, the reaction mixture was
heated to 100 °C overnight. After cooling, the reaction mixture was diluted in EtOAc and
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washed with water and brine. The organics were dried with MgSO,, filtered and concentrated
down to an orange oil. Purification of the resulting crude material by silica chromatography
using a gradient of 0-10% MeOH/EtOAc afforded 6-(1-methyl-1H-pyrazol-4-yl1)-2-(1-((2-
(trimethylsilyl)ethoxy) methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (0.623 g, 1.68 mmol,
54.7% yield) as a thick yellow oil. MS (apci) m/z = 372.4 (M+H).

[00636] Step C: Preparation of 7-(1-methyl-1H-pyrazol-4-y1)-5-(1-((2-

(trimethylsilyl)ethoxy)-methyl)-1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidine: 6-(1-methyl-1H-

pyrazol-4-yl)-2-(1-((2-(trimethylsilyl)ethoxy)methyl)- 1H-pyrazol-4-yl)pyrimidin-4-amine
(2.0 g, 5.4 mmol) was suspended in a mixture of 40 mL of pH 7 phosphate buffer and 16 mL
of EtOH. To the milky white mixture was added NaOAc (0.79 g, 9.7 mmol) followed by 2-
chloroacetaldehyde (1.0 mL, 8.1 mmol). The reaction mixture was then heated to 95 °C. After
5 hours, the reaction was incomplete and another portion of 2-chloroacetaldehyde (0.10 mL,
0.81 mmol) was added and stirred for another 1 hour. After cooling, the reaction mixture was
diluted in EtOAc and saturated NaHCOs. After separation, the organic layer was washed with
brine, dried with MgSQ., filtered and concentrated in vacuo. The residue was diluted in
diethyl ether, sonicated, and filtered to afford 0.88 g of 7-(1-methyl-1H-pyrazol-4-yl)-5-(1-
((2-(trimethylsilyl)ethoxy)-methyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine as an off-
white solid. Additional product was obtained by concentration of the filtrate and purification
by silica chromatography using 0-10% MeOH/EtOAc. This afforded another 0.80 g of the
intermediate. MS (apci) m/z = 396.2 (M+H).

[00637] Step D: Preparation of 7-(1-methyl-1H-pyrazol-4-y1)-5-(1H-pyrazol-4-
yDimidazo[1.2-c]pyrimidine hydrochloride: 7-(1-Methyl-1H-pyrazol-4-y1)-5-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine (75 mg, 0.19

mmol) was dissolved in DCM (950 uL, 0.19 mmol). To this was added 4N HCI in dioxane

(950 pL, 0.95 mmol) and stirred at ambient temperature for 1 hour, and the mixture was

concentrated down to dryness to provide the title compound. MS (apci) m/z = 266.2 (M+H).
Preparation L

7-(4-bromopheny)-5-(1-((2-(trimethylsilyl)ethoxy)methv])- 1H-pyrazol-4-yl)imidazo[ 1 2-
clpyrimidine
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[00638] Step A: Preparation of 3-amino-3-(4-bromophenyl)acrylonitrile: An oven
dried flask was charged with 300 mL of tetrahydrofuran and diisopropylamine (31.4 mL, 223

mmol) and cooled to 0 °C under nitrogen. To the reaction mixture was then added butyl
lithium (2.5 M in hexanes) (79.1 mL, 198 mmol) slowly by syringe over 10 minutes. The
reaction mixture was then allowed to stir at 0 °C for 20 minutes. The reaction mixture was
then cooled to -78 °C and acetonitrile (10.8 mL, 206 mmol) was added slowly over 5 minutes.
The reaction mixture was allowed to stir for 10 minutes before 4-bromobenzonitrile (30.0 g,
165 mmol) was added as a solution in 100 mL of tetrahydrofuran over 10 minutes. The
reaction mixture was allowed to proceed at -78 °C for an additional 10 minutes before being
allowed to slowly warm to ambient temperature and proceed overnight. The reaction mixture
was cooled to 0 °C and 200 mL of water was slowly added. The reaction mixture was stirred
for 10 minutes and the solids were collected by means of vacuum filtration and dried under
high vacuum. The solids were suspended in dichloromethane and the resulting solids were
collected by means of vacuum filtration to obtain 3-amino-3-(4-bromophenyl)acrylonitrile
(34.2 g, 153 mmol, 93.0% yield). MS (apci) m/z = 222.0 (M-H).

[00639] Step B: Preparation of 6-amino-4-(4-bromophenyl)pyrimidine-2(1H)-thione:
To a flask charged with 600 mL of absolute ethanol was dissolved sodium (14.86 g, 646.5

mmol) with a catalytic amount of copper(Il)sulfate (10 mg). The reaction volume was
reduced by half under reduced pressure and thiourea (49.22 g, 646.5 mmol) and 3-amino-3-
(4-bromophenyl)acrylonitrile (38.46 g, 172.4 mmol) were added at ambient temperature and
the reaction mixture was fitted with a condenser and heated to reflux over the weekend.
Water (400 mL) was added and the mixture was made acidic with concentrated aqueous
hydrochloric acid to a pH=7. The reaction mixture was allowed to stir for 5 minutes and the
resulting solids were collected by means of vacuum filtration and afforded 6-amino-4-(4-
bromophenyl)pyrimidine-2(1H)-thione (53.90 g, 191.0 mmol, 110.8% yield). MS (apci) m/z
=282.0 (M+H).

[00640] Step C. Preparation of 6-(4-bromophenyl)-2-(cthylthio)pyrimidin-4-amine:
To a solution of 4-amino-6-(4-bromophenyl)pyrimidine-2(1H)-thione (53.90 g, 191.0 mmol)
and iodoethane (16.96 mL, 210.1 mmol) in 200 mL of DMSO was slowly added 200 mL of
aqueous saturated sodium bicarbonate at ambient temperature with stirring. The reaction was
allowed to stir for 1 hour before iodoethane (8.0 mL, 99.1 mmol) was added. The reaction
mixture was stirred at ambient temperature overnight. The reaction mixture was poured into
500 mL of water and stirred for 20 minutes. The solid was collected by means of vacuum

filtration and was dried under high vacuum overnight to afford 6-(4-bromophenyl)-2-
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(ethylthio)pyrimidin-4-amine (51.0 g, 156.2 mmol, 81.76% yield). MS (apci) m/z = 310.0
(M+H).

[00641] Step D: Preparation of 7-(4-bromophenyl)-5-(ethylthio)imidazo[1.2-
clpyrimidine: To a slurry of 6-(4-bromophenyl)-2-(ethylthio)pyrimidin-4-amine (35.00 g,
112.8 mmol) in 20 mL of THF and 200 mL of water was added 2-bromo-1,1-

dimethoxyethane (38.14 g, 225.7 mmol) at ambient temperature. The reaction flask was
fitted with a condenser and the mixture was allowed to proceed with stirring at reflux
overnight. After 24 hours, the reaction mixture was cooled and poured into 400 mL of water.
The solid was collected by vacuum filtration. The wet solid was suspended in 500 mL of
aqueous saturated sodium bicarbonate and gas evolution was observed. The mixture was
stirred at ambient temperature for 10 minutes before it was extracted with DCM (8 x 500
mL). The organic layers were combined, dried over MgSQy, filtered, and concentrated under
reduced pressure. The crude was then dried under high vacuum overnight to afford 7-(4-
bromophenyl)-5-(ethylthio)imidazo[1,2-c]pyrimidine (31 g, 87.18 mmol, 77.27% yield). MS
(apci) m/z = 334.0 (M+H).

[00642] Step E: Preparation of 7-(4-bromophenyl)imidazo[1.2-c]pyrimidin-5(6H)-one:

To a flask charged with 7-(4-bromophenyl)-5-(ethylthio)imidazo[1,2-c]pyrimidine (62.34 g,
186.5 mmol), methanol (250 mL), and potassium hydroxide (52.32 g, 932.6 mmol) was
added water (250 mL) and the reaction was fitted with a condenser and heated to reflux for 4
hours. The reaction mixture was diluted with water (500 mL) and acidified with concentrated
hydrochloric acid to a pH=5. The solids were collected by vacuum filtration and then washed
with water (3 x 500 mL) and the cake was dried. The semi dry solids were placed in a
vacuum desiccator under high vacuum for two days to afford 7-(4-bromophenyl)imidazo[1,2-
c]pyrimidin-5(6H)-one (51.25 g, 176.7 mmol, 94.71% yield). MS (apci) m/z = 290.0 (M+H).
[00643] Step F: Preparation of 7-(4-bromophenyl)-5-chloroimidazo[1.2-c]pyrimidine:

To a flask charged with 7-(4-bromophenyl)imidazo[1,2-c]pyrimidin-5(6H)-one (25.00 g,
86.173 mmol), phosphoryl trichloride (31.554 mL, 344.69 mmol), and N,N-diethylaniline
(27.420 mL, 172.35 mmol) was added acetonitrile (200 mL) and the mixture was heated to 50
°C overnight. The reaction mixture was concentrated under reduced pressure and the residue
diluted with water and DCM. The aqueous was neutralized with potassium carbonate and the
bi-phasic mixture passed through a pad of celite to remove the insoluble material. The layers
were separated and the aqueous extracted with DCM. The combined organic layers were
dried over MgSQO4 and concentrated under reduced pressure. The crude material was

triturated with hexanes and the solids were collected by filtration to afford 7-(4-
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bromophenyl)-5-chloroimidazo[1,2-c]pyrimidine (10.369 g, 33.604 mmol, 38.997% yield).
MS (apci) m/z = 310.0 (M+H).

[00644] Step G: Preparation of 7-(4-bromophenyl)-5-(1-((2-

(trimethylsilvlethoxy)methy])-1H-pyrazol-4-yl)imidazo[ 1.2-c]pyrimidine: To a  flask

charged with 7-(4-bromophenyl)-5-chloroimidazo[1,2-c]pyrimidine (2.68 g, 8.685 mmol),
potassium carbonate (3.601 g, 26.06 mmol), and 4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (Preparation E; 6.628 g, 17.37 mmol)
were combined in a glass bomb and the vessel was evacuated and backfilled with argon. To
the reaction was added 100 mL of DME and then water (1.252 mL, 69.48 mmol) and argon
was bubbled through the reaction for 20 minutes before
tetrakis(triphenylphosphine)palladium (0) (1.004 g, 0.8685 mmol) was added in one portion.
The reaction was fitted with a septum and argon was bubbled through for 10 minutes before
the reaction was sealed and heated to 70 °C for 4 hours 4-(4,4,5,5-Tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-((2-(trimethylsilyl)ethoxy) methyl)-1H-pyrazole (Preparation E; 3.3 g,
8.6 mmol) was added. Argon was bubbled through for 10 minutes before the reaction was
sealed and heated to 70 °C for 3 hours. The reaction was diluted with 10% methanol in DCM
(300 mL), dried with MgSQ,, filtered, and then concentration under reduced pressure. The
resultant crude was purified by silica gel chromatography cluting with a gradient of 30-75%
ethyl acetate in hexanes to afford the title compound (1.625 g, 3.454 mmol, 39.77% yield).
MS (apci) m/z =470.1 (M+H).
Preparation M

3-(4-(7-Chloroimidazo[1.2-c]pyrimidin-5-y1)-1H-pyrazol-1-y1)-3-cyclopropylpropanenitrile

NC,

%

N-N
\

/N TN
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[00645] Step A: Preparation of 7-chloro-5-(1H-pyrazol-4yl)imidazo[1,2-¢]pyrimidine:

To a solution of  7-chloro-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidine (Preparation G; 0.250 g, 0.715 mmol) in 3.5 mL of DCM was
added 2,2,2.-trifluoroacetic acid (2.2 mL, 28.6 mmol) and allowed to stir at ambient
temperature for 1 hour before the reaction mixture was diluted with 5 mL of toluene and then
concentrated under reduced pressure. The resulting residue was dissolved in 2 mL of 7M

ammonia in methanol and stirred at ambient temperature for 30 minutes. The reaction
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mixture was concentrated under reduced pressure and the resulting residue was purified by
silica gel chromatography ecluting with a gradient of 2-5% methanol in DCM with 1%
ammonium hydroxide to afford 7-chloro-5-(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine
(0.107 g, 0.468 mmol, 65.5% yield). MS (apci) m/z =220.1 (M+H).

[00646] Step B: Preparation of 3-(4-(7-chloroimidazo[1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)-3-cyclopropylpropanenitrile: To a solution of  7-chloro-5-(1H-pyrazol-4-

yl)imidazo[1,2-c]pyrimidine (0.107 g, 0.4872 mmol) and 3-cyclopropylacrylonitrile
(Preparation B; 0.3403 g, 3.654 mmol) in 2 mL of acetonitrile was added DBU (0.1457 mL,
0.9744 mmol). The reaction mixture was sealed and heated to 50 °C and stirred overnight.
To the reaction mixture was added more 3-cyclopropylacrylonitrile (0.100 g, 0.107 mmol)
and DBU (0.072 mL, 0.448 mmol) and the reaction mixture was sealed and heated to 60 °C
for 4 hours. The reaction mixture was loaded onto directly onto a column of silica gel and
cluted with a gradient of 50-75% ethyl acetate in hexanes with 0.5% ammonium hydroxide to
afford the title compound (0.119 g, 0.3729 mmol, 76.54% yield). MS (apci) m/z = 313.1
(M+H).
Preparation N

tert-Butyl 3-(4-(7-chloroimidazo[ 1.2-c]pyrimidin-5-y)-1H-pyrazol-1-y1)-3-

(cyanomethyl)azetidine-1-carboxvlate

™

0oC

N
(A,
[00647] Prepared in the same manner as Preparation M replacing 3-
cyclopropylacrylonitrile ~ with  tert-butyl ~ 3-(cyanomethylene)azetidine-1-carboxylate
(Preparation F, Step A) to obtain the title compound (0.050 g, 0.1208 mmol, 71.71% yield).
MS (apci) m/z =414.1 (M+H).
Preparation O

Tert-butyl 3-(cyanomethy])-3-(3-(7-(1-methvl-1H-pyrazol-4-y)imidazo[1.2-c]pyrimidin-5-

y1)-1H-pvrrol-1-yDazetidine-1-carboxvlate
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[00648] Step A: Preparation of 7-(1-methyl-1H-pyrazol-4-yl)-5-(1H-pyrrol-3-

yl)imidazo[1.2-c]pyrimidine: To a flask charged with 5-chloro-7-(1-methyl-1H-pyrazol-4-

yl)imidazo[1,2-c]pyrimidine (Preparation J; 0.150 g, 0.642 mmol), 1-(triisopropylsilyl)-1H-
pyrrol-3-ylboronic acid (0.257 g, 0.963 mmol), and potassium phosphate (0.321 mL, 0.642
mmol) was added 6 mL of dioxane and argon was bubbled through the mixture for 15
minutes.  Tetrakis(triphenylphosphine)palladium (0) (0.0742 g, 0.0642 mmol) was added
and argon was bubbled through the reaction for 15 minutes. The flask was sealed under
argon and the mixture was heated at 75 °C with stirring overnight. The reaction was then
concentrated under reduced pressure and then taken up in DCM (5 mL). A precipitate was
formed and collected by means of vacuum filtration and washed with DCM (10 mL). The
solid contained product without the triisopropylsilyl protection as well as inorganic salts.
Further purification was not attempted and so was obtained 7-(1-methyl-1H-pyrazol-4-yl)-5-
(1H-pyrrol-3-yl)imidazo[1,2-c]pyrimidine (0.220 g, 0.832 mmol, 130% yield). MS (apci)
m/z = 265.1 (M+H).

[00649] Step B: Preparation of tert-butyl 3-(cyanomethyl)-3-(3-(7-(1-methyl-1H-

pyrazol-4-ylimidazo[1.2-c]pyrimidin-5-y1)-1H-pyrrol-1-yazetidine-1-carboxylate: To a
flask charged with 7-(1-methyl-1H-pyrazol-4-yl)-5-(1H-pyrrol-3-yl)imidazo[1,2-

c]pyrimidine (0.0500 g, 0.189 mmol), tert-butyl 3-(cyanomethylene)azetidine-1-carboxylate
(Preparation F, Step A; 0.0459 g, 0.237 mmol), and DBU (0.0283 mL, 0.189 mmol) was
added 1 mL of acetonitrile at ambient temperature. The suspension was then stirred and
heated to 50 °C overnight. The reaction was loaded directly onto silica gel and eluted with a
mixture of ethyl acetate and 0.5% ammonium hydroxide to afford the title compound (0.0860
g, 0.188 mmol, 99.14% yield) in high purity. MS (apci) m/z=459.2 (M+H).

Preparation P

3-cyclopropyl-3-(4-(4.4.5.5-tetramethyl-1,3.2-dioxaborolan-2-v)-1H-pyrazol-1-

yl)propanenitrile
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[00650] 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (2.44 g, 12.6
mmol), 3-cyclopropylacrylonitrile (Preparation B; 2.34 g, 25.1 mmol) (as a mixture of
isomers) and DBU (1.88 mL, 12.6 mmol) were suspended in MeCN (10 mL) and stirred at 40
°C for 3 days. The reaction mixture was cooled to ambient temperature and concentrated
under reduced pressure to afford the crude material, which was purified by flash column
chromatography (eluant: 25 - 35 % EtOAc/Hexanes) to furnish 3-cyclopropyl-3-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)propanenitrile (2.48 g, 8.64 mmol,
68.8% yield). MS (apci) m/z = 288.2 (M+H).
Example 1
3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-

yl)pentanedinitrile

[00651] Step A: Preparation of dimethyl 3-(4-(7-(1-methyl-1H-pyrazol-4-

yDimidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedioate: 7-(1-Methyl-1H-pyrazol-4-

yD)-5-(1H-pyrazol-4-yl)imidazo[ 1,2-c|pyrimidine (Preparation K; 0.165 g, 0.622 mmol) was
suspended in CH3CN (5 mL) and (E)-dimethyl pent-2-enedioate (0.295 g, 1.87 mmol) was
added followed by DBU (0.0947 g, 0.622 mmol). The reaction was warmed to 55 °C and
heated for 9 hours. The reaction was then cooled and concentrated. The residue was purified
on silica gel (1-4% methanol in DCM) to afford dimethyl 3-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedioate (205 mg, 78% yield). MS
(apci) m/z = 424.2 (M+H).

[00652] Step B: Preparation of 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedioic acid: Lithium hydroxide hydrate (0.0813 g,

1.94 mmol) was dissolved in water (2 mL) and was added to a solution of dimethyl 3-(4-(7-
(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedioate
(0.205 g, 0.484 mmol) in MeOH (4 mL). After stirring 3 days the reaction was concentrated
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to remove the MeOH and was then acidified to pH 4 with 1 N HCI (approximately 2 mL).
Cooling resulted in a solid which was filtered and washed with MeOH. The filtrate was
slightly concentrated to provide a second crop of product which was combined to provide 3-
(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yDpentanedioic acid (125 mg, 65% yield). MS (apci) m/z = 396.2 (M+H).

[00653] Step C: Preparation of 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1.2-
c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)pentanediamide: 3-(4-(7-(1-Methyl-1H-pyrazol-4-

ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedioic acid (60 mg, 0.15 mmol) was
dissolved in DMF (1 mL) and cooled to 0 °C. Carbonyldiimidazole (69 mg, 0.42 mmol) was
added and after 5 minutes, the reaction was warmed to ambient temperature. After stirring 2
hours NH; gas was bubbled for about 10 minutes. Approximately 2 mL of CH3CN was added
to the reaction to rinse the sides of the flask and the reaction was stirred for an additional 14
hours. The reaction was then diluted with water (11 mL) and washed with EtOAc (3 x 15
mL). The aqueous phase was concentrated and azeotroped with MeOH to provide the desired
product 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)pentanediamide (60 mg, 101% yield) which was used in the next step without further
purification. MS (apci) m/z = 394.1 (M+H).

[00654] Step D: Preparation of 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedinitrile: 3-(4-(7-(1-Methyl-1H-pyrazol-4-

ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanediamide (0.047 g, 0.12 mmol) was
partially dissolved in DMF (0.3 mL) and DCM (0.5 mL) and triethylamine (0.08 g, 0.79
mmol) was added. 2,2,2-tTrichloroacetyl chloride (0.08 g, 0.44 mmol) was added at 0 °C,
and the reaction was stirred for 1 hour. Additional reagents (40 mg EtsN and 30 mg acid
chloride) were added and the reaction was complete. The reaction was concentrated and
pumped to dryness. A minimum amount of water was added (1.5 mL) to dissolve the crude
product. Excess sodium chloride was added to the aqueous layer and this mixture was
extracted with EtOAc (10 x 10 mL) to recover the desired product. The organic phase was
dried using MgSOs and concentrated to provide 3-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)pentanedinitrile (42 mg, 98% yield). MS
(apci) m/z = 358.1 (M+H). 'H NMR (ds-DMSO) & 9.12 (s, 1H), 8.59 (s, 1H), 8.41 (s, 1H),
8.25 (s, 1H), 8.17 (s, 1H), 7.78 (s, 1H), 7.76 (s, 1H), 5.30-5.29 (m, 1H), 3.91 (s, 3H), 1.22-
1.10 (m, 4H).



C Preparation A 3-Methyl but-2-enenitrile [00615] NaH (1.634 g, 40.86 nmol)
was suspended in THE (100 nL) and cooled to O C. Diethyl
cyanonet wbphogphanat e (6. 856 nmi, 43.58 nmol ) was addedPdTas20v1921894i | e
mai ntai ning the tenperature below 5 C. The reaction mxture was stirred at
0O Cfor 1 hour and then propan-2-one ¢2.000 nL, 27.24 mmol) added sl owy.
The reaction m xture was heated at reflux for 5 hours and then cooled to
anbi ent tenperature The reaction mExamiplee2 was partltloned bet ween sat urat ed
aqueous NHAC i i i ed, MySO4
and concent¥#t ; ' Stif v d & Yedtial . The
crude product was purlfled byphhﬂﬂm,ﬂﬁhummmﬁﬁﬂ@natography (eluant 100 %
to furnish 3-nmethyl but-2-enenitrile (0.755 g, 9.31 mmol ). 1H NWMR
(CDC13) 6 5.13- 5.09 (m 1FD, 2.06 (s, mH), 1.93 (s, 3H). Preparation B 3
-Cycl opropyl acrvlonitrile
1) >AN\ - CN [ 00616] Di et hyl cyanonet hyl p onate (1.914 nL, 11.92 mmol) and
cycl opropanecar bal dehyde (1. 000 n1,$%§.12 nmol ) were suspended in THF (20

m.) and cooled to 0 C. KO Bu (1.605 14. 31 mmol ) was added in
portion-w se (reaction becane hot). e reaction m xture becane very thick
and hard to stir. The reaction nKil rg was stirred at anbient tenperature
overnight. The reaction m xture wds fa -oned between saturated aqueous
NHACL and Et OAc. The organic | ayer was ed with saturated aqueous

NaHCQ3, t and brine, d over ncen der duced
pressureﬁ@@géff % he? cr&8@3§1cy8fopr§§§?%%ﬂﬂ‘ ]??éﬁ Hkg(%ggwﬁﬂﬂ 1.33
35 DLy PErCat i on. 10 VR ( CDCIS 70, (abour o 11 rati o of &2
Wi u u urifi [ [
6 6 13 (dds adﬂeoiﬂp #9-5(Pg- O mmoky g é%@n)mp%acwor(laﬁe Eﬁreparaéw@@ 9185 (m
g 195%&181) Itho rohetioh Aau@ﬁ’fe (VV@S died at- b Qe?mﬁdﬂAtur%H)or 29. ifrD. 63 (m
4FD [00 17]The conpounds of Tab wer e 5 epared according to the method
t

of Prepafdtitional B %Q%OWW@WM%(Q %&%gspé mwgl)nweacidéfisandﬁaﬁlréacron

mixture was stirred at ambient temperature for 72 hours. The reaction mixture was added to
H,0 (8 mL), mixed and extracted with EtOAc. The combined EtOAc extracts were washed
with saturated NaCl and dried over MgSOu/activated carbon. The solution was eluted
through a short SiO, column (15 mL course frit funnel, 1/2 full of Si0O,) eluting first with
EtOAc, then with 10% MecOH/EtOAc. The 10% MeOH/EtOAc fraction was concentrated
and the resulting residue treated with Et,O and sonicated to give a granular suspension. The
precipitate was allowed to settle, Et,O decanted off, solid washed with Et,O and then dried
under vacuum to provide a 3-cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (40 mg, 23% yield) as a white powder. MS
(apci) m/z = 359.2 (M+H).
Example 3

Enantiomer 1 of 3-cyclopropyl-3-(4-(7-(1-methyl-1H-pvrazol-4-yl)imidazo[1,2-c]pyrimidin-

5-y1)-1H-pyrazol-1-yDpropanenitrile (Peak 1)




Conpound Structure Nanme Data a MeO r CN 3-(5-net hoxy- pyridin-3-yl)
acrylonitrile M5(apci) mz = 161.1 ( MtH) b,.)r

3- (pyri diwodeulpoweryl onitrile 1H NVR ( CDCL3) (about a 2CT/usaeiino3sbe E/ Z) 6
8.76-8.73 1\1/

99
[00656] 3-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile (Example 2; 0.010 g, 0.028 mmol) was separated by
chiral HPLC (Chiral Tech. OD-H; 1 cm x 250 mm; 220 nm, 5 mL/min; 20% Ethanol:80%
Hexanes). Peak 1 was isolated to afford Enantiomer 1 of 3-cyclopropyl-3-(4-(7-(1-methyl-
1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)propanenitrile (3.0 mg, 30%
yield) peak 1. MS (apci) m/z = 359.2 (M+H). [a]20/D =+ 56.5° in chloroform (10 mg/mL).
Example 4

Enantiomer 2 of 3-cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yDimidazo[ 1.2-c]pyrimidin-

[00657] 3-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile (Example 2; 0.010 g, 0.028 mmol) was separated by chiral
HPLC (Chiral Tech. OD-H; 1 cm x 250 mm; 220 nm, 5 mL/min; 20% Ethanol:80%
Hexanes). Peak 2 was isolated to afford Enantiomer 2 of 3-cyclopropyl-3-(4-(7-(1-methyl-
1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)propanenitrile (2.5 mg, 25%
yield). MS (apci) m/z = 359.2 (M+H). [a]20/D = - 58.5° in chloroform (10 mg/mL).
Example §
3-(4-(7-(1-methyl-1H-pyrazol-4-yl)Yimidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-

vl)pentanedinitrile

[00658] 7-(1-Methyl-1H-pyrazol-4-yl)-5-(1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine
(Preparation K; 0.040 mg, 0.15 mmol) was dissolved in dimethylformamide (0.6 mL) and
5,5-dimethylhex-2-enenitrile  (Table 1, compound k; 56 mg, 0.045 mmol) and



(m 0.5H),

7.33-7.28 (m 2H),
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8.72-8.68 (m 2H),

7.12

(d, 0.25H),

rC Nwo-20pymbddbn- 2-y1) 1H NVMR (CDCl3) (about a
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7.64-7.61 (m 0.5H), 7.36 (d, 1H),
6.09 (d, 1H), 5.70  (d, 0.25H).
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2,3,4,6,7,8,9,10-octahydropyrimido[ 1,2-aJazepine (34 mg, 0.23 mmol) were added and the

reaction was heated at 50 °C for 7 hours. The reaction was then cooled and the solvent was

removed. The crude reaction was purified by silica gel chromatography using a gradient (1 to
4% MeOH/DCM) to provide 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)pentanedinitrile (37 mg, 63% yield) as a solid. MS (apci) m/z = 389.2
(M+H).
[00659]

5 using the appropriate starting materials.

The compounds of Table 3 were prepared according to the method of Example

Table 3
Ex. # Structure Name MS
6 ( - 3-(4-(7-(1-methyl-1H- (apcl) m/z =
N pyrazol-4-yl)imidazo[1,2- 396.1 (M+H)
c]pyrimidin-5-yl)-1H-pyrazol-
r 1-yl)-3-(pyridin-2-
Y o
yl)propanenitrile
J/ N" SN
NN N\
‘N'N’
7 N 3-(4-(7-(1-methyl-1H- (apci) m/z =
v\ P pyrazol-4-yl)imidazo[1,2- 396.2 (M+H)
NN c]pyrimidin-5-yl)-1H-pyrazol-
[ ) 1-yD)-3-(pyridin-3-
yl)propanenitrile
/NN
N —
\N'
8 N= 3-(4-(7-(1-methyl-1H- (apci) m/z =
\ 7/ pyrazol-4-yl)imidazo[1,2- 396.1 (M+H)
c]pyrimidin-5-yl)-1H-pyrazol-
) 1-yl)-3-(pyridin-4-
Y yl)propanenitrile
/NN
N/J\/kf\N’
\N’
9 v 3-(5-methoxypyridin-3-y1)-3- | (apci) m/z =
== (4-(7-(1-methyl-1H-pyrazol- | 426.1 (M+H)
"L/ P 4-yl)imidazo[1,2-¢]pyrimidin-
5-yl)-1H-pyrazol-1-
) ‘/ yl)propanenitrile
/NN
NWN’
\N’

c



% /1 acrylonitrile 5:1 ratio of E/Z) 6 8.76-8.72 N (m 0.2H), 8.66-8.61
(m 1H), 7.86-7.82 (m 0.2H), 7.82- 7.77 (m 0.2H), 7.77-7.71 (m
1H), 7.40W0ap1118W1467. 35- 7. 29 (m 2.2H), 7.25 (d, 0.2PCTAISBM1/031896
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Ex. # Structure Name MS
10 Br 3-(5-bromopyridin-3-yl)-3-(4- | (apci) m/z =
N (7-(1-methyl-1H-pyrazol-4- | 474/476
\_¢ //N ylhimidazo[1,2-cJpyrimidin-5- | (M+H)
yl)-1H-pyrazol-1-
NN yl)propanenitrile
Y
(/\N SN
NZN\F
IN’
=N
11 3-(4-(7-(1-methyl-1H- (apci) m/z =
A pyrazol-4-yl)imidazo[1,2- 395.1 (M+H)
c]pyrimidin-5-yl)-1H-pyrazol-
NN 1-yl)-3-phenylpropanenitrile
Y 4
/NN
IN’
=N
12 3-(2-chlorophenyl)-3-(4-(7- (apci) m/z =
cl (1-methyl-1H-pyrazol-4- 429.1 (M+H)
yl)imidazo[1,2-c]pyrimidin-5-
NN\ y)-1 H-pyrago!- 1-
S N yl)propanenitrile
/NN
NENINA
13 cl 3-(3-chlorophenyl)-3-(4-(7- (apci) m/z =
\ (1-methyl-1H-pyrazol-4- 429.1 (M+H)
4 ylimidazo[1,2-c]pyrimidin-5-
yD)-1H-pyrazol-1-
N—N o
® yl)propanenitrile
/NN
NZ N NF
IN’
=N
14 cl 3-(4-chlorophenyl)-3-(4-(7- (apci) m/z =
(1-methyl-1H-pyrazol-4- 429.1 (M+H)

:l\
N

~Z
\_2

O
)

z
\

/
z
\

ylimidazo[1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-
yl)propanenitrile




(d, 1H), 5.67 (d, 0.2H).
"ALCN 2-enenitrile 1.7:1 ratio of E/Z) 6 6.72 (d,

d ) 4, 4-dinethyl pent-

1H NMR (CDC13) (about a
0.6H), 6.35 (d, 1H),

5.23 (d, w0 20116i11465. 22 (d, 1H), 1.25 (s, 9H), 1.08 @EsT/US2@itn31886 Br
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Ex. # Structure Name MS
15 CF3 3-(4-(7-(1-methyl-1H- (apci) m/z =
pyrazol-4-yl)imidazo[1,2- 463.1 (M+H)
/ /N c]pyrimidin-5-yl)-1H-pyrazol-
1-yl)-3-(3-
N-N (trifluoromethyl)phenyl)propa
(A nenitrile
(/\N SN
NN g N .
~ N
N
16 3-(4-(7-(1-methyl-1H- (apci) m/z =
N pyrazol-4-yl)imidazo[1,2- 409.2 (M+H)
7 c]pyrimidin-5-yl)-1H-pyrazol-
N=N 1-yl)-3-phenylbutanenitrile
(
(/\N SN
NENENA
- N
N
17 p /N 3-cyclopentyl-3-(4-(7-(1- (apcl) m/z =
methyl-1H-pyrazol-4- 387.2 (M+H)
ylimidazo[1,2-c]pyrimidin-5-
N—N yl)-1H-pyrazol-1-
(A yl)propanenitrile
(/\N N
NZNF
IN’
\N . .
18 //N 4,4-dimethyl-3-(4-(7-(1- (apci) m/z =
methyl-1H-pyrazol-4- 375.2 (M+H)
-N yl)imidazo[1,2-c]pyrimidin-5-
( yl)-1H-pyrazol-1-
yl)pentanenitrile
(/\N SN
N N _
~ N
N
19 A 3-(4-(7-(1-methyl-1H- (apcl) m/z =
pyrazol-4-yl)imidazo[1,2- 319.1 (M+H)
c]pyrimidin-5-yl)-1H-pyrazol-
N—N 1-yl)propanenitrile
4
S
/N SN
N’ F — N—
\N'




réN 3-(5-bronp- 1H NWR (CDC13) (ca. 5:1

8.76-8.69 (m

(t
f

c

acrylonitrile 1.4H),

8.60 (d, 1H),

pyridin-3-yl)
8.44 (t,

ratio of E/Z) 6
0.2H), 7.92

1H), wo3b1ypi46 1H), 7.10 (d, 0.2H), 5.99 (d, 1PCT/US2@7/081896 0. 2H) .
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Ex. # Structure Name MS
20 N 3-cyclobutyl-3-(4-(7-(1- (apci) m/z =
7 methyl-1H-pyrazol-4- 373.2 (M+H)
yDimidazo[1,2-c]pyrimidin-5-
’}‘_N yl)-1H-pyrazol-1-
4 yl)propanenitrile
(/‘N SN
-
~ N
N
21 NG tert-butyl 4-(cyanomethyl)-4- | (apci) m/z =
Boc—N\/:>2 (4—(7‘—(]‘—methyl—lH—pyl'raz'ol‘— 488.2 (M+H)
N—N 4-yl)imidazo[1,2-c]pyrimidin-
P 5-yl)-1H-pyrazol-1-
yl)piperidine-1-carboxylate
(/\N SN
O~
" B
N\
22 NC 2-(1-(4-(7-(1-methyl-1H- (apci) m/z =
Og pyrazol-4-yljimidazo[1.2- | 387.3 (M+H)
N=N c]pyrimidin-S-yl)-lH-pyrgzol-
L I-yl)cyclohexyl)acetonitrile
(/\N SN
7
N \ \‘N
N\
23 N 2-(1-(4-(7-(1-methyl-1H- (apci) m/z =
pyrazol-4-yl)imidazo[1,2- 373.2 (M+H)
N—N c]pyrimidin-5-yl)-1H-pyrazol-
S 1-yDcyclopentyl)acetonitrile
/ N" SN
N
N \ \,N
N\
24 NG 2-(3-(4-(7-(1-methyl-1H- (apcl) m/z =
008 pyrazol-4-yl)imidazo[1,2- 361.2 (M+H)
N—N c]pyrimidin-5-yl)-1H-pyrazol-
L 1-yl)oxetan-3-yl)acetonitrile
(/\N =N
A
" W)
N
\




3-(3- 1H NWR (CDC13) (about a OCN chlorophenyl) acrylonitrile 4.4:1 ratio

of E/Z2) 6 7.77-7.75 (m 0.23H), 7.72-7.69 (m 0.23H), 7.46-7.30 (m
5.5H), w0.208/130460. 23H), 5.89 (d, 1H), 5.52 (d, 0. 28Hus201803B9¢pound
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Example 25

3-(4-(3-chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1H-pyrazol-1-

v1)-3-cyclopropylpropanenitrile

j/A

N—N CN

b
cl
g/\N =N
PN
N /%N
N
\
[00660] 3-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-

yl)-1H-pyrazol-1-yl)propanenitrile (Example 2) (46 mg, 0.13 mmol) and 1-chloropyrrolidine-
2,5-dione (26 mg, 0.19 mmol) were suspended in DCM (1.3 mL, 0.13 mmol) and stirred at
ambient temperature for 1 hour. This was immediately purified by silica chromatography
using a 0-10% McOH/EtOAc gradient to afford the title compound (18 mg, 34% yicld) as a
light yellow solid. MS (apci) m/z = 393.2 (M+H).

Example 26

5-(1-(2-cyano-1-cyclopropylethyl)- 1 H-pyrazol-4-y1)-7-(1-methyl-1H-pyrazol-4-

yvDimidazo[1.2-c]pvrimidine-3-carbonitrile

N—N CN
X
NC
2\ N
N
NJ\/K(\\IN
N

[00661] Step A: Preparation of 3-cyclopropyl-3-(4-(3-iodo-7-(1-methyl-1H-pyrazol-4-

N
=z

yl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile:  3-cyclopropyl-3-(4-(7-(1-

methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile

(Example 2; 84.6 mg, 0.236 mmol) and 1-iodopyrrolidine-2,5-dione (79.7 mg, 0.354 mmol)
were suspended in DCM (2.36 mL, 0.236 mmol) and stirred at ambient temperature for 15
hours. The reaction mixture was diluted in EtOAc and washed with saturated sodium
bicarbonate and brine. The organic layer was dried with MgSQ,, filtered and concentrated in
vacuo. Purification of the resulting crude material by silica chromatography using 0-5%

MeOH/EtOAc gradient afforded 3-cyclopropyl-3-(4-(3-iodo-7-(1-methyl-1H-pyrazol-4-



Structure Nane Data g CD-N_ CN 3-cycl opentyl - acrylonitrile 1H NVR (CDC13)
(about a 2:1 ratio of E/Z) 6 6.74-6.65 (m O0.5H), 6.37 (t, 1H), 5.29 (dd,
0.5H), 5.\02011/130Hp, 3.09- 2.96 (m 1H), 2.65-2.53 (m @CHPHS2011/09394. 80 (m
3H), 1.78-1.56 (m 6H), 1.44-1.29 (m 3H). h F3C 3-(3-(trifluoro-

met hyl ) phenyl )acr ylonitrile 1H NVR ((@3C13) (about a 5:1 ratio of E/Z) 6
8.12 (d, 0.2H), 7.91 (s, 0.2H), 7.74- 7.52 (m 5H), 7.44 (d, 1H), 7.18 (d,
0. 2H), S5yBidako[ 113 Jpydmbieh-§-g])- H-B¥dpzol-1-yDropanenitrile (86.5 mg, 75.7% yield). MS

(apc1) m/z = 485.2 (M+H).
[00662] Step B: Preparation of 5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-7-

(1-methvl-1H-pyrazol-4-y)imidazo[1.2-c]pyrimidine-3-carbonitrile: In a microwave safe

flask, 3-cyclopropyl-3-(4-(3-iodo-7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile (22.4 mg, 0.0463 mmol) and cyanocopper (4.56 mg,
0.0509 mmol) were suspended in DMF (463 uL, 0.0463 mmol). The reaction mixture was
heated at 160 °C for 1 hour. The reaction mixture was cooled and diluted in EtOAc and 10%
NH4OH (10 mL). The mixture was separated and the aqueous layer extracted with EtOAc.
The combined organic layers were washed with brine, dried with MgSQ,, filtered and
concentrated in vacuo. Purification using preparative TLC in 15% MeOH/EtOAc afforded 5-
(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidine-3-carbonitrile (11.0 mg, 62.0% yield). MS (apci) m/z = 384.4 (M+H).
Example 27

3-(1-acetylpiperidin-4-y1)-3-(4-(7-(1-methyl-1H-pyrazol-4-ylimidazo[1,2-c ]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile

\(o
N
N-N
(/\N N
N N
/K/KE\/N
N
\
[00663] Step A: Preparation of tert-butyl 4-(2-cyano-1-(4-(7-(1-methyl-1H-pyrazol-4-

yl)imidazo[1.2-c]pyrimidin-5-y1)-1H-pyrazol-1-yl)ethyl)piperidine-1-carboxylate: To 7-(1-

methyl-1H-pyrazol-4-yl)-5-(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine (Preparation K; 50
mg, 0.19 mmol) was added DMF (950 uL, 0.19 mmol), tert-butyl 4-(2-
cyanovinyl)piperidine-1-carboxylate (Table 1, compound I; 67 mg, 0.28 mmol) and DBU
(185 uL, 1.3 mmol). The reaction mixture was heated to 45 °C for 8 hours, then diluted in
EtOAc and washed with water and brine. The organic layer was dried with MgSO,, filtered
and concentrated down to a yellow oil. Purification of the resulting crude material by reverse
phase HPLC using a 0-100% acetonitrile/water gradient afforded tert-butyl 4-(2-cyano-1-(4-
(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)ethyl)piperidine-1-carboxylate (59 mg, 62% yield). MS (apci) m/z = 502.2 (M+H).



[ 3- phenyl but-2- enenitrile 1H NVR (CDC13) E-nmjor si gnal S 6 7.49-7.37
(m 5H), 5.62 (s, 1H), 2.47 (s, 3H) ON .
WO 2011/130146 PCT/US2011/031896

106

[00664] Step B: Preparation of 3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-(piperidin-4-yl)propanenitrile hydrochloride: Tert-butyl

4-(2-cyano-1-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)ethyl)piperidine-1-carboxylate (59.4 mg, 0.118 mmol) was dissolved in DCM (592 uL,
0.118 mmol). To this was added 4N HCI in dioxane (296 pL, 1.18 mmol) and stirred at
ambient temperature for 1 hour. Complete conversion was observed after 1 hour and the
reaction mixture was concentrated to dryness to afford the HCI salt of 3-(4-(7-(1-methyl-1H-
pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-3-(piperidin-4-yl)propanenitrile
(56.0 mg, 99.7% yield). MS (apci) m/z = 402.3 (M+H).

[00665] Step C: Preparation of 3-(1-acetylpiperidin-4-yl)-3-(4-(7-(1-methyl-1H-

pyrazol-4-yl)imidazo[1,2-¢]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile: 3-(4-(7-(1-

methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-(piperidin-4-
yl)propanenitrile hydrochloride (10.0 mg, 0.021 mmol) was suspended in THF (211 uL,
0.0211 mmol). To this was added tricthylamine (8.81 DIPHOS, 0.0632 mmol) to free-base.
Acetic anhydride (2.38 uL, 0.0253 mmol) was added and the reaction mixture stirred at
ambient temperature for 30 minutes. The reaction mixture was then diluted in saturated
sodium bicarbonate and EtOAc. The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried with
MgSQO,, filtered and concentrated in vacuo. Purification of the resulting crude material by
reverse phase HPLC using 0-100% acetonitrile/water gradient afforded the title compound
(7.2 mg, 77% yield). MS (apci) m/z = 444.3 (M+H).

Example 28
2-(1-methyl-4-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[1.2-¢]pyrimidin-5-yl)-1H-pyrazol-1-

yD)piperidin-4-yl)acetonitrile
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[00666] Step A: Preparation of 2-(4-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1.,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)piperidin-4-yl)acetonitrile hydrochloride: Tert-butyl 4-

(cyanomethyl)-4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)piperidine-1-carboxylate (Example 21; 17 mg, 0.035 mmol) was dissolved in



O 444

, CN 3-cycl obut yl -
E/Z) 6 6.81 (dd, 1H), 6.55 (dd, 1H), 5.31-5.12 (m 2H), 3.49 (m 1H),
(m 1H),

WO0320H1230—6(m 4H), 2.07-1.80 (m 8H) k 5, 5- diPeEiUSP01h@31896

acrylonitrile 1H NVR (CDC13) (about a 1:1 ratio of

3.09

2-enenitrile 1H NVR (CDC13) (about a 1:1 ratio of E#Z) 6 6.77-6.70 (m 1H),

6.59-6.52 (m 1H), 5.40 (d, 1H), 5.32100d, 1H), 2.33 (d, 2H), 2.11 (d,
0.98 (s,

di ne-1-

2H),

9H), 0.94 (s, 9H) ON 1 tert-butyl 4-(2- cyanovinyl)piperi

DaMD oY1 dt, 8.0BBmpaydcany tiwhted with 3R HCK iMdidxBac(l 70 nLAN/0 mmol). After
90 minutes, the reaction mixture was concentrated in vacuo to afford 2-(4-(4-(7-(1-methyl-
1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)piperidin-4-yl)acetonitrile
hydrochloride (16 mg, 98% yield). MS (apci) m/z = 388.3 (M+H).

[00667] Step B: Preparation of 2-(1-methyl-4-(4-(7-(1-methyl-1H-pyrazol-4-

yl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)piperidin-4-yl)acetonitrile: ~ 2-(4-(4-(7-(1-

methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)piperidin-4-
yDacetonitrile hydrochloride (15.8 mg, 0.0318 mmol) was suspended in acetonitrile (318 uL,
0.0318 mmol). To this was added triethylamine (17.7 uL, 0.127 mmol) to freebase, followed
by formaldehyde (25.8 mg, 0.318 mmol). After 30 minutes, NaBH(OAc); (33.7 mg, 0.159
mmol) was added. After stirring for 30 minutes, the reaction mixture was diluted in saturated
sodium bicarbonate and EtOAc. The aqueous layer was back-extracted with DCM. The
combined organic layer was washed with brine, dried with MgSQ,, filtered and concentrated.
Purification of the resulting crude material by reverse phase HPLC using a 0-100%
acctonitrile/water gradient afforded 2-(1-methyl-4-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)piperidin-4-yl)acetonitrile (2.0 mg, 16%
yield). MS (apci) m/z = 402.1 (M+H).
Example 29
2-(1-ethyl-4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-

vl)piperidin-4-yl)acetonitrile
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[00668] 2—(4—(4—(7—(1—Methyl—1H—pyrazol—4—y1)1rn1dazo[1 ,2-C]pyrimidin-5-yl)-1H-

pyrazol-1-yl)piperidin-4-yl)acetonitrile hydrochloride (Example 28, Step A; 27.0 mg, 0.0543
mmol) was suspended in acetonitrile (543 uL, 0.0543 mmol). To this was added
triethylamine (30.3 uL, 0.217 mmol) to freebase, followed by acetaldehyde (30.5 uL, 0.543
mmol). After 30 minutes, NaBH(OAc); (57.6 mg, 0.272 mmol) was added to reduce. After
stirring for 30 minutes, the reaction mixture was diluted in saturated bicarbonate and EtOAc.

The aqueous layer was back-extracted with DCM. The combined organic layer was washed



r...6"CN)c. O NO tert-butyl 4- (cyanonethyl ene) piperidine-1-

carboxylate Ms (apci) mz = 123.1 (MtHBoc). n ,.. aCN 2-cycl ohexyl -

i deneacetwoi2brividel4dH NVR (CDC13) 6 5.04 (s, 1H), 2.49 (mwCTAIR011233%6 (M

2H), 1.58-1.71 (m 6H). o CLCN 2-cycl opentyl- ideneacetonitrile 1H NWR

(CDC13) 6 5.23 (m 1H), 2.60 (m 2H),102.46 (m 2H), 1.74-1.84 (m 4H). p

\-3s,.. ¢ N 2-(oxetan-3- ylidene) acetonitrile 1H NMR (CDC13) 35.39 (m

2H), 5. 3Withrrin2 Hjried SVidSMER0,, Titered 484 cBlicepizatat. i RurifiCation of the resulting crude

)1j (ltHf‘lg;fngK C81 B EaRUh S Pate YibLichishnl a'oFoove bR Wler radiclt QPR 2N 2y
2-(1-ethyl-4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c[pyrimidin-5-yl)-1H-pyrazol-1-

yl)piperidin-4-yl)acetonitrile (5.9 mg, 26% yield). MS (apci) m/z=416.2 (M+H).
Example 30
2-(4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1 .2-c]pyrimidin-5-y1)-1H-pyrazol-1-yl)-1-

propvlpiperidin-4-vlacetonitrile
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[00669] 2-(4-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)piperidin-4-yl)acetonitrile hydrochloride (Example 28, Step A; 30.0 mg, 0.0604
mmol) was suspended in acetonitrile (604 pL, 0.0604 mmol). To this was added
triethylamine (33.7 uL, 0.242 mmol), followed by propionaldehyde (43.6 uL, 0.6043 mmol).
After 30 minutes, NaBH(OAc)s (64.0 mg, 0.302 mmol) was added. After stirring for 30
minutes, the reaction mixture was diluted in saturated sodium bicarbonate and EtOAc. The
aqueous layer was back-extracted with DCM. The combined organic layers were washed
with brine, dried with MgSQ,, filtered and concentrated. Purification of the resulting crude
material by reverse phase HPLC using a 0-100% acetonitrile/water gradient afforded afford
2-(4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-
propylpiperidin-4-yl)acetonitrile (7.0 mg, 23% yield). MS (apci) m/z =430.3 (M+H).



[00618] Step A: Preparation of tetrahydro-2H pyran-4-yl net hanesul fonate: To
a solution of tetrahydro-2H pyran-4-ol (2.5 g, 24 5 nmmol) in DCM (40 nlL)
was addedwOl2BA/(361440 nL, 36.7 nmol) at 0 C and al | owed POTAISR201108186
nitrogen for 10 m nutes. Methane sulfonyl chloride (2.18 nL, 28.1 nmol) was
added slowy. The reaction was all owehot o proceed for 1 hour at 0 C. The
reaction was partitioned between 100 nL of DCM and 50 nL of 0.5 M
hydrochloric acid. The | ayers wereEsapplkedied and the organic |ayer was then

washed sequen |.I .um. )¢ brine.
The or gani< ‘ FGoetINREED CoREEHt T2 under
reduced pressure and dr@zmﬂdm@mmwﬂmnmmfcmmmle

t et rahydro- 2H pyran-4-yl nethanesulfonﬁ%e (4.4 g, 24.4 mmol, 99. 7% vyield).
[ 00619] Step B: Preparation of

1- (tetrahydro-2H pyran-4-yl)-4-(4.4;/5\5 tetranet hyl -

1, 3, 2-di oxabor ol an- 2-v1) - 1H pyrazol e~"%pn,8 niL of N, N-di met hyl f or mani de were
conbi ned 4-(4,4,5,5-tetranet hyl-1, 3, 2-  dxaborol an-2-y1) - 1H pyrazole (0. 75
g, 3.87 mmol), tetrahydro2H pyran-4-yl thanesulfonate (1.04 g, 5.80
mml ), and Cs2C33 (2.01 g, 6.18 nnnl{* Na gl ass bonb and then seal ed under
nitrogen and heated to 100 C. After @ A the reaction was cool ed and
wat er was added to dissolve all solids. Th hgolution was diluted with water
and then extracted with Et0Ac (250 nl). The brganic | ayer was then washed
with wat ﬁmsa(nd br Iﬁ@{ﬂh@%ﬂ@lﬂﬂﬂpﬁ%&aq@)lﬁ@mgl %ﬁ)yhhﬁ‘dlngx}tl)’ iiHI ed with

Et OAc (200 ni). The arganjc wer e conmb dried over

filteredPYamd 1@6}%&%@% @&%ﬁa@rﬁle rhedinehlgries é%@mp%ﬁ 28rh%telé A;dbo%ge? ikl was

dried oveifyighhs &@soweahn\mﬁuu(@uﬁﬁ@ 6.76' dEn MR PBME %oepml@y mysoﬁfcaw ica gel
chromat ogr aphy eluting with a gradi ent of 15-25% EtOAc in DCMto afford 1-

(t et r ahy dR2e-Piflypyecthyl 4riflugromethancqulfonay (@51 gndd hyhmal) 3vasaddied ead ohe
| an- 2-y1 33
275 2 (M e BrtL l e h a Ry e SHOMLELA o A REEL 107 e
met hod ofilifr eqpéatandi onmBEd®i d1gnets$1 eTh@papmmaataeplmdaptal qugcapmtuem aldselute@2
Conpound rugct a ro
Cot Famet BTG 3 56 MRITSa) o e hetiod PRABRY i bare Nt 24+ 0937, -
(MtH) b hleﬁ‘ly( ¢I4 “plydazd; <5y5rrnlﬂﬂbrlame]&>tﬂmhrdh 3.yB- lfﬂpﬁxﬂﬁdFﬂJ a2,22-
%}%__3,1H- p%ll‘{fﬁ Zo?olethyl)pl)f) 1)15(13 L h}X)acch itrile ?56 0 mg 818&) 2716 Z ?9 %\/Ié IY!:pFQ) m/z /N " NCF3

470.2 (M+H).

Example 32

3-cyclopropyl-3-(4-(7-(1-((2-(trimethylsilyl)ethoxy)methyl)- 1 H-pyrazol-4-yl)imidazo[ 1,2-

¢]pyrimidin-5-y1)-1H-pyrazol-1-yl)propanenitrile
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[00671] Step A: Preparation of 7-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-

yl)imidazo[1.2-c]pyrimidin-5(6H)-one: A flask was charged with 7-chloroimidazo[1,2-
c]pyrimidin-5(6H)-one (Preparation H; 1.02 g, 6.00 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (Preparation E, 3.24 g,
9.00 mmol), KsPO, (2.55 g, 12.0 mmol) and XPHOS (0.572 g, 1.20 mmol). Degassed iPrOH
(24 mL) and degassed H,O (2 mL) were added and the suspension was sonicated for 1-2

minutes. The mixture was purged with N, for 10 minutes with vigorous mixing and Pd,dbas



>y 4-(4,4,5,5- tetranethyl -1, 3, 2- dioxaborol an-2- yl)-1-(2, 2, 2-
trifluoroethyl)-1Hpyrazole M5(apci) mz = 277.1 (MtH) d ., /N Nor 1-(2-

I sopr opoxyethilipe14d- (4, 4,5, 5- tetranet hyl-1, 3, 2- di oxab®Col®ne12/4031896
y1l)-1H pyrazole MS(apci) mz = 281.2 (M+H) e - >y 1-cycl obutyl-4- (4,4,5,5-
tetranethyl -1, 3, 2- di oxaborol an-2- yl1)19lH pyrazole MS(apci) mz = 249.2
(MtH) f L/0 0O-Ek >Lo.. 1-(oxetan-3-yl)-4- (4,4,5,5- tetranmethyl-1, 3, 2-

di oxabor ¢1.349-2-0.600 ynidth pys akled. eThdShagoat asthaated 22 5HluR ublidetdn NoRrmegsahat i on D

for 24 hours and was cooled to ambient temperature. The mixture was diluted with EtOAc
(20 mL) and was sonicated for 5 minutes. The suspension was filtered through a packed
Celite plug (EtOAc clution) and concentrated to give an orange, oily solid. The solid was
treated with Et;O and was stirred until a granular suspension formed. The solid was
collected, washed with Et,O and H,O and dried in vacuum to give the title compound (1.51 g,
76% yield) as a light tan powder. MS (apci) m/z = 332.3 (M+H).

[00672] Step B: Preparation of S-chloro-7-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)imidazo[1.2-c]pyrimidine. To a solution of 7-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5(6H)-one (Step B,
772 mg, 2.33 mmol) in dry DCM (15 mL) was added DIEA (1.22 mL, 6.99 mmol) and the
mixture was stirred at ambient temperature for 5 minutes. The mixture was cooled to 0 °C
and POCl; (855 uL, 9.32 mmol) was added. The mixture was stirred for 1 hour at 0 °C then
at ambient temperature for 18 hours. The reaction mixture was concentrated and the residual
syrup was dissolved in EtOAc (15 mL). The solution was added dropwise to stirred 1M
K,CO; (20 mL) cooled to 0 °C and stirred for 30 minutes. The mixture was allowed to reach
ambient temperature and the EtOAc layer was removed. The remaining aqueous layer was
extracted with EtOAc (2X) and the combined EtOAc fractions were washed with saturated
NaCl. The EtOAc solution was dried over MgSOy/activated carbon, filtered through a
packed Celite plug (EtOAc elution) and concentrated. The residual dark syrup was dissolved
in Et,0, treated with activated carbon and filtered through a packed Celite pug (Et,O ¢lution).
The Et,0 solution was concentrated to give a brittle tan foam that was pulverized to a flowing
solid and dried in vacuum. This afforded the title compound (416 mg, 51.0% yield) as a light
tan solid. MS (apci) m/z=350.1 (M+H).

[00673] Step C:. Preparation of 3-cyclopropyl-3-(4-(7-(1-((2-(trimethylsilyl)ethoxy)

methyD)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-y)-1H-pyrazol-1-yDpropanenitrile: A

flask was charged with 5-chloro-7-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidine (Step C, 150 mg, 0.429 mmol), 3-cyclopropyl-3-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)propanenitrile (Preparation P; 185 mg,
0.643 mmol) and K3PO4 (273 mg, 1.29 mmol). DME (2.5 mL) and H,O (1.5 mL) were
added and the resulting solution was purged with N, for 15 minutes. Pd(PPhs)s (49.5 mg,
0.0429 mmol) was added, the flask sealed, and the mixture stirred at 80 °C for 3.5 hours. The
mixture was cooled to ambient temperature and was diluted with HO (5 mL). The mixture

was extracted with 50% EtOAc/hexanes and the combined extracts were washed with



1- (2 (4- et hyl pi per azi n-1-ynet hyl ) - 1H pyrazol -4-yl boronic acid OHi - HOB
N1 ------- \ --e-\-1-\,N\/ 83 [00621]Step A. Preparation of 2-(4-(4,4,5
, 5 -tetrawetzh;nyrsmm 2- di oxabor o | an- 2- yl)- 1H PCT/US2011/0318%@® a
flask charged with 4-(4,4,5,5-tetranethy1-1,3,2-dioxaborolan-2-

yl) - 1H pyrazole (1.000 g, 5.154 mmol )111Cs2C33 (2. 687 g, 8.246 mmol ), and

2- bronoet hanol (0.5479 L, 7.730 mmol) was added 10 nL of DMF and the flask
was Seal&ﬂmﬂﬁdéﬁﬂﬁiﬂﬁo@ﬁﬂ.@mﬂDhgﬁhédnt@aﬂﬁﬁmdhfde4BwbothmnThﬁ ¢letadt i on

was di | ut.ed e etate nd sti d 3 bef ore
e uns puitial Refusglima” Gl Vit 2P PR EORG e e RtE T re
with ethyhe @@Aah@d 1Th81cOHYBIDAC Pass W@Mﬁtﬁi@ﬁ&ﬂd%d@hﬁﬁt@@l&cgﬂrewgﬂ@ur e.
The crude was urifie siljca chr opat agr aphy, el utin h a

gr adi ent SB¥P 735 &aﬁyr%ﬁ&@f %}t%z¢ ﬁn%g%&ﬁ%%at? {oggircofig ile compourd 55

2- (4- (4, thgd790%84d] raefahwiﬂsr Liicht Beigh RxAP MO H6n Ay I W74 bhmyrgzol 1-yl) et hanol
(0.4290 gg g& 2 ° %%'};yllg VS agpgl) n z §+(23[53@2 (M+H) .

[ 00622] St ep B Preparatlon of 2444EX%nﬂe -tetramethyl -1, 3 , 2-di oxaboro
an-2-y1) - 1t W@Q@Hlpvilalell)?f)ﬂﬁhaz@ﬁtféllagﬁﬁﬂdfnpg%helH Tl Salisi on of
2-(4-(4,4,5,5-TetranmethyI- T Z- —di oxabor ol an- Z-yI)- I pyrazorl-1-yl)ethano
(0.150 g, 0.630 nmol) and TEA(nwaﬂmVMﬂmmmmﬁﬂE nmmol) in 5 nL of DCM was
added et hansul fonyl chloride (0.0R36_nlL, 0.693 mmol) with stirring at 0 C
The reaction was allowed to proceed at for 30 m nutes. The reaction was
| oaded directly onto a silica gel caksdmm pre-pre-wetted with and el uted

with 50% et hyl acetate in hexanes t fford
2-(4-(4,4,5,5-tetranmethyl-1, 3, 2-di ox borolan-2-y1)- 1FprrazoI-1-yI)ethyI

met hanesul fonate (0.169 g, 0.513 1 N81 4% vyield) M5 (apci) mz = 317.1
(MtH) . [00623] Step C. Preparation
1- (2- (4- et hyl pi perazin-1-yl)ethyl)- 1FL Fﬁzol 4- ylboronic acid: To a

sol uti on of

2- (4- (4, MOS74- t et rEmeishiytier 08 32ydbpRpEr-GHARI 2y L) mdthpyibdtioxDmetyet hy |

nethanes f onat 253 de was
Tadod 1. RO Rl Dihiishobh o gt i) ke i Mo R ORIV L BERREACC R0
under ni 65.0ge 04Ad mned)t i@d N (EGﬂgvxfa@adcﬂsznﬂhmaSa&encTetmm 2eak) dandnhamnikture € was
di luted with.dichl oronethane (3 ) | caded directly on silica
cel ot um® P SRR BT E SO Rty Bt FARGIC M T CH e

cont ai ni f@1di18/0x@|§1mﬂitlblﬂéd'lﬁ/1df Eeozdce(i aLahh@ksturated Ncho3 (3 mL). The biphasic

1- (2-(4- et hyl pi perazi n- 1-ypet hyl ) - 1H pyrazol - ¥Iboron|c acid (0.038 g,
0. 160 nmBYXtugIegs\stigedforgy Rinuges g N3l ira refedsreil spuge; Lhe; E%Of\ﬁéasﬁfesence

of net hapgl re@rﬂﬁe@ﬁﬁ@ﬁb li'éﬁlihﬂlﬁ% Qéﬂle@ﬁs p&‘@or( @/@§ Edtradled with23BAt. (MEfdbmbined
Preparation E 4-(4 r amet 2- di oxaboro

| an- 2- y1F1QAQ gxpracts wermdrwyllom Me§@s, Iﬁ%‘%‘ﬂi thseugpl 8 Calitg plugpad saacerggtedEROE N y 0
0 [ 00623&%81%.11&0401'{& 'w%g dggoléed(lﬂ lﬁ*VSM’eéHt/]?tbrA%rgﬁh %edlﬁl?bugg a Si0; column using

di oxabor ol an-2-y1) pyrazo |
10% MeOH/EtOAc for elution. The solution was concentrated to give the title compound

(46 mg, 98% yield) as a white solid. MS (apci) m/z = 345.2 (M+H).

Example 34
3-Cyclopropyl-3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl)imidazo[ 1.2-c]pyrimidin-5-y1)-1H-

pyrazol-1-yl)propanenitrile
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(10.00 g, 51.54 nmol) in DMF (100 nL) was cooled to O Cin an ice bath and
treated with sodi um hydride (60% di spersion in oil) (3.092 g, 77.30 nmol)
i n one powoi20n/13THe reaction mxture was stirred at 0 CPCoruS2owriosuspes, t hen
at anbient tenperature for 30 m nutes. The reaction m xture was cool ed to O
C and (2-(chl oronet hoxy)ethyl)trimethybsilane (11.82 nL, 67.00 mml) was
added. The reaction m xture was warned to anbi ent tenperature and all owed
to stir (M6FFi ght.Stdhe AeacPreparariot uoe wa1-ixouropd-1Hperaastedus-(s4@ur at ed

anmoni um chI Or ape XI matel 0 ) fﬁ“,sg
stirred H 10840 et B U co%l n xt was
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with Et ofducefipressganil ﬁ%ame? Yahpy! }GEEW I8¢ @geh@aowwa y\rﬂﬁaﬂ%wthr. ed
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crystals fornmed within a few hours at ambi ent tenperature. This was

i sol at edD§M a8kl wihehorgeiiel [Hep0 wared cembigedrt ik gvearMdeXP4 yilteeedpraad ent
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[ 00628] Step B: Preparation of
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5(6H) -

one (Preparation I;
DI EA and the suspension stirred at anbient tenperature for 5 m nutes.

9.60 g,
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in dry DCM (90 nL) was added
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crude mxture|was purified by silic 6§|n 0 1(
Et OAc/ Hexanes |grigetént to afford ﬁmlaﬂ) idin
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(trinmethylsilyl)ethoxy)nethyl)-1H pyrazol
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[00637] Step D: Preparation of 7-(1-nethvl-1H pyrazol

ypi m dazo[ 1, 2-cl pyri m di ne hydrochl ori de:
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93 bronophenyl)-5-chl oroi m dazo[ 1, 2-c] pyri m di ne (10.369 g, 33.604 mmol,
38.997% vyield). M5 (apci) mz = 310.0 (MtH).

[ 00644] StwpGrArvpawat i onof 7- (4- br onophenyl) -5 PCT/US2011/031896
(trinmethylsilyl)ethoxy)nethyl)-1H pyrazol -4-0)i m dazo[ 1, 2-c[pyrim dine: To
a flask charged with 7-(4-bronophenyl)is5-chl oroi m dazo[ 1, 2-c] pyri m di ne
(2.68 g, 8.685 mmol ), potassium carbonate (3.601 g, 26.06 nmol ), and
4-(4,4,5,5-t et r anet hy1 1, 3, 2-di oxaEmmplamSZ-

I (T S SR T I gl s (s LR 0 0
and backfill ed vmth argon. Tomea@olrlealﬁirb@IﬂeM@ﬂe added 100 n1_ of DME and then
water (1.252 nli, 69.48 mol) and ar ﬁgon was bubbl ed through the reaction for
20 minutes before tetrakis(tripheny ;phosphi ne) pal | adi um (0) (1.004 g,

0.8685 mmol ) was added in one p n. The reaction was fitted with a
septum and argon was bubbl ed t hroughnNor 10 m nutes before the reaction was

seal ed and heated to 70 C for 4 houks) -(4,4,5,5-Tetranmet hyl-1, 3, 2-

di oxaborol an-2-y1)-1-((2-(trinethyl si|l yl ) et hoxy) methyl)-1H pyrazole
(Preparation E; 3.3 g, 8.6 nmmol) ded. Argon was bubbl ed through for
10 m nutes before the reaction wag= sand heated to 70 C for 3 hours.

The reaction was diluted with 10% net harfbl 77 DCM (300 mL), dried with
MySO4, filtered, and then concentration uﬁ‘der reduced pressure. The

resul t anfooesude westepuAi f PR@ataoBi bi Cac@iel ShyQoRdioaagnY-@bkinid@evikt h a
gradient o 75% t hyl. acet ate I n hex nes to afford the titl co ound
(1.625 g%%wgw oroigdazel)y 2y¢] Bﬁrraaudlmﬁ RS @W?tm W09 & M@)ﬂ

Pr epar at '1QDblMdﬁ)heﬁy‘pr{OZplﬂiU)orf@ﬂrcmeﬁ’@é@hlh% zﬁdahwr ((mail rg55 12 ()61)mﬂablgp)éﬁéi20|
-y1)-3 -cycl oprop ygp% anenl trile NC RI— 00645] St e reparation

of 7-chl grgybnging{ p3 ﬁy&m%w&wnenée%npvw d0rel) o sialgl@ﬁﬁt?eén of
7 o or 01 (e Ghnf L6 GRLIYLEHLYLASIB%A IR I RiBest (o). T
yl)imdazo[ 1, 2-c rimdine (Preparation G 0 g, in 3.5 n
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it ur e s S AR a0 ¢ IR LRI ol R OB bRF R ERERLE"
reduced pitegsutoacmdveanyesudss.i e reesticueixnas wds seofored to n SQO mil ﬂ)efsk Zh/di anmoni a
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resi due wasl purHf.i ed by silica gel chromatography eluting with a gradl ent
of ZS%E@t nol i Wi hl%ammlumh dr.o det fford. :

7-chloro H- pyrdZbl —4- VRaRNGH HROH

65. 5% yi edrBgxyldM> Mapgis)thydiakyimideL 1126 h&)mduli@ﬂéﬂﬁil, £ 4Eb Bflefﬁﬁlb tah@n of
3-(4-(7-c ﬁlormmdali)}f)1 }mlyyrlm[ MZ AP ¢ @

pyr azol - Nlrgjettelayime d% ©oBY P aﬁ%ﬂ%bWPtersup@ndqulnaP@félsdﬁ@érrL df/0 mmol) and
7-chl or oponddl bt BY @z - nﬁfﬂlﬁémﬂ@%@i&og "tk RS 'réﬂlghéaehét&o%&%o&; s9: tﬂ§72

mol ) and 3-cycl opropyl acréoonltrl e (Preparation B; 4 mmol )
in 2 nL sMpgedromias rdided tode0 Xdddier %@lemeqwmnab@lsgﬁhmemm therﬁée

{hor eact il R ES SEL AR eRL A0 By Aabic SRR SRR ANEY Bty o
0. 107 nmmbbin ZadofoBuidg|072] mlmﬁhm&w&l waokd tleogght fremrtbaptavens iepi. ulee was

Seal ed and hOeIlaI:[nleX I‘to 69} eé? arn 1enu 1% ethE]ne edac tIIICQOI?l‘ {T'I thOXl?{lEl OVI\'@Sol Ot%ded onto
dlrectlyotfoaco g 8¢S etfgaequ ed Wit 3 AL O'Gf  50- 75%
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3- (4- (7- ¢ht esmbintdamenid |Re[Wte ifiedt thrdughly Bi&rhg@ypl@zeodep&aﬁéil):araxdge and
f cyanonet hypazeti di ne-1-carboxylate Boc NC NN (N.Nr-C

[ 00647] PMapif etith RG\he Télan%trﬁtﬁnmaércoggenb@@sa@oaﬂ f@na ml‘ffl%éff%cﬁr?f‘&lsé brown

residue. While sitting overnight, a precipitate formed. The resultant solid was triturated in
DCM and Et,0 to give afford methyl 5-chloroimidazo[1,2-c]pyrimidine-7-carboxylate (6.4 g,
21mmol, 100% yield) as a brick-red solid. The solid was 70% pure, but could not be purified



cycl opropyl acrylonitrile with tert-butyl 3 -(cyanonethyl ene)azetidine-1 -c
arboxyl ate (Preparation F, Step A) to obtain the title conpound (0.050 g,
0. 1208 nmwiD,207A1130Ww% yiel d). MS (apci) nmz = 414.1 ( M+H) PCPruspanasisee 0O
Tert-butyl 3 -(cyanonethyl)-3 -(3 -(741 -nethyl-1H pyrazol -4-yl)im dazo
[1,2 -clpyrimdin-5- yl)- 1H pyrrol -1yl )azeti di ne-1- carboxyl ate 95
[00648] Step A Preparation of 7-(1-nethyl-1H pyrazol-4-y1)-5-(1H pyrrol-3-
yfli m dazwohik, sﬂtge Hyytoiiwiigkiohdiliti aCha cfuda stataetbweedsetdlirértly in the next step. MS

5-chl oro- 7 ;?ml—iﬁs)yr azol -4- y0i m dazo[ 1, 2-c] pyri m di ne (Preparation
J; 0. 150( %4 1-(triisopropylsilyl)-1Hpyrrol-3-ylboronic acid
(0. 257 g[00®83163 Mty ,C: ahdpPicas 6 Jﬂ@plhanetrﬁ&ttﬁ/&ﬂvn&hm&)ﬁ&aylmmL) was

added 6 nlL of di gxane and_argo ubbl ed thro hthe xt.ur
BRI LR e 1 g o R £ DR 8 0 T
was adde@l]p?ﬂﬁluﬁﬁ@ﬂ@arﬂ@@lé@@b@d)@@ 4 hg %’fﬂdﬂ) the 4 £86ddaaRifyan, 3054igkdbbicks- The

flask was seal ed under _argon and the m Xture was heated at 75 C with

stirri ng2é’\]/)elrf{?dﬁtmetlmh%lﬂ)éth@%ﬁ@ﬁthw&éPRWOE?OW(E@%&P% & luderd Feamoby
pressur e: gﬂéﬂ“ Taken,Hd) ipy J&Eﬂr . Iﬁ‘g)omf’s RIS, I%&@hﬁ{d‘@%o §@§ gefil gnd

col | ect ed by ans of vacuum and washed with 0"nit). The
sol i d commlhedcgpobived dui tTobis whedded isauproph(28 rml;)lanémteeé@ B‘bmlaé9 wel | as

i nor gani t ridf ¢ 'o o] bt ai ned
7 O et i A dGLfShe B IR AC HAS 08 SBUd IR S80S sEPCUBE 1201 e
(0.220 ghm&s 83 Be nawoliqn ﬂﬁ}@%waeldd)ltedmﬂ@@c iafd mhdisselvEd Solld whdrtdmovidBH49] St ep
E;,r Z; glp?'ﬁ_ﬂv;t ion n'ﬁ%? él%%tte DU Sk T ANATRY %H‘lé(? by (Fica %grbgn%fog%%ﬂy %I.iéi%igl-

[ 1, 2- cl pyo-100%dimMOAciHkkarkkgppichoto dfford haztsl isdilne- (lmﬁahjal@a@yjeaioey)mwya) fl ask

charged Wi Tl el pyLacol - ul) b RV Ol Sl e, [ 1.2
3- ( cyanogginvthenrerdacididi MS‘dap@iﬁﬁlWYMaI@/I(ﬁf eparation F, Step A 0.0459 g,
0. 237 mmol and DBU 0 0283 189 mml was1 addedl L of acetonltrl l e

at anbi e{ﬂ0)6$ﬂrrper atte £: P 0o 50 C

over ni gh’%z}nnilfﬁ'a?zor[?é(‘ctlﬁ&fﬂll&!.‘ﬁé 7%%3@&%&@“ hﬁ/ P i, | ﬂé‘sﬁ Qﬁéthﬁng é?'(ﬁt ed with
a mxture of ethyl acefate an b%ammnlumhydromdeto affor e title

conrpound(t(lmetblsBOy@ethOX}ﬂ)S@thbrﬁﬂlH-p:@@wlA%Iym@ila@r) ,Qw]wrlghdlp@rﬁw@sboxwe( apci) mz

= 459. 2 e :

3- cycl opg opy1- le ﬁg4§%é%ﬁl(%gtoe1t3rr§rr?gpﬁvals d]LSS%‘lVEd lglEt(QIéIb(gér‘% an- -mﬂo )llT—E pyr azol
-1- priopasreeided # ldrge exc&6 of hydrazme hydrate (104 ;.LL 3.3 mmol). The reaction mixture
[00650]4 4 trarret bor | an- 2- W) L pyra 2.44 g,
12. 6 mmol fegm’éédgﬁoopr %J(;%ﬁe]il §HIF I%ra?e C?OIA-W aratton bé)re E" 4‘}’/ags,cglﬁ}§fai£ mol )
(as a m Et(illA&@ar&if waghedlm/litﬁ)wa%’tdmﬂ)ﬂﬂné ITh8 ®rguinic 1dykr &amdﬁbd wWBI’MgS’@hS paadéd in

MeCN (10 rred at 4 C for rea ture S
ool edt t BRGHHIEHE el Bi4D P AN LB P ORI L AUbE BEELd o o
afford tbeingaddn, Zlﬁ]ﬁ)?tﬁﬂnﬁihne WRdrbdhywasidp W3 thi edobyicll @sehyeqewrmn MS (apci)

chr onmat ography Sel uant: 25 - 35 % Et OAc/ Hexanes) to furnish

3-cycl opP¥py 2783 (Mt 4, 5, 5-

tetramet Fnok %1 3, 2- siémalm&%aaan 2t Waediit fwlr @Z%lﬂ%ﬂ{)@d@l’if@&%&tﬁ{llh 8H(2. 48 g,
8.64 mmo 68. 8% yi el d). (apcr) mz = % anpl e

-(4-(7- (m&;@@gﬁg@i@ﬁmmdm&ﬂmaﬂmhvﬂramde In a 20 rnL flask, 5 (1 (2-

[ 1, 2-cl pyfit@ndishy Sedhbry) B IRE R raol-4YRRGRE ] B Sl vhindibifie-7 NG M e 11 1

(45.1 mg, 0.121 mmol) was dissolved in DCM (604 pL, 0.121 mmol). After cooling to 0 °C,
triethylamine (20.2 uL, 0.145 mmol) and acetyl chloride (9.45 uL, 0.133 mmol) were added.

The reaction mixture was allowed to warm to ambient temperature for 15 hours. This was
then diluted in EtOAc and washed with water and brine. The organic layer was then dried
with  MgSO,, filtered and concentrated down to afford N'-acetyl-5-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine-7-carbohydrazide
(40.9 mg, 81.5% yield) as a light yellow solid. MS (apci) m/z =416.2 (M+H).



[ 00651] Step A: Preparation of dinmethyl 3-(4-(7-(1-nmethyl-1H pyrazol -4-
yl)imdazo [1,2-c |Ipyrimdin-5 -yl)-1H pyrazol -1-yl)p entanedi oat e:

7- (1- Met wo-20H/1BY4azol - 4- yl1)-5-(1H pyrazol - 4- yOi m dazoptTarsedippsisss di ne
(Preparation K; 0.165 g, 0.622 mmol) was suspended in CH3CN (5 nmL) and
(E)-di met hyl pent-2-enedioate (0.295 gg 1.87 mmvl) was added fol |l owed by
DBU (0.0947 g, 0.622 nmmmol ). The reaction was warned to 55 C and heated for
9 hour s. [0D686]r eactStgnF viaspardiien of d@5-¢tH-amezd elrggintdaad[é (-c]fyrénidmsT-dire - was

B A '( $f’tgf£°_f_1¥§ﬁ ,:gi!izftCFt_ﬁllg' ﬁfaE' %jé 54 0L @anoﬁl DS 2 AR RS e R ety -

[ 1, 2- c] pyHigyratbR4-Shirdiflazbit, py]rpgﬂmimde- ybarma@nﬂei (@apemg 2085980 mni3Ponk el d) .
N(B4 ?7(:'( ﬂlsgpé%qd;& dﬂ@ﬁy&éﬁm QL)@OGS tl[u:;]_wgsr 'y ded 11; I1’1(1)onsp1(1)of1"us3 pentasulfide
clpyrim %}’@bﬁr%ﬂiﬂl)a&ﬁ' Bll('nyr%étﬁ?lmﬁféﬁﬂk Pix0 Al d; 191Urﬁrﬁ61 MRyl Psh de

hydr at e 0 08 | ) was dissolved in water (2 and was added

to a sol DHixtyi§ v%pfs%éqt%ipﬂ@p @_f((r4.2(hpurs After cooling, the reaction mlxture was quenched

(1- et hY%mﬂ;""stﬁ'hQ& ot KACO( 4?‘5@1@%%9{1 1,8 (?}rﬁ_?r ik ?Hn&ur% “Wab)stikkh RY P8 4Rhutds; ¥ 1) pent
anedi oate (0.2 . . After stirring 3 days the
reacti onthmascoe@fm@hqd rzat\@dw 957 ranep Ve eiobigatst h@hq\mmuanwsmmtqdh@nwawr dindied to

e Bt CERELPN] PR, ATl EREL GRRUAESH SRS, Bt L
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4-(7-(1-nmethyl-.1H |

Ey1§ 1I(-I- 5{»55 E’é\le“_gﬁ W“g%%l%ﬁﬁ{l%?ﬁlé%‘i‘% ir:pepaglﬁg (‘%Pf%‘“ gﬁ%@&%q@l d). M (apci) mz
396. 2 ((]WB‘D] [ 0%&33](5'[ Eﬁvﬁatld?l’ @ a3-afclapiopt-334-(7-(5-methyl-1.3.4-thiadiazol-2-

pyr|md| v i ile: In a 20 mL flask, 2-(5-

13- (4-(7 Mp%ﬁd]%j-yl)'ldﬂlda)ﬂ[@-QQJ]py‘hrmdln 7- yl) 5—rnethyl 1 3 4-thiadiazole (17.4 mg, 0.0614
y0| m dazo[ 1,2-c]pyrimdin-5-y1)-1H pyrazol - pent anedi oi c aC| d (60 ny,

0.15 rrrmm)m%@ %&ﬂp@@dlaﬁwlwle((frml)aﬂ%ﬁ éaéuw Otl§4 gneol) were dissolved

Car bony! fHDMPd(%?@LE 66&4%09 AT s DREA 031 d 02kl Blme) Hid%ih%é the
reaction was war nmed mbi ent tenperature. After stirring 2 hours NH3 gas
was bubbbegmbignt tabw@tumoforrﬂ%t éhe reapimowismacenpict?, spl angthecpgonn waPdBdded t o
t he reactd 0 S h (Ne! tirred
for an adattbnar 43l e R R AR Bk B Ptedt ' (1T
m.) and wdishédows.tthe Eadn rituxe §5s dillited ihEOAgqueBiugasptthweh wasr enhbmm r at ed

gf‘? 4?f$0%‘&0 %ﬁlvcm 153?_6|r_|_was Izlrle _1%1?&54'&9%,ﬁ'%eeae%[ea%ldrc%gc%%atlgg ::%ogn to @ yellow oil.

-y1) - 1H pti¢ amh-rﬂategdl)\mmuauﬁiedibarﬁﬂdﬁ {hodmarggrafgiylising el0d)0oniMedilBagAcsed i n
t he next step w.tho her p

| 00654] SEBHR: 4 eptiut | o GromPt A i H by S ARy F Do A i davo
[1,2- cl pykimd dih-B=yBy- byt AYFIz&fandnitritd YP2 &fid, a1@eliydld)r | MBS (apei) m/z =

13- (4-(7,(1-Methyl-1H pyrazol - 4-
y0| m daz @[ %2 el yrimdin-5-yl)-1H pyrazol - 1-y1) pent anedi am de (0.047 g,
0.12 nmol ) was partially di ssol vedE;‘ﬂnﬁw (0.3 nL) and DCM (0.5 nL) and
triethylam ne : 9 rrrml was added 2, 2, 24Tr| chl or oacet chl ori de
(0.08 g, 034acHpKipyl-v agthgl 1 H) ph HAIGAE uv\)’: -1Hd for 1
hour. Additi onal reagents (40 g@ (l):'ftl?)g% g?%ng&gt ju acid chI ori de) were added
and the reaction was conpl ete: S concentrated and punped to
dryness. A m ni num anmount of water Wd (1.5 nL) to dissolve the crude

: - rRpEopans

product. Excess sodium chl oride was added/’to the aqueous | ayer and this

m xture was extracted with EtOAc (1Q,x 10 nlL) to recover the desired
product. The organi c phase was dried ysing MpSO4 and concentrated to
provide 3-(4-(7-(1-methyl- 1I—|—pyrazo|ﬂy;(k

ypi m dazo[ 1, 2-c] pyrimdin-5-y1)-1 azol -1-yl)pentanedinitrile (42 ny,
98% vyield). M5 (apci) mz 3581(,&&9)\ HNI\/R(d6 DI\/BO) 6 9.12 (s, 1H),
8.59 (s, 1H), 8.41 (s, 1H), 8.25 (s, THN B. 17 (s, 1H), 7.78 (s, 1H), 7.76
(s, 1M, 5.30-5.29 (m 1H, 3.91 (s, 3H ~(.22- 1.10 (m 4H). 98 Exanpl e 2
3-Cycl opropyl1-3-(4-(7-(1-methyl-1H pyrazol -4-yl)imdazo[ 1, 2-cipyrimdin-5-y
1)-1H pyrazol-1-yl)propanenitrile N/../.. .<1 NN _ 1\1 N

[ 00655] Toasol uti onof 7- (1- et hyl- 1H pyrazol -4-y1)-5-( 1H pyrazol - 4-



yl )i m dazo[ 1, 2-c] pyri mdine (Preparation; K-1; 0.130 g, 0.490 nmol) in dry
DVF (2 m) was added DBU (89.5 ng, 0.588 mmvol) and

3-cycl oprwpybacyi4eni trile (Preparation B; 0.183 g, 1.9@®CEmsk(11/03t3e6
reaction mxture was stirred at ambi ent tenperature for 24 hours.

Addi tional 3-cycl opropylacrylonitrile;io0.046 g, 0.49 mol) was added and
the reaction mxture was stirred at anbient tenperature for 72 hours. The
reacti on[00638lur e Vs added thelbeZzﬁloﬁS naf) . M%ﬁﬂthahdjl{emtdaamitleﬁ) Bi(1462Et OAC.
The corrbltned e : dNa and CSHI ed over
MySO4/ actTrsted - oW S JH %ort S1%9% col um
(15hrrL celwfgeﬁ/ fvﬁtht Afmaﬁg]@l 1H117hfﬂa£dld: I (001f17S|g92) 433| mhioll'bg aildrst il téf EmAg Lhen
wi th 10% MeO t OAc., The 10% ract n Was ncentr t he
resul ti ngEyil g%af{“ﬁ%%% dgi o é@é y@@ 6 lélaer%%n)é& {2148 d%ﬁ )

suspensi ging °d REthEGIPT TRt RadRS rikiuBVWREs then peictd @ndeﬁhg@ggﬁwﬂ%‘ij&le@fﬁﬁ solid
washed with Et20 and then dried under vacuumto provide

3- cycl opPepy o aoltient (panetaie epd StUTERHRRA0apigpten - Ta %ﬁﬁaafa%w% aglded 7-chloro-
c]pyrim gi (e %ﬂs@e@mwﬁw)@n@)m Wh@w}l Efxﬂn |zd] #9-cfdrinfidie yield) as a
gl

white po mz =3 antionmer 1 of
3-cycl Op(RIWIat®n(QrQ ?0({ &~ A8t ymmal Hapy, pigein wad wanﬁlpwlﬁa the Teastipy rfornf di n-

5-y1)-1H- Iyt

[ 0%6)56] 3- (T%ggjrr%elr (&Qsage%%g arlll(itlﬁatgfg)?ﬁio@%gzgﬁ‘ t {eacl X V(’gazéj?é fl \5 cI pyrim

di n- 5- yﬂll)chlbtfbn}nayhaaz (31 ilnly hhprﬁomanquumwdsesa(lmajmjdwrﬂ bldarb@ﬁﬁe gvas 0dO&B nmol )
t ed HPLC (

T e 3B e B Dbt A 2 2 RS i O Sl 8 R BT BREA | brrar

1 of 3- cychapy aPICnd4iricd of lnglil?stabydm overmght The crude material was taken up in

1H pyrazol - 4-ypi m dazo 120I r|m
1H B% a281 %Fafﬁﬁfapélﬁ@ﬂm% @%@i (408 mph) Hdasonicateffor Lbepsy ny , =
359. 2 ( thi)s suh@hsz&{ Rasfitterd@- the batkee}&dsomh&r WMtk FORE($0-hL) BXAMR! 1sé was

Enanti onmer 2 of
3- cycl optspyenesniraed yoder refueqd pressprepy FheAssultng fepidyg way pyrafied-by iqa g8l di n-

5-y1)- 1"'&1&3&@%@1[@1%7 é{lln)hﬂg @R@n?ﬂhgtﬁéﬂo?u{ & @lﬂgm%)etha% N)ntalmng 0.5 % ammonium
[ 00657] 3- Cycl oprop 1- 1H pyrazol - ¥ i mdazo[1, 2-clpyrim
Yy

hy
di n-5- yhy rQquaW @ﬁtam- 1(@“3)6@3' éﬁﬁ@matzwrll El)éiﬂdfﬁaﬂt@m lslb@)rdlogy)H@ﬂ@)B nmol )

e ﬁ‘%&&é@’“ﬂ%{e (UL .saﬁfﬁ%lc?%ﬁ?% IS BRI et

2 of rn/z—3962(M+H)
3-cycl op 3-( 7-L1-pgethyl 1 1, di n-5-y1)
- 1H pyrriid?@ﬁ]l yl ;lsp% opgneg'3 IX = lq = 359.2

(MtH) . [ ehi2@ddd0H ,2- c]581:1151dlnn5-®h|-m-ﬁ&midhléxﬂl&rdmﬁéﬁﬁrﬂe Efaﬂﬁﬁ)ﬂeé n 3the same

ll(-l-Afp)(/I?ag é}arqt%}r @sllEgc éyn{4a ol ﬁ-%lal)¢, ereﬁgczn(ljg [7](1 1sopro%¥l Iglpyrazol 4 yl¥%)(1 -((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine with 7-(4-methyl-
1H-imidazol-1-yl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidine to afford the title compound (0.010 g, 0.0163 mmol, 44% yield). MS (apci) m/z
=359.1 (M+H).




[ 00658] 7- (1- Met hyl- 1H pyrazol - 4-y1)-5-(1H pyrazol - 4-ypi m dazo[ 1, 2-c] pyri m d
ine (Preparation K; 0.040 ng, 0.15 mml) was di ssolved in dinethylformam de
(0.6 nlL) woadob/Bedbnmet hyl hex-2-enenitrile (Table 1, compoln$2k;l/036B96y,
0.045 mml) and 100 2, 3,4,6,7,8,9,10-octahydropyrimdo [1,2-a] azepine (34
ng, 0.23 mmol) were added and the reapfp on was heated at 50 C for 7 hours.
The reaction was then cool ed and the sol vent was renoved. The crude
reaction was purified by S|I|ca geExmhphnﬁtography using a gradient (1 to
4% MeOH DCM : t.h . )|quo[1

, 2-Cc] pyrim df=2 y tHp P16, 63% yi el d)
as a solid. M5 (apC|) niz 389 %mebdgmghQQGSQ]The conpounds of Table 3
were prepared according to the nmet hod of Exanple 5 using the appropriate
starting materials. Table 3 Ex. # ructure Name MS 6 \ N-N _
3-(4-(7-(1-nmethyl-1H pyrazol -4-y0i mpdazo [1, 2-
c]pyrimdin-5-yl1)-1H pyrazol 1-y1)|>3= xrldin 2- yl)propanenitrile (apci)
mz = 396.1 (MtH) 7 NN ...... A4 3-(4-(7-(1-nmethyl-1H

pyrazol - 4-y0i m dazo [1, 2- c]pyrlnldln yl) 1H pyrazol 1-y1) - 3-(pyri din-3-

yl ) propanenitrile (apci) mz 396
UT»

[00690] To a flask charged with 3-(4-(7-chloroimidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-3-cyclopropylpropanenitrile (Preparation M; 0.020 g, 0.064 mmol), 5-

(tributylstannyl)thiazole (0.029 g, 0.077 mmol), dicyclohexyl(2’,4’,6’-triisopropylbiphenyl-2-
yl)phosphine (0.0061 g, 0.013 mmol), and tris(dibenzylidencacetone)dipalladium (0.0059 g,
0.0064 mmol), evacuated and backfilled with argon, was added 1.5 mL of dioxane. Argon
was bubbled through the reaction for 5 minutes and the flask was sealed and heated to 100 °C
for 3 hours. The reaction mixture was loaded onto a silica gel column pre-wetted and eluted
with ethyl acetate containing 0.5% ammonium hydroxide to afford the title compound (0.018
g, 0.050 mmol, 78% yield). MS (apci) m/z = 362.1 (M+H).
Example 48
3-cyclopropyl-3-(4-(7-(2-methylthiazol-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-

yl)propanenitrile

[00691] Prepared in the same manner as Example 47 replacing S-(tributylstannyl)
thiazole with 2-methyl-5-(trimethylstannyl)thiazole to afford title compound (0.021 g, 0.056
mmol, 70% yield). MS (apci) m/z =376.1 (M+H).



8 N NN -- N- --N 3-(4-(7-(2-methyl-1H pyrazol -4-yl)imdazo [1, 2-
c]pyrimdin-5-yl1)-1H pyrazol 1-y1)-3-(pyridin-4- yl)propanenitrile (apci)
mz = 396W0 20MAY148 - - , 3-(5-nmet hoxypyridi n-3-yl)-3- PCT/US2011/031896
(4-(7-(1-nethyl-1H pyrazol - 4-yl)imdazo[1, 2-c]pyrimdin5-yl)-1H pyrazol -1-
yl) propanenitrile (apci) mz = 426.1 (oywwH) 101 Ex. # Structure Nanme M5 10
Br NNN/ , 3-(5-bronopyridin-3-y1)-3-(4- (7-(1-nethyl-1H pyrazol -4-
yl)imdazo[ 1, 2-c] pyrimdin-5- yl)-Ekuppledfol -1 - yl)propanenitrile

3-Cyclopropyl-3-(4-(7-(6-methylpyridin-3-yl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-

yvD)propanenitrile

[00692] To
cyclopropyl-propanenitrile (Preparation M; 50 mg, 0.16 mmol) in dioxane (5 mL) was added
K,COs (66 mg, 0.48 mmol), diacetoxypalladium (1.8 mg, 0.0080 mmol), 6-methylpyridin-3-

032 mmol) and

3-(4-(7-chloroimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-

ylboronic acid (44 mg, sodium 2'-(dicyclohexylphosphino)-2,6-
dimethoxybiphenyl-3-sulfonate (8.2 mg, 0.016 mmol). The reaction mixture was degassed
with argon, scaled and heated to 80 °C for 5 hours. The reaction was cooled to ambient
temperature and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (DCM/MeOH 10:1) to give the final product (20 mg, 34% yield). MS (apci)
m/z = 370.2 (M+H).

[00693]

Example 49, replacing 6-methylpyridin-3-ylboronic acid with the appropriate commercially

The compounds of Table 6 were prepared according to the procedure of

available boronate ester.

Table 6
Ex. # Structure Name MS
50 N 3-cyclopropyl-3-(4-(7-(2- (apci) m/z = 370.3
w methylpyridin-4- (M+H)
N—N yl)imidazo[1,2-c]pyrimidin-5-
(A yl)-1H-pyrazol-1-
yl)propanenitrile
/- NT SN
NN
l 2N
51 3-cyclopropyl-3-(4-(7-(6-(4- (apci) m/z = 454.2

N

4

methylpiperazin-1-yl)pyridin-
3-yl)imidazo[1,2-c]pyrimidin-

y
Y 5-yl)-1H-pyrazol-1-
/NN yl)propanenitrile
NTNF S
N/ N
G

(M+H)

Example 52



(apci) mz = 474/476 (M+tH) 11 1IP/ NN ., .... N3 -(4-(7-(1-nethyl-1H

pyrazol -4-yl)imdazo [1,2- c]pyrimdin-5-yl)-1H pyrazol -

1-y1) - 3- phoryipBoanenitrile (apci) mz = 395.1 (MtH) 12CT/US201 /B89N NN

3-(2-chl orophenyl)-3-(4-(7- (1-nethyl-1H pyrazol -4-

yl)im dazo[ 1, 2-c] pyri mdin-5- yl1)-1Hpyrazol -1- yl)propanenitrile (apci)

mz = 429.1 (MtH) 13 alik/INN-N
3-Cyclopropyl-3-(4-(7-(1,2,3.4-tetrahydroisoquinolin-6-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile

Y

(/\N =N

NT NF
NH

[00694] To 3-(4-(7-chloroimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-
cyclopropyl-propanenitrile (Preparation M; 50 mg, 0.16 mmol) in dioxane (5 mL) was added
K,CO; (66 mg, 0.48 mmol), diacetoxypalladium (1.8 mg, 0.0080 mmol), 2-(tert-
butoxycarbonyl)-1,2,3,4-tetrahydroisoquinolin-6-ylboronic acid (89 mg, 0.32 mmol) and
sodium 2'-(dicyclohexylphosphino)-2,6-dimethoxybiphenyl-3-sulfonate (8.2 mg, 0.016
mmol). The reaction mixture was degassed with argon, sealed and heated to 80 °C for 5
hours. The reaction was cooled to ambient temperature and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (DCM/MeOH 10:1) to give
the intermediate product, to which was added DCM/TFA (1 mL/1 mL). The reaction mixture
was stirred for 30 minutes and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (DCM/MeOH/NH4OH 10:1:0.1) to give the final
product (20 mg, 31% yield). MS (apci) m/z = 410.3 (M+H).
Example 53
3-Cyclopropyl-3-(4-(7-(2-methyl-1.2.3.4-tetrahydroisoquinolin-6-yl)imidazo[1,2-

¢]pyrimidin-5-y1)-1H-pyrazol-1-yl)propanenitrile

N
4

.

P4
|
vd

—C

(/\NN

N

g
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[00695] To 3-cyclopropyl-3-(4-(7-(1,2,3,4-tetrahydroisoquinolin-6-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (Example 52; 10 mg, 0.024 mmol) in
DCM/MeOH (1 mL/1 mL) was added formaldehyde (49 mg, 0.49 mmol) and sodium
triacetoxyborohydride (16 mg, 0.073 mmol). The reaction mixture was stirred at ambient

temperature for 30 minutes and concentrated under reduced pressure. The residue was



--.14 3-(3-chl orophenyl)-3-(4-(7- (1-nmethyl-1H pyrazol -4-

yl)yimdazo[ 1, 2-c]pyri mdin-5- yl)-1H pyrazol -1- yl)propanenitrile (apci)
mz = 429W0 20MAP1484 a | P / 3-(4-chl orophenyl) - 3- (4- ( 7- PCT/US2011/031896
(1-met hyl- 1H pyrazol -4- yl)im dazo[ 1, 2-c] pyrimdin-5- yl1)-1H pyrazol -1 -
yl)propanenitrile (apci) mz = 429.1 (o8H) N-N (N AN/ 102 Ex. #
Structure Name MS 15 cF3 IP

purified by silica gel chromatography (DCM/MeOH/NH4OH 10:1:0.1) to give the final

product (5.0 mg, 48% yield). MS (apci) m/z =424.3 (M+H).
Example 54

3-Cyclopropyl-3-(4-(7-(1.2.3.4-tetrahvdroisoquinolin-7-yl)imidazo[1.2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile
s
Y

N

i/

/

7/ N

N H

g\
\
z

[00696] Prepared in the same manner as Example 52 replacing 2-(tert-
butoxycarbonyl)-1,2,3,4-tetrahydroisoquinolin-6-ylboronic acid with 2-(tert-butoxycarbonyl)-
1,2,3,4-tetrahydroisoquinolin-7-ylboronic acid to afford the title compound (20 mg, 31%
yield). MS (apci) m/z =410.3 (M+H).
Example 55
3-Cyclopropyl-3-(4-(7-(2-methyl-1.2.3.4-tetrahydroisoquinolin-7-yl)imidazo[ 1,2-

¢|pyrimidin-5-yD)-1H-pyrazol-1-yl)propanenitrile

N—N
(/f
(/\N SN
N/J\/KQ:)\]/
[00697] To 3-cyclopropyl-3-(4-(7-(1,2,3,4-tetrahydroisoquinolin-7-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (Example 54; 10 mg, 0.024 mmol) in
DCM/MeOH (ImL/ImL) was added formaldehyde (49 mg, 0.49 mmol) and sodium
triacetoxyborohydride (16 mg, 0.073 mmol). The reaction mixture was stirred at ambient
temperature for 30 minutes and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (DCM/MeOH/NH,OH 10:1:0.1) to give the final
product (5.0 mg, 48% yield). MS (apci) m/z =424.3 (M+H).



/" NNN/ NN 3-(4-(7-(1-methyl-1H pyrazol -4-yl)imdazo[1, 2-
c]pyrimdin-5-yl1)-1H pyrazol 1-y1)-3 -(3 - (trifluoronethyl)phenyl)propa
nenitril ewQapoiionbz = 463.1 (MtH) 16 1 z ?z -... .1/ PCT/USR014/031896
4,,..... vh12Z2 3-(4-(7-(1-methyl-1H pyrazol - 4y|)|mdazo[1 2-
c] pyr| m di n-5-y1) - 1H pyrazol 1-y1)-3 -phenyl butanenitrile (apci) mz = 409.2
(MtH) 17 NN ---N 3-cyclopentyl-3-(4-(7-(1- methyl-1H pyrazol -4-
yl )i m dazo[ 1, 2-c] pyri m' di n- 5- y1) Exhipple &0l - 1- yl ) propanenitrile (apci )
mlz 387. 2 3(&/|+ 'ci?mronvl KD (Z%g%t rahydr(,mm ] T112-all~"3ym2¥m3~ U_np Xazolzlo
Yy )I m dazo[ LU tarrettr t i

c]pvr1m1d1n—5-vl) 1H- Dvrazol l-Vl)Dropanemtnle

)

&ﬁ

[00698] To 3-(4-(7-chloroimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-
cyclopropyl-propanenitrile (Preparation M; 100 mg, 0.320 mmol) in dioxane (10 mL) was
added K,CO; (88.4 mg, 0.639 mmol), diacetoxypalladium (7.18 mg, 0.0320 mmol),
triphenylphosphine (16.8 mg, 0.0639 mmol) and tert-butyl 5,6-dihydroimidazo[1,2-

a]pyrazine-7(8H)-carboxylate (107 mg, 0.480 mmol). The reaction was scaled and heated to

95 °C for 5 hours. The reaction was cooled to ambient temperature and concentrated under

reduced pressure. The residue was purified by silica gel chromatography
(DCM/MeOH/NH,OH 10:1:0.1) to give the final product (33 mg, 26% yield). MS (apci) m/z
=400.4 (M+H).

Example 57

3-cyclopropyl-3-(4-(7-(7-methyl-5.6.7.8-tetrahydroimidazo[1,2-a]pyrazin-3-yl)imidazo[ 1,2-

c]pyrimidin-5-y1)-1H-pyrazol-1-yl)propanenitrile

»

[00699] To 3-cyclopropyl-3-(4-(7-(5,6,7,8-tetrahydroimidazo[ 1,2-a]pyrazin-3-
ylimidazo [1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (Example 56; 10 mg, 0.025
mmol) in DCM/MeOH (1 mL/1 mL) was added formaldehyde (50 mg, 0.50 mmol) and
sodium triacetoxyborohydride (16 mg, 0.075 mmol). The reaction mixture was stirred at

ambient temperature for 30 minutes and concentrated under reduced pressure. The residue



(apci) mz = 375.2 (MtH) -N . /.. 19 N1-N- N 3-(4-(7-(1-nmethyl-1H
pyrazol -4-yl)imdazo[ 1, 2- c]pyrimdin-5-yl)-1H pyrazol 1-yl)propanenitrile
(apci) mwo=208180m6( MtH) 103 Ex. # Structure Nanme M5 20C3/UN2011/M31896
3-cycl obuty1-3-(4-(7-(1- nethyl-1H pyrazol-4- yl)imdazo[1, 2-c]pyrimdin-5-
yl) - 1H pyrazol -1- yl)propanenitrile (gaci) mz = 373.2 (MH)

was purified by silica gel chromatography (DCM/MeOH/NH4OH 10:1:0.1) to give the final

product (5.0 mg, 48% yield). MS (apci) m/z =414.4 (M+H).

Example 58

3-(4-(7-(4-(8-Oxa-3-azabicvyclo[3.2.1]octan-3-yl)phenyDimidazo[ 1.2-c]pyrimidin-5-y1)-1H-

pyrazol-1-y1)-3-cyclopropylpropanenitrile

N
7

T,

il
z

—C

/N"SN
NJ\/KO\
N
o)

[00700] Step A: Preparation of 3-(4-(5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)imidazo[1.,2-cIpyrimidin-7-yl)phenyl)-8-oxa-3-azabicyclo[3.2.1]octane: To a
flask charged with 7-(4-bromophenyl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-

ylimidazo[1,2-c]pyrimidine  (Preparation L; 0250 g, 0.531 mmol), 8-oxa-3-
azabicyclo[3.2.1]octane (0.430 g, 3.80 mmol), and potassium 2-methylpropan-2-olate (0.119
g, 1.06 mmol) was added 6 mL of THF at ambient temperature with stirring. Argon was
bubbled through the reaction for 10 minutes before dicyclohexyl(2',6'-dimethoxybiphenyl-2-
yDphosphine (0.0436 g, 0.106 mmol) and tris(dibenzylideneacetone)dipalladium (0.0487 g,
0.0531 mmol) were added. Argon was bubbled through the reaction for 15 minutes before
the reaction was sealed and allowed to proceed at 40 °C for 4 hours. The reaction was
charged with more tris(dibenzylideneacetone)dipalladium (0.0487 g, 0.0531 mmol) and
purged with argon for 5 minutes before it was scaled and allowed to proceed at 40 °C for 7
hours. The reaction mixture was diluted with DCM and aqueous saturated sodium
bicarbonate (2 mL) and stirred for 30 minutes. The layers were separated and the organic
layer was dried over MgSQs, filtered, and concentrated under reduced pressure. The crude
residue was purified by silica gel chromatography eluting with 1% methanol in DCM to
afford 3-(4-(5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-7-yl)phenyl)-8-oxa-3-azabicyclo[3.2.1]Joctane (0.133 g, 0.265 mmol, 49.0%
yield). MS (apci) m/z = 503.2 (M+H).

[00701] Step B: Preparation of 3-(4-(7-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-

yl)phenyl)imidazo[1.2-¢]pyrimidin-5-y1)-1H-pyrazol-1-y1)-3-cyclopropylpropanenitrile:

Prepared in the same manner as Example 34 Steps B and C replacing 7-(1-isopropyl-1H-



21 NC/ Boc-N\ NN'c) NN. NN\ tert-butyl 4-(cyanonethyl)-4-
(4-(7-(1-methyl-1H pyrazol - 4-yl)imdazo[1, 2-c] pyrimdin5
-y1) - 1H pyoaaal/3dH6yl ) pi peri di ne-1-carboxyl ate (apci) nmPeTAIS483/021800-H) 22
NC N-N(INNN\ 2-(2-(4-(7-(2-nmethyl-1H pyrazol -4-yl)imdazo[ 1, 2-
c] pyrimdin-5-yl1)-1H pyrazol 1-yl ) cycl plsexyl )acetonitrile (apci) mz = 387.3
(MtH) 23 o(TN NN ) e---NN N
pyrazol-4-yl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)- 1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidine with 3-(4-(5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-7-yl)phenyl)-8-oxa-3-azabicyclo[3.2.1]octane to afford the title
compound (0.042 g, 0.08751 mmol, 52% yield) MS (apci) m/z = 466.2 (M+H).
Example 59

3-Cyclopropyl-3-(4-(7-(4-(4-methvlpiperazin-1-y)phenyl)imidazo[ 1.2-c]pyrimidin-5-y1)-1H-

pvrazol-1-yD)propanenitrile
<g\/,/w
N—N
k/f

/NN
N/J\/‘\Q\
N/\
N

[00702] Prepared in the same manner as Example 58 Steps A to C replacing 8-oxa-3-

azabicyclo[3.2.1Joctane in Step A with 1-methylpiperazine to afford the title compound
(0.030 g, 0.06298 mmol, 44% yield). MS (apci) m/z = 453.2 (M+H).

Example 60
3-Cyclopropyl-3-(4-(7-(4-(1-methyl- 1H-pyrazol-4-yl)phenyl)imidazo[ 1.2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile

N-N
X
(/\N Y
N/ =
LN
N
\
[00703] Step A:_ Preparation of 7-(4-(1-methyl-1H-pyrazol-4-yl)phenyl)-5-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidine: A flask charged

with 7-(4-bromophenyl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidine (Preparation L; 0.200 g, 0.425 mmol), 1-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (0.195 g, 0.935 mmol), potassium
phosphate (0.271 g, 1.28 mmol), dicyclohexyl(2’,4’,6’-triisopropylbiphenyl-2-yl)phosphine
(0.0507 g, 0.106 mmol), and tris(dibenzylideneacetone)dipalladium (0.0389 g, 0.0425 mmol)
was evacuated and backfilled with argon. To the reaction was added 4 mL of isopropanol

(degassed with argon for 30 minutes) and water (0.0460 mL, 2.55 mmol). The reaction was



N\ 2-(1-(4-(7-(2-nmethyl-1H pyrazol -4-yl)imdazo[ 1, 2-
c]pyrimdin-5-yl1)-1H pyrazol 1-yl)cycl opentyl)acetonitrile (apci) mz
373. 2 (MAWD 280/18A45F N eN N N N\ 2-(3-(4-(7-(1-net hyl- 1PCT/US2011/031896
pyrazol - 4-y0i m dazo[ 1, 2-

c]pyrimdin-5-y1)-1H pyrazol 1-yl ) oxetpgn-3-yl )acetonitrile (apci) mz
361.2 (M+tH) 104 Exanple 25

3-(4-(3- sdmlerdrmd?all@ﬁzeahm brptectibit AP0 &€ dbr 4-hpilksi ritdazaftibn 2vas | tiaor diliteti with- y1) - 1H

O 7 Pt i R B MR RRRRELIDE cpeonrd RO bR Su SRR

>1/1) h llH- p)/d’sal&ﬁié cﬂ,ldw/)zlptéleiggmeﬁﬁdttryi th&n§ EXdhi@l @] Drofhédgmaphy Quﬁ;%dwmgﬁ)h )inand (13
C oro | ne I one were su e

m., O. 1 205 po o) Ak erthenol i PE Y n%fﬁﬂrgﬂé(ﬁﬁé F%Fﬁﬁrﬂ-é Fr-graspl fipheryhy s<DCM

i mredi at @(h;(tmmjlgl%emx@mhﬂh;@mblsy?mal @%uga&wzdgﬁmgayﬁn@mll@% M%b BEOAC

gradient to afford the titl ecorrpounzg%gBt 4% vyield) as a |li1ght yellow
sol i d. MOMAFEiY b ki) =M$d3p) pigH) 72 HRATRDL e 26
5-(1- (2- opa09- 1- cyslpPs ORvd Bt ) o H- B RN 41¥0- 14l (e IRL Y bodidi Ry T azol - 4

- yl)imdazo[1l, 2-clpyrimdine-3-carbonitrile
yDphenyl)imidazo[1.2-¢]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile: Prepared in the

same manner as Example 34 Steps B and C, replacing 7-(1-isopropyl-1H-pyrazol-4-yl)-5-(1-
((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine with 7-(4-(1-
methyl-1H-pyrazol-4-yl)phenyl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidine to afford the title compound (0.036 g, 0.08120 mmol; 73%
yield). MS (apci) m/z = 435.2 (M+H).
Example 61
Tert-butyl 3-(cyanomethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidin-5-

v1)-1H-pyrazol-1-ylazetidine-1-carboxvlate

CN

gCN\BOC

N—N

[00705] In a 5L 4-necked flask with an overhead mechanical stirrer was added 5-
chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine (Preparation J; 34.83 g, 149.1
mmol), tert-butyl 3-(cyanomethyl)-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)azetidine-1-carboxylate (Preparation F; 86.82 g, 223.6 mmol), and K3PO, (94.92
g, 447.2 mmol) by powder funnel. Dioxane (745.3 mL, 149.1 mmol) was added to rinse
down funnel. Pd(PPhs), (17.23 g, 14.91 mmol) was added, followed by 74.5 mL of water.
The reaction mixture was slowly heated to 70 °C as measured by an internal temperature
probe. After heating for 6 hours, the reaction mixture was cooled to ambient temperature.
The reaction mixture was diluted in EtOAc (500 mL) and water (100 mL), and then the
resultant solids were filtered out. The solids were washed with EtOAc (2 x 500 mL) to afford
a grey-white solid, which was re-introduced back to the 5L 4-neck flask and diluted with 1L
of water and 300 mL of EtOAc. This was stirred for 3 hours, and then the solids were isolated

by filtration. After washing with EtOAc (2 x 500 mL), the solids were dried to afford tert-



[ 00661] Step A: Preparation of

3-cycl opropyl-3-(4-(3-iodo-7-(1-nethyl-1H pyrazol -4- yl)im dazo

[1, 2-cl pywOornhdiniseteyl) - 1H pyrazol - 1-yl ) propanenitril e: BCTAReI10{0813py 1- 3
-(4-(7-(1- nethyl-1H pyrazol -4-ypi mdazo [1,2-c] pyrimdin-5

-yl)-1H pyrazol -1 -yl )prop anenitril ejggExanple 2; 84.6 ng, 0.236 mmol) and
1-i odopyrrolidine-2,5-dione (79.7 ng, 0.354 mmol) were suspended in DCM
(2.36 mibutfl Q-Biyammmml)ylphddf 61-{IrmettlylaltH-pydszcd At yljimijaes[aRur]gyrinddindBylpdtr s. The

oo bonaraa et Gl %A%, 1984 ARR R e RS PRy oy and

concent r ag®d(MnHyacuo. Purification of the resulting crude material by
silica chromatography using 0-5% Me OH Et 0Ac gradient afforded 3 -cyc

| opropy1-3 -(4-(3 -io do-7-(1-met hyl *¥PMBi%zol - 4- 105 yl)imi dazo
[1,2-c] pyrim dip:=@=y¥) MéthﬂMW@itZoMWl)lf&Tdﬁ’Mﬂ@Ja'Iptvhhhcﬁm@&ﬁ) P Wrazdior- 7%
yleld) M5 (apcli) mlz = ( 00662] Step B: Preparation of

5- (1- (2- cyano- 1- cyclopro a tigipr3- yitiale divduocklanide7 -

(1-net hyl - 1H pyrazol -4-yflim dazorl, 2-ci§gri m di ne- 3-carbonitrile: In a

m crowave safe flask, 3 -cyc |opropyl-3 4443 -io do-7-(1

-net hyl - 14 pyrazol -4-ypimidazo [ 1 ,2-¢lpyti mdin-5 -

y1l) - 1H pyrazol - 1-y1l) propanenitrile (2 , 0.0463 mml ) and cyanocopper
(4.56 ng, 0.0509 mml) were suspended Dl\/l'—’4 {463 4, 0.0463 nmol). The
reaction m xture was heated at 160 Fod‘l hour. The reaction nixture was
cooled and diluted in EtOAc and 10%i 10 nmL). The m xture was
separated and the aqueous |ayer extractedSmMth Et 0Ac. The conbi ned organic
| ayers shed, w t r ig ntrated
in vacugﬁmﬁuﬁ?fucé??%ﬁnﬁgtﬁgﬁﬁV%H!ﬁﬂ?@%%ﬁt%%§§%h?@y&N@dﬁﬁéﬁg%g ?ﬁrded 5-
(1- (2- cYanothis cywdsopradgsd etterybytyl  3- (cyanomethyl) 3-(4-(7-(1-methyl- lH-pyrazol 4-

1H 1
oyt o bbb TR T AR G R B POy gl ) 615 g4 4
(M+H) . Eﬁ@.ﬂ”blgelﬂﬂ Molﬂarai:ﬁbydnpl(ﬁle@ i, r132,4\1ﬂ1)1913a(1dlﬂ(e7ﬂz(s]1 was placed in a
- net hyl d 2-cl -5
1Efpy¥a28 1%%fF§H%OgN§%®HgFF%%%:66N&HE§2£¥&EH}§ @g%%ﬁé@éﬁnﬁym¥ﬂe%%ratlon
?];L t2 ert- b&mudndaﬂsd grLCc)faﬂitﬁraﬂe Was z(dﬁe& ﬂo—@ﬁihh&ﬂmllrd? @&ersazmle Tfjb:ctl@ﬁ ?thl[ﬂdd@téﬂzl t

, 2- ClI rrmdin- - ol |er||ne car 0Xx ate .
To 7- (1%%% 9 nan%tlﬁrdf)P 3%09'? 1911 wear(ems % d’?ﬂea t@t}rﬁ e ek o tel
cl pyrim gj dﬂsxa&lE’Ra@aacﬁetuwan% toBmPBtioN) . TR B! WerdasicRdIRenEMrith %Qaﬁle 0.19

mmol ), tert buty C anOV|nyI)p|per|d|ne | - carboxylate (Tabl e i
corrpoundarl t eVWﬁfijled tyltizé'?t hy regpigpnbenljdg wers drigd under highigpyum tprpdfork e i on
mxtur e Yes, Beatist, 10304 2icl) Pl filb QhBounlien %hé&%ﬁh@olﬁt GAS (R np@shed
with water and brine. e organic | ayer was grle filtered and
concent r at3é02d¥hlt o a yel low oil. Purification of the resultlng crude
material by reverse phase HPLC usigga Q-%OO@bacetonitriIe/mater gr adi ent
afforded tert-butyl 4-(2-cyano-1-(4- F -nmet hyl- 1H pyrazol - 4-yl)i m dazo
[1 ,2-c]QVHﬂhbdtﬁ45{1VHMRQWLbﬁﬂmzmbh%VDMﬁ&ebhilanmeﬂhdﬂnBJ}ﬂnwaaﬂboxylate

(59 nmg, 62%yield). M5 (apci) t %0 ; N%Fg 106 [00664] Step B:
Preparation of 3 -(4-(7-(1-me di Sobplt *y1)ini dazo [1, 2-

clpyrimdin-5 -yl)-1H pyrazol -1 -yl)- 3?N(p|p eridin-4-yl)prop anenitrile

hydrochl ori de: Tert-butyl
4-(2-cyano-1-(4-(7-(1-nethyl-1H pyrgz _§pinidazo [1,2-c] pyrimdin-5
-yl)-1H pyrazol -1- yl)ethyl)piperid 1 -carboxylate (59.4 ng, 0.118
nmol ) was di ssol ved in DCM (592 iaﬁéi?.llS mml ). To this was added 4N HCl
in dioxane (296 uL, 1.18 mml) a ivred at anbient tenperature for 1
hour. Conpl ete conversi on was ob after 1 hour and the reaction
m xture was concentrated to dryness to affnord the HCL salt of
3-(4-(7-(1-net hyl- 1Hpyrazol -4-yl )i m dazoN
E 162001 pwogg'y]dl N- 5Fg/ 1)a- 1I-sb1m{dsla2(ﬂf- 12(3/14) (B(l-ltlmlpl Hﬂadn[ag%lgtéyt]ﬁ%t@po ace:nem trile
5 ng, 7% 5] St ep
Pr epar at PBMIEdi ¥3’?)11%€érta§ﬁl sd>aét=tidat %yh)agmmtele Mﬂeehk(ﬂﬂe eE#Rls P 20 3
- (4- (7- (g, oBidWhrobbh PEFAA60 nB-0/RIcMhEaiE Qak dddéd tédihyPythin 8T 112 9.14 mmol)
-y1) - 1H pyrazol - 1-y1) - 3- (pi peridin-4- yl)prop anenitrile hydrochl ori de
(10.0 ng, 0.021 nmol) was suspended in THF (211 ialL, 0.0211 nmml). To this
was added triethylamne (8.81 DI PHOS, 0.0632 mmol) to free-base. Acetic
anhydride (2.38 AL, 0.0253 mml) was added and the reaction m xture stirred
at anbient tenperature for 30 mnutes. The reaction m xture was then
diluted in saturated sodi um bi carbonate and Et 0Ac. The | ayers were
separated and the ‘aqueous Iayer was extracted mnth Et OAc. The conbi ned

o o N R A NI/ ~A



Exampl e 28 2-(1-nethyl-4-(4-(7-(1-nmethyl-1H pyrazol -4-yflimdazo [1
,2-clpyrimdin-5 -yl)-1H pyrazol -1- yl)pi peridin-4-vnacetonitrile \
[ 00666] Stwp 21 1/Borpar ati on of PCT/US2011/031896
2-(4-(4-(7-(1-Methyl- 1H pyrazol - 4-vni m dazo[ 1, 2-

ci pyrimdin-5-yl1)-1H pyrazol - 1-y1) pi pi2eri di n-4-yl )acetonitrile

hydr ochl ori de: Tert-butyl 4-

( cyanonetdndy hgetid -ahidlsdfide (37 med, 10y056 Thinply.r azéibe irgipd a6 dhalzent ternperature for 30

1,2-c rlmdn5 1) - 1Hpyraz ridine-1-carboxyl at le 21;
7 ) B el L RS Qo B B m s st R R
treated W tdveAdlphisd HPﬂlCdstDgatﬂﬁl(IO?/Z BcctanltrilcBvaf & gli’f?{mén) to Afdr@D- (B@cd@erU(MeS t he
reacti on mm xture was concentrated in_vacu
2-(4-(4-¢ (1(@6%&%%@@ v %BIF‘}%))]/Pﬁ TPy 61'5['18‘2%11“??39 i wDare dig-3-

-yl)-1H pbj&c%glml% (15/|d§lom3%rmﬁb1n8é%l>\%%1a§@§ @Mulfy WiRtchsetia ook Qhjcdhem(z16 o,

98% vyi el d apci) m [ 00667] Step B: Preparation of 2-(1
- et hyl - % M‘? {-1- net hy1- 1H-pyrazo| 4 yl)imdazo [1, 2-cl pyrimdin-5

-yl)-1H pyrazol -1-yl ) pip eridin-4- Ek&xﬁ%ﬁ%@”'”"e 2-(4-(4-(7-(1-

met hyl - 1H- pyrazol ypi m dazo 2-c] pyrimdin-5 yl) 1H—pyrazo| 1-yl)pip
eridin-4-2y&)£é1&éﬂ(.hbﬁl§ﬁdil;ll_&mgma pifla 131 -y

suspended in acetonitrjle, 1248 th| S vvas added
triethylamne (17.7 'L 33 1%& o uceto-ﬁ owed by formal dehyde
(25.8 ng, 0.318 nmol). After 30 niR IyaBH(OAc)S (33 7 mg, 0.159 mmol)
was added. After stirring for 30 mp { the reaction m xture was dil uted

in saturated sodi um bi carbonate an t OAc—cfhe aqueous | ayer was
back-extracted with DCM The conbi ngd organic | ayer was washed with brine,
dried with Mg504, filtered and c ptrated. Purification of the resulting
crude material by reverse phase khg a 0-100%
acetonitril e/ watergradi ent af forded2- (1 rmthyl 4-(4-(7-(1-nmethyl- 1H pyrazol -
4-

19 ety o P B B PR A a1 o
2-(1-et hy}byﬂnﬁcﬁn S%rl)(ﬂH wtaftnn-ﬁlydzaxﬁrazqn)aéetqﬂl&ﬂernydamohae (Bafblem! 5010 di n- 5

Yobe) 2P D56 mqt) dBRTY ok, 740 bivial) Prtrin M 650 salgy wradiedpads- y 1) - 14

- pyraz Otﬁfﬂtroi/ola}tgjaﬂﬁé I@idn¢ 143y g2 @erts0 %hbl)' ghdind r xR A estitrld ain®ichd, Step
A, 27.0 ny, 43 mmol ) was suspended in acetonitrile (543 jalL, 0.0543

mol ). Téemnsiagurouder ad@edteﬁ r |1%1£k‘?5/[85)rﬁ e, 0363 3nngl) W, gilyd padlthe tsultingebase,

fol | owed I r t

NaBH( OA\C?%}%%%&%‘% S&%E%]d\gaf(z&%eé %blenq T%éj%d %o fgr ﬁ‘{:og% A}% g (raérycs |1§§£|mr¥g for 30

m nut es, wlaheddeéamﬂh@l@ o t) ané exmtedlvht]ntradwcn T&lamumhmadehracar\mwaﬂedmd

Et OAC. The ou er was cte conbi ne rganic

Tayer b UaatEa e ReREONRACD: G B0 0h Mrdas - e/ REpER arioied

concent r afr@cgh Puiticd pdabluom diititgheith @30Atithe eitdevmatOHEDARY TiRVEXSe phase
100% acetonitril e/ wat er ient afforded a

S-P (L f ot L@%D%/E@A(m RS tRYFeNTEED R g%ﬁl?%ﬂ@q quoala%gf g 2 %opﬁ'afi) A din-5

-y1l)-1H M{tég&id- MS%R&E} U M+ M) ) acetonitrile (5.9 nmg, 26%yield). M5
(apci) mz = 416.2 Exanpl e 30
2 (4 (4- (7-(1- et hyl- 1H pyrazol - 4- FpmPle&5 o[ 1, 2- ¢l pyri mi di n-5-y1) - 1H pyr azo

1-y1) - Lo3-@LORYMRREN A RaArY L) RERERAM 3 LipyBmidin-5-y1)-1H-pyrazol-1-y1)-1-(1-

(trifluoromethyl)cyclopropanecarbonyl)azetidin-3-yl)acetonitrile

e <
N
N CF
D¢ 3
(/\N ~N
NTF
J\)\@N

N

\




[ 00669] 2- (4-(4-(7-(1-Methyl-1H pyrazol -4-ypi m dazo[ 1, 2-c] pyri mdin-5-y1)-1H
- pyrazol -1-yl)piperidin-4-yl)acetonitrile hydrochloride (Exanple 28, Step
A; 30.0 my0 20110806 moDI ) was suspended in acetonitril e PERAS2EL/03(BIO604
mmol). To this was added triethylamne (33.7 I A 0.242 nmmol), followed by
propi onal dehyde (43.6 p.L, 0.6043 moj3p. After 30 m nutes, NaBH(OAc)3 (64.0
ng, 0.302 mmol) was added. After stirring for 30 mnutes, the reaction

m xt ure Y509 | ut €thei tntlsaﬂmpoah@dzas@dpawdtﬁccc&dlhgnatﬂﬁ mntlhoEtoﬂi/Ee:ampTh%élaqueous

RN e R A S TR A T o T

t he resulThé Bgmpoudd evalRbRiHedlas RywhieVvelis €2 Pigs @4%4IRid U SV B gariiOm/ECO%6.3
acetonitrile/water gradient afforded afford

2-(4- (4-@'7[-{1 -nmet hyl- 1H pyrazol -4-yl)imdazo [1 ,2-c]pyrimdin-5
-yl)-1H pyrazol -1-y1)-1- propyl pi pggdlﬂp]@{,g yl )acetonl trile (7.0 mg, 23%
yield). M a8C|)n12:40 (11 Exarrple31

2- (4- (4- ( 2l1Cyedonsgpyl-rid : , i :
| -1-y1)-1- £2,2,2-trifluor ggayll)v}p)la%dind; anbe%glgﬂqlgetom trl 1e
[ 00670] 2- (4- (4 (7 (1- thhyi ll-i-pgrazo -4-yO0i mdazo[ 1, 2-c] pyri m din-5-y1)-1H
- pyrazol - 1-yl) pi peridi n-4-ypaceto ile hydrochloride (Exanple 28, Step
A; 0.050 g, 0.11 mol) was dissol yed <l EA (0.12 nL, 0.70 nmol) and DVF
(0.2 m) with sonication. 2,2,2-TKi#luoroethyl trifluoronethanesul fonate
(0.025 g, 0.11 mmol ) was added and]the reaction was stirred at ambient

tenperature. After four hours t{i\eN rgactlon was applied to a silica caplet

“1H pyrazo

and punped to dryness. The capl ,ppl ied to a silica colum and el uted
with 0.5 - 2% MeOH DCM  The purified NOdUCt was isolated to provide
244444741~ et hyl- 1H pyrazol - 4-ypi m dazo [1,2-e]pyrimdin-5

-y1) - 1H 307800l - 1-Tol - flne( RysBerBiont off PH(3r4-Ctihybthpl Pépydiral-ddylyimdaeeigni tril e

$oyel oprBpymafoad BT ol o ek S Pt aBrit e BIRaRE - 220y i m

i dazol 1, ﬂrg C|0p1)()l7l rTindiol') 51-ny1)2-11|'iME§D|fH§'dahe 1-ayill) pcoogoanetiit rvhse added. -€1-= N-N

00671 S . P
o (14(]2 bt P BHmEm Byt APy L Sppradond e mixture was stirred a

yl)im daéﬁbﬂent%ﬁb&}{ﬁltéﬁoﬂ i5Mnia(eE) sedign Raddvaskydvar @Hamged. 6abtdinol) was
7-ehl oroi m dazo[ 1, 2- C;gﬁé” m di n- 5( 6H) - one gPreparatl on H 1.02 g, 6.00

mmol ) , 4a(éd& 4n pns _pp]é]pp ttlppygnxiurg vens stirred at 50 °C for 3 hours. The mixturé was

di oxabor dAdr & a\ﬁth)lenl tétﬁ}?erz(tﬁl%'a'ﬁﬁtcmﬂeﬁﬂrité’d A Qegy) ”?Eehﬁékl)iual Hvlﬁ%rs@ﬁ@ W&is
(Preparation E, 3.2 A ( g, 12.0 mmol) XPHOS

(0.572 gparmthr@dml I?CMDegiabl\ﬁelﬁzGQar(@mlezachm}ldalmzlm@égam@tlmz@ u(ltzl Prith were

added an 0 t f.Qr

pur ged V\ngdly Eﬁg Isﬁér? %ﬂ%%%%aﬁ%\??s@wﬂtb ﬁﬁ\}?}%{) rvgau sl%%%%gn it ?1]% E’%L%g%%%&u%% ( 0 549
g, 0.600 extrmte)i widsD@MId ekhe chmdingdl M extwass \mfatiechl a\ter NefJQuxfiltendiethromgh N2
vas a1t caGired el ST AB YRR AR el Gl RS P B B
suspensi oaﬂumsluhng tvéth edtep hpralikpin o AE10RGK 6% NzIe(DHtE&O,AIc,L@d(IEMOMeOHVEIOIAm ny and

concentr Ive an o e, giJy.solid. The r th Et20
ond vas. Bieh gt S Forogd TR, Stlidileon woFaeR Fdteebii a0l
col | ect egv+iashed with Et20 and H20 and dried in vacuumto give the title

compound (1.51 g, 76%yield) as a light tan powder. M5 (apei) mz = 332.3
(MrH). [00672] Step B: Preparation Example 67

5- chl or 0- 3G X427 (1 MBIl B4 eh ety bres Bk dimddih-5-y1)-1H-pyrazol-1-y1)-1-

(oxetan-3-yl)azetidin-3-yl)acetonitrile

N
\_>CN\CO
(/\N NN

N\

Z
3
o2



pyrazol -4-yl)imdazo[ 1, 2-cl pyrimdine. To a solution of 7-(1-((2-
(trimethylsilyl)ethoxy)nethyl)-1H pyrazol -4-yl)imdazo[ 1, 2-c] pyrimdin-5(6H
)-one ( Stwp 2B11/130A36¢ny, 2.33 nmol) in dry DCM (15 nL) wa®Cadsed 1 D896 (1. 22
m., 6.99 mol) and the m xture was stirred at anbient tenperature for 5

m nutes. The m xture was cooled to 0 @Giand POC13 (855 pL, 9.32 mmol) was
added. The m xture was stirred for 1 hour at 0 C then at anbient

t enper at (00&1fJor 18Td”|oa|r$uspﬁmorr eatt R@h-(4 K lumethwacH-ponedalty ftatizend- t he

resi dual u v AG (15, ni S A

Gr opwt sec PR SS hTp Radd Y Dty Sobbrutis 1y iRt rhrh oS0

Tayer s 1 emovad The remBlng ahcous. |ayer ves oxtracted i th B oA
(2X) andOSRTEARaetisrSRA0 PP BT Jhs MRere Wia st W‘Elhlegtat?%}P%ff‘t@EF a1 . The
Et OAC soljihiit@nnwasdidhl §andbeeshy MR 8Ghé, viatefner PaMkddéd sibRIyad dfoltfoasigh a
packed Celite plug (EtOAc el ut| on) and concentrated. The residual dark
syrup wa8vdidsapniged Thqympttog was sieddf apbigit satnciaiire ord&rivar aad @ddifipredr ed
through a Ragked %lehﬁﬁalgﬂg &agtaa@edelsltﬂrﬂtfg\%s coRnEl 48 SR dn @R ure
concentrated to gl ve brittle tan foamthat was pulverized to a flow ng
sol i d andongeiteaded ta dymmjrﬁhe’rmlduaéfsm@isme phititipiad] iatocd@oanddl Nl &L6Oag3 51. 0%

1 19) bzl Fanend i JRRBLL LT 350 A CARIE 0SB S0 ©

met hyl ) - Ihéﬂhpiyyeaz ekredhoniggendod s zthe DICM - layadr wrmmmhdnarﬁl the aqueous layer was

Y MR O R DR St BB,

yl)i rr: dazcﬂﬁﬁanWas]ewéd thtodieh e siliSt g plg ellﬁﬁg Rdth EEM(%Q)/B IV[Hb OH/EtOAc and then
3-cyclop 4.4 5 5- tefr 3 , 2-di oxabgro

| an- 2- yﬁg%éaw HiOUYFiQ il P?qlévaeré?@ﬁaﬁwé# Oty 2 9derlsyslag. 643
mrol )  andh&K3REHwis2dhistoRBd inlm@PmAMDE M an@VRealed withMekar@B &b FI0 a (gRanBlabihitver e
added and the resulting solution was purged with N2 for 15 m nutes.

Pd( PPh3) Brepipgats, npific wseyasion mwyn%a%ata%éaffmtdﬁée itlg srmeewde@? mad’Phe

m xture $fid)hesdwile &Qldcl\@(apg)@;@gf@ Mgy m xture was cool ed to anbi ent

t enper at ure and was luted with H20 % 3 The m xture was extracted with
50% Et 0Ac/ hexanes and the conbi nedEéaétlplaéﬁs vere washed with 111 saturated

NaCl and d_g?_gg_(g)_gg_[\de%§%/$ 5 el uted

t hrough a ] Wi 0%

MeOH Et OAc. YO8t BY VD Ehic &I

concentrated to give a gol d syrup. Th%N syr up was di ssolved in Et20 and
concentrated to give the title conpo (53 ng, 75.0%yield) as a brittle,
| ight beige foam M5 (apci) mz = 47y ‘(< . Exanple 33 3
-(4-(7-(1Hpyrazol -4-yflimdazo [142- clpyrlmd|n5y1) 1H pyrazol - 1-y1)-3

- cycl opropyl propanenitrile [00674] To a sol ution of
3-cycl opropyl-3-(4-(7-(14(2-(tri r@t“h si | ypet hoxy) net hyl ) -

1H pyrazol -4-yl)im dazo /K/KH;N,

[1, 2-c] pyri m di n-5-y1) - 1H pyrazol - 1-yl Jpropanenitril e (Exanple 32, 65.0 ny,
0. 137 mmpjoriain DOMJ 2 omlkoivasn adgedatgidtu erﬁa@tﬁﬂtm Hakdl- 4(\%1_?18?}&&@[“@ the

m xture was stirred at anbient te eraturefor ﬁours e m xture was

concent r alpstimahierSthe! H-ewiald -videctisa §1yﬂ)iam@rﬂimh3&sir@th®d®e (Bxgrmyle £330
saturate %Zglj” ) r f @k gut es
and NaCl%\%aNg \gglagitriafetgtgﬁﬁér) ted E‘%E&) Y}gsg?&é\?\lﬁ%%rbe 8eréli"ga t he
r emai ni nguaduadisbpmopyronidina$12mEy @t@i’femmmi)t Th&Eteddon mMikercwabdicatd tEEHAC

extract s,mner i ed .0V iltered throu [ite
concentra eod.% G%P{ ggself utNg todgc the }Xsllsr(e)lvv\?%d\glgleglvﬁ ‘%%ﬁﬁﬁ%ﬁ&c grl%% el uted
t hrough arg®hio Zayeﬂbvmrdnuiswnlg Mg&%d\ﬁl@d%ﬁ@lﬁ«bné@maehuﬁ vamo td helcaotaldilen was

0
gg:’lfgnt ' a ib %‘ Vlzur L]Ptglr%\!e?ﬁp% 6%46 (ggOOoo%c/etgmtrlleq&/ater gradlen t(g €

3- Cycl opaﬂml &-((344((7(( ﬂneths;vnmﬂq;@yakoluﬂypma&a[rzic ;ﬁmfmlrdazjg lH-pyrazol 1-
[12c|pyrlgzd|n é% Ero anenltrlle

[ 00675] SYapAPPiBjsE-av] )Waﬁrﬁ-?zl chfawrélsgi Trpepsazétd) 4asya)wh5te (ehd. MS
ftrimethyl, ggwg;aggg(mmﬁt hyl ) - 1H pyrazol - 4-ypi m dazo[ 1, 2-cl pyri m di ne: To
a flask charged with 7-chloro-5 -(1-((2-(trimethylsilyl)ethoxy)nmethyl)-

1H pyrazol -4-yl)imdazo [1,2- c]pyrimdine (Preparation G 0.200 g, 0.572
mmol ), 1-isopropyl-4-(4,4,5,5-tetranethyl-1, 3, 2-

di oxabor ol an-2-y1) - 1H pyrazole (0.202 g, 0.857 nmmol) (Table 2, conpound a),
and pot assi um phosphate (0.857 nL, 1.71 nmol) was added 5 niL of D oxane and
argon was bubbl ed through for 10 m nutes before

d|cyclohexyl(2 4 6 -tr||sopropylb|pheny1 2 yI)phosphlne (0 0545 g, 0.114

o o, o NP NN - P —



yl)im dazo[ 1, 2-cl pyri m di n-5-y1)-1H pyrazol -1-yl) propanenitrile: To a flask
charged with 7-

(1-i sopropp2etiH3ppesazol - 4-yl) - 5- (1H pyrazol - 4-yl )i m dazeCI/ @2« pgrsperi di ne( 0
.0600g, 113 0.2046 mml) and 3-cycl opropyl acrylonitrile (Preparation B;
0.1048 g, 1.125 mmol) was added 1 nlL gh acetonitrile and DBU (0. 04588 ni,
0.3068 mmol ) at anbient tenperature with stirring. The flask was then

seal ed and heated to 50 C over ni ghExaﬂbee69eact| on mxture was diluted with
di chl or onet ha Ch . i d. eJ ut ed

conpound (0. 047 g, 0 12041H w’azolﬁ&lﬁﬁ%dyn @lvd)tcetdﬁﬁrl(eapm) mz = 387.2 (M+H).
[ 00678] The conpounds of Table 4 were Rfepar ed according to the pr ocedur es
of Exanple 34 Steps A-C, replacing

1-isopropyl-4-(4,4,5 5-tetranethyl-1,% -cii__'oanbor ol an-2- yl)-1H pyrazole in
Step Awith the appropriate boronat%este rom Table 2. Table 4 Ex. #

Structure Name M5 35 N, v NN eN N N/ 3-cycl opropyl-3-(4-(7-(1-
(pyridin-3-ylnmethyl)-1H pyrazol i mdazo[1,2- c]pyrimdin-5-yl)-1H
pyrazol -1-yl ) propanenitrile (apchP, ; 436 2 (NH—i) =

— /

N
[00713] To a solution of 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride (Example 62;
30.0 mg, 0.0694 mmol) in acetonitrile (694 pL, 0.0694 mmol) was added K,CO; (38.4 mg,
0.278 mmol) and 2,2-difluoroethyl trifluoromethanesulfonate (29.7 mg, 0.139 mmol). After
heating to 45 °C for 2 hours, the reaction was incomplete and another portion of 2,2-
difluoroethyl trifluoromethanesulfonate (20.0 mg, 0.0936 mmol) was added to drive to
completion. Purification of the crude reaction mixture by reverse phase HPLC afforded 2-(1-
(2,2-difluorocthyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile (13.2 mg, 45% yield). MS (apci) m/z = 4242 (M+H).
Example 70
2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-

(2.2.3.3.3-pentafluoropropyl)azetidin-3-yl)acetonitrile

CN

S
N—N N

CF»

/

I
Y FsC

(/\N XN

NN\~
IN—’_

=N

[00714] To a solution of 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride (Example 62;

30.0 mg, 0.0694 mmol) in acetonitrile (694 uL, 0.0694 mmol) was added tricthylamine (38.7

uL, 0.278 mmol) and 2,2,3,3,3-pentafluoropropyl trifluoromethanesulfonate (39.1 mg, 0.139

mmol). The reaction mixture was heated to 45 °C for 2 hours. The crude reaction mixture

was purified by reverse phase HPLC to afford 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-

yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,3,3,3-pentafluoropropyl)azetidin-

3-yDacetonitrile (2.0 mg, 5.9% yield). MS (apci) m/z = 492.2 (M+H).



36 N\, ,

, NN N\ N"kN -- N 3-cyclopropyl-3-(4-(7-(1-

(tetrahydro-2H pyran-4- yl)-1H pyrazol -4- yl)im dazo[ 1, 2-

c] pyri m dwo-2BtyiByHéHpyr azol - 1-yl ) propanenitril e (apci) mPETAR012/041894)
N, \\ N°\N\ N NN ./

N N 3-cycl opropyl-3-(4-(7-(1-

| sobutyl- 1H pyrazol -4- yl)imdazo[ 1, 2133
c] pyri mdin-5-y1)-1Hpyrazol - 1-yl ) propanenitrile (apci)mz

Example 71
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-y)imidazo[1.2-c]pyrimidin-5-y1)-1H-pyrazol-1-yl)-1-

(2.2 2-trifluoroethyl)azetidin-3-yl)acetonitrile

CN

G

NN CF3
X
=N

o
N/ F =
IN’

N
[00715] To a solution of 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride (Example 62; 50
mg, 0.12 mmol) in acetonitrile (1.2 mL, 0.12 mmol) was added K,CO; (48 mg, 0.35 mmol)
and 2,2,2-trifluoroethyl trifluoromethanesulfonate (30 mg, 0.13 mmol). The reaction mixture
was heated to 45 °C for 15 hours, then cooled. After diluting in water, the mixture was
extracted with EtOAc. The combined organic layers were dried over MgSQ;, filtered and
concentrated in vacuo. Purification of the crude material by reverse phase HPLC using a 0-
100% acectonitrile/water gradient afforded 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile (24 mg,
48.0% yield). MS (apci) m/z = 442.2 (M+H).
[00716]

71 (alkylation) using the appropriate starting materials.

The compounds of Table 7 were prepared according to the method of Example

Table 7
Ex. # Structure Name MS
72 A 2-(1-ethyl-3-(4-(7-(1-methyl- | (apci) m/z =
Q 1H-pyrazol-4-yl)imidazo[1,2- | 388.2 (M+H)
NENAV LN ¢]pyrimidin-5-yl)-1H-pyrazol-
Y 1-yDazetidin-3-yl)acetonitrile
(/\N N
\N'
73 A 2,2'-(3-(4-(7-(1-methyl-1H- (apci) m/z =
Q pyrazol-4-yl)imidazo[1,2- 399.5 M+H)
_ N c]pyrimidin-5-yl)-1H-pyrazol-
N-N
(J _\\N 1-yDazetidine-1,3-
diyl)diacetonitrile
/ N" SN
NWN’
\Nl

37



401.2 (M

H)

114 Exanpl e 38

3-Cycl opropyl-3-(4-(7-(1-(oxetan-3-yl)-1H pyrazol -4-yl)im dazo[ 1, 2-cl pyrim

di n- 5- y1)WOKe11pi3D 146 1)

ro arpititri

le NN N--0 ....

charged with 3-(4-(7-chloroimdazo[1, 2-c]pyrinidin-5-y1)-1H

NPCOABZ@N/D31896 f | ask

pyrazol -1-y1) - 3-cycl opropyl propaneni tyjsgl e (Preparation M 0.050 g, 0.16
nmml) , 1-(oxetan-3- y1)-4-(4,4,5,5-tetranethyl-1 , 3 ,2-di oxaboro
| an- 2-y1)| B pyrazo | stradtabd e 2, conpound Nam@. 078 g, D.21 mi®l ), and
pot assi um phosphate (0. mL, 0. 482nmusd-fluwapropdsed4 47 (apéi) dixane and
argon was| bubblied through for 5 m puiesybefioye 6icycl ongyl (iHA | 6" -
triisopropyl bi phenyl- 2- X )phosphi neninfiddrdf, Be|pfriMdizn-smpl ) and
tris(di benpzylideneacqtgne)dipal | adyymH SRR 1G1)afki@k6 ol ) were added. The
reaction was fitted h a septum aReang@paas bubbled through for 10
m nutes before |it S aled and thén heated to 75 C fpr 2 hours. The
reacti on |m xture Med wi t h|di chl oromet hane and | oaded direct|/ly onto
a silica gel colum pre-wetted and eluted with ethyl agetate containing
0. 5% anmopi um hydroxide td' afford|/the title conpound ({.034 g, 0.081 ol ,
50% vyield). 785 |(apci) m#Z = 401. 2| 2-HDut-2p00b80HTHE Lcopfapeindsmiaf  Fabl e 5
were prepared accordi ng(3.0 the prooethyt-éHglyrdslahpl e 38| 4R2eh(Meliing
1- (oxetan-3-yl)-4-(4, 4., t et r angbimidazd|13-Clpgiimxabor pl an- 2-y1) - 1Hpyr azol e
with the jappropriate onat®_est eyl)dH-posohi ¢Dasitidin- Tabl e 5 Ex. #
Structure Name MS 39 , \\' NN NN3#yl)acetonitrile
NTN
A
=N
N
76 Y 2-(3-(4-(7-(1-methyl-1H- (apci) m/z =
Q pyrazol-4-yl)imidazo[1,2- 398.2 (M+H)
~ N c]pyrimidin-5-yl)-1H-pyrazol-
L \ 1-y1)-1-(prop-2-ynylyazetidin-
3-yl)acetonitrile
(/\N Y
N/ = =
-~ IN’
N
77 » 2-(1-(2-fluoroethyl)-3-(4-(7- (apci) m/fz =
Q (1-methyl-1H-pyrazol-4- 406.2 (M+H)
NN N"\_F yl)imidazo[1,2—c]pyﬁmidiq—5—
L/ y)-1H-pyrazol-1-yl)azetidin-
3-ylacetonitrile
(/\N N
NTNF N~
o~ IN’
N
78 A 3-(3-(cyanomethyl)-3-(4-(7- (apci) m/z =
Q (1-methyl-1H-pyrazol-4- 413.2 (M+H)
NINAVL yDimidazo[1,2-c]pyrimidin-5-
[ _/) yD)-1H-pyrazol-1-yl)azetidin-
N 1-yl)propanenitrile
/ N" N
NZ NP\~
=N
N
79 2-(1-(1,3-difluoropropan-2- (apci) m/z =
y1)-3-(4-(7-(1-methyl-1H- 438.3 (M+H)

pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-
1-yDazetidin-3-yl)acetonitrile




, 3-cyclopropyl-3-(4-(7-(1-(2,2,2- trifluoroethyl)-1H pyrazol -4-

yl)yimdazo[ 1, 2-c]pyri mdin-5- yl)-1H pyrazol -1- yl)propanenitrile (apci)

mz = 427WO0 20MABP146115 Ex. # Structure Nane MS 40 c).4PCTASBDINOBISE)
-cyclopropyl-3 -(4-(7-(1-ethyl- 1H pyrazol-4-yl)imdazo [1, 2-

c] pyrimdin-5-yl1)-1H pyrazol -

41 N,

[i>2" N-N N\
Ex. # Structure Name MS
80 2 2-(3-(4-(7-(1-methyl-1H- (apci) m/z =
Q . pyrazol-4-yl)imidazo[1,2- 474.2 (M+H)
N—XLF c|pyrimidin-5-yl)- 1H-pyrazol-
| ) e 1-y])-1-(2,2,3.3-
Y tetratluoropropyl)azetidin-3-
(/\N N ylacetonitrile
N/ F =2
— IN——_
N

Example 81
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1 .2-c]lpyrimidin-5-v1)-1H-pyrazol-1-y1)-1-

propylazetidin-3-yDacetonitrile

CN

N—NSCN’\/
Si)
(/\N SN
e
— 'N’

N

[00717] In a 2 mL flask, 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride (Example 62; 15
mg, 0.035 mmol) was suspended in acetonitrile (350 uL, 0.035 mmol). To this was added
triethylamine (19 pL, 0.14 mmol), followed by propionaldehyde (25 uL, 0.35 mmol). After
stirring for 30 minutes, NaBH(OAc); (37 mg, 0.17 mmol) was added. After the reaction was
complete, it was quenched with saturated bicarbonate solution and extracted with EtOAc. The
organic layer was washed with brine, dried with MgSOy, filtered and concentrated in vacuo.
The residue was purified by reverse phase HPLC using a 0-100% acetonitrile/water gradient
to afford 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo-[1,2-c]pyrimidin-5-yl)-1H-pyrazol-
1-yl)-1-propylazetidin-3-yl)acetonitrile (7.1 mg, 51% yicld) as a white solid. MS (apci) m/z =
402.2 (M+H).

[00718] The compounds of Table 8 were prepared according to the method of Example

81 (reductive amination) using the appropriate starting materials.

-N

1-yl)prmganenitrile (apci) mz = 373.2 (M+H)

3



eNN

/3 -cyclopropyl-3 -(4-(7-(1-(2-
yl)imdazo [1, 2-c]pyrimdin-5- yl)-1H pyrazol -1- yl)propanenitrile (apci)
mz = 331W0 201442 -=--N N-N N) N./ -
pyrazol -4-yl)imdazo [1,2- c]pyrimdin-5-yl)-1H pyrazol -
cycl opropyl propanenitrile (apci) mz B6399.2 (MtH) 43 N,
3-cycl opropyl-3-(4-(7-(oxazol -

y1l) - 1H pyrazol - 1- yl)propanenitril e Table8

| sopr opoxyet hyl ) - 1H pyrazol - 4-
3- (4- (7- (1rcyaisetuoymsod H-

1-y1)-3 -
vV NNNI1/

5 -yl)imdazo [1, 2-c] pyrimdin-5-

Ex. # Structure Name MS
82 7 2-(1-isopropyl-3-(4-(7-(1-methyl- | (apci) m/z =
Q 1H-pyrazol-4-yl)imidazo[ 1,2- 402.2 (M+H)
N=N N’< c]pyrimidin-5-yl)- 1H-pyrazol-1-
6:) yl)azetidin-3-yl)acetonitrile
(/\N N
N/ F == N—
\N’
83 y) 2-(1-methyl-3-(4-(7-(1-methyl- (apci) m/z =
1H-pyrazol-4-yl)imidazo[ 1,2- 374.2 (M+H)
NN N c]pyrimidin-5-yl)- 1H-pyrazol-1-
(/f yl)azetidin-3-yl)acetonitrile
/NN
\N’
84 » 2-(1-(cyclopropylmethyl)-3-(4-(7- | (apci) m/z =
f (1-methyl-1H-pyrazol-4- 414.2 (M+H)
NNAVL yl)imidazo[1,2—c]pyri‘m‘idin—5—y1)—
[ 1H-pyrazol-1-yl)azetidin-3-
yl)acetonitrile
(/\N N
N’ # = N—
\N'
85 A 2-(1-isobutyl-3-(4-(7-(1-methyl- | (apci) m/z =
Q 1H-pyrazol-4-yl)imidazo[ 1,2- 416.2 (M+H)
NN N">___ c]pyrimidin—S—yl)—1H—pyr.azol—1—
(2 yl)azetidin-3-yl)acetonitrile
(\N Y
N/ F —
/K)\E':’N’
86 A 2-(3-(4-(7-(1-methyl-1H-pyrazol- | (apci) m/z =
- 4-yDimidazo[1,2-c]pyrimidin-5- | 456.2 (M+H)
NN N’\+F yl‘)—lH—pyrazol—l—yl.)—.1—(3,3,3—
P F triflnoropropyl)azetidin-3-
yl)acetonitrile
(/\N SN
N/ v
\NJ\"
87 7 2-(1-(cyclobutylmethyl)-3-(4-(7- | (apci) m/z =
Q (1-methyl-1H-pyrazol-4- 428.2 (M+H)
B N yl)imidazo[1,2-c]pyrimidin-5-yl)-
) ’\j 1H-pyrazol- 1-yl)azetidin-3-
yl)acetonitrile
/NN
N/ F = N—
\N’




(apci) mz = 346.1 (MtH) 44 1 Cz z z z L,(l cz z 3 -cycl opropyl-3
-(4-(7-(2-(2-(4- nethyl piperazin-1-yl)ethyl)- 1H pyrazol-4-yl)imdazo [1, 2-
c] pyri m dwo-28tyiBdHéH pyrazol 1-yl ) propanenitrile (apci) ®mCI/US28M703139¢ M+H)
116 Exanpl e 45

3-Cycl opropyl-3-(4-(7-(5-nmethyl -1, 3, 43t7hi adi azol - 2- ypi m dazo[ 1, 2-cl pyri m di
n-5-yl1l)-1Hpol -ro arp [00681] Step A. Preparation of nethyl

5- hydr oxyi Exdhzo[ 1, Ztajdayrei i dijne- 7- car iwawd at e: MS
7-chloroijm g@zq[ 1, 2-c] pyri m di n-25(16ddhzyase4{(Prepatsil on EheiB. 5b/zg, =21. 0
mol ), 1,/1' - bi §(di pheryl phosphi|nej pfreio-acemarddghbor opaisoadivum)( 0. 864 g,

1.05 mmol|) and |trieth hne (8.cf8rimidinB3y1Q 1 ARtazoMer € suspended in MeOH
(70 mL) ijn a stlai nl ¢3 bcrg;%aze'ﬁlaﬁl§ §5&{@nm§ sealled and then charged
wi th 150 |psi of| car ds The system was purged and then
re-charged wth N%I | owed by heat| ng at 120 C for 15 hours. The [system
was cooled to 30 d then cgrefully vented to renove CQO(g) and plurged

wi t h nitrlogen tlo Ferbv “apy exdess. The reaction mixture was transferred to
a 500 nL [flask |and conceftrateq to afford the crude tiltle conpound |(4.00 g,
98. 0% yi el d§2 N i PACAH (KA Hmetlyd 0B8R} Bbep BpciPr epéar atH jon of

met hyl 5-|chl orqi rA-yhidhidaeo[7-2-dpyrbrodinhat e 4588t (MALH)
5- hydr oxyi m daz i|n®)-1H-panbdxlyylate (4.0 g, 21 mmol) and
N, N- di et hyl ani I|i ritretkadhywver-syispdnded in POC13 (80 ml, 870
mol ) and heat € yiintetity®azetilne3-r eacti on |m xture remnained

=
het er ogeneous, so/@themeraturﬁ)amimﬁ sed to 100 C.| After 30 m nutes,

LCVS anallysi s gho ly thg title conpound, along mith
5, 7-di chljor oi m{dazo[ 1, 2cfPpyri m di ne (which was presunably fornmed firom
7- chl or oitm-dazel 1 2-e}—pyrim-din-5-ol—carried through-froem-the previ ous
step). The reaction m xture was cooled to anbi ent tenperature and
concentrated down to renove the POElgnpiélhg resi due was cooled in an ice
bat h and quenched carefully W|th vvat er.. SoI id KZCO3 was added to neutralize
t he sol uit3n8d£3Chlio 7 yl-JH < : Bl ue y -pyA#sil

organic |ayers were f)jl{ p['(fg2ttgﬂwggh@)a@étfaruggg,l)g&fﬁgr@epar ator cartridge

and washed with DCM The TiTtrate was concentrared down to a t hi ck dark

greeni sh brown residue. Wile si'tel overnight, a precipitate formed. The
resultant solid was triturated in ang Et20 to give afford nethyl
5-chl or oi m dazo[ 1, 2- ¢] pyri mi di ne-J-tarboxorbate (6.4 g, 21mol, 100% vyi el d)
as a brick-red solid. The soli 70% pure, but could not be purified
117 at this stage due to its ingoluybility. The crude nmaterial was used
directly in the next step. Ms fafci )} mz = 212.2 (MtH). [00683] Step C
Preparation of nethyl 5-(142-(tN1 i | yfl ethoxy)nethyl)-1H

N

\

[00719] To a solution of 2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile

(Example 71, 100 mg, 0.227 mmol) in DCM (1.5 mL) was added saturated NaHCO3 (1.0
mL) followed by N-chlorosuccinimide (46.3 mg, 0.340 mmol) in one portion. The biphasic
mixture was vigorously stirred at ambient temperature for 17 hours and was diluted with
DCM (2 mL). The solution was washed with H,O, dried over Na;SO4 and cluted through a
silica gel plug (EtOAc elution). The solution was concentrated, the residual glass was
dissolved in minimal DCM and hexane was added to afford a granular suspension. The
suspension was concentrated and the residual solid was washed with warm 25%
EtOAc/hexanes and dried in vacuum to afford the title compound (22 mg, 20% yield) as an
ivory white powder. MS (apci) m/z =476.1 (M+H).



pyrazol -4-yl)i m dazo[ 1, 2-cl pyri m di ne-7-car boxyl ate: Met hyl

5-chl oroi m dazo[ 1, 2- c]pyri m di ne-7-carboxylate (1.00 g, 4.73 mmol),

4- (4, 4, 5, sotetvadnabhyl- 1, 3, 2- di oxaborol an2-y1) - 1- (( 2- (t PCwAiSkel®B18yé ) et hoxy
)nmet hyl ) - 1H pyrazole (Preparation E; 1.53 g, 4.73 mol ), K3PO (2.01 g,
9.45 mmol ), Pd2dba3 (0.433 g, 0.473 nmml ), and XPHOS (0.563 g, 1.18 mmol)
were conbined dry. To this was added isopropanol (20 nL) and water (0.34
m., 19 rrm)l) After de- gaSS| ng forEiﬂnplletﬁmt es, the flask was sealed and
heated to h I [ OAc and
undi sso : 3 ; T8 e PR eREEnt r at ed
down and puri f| ed by Si I Il&ﬂpﬁ’ﬁi&ﬂﬁilﬁMﬂY—vﬂSéd@ltﬁ&- 100% Et OAc/ Hexanes
gradient to afford nmethyl 5-(1-((2-(trinmethylsilypethoxy)nethyl)-

1H pyrazol -4-yl )i m dazo[ 1, 2-c] pyrim gICHe- 7-carboxyl ate (0.477 g, 1.28 mol,

27.0% vyield) as an orange brown soli i) mz = 374.1 (M+H).
[00684] Step D. Preparation of

N—N
5-(1-42-(trinmethylsilyflethoxy)nmethy)d) - 1I—Ppyrazo| 4-
yflim dazo-1-1, 2-cl pyrim di ne-7-carpohydrazide:In a 20 nL fl ask, nethyl

5-(142- (tri rret hyl sily1l) - et hoxy
[1, 2-c] pyrim di ne-7-carboxyl at & (Ixa
was di ssolved in EtOH (540 iulL, NO. kl To this was added a | arge
excess of hydrazine hydrate (104 iuL, 3Nmmol ). The reaction mixture was
refluxed for 1 hour, and then concentrat®d down to dryness. The residue was
di | uted 100720]0AC 32*-1(15 Me(ﬁ’#(ed/lmhylhmmeml—awmrdHMI ZEﬂwnnnayam-xi) IByer was

5 I( igf2\-Ni( E"Pra%%% 1%t ‘Xﬂ'?‘é’@% “;‘j‘r%éﬂ}}’@ B@ﬁ@%&%mgra@u‘? 182 A 1ot was

yOi mi daz@.[s@erﬁie@h]pﬂ(lfl‘m (G[)r]ﬁL K)-(l?l@Hlﬁ@bMCﬁ’nﬂZdod&d@ﬂ&nnEe b%o/dnéltﬁisd\)/asaéddad yel | ow

N - acoty EED(A: (15 et h SRHPLOGL D) HabRGr b e ey 0019

imdrim ﬁinﬂﬁ)‘ The adab@dh Mxdzt dRs alldwad 18 Qvatta th ladslent fmpdrature. After 15 hours,
(trinmethylsilyl)-ethoxy)nethyl)- 1H—pyrazo| 4-yl )i m dazo

[ 1, 2- c] pY¥i RIGPR & TUEY Bofthin BOAamdviged it matW)brWﬁsTlm Qg¥Ged in

DCM (604 :yblj twas - dkRA ml M é’é}emeeel 'aﬁtg &&c&t&edt rdo%h% agihg (:2Q.2 iulL,
0. 145 mol') and acetyl chl or| (9.45 tilL . mmol ) were added. The

react i on(lmpmm&selfmé) %rl(4 &nﬁslcrn@tbylmldi mm@lémﬂ)lerﬂazq[éﬁvdpmnmﬁe $o-1H5 hours.
Thi s was h organi c
| ayer vvag{n}a% ralyéet Wi ?' H%&@i@@ I t%*ﬁgo%@&égﬁ’%?ﬁ“@;ﬁg eg{g}} ellO%U(;b(-ﬂaf ford

N - acetyMﬂapm)l(n(zzz 4@&6(Mﬁﬂhyl si | ypet hoxy) net hyl ) - 1H- pyr azol - 4- y0| m dazo

[1,2-c]p di ne- carbo e t yel | ow
ol - WOOPEHG ) s BAGRS OF Fitss ¥ nieiBy @s"%ﬂf% B by B o el of
2-(5-( 1H9py$1ﬁg(h|eaﬁprylbr)atmtdﬂzg){n]iteﬁale| pyrimdin-7-yl)- 5-

met hyl -1, 3, 4-t hi adi azole: In a 20 %%sk

N - acetyl 5-(14(2-(trinethylsilypet met hyl ) -

1H pyrazol #- ¥1)) | m dazaedtdre2- €] gyri m di nenanRar bohydr azi de (¥@. 9 ng,| 0.0984
mmol ) was|diggsqgl ved mgﬁoxane (D844l bl 1 2R84 Mol) | (.f6i) T hig, Was | added

| ) - 1H pyrazol - 4-yl )i m dazo
le 122; Step C (50 ng, 0.13 mmol)

di - Phosphorus pentasul {Ade (21.|9/D-£ ﬁllgg ) and| 4382 (M+H)
Bi s(trimethylsifl yl)ethe( \ rﬁ’méh 599 glire{gglelreactlon m xture was

heated to| 100 C for ,2“ hour s. JoTo MR To W eaction m xture was
guenched with g sol u&)n of K2C £%§1? %’“Y) % ?’ m.). The m xfure was
stirred for 20 |mn ~ then ca centra ed in vacuo to|renove sol vents. The
resi due was di l|ut eg= er and extracted wwth DCM The conbi ned o¢rganic

| ayers were drijed with hSISOZL fliltered and concentrated in vacuo to afford

the thiadiaggte (174 1y, 62 4%2)5 _4%;]_( T Y'“_I'H' OW SO l( Th ude
material was”tgken ont® the next razol4 &%:ngh gﬁlﬁ mz ¥ ?@@ E}'@A«
[00687] Step G |Prepar ol of | FY Y

3-cycl opropyl- 3- (4- (7 (5-¢ ||-cfpysimidippy-yl il
yl)%/m' dgzaP)[/l,}E:I pg/fm'di n-5§/y§i7 'y %L%}fg’[lﬁg T%b?manenitrile: In a 20

m. flask, |2-(5- (}tARyrazol-4-y T1,2-elpyrim¢in-7-y1)-5
-nmethyl -1} 3 , 4-t h zol e (17./4 ng, O. 0614 mol ) and
3- cycloprprlacrylonltthe‘(Preparation B; 17.2 ng, 0/184 nmol) were
di ssol ved 4—nA—bBM—(614—++t H—rrrol—Fo—this—was—added—DbBBU{23-0 | A,

0. 154 nmmol ) and stirred at anbi ent tenperature for 40h. The reaction was

i nconpl ete, so another portion of DBU (23.0 IA 0.154 mmol) and

3-cycl opropyl acrylonitrile (17.2 ng, 0.184 mmvol) were added. After 4 hours,
the reaction mxture was diluted in Et0OAc, and washed with water and brine.
The organic |layer was dried with My504, filtered and concentrated down to a
yellow oil. The crude naterlal was purlfled by S|I|ca chronatography usi ng

s ~ A NN R A /LI L NN - v Y Y

‘l>

\




120 Exanple 47 3 -Cyclopropyl-3 -(4-(7-(thiazol-5-yl)imdazo [1 ,2-cl
pyrimdin-5 -yl1)-1H pyrazol -1- vl)propanenitrile N, v [00690]To a flask
char ged wWoOIl208B/13d41467- chl or oi m dazo[ 1, 2- c] pyri m di n- 5- y 1 PCTRIS2011/031896

pyrazol -1-y1) - 3-cycl opropyl propanenitrile (Preparation M 0.020 g, 0.064
mol ), 5- (tributylstannyl)thiazole (39029 g, 0.077 mmol),

di cycl ohexyl (2' ,4' ,6' -triisopropyl bi phenyl-2- yl)phosphine (0.0061 g, 0.013
mrol ), and Bxt #5(di bewmydtuideneadet one) di pAlahedi um (0. 0059 g,M8. 0064 | mmol ),
evacuat ed| and Backfillgd with aryancynasxaddesyd.3x4nl| apcgi oxane. =Ar gon was
bubbl ed through the réaction far7%1-metiyl-eH-@idote fl asbe.nveg+gpal ed and
heated to| 100 ¢ for 3 Qj‘ Thgm@@gﬁd[pg prxﬁﬁdlﬁ swas || oaded onto a silica

gel col unn pre-|jwet td an t edprihythyl-yiaceiat-e- contai ning 0. 5%
ammoni um hydr o¥i de tjo afford theyl)ta&gt Igtﬂ@é)rrpound (0.018 g, 0.050 nmol, 78%

yield). M5 (apdqi)y n= 362.1 ((MrH). Exanple 48
3-cycl opr opyl- 3- : et hyl|t h| azol -5-0)i mdazorl, 2-c[ pyrimdi n{5-y1)-1H
-pyrazol -1- 0) propane r}NI’I I e [00691] Prepar ed i n the same nmanner |as

Exarrpl e 4% i”‘pl act R1°) 5 NLI Hot "nnéi' I'{ 1 e%l i : —

2-met hyl - 5- C0r i|met hy| s /annyl )th GCF% ‘f Sf“@?ﬁy Pite %% (07021 g,
0.056 mml, 70% vyi el d) yyazp g) é?ia le 49 3

- Cycl opr opy1- 3-(4 (\‘72/]—& 'Ptrﬁt }Haidﬁzﬁl I)yff‘ﬁ:ilil.u‘a

14

[1, 2-cl pyfim di|n 1H pyr azd11) {H- PW;6 rlo}s%%%tﬂﬂﬂeﬁ. le¢ NN [00692] To3
-(4-(7-chl oroimi 1, 2- c] pyrlivveeRteisile y1) - 14 pyrazol - 1-y1) -3 -
cycl opropyl - prap i t“h le (Prgparation M 50 ng, 0.16 mmol) in di oxane (5
m.) was added K2 — 0.48 mmol ), diacetoxypall adium (1.8 ng,| 0.0080
mmol ), 6-pethyl|pyri d| n- 3N yl borlonic acid (44 ng. 0.32|nmol) and sodi um

- (di cycl okexyl phosp%ﬁm) 2, 6-| di3n@t(iaipeiphéHy 1- 3- suldpoinat ev4 8.2 | ng,

0.016 mml ). The reactl on dnxtur@mmﬂ-glb@ﬁém[i,%th ar gem? (dedb ed and
heated to| 80 Cifor 5 ~LFhe dpaciiliars-yasHagel-edit © anmbi ent tenperature
and concentratgd undej reduced [pnessure. The residue was purified by silica
gel chromat ogrdphy ( MeOH 1Q:(igflubfongtt@sul byl fab@iadin pr oduct (20 ny, 34%
yield). M5 (apqi)y n= 370. 2 (MsK)acck&A6R3] The conpolinds of Table|6 were

prepared accordi ng= procedure of
N’
\Nl
97 A 2-(1-(ethylsulfonyl)-3-(4-(7-(1- | (apci)) m/z =
o methyl-1H-pyrazol-4- 452.2 (M+H)
- N-5~" | yDimidazo[1,2-c]pyrimidin-5-
I ) o yl)-1H-pyrazol-1-yl)azetidin-3-
yl)acetonitrile
/NN
NWN——
\N’
98 N 2-(3-(4-(7-(1-methyl-1H- (apci) m/z =
0 <FF pyrazol-4-yl)imidazo[1,2- 520.2 (M+H)
N=N N‘O F | c]pyrimidin-5-yl)- 1H-pyrazol-1-
(s yD-1-(3,3,3-
trifluoropropylsulfonyl)azetidin-
/NN 3-ylacetonitrile
N/ F Y
IN’
=N
99 7 2-(3-(4-(7-(1-methyl-1H- (apci) m/z =
o pyrazol-4-yl)imidazo[1,2- 500.2 (M+H)
N=N N'é§ c]pyrlm1d1n—5—yl)—1H—pyragql—1—
[/ yD)-1-(phenylsulfonyl)azetidin-3-
yl)acetonitrile
(/\N SN
N’ =




Exanpl e 49, replacing 6-nethyl pyridin-3-ylboronic acid with the appropriate
comercially avail abl e boronate ester. Table 6 Ex. # Structure Nane M5 50
< .. WOi20113M46. . . N 3-cycl opropyl-3-(4-(7-(2- et hylPpyrisdiin/od1896
yI)| m dazo[ 1, 2-c] pyr| m di n-5- yl1)-1H pyrazol -1- yl)propanenitrile (apci)
mz 370.3 (M+rH) 51 c:L/7 NN NN 3-cpol opropyl-3-(4-(7-(6-(4-
nethylpiperazin | -yl') pyridin-
3-yl)im dazo[l 2-c] pyri m di n5- y1) Exlﬂnnwmibl -1- yl)propanenltrl le (apci)

. \ 4 4 h

< 3v

NN U (2.2 2-trifluoroethyl)azetidin-3-yl)acetonitrile

N

Qﬁ
N
N

N-= CFg

*’\A {

[00722] Step A: Preparation of tert-butyl 3-(cyanomethyl)-3-(4-(7-(1-isopropyl-1H-

pyrazol-4-ylimidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate: ~ 7-(1-

isopropyl-1H-pyrazol-4-yl)-5-(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine (Example 34, Step
B) was reacted in the same manner as Example 34, Step C, replacing 3-
cyclopropylacrylonitrile ~ with  tert-butyl ~ 3-(cyanomethylene)azetidine-1-carboxylate
(Preparation F, Step A) to obtain tert-butyl 3-(cyanomethyl)-3-(4-(7-(1-isopropyl-1H-
pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate  (0.090
g, 0.1846 mmol, 64% yield). MS (apci) m/z = 488.3 (M+H).

[00723] Step B: Preparation of 2-(3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl)imidazo[1,2-

clpyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride: To a suspension

of tert-butyl 3-(cyanomethyl)-3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate (0.090 g, 0.185 mmol) in 1.5 mL of dioxane
was added hydrogen chloride (1.8 mL, 7.20 mmol) in dioxane at ambient temperature with
stirring. After 2 hours, 0.5 mL of methanol was added to dissolve all solids and the reaction
was concentrated under reduced pressure. The crude was suspended in DCM, sonicated, and
concentrated three times and the resulting crude was dried on high vacuum for 3 hours to
afford 2-(3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)azetidin-3-yl)acetonitrile hydrochloride (0.116 g, 0.217 mmol, 93% yield). MS (apci) m/z
= 388.2 (M+H).

[00724] Step C: Preparation of 2-(3-(4-(7-(1-isopropyl-1-H-pyrazol-4-yl)imidazo[1,2-

¢]pyrimidin-5-y1)-1H-pyrazol-1-y1)-1-(2.2.2-trifluoroethylazetidin-3-yl)acetonitrile: To a

flask charged with 2-(3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride (0.050 g, 0.10 mmol) was added 1
mL of acetonitrile, potassium carbonate (0.10 g, 0.75 mmol), and 2,2,2-trifluoroethyl

trifluoromethanesulfonate (0.040 g, 0.17 mmol) at ambient temperature with stirring. The



NH [ 00694] To3 -(4-(7-chloroimdazo [1,2-c]pyrimdin-5
-yl)-1H pyrazol -1-y1)-3 - cycl opropyl - propanenitrile (Preparation M 50 ng,
0. 16 mmolwoi2nidizodane (5 nl) was added K2CO3 (66 ng, 0. 28Tmased1i/031896
di acet oxypal | adium (1.8 ng, 0.0080 mmol ),
2- (tertbutoxycarbonyl)-1, 2, 3, 4-tetrahpdroi soqui nol i n-6-yl boronic acid (89
ng, 0.32 mmol ) and sodi um

(di cy cdacivex fligihesp Hicn apaldd aﬂdiiaﬁewabkybropb@inytlarﬁblsml teopaberd 8v& thy, 0. 016

. The .reac xt ur d ed th ar seal ed. a hatedto
50°C 1 or Vet Shadiofti SiRT nAE IR0 G Mo b ighi T B PR
Cﬁncent r gitiedl ﬁalndelﬁmheﬁua@ae@ra@&mwd wh ﬂﬁgﬁ%Sbtﬁylea&Med_ purHdxhed With 31|% :/v(r:]a ﬁel
chr omat ogr ap to give the j iate product, to whic
was addegmﬁéﬂ%ﬁg’%(;@v‘f& the*rtﬁ@ boamerib (i %%@%f‘?? oreeldr &S 30
m nut es @d@gl)gpileqmg@qepl[)under reduced pressure. The residue was purified
by silica gel chronatography (DCM MeOH NHAOH 10:1:0.1) to give the final
product (20 ng, 31%vyield). M5 (ageiammg Wil= 410.3 (M+H). Exanple 53 3 -COyc
| Opf opy1- 23(3' A7 1 28Re iRt Wy a8l @vl)lﬂlﬁ&%ﬁaﬂ”‘éflg{?ﬂhﬁi}%"mQH hitaR Y. 0 dazo

[1,2- clpyrimadin-5-yI)-IF pyrazol-1-yI)prop anenitrile [0UG95] To3-
cycl opropyl-3 - (4-(7- ((riflwr@nctiylsubfonplbazatedricsdryhadetomitiiien- 6- yl ) i mi dazo [1 , 2-

c] pyri mdin-5-yl1)-1H pyrazol -1-yl ) propanenitrile (Exanple 52; 10 ng, O. 024
mmol) in DCM MeOH (1 nL/1 nL) was addéd fornmal dehyde (49 ngy, 0.49 nmmol) and
sodiumtri acet oxyborohydride (16 ng, (0,07% mmol ). The reaction m xture was
stirred at anbient tenperature for 30/ gNprés: and concentrated under
reduced pressure. The residue was ¢143 pudfied by silica gel

chromat ogr aphy (DCM MeOH NHAOH 10: 1Y0. 1) to give the final product (5.0 nyg,
48% vyield). M (apci) mz = 4243, H). Exanple 54

3-Cycl opropyl1-3-(4-(7-(1, 2, 3, 4- r ghydr oi soqui nol i n-7-vflimdazorl, 2-cl pyr
imdin-5-y1)- 1H pyrazol -1-yl) propanemitryle [ 00696] Prepared in the sane
manner as Exarrpl e 52 replacing 2-(terts"

but oxycar bon 1, 2, 3, 4-tetrahydroi soqui nol i n-6-yl boronic acid with
2-(tert- é%ycar By lysk charzed with2e@r@HydHooswau Hopyiazot-Apyllmidsaold 2aci d t o
afford t meund, {20 96 X 0.180 (M+H) .
Exanpl e E% A e Bl R o e 8009 o o
I in-7-yl )StemH:iQi)éO B (11(206 mlinplylahctﬁFHANO BS%IIE)mILH-WBa@mH) andylll)lpro(ﬁ@@ﬂlmst rile

| - n ‘;I ;)II lj}lc%ed 16109%% ¢ anﬁyd%de Q()BPEY& mL, ()4116’7 n{ ol) 2at% élwuﬁt 1%%(# %go qui no

reaction was allowed to warm to ambient temperature and stirred overnight. The reaction
was diluted with DCM (2 mL) and then loaded directly onto silica and eluted with 75% ethyl
acctate in hexanes with 1% ammonium hydroxide to afford the title compound (0.018 g,
0.03465 mmol, 34.43% yield). MS (apci) m/z = 520.1 (M+H).
Example 102
2-(3-(4-(7-(2-Methylthiazol-5-yl)imidazo[ 1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-y])-1-(2.2.2-

trifluoroethyazetidin-3-yl)acetonitrile

[00726] Step A: Preparation of 2-methyl-5-(5-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazol-4-yl)imidazo[1.2-c]Jpyrimidin-7-yl)thiazole: A flask charged with 7-chloro-5-(1-




c] pyri mdin-5-yl1)-1H pyrazol - 1-yl ) propanenitrile (Exanple 54; 10 ng, 0.024
nmmol) in DCM MeOH (1nL/ 1nl) was added formal dehyde (49 ng, 0.49 mmol) and
sodi um t rivacetionsytaer ohydri de (16 ng, 0.073 nmmol ). The r eaTitiseo10B8Par e was
stirred at anbient tenperature for 30 m nutes and concentrated under
reduced pressure. The residue was purijghi ed by silica gel chromatography
(DCM MeOH NHAOH 10:1:0.1) to give the final product (5.0 ng, 48%yvyield). M

(apci) nm(2- (tnmﬂ&hlyls’ily@hﬂhb-})y)meﬂl?lé—lm@ﬂ@odﬂ HBimidazo[1,2-c]pyrimidine  (Preparation

3- | 7- t d 1, 2-al in-3-yflimd

2O oo (4T 5 S O Bt Y Tt e

-( 4|— (7- Ch/|aL|€) eRiciatethaol ‘t%a&.kfl‘ﬂl-ed]vigmr drgﬂrdﬂt)dﬁo@ 4- ryﬂli)g %Mxemél’wgétg gc(l)c[bd)aﬁd agon W(;1§

CycCl opro anenitril e repa 1 on | oxane

(10 nt) GHROIEH Rdeos gAY, g d%ﬂee@éldﬁ%?afe)tonegg%%my@mg - 4befy. 18 g,

0. 0320 nmaRhl) ahd i @E&%ﬂﬁh@?ﬁ?ﬁ phé DﬁlS@ﬂl@{)ﬁbfﬁﬁenﬁQQ@)ﬁﬁodﬂHRE) ?’WMS e%t ohuayl
P

5, 6- dlhydr0|n1dazo[1 yrazi ne- 7(8H) - car boxyl ate ( 480 mmol ).
The reactisn) weks added. aoanwsHakbled thipugsthe reastion fjolf winuie héefé‘ﬁ“@‘h vas

cool ed t ﬁaMése{é‘éle& %H@ﬁéa@éd%el@“@ &ﬂﬂ&%ﬁ% %r@h&lﬂ@'eﬁhé pApERA REESSME . The
resi due MﬂS(?UFI ied by silica gel chronatography MeOH NHAOH 10: 1: 0. 1)

to give tdaded finegtly pniodusiticq 83 catymmig9oweited diyd elw@d(vaﬁw pragient ef 290006 ( MrH) .
Ex | 1 4- 5, , t '

1 2t al pya; RUHEP YRR 1% adaly TERMAR, By Tulfole] AR CYIE0
anenitri (tﬂmetﬁyl-sﬂj)s])etl[ld):@ﬁﬂ@l]li[)BBH p@l;azbleﬁpyk)l[nydaza [1:-dlpyrTmidm-7-6])thiazole (0.196

8-tetrah - imdazo [1 ,2-c]pyrimdin-5

“y1) - 1H 3@%&;%}1 F%l% Ydi}gﬂaﬁéﬁ i |“§Z(‘é§z{%'ﬁrﬁﬁe+ 6, 10 ng, 0.025 mol) in
DCM MBOH[(IO%ZT]L/ ldrﬂi%jp \RESPr@ddlﬁdn fob rsn@lL(da et S )i dad] 15DC ppBn)diangl)sodi um |
triacet oxybor ride (16 e.reaction mxture was stirre
at anbleﬁf“¥@&%' deure fo?%%@“gpﬁéﬂéggﬂhﬁnggﬂﬁgﬁF F%ﬁmﬁ&bé¥¥Pgﬁﬂﬂéd
pressur e?:')fﬁh@azBQ$ DS rindidi- MASthREG1E (0.65h BY0.579 nGRd1)0@ks G/ AP RY

( DCM MeOH/ NHACH 10: to give the final product (5.0 ng, 48%yvyield). M

(apci) mPEM before "JZPP( M+Q_611)L @(gmﬂl ) was added slowly at room temperature. The reactlon

3-(4- (7- (As Lifsvidao %ﬁ@%‘?@drﬁ Y&ﬂéﬁ[rasurg £kl 835&1%1 Pkl RBE ﬂﬂﬁtthferﬂfg%%e%trgte@l pyrim
di n-5-y1)-1H pyrazol -1-yl) cycl opropyl propanenitril

under reduced pressure to afford the crude material. The crude rnaterlal was purlﬁed via
column chromatography, cluting with 5% MeOH in DCM with 1% NH4OH to afford the title
compound (0.087 g, 64.9% yield). MS (apci) m/z=283.1 (M+H).

[00728] Step C: Preparation of tert-butyl 3-(cyanomethyl)-3-(4-(7-(2-methylthiazol-5-
ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate: ~ 2-Methyl-5-(5-
(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-7-yl)thiazole
(14 mg, 0.50 mmol) was reacted in the same manner as Example 34, Step C replacing 3-
cyclopropylacrylonitrile  with  tert-butyl  3-(cyanomethylene)azetidine-1-carboxylate
(Preparation F, Step A; 0.0096 g, 0.050 mmol) to afford tert-butyl 3-(cyanomethyl)-3-(4-(7-
(2-methylthiazol-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-
carboxylate (0.018 g, 0.03702 mmol, 75% yield). MS (apci) m/z =477.1 (M+H).

[00729] Step D: Preparation of 2-(3-(4-(7-(2-methylthiazol-5-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile:

Prepared in the same manner as Example 100, Steps B and C replacing tert-butyl 3-
(cyanomethyl)-3-(4-(7-(1-isopropyl-H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)azetidine-1-carboxylate with tert-butyl 3-(cyanomethyl)-3-(4-(7-(2-
methylthiazol-5-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate to
afford the title compound (0.012 g, 0.022 mmol, 54% yield). MS (apci) m/z = 459.1 (M+H).



[00700] Step A: Preparation of
3-(4-(5-(1-((2-(trimethylsilyl)ethoxy)nethyl)-1H pyrazol-4-yl)im dazo

[ 1, 2- cl pywOrzbdi/13eideyl ) phenyl) - 8- oxa- 3- azabi cyclo [3 .2 PCTI/Us2@tass96 To a
flask charged with

7- (4-bronophenyl)-5-(1-42-(trinmet hyl sigzypet hoxy) nmet hyl ) - 1H pyr azol - 4-

ypi m dazo[ 1, 2-c] pyrimdine (Preparation L; 0.250 g, 0.531 mmvpl), 8-oxa-3-
azabi cycl o[ 3. 2. 1] octane (0.430 g, Exagfpletddl ), and pot assi um
2rrethy|rn7- -Iell q 19 1106 D as. adde d16 of THF . at

anbi ent FerpErati - PO ARG8T was ' "’ Hed -t hrotghPhe teact i on
for 10 m nutes before d|(E,QQLtﬁﬂméth%az&dndBrm)%wxM)henyl 2- yl) phosphi ne
(0.0436 g, 0.106 mMmol ) and tris(di benzylideneacetone)di pal | adi um (0.0487 g,
0.0531 mmmol ) were added. Argon was bupbl ed through the reaction for 15

m nutes before the reaction was seal €éd and all owed to proceed at 40 C for 4
hours. The reaction was charged with

tris(di benzylideneacetone)dipalla 0%6:4:@7 g, 0.0531 mmol) and purged
with argon for 5 mnutes before it s sealed and allowed to proceed at 40
C for 7 hours. The reaction m xture/ was diluted with DCM and aqueous
saturated sodi um bi carbonate (2/my)~and stirred for 30 mnutes. The | ayers
wer e separated and the organic drj~d over My504, filtered, and
concentrat ed under reduced pressure Ncr{%e resi due was purified by
silica gel chromatography eluting with Mo methanol in DCMto afford 3
-(4-(5 01)7362 (trSt AR Y §Jakayibn & REXYIE B iy ahorkéth PY-8 3291 Aopelobuiii dazo [ 1, 2-
c] pyri m((jl n- ] 33 hﬁ yl)- ? oxa- 3- azabi gpcmg}km zc‘:{a‘g’e((03}6133}@Il 0. 265
nmol | 49PU%%}14e5[1 Tldamlééﬂwwﬁwé ﬂ)éb‘e’yzaze *eqy)aze idiny-0 1phosyaig: PrTé?)ar ation
of 3 - (4fe('t7bu(t4 (83 ?4(@7 @hlof%?rﬁ@ééb{’ﬁi Q]f%{ém &chﬁbtﬁ@ ;"»‘razol)/ﬂ ;)15’@?5%181&1%9@20 [1

, 2- clpyrrmdrn 5-y1)-1H pyrazol -1-y -cycl opropylprop anenitrile :

Pr epar edaiotidingd -eochenylaian (ei80as. ExdémpineolB4PSpapisons Nnd -Gelogptybtihd.S.5-

7-(1-iso .

oyt azol - PRt £ 2-dbberclan 2oyl pyrapls, (Lable, 2, comppund i, 0072 2029 11 4oy
[1, 2- mmol), and potass1urn phosphate (0.29 mL, 0.58 mmol) were combined in 3 mL of dloxane
c]pyrlmdl ew t h3- hyI i
ypi i dazolf , 2] p)ﬁ bdlrb tl&ffﬁ?en - 8- o%gl e aza%(ir%y(r:a?{%%l?%?yﬁ%; ane to
afford ttrﬁsdprdplyﬁnmﬁﬁjacﬂ,lymbh()gahﬁl{&(og)180g,080§91 nifa) ,andSZ’%cbbaﬁl((IiOISIV@ ()@p)@r ) mz

T o A e e atkop g PRI TP RED i o ol £ iRy MheRLRRE 771 1t

<yl/ NN fkRO%e2kEN@PaiEdedtdt thg5SanwithBiingdy &% ﬂmrsea@th%ha@%nﬁnén@ C
repl aci ng 8-oxa-3- azabicycl o[ 3. 2. 1] oct ane |n Step

th
1- met hyl AT AECTRIg taf“r“h@rrea ipR WRp EQISCIHBRIGIIAES re@%é@regsurea@eb%mﬁ?mr 44%

yield). Mg ga@@éd)bmlﬁca g&%ﬁm&a( a?)ly ofeXid ich Lﬁt@A% c@ziﬁﬁrf?r%" @9%1Nﬁ4c614 @7 (4 (1
met hyl - 1H pyrazol -'4-y1) phenyl) azo[ 1, di n-5-y1) -

1H- pyr az afforg- yli)ﬁﬁrt@b’énerﬁ chlioélethﬁlk) -3- {4(3@7@33]5’99 YlAlH-PFTrﬁeﬁérféﬂlmei@ZQ{fl 2-

7-(4-(1- 0
ftEi m(et h?ﬁjgm{'gdi 'S_I-ty% ?g@ ﬁyly)a‘ %ﬁ%erlggowéﬁy%l(onqgéagﬁ lf n%mO]l pZ/?’lyrlr(l3 ((11') I ne:

fl ask chdSyedciwmtar 5’00(34él\bﬂd)mpheny1) -5

1-((2- thylsil yl yeth - | - 4- .

yl()r gn( daﬁ)ﬁﬂg c]yps3s/[lr| %‘I g? a2 AFQrg%%@{%'gﬂc@ﬁéﬁégblIé:?yrﬁ.z%z%yl?”}r%d[a)zo,[1’2'

1- met hy 1elpyfichidin-5:yD- | H-pyaastat yiy1 (12 2-tAfl déroxtappizetidim3 2A)pddorltrepy r azol e
0.195 t hosph 0.271 1.28 1),

(it eyl onBIiEs inghe ghing PR SRS w8 BREPER AR S168 F A o Reng 0o & 0. 106
nol ) , a(’@aﬁdm&l(ﬂ) m@ydlhﬁ'@ﬂwm@&ﬂw&lﬂdﬁdﬂM(c%yﬁﬁﬁ&n@rylﬂlﬁ425 nmol )

was evacuat ed and filled with argon. To the reaction was added 4 niL of
i sopr Opaﬁwqude)é&é@@&l% bR “r%rteeémﬁrl motcErmgHy Dedatdet - syeaeeyinl, 2. 55
ol ) . Tha-gyeasitd 9nNintaso[ 12¢]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate  to

afford the title compound (0.023 g, 0.044 mmol, 45% yield). MS (apci) m/z = 482.2 (M+H).




seal ed and all owed to proceed at 100 C for 4 hours. The reaction was then
diluted with DCM (100 nL), dried over MgSH, filtered, and concentrated
under redwoedipsestsure. The resulting crude was then purPcTitsdoitbp3rseans of
silica gel chromatography eluting with a |inear gradient of 1-5% methanol
in DCMto afford 7-(4-(1-nethyl-1H pyrsazol -4-y1l)phenyl)-5-(1-

42-(trimethyl silypethoxy)nethyl)-1H pyrazol -4-y1)i n1 dazo[ 1, 2-c] pyrimdine
(0.174 g, O. 365 mmol , 85.9%yi el d)Exahﬁsl(HpIm) mz = 472.2 (MtH).

[00704] St G AR O din.s r1)- Hopyrazol- 1-y1)-1-

(4 (7 (4' nmruas

, 2-cl pyri m din-5- yl) 1W9212aﬁﬂhorﬂ;ctwmmrﬂb Prepared in the sane
manner  as Exanpl e 34 Steps B and C, repJ aci ng

7-(1-isopropyl-1H pyrazol -4-y1)-5-(1-

((2-(trinethylsilypethoxy)nethyl)-1H %azol -4-y1l)imdazo[ 1, 2-c] pyri m di ne
wth 7-(4-(1- methyl-1H pyrazol - 4- yR 5

-(142-(trinethyl sil ypet hoxy) net hyl )& pyrazol

yl)im dazo[ 1, 2-c]pyrimdine to afford the t|tIe corrpound (0.036 g, 0.08120
mol ; 73%yield). M5 (apci) mz Z 43542 (MrH). Exanple 61 Tert-butyl 3
-(cyanorrethyl)-3 (4-(7-(1- rrethyIN p 1-4-yl)imdazoll, 2
-clpyrimdin-5- yl)-1H pyrazol -1-yfl azetidihe- 1 -carboxylate ON

750y e A, Pt

J; 34. 83Dtma20149v17hzmmi x-vl)mmmbw Wldr@hicticyahoretihdieBof Ak, B(4-G-

-tetranet oxa

| an- 2- ylfﬁ%ﬂ &22 l’yYFlj“é aerdl HePyegelr b rgyaerpheiseilitsh F;, s6.82 g,
(223 6 mmdr})oxy&md (BESREHio0 M. (9?(:(])9%, 04D mznoitymal 1) mﬂWofﬂlﬁMﬁﬁé wlakl mn&lﬁl l;yﬁ’f a@¥@ane
745. 3 149. 1 was added, to ri.nse down funne Ph3) 4 7.23 g,
14.91 Wgﬁlyrl%@ %ﬁ&) 0 mnelbied By S?Bmsn %iﬂ"a%f”e?m THe'c ‘I(‘"E?fé”tufeon(rﬁ?xture
was sl O\A‘réécthﬁi%&dlré Qad Qirfeddsr MBASHS €A hYoldéht Wat BleAdéméRARBAG aWHRaR bpbe.
After heating for hours, the reaction mxture was cool ed to ambi ent

t enper at aﬁr@gemﬁélmbéf@& tIPRTaHIS PY B ela A kot Siteed thenstatigapiaes oV 4moPsar: wat er

(100 ni) 50 ﬁ‘l@@r&dla%térﬂ@ wra§ %éc%tto %l%l Ilegélo%&%ilﬁddstoﬁﬂﬁgd Wbve [dNERGRIahGS were
washed with Et0Ac (2 M) to afford a grey-white solid, which was

re-i nt r othgc el vircivas oag@hile r@nowdne@d@r f ¢ asiteamn@f dhifrogead tavi afford [ 2-6¥-(4dt er and

sol at ed Byt el SRR B R PPN BB RRIER T Lhe S o

were dri hyﬂrbmhhafdfew 054 gror, 1-3 mmaB 1M%yield) MS (apci) m/z =314.1 (M+H).

y1) - Trpy Az 1y 19k o BRERIN A7 o e Rbed B B B P p e

yi el d). Maataqeyl)-1411,2,23ri6Qodthy| Mréfdin-Bydagk@iteR: In 1.5 mL of DMF were

Ty Satingd o 3 v bR e s anr Gh a3 LR OO TSR GE A heck
flask wa 1)@@%@@1@%&4&1&10@& @\(ﬁ@@eedﬁﬁm@m qu@nab Muﬁge@gmﬁﬁbu\land Joothis was
added tert - but - (cyanonet h

6 - met h yrazol I )i m dazo
[1,2-c] pyrﬂwqﬁlhyl Qrmbwwﬁ%@t@l( WS} & %lcﬁn )13%?‘@{’5‘5?9%&@0‘( dfpl e 61;
60. 83 g, aé%nﬂte%@ﬂa)ur@%hdétl‘?ﬁﬁ%:le ARPE: Byl the B &am&ve@ﬂgdér%ddcls@Sk was
pl aced in a cool water i n di oxane (6 nmol ) was
added i npesfursviththeating antinthg gedei ‘Walpurg@drhy @?a%lIQfﬁélFFé mhs?hr@a@@«graﬂoby wash
down t he S he..r I, I e h S sk of
HC1 in die%]g(llg ew%kgs?l gﬁgk &?X&Eé é%gdﬁlrﬁéé g%%@hgﬁﬁ"?&lnﬁ) %?Bﬁ]?l(n@g oxane
was addedhlpwimidhzog] .2-o]lpyomdietiydn] H-phezelel-ylid -(@8r2etrifludboethglohzetdisBed) Wi t h

di oxane, _and.t. he s were dried under
hi gh vacfllcuertﬁnt1 1Pee(pf0‘§? %@86\% 5@%9’16\/\@ F/lns (epclijjor?%) yl%ﬁdz)]\?ﬁ?) the title
conpound 534 pow&ﬁasry @hi PIEDEB“ﬁﬂdnd of MB- (GE(MV J1-sthyl- FH-36@zdA-4 Whthi dazdiX 2rpl € 63

'g-Vl)%ce%on?tln ri rﬂldl n-5-y1)

_1hes added
aration

flask containing 2-(3-(4-(7-chloroimidazo[1l ,2-c]pyrim1d1n-5-yl)- 1H-pyrazol-1-yl)-1-(2,2,2-
trifluoroethyl)azetidin-3-yl)acetonitrile  (0.015 g, 0.038 mmol), 1-ethyl-1H-pyrazol-4-
ylboronic acid (0.0080 g, 0.057 mmol), and K3PO4 (0.057 mL, 0.11 mmol) was added 1 mL



NN/ Z < [00707] To a sol ution of

2-(3-(4-(7-(1-nmethyl- 1H pyrazol -4-y1l)i m dazo [1, 2-

c] pyri m dwo-2BtyiBYHéH pyrazol - 1-yl) azeti di n- 3-y1) acet oni PCTiuS20up 83841 Or i de
(Exanmpl e 62; 20 ng, 0.046 mmol) in THF (460 ilL, 0.046 mvol) was added
triethylamne (19 1.LL, 0.14 nmmol) 128 and acetic anhydride (5.7 ng, 0.056
nmmol ). After stirring at anbient tenperature for 30 mnutes, the reaction
m Xt ur e whdiodadeusreidaigon wesk erubblEthehmoeglc faror) minttasr eefovasdickiciohetsH@@’ pué’-f i ed by

reverse hase usi 0-100% a itril el wa radi ent. . to af ord
o acelyarap prore Rt Sudorites vy apr a8 a1 ad iz L oy Ais G - 5
-y1l)-1H ﬁ)@(@ﬁ@hylﬂdeﬁéa):&bﬁé)ﬂ@hll&dﬁm6(10()86%100038’1Inhﬁ1)(v(1é56 Bled And 8B rvavbbn 82%

1 eL9) 2o ML S R )l s B M Erarl e o

- yl) 1H B¥tb azZ@licalset y&ﬁmﬁmﬁ eRBited3vitBECGAd édnwlﬁ)@og% RAQoH) 18 28biddhe tide
-ypacetonitrile [0 8] To a solution

2- (3- (4- ETOROLNAER- ng,wa)mowwm.w é?&faﬁya #56.2 (M+H).

c] pyrimdin-5-yl1)-1H pyrazol - 1-yl )l?x%ﬁ{ﬂléiid??’ yl)acetonitrile hydrochloride
(Exampl e 62, 50 0 ng, 0 116 rrrml) and HATU (52.8, 0.139 mmol) in dry DIVF
(0.50 nl) 242 le@x3 420l daro o lot HmidieS-xed yaAct

and the mxture was st 2 mnutes Dl EA
(80.6 gL, 0.463 mmol) NS 'trm“E laE&{Hﬁ)n' 1 %e?nhplfe geneous sol uti on was
stirred at anbient tenperature for 18/hours. The reactl on m xture was added
to H20 (5.0 nL) and extracted with EYOAc. The conbi ned extracts were washed
with H20, saturated aqueous NaHCO3 apd \@nied over My504. The sol ution was
eluted through a silica gel col urmNé“ utingrswith Et OAc then with 10%

MeOH Et 0Ac. The 10% MeOH Et 0Ac pooNwas concentrated to give the title
conpound (32 ng, 59%yield) as a te solid. M5 (apci) mlz = 470.2 (MH).
Exanpl e 65 2-(3-(4-(7-(1- I\/Ethyl pyrazol - 4-yflimdazo [1 ,2 -cl

pyrim din-5-y1)-1H pyrazol -1-y1)*1 ( & N(_(\r/éfl uor onet hyl ) cycl opr op

anecar bonyl ) azetidi n-3-yl)acetonitril es~

[00735] Prepared in the same manner as Example 104, Step C replacing 1-ethyl-1H-

pyrazol-4-ylboronic acid with 1-(oxetan-3-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-pyrazole (Table 2, compound f) to afford the title compound 2-(3-(4-(7-(1-(oxetan-3-
yl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(2,2,2-
trifluorocthyl)azetidin-3-yl)acetonitrile (0.010 g, 0.021 mmol, 55% yield). MS (apci) m/z =
484.0 (M+H).
Example 106
3-(3-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-

yl)propanenitrile

[00736] Step A: Preparation of 7-(1-methyl-1H-pyrazol-4-yl)-5-(3-methyl-1H-pyrazol-
4-yl)imidazo[1.2-c]pyrimidine: To a flask charged with 5-chloro-7-(1-methyl-1H-pyrazol-4-

yl)imidazo[1,2-c]pyrimidine (Preparation J; 0.650 g, 2.78 mmol), 3-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (0.868 g, 4.17 mmol), and 2 M K;PO,
(4.17 mL, 8.35 mmol)was added 20 mL of DME and argon was bubbled through for 15
minutes before tetrakis(triphenylphosphine)palladium (0) (0.321 g, 0.278 mmol) was added.



( NN IPI N\ 130 [00709] The title conpound was prepared according to

t he nethod of Exanple 64, replacing 3,3,3-trifluoropropanoic acid with

1-(trifl woenaiisylspcycl opr opane carboxylic acid. The comrpoarsdomaamsisebt ai ned
as a white solid (25 ng, 44%yield). M5 (apci) nmz = 496.3 (MtH). Exanple
66 146

2-(1-Cycl opropyl-3444741- met hyl- 1H pyrazol - 4-ypi m dazo[ 1, 2-cl pyri m di n-5-y1
) - 1H pyiTaz ﬂhsk]wa]s/s&a)l@ctﬂtdi the reaBionpecdicand tar 100e°C ik 4 hO@3,ibdrnTdloaved iknevol

oy oD e B e 1Skt il 57T SO P R Sqtiakt B BRI RO BRI or 1 e

(Eéagpl( e, Hﬁﬁpalzi Wlashe@ with7 adiia®ls) satdri]latad l?d»(ﬁﬁ Iﬂg@aﬁhm@ (8@ ingl)( Or&Ooﬂgh)lc vvgs .

adde 1- et hoxycycl opropoxy)trimethyl sil an 9 0. 535 an t he
mixture WS WE VaAoge éﬁlthalﬂmeé%@ ntlén% RiGF MESh éftwﬂg&f%oncgaﬁ%

cyanobor elyehdl geséhe. 5 TRE, cildO4Rateam! adagkeaddsdinl @@nelm%ﬁaﬁﬁo@n@rt he

m xture was stirred at 50 C for 3 hours. The m xture was cool ed to anbi ent

t enper at ghrematearaplohivben # atcetiteis bapapriedarm Fifeconsigiad: falthigkantey s BnP-d Thes
parti ti ongghidd ikl ANdH n{gﬂ éﬂ%%d(n%t &‘Ikso?v%ctﬁ%) prdfied O ETHE SHE hGs &ﬁf%ct’é&' rred

until both [ayers were honbgeneous. DCM | 'ayer was renoved and the
aqueous baywcuwa sfilegtiona @né detpned Eﬂmﬁlﬁﬁe Wmmmunéﬂlb@Nmeﬁﬁraﬁﬁéw@emé drled

Over Nazi?n% aJogJa%ﬁ)Lglgtl %&RH réadleg‘?l ]fr 5§ 8‘98‘19166%11%?6%@ Q&thﬁleﬁg o Nﬁ

col orl ess g pur i on a silica ge ng with
a step gﬁhﬂn@m&u@kwﬁﬂ@Agmwﬁﬁmgmmﬁﬁﬁﬂﬂukmmgmmmdmwbw%ﬂ%kEMdemV@ufuﬁmdsh t he

(. TR TP eale A0 ey f gy ot B el sgBfidin® 627510 2

[1, 2- cIpgroWunhmobzvlyniﬁﬁpyﬂszgkﬂnﬂz~Q$Oi(Nﬁ%ﬂoxetan 3 -yl)azetidin-3

- ypacet on |l e WO 2011/ 130146PCT/ US2011/ 031896 131 [00711] To a
suspenS| %6?] 3§\pr4 (7 (1 Wl\ésliﬁqxgggg &p&azoja

yDimidazo[1,2-¢c]pyrimidin-5-y1)-1H-pyrazol-1-yl)propanenitrile: To a flask charged with 7-

(1-methyl-1H-pyrazol-4-yl)-5-(3-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine (0.025 g,
0.090 mmol) and acrylonitrile (0.032 mL, 0.49 mmol) was added 1 mL of acetonitrile and
DBU (0.027 mL, 0.18 mmol) and the flask was sealed under nitrogen and allowed to proceed
at ambient temperature overnight. The reaction was diluted with 3 mL of DCM, loaded
directly onto a silica gel column and eluted with 1% MeOH in EtOAc containing 1% NH4OH
to afford a mixture of regioisomers from alkylation at N-1 and N-2. The mixture was
purified by silica gel chromatography, eluting with a gradient of 1.0-5.0% Me¢OH in DCM
with 0.5% NH4OH to afford the title compound (5.0 mg, 0.0150 mmol, 17% yield). MS
(apcl) m/z = 333.1 (M+H). The structure and regioisomer were confirmed by observed nOe
signals.
Example 107
3-(5-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidin-5-yl)- 1H-pyrazol-1-

yDpropanenitrile




c] pyrimdin-5-yl1)-1H pyrazol -1-yl)azetidi n-3-yl)acetonitrile hydrochl oride
(Exanple 62, 78.4 ng, 0.181 nmmol) in dry MeOH (1.0 nL) was sequentially
added 3- owetanore14639. 2 ng, 0.544 nmol) and acetic aci dPCO/UBR01I03189d he

m xture was stirred at anbient tenperature for 5 mnutes and sodi um
cyanobor ohydride (72.0 ng, 1.29 mmol )jaas added slowy in portions over 5
m nutes. The m xture was stirred at anbient tenperature for 16 hours and
addi ti on#l0738Jox et aTtmnele(cznipoen[ima/saﬂsﬁmtbéfromExaadﬂkem6 Sthis ming isvasr mamti nued

for 4 h d t Xt trated t T dual sol i d
wer o par DTG4 Ao G v o 3 bt VIR DS RGP Badea 1o

adj ust t Nel,0H toaffbal thE hle bXboure (WASmE,t0.0 1280wl i1B%baélH). |Iﬁl$€(ﬁ§01)/\ﬁfzﬁ—
honogene %JS the DCM | ayer was renoved and t he aqueous | ayer was extracted
with DCIVS SFhEVIDEM extracts were conbi ned and dried over Na2SO4. The
solution was eluted through a siliga 108 ug eluting with DCM 10%

MeOH Et OAC and then 20% 9: 1|Ve0I—V NH4 /Et OAc The 20% pool was
concent r atéd3 $7-51-818 g0lybyl Z SO VNG aazak lni ni nal
DCM and treat ed W t h Wg@fmttgﬂ@rggh@agg@ﬂpg q,[)aygwngtﬁlepr eci pi tate. The
suspensi on was concentTated (O aT ord the titre conpound (54 ng, 72%yi el d)
as a white solid. Ms (apci) mz = 416@ (M+H). Exanpl e 68

2-(3-(4-(7-(1- Met hyl- 1H pyrazol - 4-ypi {idazo

[1, 2-cl pyrimdin-5-y1)-1H pyrazol - N mj'\l- (pyrimdin-2-yl)azetidin-3
-yl )acetonitrile CNN—N[OO712]T0 ol utfon of

2-(3-(4-(7-(1-nethyl- 1H pyrazol - /yym dazo[ 1, 2- c]pyrimdin-5-yl)-

1H pyrazol -1 -yl)azetidin-3 -yl)atnétwnitrile hydrochl oride (Exanple 62; 30
ng, 0.069 mol) in acetonitrile ( % 069 mml ) was added K2CO3 (38 ny,
0.28 mmol ) and 2-bronopyrimdine (12 ,NNO 076 mml ). The reaction mxture
was heated to 45 C for 3 days. ilutjng in Et

washed wWil%3%Uat er ARy r i Adpagation o9 AUt 5\ PaCVaNon YN

filter edrn%ﬂﬁizl mnﬁ%slmw&lmomaz:wavﬁﬁm@l shyear- E%Qﬂheﬁﬁz&idlme 1The oi | was
purified reverse phase HPLC using 0-100% acetonitrile/water gradient to
afford 2%@@- rrserer. in thipmezppnngr §s15xampda Q9. Ster, Brrenlpiyng sarvppirge
-yl)-1H 6.1 ng,
200 yi ol O g R A EMEH ek K BaRIG BBy SN R P oo
2- (1- (2, gridditfll uor oet-tvyhjonBthyd)-3- Vil(niﬂmﬂe% h@f(l-mthlyH&pwiaZd Ml)lmmwdi@f 1,2-clp

I g P Al %&%ﬁé oy BRI SRR b 1, ht I @

pyri m di meﬁﬂyﬂ@&(ﬁpﬁ}xyﬂzaz@4—2]ﬂ\4ﬂﬂ)) azet| d| n-3 -yl)ac etonitrile hydr ochl ori de

e O, o™

trifluor m’@lm@na@bmﬂm@ §29 7 BﬂazcﬂnllﬁglmQ)trlﬂdkfrb@hvlheatdlﬁlﬂ)o 45 C for

2 hours, the reaction s_inconpl ete and anoth r portl
di f | uor oé‘i@@m&’r i ‘?rle%?%va A £718S dIaPRH 48 & xpppleo! ﬁg teps 89?’313 ‘??ﬁﬁﬁ’%)“ﬂ%?“added to
drive t Ob@@mls%ymmeﬁg?tsf L i4C@t(i1 Qb pRipy LAy e y BRI AP -BlpXitldn-BY 1)L ever se

phase HPLC af f orded 2-
(2, 2- di f Hovsephyhazstidinc-dzaboxylpte nytth teet-pytyh Adeyamopethyhidddzpethyl-4-(7-
[ 1, 2- c] pyy- iR, 3 dri.le (13.2
o, 4500y 001 el e D aa S (L 1) B e T

2- (3- (4- cabgxylatetornftbrd tHe pifle aoropouad YO I gl 8438 [mimgl, £1%yicidyi ¥Stapei) m/z =
-yl)-1Hp § 51 -yl)-1- ,3 ,3 -p entafluoropropyl)azetidin-3
-ypacetonitri e CN NN ,CF2 F3C/ N



[00714] To a solution of 2-(3-(4-(7-(1-methyl-1H pyrazol-4-yl)imdazo [1, 2-
c]pyrimdin-5-yl)-1H pyrazol -1 -yl )azetidin-3 -yl)ac etonitrile

hydr ochl owode11(Baampl e 62; 30.0 ng, 0.0694 mmol ) in acetomiusedli®3(8804 i alL
0.0694 mmol ) was added triethylamne (38.7 gL, 0.278 mol ) and
2,2,3,3,3-pent af | uoropropyl trifluoromthanesul fonate (39.1 ng, 0.139
nmmol ). The reaction m xture was heated to 45 C for 2 hours. The crude
reaction mxture was purified by ﬂhmnqﬂelmhase HPLC to afford

2-(3-(4-( .
ypi m dazo e i ?
opyl)azet|d|n3 ypacetonltrlIeH&BmﬁomgyD&bB&&ymﬂbd) VB (apC|) y4
(MtH) . 133 Exanmple 71 2-(3 -(4-(7-(1;nethyl-1H pyrazol -4-y0imdazo [1
,2-Ci pyrimdin-5 -yl)-1H pyrazol -1-W)-1- (2,2,2-trifluoro

et hyl )azetidi n-3-vflacetonitrile CN Z ---X CF3 [00715] To a sol ution
of 2-(3-(4-(7-(1-nmethyl-1H pyrazol -4-y1) \m dazo [1,2- c]
pyrimdin-5-y1)-1H pyrazol -1 -yl) ﬁNS -yl)ac etonitrile hydrochloride
(Exanple 62; 50 ng, 0.12 nml) in ac tonltrile (1.2 m, 0.12 nmol) was
added K2CO3 (48 ng, 0.35 mmol) agdw R, 2-trifluoroethyl
trifluoronethanesul fonate (30 L AN | ). The reaction m xture was
heated to 45 C for 15 hours, then cool el. AfFter diluting in water, the

m xture was extracted with Et0Ac. The conbi ned organic |ayers were dried
over Nbsﬁmﬂ4f'|tEQQQm%%QnQR@§§ﬂ$ﬁ@&§9aE@x%ﬁ@HQO6@MﬁJﬁ%Qﬁ&ﬁﬂfa lohiffe CTr ude
mat eri al reverse phase HPLC usin 0% acetonitril e/water gradi ent
af f or ded (33=yel4>p(0py1@qrywéttwiP@parpmnaEHpaﬁfosﬁh% Hilelgonapound £0.029 g, 0.0778
c]pyrim Y r Y 2,2-trifluoro ethypaz

etidin- 39ﬁ¥§§gg%%ﬁ%$t$¥(a% rm% :%%3%3§§?|eld) M5 (apci) mz 442.2 (MrH)

[ 00716] The conpounds of Table 7 wdtamplepdr ed according to the met hod of
£xanpl & Alo (o AL L. 5L AGy HIBGARRL RISy StALY 1 DY KA.y 11201 € 7

Ex. St Frocture

I

Dvrazol 1-yDpropanenitrile

/NTSN
NT
N\
[00742] Step A: Preparation of tert-butyl 4-(4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yDphenyl)piperidine-1-carboxylate: To a solution of tert-butyl 4-(4-bromophenyl)

piperidine-1-carboxylate (13.5 g, 39.7 mmol) in dioxane (40 mL) was added 4.,4,5,5-
tetramethyl-1,3,2-dioxaborolane (8.64 mL, 59.5 mmol) and triethylamine (16.6 mL, 119
mmol). The solution was purged with argon for 5 minutes. Dichlorobis(acetonitrile)
palladium (0.309 g, 1.19 mmol) and 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (1.95
g, 4.76 mmol) were then added, and the reaction mixture was again purged with argon for 5
minutes. The reaction mixture was then scaled and heated at 110 °C for 90 minutes. The
reaction mixture was cooled to ambient temperature and filtered through a glass fiber filter
paper. The filtrate was concentrated under reduced pressure and the residue purified by silica
gel column chromatography, cluting with 5-10% EtOAc in hexanes to afford tert-butyl 4-(4-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)piperidine-1-carboxylate (9.13 g, 23.6
mmol, 59.4% yield) as a solid. MS (apci) m/z = 288.3 (M+H-Boc).



NLLO N 2-(1-ethyl-3-(4-(7-(1-nethyl- 1H pyrazol-4-yl)imdazo[1, 2-
c]pyrimdin-5-yl1)-1H pyrazol 1-yl )azetidin-3-yl)acetonitrile (apci)mz=

388. 2 (MAWD 20R/1881™M6 N NLLN , 2,2'-(3-(4-(7-(1-nethyl- 1HPCT/US2011/031896

pyrazol -4-yl)im dazo[ 1, 2- c]pyrimdin-5-yl1)-1H pyrazol 1-yl)azetidi ne-1, 3-

di yl)di acetonitrile (apci)m z= 399.5 {4g¢H) 134 Ex. # Structure Nane M5 74
NN ' 2-(1-(3-fluoropropyl)-3-(4-(7- (1-nmethyl-1H pyrazol-4-

yl )i m dapuf7a3|2- ci WStep Bi Rirapabitioty bf byl &246(5-Oydydyamighiadl a3 ipytipadietioni tril e

(apci) m %1)&%%1%1&%'&%- 1=-carboxvlate: A flask charged with 7-chloroimidazo[1,2-c]pyrimidin-
5(6H)-one (Preparation H; 1.75 g, 10.3 mmol), tert-butyl 4-(4-(4.4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)piperidine-1-carboxylate (4.00 g, 10.3 mmol), potassium phosphate
(4.38 g, 20.6 mmol), dicyclohexyl(2’,4°,6’-triisopropylbiphenyl-2-yl)phosphine (0.738 g,
1.55 mmol), and tris(dibenzylideneacetone)dipalladium (0.473 g, 0.516 mmol) was
evacuated and backfilled with argon. Isopropanol (50 mL) and water (0.744 mL, 41.3 mmol)
were added. The reaction was fitted with a septum and argon was bubbled through the
reaction for 20 minutes before it was sealed and allowed to proceed at 90 °C for 6 hours. The
reaction was recharged with catalyst, argon was bubbled through for 10 minutes, and the
reaction was sealed and allowed to react at 90 °C for two days. The solvent was concentrated
under reduced pressure, 200 mL of 2:1 2.5M potassium hydroxide/methanol was added and
the reaction was stirred for 1 hour. A large amount of solids were observed so another 200
mL of the above mentioned mixture was added and much of the solid was dissolved. The
solid was collected by means of vacuum filtration through a pad of celite and was then
washed with 200 mL of the above mentioned mixture. The rinse was isolated and the pH was
adjusted with 1 M hydrochloric until pH=9. The resulting solids were collected by means of
vacuum filtration. This solid was taken up in 300 mL of water and allowed to stir for 30
minutes before the solid was collected by means of vacuum filtration and washed with water.
The solid was dried on high vacuum and triturated with methanol. The mixture was filtered
and the solid was dried under high vacuum to afford tert-butyl 4-(4-(5-hydroxyimidazo[1,2-
c]pyrimidin-7-yl)phenyl)piperidine-1-carboxylate (1.75 g, 4.44 mmol, 43.0% yield). MS
(apci) m/z = 395.2 (M+H).

[00744] Step C: Preparation of 7-(4-(piperidin-4-yl)phenyl)imidazo[1.2-c]pyrimidin-5-

ol: To a flask charged with tert-butyl 4-(4-(5-hydroxyimidazo[l,2-c]pyrimidin-7-
yDphenyl)piperidine-1-carboxylate (1.75 g, 4.44 mmol) in 40 mL of dichloromethane was
added 2,2,2-trifluoroacetic acid (15 mL, 195 mmol) at ambient temperature for 3 hours. The
solvent was concentrated under reduced pressure and the resulting crude was taken up in
methanol (10 mL) and to it was added aqueous saturated sodium bicarbonate slowly. The
resulting solid was collected by means of vacuum filtration and was dried overnight on high
vacuum. This solid was triturated with water (50 mL) and solids were collected by means of
vacuum filtration and dried on high vacuum to afford 7-(4-(piperidin-4-
yl)phenyl)imidazo[1,2-c]pyrimidin-5-ol (1.03 g, 3.50 mmol, 78.9% yicld). MS (apci) m/z =
295.1 (M+H).



75 N-N 2-(1-(but-2-ynyl)-3-(4-(7-(1- nethyl-1H pyrazol - 4-

yl)yimdazo[ 1, 2-c[pyrimdin-5- yl)-1H pyrazol -1-yl)azetidin3-yl)acetonitrile
(apci ) m zworai230M6H) = 76 N N-N N1\1 / --1\|" 2-(3-(4- PTT(UB20mat0bsde 1H-
pyrazol -4-yl )i m dazo[ 1, 2-

c] pyrimdin-5-yl1)-1H pyrazol 1-y1) - 1- (pop- 2-ynyl )azeti di n3-yl )acetonitrile
(apci)mz 398.2 (MtH) = 77 ON NN 1 2-(1-(2-fluoroethyl)-3-(4-(7-

(1- met hy[00Z#B]pyr azitp 4b: yirypanitidaz of 17-24-Cl-mgthiyipipdiridinSt-yl)phenyl)imidazo[1.2-

y1) - 1H-pyr azol it st 328t 1A n3- ylhacet onid v et 2R T Boneotyididaditih- = 78
c]pyrimidin-5-ol (1.03 g, 3.50 mmol) in tetrahydrofuran (35 mL) and N,N-dimethylacetamide
(2.5 mL) was added formaldehyde (5.21 mL, 70.0 mmol) followed by sodium

triacetoxyborohydride (3.71 g, 17.5 mmol) and the reaction was allowed proceed at ambient
temperature with stirring under nitrogen for 30 minutes. Aqueous saturated sodium
bicarbonate was added slowly and gas evolution was observed. To the aqueous was added
dichloromethane (100 mL) and a thick white precipitate was observed. The organic was
collected and a second extraction with dichloromethane yielded a homogenous milky
mixture. The biphasic mixture was filtered and the solid was washed with dichloromethane
and retained. The biphasic mixture was separated and the aqueous was extracted with DCM.
The organic layers were combined, dried over Na,SOy, filtered, and concentrated under
reduced pressure. The resulting crude material was triturated with diethyl ether and the
resulting solids were collected by means of vacuum filtration. The two crops of solids were
combined to afford 7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-c]pyrimidin-5-o0l (0.935
g, 3.03 mmol, 86.6% yield). MS (apci) m/z =309.2 (M+H).

[00746] Step E: Preparation of 5-chloro-7-(4-(1-methylpiperidin-4-

yDphenyl)imidazo[1.2-c]pyrimidine: To a suspension of 7-(4-(1-methylpiperidin-4-

yl)phenyl)imidazo[1,2-c]pyrimidin-5(6H)-one (0.728 g, 2.361 mmol) in phosphoryl
trichloride (12 mL, 131.1 mmol) under nitrogen was added N,N-diethylaniline (0.9390 mL,
5.902 mmol). The reaction was then heated to 50 °C for 4 hours. The reaction was
concentrated, and the residue obtained was treated with 15 mL of a 1:1 mixture of ice and
saturated aqueous sodium bicarbonate.  The resulting mixture was extracted with
dichloromethane (4 x 30 mL). The combined organic layers were dried over MgSQO,, filtered,
and concentrated under reduced pressure. The residue obtained was triturated with diethyl
ether and the solid was collected by means of vacuum filtration. The solid was saved. The
filtrate was concentrated and the resulting residue purified by silica gel column
chromatography, eluting with 20% methanol in dichloromethane. The product-containing
fractions were concentrated under reduced pressure and the material was combined with the
triturated  solid to afford 5-chloro-7-(4-(1-methylpiperdin-4-yl)phenyl)imidzo[1,2-
c]pyrimidine (550 mg, 1.68 mmol, 63% yield). MS (apci) m/z =327.1 (M+H).

[00747] Step F: Preparation of 7-(4-(1-methylpiperidin-4-yl)phenyl)-5-(1H-pyrazol-4-

ylimidazo[1.2-c]pyrimidine: 5-Chloro-7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[ 1,2-
c]pyrimidine (0.120 g, 0.367 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-




NNN/ N .- 3-(3-(cyanonethyl)-3-(4-(7- (1-nethyl-1H pyrazol -4-

yl)im dazo[ 1, 2-ci pyri m di n-5-

yl) - 1H pywezol/1Bews) azet i di nl-yl ) propanenitril e (apci) nmPZTAK2012/08188¢1) = 79
FNNNF (.N---14 2-(1-(1, 3-difluoropropan-2- y1)-3-(4-(7-(1-nethyl-1H
pyrazol -4-yl )i m dazo[ 1, 2- 151

clpyrimdin-5-yl1)-1H pyrazol 1-yl )azetidin-3-yl)acetonitrile (apci)mz 438.3
(MtH) = pi3%olEX0.167 S rluttlumenoNanmd IpBtassium carbonate (0.152 g, 1.10 mmol) were

suspended in a mixture of DME (5 mL) and water (2 mL) and purged with argon for 5
minutes. Tetrakis(triphenylphosphine)palladium (0) (0.02121 g, 0.01836 mmol) was added
and the reaction sealed and heated at 100 °C for 18 hours. The reaction mixture was cooled
to ambient temperature and diluted with water and filtered. The solids were washed with
acetone and then dried under high vacuum to afford 7-(4-(1-methylpiperidin-4-yl)phenyl)-5-
(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine (0.0310 g, 0.0865 mmol, 23.55% yield). MS
(apc1) m/z = 359.2 (M+H).

[00748] Step G: Preparation of 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-

yDphenyl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile: 7-(4-(1-

Methylpiperidin-4-yl)phenyl)-5-(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine (0.130 g, 0.363
mmol) and 3-cyclopentylacrylonitrile (Table 1, compound g; 0.220 g, 1.81 mmol) were
suspended in DMF (10 mL) and 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepine (0.2169
mL, 1.451 mmol) added in one portion. The reaction mixture was stirred at ambient
temperature for 66 hours. The reaction mixture was partitioned between saturated aqueous 1
N NaOH and EtOAc. The organics were washed with brine, dried over MgSQO,4 and
concentrated under reduced pressure to afford the crude material, which was purified by flash
column chromatography (cluant: 2 - 6 % (9:1, MecOH:NH,OH) / DCM) to furnish 3-
cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile (0.096 g, 0.200 mmol, 55.19% yield). MS (apci) m/z = 480.3
(M+H).
Example 111
Enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-

cJpyrimidin-5-y1)-1H-pyrazol- 1-y)propanenitrile (Peak 1)

[00749] 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (Example 110; 0.010 g, 0.021 mmol) was
separated by chiral HPLC (Chiral Tech. OD-H; 2.2 ¢m x 250 mm; 220 nm, 12 mL/min; 40%

Ethanol:60% Hexanes). Peak 1 was isolated to afford a single Enantiomer 1 of 3-



80 N-N..... ,N- N 2-(3-(4-(7-(1-nmethyl-1H pyrazol-4-yl)imdazo [1, 2-
c]pyrimdin-5-yl)-1H pyrazol - 1-y1)-1-(2, 2, 3, 3-

tetrafl uowoppnoppbidazeti di n-3- yl)acetonitrile (apci)nl zPETAIS20110B514p6 =
Example 81 2 (3 (4 (7 (1 nethyl-1Hpyrazo 1-4-yl)imdazo [1 ,2-cC
pyrimdin-5 -yl)-1H pyrazol -1-y1)-1- ppopyl azetidin-3 -yl)acetonitrile
---N[00717]In a 2 nL flask, 2-(3-(4-(7-(1-nmethyl-1H pyrazol-4-yl)im dazo
[1,2- O pyuldpash@l-&—(yyqélyelhhbtpylp@mdﬁnﬁ vlyhyedhiddiait 3-cipphihadinetdpibr i | e

(350°aL, PE 6T TR oo cildh M etk TS (USAL, 0 14 0l ).

f ol | owed by pr opi onal dehyde (25 |a1xanq)l«3512mrol) After stirring for 30
m nut es, NaBH( OAc) 0 . i on was

conplete FRARMQENC - extract ed

with Et OAc. The or 9%'IHV@lrﬂleﬁﬁgtvlm-p%&eﬂvmbrbﬁhn@ﬁﬁrﬂ@(Pe@]& Q)ed with MySO4,

filtered and concentrated i n vacuo. The residue was purified by reverse

phase HPLC using a 0-100% acetoni t e/ water gradient to afford
2-(3-(4-(7-(1-met hyl- 1H pyrazol - 4-yQi nydazo- [1 ,2-clpyrimdin-5

-y1)-1H pyrazol 1-y1) - 1- propyl azet | di/n-3- yI)acetonltrlle (7.1 my, 51%yield)

as a white solid. Ms (apci) mz =¢49p2.2 (M+H). [00718] The conpounds of

Tabl e 8 were prepared accordi ng to[the nethod of Exanple 81 (reductive

am nation) using the appropria%¢~ rting materials. 136 Table 8 Ex. #

Structure Nane MS =

N ~
[00750] 3-Cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (Example 110; 0.010 g, 0.021 mmol) was
separated by chiral HPLC (Chiral Tech. OD-H; 2.2 ¢m x 250 mm; 220 nm, 12 mL/min; 40%
Ethanol:60% Hexanes). Peak 2 was isolated to afford a single Enantiomer 2 of 3-
cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile (3.6 mg, 36% yield). MS (apci) m/z = 480.3 (M+H).
Example 113
3-Cyclopentyl-3-(4-(7-(4-morpholinophenylimidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-

yl)propanenitrile

N/J\/\QN/\O

[00751] Step A: Preparation of 4-(4-(5-(methylthio)imidazo[1.2-c]pyrimidin-7-

yDphenyl)morpholine: A suspension of 7-chloro-5-(methylthio)imidazo[1,2-c]pyrimidine

hydrochloride (1.85 g, 7.83 mmol; Preparation H, Step A), 4-morpholinophenylboronic acid
(1.78 g, 8.62 mmol) and potassium phosphate (3.33 g, 15.7 mmol) in isopropanol (25 mL)
was purged with argon for 5 minutes, and then Pd,dba; (0.717 g, 0.783 mmol) and XPHOS
(1.49 g, 3.13 mmol) were added. The reaction was again purged for 5 minutes with argon

before being sealed and heated to 90 °C for 18 hours. The reaction mixture was diluted with



82 frN NNN-K -- - 2-(1-isopropyl-3-(4-(7-(21-nethyl -

1H pyrazol - 4-yei m dazo[ 1, 2- clpyrimdin-5-yl)-1H pyrazol -1-

yl )azet|dw02311y/1|3§mseton|tr| l e (apci)m z 402.2 (M+H) 8BCT/US2011/031896
T W ,3__. z--z\ z 2-(1-nethyl- 3(4(7(1 rrethyl

1H- pyrazol - 4- yI )i mdazo[ 1, 2- cl pyrimgin-5-yl)-1H pyrazol -
yl)azeti di n- 3- yl)acetonltrl le (apci)mz 374.2 (MtH) = 84 N-Nl -
2- (1- (cyElpe O?[Sylhhjaaﬂdyﬂil)er& (Bhe( fMltrate Ivasebhgehtrdrbd ptydeaZ@iluee@l-pressure and the

))C: g ;g‘e? g%ﬁ%{d}l? %_gta g%gvla§ Pﬂr eg%zys%l c(al\&c_tgﬁ rlfrn(‘f1 %l(l)rlomatogra?)lgf1 utlng w1t% 10-15-20%
acctone in  DCM to afford  4-(4-(5-(methylthio)imidazo[1,2-c]pyrimidin-7-
yDphenyl)morpholine (0.663g, 25.9% yield) as a yellow solid. MS (apci) m/z = 327.1
(M+H).

[00752] Step B: Preparation of 7-(4-morpholinophenyl)imidazo[l.2-c]pyrimidin-
5(6H)-one: 4-(4-(5-(methylthio)imidazo[1,2-c]pyrimidin-7-yl)phenyl)morpholine (0.4000 g,
1.225 mmol) and potassium hydroxide (1.021 mL, 6.127 mmol) were suspended in DMSO (3

mL) and heated at 100 °C for 1.5 hours in a microwave. The reaction mixture was diluted
with water (40 mL) and acidified with acetic acid (1.052 mL, 18.38 mmol). The resulting
solids were collected by filtration and dried under high vacuum to afford 7-(4-
morpholinophenyl)imidazo[1,2-c]pyrimidin-5(6H)-one (0.3460 g, 95.28% yield). MS (apci)
m/z=297.2 (M+H).

[00753] Step  C: Preparation  of  4-(4-(5-chloroimidazo[1,2-c]pyrimidin-7-

yDphenyl)morpholine: A suspension of 7-(4-morpholinophenyl)imidazo[1,2-c]pyrimidin-5-ol
(0.500 g, 1.69 mmol) in POCl; (1.54 mL, 16.9 mmol) was heated to 100 °C and allowed to

proceed overnight. The reaction was transferred to a flask with dichloromethane and the
organics were concentrated under reduced pressure. To the crude material was added water
and the mixture was stirred for 20 minutes at ambient temperature before it was neutralized
with IN NaOH to a pH of 7. The solids were collected by vacuum filtration and washed with
water. The solids were purified by silica gel column chromatography cluting with 15%
acetone in  dichloromethane to  afford 4-(4-(5-chloroimidazo[1,2-c]pyrimidin-7-
yDphenyl)morpholine (0.0400 g, 0.127 mmol, 7.53% yield). MS (apci) m/z=315.1 (M+H).

[00754] Step D: Preparation of 4-(4-(5-(1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidin-7-

yDphenylymorpholine: 4-(4-(5-Chloroimidazo[ 1,2-c]pyrimidin-7-yl)phenyl)morpholine
(0.0400 g, 0.127 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole

(0.0370 g, 0.191 mmol) and potassium carbonate (0.0527 g, 0.381 mmol) were suspended in
a mixture of DME (2 mL) and water (I mL) and de-gassed with argon for 5 minutes.
Tetrakis(triphenylphosphine)palladium (0) (0.00734 g, 0.00635 mmol) was added and the
reaction scaled and heated at 100 °C for 2 hours. The reaction mixture was concentrated
under reduced pressure. The residue was partitioned between saturated aqueous NaHCOs
and EtOAc. The organics were washed with brine, dried, MgSO4 and concentrated under
reduced pressure to afford the crude material, which was purified by flash column

chromatography (eluant: 0.5 % - 6 % (9:1 MeOH:NH4OH)/ DCM) to furnish 4-(4-(5-(1H-



=8 N Z 2-(1-isobutyl-3-(4-(7-(2-nmethyl- 1H pyrazol-4-yl)imdazo[1l, 2-
clpyrimdin-5-yl1)-1H pyrazol -1- yl)azetidin-3-yl)acetonitrile (apci)mz
416. 2 (MWD 2611880ms<>, ' f)-( z-z c.. z 2-(3-(4-(7-(1-meCpB2@kopssp@zol -
4-yl)imdazo[ 1, 2-cipyrimdin-5- yl)-1H pyrazol -1-y1)-1-(3, 3, 3-
trifluoropropyl)azetidin-3- yl)acetonjsyrile (apci)m z 456.2 (M+H) = 87 z,
z fydz \ z.-z---"1 ¢ Z 2-(1-(cyclobutyl nethyl)-3-(4-(7-

( 1- et hy byratél gyylamalazefd ,2-c]pyrimidin-7-yl)phenylymorpholine (0.0160 g, 0.046 mmol, 36.4%

yl)im da§l%[d:}', %isc('aﬁ’é{)réy@i:déﬁﬁ(ﬁ%& pyrazol -1-yl)azetidin-3- yl)acetonitrile

[00755] Step E: Preparation of 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)

imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile: 4-(4-(5-(1H-Pyrazol-4-

ylimidazo[1,2-c]pyrimidin-7-yl)phenyl)morpholine (0.0300 g, 0.0866 mmol) and 3-
cyclopentylacrylonitrile (Table 1, compound g; 0.0175 g, 0.144 mmol) were suspended in
DMF (3 mL) and 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]Jazepine (0.0324 mL, 0.217
mmol) added in one portion. The reaction mixture was stirred at ambient temperature over
the weekend. The reaction mixture was partitioned between saturated aqueous 1 N NaOH
and EtOAc. The solids were isolated by filtration. The organics were washed with brine,
dried over MgSO, and concentrated under reduced pressure to afford the crude material,
which was purified by flash column chromatography (cluant: 0.5 - 3 % (9:1,
MeOH:NH4OH)/DCM) to provide 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (0.0190 g, 0.04064 mmol, 46.9% yield).
MS (apci) m/z = 468.2 (M+H).
Example 114

Enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1.2-¢c]pyrimidin-5-yl)-

1H-pyrazol-1-yDpropanenitrile (Peak 1)

Q\///N

N—N
X
(/\N =N
N
0]
[00756] 3-Cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile (Example 113; 0.015 g, 0.032 mmol) was separated by chiral
HPLC (Chiral Tech. OD-H; 2.2 ¢cm x 250 mm; 220 nm, 21 mL/min; 50% Ethanol: 50%
Hexanes). Peak 1 was isolated to afford the single enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-
(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-c [pyrimidin-5-yl)- 1H-pyrazol-1-
yl)propanenitrile (6.0 mg, 40% yield). MS (apci) m/z = 468.2 (M+H).

4
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Example 115

Enantiomer 2 of 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1.2-c]pyrimidin-5-yl)-

1H-pyrazol-1-vDpropanenitrile (Peak 2)

N—N
X
(/\N SN
N
o)
[00757] 3-Cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[1,2-c]pyrimidin-5-yl)-

1H-pyrazol-1-yl)propanenitrile (Example 113; 0.015 g, 0.032 mmol) was separated by chiral
HPLC (Chiral Tech. OD-H; 2.2 ¢m x 250 mm; 220 nm, 21 mL/min; 50% Ethanol: 50%
Hexanes). Peak 2 was isolated to afford the single Enantiomer 2 of 3-cyclopentyl-3-(4-(7-(4-
(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
ylD)propanenitrile (5.0 mg, 33% yield). MS (apci) m/z = 468.2 (M+H).

[00758] The compounds of Table 9 were prepared according to the method of Example

113 using the appropriate starting materials.

Table 9
Ex. # Structure Name MS
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N
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/NN
Na\/\©\
N
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Example 121

3-Cyclopentyl-3-(3-methyl-4-(7-(4-morpholinophenvl)imidazo[1.2-c]pyrimidin-5-yl)-1H-

0759]

pyrazol-

1-yD)propanenitrile

Step A:

o)

Preparation of 4-(4-(5-(3-methvyl-1H-pyrazol-4-vl)imidazo[1.2-

4-(4-(5-Chloroimidazo[1,2-c]pyrimidin-7-yl)phenyl)

morpholine (Example 113, Step D) (0.120 g, 0.381 mmol), 5-methyl-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-1H-pyrazole (0.119 g, 0.572 mmol) and potassium carbonate (0.158

g, 1.144 mmol) were suspended in a mixture of DME (5 mL) and water (2 mL) and de-gassed
with Ar(g). Tetrakis(triphenylphosphine)palladium (0) (0.0220 g, 0.0191 mmol) was added



pyrazol - 1-ypazeti di n- 3-yOacetonitrile (4.8 ng, 0.010 nmol, 58%yield) as a
light yellowoil. MS (apci) mz = 466.6 (MtH). [00721] The conpounds of

Tabl e 9 woeorepared accordi ng to the net hod of Exanpl @CIwsesliiogispére
appropriate starting materials. Table 9 Ex. # Structure Nane M5 92 2
NN""---- 0 NNN-- -. , 2-(3-(4-(7-1(5%-net hyl-1H

pyrazol -4-yl )i m dazoll, 2-

cl pyri m dndthbryutierl bdafeylraad dbatddy dr) H0O-°Crfet hibeul Toaydaydoemixtirnwds diluted

)2” % gc(e'zon Elr L& @ﬁ@%sgf& %"Bgl Pi\%& e vfll_%hle%%atﬁgﬁgéannckza_l}ﬂl\d%za _ufléer high V&Clll\lll-l’l-l - N
clpyrimejn- 5 y 1)affbldt pyr az ol 4-{-(5%3 )methyl pHopyhHUHfyOMmtidh e BRicliyRinmddin-7-

| )acetonjtrile
yh O ey iSmorpholine (0.0660 g, 0.1831 mmol. 48.0% yield). MS (apci) m/z = 361.1 (M-+H).

[00760] Step B: Preparation of 3-cyclopentyl-3-(3-methyl-4-(7-(4-morpholinophenyl)

imidazo[1.2-c]pyrimidin-5-vl)-1H-pyrazol-1-yl)propanenitrile: 4-(4-(5-(3-methyl-1H-

pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-7-yl)phenyl)morpholine (0.0690 g, 0.191 mmol), 3-
cyclopentylacrylonitrile (Table 1, compound g; 0.0696 g, 0.574 mmol) and DBU 0.0661 mL,
0.479 mmol) were suspended in DMF (3 mL) and stirred overnight. The reaction mixture
was partitioned between saturated aqueous NaHCO; and EtOAc. The organics were washed
with brine, dried, MgSO, and concentrated under reduced pressure to afford the crude
material, which was purified by flash column chromatography (eluant: 0.5 - 2 % (9:1,
MeOH:NH,OH)/DCM) to furnish 3-cyclopentyl-3-(3-methyl-4-(7-(4-morpholinophenyl)
imidazo| 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (0.0380 g, 0.078905 mmol,
41.2% yield). MS (apci) m/z = 482.2 (M+H).
Example 122

N-tert-butyl-5-(1-(2-cyano-1-cyclopropylethvl)-1H-pyrazol-4-yl)imidazo[1.2-cJpyrimidine-7-

carboxamide

ww
N—N
%
[00761] Step A: Preparation of methyl 5-(1H-pyrazol-4-yl)imidazo[1.2-¢|pyrimidine-
7-carboxylate  hydrochloride: In a 100 mL flask, methyl 5-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine-7-carboxylate
(0.477 g, 1.28 mmol) (Example 45; Step C) was dissolved in DCM (12.8 mL, 1.28 mmol). To
this was added 4N HCI in dioxane (4.79 mL, 19.2 mmol). After stirring at ambient
temperature for 4 hours, the reaction mixture was concentrated down to remove solvents.
The resultant solid was diluted in DCM, sonicated and filtered to afford 0.363 g (100% yield)
of the HCI salt as a light yellow solid. MS (apci) m/z =244.3 (M+H).

[00762] Step B: Preparation of methyl 5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-

4-yl)imidazo[1.2-c]pyrimidine-7-carboxylate: In a 100 mL flask, methyl 5-(1H-pyrazol-4-




(apci)m z= 466.2 (M+H) 139 Ex. # Structure Name M5 94 9 0_, 0z , zsi ,
<, 2-(1-(cycl ohexylsulfonyl)-3-(4- (7-(1-nethyl-1H pyrazol -4-
yl )i m dazwp2op/sipygri m di n-5- yl1)-1H pyrazol - 1-yl ) azet i #iCmAB2011/031896
yl)acetonitrile (apci)mz 506.2 (MtH) = 95 0l z zlyz
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yl)imidazo[1,2-c]pyrimidine-7-carboxylate hydrochloride (0.300 g, 1.07 mmol) and 3-
cyclopropylacrylonitrile (Preparation B; 0.300 g, 3.22 mmol) were suspended in DMF (5.36
mL, 1.07 mmol) and DBU (0.722 mL, 4.83 mmol) added in one portion. The reaction
mixture was stirred at ambient temperature for 15 hours. The reaction mixture was diluted in
EtOAc and washed with water and brine. The combined organic layers were dried over
MgSQy, filtered, and concentrated down to a yellow oil. Purification of the crude material by
silica chromatography using a gradient of 50-100% EtOAc afforded methyl 5-(1-(2-cyano-1-
cyclopropylethyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine-7-carboxylate (0.127 g, 0.378
mmol, 35.2% yield) as a yellow oil. MS (apci) m/z=1337.2 (M+H).
[00763] Step C: Preparation of 5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-

yl)imidazo[1.2-c]pyrimidine-7-carboxylic acid: In a 20 mL flask, methyl 5-(1-(2-cyano-1-

cyclopropylethyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine-7-carboxylate (0.127 g, 0.378
mmol) was dissolved in MeOH (1.89 mL, 0.378 mmol) and treated with LiOH (0.755 mL,
0.755 mmol). The reaction mixture was stirred at ambient temperature for 1 hour, then
concentrated down to dryness and used directly in the next step. MS (apci) m/z = 323.1
(M+H).

[00764] Step D: Preparation of N-tert-butyl-5-(1-(2-cyano-1-cyclopropylethyl)-1H-

pyrazol-4-yl)imidazo [1.2-c]pyrimidine-7-carboxamide: In a 2 mL flask, 5-(1-(2-cyano-1-

cyclopropylethyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine-7-carboxylic acid (6.5 mg,
0.020 mmol) and HATU (9.2 mg, 0.024 mmol) were dissolved in DMF (101 uL, 0.020
mmol). After 5 minutes, 2-methylpropan-2-amine (4.4 mg, 0.061 mmol) and
diisopropylethylamine (11 pL, 0.061 mmol) were added and the reaction mixture stirred at
ambient temperature for 45 minutes. The reaction mixture was diluted in EtOAc and washed
with water, saturated sodium bicarbonate, water and brine. The organic layer was dried over
MgSQ,, filtered and concentrated in vacuo. The crude material was purified by reverse phase
HPLC using a gradient of 40-100% acetonitrile/water to afford N-tert-butyl-5-(1-(2-cyano-1-
cyclopropylethyl)-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine-7-carboxamide (1.0 mg, 0.0026
mmol, 13% yield). MS (apci) m/z = 378.3 (M+H).



2-(1-(cycl opropyl sul fonyl)-3- (4- (7-(1-methyl-1H pyrazol -

yl)imdazo[ 1, 2-c[pyri mdin-5- yl)-1H pyrazol -1-yl)azetidin- 3-
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2-(3-(4-(7-(1-methyl-1H pyrazol -4-yl)imdazo [1, 2-
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[00765] Prepared according to the method of Example 122 Step G, replacing

methylpropan-2-amine with cyclohexanamine (9.2 mg, 0.093 mmol) to afford 5.5 mg (44%
yield). MS (apci) m/z = 404.2 (M+H).
Example 124
5-(1-(2-Cyano-1-cyclopropylethyl)-1H-pyrazol-4-y1)-N-cyclobutylimidazo[1.,2-

c]pyrimidine-7-carboxamide

J\)W O

[00766] Prepared according to the method of Example 122 Step G, replacing

methylpropan-2-amine with cyclobutanamine (6.62 mg, 0.0931 mmol) to afford 7.8 mg (67%
yield). MS (apci) m/z = 376.3 (M+H).
Example 125

5-(1-(2-cyano-1-cyclopropylethvD)-1H-pyrazol-4-yD)-N-(pyridin-2-yl)imidazo[ 1 .2-

clpyrimidine-7-carboxamide

(/\N SN
NM(N N
NG



. F 2-(3-(4-(7-(1-methyl-1H pyrazol -4-yl)imdazo [1, 2-
yl)-1Hpyrazol -1y1)-1-(3, 3, 3-

0-- ,N- ---N 99 NN.-
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[00767] Prepared according to the method of Example 122 Step G, replacing
methylpropan-2-amine with pyridin-2-amine (10.5 mg, 0.112 mmol) and heating to 80 °C for
2 days to afford 3.2 mg (22% yield). MS (apci) m/z =399.2 (M+H).

Example 126
3-Cyclopropyl-3-(3-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrrol-

1-yD)propanenitrile
D’fN

N

9

/NS

NESNE NN
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[00768] Prepared in the same manner as Preparation O, Step B, replacing tert-butyl 3-
(cyanomethylene)azetidine-1-carboxylate with 3-cyclopropylacrylonitrile (Preparation B) to
afford the title compound (0.010 g, 0.026 mmol, 23% yield). MS (apci) m/z = 358.1 (M+H).
Example 127
2-(3-(3-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrrol-1-

ylazetidin-3-yl)acetonitrile trifluoroacetate
N==
/ P
CF5COOH
~

(/\NN

[00769] To a solution of tert-butyl 3-(cyanomethyl)-3-(3-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrrol-1-yl)azetidine-1-carboxylate  (Preparation O,
79.0 mg, 0.172 mmol) in dry DCM (1.5 mL) was added trifluoroacetic acid (2 mL) and the
mixture stirred at ambient temperature for 3 hours. The mixture was concentrated and the
residual gel was treated with EtOAc and sonicated until a white suspension. The EtOAc was
decanted, the residual solid was washed with EtOAc and dried in vacuum to afford the title
compound (trifluoroacetate salt, 100 mg, 99% yield) as an ivory white solid. MS (apci) m/z
=359.2.
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21 .... pl-- N2-(3-(4-(7-(21-methyl-1H pyrazol -4-yl)imdazo [1, 2-
clpyrimdin-5-yl1)-1H pyrazol -1- yl1)-1-(phenyl sul fonyl)azeti di n- 3-

yl ) acet orwOnroie3fapci )nml z 500. 2 (MtH) = 140 Exanpl e 10@CZAIS2011/031896
-(4-(7-(1-1sopropyl-1 -H pyrazol-4-yl)imdazo [1 ,2-clpyrimdin-5

-yl)-1H pyrazol -1-y1)-1 - (2,2,2-trifijggoro ethyl)azetidin-3-yl)acetonitrile
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rimdirazol - ) at e
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[00771] Step A: Preparation of 3-(4.4.5,5-tetramethyl-1.3,2-dioxaborolan-2-yl)-1-((2-
(trimethylsilyvl)ethoxy)methyl)-1H-pyrazole: A solution of 3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (250 mg, 1.3 mmol) in dry DMF (2.6 mL) was cooled to 0

°C and NaH (77 mg, 1.9 mmol) was added in one portion. The mixture was warmed at

ambient temperature for 30 minutes, then cooled to 0 °C and 2-(Trimethylsilyl)ethoxymethyl



2-(3-(4-(7-(1-1sopropyl-1H pyrazol -4-yl)imdazor1, 2-cl pyri mdin-5-yl1)-1H py
razol -1-yl1)-1- ftrifluoronethyl sul fonyl)azetidine-3-yl)acetonitrile N//

[ 00725] Towe 2b11zsbi46har ged wit h PCT/US2011/031896
2-(3-(4-(7-(1-isopropyl-1H pyrazol -4-yl)imdazo [1, 2- c]

pyrimdin-5-yl1l)-1H pyrazol -1 -yl )azetjgdin-3-yl)ac etonitrile hydrochl oride
(Exanple 100 Step B; 0.050 g, 0.1006 nmol) and TEA (0.08416 ni, 0.6038
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DCM (2 ﬂﬁ])t)xﬂj’d)(ﬁblﬁﬂlwl)l-Dﬁd?ﬁn@tlfyﬁﬂ&l)éthﬁ@?jlﬁetﬁylb-ﬂH?)y@dld#ee| ut(w(tw{n%fmylﬁﬁyg et hyl .
acetate I n xane W t o.alfmoni.um Qr e | e CO oun
(0.018 g¢th eX>8 &m’ym@ Jﬁ%rww&)dy w@ &géﬁrwﬂwisﬂésggéwim@km garrpl e
102 2- (3pyaAdd wa£ &swﬁieay frhmeaéﬁdn mixtd Wa ek Red with €018 |sat9156fe'df’£hﬁiﬁd?m§n

-vl) - 1H—pyrazo| -vl - trifluoroethyl)azetidin-3-yl)acetonitrile
CF 3 § chloride (5|\1}11Em¢213]1 @@th@tszr%p@ﬁ were ggparated and extracted with another

2- et hyl 3si6p 0@%42)’ (e 'dgﬁltbméhsdré%m ESIQO%XS) WEHBY Wit brine, drled with M
1H—pyra28 -4-yl | |mdazo[1 2-cl pyrimdin-7-yQhi azol e: | ask ch%rged W th

7- chl or ofiBergd and goppentrated down to a clear oil. The crude mixture was taken onto the next step

((2-(tri t vl azol -4-yl)im dazo
[1, 2-C] p)%tlur;lnl}{ .ﬁfﬁﬁ%ﬁ%@p@?ﬁ%@%% %2' g%p%f) 0.572 mml ) and
2- et hyl {(EWQZ]H netSg st aSnnyCPm;amndre (@f 1657-¢l.-mEth G2 BH-ypymakq|-dnely-S € V-a@uat ed
and back t| 11 ed | bef . :
bubbl ed tHPSHEHIYL o5 AR B dRey ¢
(0.0523 gH- tﬁfraﬁ51742 Vm’m(ll)( ( Bﬁdmethvlsﬂvl)ethoxv)methvl) lH-Dvrazol 5 Vl)lmldazofl 2-

di cycl ohe 2., 4 -trllsopro |_bi ) hine. (0,0545 g, 0.114
mol ) mﬁﬁﬁé@é@ é@ew-ms-ms% B aﬁ‘el-ﬂyjéwntl%é lﬁ%@ YgRdigr PIepapiftit es.
The react;i onobl ag, vvetsmealrﬁ%@md 3t(aat,£51teh@ma,t@91 3 i didkaBdrolahi2ng)-1-90- 2
hours. The reaction mixture was | oaded directly onto a silica gel colum

pre- wet t étamﬁmlszéyleﬁt@&ymtwlhHérpamzxélﬁt(s@t) 252080080 @6+ MMbetlsn eONHRIAL 196
amoni umhyd rlg'/qé) @ﬁmtefhy@ﬁ;l rt}l?ox%}ﬂ%@ltlﬁyi—H%yﬁaéolcél-}iﬁ)él%mc acid), and KiPO; (273

(trimethylsil et hoxy) ne 1H-pyrazo )i mdazo |1,
c] pyri m dign1Z8ythinph veere sespCBdelog dyoxane 47.54 mbp| 0.4Z83mugd )y ilel this, wagaddagci ) ni z

g_ ?é?( il—l? %@ 2 {4_@%_7&% ]q%nzggaz O?li?oglfagziegit;# I%%l ! nf)gv_v?/tis. _The reaction mixture was

2 met hyl téntadzal7@: @ﬁmetlﬁylbuﬂs The pe@(ﬂ:ion mixture was then diluted in EtOAc and washed

((2-(trine | si | Xy) nmet razol
R e
of DCM bedicabe TEEAreélﬂtaﬁt n‘&s;ldu26w@s rpmlﬁ}d Vl@s sﬂﬁde@rahmgryplat umg)m tOem%er ature.

The reac t i r at roomtenperat.ur

feact | on MO HER GleteBie afprb e a7 dE ot ok beLiaib Tt SIdr e
crude matHei)alz =Bhe2¢xmueg material was purified via colum chromatography,
eluting with 5% MeOH i n DCMvmth 1%NH4C]—| to afford the title corrpound

(0. 087 gl00843l905 viEtry) C: MBronarséion @ aeth 1 : t3-

Pr epar at kf@&l@efzotlef ETD%)ﬁlme?’hx(d?dé‘ﬁfb@iH@t "hiél ﬁnx%uré %f ﬁs%m(e?s ('fﬁ@b)gl 'l)@'()@-%ﬂho@'

yO m dazo[ I, yrim din- I\Sc) yrazol - -yl )azetidine-I|-carboxyl ate
- 2. Met hyfrogl_ %tgp \yere dlssolved in DCM (1 5 rnL 0.302 rnmol and treated with 4N HCI in

-((2-(tr Hf&&{y 1%'1 c}lfm% } tm'hh'gQ G %Lt t% él'r)afupg 90?79@ minutes,
7‘X th| azo' le % I@E F\}S

th
[1,2-c]pyrim Was reacted inm the sane
manner aseammnqgixeur&tyas SveEn@teép a@nupgo 3fford 7-(1-methyl-1H-pyrazol-4- yl) 5- (lH-

o boxy) aby pbrep SRR R G B BB AR P S eBbdSe
tert-but yéllo&f(odnylaMSr(rqicbyiﬂy~&664-(w{{)( 2- net hyl t hi azol -5 -yl )i m dazo [1,2-
clpyrim ?dﬂg ﬂ_ y1) S]‘Eep FB” %reparatlorY (2fa tert- {)utgl g (cvanomethvl) 3-(3-(7-(1-methyl-1H-

pyrazol-4-yl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate: ~ 7-(1-

Methyl-1H-pyrazol-4-yl)-5-(1H-pyrazol-3-yl)imidazo[1,2-c]pyrimidine hydrochloride (50.2
mg, 0.148 mmol) and tert-butyl 3-(cyanomethylene)azetidine-1-carboxylate (Preparation F,



car boxylate (0.018 g, 0.03702 mml, 75%yvyield). M5 (apci) mz = 477.1
(MtH). [00729] Step D. Preparation of

2- (3-(4- (wo(atwvmsvtagl t hi azol -5-yl )i m dazo [1, 2- c]pyri m @#CmAS2011/031896
-yl)-1Hpyrazol -1 -y1)-1-(2,2,2-trifluoro ethyl)azetidin-3-yl)acetonitrile:
Prepared in the sane manner as Exanpl 3100, Steps B and C repl acing
tert-butyl 3- (cyanonethyl)-3 -(4-(7-(1 -isopropyl-H pyrazol-4-yl)imdazo

[ 1, 2- c] BiepiAriddiTnmb-0/ 13- thipl)vaezo buspendypd Jrazetondtikkeg742 1L, 0.148 mmol). DBU

b | t b | 3- 3 hi | -
o1y ol 1 D SH el i IR AT A ol A S o IR
K/gl’ ?SXZ: )ﬁrreTliStlﬁ)uasf %\Qﬁdgﬁt hend teh&tflegmﬂﬁ@éla ﬁ/dse ﬁ&l%ﬂédl@gﬂﬁbﬁz&efﬁﬂ lp|hase5I4P/b®I el d).
| obut 5 1- ?ﬁffl%ﬁr%%%/g &c%ﬁrﬁll_%\gitsr grfdlgn %lwa eﬂﬁgo catlgn us%g silica
-yl)-1H @Mbﬁa@graghy 19-18% (vPeofﬁ/ErdAd)fdougﬂ'f&deﬁehydu)ﬁzmdyglﬂdﬂneﬁmm fretaoitrile
[ 00730] St e reparation of tert-

3-( cyanoﬁ’@ﬁlﬁwlﬁ =p3razal-4-yDimidazod), %ﬂ@m@ld{W'YBy%EWZ%JWF%dHﬁzb
[1,2-c] pl‘efrb&ﬂy@it@?@&ﬁ%'@u%) PYERY Bhs %pxb}@#%@mmﬂn carboxyl at e: The
tert-butyl 3 chi"oroi m dazo , 2- c]pyrimdin-5-yl1)-1H pyrazol -1-y1)-3
-(cyanonet hyl ) azetidine-I-car box;EXa!IHﬂ(lﬁOOSO g 0.19 mmol ) (Preparation
N), 1-cyclobl
tetramet hyl:
0.072 g, O. 29 rrrml) and ybercisdsi-3+ igthediothl@@der , O. 58 mol ) were
conbined in 3 nL of dioxane and argg vvas bubbl ed through for 10 m nutes
before dicycl ohexyl (2',4",6- triisopr Lbi phenyl - 2-y1) phosphi ne (0.018 g,
0.039 mml ) and Pd2dba3 (0.018 g, Ogl mol ) were added. Argon was bubbl ed
S

through the reaction for 15 ninutes:'The reaction flask was seal ed and
heated to 75 Cwith stirring for 25 hoursi4nd then at anbient tenperature
overni ght. The reaction was conc ed under reduced pressure and the
crude was purified by silica gel chro tolgraphy eluting with EtOAc

contai ning 0.5% NH4OH to afford tert-butVyl 3 (cyanorrethyl) 3-(4-(7-(1-

R L A T R UL S L L o o Sty

m z = 500Q}p3rifiMids -yl)Lﬁﬁlﬁ%}ﬁt1eja)a8endﬁ[eepadra&xwae @Example 129; 28 3 me. 00616
2-(3-(4- 70((;1 cyclobutyl-1Hp

1) 11 B h;fﬁs Gissoyps i DICH 305" w#.qqqéﬁgﬁgw f%?é?&wg‘z ﬁNngal me@faaﬁ.m e
repare 0 lred®8o e e T ur,

or D 2 hor (08 8 BBl M oo AT (i ;” Sl GpaefInberkiGR @ @Pg/zl)glmdazo
[1,2- c] ByRi sangenirasdyin) vaqueytoa aiprdl 2=(31(3-az e methrelH-pyragedring Xpidae

Ler - but Y B aoMB bl 2 s n-g.ﬂyl)a?e@ﬁ%%%maxr@z9Ibo§ 3l m dazo

[1, 2-C] razo azet 1 di ne- -Cc ar yIateto

af ford t held ikt & whtosmpduMb (@pciD@% 7362 O4#4Hhmol , 45% yield). Ms (apci) mz =
482.2 (MtH). 144 Exanple 104 am

2-(3-(4-(7-(1-Ethyl- 1H pyrazol - 4- yFCJ‘i p(!lazo[ 1, 2-cl pyrimdin-5-yl)-1H pyrazol
-1-y1) - 1- 2@:3(2A{1-MettylrdHaetdrgl-J-ghabid gk, B ipktimadet-6 nvil k Thlperazol-1-y1)-1-

(2.2 2-trifluoroethyl)azetidin-3-ylacetonitrile
NC
—>CN\\

g/N}\l CF3
(/\N =N
N/ P
/\)\@N

N
\

[00776] 2-(3-(3~(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)azetidin-3-yl)acetonitrile hydrochloride (Example 130; 13.0 mg, 0.0301 mmol)
was suspended in DMF (301 uL, 0.0301 mmol) and treated with diisopropylethylamine (31.4



[00732] Step A: Preparation of

2-(3-(4-(7-chloroimdazol -1, 2-cl pyri mdi n-5-v1l)-1H razol-1- 1

azet i di phwonoohizorssde: To a suspension of tert-butyl 3-@¢T(UR201a/0BBPOI M dazo
[1,2-c]pyrimdin-5-yl)-1H pyrazol -1-y1)-3 -(cyanonet hypazeti di ne- 1-
carboxylate (Preparation N, 0.050 g, 412 mmol) in 1 nL of di oxane was
added hydrogen chloride (0.5 nL, 2.0 nmmol) as a 4M solution in di oxane at
anbi ent penpéstammob.andBe, Zeﬁmbioethyhﬂrlilhmbmet&msese]lﬁbnatee(a 07 anig, 2.039 houmed). The

sol vent s then renove n at anbi.ent te rature
ooy mi and e i BHTBY S NS RO el RIS B, ATRUEE bR GTRE e
mat eri al 2\msmﬂumc)empletﬁﬂh@rohllamaﬁ@aledﬂa&r(z@Qﬁgllaammogu&als lafidd aab@meecf fof 1 hour

g.n ((j 3t ?i ?I?Olt Veg %4 d}oms a’lgagligacrugggl\{ﬁgreu\xr)adset[len puSr}fr eg %g‘ 1r(e)\]jelrsréI Shrage 5P (L/ ?151?'1fg fO(-) rd

[1, 2-c] pyoom@a&m@ne@htﬂl &Mﬁtambwéa 153133%%{1@@ TEGuYihg QO%tMBQHVEtbQC to
hydr ochl ori de nmol, 106% yield). Ms (apci) 1

m z
(MHH) . [ @ﬁq[gg] t(érj3-37 %bp@ﬁg} éHrpdﬁlzng yl)lmldazo[l 2-c]pyrimidin-5<yl)- lH-pyrazol l-
2-(3- (4 IKIC(I)Qlﬁ ﬁ)ffﬁbﬁi)@ﬁl?fggzegdlﬁbpmgac&bﬂ'trﬂe R0 ¥ Ihg 113, vield). Ms (apci) m/z =
pyrazol - 1- I Tl uoroe hyDazetldln%ypag nitrile’ In 1.5 nL
of DWF V\é‘i*lb3@dﬁﬁi)ned2 (3-(4-(7-chloroimdazo [1,2-c] pyrimdin-5 -yl)-
1H pyrazol -1 -yl)azetidin-3 - yl)agge h%gég 5 | e hydrochloride (0.059 g, 0.14
mmol ), DI EA (0.15 ni, 0.84 mmol), 2- trifluoroethyl
trifl uor onet-GaciesopflSndt(@-( lﬁleﬂM}IH Dv(ﬁathHnﬁmhibiazahle-alnlvrimmﬁln-ﬁQfl)pTHbceed at
anbi ent tenperature with stirri ng l_ﬁfﬁ er 2 Ip&grs the DVMF was renoved under
reduced pressure with heating purified by means of silica
gel chromatography eluting with 1:1 Ac/ hexanes contai ning 0.25% NH4OH to
afford 2-(3-(4-(7- chloroimdazo [1
pyrimdin-5-yl1)-1H pyrazol - 1-yl) - %ﬁ/\]z 2-trifluoro ethyl)azetidin-3 -yl)

acetonitrile (0.034 g, 0.086 nmol, yield M5 (apci) mz = 396.1 (M+tH).
[00734] Step C. Preparation of 2 (
et hyl-1H pyrazol -4-yl)im dazo[ 1, 2
ci pyrimdin-5-yl1)-1H pyrazol - yl) 1 (2 SR-trifluoroethyl)azetidin-3-yl)ac
etonitrile:ln a flask containing N

2-(3-(4-(7-chloroimdazo[ 1, 2-c] pyrim di n- 5 y1l)-1H pyrazol -1-y1)-1-(2, 2, 2-
trifluor {ﬂﬂﬂﬁXI]I ) az el—(ldMnﬂlSPllfﬂpawleﬁylbﬂﬁr(ﬂH 1y 01z0lt 5y gimiGaz0 B82-pipptitjdine

(o 00y IVEBHGRR (:timift 198 SRE TS g8 Pufens 69 35e TR ad T ButiE e 14

of di ox a({&e@mailoarfg ©A.1wag b vhredl) tNhfeOStllgh:nﬂ@il’ln hOctoninilé €42 ndf 0 ¢8 rnrnol).

di cycl oh trij.sopr hen h hi ( ,

0. 0076 8§r§d“¥’r96%9(4 hv;vﬁp a@@%ﬂe@ B Bk t)“i?ﬁ ‘Bﬁ‘l“?g ﬁ?a(“%l (5%58 69 0038
ol ) wereuraddere &E&tlbﬁlﬁnl&ﬁla@tv&a@npddﬂﬁdtl%}eﬁe\&%| ﬁﬁs@ﬂﬂ’ﬂ'@‘&i}sﬁl@ §)-86006 for 6
hours. The reaction m xture was | oaded rectly onto a silica gel columm

and el ut Bt ErterAgadigit Zhhrgeyltant se)a%mmlw 4 EbPasapetad; fi it@eeaﬁﬁbound
(0 015 gwa&e@%thnmd) to %ﬂ%@h@é corﬁ@uﬁ@-%:hllgm uow%éﬁd@mg*)n% gpl e 105

(4 Q<etan ;/1 H-pyrazol 4-yl)im dazo [1, pyrlmdln 5
-yl) Zl 359%@}“@ (2,2,2-trifluoroethyl)azetidin-3
-yl )acet oni tr| I e Example 133

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1 .2-c]pyrimidin-5-v1)-1H-pyrazol-1-y1)-1-

(trifluoromethylsulfonyDpyrrolidin-3-yDacetonitrile

2 ,CFS
N—
Y

/N

~
NJ\/\E\



[ 00735] Prepared in the same manner as Exanple 104, Step C repl acing
1l-ethyl-1H pyrazol -4-ylboronic acid with 1 -(oxetan-3 -yl1)-4-(4 ,4 ,S

, b-t et rarwOlYi1/130148 , 2- di oxabor ol an-2- y1)-1H pyrazol e @Tahiseo12/03esrpound
f) to afford the title compound 2-(3-(4-(7-(1-(oxetan-3-

yl)-1H pyrazol -4-yl)imdazo [1 ,2-c] pwsi mdin-5

-yl)-1H pyrazol -1-y1)-1-(2,2,2- trifluoroethypazetidin-3-yQacetonitrile
(0 010 g[00078)21 mraép AS5% yHAredachtion MBT (@picibiityin 3-(evad@dctBylddipyirrolifinattpl e 106

1) - 1t BypRslit § B T Romedm R RRC g AR o0 Sty G5 suPlidkl i

Prepar at iTeiF @85.0n{l)) andebbid td bHOY rivtabind-Yhkth9lprdpan- 2@&@3@2 IHmpy B:&Z@I -
4-yl)imda 120 rlmdlne To a.fl ask cngr%ed with
5-chi orolnﬁlog m%%wwnﬂ SYirsG # Fazol rol YRt dfweBY®r épar at i on

J; 0.6500% ygfoﬂtﬁnmwooxﬁatg?f Q}’% g?fnﬂ)o‘fb wasxdded dropwise as a solution in THF (
tetraneth f - di oxaborol an-2-y1)-1H pyrazole (0.868 g, 4.17 mmwol ), and

2 M K3 POZ,%/ (néL) 17T1ﬁ1£esu§11135111?%%ﬂ W%e?éloya@@dwm e VEPERET R §EHEad he ubbl ed
t hr ough Iré%tlol‘ﬁnmtﬂllét Gas Q@ﬁé&h@a&@ 'haé?' ?eﬁhéédpﬁgw{eo%&% n&lRa! Jagiday (0)

(0.321 g, mol ) was added sk was seal ed and the reaction
was heat b@iwp@l mateﬂ paweows Nulgnd tEMéhc allhoouganicsowero otashad vaitthbranst dried,

tenper at g@%d"”ﬂd céhée%%e&)\ﬁﬁ& L GdlLeed §¥&:‘§suree AC L i JHE: Lhudt mal€f C\kﬂ&'ﬁ s Wi th

Et 0OAc (3 h aq ue us satura i cdrbonat & (50
m.) . Thepassgiathrwglhag/@lad wﬁsCal\mwd wiltch, blutimge \x(uHiOD@M to dﬁumsbl ton-dntyM3SO4,
filtered, an oncentra r r.ed d pr.essure | was
aken oo AR ba ki LRl S S Mo TP S e &G R oo

to form anoCeprt §.8uysdH)04.2hitc REN 3085e(, leii)m.28T(lfg@Ha)dQl10641c% (ﬁf 1m)ni.saals, MeOH
(0.5 n) 'd not dissolve the precipitate. The solid was collected by
vacuumfP ration and retained. The rinse was purified by neans of silica
gel chropmyoegr aphystgl W: i NGepirdtion dofdTadibeit 30tyaodeffy lYs0h (711 E8Ae 1H-

containing 1% NH40—I Thi s was successful at generating material that was
conbi ned DWRER- idarel[d.2-g gnidig-S.ylp-d Hepyrazol-T-yl)pyrrolidine-1-carboxylate:

7-(1-net 3 : 840! o 1 ¢ orftii
2( o] g?r ?}r/#dr%gz a@&'J @1%% 0o %%%1652(%&5@ 532@7 S%Cl}gppdﬁ&lﬁag?zll seffrivd gvﬁt[g: tgﬁ%ﬁt%/[ % 280. 1

(M+H) wmesnxém)mﬂeg@naﬂw@ﬁ’@omawm affprs tlhy |titlg cpmpemldn%w%baqm M azol - 4-
yfli m'da r cl n-5-yl)-1H pyrazol - 1-vl) propanenitrile: To a flask
char ged 5\7% II'J{M% 4?%@%@’1 1H pyrazol 4- yl) 5 -(3

- met hy 1- 108788ir az ol Stdp Wi i f, , cthylel ifhj
acrylonityil.e. (O
(0.027 nt =% ; refe

to pr ocead aa{ohamsbloémért bﬁﬁlp&a—(@hntrrﬁetmpB-r(lci gh(l ma'thﬁl ]’}B«pszﬁatcﬂm yl@iﬁndilzd) uped with

veor In ErorEReasr f-hE eyt fuRty §a e 2t R n%%gf’@f@ L e

al kyl ati eiviatoxMel anferN2@. mmeas nhtwaﬁnm&nwtmfel ek RysuBinki Saut@Rl was
chromat ography, eluting with radi ent _of 1. 0% MeOH I n DCMvmthOS%

NHAOH t oSrerRiFaEditaa sphid| Eo @6 Wep 3dge@Diyl alts“élﬁem Fhegesultimgosoltign ps VB

(apci) Mol B339 §C(eMHF@lﬂudgbﬁetﬁﬁﬂe@ﬁ?dﬁ[&arﬁ?&hdeesgdsqidﬁwef hVRE RO fdnf-aed by
observed nCe signals. Exanple 107 3 -(5 -frethyl-4

- met hyl - ¥k plpwed| to 4wgrm) jter agzbzant rtemperare gyerpightdi n 1@ rfsﬁit}anlmnlptyreams 1 -
vl ) propa T r

£ b o OGRAELo n hdky LOLEEEL TR GIGOIPALIBIRS Laghilel Eram, |
el uting wictdMSQacNEOE=i1406 DANI-dont ai ni ng 1% NHACOH to afford the title
conpound (4.0 ng, 0.0120 mmol, 13%yield). MS (apci) mz = 333.2 (MH).




Exampl e 108 2-(3-(3-nmethyl-4-(7-(1-nethyl-1H pyrazol -4-ypimdazo [1 ,2-cl
pyrimdin-5 -yl)-1H pyrazol -1- y1)-1-(2,2,2-trifluoroethyl)azetidin-3

-yfl acet owDt20iB0146[ 00739] St ep A: Preparati on of tert-butPgir/us2011/031896

3- (cyanonet hyl )-3-(3-nethyl-4-(7-(1-

met hyl - 1H- pyrazol - 4-yflim dazo[ 1, 2-cimgri m di n-5-y1)-1H pyrazol -1-yl)azetid
ine-1- carboxylate): Prepared in the sane manner as Exanple 106, Step B,
replacing acrylonitrile with tert Exam]ile134

? el(’ tC yg[}? h_cI eng) | di _-Cgr%lzoo )21 rmda& Bx%[nln 1n-£{rl) "?helg)vr 2)01-5-0 afford
-met hyl -4-(7-(1-met hyl- 1H pyrya)mllrol{khﬁél-)vﬂ)ﬁwﬂcaﬁmle[l 2- pyrimdin-5
-yl)-1Hpyrazol -1 -yl)az etidine-1 -carboxylate (0.064 g, 0.135 muol, 76%
yield). M5 (apci) mz = 474.2 (MtH). [Q0740] Step B: Preparation of 2-(3 -(3
-nmethyl -4-(7-(1-met hyl- 1H pyr azol - fl1mdazo, 2pyri mdin-5

-y1l)-1H pyrazol -1-y1)-1-(2, 2, 2- tNCi oroet hyl )azetidin-3-yl) acetonitrile:
Pr epar ed |n the same manner as Exarrp N100, Steps B and C, replacing
tertbutyl - (cyanonet hyl ) -3- (4- (7- (1N sopropyl H pyrazol - 4- ypi m dazo

[1, 2-c] pyr| mdin-5 -yl)- 1H pyrazo \¥\1| ) azeti di ne-1-carboxylate with
tert-butyl 3-(cyanonethyl)-3 -(3 m/ﬂ I-4 (7(i-nethyl -

1H pyrazol - 4-ypi mdazo [1, 2-c] pyri M “W1) - 1H pyrazol - 1-yl )azeti di ne- 1-
carboxylate to afford the title corrpound ND. 018 g, 0.038 mmmol, 53%vyield).

M5 (apci 48 .

3-Cycl opi opy@ 3- (ggré{%? I_gl (t}l%( 1sarf%(éet %ﬁf pyr azofan}f)lym 1n§‘|3daz e][ﬂfflﬂgcl pyrim
i di n-5- yﬂr)ﬂuoﬂdmmyamamﬁbmﬂ;-agmqudepzaﬁemdyﬂ|clhbr1de [t®QwddL }ifPe epap@ahdiin 26tR86 same
manner as. le 10 §t | acing acrylonitrile with

3-cycl op?’gﬁ;ﬁg&aﬂcéﬂ%_ (I?g ((B“f!’”[]g)gar ation B) to afford the title conpound
(0.029 g, 0.0778 mmol, 87% y| el d) EyA{Eq(laIBB) m z 373.2 (MrH). Exanple 110
SQ/cIopety13(444 ..I i dazo 11 , 2-cl
pyri m di n%@i@m 3 HE H-pyazoldrd)-ls,” A
Preparation of tert-butgl, ﬂtr{fﬂml(oéﬂﬁl)ﬁvrﬁﬂﬁﬁltj @nmeﬂ,ylﬂmfg 3, 2- d| oxabor ol an-
2-yl) phenyl) pi peri di ne-1-carboxylate: To a solution of tert-butyl

4- (4- bronophenyl ) pi peridi ne-1-car hox 1T affe (13 5 g, 39.7 nol) in dioxane
(40 nmL) was added 4,4,5,5- tetrd -1, 3, 2-di oxaborol ane (8.64 nL, 59.5
mmol ) and triethylam ne (16.6 ni, 11§\§\ﬂmnl). The solution was purged with

argon for 5 mnutes. Dichlorobis(ace itrile) palladium(0.309 g, 1.19
nmol ) and 2-di cycl ohexyl phosphi no- 2' di met hoxybi phenyl (1.95 g, 4.76
nmmol ) were then added, and the regttf of mi xture was again purged with argon
for 5 mnutes. The reaction nixture n_seal ed and heated at 110 C for
90 m nutes. The reaction m xture was coo to anbi ent tenperature and
filtered through a glass fiber filter paper. The filtrate was concentrated
under reH08H pr ed¥tiasedaacordies s Eaemplpuii i waleppe sinflugmmsdianesy|tonis
chromat ogﬁ@emre Wﬁihuwzgmm&ﬂaetﬁ 1@@@}&%&&&8@@% ytlé?d qfﬂf O&ﬁinﬂoﬁﬁ& iput vl
4-(4- (4 -tetrarre \é 2-di oxaboro | an-2-yl) peny pip eridine-1
-car boxyBéﬁ%}(l@dlmsgﬂ?p ) —n%ll(MﬁglM% yield) as a solid. M5 (apci) mz =
288. 3 (M+H Boc). Example 136

2-(1-(cyclopropvlsulfony)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1.2-c]pyrimidin-5-

y)-1H-pvyrazol-1-vDazetidin-3-yl)acetonitrile




149 [00743] Step B: Preparation of tert-butyl

4- (4- (5- hydroxyi m dazo[ 1, 2-cl pyrim di n-7-

yl ) phenylwpizparvisdisne- | - car boxyl ate: A fl ask charged w t RCT/US2011/031896

7-chl oroi m dazo[ 1, 2-c] pyri m di n5(6H)-one (Preparation H, 1.75 g, 10.3
mol ), tert-butyl 4-(4-(4,4,5, 5-tetramgthyl-1, 3, 2-

di oxabor ol an- 2-yl ) phenyl ) pi peri di ne-1-carboxylate (4.00 g, 10.3 mol),

pot assi u[ﬂOﬁﬂﬁSphatfﬁel(aéedSSacg:prdﬂ@ 6t0m‘rEka)mple 128, replacing 2,2,2-trifluoroethyl

di cycl oh triisopro bi osphi.ne. (0. 738 1.55
T RGN T Y i R ST CRE N
evacuat ed sengeclaacks dabdipsh/av 468. VI, Isopropanol (50 ) and mater (0.744
m., 41.3 mmol) were added. The reaction was fitted with a septum and argon
was bubbl ed through the reaction flsmide H/ut es before it was seal ed and
al I oved toproGe@d4ahet@iberhRh-161PAMDIimiERR [ 1. L_G HAMINBS,1)- BHaFfg8d Wi t h
catal yst, argon was bubbl ed through for 10 m nutes, and the reaction was
seal ed and al | owed t o Ybkéd23ttrifepresthdazetigin-3ryhacctopifiiles of vent was
concentrat ed under reduced pressure, 200 nmL of 2:1 2.5M potassi um

hydr oxi de/ net hanol was added and tbe++eact|on was stirred for 1 hour. A

| ar ge anmount of solids were obgervedrso another 200 nmL of the above
mentioned m xture was added and h of the solid was dissolved. The solid
was col | ected by neans of vacuum fi¥f¥ration through a pad of celite and was
t hen washed with 200 nL of the abo mentioned m xture. The rinse was

i solated and the pH was adjusted wifh 1 M hydrochloric until pH=9. The
resulting solids were coIIected(B ans of vacuum filtration. This solid
was taken up in 300 nL of water wno”a d to stir for 30 m nutes before
the solid was coll ected by neans of v (Itration and washed with

wat er. The solid was dried on high vacuun1gg/ triturated with nethanol. The
m xture was filtered and the solid was dried under high vacuumto afford
tert - but y00784]( 4- ( Steyydrroxyi hrgazopd, 21 Tert-butyl 3-(cyanomethyl)-3-(4-(7-(4-(4-

£ el o Bal Yo bl

7-(4-(pi @zﬁbd»@lld’ﬂe 4- waﬁaﬁémembbdhﬂg d)aEQa[nlpla meWtémlAdlrspl&mg (Dl(oxeTle Zaylf)-|43-3k
charged with tert- % hydr oxyi m dazo| P yrimd

yOphenyl §pt Bérti?téﬂn%?éh-yi éa%f%&%hoaql?él ¥ Il)‘i%l @Yrawlm ‘ﬁ%l ) 1% thzrb“ﬁﬂ %f* 3.5

di chl or op@haMmel-1as- @&Q@&fo%né ﬂ)ﬁll%ﬁ;ﬂjp%fd%ﬁl@e{o' GieRCkitle (bmpBlind 195smIpl ) at
anbient te erature hour’s. ThHe sol vent was concentrated under reduced
pressur ey® h@h@pmb@ﬁrfﬁﬁbl@ﬁﬂﬂb was taken up in methanol (10 nL) and to it

was adde eous ur aked sedi -bi car hpnat & sl.0M M. 4] g solid
was col | (ﬁ by é%%% P vacgﬁﬁgghﬁiratpgn a%é§&a§¢%f4xg§%@§?§%ép on hi gh
vacuum Tﬁpllﬁnslmml@hzv{ds? -¢ p}'mrmdat 2ol Wm@)ﬂéfyl)( b, M)rlmoml)awldweif-e
collected s of vac Itrat V. n1 afford
7-(4- (pi E& RN yl) phelﬂty?ﬂ]) rﬁldazo% Pl Lef Pl gh Sty M

nmol Dhcyiy1gihrddazo VR - ((ﬁj&&h}ﬁltﬁi-&l)dPBﬁ)Eraz'bl-(lMl-)ahetldln‘éﬂ carboxylate (250 mg,

2011/130 /U 201 8 0745] St e repar at

7 (4 (1- ﬁé?ﬁa? e rAnOReg Y SRORL) P BRLo P B TEPEFE S EPR S pbtbne: To
a suspensddet. The ksilénd PLPGE Wwdk Brirfedytb) D@ ftes lahd thaz Glhd cotrcertlaprtd Bks6lida- 5- ol
(5800 Tl il R o A2 R 1] B bvabt
triacet OMtQPflﬁhMQﬁﬁe@etl{e3re&illuﬁg n%thu@e Pl chorAdot N TR 1200 WaRuoRd e d
proceed at anbient tenperature with stirring under nitrogen for 30 m nutes.

Aqueous §Hlugramcdinewifpuats 107 ParmBoA&0e mael) atderdded. ovlihy rasrdion MixeoMEs i on was
obser ved, . qh & A0YE Wi AR g@l@ﬁge SeRRLRT %@fr&%ﬁ% f&ggre 5 %H&nﬁa{%g" ck
white precipitate was observe e organic was coflected and a second
extract i tmanit dnddhehl vrocheemaingraphied|tel e@ldeﬂ howdgehows theititkyompsundr 1S The
biphasic E;g%y @@51 |Iﬁ red and the solid was washed w th dichl oronet hane
and retalne I'phasi € m xture was separated and the aqueous was
extracted with DCNI The organic | ayers were conbi ned, dried over Na2SO4,
filtered, and concentrated under reduced pressure. The resul ting crude
material was triturated with diethyl ether and the resulting solids were
col |l ected by neans of vacuumfiltration. The two crops of solids were
conbined to afford
7-(4-(1- et hyl pi peri di n-4-yl)phenyl)imdazo[ 1, 2-c] pyri mdin-5-0ol (0.935 g,
3.03 mol, 86.6%yield). M5 (apci) mz = 309.2 (MtH)
[ 00746] St epE: Preparati onof5 -chloro-7-(4-(1 -nmethyl pip eridin-4-
yI)phenyI)inidazo[LZ cl pyrimdine: To a suspension of

(4 (1- nethylplperldln 4- yl)phenyl)imdazo[1, 2-c] pyri m di n-5(6H)-one

P - N NS A B I T T 1 M T Y AN ] ”~ A a N . % N




[00749] 3 -cycl op entyl-3 -(4474441 -met hyl pip eridin-4-yl)phenyl)imdazo [1
,2- ¢c] pyrimdin-5 -yl)-1H pyrazol -1 -yl)propanenitrile (Exanple 110; 0.010
g, 0.021 woobji/mesiéseparated by chiral HPLC (Chiral TecRCT@S204;1/021826 cm X
250 mm 220 nm 12 nlL/mn; 40% Et hanol: 60% Hexanes). Peak 1 was isolated to
afford a single Enantioner 1 of 3- 1fR

cycl opentyl-3-(4-(7-(4-(1-nethyl pi peridin-4-yl)phenyl)imdazo [1 ,2-c]
pyrimdin-5 -yl)-1Hpyrazol - 1-yl ) prExpampdalisile (2.9 ng, 29%yvyield). M

Egsg: Z)pgi ' 40: 4 ,_‘gl=. l :Q.o% %toll?- u_o_nz_,A hpyuzgl-leq o
cl pyrimdin-5 -yl)- 1ghpyéderdmdthylylifony DR cadigniflyatdtenitfeak 2) [ 00750] 3

-Cyclop entyl-3 -(4-(7-(4-(1-methyl |4 peridi n-4-yl)phenyl)imdazo [1 , 2-
cl]pyrimdin-5 -yl)-1H pyrazol -1 -yligr opanenitrile (Exanple 110; 0.010 g,
0.021 mml ) was separated by &Qi ral” HPLC (Chiral Tech. OD-H 2.2 cmx 250
mm 220 nm 12 nl/mn; 40% Et hapnoll60% Hexanes). Peak 2 was isolated to
afford a single Enantioner 2 of 33 .cyclop entyl-3 -(4-(7-(4-(1-methylpip
eridin-4-yl)phenyl)imdazo [1, 2-c]igwi m din-5-y1)-1H

pyrazol -1-yl ) propanenitrile (3.6 %36%yi eld). M5 (apci) mz = 480.3
(MrH) . Exanpl e 113 3-Cycl openty~g3<¥g-(7-(4-norp ho |inophenvflim dazo r
1,2-cl pyrimdin-5 -y1)-1H pyrazal- L- vl)propanenitrile C [00751] Step
A. Preparation of 4-(4-(5-(met h)N t h1 o) dazo[ 1, 2-cl pyri m di n-7-

yl ) phenyl ) nor phol i ne: A suspensi on of N

7-chl oro-5- (et hyl t hio)im dazo[ 1, 2-c] pyri rﬁ\d/l e hydrochloride (1.85 g, 7.83
mol ; Preparation H, Step A), 4-norpholinophenyl boronic aci dét{‘ytl?- 78 g, 8.62
mol ) antP38Rlassi Uiensirsks pirgewlingd. ®3 Examyde 7 17| feplaping s gt Spaierosting m.)
was purg 1 I (0. 3 mol)
and xp@%“?*ﬁ%t%kgﬁﬁiégmﬁi‘ @%&%ﬁgﬁgg{%gﬁgng}gﬁg? ?(g}ﬁgl\g\ié%l%galgpon&gét?ged for
5 mi nut eS4%iyidhd. M omcibefor é8@éi(Mglseal ed and heated to 90 C for 18 hours.
The reaction m xture was dil uted \%Xtarl}lplé]'%

2-(3-(4-(7-(2-methylthiazol-5-yimidazo[1.2-c]pyrimidin-5-y1)-1H-pvrazol-1-y1)-1-

(trifluoromethylsulfonvyl)azetidin-3-yacetonitrile

PFs
50,

N\ N
g
(/\/ N ;N .
[00787] Step A: Preparation of tert-butyl 3-(cyanomethyl)-3-(4-(7-(2-methylthiazol-5-
ylimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate: Prepared
according to Example 103, Step A, replacing 1-(oxetan-3-yl)-4-(4.4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole with 2-methyl-5-(trimethylstannyl)thiazole to yield title
compound in 46.8% yield. MS (apci) m/z =477.1(M+H).

[00788] Step B: Preparation of 2-(3-(4-(7-(2-methylthiazol-5-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile:
tert-Butyl 3-(cyanomethyl)-3-(4-(7-(2-methylthiazol-5-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)azetidine-1-carboxylate (225 mg, 0.4515 mmol) was dissolved in MeOH (5 mL)
and a 4 M HCl/dioxane solution (5 mL) was added. The resulting mixture was stirred for 20

minutes and then was concentrated to a solid. To the solid was added dichloromethane (15



EtOAc (75 mL) and filtered. The filtrate was concentrated under reduced
pressure, and the residue obtained was purified by silica gel colum
chr omat ogwaphit/13el46t i ng with 10- 15- 20% acet one i n DCM t @CaftiSer1d/031896
4-(4-(5-(methylthio)imdazo[1, 2-c]pyrimdin-7- yl)phenyl)norpholine
(0.663g, 25.9%yield) as a yellow solijgd. MS (apci) mz = 327.1 (M+H)
[00752] Step B: Preparation of

7- (4- nor pﬂr)lainddhise[rrylbgliemﬁ}damné 17€- aLpys noibh-  Aft¢r6H) nomecs, the resulting

4- (4-(5-(net hyl t hi Z rimadin-7- nyl ) i ne
(0" 2000 freyresst Stk 1 -SR5C aod sioubofpiiuofis b dhad PR M U5 Bekie ) Moer o
suspendedas BddWVSAhe Fedttipn afictuieesdsedloatd weorﬁe fcﬂimﬂlelﬂ thaptrSuiciovar Hight: owave.
The reactkon m xture was diluted with ter % and aci dj fled Wi th
acetic adPQirCHps DI WE, 98CGHTBICH 0 $hall ﬁ@%fﬁet ?lhga P eI OgEP B t e by
filtrati om ang@driophrumdale clah@BuﬂdaMSl mpbiqnai £gpglo@1€H.
nnrphollnophenyl)lnldazo[l -C] pyrimd 5(6H) - one (0 3460 g, 95.28%
yield). MB (apci) mz = 297.2 (MHx “U@@?@B]Step C: Preparati on of
” (4- (5- ol 9t Qi1 gPrStAZQ AT S LRV Wnih Preid-o¥. 3 ) RRERYO) TRk RRAkidIR s A Bigs pensi on
7-(4- nDrpn0||nopneny|)|nldazoll Z- Cprr|n1c n-5-ol (U.500 g, I.69 mmol)
|n POC13 (1.54 ni, 16.9 nmey hyDhectidme-yace@pitdteand al | owed to proceed
overni ght. The reaction was transferrﬁd to a flask with dichl oronet hane and
t he organics were concentrated under yeduced pressure. To the crude
materi al was added water and the m xtike was stirred for 20 m nutes at
anbi ent tenperature before it waX nglitralized with 1IN NaOH to a pH of 7.
The solids were coll ected by vacu L dtratlon and washed with water. The
solids were purified by silica gel cQlymm chromatography eluting with 15%
acetone in dichloronethane to afford
4- (4-(5-chl oroi mdazo[ 1, 2-c] pyri m ghyr=¢- prhenyI)nDrphoIine (0.0400 g,
0.127 mml, 7.53%yield). M (apC|L s315.1 (M+H). [00754] Step Dt
Preparatlon of 4-(4-(5-(1H pyrazol -4- yI)ldrdazo[l 2-cl pyrimdin-7-
y1) phenyl ) nor phol i ne: 4- (4-(5-Chloroimdaz8 [1 ,2- c]

nyE i4m'4di [00789)l ) phemypaysdor mﬁrdhﬂgnetog OE%ﬁﬂl ed, 13@) 11%%1_&161[]7@ )2.2, 2-tr(if(l)u06036thgl

-tetr aboro py e : g,
0.191 mTHl o ﬂ}?&fd‘%‘ﬁl 4inetdr 96 f‘é’a‘(‘?ﬁ“@w% é‘orléﬁ 3819 I;G &%P@“%&é‘bended
in a nlxgyggug&dﬁwgg@%ogy} =agdveten (1 nL) and de-gassed with argon for 5
m nutes. Tetrakis(triphenyl phosphi ne)palladium (0) (0.00734 g, 0.00635
mmol ) was added and the reaction Je@hgde lHd heated at 100 C for 2 hours.
The reachi@RcyTiohtdph RultGs 1 \CRACENbLAL R PNARKiN 2ONGEM B IESSI3 &midlS. [ esi due
was partitioned bétween saturated aqueous NaHCUO3 and EtUAC. The or ganics
were washed with brine, dd-prazallStzetidih-sybeestanitriteed under reduced
pressure to afford the crude materialy, which was purified by flash col um
chromat ography (eluant: 0.5 % - @665 1 MeOH. NHAOH)/ DCM to furnish
4-(4-(5-(1H 154 S0,
pyrazol -4-yl )i mdazo[ 1, 2-c] pyri \d Ay 7- yl)phenyl)nnrphollne (0.0160 g,
0.046 mml, 36.4%yield). M5 (apc niz 347.1 (M+H). [00755] Step
E: Preparatlon of 3 -cyelop entyl-3- \5«(7 (4 nmor pho | i nophenyl)
i mdazor1, 2-cl pyri mdin-5-yl1)-1H pyr&zol - 1-yl) propanenitrile :
4-(4-(5-(1H Pyrazol -4- y0i m dazo[ k= pyrinidin-7-y1)phenndDrphoIine
(0.0300 g, 0.0866 nmol) and 3- cyglk | aerylonitrile (Table 1, conpound
g; 0.0175 g, 0.144 mmol) were suspended i) DMF (3 nL) and
2,3,4,6,7,8,9,10- oct ahydropyri mi do[ 1, 2- a\p&i@pu ne (0.0324 m, 0.217 mmol)

added in porti e reagtio .nlxte
tenperatgﬁgsgver fﬁg’wegke aa&" oy : 48 -t ohed
sat ur at eehcthaaBuisnidinN-Nakkdaasld 2EﬂMﬁn1diEh?3Vl$-QHl-ldf$az¢\B[-@l)hfeﬁﬂﬁt:—&d by

filtration, The organics wer brine, dried oye
concentr%%@@gﬂﬁ% ]%F age EémF oﬁﬁmtﬁerﬁﬂﬂH§§Xé?ﬁ? __YDMﬁICh was
rl\n/g 8—1 f :\Fe? 404//5 fég%’sdﬂl&dmm @1652%&;1992 @I;h)H feh2dBNt 1with 5 2-m3th¥{Irikidin-5-

3-cycl opélfbpspﬂlcr@&(dzto (yveld(tatlerﬁﬁmﬁmq RGP o) Yiri(@ps ey ~288. 1(M+H).
c]pyrimdin-5-yl1)-1H pyrazol - 1-yl ) propanenitrile (0.0190 g, 0.04064 nmol,
46. 9% vyield). M5 (apci) mz = 468.2 (M-H). Exanple 114 Enantionmer 1 of
3-cycl opentyl-3-(4-(7-(4-norpholinophenyl)imdazol 1, 2-cl pyrim di n-5-y1) -

1H pyrazol - 1-yl) propanenitrile (Peak 1) [00756] 3 -Cyclop entyl-3
-(4-(7-(4-norpho |inophenypi mdazo [1, 2-c]pyrimdin-5-yl)-

1H pyrazol - 1-yl ) propanenitrile (Exanple 113; 0.015 g, 0.032 mml) was
separated by chiral HPLC (Chiral Tech. OD-H 2.2 cmx 250 nm 220 nm 21
nLinin 50%)Ethanol 50%)Hexanes). Peak 1 was isolated to afford the single

Y




N-N 1\ 11 LzO [00757]3 -Cyclop entyl-3 -(4-(7-(4-norpho |inophenypi m dazo
[1,2- c]pyrimdin-5-yl1)- 1H pyrazol-1-yl)propanenitrile (Exanple 113; 0.015
g, 0.032 wouobji/mesiéseparated by chiral HPLC (Chiral TecRCT@S204;1/021826 cm X
250 mm 220 nm 21 nlL/mn; 50% Et hanol : 50% Hexanes). Peak 2 was isol ated
to afford the single Enantioner 2 of fBrcycl opentyl-3-(4-(7-(4-

(1- met hyl pi peridi n-4-yl)phenyl)imdazo [1, 2-c] pyri mdin-5-y1)-1H pyrazol - 1-
yl ) propafdtiri | e St&p 0 By, SS%WDa@tdh ME ( 2p¢i(¥ycidpropylsdBény2)-§-I-(7)(2-

[ 00758] The conpounds of Tadl ) Q. the nmet hod of
Exanpl e OT 1 i i :

St ruct ur e)MNarmRithe: 116t-Blth N(@yaﬁoﬂﬁEﬂhWyB (3-(?42 ﬁl%tl{oélypyrlmldm 5-y1)1m1dazo [1,2-

;nlo ;EB? Llngl?i’%%? %%(ngdaz}?gaiol—lqngﬂzgty%w"iqyargqulglpl Rﬁ%@;a(% s 1 mmol) was

dissolved in MeOH (5ml) and a 4M HCl/dioxane solution (5 mL) was added. The resulting

mixture was stirred for 20 minutes and then was concentrated to a solid. To the solid was
added dichloromethane (15 mL) and diisopropyl ethylamine (787 uL, 4.52 mmol). After 10
minutes, the resulting mixture was cooled to -40 °C and cyclopropanesulfonyl chloride (43.3
mg, 0308 mmol) was added. The reaction mixture was allowed to come to ambient
temperature overnight. The resulting mixture was concentrated to an oil and the oil was
chromatographed to yield 70.8 mg (46.8%) of the title compound. MS (apci) m/z = 509.0
(M+H).
Example 142
2-(3-(4-(7-(2-methoxypyrimidin-5-yl)imidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-

(trifluoromethvylsulfonvl)azetidin-3-yacetonitrile

PFs
202

\d
N—N
X
N SN
J\)\fN
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[00792] Prepared according to Example 141, replacing cyclopropanesulfonyl chloride
with trifluoromethanesulfonic anhydride to yield title compound in 91.7% yield. MS (apci)
m/z = 520.2 (M+H).
Example 143
2-(3-(3-(7-(1-(2-(methylsulfonyl)ethyl)-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-

pyrazol-1-y1)-1-(2.2 2-trifluoroethylazetidin-3-yl)acetonitrile




3-cycl opropyl-3-(4-(7-(4- norpholinophenyl)imdazo[ 1, 2-
c]pyrimdin-5-yl1)-1H pyrazol -1- yl)propanenitrile =440.2 (apci)m z (MH)
156 Ex. #wetouct3ar4e Name MS 118 N-N 1101 3-(4-(7-(4- PCT/US2011/031896

nmor phol i nophenyl )i m dazo[ 1, 2- c]pyrimdin-5-yl)-1H pyrazol - 1-
yl)butanenitrile (apci)mz =414.2 (M) 119 NNN N, O 2-nmethyl-3-(4-(7-(4-
nor phol i nophenyl )i m dazo[ 1, 2- cl pyrimdin-5-yl1)-1H pyrazol - 1-

yl ) propait®idilri | e Stgpcy:) ntrzpardtibd. @ 1-(2-(methylsulfonyl)ethyl)-4-(4.4.5.5-tetramethyl-

1,3.2-dioxaborolan-2-yl)-1H-pyrazole: 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole (5.3 g, 27.31 mmol), methylvinyl sulfone (4.349 g, 40.97 mmol) and DBU (2.042

mL, 13.66 mmol) were suspended in dry acetonitrile (54.63 mL) in a sealed glass bomb and
heated in a sand bath at 90 °C overnight. The resulting reaction mixture was concentrated to
a solid and the solids were washed with hexanes to yield 5.2 g (63.4%) of the title compound.
[00794] Step B: Preparation of tert-butyl  3-(cyanomethyl)-3-(4-(7-(1-(2-

(methylsulfonyDethyl)-1H-pyrazol-4-yl)imidazo[ 1,2-¢c]pyrimidin-5-y1)-1H-pyrazol-1-

ylazetidine-1-carboxylate: Prepared according to Example 103, Step A, replacing 1-

(oxetan-3-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole with 2-
methoxypyrimidin-5-ylboronic acid to yield title compound in 53% yield. MS (apci) m/z =
552.2 (M+H).

[00795] Step C: Preparation of 2-(3-(3-(7-(1-(2-(methylsulfonyl)ethyl)-1H-pyrazol-4-
ylimidazo[1.2-c]pyrimidin-5-yl)-1H-pyrazol-1-y)-1-(2.2.2-trifluoroethyl)azetidin-3-
yDacetonitrile: Tert-butyl 3-(cyanomethyl)-3-(4-(7-(1-(2-(methylsulfonyl)ethyl)-1H-pyrazol-
4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate(150 mg, 0.2725
mmol) was dissolved in MeOH (5 mL) and a 4M HCl/dioxane solution (5 mL) was added.

The resulting mixture was stirred for 20 minutes and then concentrated to a solid. To the
solid was added dichloromethane and diisopropyl ethylamine.(474uL, 4.52 mmol). After 10
minutes, the resulting mixture was cooled to -40 °C and 2,2,2-trifluorocthyl
trifluoromethanesulfonate (126 mg, 0.543 mmol) was added. The reaction mixture was
allowed to come to ambient temperature overnight. The resulting mixture was concentrated
to an oil and the oil was chromatographed to yield 75 mg (51.7%) of the title compound. MS
(apci) m/z = 534.1 (M+H).
Example 144
2-(3-(3-(7-(1-methyl-2-ox0-1.2-dihydropyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-y1)-1-(2.2 2-trifluoroethylazetidin-3-yl)acetonitrile
NC
X

f N CF3
~N
oy
S
N

[00796] Step A: Preparation of tert-butyl 3-(cyanomethyl)-3-(3-(7-(1-methyl-2-oxo-

1,2-dihydropyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-1-



(MtH) 120 , 1IN ¢ N-N 3-(4-(7-(4-norpholinophenyl)

i mdazo[1, 2-c]pyrimdin-5-yl1l)- 1H pyrazol-1-yl)propanenitrile (apci)mz
=400. 2 ( MvB)2011BE3em¥pl € 121 3- Cycl op entyl-3 - (3 -net hyl - 2CTGS¢el B13p60

| i nophenyl )i mdazo [1,2-cl pyrimdin-5 -yl)-1H .p t_yzoll_n_p_ro
anenitrile r\i" L,",,c) [00759] Step A7Breparation of

4-(4-(5-(3-nethyl -1H pyrazol -4-yl)imdazo [1, 2-

cl pyri m dirbexgiayd) phrepuydd) paopihel kan&xample (H3( S{dﬁhhorrqjlam@nﬁoxetan 3-yl)-4-

[1,2- C]rm%,) ,%,gn Sqetramet}}lyg? @efé{lo)(aborolfpnh? L )rﬁl 1gyrazo l € 1%113 ethy QZP 4,%%0 9

0. 381
5- met hy Ltefrafndthdl- B3 3-dietab@tRhiDyy1fpyddid-21 @)ede0 i lyaint Zitly 1aonﬂfidmmy nazol e, (0. 119

g, 0.572 I nd tassi u rbonate (0.158 g, 1.144 mmol) were suspended
inarﬁx@’m]\%gf(aﬁ%‘%?_ @‘f’l%ter (2 nmL) and de-gassed with Ar(g).
Tet r aki S(ampﬂhenylszap%phl m)p%hé@difu mmg IQ&KQ zg@xom @Jd%d@ghammas added

157 and the reaction seal ed and heat hour s e reaction

mi xture M}égnlél%ZPUt%ﬁ]pW@Wllvvéﬂ@r1%ﬁﬂa¥ql1ltﬁé)'érﬂz Z?ﬁéﬂ’éﬁip?ﬂébé)%}d@ washed with
acet one ?g&teﬁiﬁlltﬁg ungde @ug}l W}%ﬁ-@i{ﬁ ldmeth 1- 2 -0x0-1 2 d1hydropyr1d1n-4-

4-(4-(5- met hy1l- 1H pyr zol - 1 20 rimdin-7-
yl ) pheny)modgrabl.3-pkeyi0ideso gl H-0yragd1 ~yhepstidingg! - Quiybited ) (2SIVBng.apéily mz =

3 cycl opurig 5 SOhSHEEARDITLERR) Bhd EPHC dionnas yhuian g 0 s dded

pyri m di h“h5resny1ﬂ1ﬁg thistyoy maiz Gﬂll‘-réﬂ fog/I() pioofes andthiet wiab eoncdntra(ed -to @ Solid. (B> thet hy| -

1H pyraz -y 1 mdi h phoI 0.0690 g,
o 101 Tt Wb AR gl yRA PPl fir B M ToDARe L Rt0ade g,
0.574 m’l‘ﬁiu)ut@[ldtHBBUeﬁthﬁ‘@Ghnﬁh]re 0“439 coated ) tonese S’@Spﬁﬂd@jz 2-mrifiFoct3 1 nL) and
stirred oyerni e reaction mxture was partitioned hetween saturated
aqueous 6‘2%& %Pfe%e 7%%%@,83.1@@0&@?@ HeleFeo THF FFACHPY ARX U Mad, MySO4
and concemdwatiedoMB aLimbiedUSRStrRRoVH felktO TRE fr@ﬁmmg mxtgfeud@ JoRt@h@l, Which
was purified by flash col umm chr omat og ra{%h4 5-.2 %(9:1,

MeOH: NH4HY m thg ofl jyasi chFpmatographed to yie mg (22 7%) of the title compound.

3-cycl Opﬁ/fﬁ(ﬁﬁclﬁn&iﬁ@mﬁ%ﬁyu (4- mor phol i nophenyl)
i mdazo[ 1, 2-cl pyrimdin-5-yl1)-1H pyrazol -1-yl) propanenitrile (0.0380 g,
0.078905 mmol, 41.2%yield). M5 (dp@mpled4d = 482.2 (MrH). Exanple 122

[Nlt ort t- | g& ?J‘m-” 55 é%(lﬁetwl@@gxolx E¥6] RN L 8Nl duddth BY 8% Rhiad- 3/ i Thdazo

pvrazol 1-y)-1-(2.2.2-trifluoroethvazetidin-3-yl)acetonitrile

[00798] Prepared according to Example 144, replacing 1-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2(1H)-one with 1-methyl-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-2(1H)-one to yield title compound in 22.7% yield. MS (apci)
m/z = 487.1 (M+H).



car boxam de NN/ 7 [00761] Step A: Preparation of nethyl

5-(1H pyrazol -4-yflim dazo[ 1, 2-cl pyri m di ne-

7- car boxywetzetwidoehl ori de: | nal00nif | ask, met hyl 5- ( 14( 2- PCT/US2011/031896
(trinmethylsilypethoxy)nethyl)-1H pyrazol -4-yl)im dazo

[1, 2-c] pyri m dine-7-carboxylate (0.47i#3g, 1.28 nmmol) (Exanmple 45; Step O
was dissolved in DCM (12.8 nL, 1.28 nmol). To this was added 4N HCl in

di oxane (4.79 n_L, 19.2 nmol). AfteExantpleI46ng at anbient tenperature for 4

hours, the2 ée%c: |;£zt Exturg as The
resul t ant a3 T-DENT SO d '

g (100%yield) of the @u@aﬁlbthalsulaonlvn@hdmel Mm&usmkﬂlel I\/B (apCI) mz =
244.3 (M+H). [00762] Step B: Preparati an of net hyl

5-(1-(2-cyano-1-cycl opropyl ethyl)- 1H%azgl

4-yl)im dazor1, 2-cipyrimdine-7-carbg 2 In a 100 nmL flask, nethyl
5-(1H pyrazol -4- 158 yl)im dazo[ 1N2NC |(?n di ne-7- car boxyl at e
hydrochl ori de (0.300 g, 1.07 nmol) d 3- cyclopropylacrylonitrile
(Preparation B; 0.300 g, 3.22 mmol) |were suspended in DMF (5.36 nL, 1.07
mol ) and DBU (0.722 nL, 4.83 mqﬁlN) ded in one portion. The reaction

m xture was stirred at anbient t e for 15 hours. The reaction

m xture was diluted in Et 0OAc and washe th.water and brine. The conbined
organic |layers were dried over MgSH4, fi ,ed and concentrated down to a
yellow oil. Purification of the crude material by silica chromatography
using a gyogdeent ofepO- AOO%PEépQAﬁo@ff@f de%r’@ﬁitﬂyl 3- (cyanorneth 1)-3-(4-(7-(4-

5- (1-(2-cyano- 1cycl opr opyl et% 1H pyrazol - 4-y0i m dazo| gc ] pyri m di ne-7-
car boxyl &ﬂﬂuqremz%yl)@lenﬂﬁgv@z psgymﬁ%weﬂalypsa%méﬂw&aazeéwn@rll- M5 (apci)
m z 33

- cycl opr gaﬁg?%ago-%&p%sggégéae%&eﬂ;&%ag g‘ ?%I%B%‘ﬁgﬁfs’ﬁ 1 d]i% lgaﬁgﬁgg}'b)oxyl iC
aci d: | nlH-mrzai-1 Wl)égﬂcyanqmeﬁyl)azetldme I-carboxylate (Preparation N; 490 mg; 1.18

car boxyl ST 55 ARGRLEL DN SR (7 Bl AP g (RS R DB 5™

nmol ) anchnial g ARHOSM 1A rhg; OF2370nmbED and pot@ss?lﬁﬁ phosphite (b mnedcIM aquevuxt ur e

was stlrr da anbi enper a ur t hen concent.rated. d to
i ness. SRR oS HARat | HPRRAC LY Rl Ths it b e SO REG 88 Tof T
[ 00764] Stefutds: TRy @plavatthadrscsléd and heated for 3 hours at 75 °C Wlth magnetic stirring. The

[\Ii_t gr ngg;}ti%ta'ﬁegwé% dé tECg)ﬁ/’\g@glal%ﬁhgj gel ig QR% (ﬁq_ %) aaélé aque rsaszo(c)ﬂum b}/cazblogtg azo
5-(1- (2- gytadr (igm(%ws QB Tk BY &8 8k Ao hokin gleﬁ@amsrlde?@%]zwﬁmm di ne-7
-carboxylic acid ng, 0.020 mmpl ) and HATU (9. Et ) 024 mmol ) were
Cre

di ssol vedh¢ ﬁO@MIed( QuEggnig EXtragtsopere whigd pyerApagsesign rﬁlﬁﬁ?’ and evaporated

2- et hyl Qﬁ&P%ugedaﬁbs@ﬁre( %héregatm%m%helml it AR Qith SORF %th@tsblydsavoar@e (11
tL, 0.061 nmol) were added and e reaction mxture stirred nbi ent

t enper at oellected andigried yndeegicumhéo giea e dgpiradi predwceaswagttivhige @éldl(ﬁl 0En@Ac and
vvasheq WM (eﬁ\gé/va §?4ti‘(1\ﬁ$ﬁfj sodi um b! carbonate, water and bri ne. The

organic driéed over MgSH4, filtered and concentrated in vacuo. The
crude rra{(EhSDQa]I wasStgurB:f |Pea1batayiom eafe 298-(pliase(tHPldtomsthylgphany) jisdlaes(tl , 20 f

40-100%

i or - nabstimRlin Sl g RS 3 Dasstaityile: ditsdioseiides ook sOBESR[ 1. 2- o

% g i gl ((j:\/l?_ﬁte?t ]ﬁﬁylg@(@ﬂﬁ(ﬁiﬁbﬂ(y%).zg(égq (4C(tlﬁﬁﬁﬁ>miﬂvlﬁ3}1)pha:g%mideidﬂ) 2lch?ﬁ(rlacpﬁ45) mz =
anO ro e

o R R SRR Aoy mke R prke T e SR e 3 ) P

N-N ( N Swléls ldded, in two equal portions, a solution of hydrogen chloride (31 mmol; 4M in 1,4-

dioxane). The resulting suspension was stirred in a sealed vial for 2 days at ambient
temperature. The solvent was evaporated under a stream of nitrogen and the resulting solid
was dried under vacuum to give an off white solid (370 mg). MS (apci) m/z = 424.1 (M+H).

[00801] Step C: Preparation of 2-(3-(4-(7-(4-(trifluoromethyl)phenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile: A



NNo [ 00765] Prepared according to the nmethod of Exanple 122 Step G

repl aci ng net hyl propan-2-am ne with cycl ohexanam ne (9.2 ng, 0.093 mmol) to
af ford 5. Womg1(ddbsyi el d). M5 (apci) mz = 404.2 (MH). PExarspéia/oimdds 5- (1
-(2-Cyano- 1 - cycl opropylethyl)-1H pyrazo 1-4-y1)-N cycl obutylim dazo r
1, 2- cl pyrimdine-7-carboxam de [ 00i/46] Prepared according to the nethod
of Exanple 122 Step G replacing nethyl propan-2-amne wth cycl obutanam ne
(6. 62 nysolidm93H1243v01-)7- e triffuoeomtk il Pheny | 16id%aoy |, 2lcthyrimlidn(Sap e i H-pgrazol= 376. 3
(MtH) . anpl e |1 -(1.-(2- cyang- 1 - )

Cycl bpr oo By PR SRYEHorts, (1900 22y 1PAH dmmghy - ol 54

cl pyri m dintghylangiaspexa (de mN.6) nfmol) ﬁﬁﬁet&@l@ﬂ@@ﬂl&ﬁ@p@r@d) aﬁ(te@rnd'td@,gnt o the

nmet hod of Exanple 122 Step rejr%:égm ng net hyl propan-2- am ne
pyri di n- zva%lrrméed( 19. 2 nf;- OF I4L:add he®tohg ¥4 83@ e ff?ﬂlo‘ze%la?% to

"oyl opr SRR FEHPAGHE a3 GRAS 0 B pmghl Phbit o FHRIRA O 2 di - 5
-y1) - 1H pyie motture Ivagld)ipicd p\amermthylcﬂee:hlorlde (20 mL) and washed with aqueous sodium
bicarbonate (20 mL). The aqueous phase was extracted with methylene chloride (20 mL) and
the combined organic phases were dried (sodium sulfate and magnesium sulfate), filtered and
evaporated under reduced pressure. The material was purified by chromatography on silica
gel, eluting with methylene chloride/6% ammonia in methanol (50:1) to give an off white
solid (76 mg). MS (apci) m/z = 556.1 (M+H).
Example 147

3-(2.2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1.2-c]pyrimidin-5-

vl)-1H-pvrazol-1-yl)propanenitrile

NC
N—N ;\
) F

[00802] Step A: Preparation of 2.2-difluorocyclopropanecarbaldehyde: To a solution
of 2-iodoxybenzoic acid (7.12 g; 25.4 mmol) in DMSO (50 mL) was added (2,2-

difluorocyclopropyl)methanol (2.50 g; 23.1 mmol) and the mixture was stirred for 3 hours
under nitrogen. Water (200 mL) was added. The white solids were removed by filtration and
the filter cake was washed with ether, taking care not to evaporate the volatile product. A
minimal quantity of ether was added to the filtrate and the aqueous phase was separated. The
ether solution was washed with water and then dried (magnesium sulfate and sodium sulfate).
The solution was filtered under nitrogen taking care not to use too much reduced pressure.
The resulting ether solution (about 90mL) was taken directly to the next step.

[00803] Step B: Preparation of 3-(2.2-difluorocyclopropylacrylonitrile: To a solution
of diethyl cyanomethylphosphonate (4.09 g; 23.1 mmol) in dry THF (200 mL) at 0 °C under

nitrogen was added potassium t-butoxide (23.1 mmol; 1M solution in THF). The mixture was
stirred for 1 hour. The solution of 2,2-difluorocyclopropanecarbaldehyde from Step A was
added and the mixture was stirred while allowing to warm to ambient temperature. A portion

of the solvent was removed under reduced pressure and the remaining solution was diluted



[00768] Prepared in the same manner as Preparation 0, Step B, replacing
tert-butyl 3- (cyanonethyl ene)azetidine-I-carboxylate with

3-cycl oprwpybacyi4eni tril e (Preparation B) to afford thecriush@iosrspound
(0.010 g, 0.026 nmol, 23%yield). M5 (apci) mlz = 358.1 (MtH). Exanple 127
2-(3 -(3 -(7-(1-Methyl- 1H pyrazol - 4- yfisi m dazo

[1,2-cl pyrimdin-5-yl)-1Hpyrrol -1- vyl)azetidin-3-yl)acetonitrile

trifl uor e@betaioaiun) KBS sbutian $iﬂ wi). dihe 0‘hxtt1&trvt/&stmtr§ldted into ethyl acetate (2 x

Y AT Sy A el et b et GBS S it b SRR SRR on o,

79.0 g, aftl &doravedl ﬁndbﬂredﬁc}éd%&dsﬁrk 5hef‘rh])ate\1“@l$waﬂ§ﬁﬁiddrlb3f tiremadgaphcoaci d (2
m.) and the mxture stirred a gnbl en% eraturgwgor 3 hours. Thg m xture
was conc8htd at 8 ant" e r‘@@l?du pragelfthilas 4Pkt edSuld t h Mt 0ARC and-$€dhni cat ed

until a Mmb@cwsm?aa@lonﬂm@ . $0AG) Wasa dRRANLIRAY oﬁlhgoﬁﬁ&h@u@ém@%ﬂy@ was
washed with EtOAc and dried in vacuumto afford the title conpound
(trifluoks#®tate salt, 100 ny, 99%yield) as an ivory white solid. M
(apci) ’f\i 8541359 Ktep 161 P@ﬁ%ﬁ%@ 328_3 Brtadideyclopropyl)-3-(4- (Z-(1-methyl- 1H-
-(7-(1-Methyl- 1H—pyrazo| yTIImdaZO[J. Z-C] pyrlmcun-
-y1) - 1H pyezah4 1.2 parieditiy esTyla)latz@n@mft rile

907701 5ol 9k, 2o 3 ﬁré}ﬁ éﬁaésr%wvz%% L L

acet ate (mdAn@he DRU, (3IOQIY).30. hEd)mimlapetomitrile y(1DVmML) 1wk mtialedvvas(ngol ed on

an ice bath and DI EA (191 {al, 09 and 2,2,2-trifluoroethyl

trifl uor&#@ma}tré%?méﬁw n(ﬁé@ <%37me%§ PRI Ve iged i e ‘"’gﬁ‘f?%ﬂ ly.
The ice hatd masuFcronMed 3an0-dingord FpR) b Ak nfihdly Hag cﬁfedaﬁ@l ent
tenperature for f? hourszaq% elm xrtﬁ’r%[eapv\d/aibg) égélled tg\(\%o (SF m_)a m xed and

ext r act efeViEHIOERS stried Esnbirier o daris t #0t Cadhs saler WrsskBRVed 1ifen. 5M
Na2CO8 apgybl0prcaet dhd 8 QYRLiaNAZSPurifitiCorf LS SR QLA WS nRiH %ﬁg
t hrough a S|02 plug eluting first wwith DCM then 1 % MeOH Et OAc. The 10%

MeOH Et 0fldopdst % wagimeariwenhydiexdde t o ghsthangl c 6100k | esslSgl)ads. giFhe 3gﬂ2élss was

di ssol ve )D§2M t

suspensi g#ugtiﬁ%&% nsi o ﬁl&ggn%gﬂwr%dségbﬁgrow ??1 ﬁJr%lgmtle corrpound
(25 ng, Bﬁl%theyl)j))romsemtrﬂm(lt@ Bg) asda nN/Bu(eapibdl)lstcrb@soznﬁﬂll\QS (&canplze= 129
Tert - but gé (gyanomethyl)-3 - (3 -(741 -methyl-1H pyrazol -4-y1)im dazol 1
, 2 -cl pynm&M -5- yl)-1H pyrazol -1-yflazetidine-1 - carboxylate -Boc
[00771] Step A Prepar ation of 344E§a15pl,e&47Aetranet hyl -1,3 , 2- di oxaboro

| an- 2-y1)-142- :A gl ution of
3-(4,4,5,5-t e

mrol) in dry DVF @Bm@dmg)l Mﬁ)vﬁﬁﬁﬂlﬁ-@ Vﬂpuﬁlpﬁraacnd N&dfbﬁaﬁgmﬁne 1.9 mmol) was
added in one portion. The m xture war med at anbient tenperature for 30

m nutes, then cooled to O C and 2- ( r| thyl si | ypet hoxynethyl 162 chl ori de
(290|uL 1.7 mol ) was added. The redét¥ m xture was allowed to warmto
anbi ent tenperature overnight. The t day, a mixture of
3-(4,4,5,5-tetranmet hyl-1, 3, 2-

di oxaborol an-2-y1)-1-((2-(tri net W NNyl ) et hoxy) met hyl ) - 1H- pyrazo | e,
1-((2-(trimethylsilyl) ethoxy)met +pyrazol - 3-yl boronic acid and
1-((2-(trimethylsilyl)ethoxy)methyl)-1H MNazol e was observed. The reaction
m xture was quenched with col d saturated Mammoni um chl ori de (5 nL) and

di l ut ed y908bs|Et 20.A Thexthy ef S3 m elfﬁlemy@@ﬁdpﬂpﬂ(zem (rlélﬁ&tﬁyl Mi-bfraggiat her
portion of. Et20 . The co |neg r was shed with br|ne dried
wi th MySBAMifazeler-glay ity SOIFPIEEEY odFeraIe. PPFRSIEE LR

m xture yagngiakenyons osiditdaexb %h@a V&hﬁmwgr@w fid cplohRB. (MBA(BRCR) Mz =

242.9 (M
( difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-

pyrazol-1-yl)propanenitrile as a single enantiomer. Alternatively a mixture of 3-(2,2-
difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile is subjected to column chromatography to separate the two

diastereomers. Each diastercomeric pair is then subjected to chiral chromatography to yield



[00772] St epB: Preparati onof 7- (1 -nethyl - 1H pyrazol -4-y1)-5 - (14(2-
(trimethylsilynethoxy)-nethyl)-1H pyrazol -3 -yl)imdazo [1, 2-cl pyrimdine
and 7-( 1-wet2h111130146 PCT/US2011/031896

1H pyrazol - 4-v1)-5-(142-(trinethyl silvflethoxy)nethyl)-1H pyrazol -5-vni m da
zo [1,2- clpyrimdine: 5-Chloro-7-(1tmet hyl-1H pyrazol -4-yl)i m dazo
[1,2-c]pyrimdine (Preparation J;

100Ny, 0. 428wondnhntBnfeds dnc5p15vtdet(S)mé(iSbryJZ—&ﬂ@qréZe}dloq)mpbBeMa(ﬁ—(E-n}eﬂ)yul-lH42-

(trimethylsily ho t ol e e al so
cont ai ni %5@&@?% rfz‘%iﬁiﬁ é’inrﬁ’/l Zﬁ ﬁ)e?’ﬁ{}]io;’anﬂl&% rai?ol 3 Wq%gr oni c
acid), aeﬂhnti&ﬁ@él (273 nmg, 1.28 nmol) vvere suspended i n di oxane (2.14 ni,
0.428 mml ). To this was added Pd PPhgl) 49.5 ng, 0.0428 mmol ) foll owed by
0.21 nL of water. The reaction m heated at 70 C for 15 hours. The
reaction m xigdl@oNesRYREs)H. - WirRdrdc ol &0 -2l (nashedy WH-Bywadiat  and bri ne.
The organic layer was dried over I\/gSO@ filtered and concentrat ed in vacuo.
The resul tant resivHigidggtl. EHNH) e PREQIEGPHBIY using a 0-10%
MeOH Et OAc gradient to afford t he tmtltle |sorrers (3:1 ratio, 0.120 g,
71%vyield). M5 (apci) mz 396. 2 (MtHE5 00773] Step C. Preparation of
7-(1- et hyl- 1H pyrazol -4-v1) -5-(1H azgd £3- yflimdazorl, 2-cl pyrimdine
hydrochl oride: The mi xture of isonerg (0.120 g, 0.302 nmmol) from Step B

were dissolved in DCM (1.51 ni, 0/ ymol) and treated with 4N HCL in

di oxane (1.51 nmL, 6.04 mol). Af ﬁ%ng at anbi ent tenperature for 90

m nutes, the reactlon m xture was concertwated in vacuo to afford
7-(1- et hyl- 1H pyrazol - 4-y1) - 5- (1Hpyr az6iN 3 yI)| mdazo[l 2-c] pyrimdine

hydr och (0.1 4 A M5
(apci) nﬂg)'sga266 e ?go%??gﬂu&%%’/&ﬁg rat| o]fét%l g\r,\{tffg%ﬂagql K

- (cyanongbimitidzol, 2—@]3y1=n¢1ﬂ1—11( 1—yiﬂeltfhpﬁraﬁd-H-l -ylpzaylanehitrilo) i (pre:jnamd ]achrdlng to
rlmdlra ol - zetidi.ne- | arbx - .
Vet hy! - RS, d D Tt ST B PR ooy ofer, Bodhy Rk
hy((jr OChl dﬂud&cﬁcﬁ@ar&p%} é@(ﬂ@l&nﬂh}ﬂbl)H p{ljtdzdl&li)tl}ulmdayd [1,2- c]pylglrmdln -5-yl)-1H- A 317
3 cyanorre azeti, ar boxyl at e i on e

MR S A e RS e A S O el SR R (N

(88.8 i ULL-m@t@Bﬂ{mkal M@lsma&iﬁep 1@@@@@[@@91)11@%@2@ Yry@pafpanditiiler ¢ at
anbi ent tenperature for 15 hours overnight. The reaction m xture was
puri fi edSegesdttp yolﬁwnwém%r%aé%mﬂa@ t@% 1y digstercameny, Brch deictsomee? wat er
gradi en Ngali RlhQvegicvd & &1%%%11?&{6% lﬁr% gfé[ﬂ He 't\ﬂgerﬁahhérﬁ&s Gy 3&8&%19?()@ hy
(0-10% MeOH/ EtOAc)” to afford tert cyanonet hyl ) - é
et hy! - 1BHE) a2 difluarogyslaprenybo}-ti-G- (é]r@%ﬂ?lﬁlrh%ima®l*§‘ 1) irnidagey }, -g&ﬂyﬂ!ml@l&j azeti di

Beanpl o 195 ?%ﬁ%‘g%?g%(‘i%iﬁé‘h%%yﬁépﬁngg hapch) mz 2 ie01 (M.

[1,2-clpyrimdin-5 -y1l)-1H pyr azoExalmpleyM@zetl din-3 - yI )acetonitrile
hydrochlorld? olatio tyl I 3

-nmethyl -1Hp
-yl)az etidine-1 Vlf)&mbmo{/] abh)vﬁﬁxmmﬁlvé) 2 Pyra2@- 13vlbmooaﬁelﬁﬁi1c6 nmol ) was

di ssolved in DCM (308 iLilL, 0.0616 yyrpl) and treated with 4N HO in di oxane
(308 'EL, 1.23 mmol ). The reaction m was stirred at anbi ent
tenperature for 1 hour, then concenq:?(ts)@d irn vacuo to afford

2-(3-(3-(7-(1-net hyl- 1H pyrazol y m'crazo[l 2- 0
pyrimdin-5-yl1)-1H pyrazol -1 -yl)azeiidin-3 -yl)ac etonltrlle hydr ochl ori de

(14.3 my, 53.7%yield) as a whit& gblild. M (apC|) mz = 360.2 (MH).
Exanpl e 131 2-(3- (3 (7-(1-Methyl- EM‘V\mI- -yflimdazo [1,2-cipyrimdin-5

-yl)-1Hpyrazo 1-1 -yl)-1- f2,2,2-trif ro ethypazetidin-3-ypacetonitrile
[00807] A mixture of 3-(2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile (prepared according to
Example 147) is subjected to chiral chromatography to provide (S)-3-((R)-2,2-
difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo| 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile. Alternatively a mixture of 3-(2,2-difluorocyclopropyl)-3-(4-(7-



[00776] 2- (3-(3-(7-(1-Methyl-1H pyrazol -4-y0Oi mdazo [1,2-c]pyrimdin-5
-yl)-1H pyrazo 1-1 -yl)azetidin-3 -yl)acetonitrile hydrochloride (Exanple
130; 13. owogp11030361 mmol ) was suspended in DMF (301 |i PCTAISO®AD3189®| ) and
treated with diisopropylethylamne (31.4 164 ulL, 0.180 mmol) and
2,2,2-trifluoroethyl trifluoronmethanegyl fonate (9.07 ng, 0.0391 mmol). The
reaction mxture was stirred at anbient tenperature for 15 hours. Another
port i on Of-m2thl- H%-Q)yfatd)lbrbylmﬁhdfeyb[ltz’d: f)jrmmndmybambls;uhﬁod}meyﬂprc(pﬁndﬁitﬁg, 0. 87

was ad f or othe e reaction mxture was
Then pur P tray BB rbiioedhud Rrihe e o7 fodusdngs oRrt S Bttt
gr adi ent paif Blth@watjebyd pr epar c&ltr(brﬂzﬂoélfb.ﬁﬁgl.ts iyfegd the %M}E&l{ﬂi&h&é\@nd proaddt ¢8)d
24343474 1H pyrazo 1- zo [1 ,2-c]pyrimdin- .
-y1) - 1H éﬂ@z?of? ghﬂuowclqpﬁ%péb sz ?7) kg eltFLw%Oi o e éod[;l/gefi@mﬁfhﬁri | e
(9.6 ny, 5%12)41&%?1'&19()1 1 %r&@ﬁ&h‘r)alé’qsza mg‘ﬂé@mﬁﬂ&ﬁ&"’) Exanpl e 132 3

-Cycl opropyl-3 -(3 -(7-(1I-nethyl- 1FprrazoI 4-ypi m dazo

[1, 2-cl pyri m di n-5- y1) 1H .pt yEéﬁPPH 18790 anenitrile NC <1 ,NN\
[00777] 7-(1- ﬂ%ﬁﬂ&&of aldia2- ¢l pyri m di
ne hydrochl ori .
3- cyclopropylacrylss!'ﬂi Py Ay Dbl HB z i
suspended in acetonitrile (742 |Ltum_0 148 nnDI) DBU (88 8 ut, 0.594 mmol)
was added to the reaction m xture and / A ed at 45 C for 15 hours. The
reaction mxture was purified by rejekse ase HPLC using a 0-100%
acetonitrile/water gradient. The re tant solid was diluted in Et20,
soni cated, filtered and washed m&;ﬂi 0 to afford the titIe conmpound as a

light yellow solid (9.3 ng, 17% CD M5 (apci) mz = 359.2 (MtH).

Exanple 133 2 (3 (4 (7 1 nethyl - E%Y\@L‘l yfllmdazor

1,2-cipyrimdin-5-yl)-1H pyrazol -1-yl)

(trifluo hyl su] f onyl ) pykr flacet [ 0778 tep

i Prepar MUREH" 5t *The BRELBF 52U Rt RERRT By bt (B PR P o

?1?5 h%l ggmndao]ze[ltwf]@g@mmﬁtga@l)elg ﬂyrﬂébl-lnﬂ)%)r@ﬁnﬁﬁtlrlmm{p)epm lsaaeqzemged% |9 nm‘_rHF
: a ed tq. . Pot assiu nmet propan-.2-o

5230 mbkH s 150adt POVEHGn- 0 SE ndm SR PG D CoTidy - RiPds.

tert-But Miﬂuairocpmﬁwlpi {4ime-= ﬂletﬁﬁrﬂ}pp 18- }(&mgiaz@[@ 229pyHmtih- SAﬁ;Lmdded

dropwi se as a solution in THF ( 2 The resulting m xture was aIIowed

to war m Pzl ndpronaaRysiat mt@nW@PYn@ griturcTefe3- GZe%élﬂP@fﬁcsfﬁlqpmy{e) Inkes(7-
concentr ?‘lt-ﬁlgthyﬂﬁ@fpm SGUL SRS 58 W (ﬂ]])_ﬁ(‘i}gldmjﬁ tyha$i- gkf@zomrﬁjﬁwg%ﬂngetlmeen

sat urated aqueous NH4CL and Et OAC. orgahics were wa wi th brine
dried, Misortedrid celomsehtonzatessaniy de peparthibe thvp Aiesgigpaens oEagh fdimsigroomerier ude

t | t {
T o) g R BRBRS AN AR Rlg (P A0 %ﬂdnﬁ.@Y 4 eyl at e
(2 5 g, 120, Ermﬂuprmmldp?omsl)ﬁ-@ -7 -(1HF¢th NI - pyml@)ylﬁm&a&> ( 8:climidia- 26 (t,
2.06-1. 96 1.54 9
[00779] S?é'p? E{ pg) Zeop%z?ilr Zlﬁjlré})r?h%l}ltl;qgearsta Sbntﬁle efnagtlénf cyanorret hyl ) (CS% H)
-(4-(7-(12- rrethyl 1H razol - 4- 1 Exangded#8l2-c ri idirazol -

lolid.ine 2|-( 6- -( -?]-lrnaet[hva pyrazol-4-yDimidazo[1.2-c]pyrimidin-5-y1)-1H-pyrazol-1-y1)-2-

oxaspiro[3.3]heptan-6-yl)acetonitrile

NC%C
N—N o
N/ F =
o 'N/
N

[00809] Step A: Preparation of 6-(phenylsulfonyl)-2-oxaspiro[3.3]heptane: To a

solution of methylsulfonylbenzene (2.00 g; 12.8 mmol) in dry THF (40 mL) under nitrogen at

0 °C was added butyl lithium (25.6 mmol; 2.5M solution on hexane). The mixture was stirred



Prepared according to Exanple 2, replacing 3-cyclopropylacrylonitrile with
tert-butyl 3- (cyanonethyl ene)pyrrolidine-|-carboxylate to afford the title
conmpound 80.26200RI6d. MS (apci) mlz = 474. 2( MtH) . [ 00780 BUSR01T/031896
Preparation of 2-(3-(4-(7-(1-methyl-1H pyrazol-4-yl)imdazo [1,2- cl
pyrimdin-5-yl1)-1Hpyrazol -1 -y1)-1 -{#grifluoromet hyl sul fonyl)pyrro lidin-3
-yl)ac etonitrile : To a solution of tert-butyl 3 -(cyanonethyl)-3

- (4- ( 7- ( forrdtoly dndlthbrpyooted od 24)—°¢l Tetrantbeydethyler@diamine (1.93 mL; 12.8 mmol) was

Cuiey e Tl BXpRA b3 ne e e Y B ity "o
r ez u lDT :52 gHgoFﬁg(m %ﬂg lﬁ%ﬁlxmwfﬁbfl?ﬂk@d) \tvanatlog)g’bt egld_ﬂ% slcc:hﬂy sidviddl twascedsled DCM
? P i f1 uor o%e‘f%éﬁggwf‘%{ ﬁ%&aﬁﬂﬁg}amaa gn Hﬁ@axmﬁwasreéga‘rtff R T PEFRC was

al | owed {px Y@M IThcRBRLABY cHRIIREIAE $id ¥elbluahiulfatthBltdr&Rsld @RcdMnkyr € was
concentrated to an oil and the oil was_chronato raphed to yield the title

conpoundufdsr sFlugahyessig. WS matgrel yappyrified s silizg gelHBlotage sBstERarRbFBS 139

2-(1- acetlﬁ'(ﬂ-%%ol(lﬂmg fi !&eé}%ﬁlﬂbﬁg A RY AR 'lﬁcéﬁgé - g%?b%&ﬁ&l't)osfﬁé B 5-y1) -

1H pyrazol gyrro I'd yl) acetonitril 1| Priepared in the

sane rrann@lduqswam Ieéasl@@ffwblftﬁ S@(bldlﬁ@otmg)fl uor onet hanesul foni ¢ anhydri de

W|th ace hl orige t %yl I ci) mz
= 416. 1(%&1}@ Exanmp e@B }e L - £ 5% t?/{g. énﬁgazo [1

, 2- cl p{/p‘nlemyldllfonﬁ)—%ok)lspilb{Wh@Zmle(100—1;1@,)1-Z|6 mran 112d11yr]IHH (mnb) edshyippyrr o

e o Y IR S . ey Deiilin ARl TSR RLER SRR uRT R M b
:2%,32,35/- tr t}felmmfu@@tvhlys&mﬁeﬁ iféd 1sohmORE. fwﬁﬁ@uis{tﬂmaﬁhgzlsﬂ@ey(zav @hg; i1t38enmelypasind i n
2-(1- %z;gqidgﬁr@pﬁl@ﬁit‘f’é I'?ﬁ G- lzﬂi) (a?%e mﬂ% VTPL% W&QotP e o FPEFGr 1, 2- cl

pyri m di @nfwrature with stirring over 12 hours. The mixture was added to aqueous sodium

bicarbonate (50 mL) and extracted into cthyl acetate (5 x 25 mL). The combined extracts
were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
material was purified by chromatography on silica gel, eluting with hexane/ethyl acetate (1:1)
to give the product as an oil (52 mg).

[00811] Step C: Preparation of 2-(2-oxaspiro[3.3]heptan-6-ylidene)acetonitrile: To a

solution of diethyl cyanomethylphosphonate (82 mg; 0.464 mmol) in THF ( 2 mL) at 0 °C
under nitrogen was added potassium t-butoxide (0.51 mmol; 1M solution in THF) and the
mixture was stirred at 0 °C for 1 hour. A solution of 2-oxaspiro[3.3]heptan-6-one (52 mg;
0.464 mmol) in THF (1 mL) was added. A precipitate formed and further THF (1 mL) was
added to enhance the stirring. The reaction mixture was allowed to stir for 4 hours at ambient
temperature. The reaction mixture was partitioned between saturated aqueous ammonium
chloride (10 mL) and ethyl acetate (10 mL). The phases were separated and the aqueous
phase was extracted with cthyl acetate (3 x 10 mL). The extracts were combined, dried
(sodium sulfate), filtered and evaporated under reduced pressure. The material was purified
by silica gel chromatography eluting with hexane/ethyl acetate (3:2) to give the product as a
colorless oil (20 mg).

[00812] Step D: Preparation of 2-(6-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1.2-

clpyrimidin-3-yl)-1H-pyrazol-1-vl)-2-oxaspiro[3.3]heptan-6-yl)acetonitrile: A mixture of 7-
(1-methyl-1H-pyrazol-4-yl)-5-(1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine (25 mg; 0.094

mmol), 2-(2-oxaspiro[3.3]heptan-6-ylidene)acetonitrile (19 mg; 0.14 mmol) and DBU (7.2



yl) - 1H pyrazol - 1-yl) azeti din-3-yl)acetonitrile WO

2011/ 130146PCT/ US2011/ 031896 167 [00783] Prepared accordi ng to Exanple 128,
repl aci ngw®,28112:30146f | uor oet hyl trifl uor onet hanesul f onat @ChtiSh011/031896

cycl opropanesul fonyl chloride to yield title conpound in 9.5%vyield. M
(apci) mz = 463. 1(M+H). Exanple 137 179
2-(3-(4-(7-(4-(4-net hyl pi perazi n-1-yl)phenyl)imdazo [1 ,2- c]

pyri m di mg5094) mitd oy pezalitrile (1 myflyaslstisre@jn2y @ated ivfal atoSrOd’éthnyM et iTde n- 3

-yl)acet |tr|Ie 0Q784) st Preparation of Ter

37 by anoRBYY IS deph b (e R ROR, Pl B3 Reart yios Hes? B it 1 [ 1 | 2
- c] p;d/_r [ ahrdmatoérapw,)ehitgi%mgtﬂaz@)g aixlmm:lmm@amdidaen htlethaﬁalr)/mﬂwlleab Qﬁlogﬁgpgr ed
_af g? : almrsl%hé/q tolElxginggc?leIH @)&Jé%‘g ebpu;rsagsgreg P30 &ct as %e% id (2¥ 5 rng) 1\£S (apci)’

prrazohﬂw:umligm hyl-4-(4-(4,4,5, 5-
tetranethyl di oxabor ol an- 2- yI)phen{g%plperazine tovyieldtitle

conpound in 58.2%vyield. M5 (apci )Exampleld)s, 2 (M+H)

[ 00785] St epBRReRAT. &L iQROSmlidizbrt: iﬁp&rﬁn{dﬂl sRhY i Rei Az boo 0.
yl)phenyl)imdazo [T ,2- cJpyrimdin-5-yl)- I pyrazol-1 -yI)-1 -(2 ,2

,2-trifluoro ethyl)azetidHnﬂmnodyﬂhudnhmﬁﬂ&m¢domﬁﬂ&t-butyl
3-(cyanonethy|)-3 -(4-(7-(4-(4-net hyl piyperazin-1 - yl)phenyl)imdazo [1, 2-
c]pyrimdin-5-yl)-1H pyrazol -1 -yl)azetidine-1 - carboxylate (250 ng,
0. 4515 mmol ) was dissolved in MeOH (5 and a 4M HC1/ di oxane solution (5
m.) was added. The resulting nlxtugg%Mas skiffred for 20 minutes and then

2

was concentrated to a solid. To th ol i dFwas added di chl or onet hane and
di i sopropyl ethylam ne. (787 iuL, 4. mmol ). After 10 m nutes, the

resulting m xture was cool ed to{fZ and 2, 2,2-trifluoroethyl
trifluoronethanesul fonate (210 ng7 @ nmol ) was added. The reaction

m xture was allowed to warmto anbi ent Yenperature overnight. The resulting

m xture gﬁglﬂonceq%&ateq\to RpfbfiorAnd of he Qicl,uips Qﬁgggﬁhgg{ ph 7to yleld
7.5 mg (3.1% of the title conpound M5 (apci) mz = 6.2 Y
Exanpl e ¢8#opropylimidazo[l,2- c]pyrlmldln 5-yl)-1H-pyrazol- -yl)azetldme 1-carboxylate: To av1al

S L L SN B U 1 500

cF3 FQ2 N;yhhde}(l)alzdti\d[ne 1 carboxylate (Preparatlon N; 400 mg; 0.967 rnrnol)
cyclopropylboronic acid (830 mg; 9.67 mmol), Pd>dbas (177 mg; 0.193 mmol), XPHOS (92
mg; 0.913 mmol), S-Phos (79 mg; 0.913 mmol), potassium phosphate (3.87 mmol; 2M
aqueous solution) and 1,4-dioxane (10 mL). The mixture was sparged with nitrogen for 15
minutes and the vial was sealed. The mixture was heated at 75 °C with stirring for 6 hours.
The mixture was allowed to cool and diluted with methylene chloride (30 mL). Aqueous
sodium bicarbonate solution (20 mL) was added. The phases were separated and the aqueous
phase was extracted into methylene chloride (2 x 30 mL). The combined organic phases were
dried (magnesium sulfate), filtered and concentrated under reduced pressure.
[00814] The material was purified by chromatography on silica gel, eluting with
methylene chloride/6% ammonium hydroxide in methanol (98:2 to 96:4 gradient) to give the
desired product (260 mg).
[00815] Step B: Preparation of 2-(3-(4-(7-cyclopropylimidazo[1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile trihydrochloride: To a solution of tert-butyl 3-
(cyanomethyl)-3-(4-(7-cyclopropylimidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidine-
1-carboxylate (100 mg; 0.238 mmol) in 1,4-dioxane (1 mL) was added hydrogen chloride in

1,4-dioxane (2.4 mL; 4M solution). The mixture was stirred in a scaled vial for 3 hours. The



, N L_N[00786] Prepared according to Exanple 137, replacing
2,2,2-trifluoroethyl trifluoromnmethanesul fonate with

trifluorowethamesubf oni ¢ anhydride to yield title conpomna/usro134%4896 el d. MS
(apci) mz = 586.1 (MtH). Exanple 139 2 (3 (4 (7 (2

met hyl t hi azol -5-yl )i m dazor 1, 2-cl pyrirgodi n-5-y1)-1H pyrazol -1-y1) - 1-
(trifluoronethyl sul fonynazetidin-3-yl)acetonitrile cF3 ,s02 NNNTf N 1\1
.- . N [ 8VST w8t egmded Rnégardtced prosfurd er givdi)ﬂteyproduct (100 mg) as an off white

é-(cyano (4 (7 ﬁg/lthl azol -
yl)im da Mf)(é %’%(Oﬁl @)ﬁ[ 1H pyr azol 1-yl)azeti di ne- 1-car boxyl ate

1PE epar epbogw]gr dIAfrE;eIi Q: @ﬁ@fmﬂtl@n lﬁ&(ﬁ&ﬂ&%c&cloﬁr@@lﬂmﬂﬂ@[l ,2-c]pyrimidin-5-yl)-
oxet an- et r ampt
di oxabor éﬂemr&zowy ’_LlFé ﬁfslp wnﬁweé&lﬁé-wfetsm 1lFi heenPidtamiydhitazol e to
Id t J el ik ZetiFin il
{68788] gsjeﬁyc%%ggl?da? (?I(IJ%BOO%MH% fﬁyl)-"l/ﬁ 1{( rr%e% F{% Z’t?eﬁl&la?ofl)a]eé%mllﬁ‘l dazo [1, 2-
0 pyri m #ilydmchlgnge ﬂp(byﬁaz<9l23i m?l_?}) En‘étwqopﬁ@ﬁoﬁ?etfhlyl ST efigr ) B2ét i di n 3

-ypacet Omﬁuroweﬁlgl tﬁﬂ&or@é’tﬁéﬂes@fon&@%@ﬁ@% hyﬁlé)6 1:}111{0{!) bt CRAMALRYLEN) @70l -

-yl)imdazo | clpyrimdin-5 -yl)-1Hpytazol -1-yl’) azetldlne lcarboxylate
(225 ny, nonodb 1he mmuge wiastitied 8104 seakgd ivinl kel hoBrspriMateartd) enld wigs pdieddndxane

sol uti ongy(.3, ). Yas it gg inttc-)(l; Egthggeﬁgéﬁlkﬁ% (?"%d%ﬁ it e C%Ellb%laggxt[‘a%{s e M nutes

and t hen was concen he so
di chl or odetdh (mdlumsulfalﬁ SanMa@mﬂurdi s‘utfaip) dfﬂ;dredealhw lcarmiemteatdd7 8idear triediyced . 52

nmol After ul ure S

FTH or BISUREAE MG bR P ahio B gty B o857 aifoty et huithafend e

r eaclt I ONnclifbXddis’e an@sondirh m\y&l@xtde 1ﬁ.gmhdnol eaml ent:4t @E]martﬁlwgﬁe avetesieght . The
resultin xture wa a 0 an the oil was

chromat og?oglb éﬁiaf’vé‘lt?/?oéfrb@% éﬂ’g??%é“?(% 48#'%% )itle conpound. MS (apci)
mz = 509. 0( MtH). Exanpl e 140 2- (]E,mﬁqﬂ@jgpropyl sul fonyl)-3

4-(7-(2-net hyl t hi azol )i m dazo rimdin-5-y1)-1H razol -
_ §,| ) g_ze§ i &ﬁﬁ!@g&%ﬂmﬁg@)@l 4 Vl)lmldaz[ofl 3- C]DV1[1IFI)1¥d1n 5-y1)-1H- Dvr%zo)l 1-yD)-7 -py

oxaspiro[3.5]nonan-2-yDacetonitrile

NC
N—MO
b¢
(/\N =N
N/ F =
o~ ’N’
N

[00817] Step A: Preparation of 4-methylenctetrahydro-2H-pyran: A solution of
dihydro-2H-pyran-4(3H)-one (2.50g; 25.0mmol) in THF (50mL) was sparged with nitrogen

for 15 minutes. The solution was cooled to 5 °C under nitrogen with stirring. A solution of
Tebbe reagent (bis(cyclopentadienyl)-p-chloro(dimethylaluminum)-p-methylenetitanium)
(25.0 mmol; 0.50 M solution in toluene; Sigma-Aldrich Chemical Co.) was added. The
mixture was allowed to warm to ambient temperature. Ether was added (400 mL). The
reagent was quenched by the careful addition of 0.IM sodium hydroxide (10 mL). (The
quench is highly exothermic with considerable effervescence). The resulting solution was
dried (sodium sulfate) and filtered through a mixture of Celite® and alumina washing the
filter cake with ether. The filtrate was partially concentrated to remove the majority of the
ether at 50 °C and a pressure of 580 mm Hg. The resulting mixture was diluted with pentane,

filtered through Celite® and then partially concentrated as previously (taking care not to lose



7 N\A\N ,S02 NNN 1/4) -- NS ---- N [00789] Prepared according to Exanpl e

139, replacing 2,2,2-trifluoroethyl trifluoronethanesul fonate with

cycl opropapesul/f3oragl chloride to yield title conpound i RC3AISBOHIPBhE. NS

(apci) mz = 481.1 (MtH). Exanple 141

2-(1-(cycl opropyl sul fonyl)-3-(4-(7-(2rgret hoxypyrimdin-5 -yl)imdazo r 1, 2-

cl pyri mdin-5 -yl)- 1H pyrazol-1 -yl)azetidin-3-yl)acetonitrile NIl ? A
EI@O/B%]GSIIQ(DJCA TIRr repdtiraf dobmioonfin tohrehe/bfmtqnle was continued to the next step

3- (cyano h xypyrim di n-5-yni m dazo [ 1, 2-

clpyrim Bith ‘é %’ ?Ct‘(lr aﬁ%éé%??ffa%?) azetidine-1 - carboxylate : Prepared

accor di ngnoses|Exanstep B RreSir&onfof 1 aplictordg- dmétﬁ?(ﬂ?} &]ﬂm&nﬂb’ne‘l ZikAwhs 5, 5
zol e

-t et r anet hy di oxaboro | an- 2- -1H W

2- met hox§§t Pﬁe#aeﬁ%ﬁ%g w@a?lahlﬁ cpr%@fiwet(%v)%eéllsgﬁ? ft"ﬂ@ é{yﬁf?&sirmppﬁﬁ SBSYE vi el d.
M5 (apci )1 WS &%l%ﬁwﬁkﬂ&ter (16D %@A Thd 3Q44OBHAUSLL :kéd @)’5 lﬁ%@m&ﬁﬁ’e was

[ 00791] St epB: Pr eBar ationof 2- (1- (cycl opropyl sul fonyl

net hoxyp?ti‘rif%il fgr A hgury undaringepeen. [ The 2ctivatqshziRchy e lﬁplstﬁ@ﬁy ﬁmhpy rwbqsd with| ) az
etidin- ?’aceton\éf 5@9%&9@'1&% lvﬁcuun{ &kt Bt WO 8C rior to. use. The solution of 4-

- (cyanonet hyl') - 3- (4- (7- (2-met hoxypyrimdin-5 -yl)imdazo [1, 2- c]
pyri m di megwyienytettahydior 2-oyran fropt Piep et mwdb deed with sadiboxsplfate end n5@nesm 0. 308
nmol ) wa 1 0 e i ) was
added. T uelgllrt esu(i ?[%geh %h%ﬁ%ﬁ edE> %g%)) gv?a@ﬂm Jﬁ%\ﬂcy% 8ﬁlﬁ1e)rt(1% esﬁl gsn%H gg%(sa%lgt
concent r ataegk saida vaéadh khd ﬁfempllnaeeds oAi sblunas of didedordacetyl ohlored¢ (radleg (265 L) and

resul U1 nii Crdrs SRRECab A Yocadones By rpf bt hR)te bR i e

(43.3 ngof maaanmbﬁetmsycaddﬂgbyramﬁ digathiti QB0 FDY iud thewatsvagddl Hwed.00@; Come t o

anbi ent nper at ur overm t. .The resulti xture S concentrated to an
oi | and 7 TneD Yeder gttt BaﬁaﬁH@dV%S&tlgF%Fogl doBrs gy e‘@@é-@%% ORNEStit]e
conmpound itdfd ¢(eeh) Calite® mnP@Aclhtrbfvtt thder FXRIB] redsd?. The material was purified

by chromatography on silica gel, cluting with 10:1 hexane/cthyl acetate to give impure

product (160 mg) as a colorless oil which was continued directly on to the next step.

[00819] Step C: Preparation of 7-oxaspiro[3.5]nonan-2-one: The impure 1,1-dichloro-

7-oxaspiro[3.5]nonan-2-on¢ from Step B was stirred with zinc (150 mg; 2.30 mmol) and 5
mL of acetic acid/water (1:1) for 4 hours. The mixture was stored at -20 °C for 1 day, diluted
with ether (20 mL) and filtered through a pad of Celite®. The solution was neutralized with
aqueous sodium bicarbonate solution and extracted into cther (5 x 20 mL). The combined
ether extracts were dried (sodium sulfate), filtered and concentrated under reduced pressure.
The material was purified by chromatography on silica gel, eluting with 1:1 ethyl
acctate/hexane to give the product as a colorless oil (61 mg).

[00820] Step D: Preparation of 2-(7-oxaspiro[3.5]nonan-2-ylidene)acetonitrile: This

was prepared from 7-oxaspiro[3.5]nonan-2-one (45mg; 0.321mg) in analogous fashion to
Example 148, Step C to give the desired product (43 mg).
[00821] Step E: Preparation of 2-(2-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-

¢]pyrimidin-5-yl)-1H-pyrazol-1-vl)-7-oxaspiro[3.5]nonan-2-y)acetonitrile: This was

prepared from 7-(1-methyl-1H-pyrazol-4-yl)-5-(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidine
(40 mg; 0.151 mmol) and 2-(7-oxaspiro[3.5]nonan-2-ylidene)acetonitrile (37 mg; 0.226
mmol) in analogous fashion to Example 148, Step D to give the desired product (39 mg). MS
(apci) m/z = 429.2 (M+H).



2 (3 (4 (7 (2

nmet hoxypyrim di n-5-yflimdazo[ 1, 2-c] pyrimdin-5-yl)-1H pyrazol -1-yl1)-1-

(trifluorwoebhyl3subf onynazeti din-3-vflacetonitrile cF, Poo/USBDINOBISY6 N ey

[""N Il ?.Ni?.0 [00792] Prepared according to Exanple 141, repl acing

cycl opropanesul fonyl chloride with trigl uoromet hanesul foni ¢ anhydride to

yield title conpound in 91. 7% vyield. M5 (apci) nmlz = 520.2 (M+H). Exanple

143 2 (3 (3 (7 (1 (2 Example 151

(rrethylsulf¥h .

pyrazol - = ? f 1) ‘imi

[ 00793] St ep A Pr epar at ion fosmroB 5]nonan-2-yl)acetonitrile

1- (2- (et hyl sul fonyl) et hyl)-4-(4, 4N§ 5-tetramethyl- 1,3 , 2-

di oxabor ol an-2-y1)-1H pyrazo le :

4-(4,4,5,5-Tetranet hyl-1, 3, 2- di oxabomol y1) - 1Hpyrazole (5.3 g, 27.31

mol ), met hyl vinyl sul fone (4. 349 p}(iho. 97 mmol) and DBU (2.042 nl, 13.66
It

'd| ns ? yi)711H-

nol ) were suspended in dry acetonitfile (54.63 nL) in a sealed glass bonb
and heated in a sand bath at 90 QUERNni ght. The resulting reaction m xture
was concentrated to a solid and ids were washed with hexanes to
yield 5.2 g (63.4% of the title conpoundN-f00794] Step B: Preparation of
tert-butyl 3-(cyanonethyl)-3-(4-(7-(1-(2N

(met hyl spdosenyf | etdiy )x pRppvhiazet t chlﬂomsdaar@[sino%a@bpmal Tigliwas Brepdord 1H pyr a
zol - yl)azeti di ne- - car box Iat : 9é)are according to Exangl e 103,
Step A PEpTdiRg Rg 1zﬁeratuéex@9%ﬁﬁlu@( 9@9}1@0949 59(38), &1 &) AMavHed zinc &

di oxabor 66 kahr Lharddria R ey |l§<\é4n R250 (LB X YRR IEh Ry Ao IYele’&r .acid to
yield title CS%%J}HMl?lSB% 3 EJI\/S( Ib))( e L %505 <t ep
C. Prepafafingpolpin dry cther (180 H(L7 ueier-mtzuwﬁ@teﬁym%d #Tbﬁ%() @Lrﬁquck ﬂalskpwlazol 4-
yflimda o
1, 2 ¢ pyy fodition fupnc) gad gondsaser atachell The mixturs wgs placed i & sonic batl p038 7G4 i - 3-
y1) acet ofkrithlpdoacetyl TbllOtldeb(ﬁt Ylg, 32.5 @umalhmrrh*y ktjkD) 58 I’HI()ZW&S(aadlerl dropw1se as the
(2(rreth| quon by razol4

-yl)-1H pcg/irazo % FG%ZJQ%@ S&Plﬁgt}lnvéaasr Mn‘%eg? & ?ﬁ%ﬁglr JXE’%%’% ?r)edwas

di ssol veduoughl\@@ité@ snant@e ahdioa \xﬂdmmécdwukamtﬁraml aut@n apnmeriym whkriddded.

The resul tin re was stirred for m nutes a hen concentrated to a
soti o Tt GBI Ga T et L RIcGPaEE RARETRA T L RuERR e drch

et hyl am pRdiph’ditte), 4ilkzedmamal doncoffrhted uddbr Fbdudé®presdulte The seshdub REs Padsbdir € was
cooled tq -40 C and_2,2,2-trifl uoroget hif trifluoronethanesul fonate (126 ng,

0. 543 rbryuaheisplug ablicaTsrd uping ee A Daifiitats Wasa@Pareicd i 81Ve AhIRBIC 85 Anbi ent

t enper at Y&iR Wyt - The resulting m xture was concentrated to an oil and
the oil was chromatographed to yield 75 ng (51.7% of the title conpound.
MS (apci JOO823 = 53%4cpl B: Miugparation of spiro[3. S]nonan 2-one: According to a literature

procedure (Tetrahedron 1993, 49(36), 8159). A mixture of 1,1-dichlorospiro[3.5]nonan-2-one
(5.00 g; 24.1 mmol) and zinc¢ dust (4.74 g; 72.4 mmol) was stirred in acetic acid (60 mL) and

water (30 mL) for 4 hours. The solution was then stored at -20 °C for 15 hours. The mixture
was filtered through Celite®, washing with ether and hexane, and then the filtrate was
washed with aqueous sodium hydroxide solution (2N; 4 x 100 mL). (This resulted in the
precipitation of white salts, which needed to be removed by filtration). The organic phase was
washed with water (30 mL), dried (sodium sulfate), filtered and concentrated under reduced
pressure. The material was purified by chromatography on silica gel, eluting with

hexane/ether (10:1) to give the desired product as an almost colorless oil (2.56 g).

[00824] Step C: Preparation of 2-(spiro[3.5]nonan-2-ylidene)acetonitrile: This was
prepared from spiro[3.5]nonan-2-one (1.25 g) using the procedure described in Example 148,

Step C to give the desired product (1.14 g).



Example 144 2 (3 (3 (7 (1

nmet hy1l- 2- oxo- 1, 2- di hydropyri di n-4-yl)imdazorl, 2-c[pyrimdin-5-yl)-1H

pyrazol - wWobpt1i36Rs62, 2-t ri f | uor oet hypazeti di n- 3- ypacet oRCTAISR@& 1/03189¢ 2

carboxyl ate: Prepared according to Exanple 103, Step A, replacing

1- (oxetan-3-yl)-4- (4,4,5,5 -tetranetiygl -1,3 , 2- di oxaboro

Ian-2-y1)-1FprrazoIe with 1 -nmethyl-4-(4,4,5,5 -

t et ranet [1308251 , 2-SleppXab Braphatie?-ofl P{g4(4-di- ﬂ-lﬁéﬂh{v‘]\r Hbperata- 4Wlahmﬁa1zd>[tl I2e
d .

compound j , 00797 %Hi
Pr epar at o7 Y 3- 4nopans2-ylacetentile 1 gfr‘}’ﬁlpﬁ cppred from
yl)im dam[-he&wnﬂyﬁwmmm)fﬁ Mmpﬁhopyry@ztﬁidaﬂo[ympynﬁadlae 2t00r inf] 0grpet hyl ) a

zeti di n- 3- n|t ile: t

-(cyanorTEF‘H%; 1 )an %%P(r? 3enopep i Qn%%&wflt%le Iy oy PT dOL- U5ing i F dazo
[1,2- c] pryédurd 8sbrited m{,iz);arﬁﬁenyg as%@ﬁ bko gMaz&Mﬂ&&&&&%Mg y MY @ip€if S0 mg,
0.514 mol) was dissolved in MeOH (5 nL) and a 4M / di oxane solutlon (5
) was &deed2’-FMdtHesul ting nlxture was stirred for 20 minutes and then
was concentrated to a solid. To thg,s)id fs2vas added di chl or onet hane and

di i sopropyl ethylam ne (478ialL, 4.54 ). After 10 mnutes, the resulting
m xt ur e wasyedlopiopyl-3-d-G4tuo®-Zh tnethy |-PHinyviazblrby bisiazo[ 1.2-¢ Jpyrimidin-5-yl)-
trifluoromethanesul fonate (Zi%'gﬁ L_gjgg added. The reaction
m xture was allowed to cone b ﬁ%%%ﬁ?%re over night. The
resulting mxture was concentramgd tlgoan oil and the oil was
chronatographed to yield 54.7 mg\(22. 7% of the title compound. M5 (apci)
m z 469.1 (MrH). Exanple 145 2- (3 (- (7-(1-nethyl-6-oxo-1 , 6-
dihydropyridin-3 -yl)imdazo [1, 2- Q%Eéyrinidin-S -yl)-1H

h

pyrazol -1-y1)-1-(2,2,2-trifluoro gt az etidin-3-yl)acetonitrile

[ 00798] Prepar ed accordlng to Exa 44, replacing 1l-nmethyl-4-(4,4,5,5-

tetramethyl - 1,3 , 2-di oxaboro | a /2 yl pyridin-2 (1H) -one with 1-nethyl -
-(4,4,5 ,5- tetranethyll 3, 2- di oxabdt _L)pyridin-2(1kb-one to yield

title conpound in 22.7%yield. M5 (apC|) 'z 487.1 (MrH). 173 Exanpl e

146 2-( 3- é? (4-(trifluoraonethyl) hen¥l)|n1dazo [1L,2 -cipyrimdin-5
-y1)-1H Aol - 1- %;@yclq_propyl -3-(4-(7-(1-‘methyl-1H-pyrazol-4-yl)imidazo[ 1,2-cpyrimidin-5-

trifl || £ 5 | uor
byop Y AR MM PSR A G Ot Py 0.5
(trifl uoﬂdﬁ’émh?lb prchagstit peidi(@azomLl 5,58 nohely wierd dispenged in MeCN (20 mL) and
-yl)-1H 1 h

) o GO RAS L0y SN 18 A ARSI

1H pyr az ddactionyriiixtiBe pariigomsbtimets) sanetticd aqmeus oduboyyregcs c@r@om&amﬂtdthm N; 490

1.18_mol f hy!) ph i d (337
Pa2ba3. {HOR I BTR L IR SAR T TR, Vo B et miwnoudds im

phosphat end &ns&tmlmd&%@mu@pmssumﬂowfﬂomﬂle vwAasle adeteid], hhﬂchdmmnﬁed 8P ).

The m xt arged with pitrogen r ' The vial was then
seal ed aﬁ@ﬁﬁ? g?B%a@gﬁaﬁ%§ﬂﬁ9g?%%é—gﬁéﬁ}ié@%giﬁﬁfE%ﬁ@%?ﬁ@ﬂn#ﬁﬁwﬁ?xture
was di |l Ubfwldéﬂ t h tlﬁ@t hy- emnlﬁéymt(dg3ma&om-al-ﬁaﬁylanugﬁuﬁomoyal)lmma% [¢ar bonat e

solution (20 nL he nmixture was extracted into methylene
chlori dec](pzrl&ndzmﬁ%lH-méZ%dmﬂ?m@&n@v@é%|(Q>0‘é2x1gr Adtl3 Mepk W eirldv S
magnesi um,syhi/atgy7 it ped and evaporated under reduced pressure. The
resul ting naterlel was triturated with ether and the solids were collected
and dried under vacuumto give the desired product as an off white solid
(410 ng). Ms (apci) mz = 524.2 (M+H). [00800] Step B: Preparation of
2-(3-(4-(7-(4-(trifluoronmethyl)phenyl)imdazo [1, 2- c]
pyrimdin-5-yl1)-1H pyrazol -1 -yl)azetidin-3-yl)acetonitrile dihydro
chloride : To a solution of tert-butyl 3 -(cyanonethyl)-3
-(4-(7-(4-(trifluoronethyl)phenyl)imdazo [1 ,2-c] pyrimdin-5 -
y1l) - 1H pyrazol -1-yl) azeti di ne-1- car boxylate (400 ng; 0.764 nmmol) in
1, 4-dioxane ( 5 nm.) was added, in two equal portions, a solution of
hydrogen chloride (31 mml; 4Min 1,4- dioxane). The resulting suspension
was stirred in a sealed vial for 2 days at anbient tenperature. The sol vent
was evaporated under a stream of nitrogen and the resulting solid was dried
under vacuumto give an off white solid (370 ng). MS (apci) mz = 424.1
(N%FD. [00801] Step C. Preparation of
2-(3-(4-(7-(4-(trifluoromethyl)phenyl)imdazo [1,2- c]pyrimdin-5
-yl)-1Hpyrazol -1 -yl)-1-(trifluoronethyl sul fonyl)azetidin-3
-ypacetonitrile : A



174 solution of 2-(3-(4-(7-(4-(trifluoronethyl)phenyl)imdazo [1 ,2- c]
pyrimdin-5 -yl)-1H pyrazol 1-yl )azetidin-3-yl)acetonitrile dihydrochloride
(100 ny; wo20l/wsoab) and 4- di et hyl am nopyridine (1.2 mgT/U32@1/081896 ) i n
met hyl ene chloride (3 nL) under nitrogen was cooled to 0 C. TEA (225 gL;
1.61 mml) was added foll owed by trifig4or onet hanesul foni ¢ anhydri de (68
F'IL; 0.403mmol). The m xture was stirred for 3 hours. The m xture was
diluted with nethylene chloride (Zxample 853d washed w t h aqueous sodi um

bi car bonat.g (20 . e aqueous, phase vas ext.racted with. nethyl ene
chloride (28 Ry QR E CSHBPREY BriyAP e B HEU L eGP MIA-0 DA sul fat e
and magnesi um sul f av&yol-1f-ilh-t1 gp e} widoeviapod-atida-3undesotiedtced pressure. The
material was purified by chromatography on silica gel, eluting with

met hyl ene chl ori de/ 6% ammoni a in negh@qol (50:1) to give an off white solid
(76 ng). Ms (apci) mz = 556.1 %@“ . FExanpl e 147 3 -(2,2-difluorocyc

| opropyl)-3-(4-(7-(1 -nethyl-1H zol -4-ypimdazo [1 , 2-cl pyrimdin-5-
vl)-1H pyrazol -1 -14)propanenitriIeMﬁNC N-N N O [00802] Step A: Preparation
of 2,2-difluorocycl opropanecarbal,dehyde: To a solution of 2-iodoxybenzoic
acid (7.12 g; 25.4 mmol) in DVMSO {50 ) was added (2, 2-

di f1 uorocycl opropyl ) net hanol (2. Qﬁg?N23.1 nmol ) and the m xture was
stirred for 3 hours under nitrogeH%\ﬁéqﬁthQDO n.) was added. The white
solids were renoved by filtration and the filter cake was washed with

ether, tgjogpg car @-{3064-0731-SMQ&&H@-E:F)-1@@r¥£ﬂl-@lydiﬁid@£&[@'ES};']pyriﬁliHﬁhfy-x}’[ﬁ'
quantity of ether was added to thé filtrate and the agueous phase was

separ at edH-rrreeokt-kbrl-@a) Arrifyaroghs Derst tia B -vidackionirile r (Eapaple h&d: d9-P4 g,
(magnesi yigys) 'Mﬁog v?a@%u%a%gd{eldrﬂl %&N&g& %}Lg alﬁﬁ%}ﬁﬁlegtd ARuRSHC KFB@L _\nder

ni trogen taking care not to use too nuch reduce ressure. The resul ting

et her solCblor@ncdi@inodet (0907E) 0.Wasmimakeves dildalon loye partibi endnibx reasti@pmixture

[ 00803] St ep. B:, Preparation of 3-(2 2-difluorocycl opropyl ryl onit,nil e: To
& sol ut 1 STt iR AR SR Ao LRI PES s8R MY R BTV o7y T
(200 mL) mavol Ow4s dddelbandrthd feagn wi allawleied spoitasbicnMetpblatupxddenifld 3 The nmol ;
IM solution.in THF). The m.xt rg was stirred for kﬁgagé. §?§H§&|u i on of

2, 2- di f | FAF 5y BBPTropan BUAr DM detiyed P ymest RS bé t he i xture
was stir eqfbiné drgarid b:AMIc GvekOwMEMitR bAREI deidd (MEPDH! AltdisEandoRGhtrhed of the

sol vent was repoved under reduced pressure and the renmi ning sol ution was
di | ut ed undes redueed averEs iR dhs gwde Aatrriab ivingb wat purifigebnilathysdumia s

ext r act eehrbihoGhiY ol ARENAR LR 51 MR NH DR RO RediceXBARY Saitbice dri ed

(magnesi um sul € an sodlun1suLfatEa, filtered and evaporated under
reduced pri&swigtea:3-mirdHrarael-AlyDinridazolni-tlrsdmiin-gtyborbopgraphy))-on2.32t i ca
gel, el uti i ne . (36 Lkye, , : -
diquoro%@c g%@%g%%%é@g€%%%§¥#wég?%§§%gb'O%%mgghgﬁésggﬁfo§Fd??m%%gﬁtaining
sonme et hyl8.atdtH).e). [00804] Step C. Preparation of
3-(2,2-dif|uorocyclopropyl)-3-(4-@iag}]nﬁhhyl-lH-

: To a m xture of 7-(1-methyl-1H pyra of - -yl)-5-(1H pyrazol -4-yl)i m dazo
[1 ,2-c] pyBiH(8Hflnerot 20Cmeotdy1- H-podzetney | )imadado[DBLE ] Hrtmidink 3-yIQ- 1 Blfpymaml-1 - i n
acetonitrile (10 m_)1 as added 34 - difluaro | opr opypacrylonitrile
(0.75 mmol ). The i xéretipuorametnyisyionyy HE SR 50 C for 24 hours.
Furt her 3-(2,2-dif|uorocyclopropyl)ac[éépnitriIe (0.4 mmol) was added and
the mxture was stirred for a furthegs-2&Fhours at 50 C. The sol vent was
removed under reduced pressure d the faterial was purified on silica gel
eluting with nethyl ene chloride/ ni um hydroxi de in nmethanol (50:1 to
15:1) to give 342,2- difluorocyc N—N

| opropy1) - 3- (4- (7- (1- et hyl - 1H pyrazgl ¥ 4-yl )i mi dazo

[1, 2-c] pyrimdin-5-y1)-1Hpyrazol - X-yl) propanenitrile (160 ng) as a m xture
of diastereoisoners. M5 (apci) mz~="385.1 (MAl). Exanple 147A |sol ation of
(S)-3-((S)-2, 2-di fluorocycl opropy$)-3-44- (7- (1-net hyl- 1H pyrazol - 4-
vni mi dazo [1, 2-cl pyrimdin-5-0)-1H pyrazpl -N=0) propanenitrile [ 00805] A

m xture of 3 -(2,2-di fluor cyclopropyl)-N-(4-(7-(1-nethyl-1H pyrazol -4-
yl)im dazgisig)2- C] pzz(sl.(lm.(dl(ﬂj\@e—tyﬂ)mlﬁr%ﬁ.az}@)hmaaﬂi,@.rc?mﬂﬁmhlst}n -eg( pr epar ed
according to Exanple 147) is subjected to chiral chromatograp to provide
( S) - 34( Spyipzap=1-yii- {(widereyesthylsulfonylazetidin-3-yDacetonitrile  (Example 96; 0.200 g,

| opropyl)-3-(4-(7-(1-nethyl-1H pyrazol -4-yl)im dazo

[1,2-c] pyri mdin-5-y1)-1Hpyrazol -1-yl)propanenitrile as a single
enantioner. Alternatively a m xture of 342,2- difluorocyc

| opropyl)-3-(4-(7-(1-methyl-1H pyrazol -4-yl)im dazo

[1, 2-c] pyrimdin-5-y1)-1Hpyrazol -1-yl)propanenitrile is subjected to colum
chromat ography to separate the two diastereoners. Each diastereoneric pair

- e




176 the two enantionmers and provide

(S)-34(S)-2,2-difluorocycl opropyl)-3-(4-(7-(1-nethyl -1Hpyrazol -4-yl)im dazo
[ 1, 2- c] pywOrbdisetdey 1) - 1H pyrazol - 1-yl) propanenitril e a®Ca/us2egloal1896

enanti omer. Exanple 147B Isol ati on of

(R-3-((S)-2,2-di fluorocycl opropyl) - 3tg54- (7- (1- net hyl - 1H pyr azol - 4-

ypi m dazo[ 1, 2-cl pyri m di n-5-y1)-1H pyrazol -1-yl) propanenitrile Nc --, i
N-N (R) ( $40Fmnjdd) 86I6¢tAusri(AL8SE g, 08 143nmpOD aRd alictif beid K0.238ahbpt. Opminol)Bvere
-(4-(7-(1-nmethyl- razol - 4- o . : :

I )i i darbpesd df SRS S S hested 15,5051 Py pr BRSO TGS BPpar ed
accor di ngodi@ foxahfte tddpgoratu® Sidbhe edactbr Mixglt vals aRitored bgvaghyatirstedr ovi de
(R -34(S)-2,2- . . .

di f 1 uor oRYHEPBLIGPYL Y dsogen carpopate prd ¢ly! ag¢tetsy TAS GPmbingd §repRif g3tgrepspvere

, 2- ] pyr WakHdl Nriftr Yeae, HelRY, " @d@esidmYdul Bl ORBNRAL dnfrhle@ unddrt RARNRY ip¥@bdke 3o M Xt ure
of 3-(2,2-difluorocyclopropyl)-3-(4-(7- , )

( 1- et hy pfapthy pragomaterigly yhieh g epaficd by Beshicpiuginehsamyatgraphy pelutneowith - y1) pro
paneni tril ey & SNRIORCUAGOND SN ALATBEAISL Y. 4B HRPA7 AT SR 11O

di astereonmers. Each diastereoneric pair is then subjected to chiral

chr omat ogyraphyt-tlomidagd[d.2t ey rimmdinemalntl Hapyeazol-bivt-1pr ovi de (R) 3

-((9S) -2, 2-.di V1) =3 =4 (7- 6 h 1 razol - I\ Y& m dazo
52 o pfifiberbiighon sl ARLAMK el (Rl s B AE0 pcta) s

enant i oméapci) BXanpl@el (M78).] sol ati on of

(S)-34(R)-2, 2-di fluorocycl opr opyl)E 3-@&13- §57 (1- met hyl - 1H pyrazol - 4-
yl)imdazo [1,2- clpyrimdi n-5-y1)-Xf %/ 270l -1l-yl)prop anenitrile NC NN
(S) (R V2H3-(1093RId1oA7-0-Mtthie] hyRzel (Ry|Findazbll1 120t p @itaildp3-0N H-pydazol-1-
-(4-(7-(1-nethyl -1H pyrazo .

yl )i m dazo[ 1, 2- c] pyr+Hdra—5-y= HORYAIAE FOESPEREni trile (prepared
according to Exanple 147) is subjected fo chiral chromatography to provide

(S)-34(R)-2,2- difluorocyc 05— F
| opropyl)-3-(4-(7-(1-nmet hyl - 1H-Myrazwl -4yl )im dazo [1
, 2-c] pyrimdin-5-yl)-1Hpyrazol - 1-yl\)pBropanenitrile. Alternatively a m xture

of 3-(2,2-difluorocycl opropyl)-3-(4-\&N 177

(1-met hyl - 1H pyrazol -4-y1)i m dazo[ 1,&-8] pyri m di n-5-y1) - 1H pyrazol - 1-yl1) pro
panenitrile is subjected to colu®n chyomatography to separate the two
di astereoners. Each di astereoneri g~pakfy i s then subjected to chiral

chromat ography to yield the two ti gmers and provide (S)- 3
-((R)-2,2-difluoro cyc |opropyl)- 3\‘%;@; hyl - 1H pyrazol - 4-y1)im dazo
[1,2-c]pyrimdin5-yl)-1H pyrazol-1-yl)p anenitrile as a single
enanti oniye, 5@ £ 51478, (1 -Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1 H-
pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile (Example 96; 0.150 g,
0.305 mmol) was suspended in DCM (5 mL) and saturated aqueous NaHCOs (2 mL). n-
Chlorosuccinimide (0.204 g, 1.53 mmol) was added in one portion and the reaction mixture
stirred at ambient temperature overnight. The reaction mixture was partitioned between
saturated aqueous NaHCO; and DCM. The combined organic extracts were washed with
brine, dried (MgSO,), filtered and concentrated under reduced pressure to afford the crude
material, which was purified by flash column chromatography, cluting with 2 - 3 % (9:1
MeOH:NH4,OH)/DCM to provide 2-(3-(4-(3-chloro-7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-(trifluoromethylsulfonyl)azetidin-3-
yDacetonitrile (0.027 g, 0.051 mmol, 17% yield). MS (apci) m/z = 526.0 (M+H).



| sol ati on of

(R -34(R)-2, 2-di fluorocycl opropyl)-3-(4-(7-(1-net hyl - 1H pyrazol - 4-

yni m dazowpP2pp/13¢14pyri m di n-5-y1) - 1H pyrazol - 1-yl ) prop &o@niske1i1loa1896

[ 00B0O8] A m xture of 3 -(2,2-di fluor cyclopropyl)-3

-(4-(7-(1-nmet hyl - 1H pyr azol - 4- 186

yQO m dazo[ 1, 2-c] pyri m di n-5-y1)-1H pyrazol - 1-yl) propanenitrile (prepared
according to Exanple 147) is subj dixaepl¢ t56chi ral chromat ography to provide
(R -34(R)-2, :

| opr opy 1¥=-3=%4 G f

, 2-c] pyri mdi n-5- yl) 1Hp,y)r.ﬁi-@{rraioml \)l}i}i’zaﬂﬁrﬂsﬂiﬂ)htfdtdrﬁtr1le°\| ternatively a m xture
of 3- (2, 2-di fluorocycl opropyl) - 3-(4- (7-

(1-met hyl - 1H pyrazol -4-y1)i m dazo[ 1 c] pyri m di n-5-y1)-1H pyrazol -1-yl)pro
panenitrile is subjected to c@l um 5_'<prrat ography to separate the two

di astereoners. Each di astereom§\e%pal r is then subjected to chiral

chromat ography to yield the two ntioners and provide (R)3

-((R)-2,2-difluoro cyc | opropyl)- 3N —4-(7-(1
-nmet hyl - 1H- pyrazol -4-y1)i m dazo [

, 2-c] pyrimdin5-yl)-1H pyrazol - ropanenitrile as a single enantioner.
Exarrple 148 2-(6-(4-(7-(1- mathy@-# razol -4-yl)imdazo [1 , 2-cl
pyrimdin-5 -yl)-1H pyrazol % [ [3 .3]
hept an- 6-yl )acetonitrile NC N— I TX) V NN 09] Step A: Preparation of
6- (phenyl sul f ony1) - 2- oxaspi ro[ 3. 3lhept an&t To a sol ution of
met hyl su to‘oss(gld be nzRge Al I2 Pfé%aﬁtlonl 3f &mml) 3{d;aﬁtrrﬂet1£hﬂ:3 {(407-loxétnederyni t rogen

i

at 0 C was added buty ium (25 M sol utjon on hexane) The

m xt ure WePYEZPF4 éalmli%[lf%ﬁ]piﬂw SaHdlfi ReizldorlBgetidine: bearpoxylate:
Tet ranet pylgidy! emﬂ(ﬁama%mﬁlaaz% 1 VAR @I@LDH %%zaqdagsf(@ahaﬂaﬁy by

sol ution of 3;3-bis(chloroneth oxe ane THF (10
m) . Theam‘tlsimaflecavt@gylailel G(KHW%U@HV% A400 80 4@3aﬁ@10t1}1eh(@p@w3yylhﬂ-l(‘b6véé to

reach 15 Gty L2ohouh o) Aa0-ab et addaloand: L8P M e

idazo[1.2-c]pyrimidin-5-

extract ecf into’ et acetate ext acts vveré dr ed
over sodP(LRhliC&u(Of%ﬂeg, 0f96I7 tremeldl aamcﬂisEOnékiﬂmaLédSumiek) weduoechdod @sddre. The

mat eri al i fied onsllc ot a i ! 1209
ol urme. Bt & PMag! b BE B BASR BEAbETpbh 0 A b RS E0 S )
The desi aﬁtd:d[and)dmspstm%adﬂmtaad hededs 7é§r?C(mfvém!@ht t"Eheﬂ@dtdtldn dOrens. cooled

[ 00810] S

ool Sl ot J R ae 0 B GG e ! Ao iCeind bfiRey TherE 5°

M) was séhbih@PordfieExticts rv@@@ﬂas’h&d wit8 beine, Bty (MESOD)] tilerédland&ondatrated. SM
solution in hexane) was added and the m xture was stirred faor 15 m nutes.

Per oxybi Y{4F irpfvesf P@Pﬂu&‘n%’) affoyd theygrude mpgerighpyhichwyas audiay s fashseplypr on THF
(2 ) aaqoﬁlba%abw Lbrlﬁm‘gﬂv%ul@'z'-?%@ﬁ%@@HWFM)I@)‘?f@@W{o bRVRE it Wit h

stirring over hours. The m xture was added to aqueous sodi um bi carbonat e
(50 ni) &vanasathard-et(T-dr@exdemyiyDadepgeeol ¢aylimpzeH P-c Ioshenidigribyvéd- ext r act s
were dri r i Ad er c e duced

pr casur el FL Tpardi flirba s LA B 28) Mo BRRrh LR AU HRD BET

el uti ng wWih(MeKane/ et hyl acetate (1: 1) to gi ve the product as an oil (52

ng). [00 t ep re ara
2-(2- oxaﬁﬂol%lrt’ﬁ Sﬁgee‘ft a% 6- ;[/) gﬁgelﬁ ac8t on? T g e e SR8t et hyl
cyanomnet ta}))inpﬁmrimam]amm(d&%w@ 1H)pg%iblﬂngd)a)zeudm-ﬂyll:)ac(et@ltrﬂe) at 0315((2 Qnder

ni trogen S added pot assjym t - byt oxi de on in THF) and
the m xt @ qut?) rred%%{l['ﬂbtygj fg?cyin%‘ﬁéy%'g'%‘ém q%% pyrazoq
2- oxaspi pg{nada?zbhem]@pnﬁrdan&y(ﬁlz{ P®razdl- 140 hzéiire) 1 baab&lyﬂﬁte((bmtgl 1\sasmelgided. A
precipitate formed and further TH ed to enhance the

stirri ng.“’asl'ﬁ‘é“p?@ﬁg i B ML b awaEF&(? 6‘%@&“@6”@?‘? pt qglyeny tepRErduIg o ent

temper at Hs@s. THR F8afhl ATkt Xi4dr &luas Wil biukhORRH HRLHBAN $AINRARMAI aqueous
anmoni um chl ori de (10 m_L and ethyl acetate (10 nmL). The phases were

separ at eBreaTHE- t hElcaqutssiak wonasmsinaed detgnatee diagh tHithe OGN aadeMeOB @8I x 10
m). The extidedsSy 'fereﬂéﬁg? R&Shre QB'a?ﬂ)r(( %ﬁ’éj'cf'h% It @t@)(i é)lekatnef 91(}1 lﬁnd
evapor at ed under reduce ssure. The materi al S puri |ed by”silica gel
chr omat ogyraphyt-glimidapg] 1 ;RJrCﬂIerimeilarfeX’léﬂ hytyrazokt -ab ezefidinByyhagetgnirde t he pr oduct
as a colorless oil (20 ng). [00812] Step D. Preparation of
2-(6-(4-(7-(1-methyl- 1H pyrazol -4-yl1)i m dazo [1, 2-



pyrimdin-5 -yl)-1H pyrazol -1 -yl1)-2-oxaspiro [3.31lheptan-6-yl)acetonitrile
: A mxture of 7- (1-nethyl-1H pyrazol-4-y1)-5 -(1H pyrazol-4-yl)imdazo [1
, 2-C] pyriwodoneé130@sé ng; 0.094 mmol ), PCT/US2011/031896

2- (2- oxaspiro[ 3. 3] hept an- 6-yl i dene)acetonitrile (19 ng; 0.14 mmol) and DBU
(7.2 179 ng; 0.047 mml) in acetonitrg7le (1 nL) was stirred in a seal ed
vial at 50 C for 24 hours. The solvent was renoved under reduced pressure
and the hn(ﬂ,ﬁ-aiﬂumwam)’ fliddde, hyt6snholc 87.¢%)| yidty, emthogasapdtyin tid adxit sigp Wi t h
(6% anmoni. n met hanol ) / met hyl ene chloride (1:25 to 1:15

gr adi ent )’“‘F%‘“E falér %pdem red product as a white solid (27.5 ng). M
(apci )dnttms;z1401 JStéIJVEH) Preﬁafraﬂﬁﬁﬂ ef 4P (R3O thg Y B-@RT IPYdictindagip 1H1 |, 2- cl
yrimdin-5 -

gt hyl ) az BYREAlH: ﬁ)léﬁ%a(éllgrﬁ?}emml fns- ]l) 1g2py%az%1- l-y )Iazfeltlhllnrﬁyl)acetonitrile' 2-(3-

[00813] StaﬁgﬁaR@%@@ﬁ@tylpmfpyﬁ&&wbmlﬂl&zé[g ﬁa}ﬁl é-yf; 1@14p3(rZzo1 1-
cycl opr opg i m dazo , g é%@j % yrazol -1 -yl ?lazetl di ne- 1-
car boxy| #beetidig Bd)aWtallﬂtT%r isead&driflureacefatey | ((?3080( 4g( 7QO§:9hI BPehni ddzo

[1,2-c] pﬁfﬂuﬂi‘ogfhgl' 5 il anddih ¥ @B R es 1 Olﬁ-@ g - 0,178 rnrnol and N ethyl-N-
(cyanonet hyl ) azeti di ne-1-car boxyl at e (Pre ration N, 400 é’7 mmol ),

cycl opr opypbiodylowipen-aemene @393 myl. 9.587 Im'ml )WerPdmmd(lmﬂ?Mﬁg@ legad nmol ),
XPHOS ( 9 rpégl t an%l’é?ht %m%e)ra[t r§ fP p(?sho(lg gi[ﬂg r%a%tl(?rg%n%l ‘)/a éja%t?cﬁl%& HS%%QI? sphat €

(3.87 mo aqueous m Xt ure was
spar ged wtluﬂatematmemge NaHQIO3 hﬁd rﬁt(mérc eét"ha roimbined vigahic wasactewtbedvasiddewith xt ur e

heat ed at, .7 f , Th t | 1 dt
ool andoars dred VethonaRit b hnPipfadtSreni st oitiseu R, Gt '
bi car bonataeenslo Mﬁdh&ﬂas(laﬁhfau)ayvﬁash aclded .chibhetqpiabesclwaigewBie parns ed(and t he

aqueous extracted int t hyl ene, chlorjde (2 x 30 ... The
conbi ned %ﬁﬁﬁa‘gﬁ R r @YU egg 6%3&“&%6%|)T a(t4é()27 '(l”r(‘?’i‘efag‘b)élﬁl) -AHd
concent rg&@ﬁblutgdﬁﬁnda@@[mqaqpﬁfnﬂaﬁw #)-1H0R8IA]- Theamal@r3- ?ac%ﬁtrﬂbl riofovsed by
chr omat ogr a on silica uting with nethyl ene chloride/ 6% amoni um

hydr oxi dé’ &llrmlﬁlﬁ]aﬁ%%yeﬁii@ N$ 611’9%“142 gfek? M)t o give the desired product

(260 ng). [00815] Step B: Preparat 'Mnﬂfle 157
2-(3-(4-(7- cyclopropyllmdazo[l 2 cl pyri md|2_n 5- yl).

1H pyraze 344 p vl RLHHwaealainy 1) B0 Hovimmamt-prhde azokl9bt uti on
of tert-butyl 3- (cy t-hy 2y imdazo [ 1, 2-
clpyrimdin-5-yl1l)-1 Acledkle T o rﬂ?e (100 ng; 0.238

mmol) in 1, 4-dioxane (1 nL) was addedf h rogen chloride in 1,4-dioxane (2.4
m.; 4M solution). The m xture was syifred in a sealed vial for 3 hours. The
180 sol vent was renoved under ed dFpressure to give the product (100 ng)
as an off white solid. M5 (apci) = 320.1 (MtH). [00816] Step C
Preparation of 2-(3-(4-(7-cyclopro winidazo[1,2-c]pyrinidin-5-y1)-

1H pyrazol -1-y1)-1-(2,2,2-trifluor ypazetidin-3-yl)acetonitrile: To a

m xture of 2-(3 -(4- (7-cyclopropylijmdazo [1,2- c] pyrimdin-5

-yl)-1H pyrazol - 1-yl ) azeti di n- 3- acktonitrile trihydrochloride (100 ny;
0.233 mml ) and acetonitrile (2 dded 2, 2, 2- trifluoroethyl
trifluoromethanesul fonate (108 ng; O0.464 and TEA (118 ng; 1.17 mol).
The mixture was stirred in a sealed vial Mor 15 hours. Water (40 nL) was
added ango8B¥ m xtuGe(dwds 1-€Rketach-eb)- ]jPhpyrazmmW]lmtmza{hlzaﬂp}dmldla Xyl30 L) .

The conb ed ex sodi gnesi um sul fate),

1t or ed B g8k P Qe b b S i 5 Bt Rar 6P al PO Bur 1 ed
by chr orraéhoegﬁ@gotwdtmp@béduﬁeaog@xam@lb u15|6ngepmiﬁﬂ‘g M&hﬂydr)eﬁlethﬁﬁbbﬂfdndﬁ/ -6%11 ' ed
ammoni um y roxide_ in metha nt) tQ give the desire
product &< é%ﬁ?&t@w&mﬁqqytﬁhwm%n%%ﬁewe nb?@? 5@2/21 éﬂﬁ anpl e 150
2-(2-(4-(7-(1-met hvl- 1H pyrazol - 4-0)i m dazor 1, 2-cl pyri m di n- 5 vl)-1H pyrazo
| -1-v1)-7- oxaspiro [3.5 nonan-2-vflacetonitrile NC N-N [00817] Step A
Preparati on of 4-nethyl enetetrahydro-2H pyran: A sol ution of



di hydr o- 2H pyran-4(3H)-one (2.50g; 25 Omol) in THF (50nL) was sparged with
nitrogen for 15 mnutes. The solution was cooled to 5 C under nitrogen with
stirring.wa2eal/u3visen of Tebbe reagent (bis(cycl opentadi @aya)S2011/031896

u- chl oro(di met hyl al um num - u- net hyl enetitaniunm) (25.0 mml; 0.50 M sol ution
in toluene; Sigma-Aldrich Chem cal Coigg was added. The m xture was al |l owned
to warmto anbient tenperature. Ether was added (400 nL). The reagent was
quenched by the careful addition dixagplé380odi um hydroxide (10 ni). (The
guench is hrg ef f . 'll'he resul ting
sol uti on was i cimopi 4 gttca—mxture of
Celite0 and al umi na vva&fiﬂﬁkﬁoﬁlhtﬁvlfsulfdn&l‘)a&ﬁkﬁ Wlbalaetemhﬁ The filtrate was

partially concentrated to renove the mgjority of the ether at 50 C and a
pressure of 580 nm Hg. The resultlrbg m\_)gture was diluted with pentane,
filtered through CeliteO and t pqirtn-ally concentrated as previously
(taking care not to lose 181 th atile product). The resulting solution

in toluene/pentane was continued toytLhe next step wi thout characterization
of the product. [00818] Step B: Preparation of
1, 1-di chl oro- 7- oxaspi ro[ 3. 51nonan- 2- dne: Zinc was activated according to a
publ i shed procedure (Synthesis 1%4,; 5). Hydrated copper sulfate (14 g)
was di ssolved in water (150 ni) dl added to zinc dust (60 g). The m xture
was stirred for 2 hours under nitrN:gK?n‘\‘nactivat ed zinc was isolated by
filtration, washed with acetone and dri e¥iwa vacuum oven at 100 C prior
to use. ol utign of ,4- thIenete rah dr 2H- ranfro
dried w @%@dl umsgfﬂfaée and=2egh st £y jj ‘ FF
\Ao,ﬁl i th eg dﬁi&aﬁmmﬂlhmdj@dﬂ@ mhlsth@tlinesr ?l) lﬂimﬁaszmmeﬁUl&mHﬁlcﬁf‘t@g@l@tesol i ds
iC ad prec pltate A ion of tri roacty chj. ori de 0 g;
27.5 mmfeﬁplrp"ﬁy ry ether (2 K#. hlﬁ)a)émaia@é I? Pév%]'} 1- pléfﬁ’ﬁ?lélg'y]t)

stirred gcgzﬁﬁdﬂ?fdtlﬂg)aﬁét?&lﬂéflec%oxgzﬁ% 4(m1§alaar oeneNet rzaémydgo 3H6DYﬁ1ﬁial)l n4dry

et her (2 mL) and the activated zinc m under. ni trogen.
The ni xt 0¥ Owdenéetnrbqr@ac ped (.54 Eollﬁ)r]smﬁiol)r @Frfgsbexsrik?e4s%rruﬁqpé9py\waeheﬂrrt ered
through &gt &Bnal . 6engenty ahﬁr#) araqerpd&w?%i PSSP welé@eugg@ﬁ&aual was

purified By chromatography on silica gel, eluting with 10:1 hexane/ et hyl

acet at e td-dxaec [Vpukeandrmodisd twith1B0(eigh d2das 40.6 B ord @dsmmpl) wah pddedwad

cont i nueg, .di Etgr? Aexlegq %eété‘(?arﬂ%‘%c %k&ﬂrgr:{.OQﬁé?%]§E&Pm%&tu£r\9£§a&iﬂﬁéd°&}it9f

/- oxaspi rof S nonan- 2- one: ure~l, 1-dic i of o-

7- oxaspi EapAsc 5jdmanaatec2aqmn®5fhiaﬂﬁ($£ eﬁleBnmassicstniimluredvaWpadsettthmg(llaEﬁadrtng 2 30

o b abeltsB e pmfetolls “The IChRE wih rhdiet e DB PR wif P& o ougn

a pad of ldged whetparkiee aadlthini mshwasnthemm adlnezle(d/lg&mh fagtedoing cdackntiated

bi carbonate sol ution and extracted into et nbi ned

ot hor o T e S D et e This e Feat aF b ME R ARAd under
reduced pIcess Waﬁ}edﬂﬂﬁthmeﬁfd@{o Md@hﬁtrﬁd@ﬂ)tél)fn&&[a@ Mehe GFup iyat€@al Siaki ca
gel, eluting with 1:1 eth acet at e/ hexane to give the product as a

col orl es §usai:r}de@ GH_DQM to @%grgg]agplgﬁm[) Mp}yesfgg sa@lg@ﬁt gipsolve and were collected

2- (7- oxagpy {4ehica LOABARY 21 iR 2GRE Qﬁlhé FateBial \]«'Eg F%ad’@sonEH @9&1{11%‘ ahg om
7-oxaspiro[ 3. 51nonan-2-one (45ny; 0.321 in anal 088@}11 ashi on to Exanple

148, St epudiaddygfiase cplh@ncrémnraézgrma@@trng(w@ )% (9:0 SttepHYD@dpar at i on

of 2- (2 TSE¢ y / ]

pyri m di l%g t;ﬁgﬁggrg%%c%\{& fg 'ﬁgy@spr rgg?gé@ﬁglg%r? ]22 c Iiyé%néct‘“ér?. trile :

Thi s was yb-rlébarre@l fl rydazetidine-1-carboxylate (3.42 g, 7.044 mmol, 104.3 % yleld) MS (apci)

7-(1-rretg¥1 ;‘%m% azo | -4-y1)-5-(1H pyrazol -4-yl)imdazo [1, 2-c]pyrimdine

(40 nm; 45 IYI ind 2- (7-oxaspiro[ 3.5] nonan-2-ylidene)acetonitrile (37

ng; O. 22{300|Sﬁﬂl) w&mﬁlmﬁmstm‘nasfm (Gﬁ4t(0(£naﬂ1@kﬁah}4xﬁ)lm gng (ﬂﬁ)vrglll\iﬁ-t he

desired 3 i ) 7 = I_%S/EP t}],].11832 Ie1151

2 (2-(4- €2 i onse Ry Y CPia“:? il)Y)lH- pyr az
-1- y1pspi7 (If &em eﬁyl)zmwhkca[c ethiryntrmmhes-ylb\lmlf)yraszﬂg%gaﬂe&ﬁ@1A

Pr eparation of 1 1-di chl orospi ro[ 3. 5] nonan- was ared

accor di n§ErPEYR1s {100 d SeA0anpel ey alrS@eI(drérrr %ﬁwe&rcﬁ - 41@9@%@&9‘% é@ye @143 .

Acti vat egh;zi188 rhrRel9Q9:M 16 d@m&é))we(sperdeaarlﬁen@r;&%@ T feQctloxanml girkaly Step
B) and net hyl enecycl ohexane (2.40 g; mol) in dry ether (100 ni) under

nitrogen were mxed in a 250 nm. 3- neck flask with an addition funnel and
condenser attached. The m xture was placed in a sonic bath at 25 C

Trichl oroacetyl chloride (5.91g; 32.5 nmmol) in dry ether (50 nL) was added
dropwi se as the solution was sonicated. The sonication was continued for 3
hours. The m xture was filtered through Celite0 and the solution was washed
mnth saturated ‘aqueous annnnrunrchlorrde solutlon (50 nL) and ~aqueous

o o, o N —— o B




prepared from spiro[3.5] nonan-2-one (1.25 g) using the procedure described
in Exanple 148, Step Cto give the desired product (1.14 g). WO

2011/ 130Iw6RaT/138A611/ 031896 183 [ 00825] Step D: Prepar aPCoUSei11/031896
2-(2-(4-(7-(1-met hyl- 1H pyrazol - 4-y1)i m dazo[ 1, 2-

cl pyrimdin-5-yl1)-1H pyrazol - 1-y1) spi r9[ 3. 5] nonan- 2-yQGacetonitrile: This
was prepared from 7-(1-nmethyl-1H pyrazol -4-y1l)-5-(1H pyrazol -4-yl)i m dazo
[1 , 2-c] pybicnt teinperatiifeOd ermyght Gh@ﬁ@onmmﬂa)edamdler reduced pressure to afford the crude

2-(spiro[ 3,5 | i dene )ace 565 mml ) using the
pr ocedurh1 H’Egg?’v?l:?gdvais}és ﬂ’ﬁngml Lﬁl ?rd’ugﬁ%m?he desired product (60
mg) . MS (00886]) N Step 427 2 (Mtbﬁrau(ﬁxaaf)l 2-BH2-(3(LyetioRY N Yiti dafdl4.3 -
-fluoro-7-(1- et hy]- pre}zol Jﬂ)Ide [ 1, 2-cl pyr] 'din-5-,1§/1)-
1H pyr az -1- @ﬂyﬁe}@%%%%w 2-
-(4-(7-(B- (E@Wl\vléthb;&%ﬁe%{) l’nlﬂa%P] 2730 ﬁﬁuc{u;s%d)cimsgﬂamlql )a'éendm 3-
y1l) - 1H pyrazol - 1-yl) propanenitril 558 mmol ),

SeI ecffl Mamtoe@rﬂeg%hyglroc logide O)g mse@@w @H%QIEIA((W%E@ A3, MBHgViEFD| )
Wer e sus %ggﬁl@d DM 0GRD) dH)co8RE 1§ 3E € GiFRor8fefraR@F M HHhydridigongact i on

m xture was cooled to anbl ent tenperature and the reaction m xture

partiti onmdd 09E2 weerl) wat addad deppaepg @od thegowditionmhytdicadewed tor Wonatoeandnaht et hy|
acet at e. r i ed,
ragnes: ulLArFaF & AL 0 AR FaPh aEhE WAL EalRSRRCHich MRy o,
crude malNeHCa);, aanlDCM wadie puonibined dorpanid Iea@etctwwbmnmie:lh(Mgﬁb@,gﬁh@b@ anél uti ng

ith 1-2 % / di chl th
o vl ooralss e T PR oSt SR TG 1O ki BuD e 1Y (P eotyan 5.
c] pyrimi dﬁrﬂm%g&);hﬁkﬂmwgamlh -21%/(9 prmmlﬂeﬂh'()H)ﬂZ&’?l‘(/lD t®povide O(I-AL(Mwpl , 20%

yield). mz = 377.1 153

2-(3-(4- F@tkéﬁﬁg‘r%wfm(dfzi i%e"t%}ﬁl d&?l% YliH-é‘ [;Tyﬁlyl )i midazo[ 1, 2-c] pyri m di
n-5-yl)- ?Hﬂuoromethylsulfonyl)azetldln -3-yl)acetonitrile (0.188 g, 0.363 mmol, 55.5% yicld). MS
Pvrazol - % trlfluoroethyl)azetldln3yf|aceton|tr|Ie N ---N1
[ 00827] 2 a(psﬁeﬁzt l%i MtRdt an- 3- y1) - 1H pyr azol - 4-yi )i mi dazo [1

,2-c] pyrimdin-5-yl)- 1H pyrazol - JE%;,)p-leII@Z 2,2-trifluoroethybDazetidin-3
-ypacetonltrl | e (Exarrpl e 105 0. 08274 rrm)l) was suspended i n DCM
(3 nl) and-ddeyo :

0.124 mml ) was added in ogﬁaﬁprﬁwggﬁuﬁ{hg%_ _glﬁgegoﬁﬁ%l on mxture stl rred at
anbi ent tenperature overni succi nimde (0.033 g,
0.248 mml) was added and the reactd, gnﬁvas allowed to stir at ambi ent
tenperature overni ght. The reacty NTi Xture was partitioned between

sat urated agqueous NaHCO3 and DCM conbi ned organic extracts were washed
with brine, dried (MpgSOH), filtered%d concentrated under reduced pressure

to afford the crude material, which s purified by flash colum

chromat ography, eluting with 1-2 9% 1 MeOH. NHACH) / DCM t o provi de
2-(3-(4-(3-chloro7-(1-(oxetan-3- y{)ﬁ pyrazol -4-yl)im dazo

[1, 2-c] pyrimdin-5-y1)-1H pyrazol -M- 1) (2,2, 2-
trifluoroethyl)azetidin-3-yl)acetonitri ©7012 g, 0.023 mmol, 28%yield).

M (apci }ogih# = ST L AMEED oy RIRMRLS - A2 (4-methoxyphenyl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile was prepared according to the
procedure of Example 158, replacing 1 trifluoromethanesulfonic anhydride with

cyclopropanesulfonyl chloride. MS (apci) m/z =490.1 (M+H).



2-(3-(4-(3-fluoro-7-(1-nethyl-1H pyrazol -4-ypimdazo [1 ,2-cl pyrimdin-5
-yl)-1Hpyrazol -1 - Y1)-1-((trifluoronethyl)sul fonvflazetidin-3
-yl )acet owpt20i1/80146185 0. 407 mmol ), Sel ectfluor (0.288 @®CTAISSW4/081806 ) and
acetic acid (0.233 nm., 4.07 mmol) were suspended in MeCN (20 nL) and heated
to 80 C overnight. The reaction m xturg® was cooled to anbient tenperature
and the reaction m xture was partitioned between saturated agqueous sodi um
hydrogen carbonate and ethyl acet aExampThlaSOconbl ned organi c extracts were
washed W|th2b ine ed, Lpm nd.cnc ng.r.a ed under reduced
pressure to<aff ot . Hateryafiic ST F h col um
chromat ogr aphy, el uting wi tym)sﬂlro% %hé&adzl\élt)&étdﬂﬂﬁ@-b/ di chI ororret hane to
provide 2-(3-(4-(3-fluoro-7-(1-nethyl; 1prrazo| 4-yl)im dazo
[1, 2-c] pyri mdin-5-y1)-1H pyr azoIN- 1-
(t rifluoronethyl sul fonyl )azetl di N
21%vyield). M5 (apci) mz = 510.1 (
2-(3-(4-(3-chloro-7-(1-nmet hyl-1H pyr
[1, 2-cl pyrimdin-5-vl)-1H pyrazol - J~y~y
yl)-1-((trifluoronethyl)sul fonyl)a [ '/-3-y1)acetoni trile FFN"' N
---14 [00829] 2- ( 3- (4 (7-(1-Methyl- 1H pyr -4-ypimdazo [1,2-c]pyrimdin-5
-y1l)-1H pyrazo 1-1 -y1)-1-(trifluoronethyl sul fonyl )az etidin-3
-yl ) acet Hﬁ’ﬁiﬁﬂu | e (5E§‘<Iarrplé 96; Pepampony o205 hghwichlapespireicijleapiiacl-one: DCM (5

m.) and gz?egléf d&g&g%‘o@gﬁg@gg P%)\'a%"n s d-%?ﬂg)and”z@fﬂé %&5“(2@.'8”%”‘2915 Iﬁrg%ﬁ%erg 1. 53

nmol ) wa reaction mxturé stirred at anbi ent
t enper at suspcrolge imidghEt,OTRE0 mdacini aoB\ m"cbeti urendibgtopadtiiask dredg betaddignn

saturate aue |ne 1y i C etracts wer e washed
R Tk b e S S TRE SR e VRS R S S o
to affordnd he 2€tr1ulﬁlerom§drdhwr1,dem 282 wmds opaoT hinad) Ly of J;oihﬁh)naﬁli()nmL dry

chromat o utin . % (9:1 .
VoG NHIBH) BRIGIP e e Eaich it et becie i s Q) bogan

yl)im daZ@luE(ﬂlg)z The [Q()’[ﬁd:d%ﬂlvﬂrs Zontinued for 4 hours. The reaction mixture was filtered
-yl) - 1H—Pyrazol 1-yl) tri fI uor onet hyl sul f onyl )azetl di n- 3- %Oacetonl trile
(0.027 g! @lgésai PR, Cei |ty orgosic( pey Vaywashedsguantiplhy mjith NijgGl, Exanpl e
156 NaHCOs and brine. The orgamc layer was dried (MgS0,), filtered and concentrated under
2-(1-(2, 2- d|fluoroethyl) %, ioxetan 3-y1) - 1H pyrazol -4-yl )i m dazo[ 1

, 2-ci pyr rﬁwlii@ndrp@surv 19 affiged Wrcazd@ |ma1ery«1 )\Aélz@twamlmﬂ@nym)smérl&lﬁumirmiéatwp
[00830] StRB Pr atBon L&tk - byt vl heptan2-
3(cyano yI) 3%(%? aaB bllt gl etan O-ne-yl)lméiazo’[12c]
pyri mi di chBloxqml o iBHlpyuaaiainelll @g)’éﬂz%mmdxl)rfeom tlmaqrb@wgﬁlsmﬁe«vaswespbnmm 3

-(4-(7-c hI roLmi gl@
(1.2 ¢] pyrTrRd G 40 b and pter (3 mk) pad st g i empersur for
hours. The reactlon mixture was passed through a pad of Celite® and eluted with Et;0. The

acetonltrlle (0.043 g, 0.084 nmol,
. Exanpl e 155
ol - 4-vni m dazo

organic layer was washed with 1 N NaOH, brine, dried (MgSQ,), filtered and concentrated
under reduced pressure to afford the crude material, which was in the next step without

purification.

[00840] Step C. Preparation of 2-(spiro[3.3]heptan-2-ylidene)acetonitrile:  Diethyl
cyanomethylphosphonate (3.15 mL, 20.0 mmol) was suspended in THF (30 mL) and cooled
to 0 °C. Potassium 2-methylpropan-2-olate (2.35 g, 21.0 mmol) was added portion-wise and
stirred at 0 °C for 15 minutes. Spiro[3.3]heptan-2-one (2.100 g, 19.06 mmol) as a solution in
THF (20 mL) was added dropwise and the reaction mixture was allowed to warm to ambient
temperature overnight. The reaction mixture was partitioned between water, saturated
aqueous NH4Cl and EtOAc. The organic layer was washed with saturated aqueous NH4Cl,
brine, dried (MgSQO,), filtered and concentrated under reduced pressure to afford the crude

material. The crude was purified by flash column chromatography, eluting with 2.5 %



azetidine-|-carboxylate (Preparation N, 2.00 g, 4.83 mmol),

1- (oxetan-3-yl)-4-(4,4,5, 5-

t et r amet hy0-201131384di oxabor ol an- 2-y1) - 1H pyrazol e ( Tabl eP2T/Uuseouposirsds f ; 1. 81
g, 7.25 mmol), XPHCS (0.461 g, 0.967 mmol) and K3PO4 (7.25 niL, 14.5 mmol)
were suspended in 1,4- dioxane (50 nijgjand purged with Ar (g) for 10

m nutes. Pd2dba3 (0.443 g, 0.483 nmol) was added and the system seal ed and
heat ed aEtQAc/Beomes i gfdvidemespﬁe[adt]lhdpmnm HidenSaswamitcitzo( let) g,ol@ﬁbhmnlr,

t enper at a titioned b n t eou OAc The
co%i nedgéﬁg}’éagg Q@N%&Q)@@ %gﬁg%ﬁ ]tFﬁ gg?’ 22’ ?E‘ﬁ%@ﬁ ) tered
and concgnt)rza(nga]l unslaro it egkiGedHyr essure to afford the crude material, which
was purified b f1 ash colurm chromatograph eIutlng vvlth 25%(9 1

Me OH: NH4@Q)87‘UCM t Otpft i decopi ymps yrpzad-4 1.2-

-(4-(7-( éTD(/]qff]ﬁE@@ y% TH- %Q/rag'ch" lpxyﬂsﬂﬁ'&h?zllh{a)l ml%&gmmle 7 (1- Methill lH-

[1,2-c]pyrim di n-5-y1)-1IHpyTazol - I-yl ) azetidi ne- I- car boxyl ate (
mol , 60P2%a}idetli}- (IIII/Byl(aa@c‘i yl)lrmtiaze{IQe@pﬂlmWH)(Preparatwn K-1; 0.050 g, 0. 189

006331 SHBRR, ™ SR AL ARG bdoblodo S0 S ) i vy Léé‘%n.tr. e

i s(2,2,22,3t46,7.89d0artbydbe)imitie 2-Butcyine 0.014 mL, 0.094 mmol) were suspended

- Cyanomst ebe & 1 (s (rorshana? sl avnarel i LM AREe e

mol ) wamr&aﬁpﬁamdeﬁhdr rremMi (pk&ssiie) anan the TérAdd matdrjal aclfisd ibyr Bgkhatolanivi ent

tenperature for rs. reac s.diluted ene and
concent r 1‘8’8‘”8%}&8'?% 1&@&@&1 #e@n@ PW#&@@%CB&& Dt -@F‘E@-@-
anot her fleask1mipyhaz gvﬁdd%gw al]@plnﬁmmgmfrm E#amdeﬂ)sp@@[gg%pﬁﬁ@ssure to

afford the crude 7-(1- (oxetan-3 8 1 razol 0i m dazo

[1, 2-c] pyk)%qﬁ%ltﬂleé0§i% ) szlo‘ﬂ%ym)a%% PRFhZ VAP e o) trile 187
bis(2,2,2-trifluoroacetate) (1.31 @mm]pléﬁlmml 97. 4% vyi el d), which was
used in the next step without further purifi cation. [ 00832] Step C

Pr epar at i on 2dR-($({-{L-npthpl- Hil fpiyrazelet-phinydago[d .2-¢layrimidimS-yNdikpyezod1- y1) - 1H-

pyrazol -4-yl )i m dazo : by -

[1, 2-c] pyrimdi n-5-y1)-1Hp%¥P%gﬁ%%%g(%unrfﬂ§-yl)acetonitri le : 2-(3-
(4-(7-(1-(Oxetan-3-yl)-1H pyrazol - 4- i m dazo

[1,2-c]pyrimdin-5-y1)-1H pyrazol 1-xy1) azeti di n-3-yl)acetonitrile
bis(2,2,2-trifluoroacetate) (0.08 0.089 mmol ), 2,2- difluoroethyl
trifluoronethanesul fonate (0.038 g, P78 mml) and

N- et hyl - Ni sopr opyl propan-2-am ne (O. m., 0.534 mmol) were suspended in
DMF (5 nL) and stirred at anbi ent qrature for 1 hour. The reaction

m xture was partitioned between s ed_aqueous NaHCO3 and Et OAc. The
conbi ned organi c extracts were washed” WEhnbri ne, dried (MgS™), filtered
and concentrated under reduced pressure t8 afford the crude materi al, which
was puri tuosalz]by fIﬁ(szh(4qol(um1bﬂ¢3hr1@pp5tr@@nammyrmdeidm mgoy\mmdnnz ﬁ 3H5 %(9 1 Me

OH: NHAOH) / D provide 2- -difluoro ethyl) etan-3
-y1)- 1O|::)B¥r,a ryl)ﬁpw[)'i 4ﬂﬁcaa§226yl acetomtnle was prepared accordlng go tﬁe method o%

[ 1, 2-c] pekidpidiifo, %sméihelalgg@ ﬁﬁ@@dﬂm}i Wal@aRt MY Wﬁﬁ@?j.@pum}s.' e (0.005 g,
0.011 mmol, 12% yi el Fapm z —4662?,?/&?-1) Example 157 2 (3 (4 (7
(1 (oxetan-3 -yl)- 1H-pyrazo - xapplei2o 1, 2-cl pyrinmidin-5

-y1)-1H p&-(%-zf@-'(7-i11-(o\§%t)an 31v‘i)zll¥ap3raz§1 4- %)m{?da%rtlazf LHQERRECPYH iRz S - 3

-ypacetonitril
[00833]2(3(4(7(1(O<et' .3 [heplamd rvhlacs Nd )imdazo [1 ,2-c]
pyrimdin-5-yl)- 1H pyrazol-1 yl) (2 2,3 , 3 -p

ent af | uor opropyl ) azeti din-3 -ylNac nitrile was prepared according to the
procedure of Exanple 156, replac 1 trifluoronethanesul fonate with
2,2,3,3,3-pentaf | uoropropyl trifluordnet hanesul fonate. MS (apci) mz =
534 1 (MH). 188 Exanple 158 2-(3- L(f)(? (4- met hoxyphenyl )i m dazo [1, 2-

pyrimdin-5 -yl)-1H pyrazol -1-yl) -

(trifluoronethylsulfonyl)azetidi|<{-\-?/ | acetgnitrile NN
N & /N’&O
\N’

91




\' N ., O [00834] StepA: Preparationoftert-butyl 3-(cyanonethyl)-3-(4-(7-(4-
nmet hoxyphenyl )i mdazo [1 ,2- c]pyrimdin-5-yl)-1H pyrazol -1-yl)azetidine-1
- C ar boxywete11/13vm:et - Butyl 3 - (4-(7-chl oroi m dazo [ 1, 2- cPpynisee1diostsse
-yl)-1H pyrazo 1-1-y1)-3 - (cyanonet hyl)azeti di ne-1-carboxyl ate
(Preparation N, 2.80 g, 6.76 nmmol), 4roomet hoxybenzeneboronic acid (1.54 g,
10.1 mmol ), dicycl ohexyl (21,4',6'-triisopropyl bi phenyl- 2-yl)phosphine

(0. 644 g[008435 rrmﬂtép aﬁnd_ﬁzﬁﬁiﬂod 0. 22l o( 7zﬁloﬁolmmkdfl\ﬂeﬂ1evrﬁmémeﬁqdédm n

1, 4- dloxane

0 ) W A h Ar ( Pd2 mol )
was adde8&HE—H Adgeetonitrie g) Cglpr%g'?@gB%ré?‘ﬁ ﬁfm#ﬁ@z gaction
m Xt ure wWpsrichidingd erepaﬁﬂbIEtMACStQﬂdAsamBDatgedl A uenul, %ﬁi@s 3Heptakri2=- phasi c

s, v I LR Bl TR e PO 4y 40 ABOG PR 0 LG pen

washed wWyighs b, wetei &ApdnBE@H) Med NI fl@r gd)and apraent mabest waAgRfanreduced
pressure to afford sone crude materia Thi s was conbined with the DCM and

MeOH wasRednisht The rastion goxtis wet prdtionsd katverd westard sarers AH:Cried cr ude
materi al EWS8c. S%Q%Qﬁ% 1a eID&;M Wsﬂe@%ﬂpﬂﬁ& an%@ | M@@Od)lv%%reﬁcgoh%trgﬂeﬁj not
di ssol ve and were col l ected and 1dentifred as desired crude material. The
crude maveder apduged pleoniteth difrd the collemmtarnt el vae duibyed badhshcetlunm
tCQ; f”gfj fy BREY BRI DM 23 %70 P e REL YA BN DMl 9idR" 2V -8E(7-
3- ( cyanontgbtoythidaid] {,2-c(pgrifddinastyip ki phewayll 1)y IpaaBda]|is p2aned-plyace tondiila - 5-
yl)-1Hp ol -1-y1)azeti di ne- 1-car boxyl e ( g, 7.044 mol, 104.3 %
y| el d). Kgg‘% &]49}4?#"? ﬁ}ﬂ@@ﬂg %ﬁéﬁm)rﬁy&o_a%%@ﬂ Preparati on of

2- (3-(4- (tmsm met gy phany| Propheaao[ 1o0P- cppy4-(A-di@xcthn-3yh) Hibkhyiazol -
V! )aZEt . I’]3 112 dis S 'tgr2t- lgcetgmtnle 2-(2-
[1,2-c] py4r (mmbfmﬁrdyﬂo)[r Mdjp@ﬁhﬁcziﬁls y'JL) Yﬂ-l)p@t?a@&l'—ﬁ&l’)@lr@)[gaﬂﬂ%%l-ﬁt e (1.60 g, 3.30

mol ) was_suspended in of 4- di oxane and t hen m., 165

mol ) (4YquWnan16xa@e2)00m& a(h%ﬁgd mﬁloane Ifexstingdry) The: %%%r&liaaﬁﬂ\xb@gn rred

at 189 aiRiillad- @%elr}%%fol@V?fa{MéJhﬁ édﬂ%uﬁcpn@ené safed undsy hedced
pressure to afford’the crude material, which was used in the next step

wi t hout ﬂmlh@mymm 1trela<mrmlbljpltfm813%}flsp1@q§p1@‘le F@r(bﬁﬁag,a&llérm@tﬁl) and KsPO4 N
‘ (;3 (;.1 OZ %‘F-l uor ONECFE)?{&S[JU%I#S@%{&? g.%[elgz} Ealmﬁ% (H rl)nmc ﬁ]ig%(li-)\}fl&ll_%pgg)azo

- yl
(3-(4- (7P(1241bME(0H15)2yg)Hé®@/7| nnmildazae added, and the systern sealed and heated at 80 °C
[1

i hyar ook b T8 obob BN 268 shted SLRATH: Eilhegiat s BERGle s Fepe

suspendesghtitatcD@yhdoL® Nai:l)C(ﬁruﬁchtOlAed Tl &rglic Tayef ao masiet haite stihd, clficd

oxtur o DYESA G Shathn 00 AR LTS SRR A SV Gt T PEREEL on

M xture waghpadti bi@d tyetnasiencoahml aredats, ﬁguselluaﬁmlﬂangts (9fhe
conbi ned organi c extracts were dried Itered and concentrated

inder T edHRANBIRYY ST dh i b Crilciorr -3 1By b agi-doram

chr omat ogf,aRMydin-8lyit i Ft ﬂﬁ&élh Horé[3:3 (. %Qrfr@%ib 189 oP1OMK dfmol,
2-(3-(4- Z@ﬁ 4- rret})lr}\box 9?71 }la)mp/da@ qhe%@l M%pyrl m di n- 5- 51) 1H pyr azol -
-y1)-1 ‘%%r}fﬂeﬂql)uM%fm@lEy‘/ZsuMbﬁf,MTHiet| d| n-3-yl1) acetonitrile (0.188 g,
0.363 mml, 55.5%yield). M5 (apci) mlz = 518.1 (M+H). Exanple 159
2-(1-(cycl opropyl sul fonyl)-3-(4-(7-(4- rret hoxyphenvflim dazorl, 2-cl pyrimdin
-5-y1)-1H razol- 1 - 1 azetkin-3- 1 acetonitrile 02s-4 o

[ 00837] 2- (1- (Cycl opropyl sul fonyl)-3-(4-(7-(4-nnmet hoxyphenyl)imdazo [1 , 2-
c]pyrimdin-5-y1)-1H pyrazol - 1-yl )azetidi n-3-yl)acetonitril e was prepared
according to the procedure of Exanple 158, replacing 1
trifluoronethanesul fonic anhydride with cycl opropanesul fonyl chloride. M
(apci) mz = 490.1 (MtH). 190 Exanpl e 160
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CLAIMS
1. A compound of the general Formula I
a7
RS™ \ R°
x-N R*
R3 { \Xz
RZ
g NT N
Nél\/l\ R
I

and stereoisomers and pharmaceutically acceptable salts and solvates thereof, wherein:

X' is N or CR* and X* is N or CR*";

R* and R*" are independently H, (1-6C alkyl), CFs, F, Cl, CN, or (3-6C)cycloalkyl;

R' is hetAr', hetAr?, hetAr’, Ar', Ar’, C(=0)NR’R®, (3-6C)cycloalkyl, or N-(1-3C
alkyl)pyridinonyl;

hetAr' is a 5 membered heteroaryl ring having 1-3 ring heteroatoms independently
selected from N, O and S and optionally substituted with one or more substituents independently
selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, triftuoro(1-6C)alkyl, (1-4C
alkoxy)(1-6C)alkyl, trimethylsilyl(1-4C alkoxy)(1-6C}alkyl, (3-6C)cycloalkyl, a 4-6 membered
oxacyclic ring, hetCyc*(1-2C)alkyl, hetAr(1-2C)alkyl and (1-4C alkylsulfonyl)(1-6C alkyl);

hetCyc® is a 6 membered heterocycle having 1-2 ring heteroatoms independently selected
from N and O and is optionally substituted with (1-6C)alkyl;

hetAr® is a 6 membered heteroaryl having 1-2 ring nitrogen atoms;

hetAr® is a 9-membered bicyclic partially unsaturated or fully unsaturated heterocyclic
ring having 3 ring nitrogen atoms and optionally substituted with one or more substituents
independently selected from (1-6C)alkyl;

hetAr’ is a 6 membered heteroaryl having 1-2 ring nitrogen atoms and optionally
substituted with one or more substituents independently selected from (1-6C)alkyl, hetCycb and
(1-6C)alkoxy;
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hetCyc® is a 6-membered heterocycle having 1-2 ring nitrogen atoms and optionally
substituted with one or more substituents independently selected from (1-6C)alkyl;

Ar' is phenyl substituted with a substituent selected from hetCyc®, hetCyc?, hetAr®,
trifluoro(1-6C)alkyl and (1-6C)alkoxy;

hetCyc” is a 6 membered heterocycle having 1-2 ring heteroatoms independently selected
from N and O and optionally substituted with one or more substituents independently selected
from (1-6C)alkyl;

hetCyc! is an 8-membered bridged heterocyclic ring having 1-2 ring heteroatoms
independently selected from N and O;

hetAr® is a 5-membered heteroaryl ring having 1-2 ring nitrogen atoms and optionally
substituted with one or more substituents independently selected from (1-6C)alkyl;

Ar? is a benzo ring fused to a 5-6 membered azacyclic ring and is optionally substituted
with one or more substituents independently selected from (1-6C)alkyl;

R*is H;

Ris (1-6C)alkyl, (3-6C)cycloalkyl or hetAr®;

hetAr® is a 6-membered heteroaryl having 1-2 ring N atoms;

R? is hydrogen, halogen, (1-4C)alkyl, CF3, CN, (3-4C)cycloalkyl, azetidinyl or oxetanyl;

R?is hydrogen, (1-6C)alkyl, CFs, F, Cl, CN or (3-6C)cycloalkyl;

R*is H or (1-6C)alkyl, and

R®is H, (1-6C)alkyl, -CH2CN, (3-6C)cycloalkyl (optionally substituted by one or more
halogens), hetCyc®, Ar* or hetAr,

or R* and R’ together with the carbon atom to which they are attached form a 4-6
membered azacyclic ring optionally substituted with a substituent selected from (1-6C)alkyl,
fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl, tetrafluoro{1-6C)alkyl,
pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, benzyl, -CH2(3-6C cycloalkyl), -
CHahetCyc!, -C(=0)O(1-6Calkyl), -C(=O)(1-6Calkyl), -C(=O)CR'R")CF;, hetAr’, (3-
6C)cycloalkyl, a 4-6 membered oxacyclic ring and -SO,R®,

or R* and R® together with the carbon atom to which they are attached form a 4-
membered oxacyclic ring,

or R* and R’ together with the carbon atom to which they are attached form a 3-6

membered carbocyclic ring optionally substituted with (1-6C)alkyl,
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or R* and R® together with the carbon atom to which they are attached form a 7-9
membered bicyclic spiro carbocycle,

or R* and R’ together with the carbon atom to which they arc attached form a 7-9
membered bicyclic spiro heterocycle having a ring heteroatom selected from O and N, wherein
said ring nitrogen atom when present is optionally substituted with a substituent selected from
(1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl, tetrafluoro(1-6C)alkyl,
pentafluoro(1-6C)alkyl and -SO,R”;

hetCyc® is a 5-6-membered heterocycle having a ring N atom and substituted with a
substituents selected from C(=0)(1-6C)alkyl;

Ar® is phenyl optionally substituted with one or more substituents independently selected
from halogen, CF;, (1-6C)alkyl and (1-6C)alkoxy;

hetAr® is a 6-membered heteroaryl having 1-2 ring nitrogen atoms and optionally
substituted with one or more substituents independently selected from halogen, (1-6C)alkoxy, (1-
6C)alkyl and CFj3;

hetCycf is a 6-membered oxacyclic ring;

R'and R" are independently hydrogen or methyl, or

R' and R" together with the carbon atom to which they are attached form a
cyclopropylidine ring;

hetAr® is a 6-membered heteroaryl ring having 1-2 ring nitrogen atoms;

R® is (1-6C)alkyl, fluoro(1-3C)alkyl, difluoro(1-3C)alkyl trifluoro(1-3C)alkyl,
tetrafluoro(1-3C)alkyl, pentafiuro(1-3C)alkyl, (3-6C)cycloalkyl (optionally substituted with (1-
6C)alkyl), or phenyl (optionally substituted with one or more groups independently selected
from (1-6C alkyl), CF;, CF;0- and halogen);

R¢ is hydrogen or methyl; and

R’ is hydrogen or (1-6C)alkyl.
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2. A compound according to claim 1, wherein R! is hetAr' or hetAr?.
3. A compound according to claim 1, wherein R' is hetAr'.
4. A compound according to claim 1, wherein hetAr’ is pyrazolyl, thiazolyl,

oxazolyl, thiadiazolyl, imidazolyl, pyrrolyl or thiophenyl optionally substituted with one or
more substituents independently selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-
6C)alkyl, trifluoro(1-6C)alkyl, (1-4C alkoxy)(1-6C)alkyl, trimethylsilyl(1-4C alkoxy)(1-
6C)alkyl, (3-6C)cycloalkyl, a 4-6 membered oxacyclic ring, hetCyc®(1-2C)alkyl and hetAr*(1-
2C)alkyl.

5. A compound according to claim 1, wherein hetAr' is pyrazol-4-yl, thiazol-5-yl,
imidazol-1-yl or 1,3,4-thiadiazol-2-yl optionally substituted with one or more substituents
independently selected from methyl, ethyl, isopropyl, isobutyl, 2,2,2-trifluoroethyl, (2-
isopropoxy)ethyl, trimethylsilylethoxymethyl, cyclobutyl, oxetanyl, 4-tetrahydro-2H-pyranyl,
(4-methylpiperazinyl)ethyl and pyrid-3-ylmethyl.

6. A compound according to claim 1, wherein hetAr' is pyrazol-4-yl optionally
substituted with a substituent selected from methyl, ethyl, isopropyl, isobutyl, 2,2,2-
trifluoroethyl, (2-isopropoxy)ethyl, trimethylsilylethoxymethyl, cyclobutyl, oxetanyl, 4-
tetrahydro-2H-pyranyl, (4-methylpiperazinyl)ethyl and pyrid-3-ylmethyl.

7. A compound according to claim 1, wherein R’ is hetAr”.
8. A compound according to claim 1, wherein R' is hetAr®.
9. A compound according to claim 1, wherein R’ is selected from Ar' and Ar®.

10. A compound according to claim 1, wherein R' is C(=0)NR°R".

11. A compound according to claim 1, wherein R* is H or (1-6C)alkyl, and R® is H,
(1-6C)alkyl, -CH,CN, (3-6C)cycloalkyl, hetCyc®, Ar® or hetAr.

12. A compound according to claim 1, wherein R* is H or (1-6C)alkyl, and R® is H,
methyl, t-butyl, 2,2-dimethylpropyl, cyanomethyl, cyclopropyl, cyclobutyl, cyclopentyl, 1-
acetylpiperidin-4-yl, phenyl, trifluoromethylphenyl, chlorophenyl, pyridyl, methoxypyridyl or
bromopyridyl.

13. A compound according to claim 1, wherein R* is H or (1-6C)alkyl, and R® is
cyclopropyl, cyclobutyl or cyclopentyl.

14. A compound according to claim 1, wherein R is H.
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15. A compound according to claim 1, wherein R* and R’ together with the carbon
atom to which they are attached form a 4-membered azacyclic ring optionally substituted with a
substituent selected from (1-6C)alkyl, fluoro(1-6C)alkyl, diflucro(1-6C)alkyl, trifluoro(1-
6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl,
benzyl, -CHa(3-6C cycloalkyl), -CHzhetCyc!, -C(=0)O(1-6Calkyl), -C(=0)(1-6Calkyl), -
C(=0)(CR'R")CF3, hetAr®, (3-6C)cycloalkyl, a 4-6 membered oxacyclic ring and -SO;R",

l6. A compound according to claim 1, wherein R* and R’ together with the carbon
atom to which they are attached form a 4-membered azacyclic ring optionally substituted with a
substituent selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, -
CH;(3-6C cycloalkyl), -CHg-hetCycf, (3-6C)cycloalkyl and -SO,R",

17. A compound according to claim 1, wherein R* and R® together with the carbon
atom to which they are attached form a 4-membered azacyclic ring optionally substituted with a
substituent selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
6C)alkyl, tetrafluoro(1-6C)alkyl and pentafluoro(1-6C)alkyl.

18. A compound according to claim 1, wherein R* and R® together with the carbon
atom to which they are attached form a 4-membered azacyclic ring substituted with -C(=0)O(1-
6Calkyl), -C(=0)(1-6Calkyl), -C(=O)(CRR")CF,.

19. A compound according to claim 1, wherein R* and R® together with the carbon
atom to which they are attached form a 4-membered azacyclic ring substituted with hetAr®.

20. A compound according to claim 1, wherein R* and R® together with the carbon
atom to which they are attached form a 4-membered azacyclic ring substituted with -SO,R°®.

21. A compound according to claim 1, wherein R* and R® together with the carbon
atom to which they are attached form a 6-membered azacyclic ring substituted with a substituent
selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, benzyl, -
CHa(3-6C cycloalkyl), -CHzhetCyc', -C(=0)0O(1-6Calkyl), -C(=0)(1-6Calkyl), -
C(=0)(CR'RMCF;3, hetAr®, (3-6C)cycloalkyl, a 4-6 membered oxacyclic ring and -SO,R".

22. A compound of claim 1, wherein R* and R together with the carbon atom to
which they are attached form a 5 membered azacyclic ring optionally substituted with a

substituent selected from (1-6C)aikyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
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6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl,
benzyl, -CHa(3-6C cycloalkyl), -CHshetCyc', -C(=0)O(1-6Calkyl), -C(=0)(1-6Calkyl), -
C(=0)(CR'R"YCF3, hetAr®, (3-6C)cycloalkyl, a 4-6 membered oxacyclic ring and -SO,R".

23, A compound according to claim 1, wherein R* and R’ together with the carbon
atom to which they are attached form a 4-membered oxacyclic ring.

24, A compound according to claim 1, wherein R* and R’ together with the carbon

atom to which they are attached form a 3-6 membered carbocyclic ring.

25. A compound according to claim 1, wherein R’ is hydrogen.

26. A compound according to claim 1, wherein R? is H.

27. A compound according to claim 1, wherein R® is hydrogen.

28. A compound according to claim 1, wherein X' is N and X? is CR*.

29. A compound according claim 1, wherein X' is CR* and X% is N.

30. A compound according to claim 1, wherein X' is CR*and X? is CR™.

31. A compound according to claim 1, wherein R* is H.

32. A compound according to claim 1, wherein R* is H.

33, A pharmaceutical composition, which comprises a compound of Formula I as

defined in claim 1 or a pharmaceutically acceptable salt or solvate thereof, and a
pharmaceutically acceptable diluent or carrier.
34. A process for the preparation of a compound of claim 1, which comprises:
(a) coupling a corresponding compound having the formula II or a protected derivative
thereof
Rz L
%\ N/L}N
NP

II

where L! is a leaving atom and R' and R? are as defined for Formula I, with a corresponding

compound having the formula III:
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where R®, RY, R, R®, R7, X' and X® are as defined for Formula I and R* and R” are H or (1-
6C)alkyl, or R* and R’ together with the atoms to which they are connected form a 5-6
membered ring optionally substituted with 1-4 substituents selected from (1-3C alkyl), wherein
said coupling takes place in the presence of a palladium catalyst and base and optionally in the
presence of a ligand; or

(b) for compounds of Formula I wherein R* is hydrogen, cyclizing a corresponding

compound having the formula IV or a protected derivative thereof

N
R? //

RE RS

X-Ny R*

where R!, R®, R*, R°, R, R”, X' and X are as defined for Formula I (with the exception that R!
is not C(=0)NR’RP), with 2-chloroacetaldehyde in the presence of a base; or

(¢) for a compound of Formula I wherein R' is hetAr', hetAr?, hetAr’, Ar! or Ar, and R?
is hydrogen, coupling a corresponding compound having the formula V or a protected derivative

thereof
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x-N R

where R? is hydrogen, R% R% R® RY R7, X' and X2 are as defined for Formula I and L? is a

leaving atom, with a compound having the formula VIA or VIB

JOR*

R™B,
ORY R1-Sn(alkyl)s
VIA VIB

wherein R' is as defined for Formula I, R* and RY are H or (1-6C)alkyl, or R* and RY together
with the atoms to which they are connected form a 5-6 membered ring optionally substituted
with 1-4 substituents selected from (1-3C alkyl), wherein said coupling takes place in the
presence of a palladium catalyst and base and optionally in the presence of a ligand; or

(d) for compounds of Formula I wherein R? is hydrogen, R* is H or (1-6C)alkyl and R’ is
H, (1-6C)alkyl, -CH,CN, (3-6C)cycloalkyl, hetCyc®, Ar® or hetAr®, coupling a corresponding

compound having the formula VII

VII

where R? is hydrogen, and R', R, X' and X? are as defined for Formula I, with a corresponding

RMCN

RS R

acrylonitrile reagent having the formula
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where R is as defined for Formula I, R*is H or (1-6C)alkyl and R’ is H, (1-6C)alkyl, -CH,CN,
(3-6C)cycloalkyl, hetCyc®, Ar® or hetArd, in the presence of a base; or

(e) for a compound of Formula I wherein R? is hydrogen, and R* and R’ form a 4-
membered oxacyclic ring, a 5-6 membered carbocyclic ring, or an unsubstituted 4 membered
azacyclic ring, coupling a corresponding compound having the formula VII

X'=NH

VII
where R? is hydrogen, and R', R?, X! and X® are as defined for Formula I, with a compound

having the formula VIH-a, VIII-b, or VIII-¢, respectively

CN CN
£CN I £

N
|

0 )12 Boc
VIlI-a VIII-b VIII-c
in the presence of a base; or
(f) for a compound of Formula I wherein R* and R® form a 4 or 6 membered azacyclic
ring substituted with (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
tetrafluoro(1-6C)alkyl, pentafluoro(1-6Clalkyl, (3-4C)alkynyl, cyano(1-4Clalkyl, benzyl, -
CHa(3-6C cycloalkyl) or -CHzhetCyc', coupling a corresponding compound having the formula
IX

A
R® n
. NH
s i \xz
R2
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1X

wherein m and n are each 1, or m and n are each 2, and Rl, R2, R3, Rs, R7, X! and X* are as
defined for Formula X, with a corresponding compound having the formula L3-R'®, where L is a
leaving group or atom and R is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-
6C)alkyl, tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(l1-4C)alkyl,
benzyl, -CHa(3-6C cycloalkyl) or -CHzhetCyc, in the presence of a base; or

(g) for a compound of Formula I wherein R* and R® form a 4 or 6 membered azacyclic
ring substituted with (1-6C)alkyl, fluoro(1-6C)alkyl, diftuoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
tetrafluoro(1-6C)alkyl, pentafluoro(1-6C)alkyl, (3-4C)alkynyl, cyano(1-4C)alkyl, benzyl, -
CH»(3-6C cycloalkyl) or -CHzhetCye, coupling a corresponding compound having the formula
IX

wherein m and n are each 1, or m and n are each 2, and R, R?, R?, R®, R”, X! and X are as

defined for Formula I, with a corresponding aldehyde having the formula

Q

A

R H
where R'' is (1-5C)alkyl, fluoro(1-5C)alkyl, difluoro(1-5C)alkyl, trifluoro(1-5C)alkyl,
tetrafluoro(1-5C)alkyl, pentafluoro(1-5C)alkyl, (3C)alkynyl, cyano(1-3C)alkyl, phenyl, -(3-6C
cycloalkyl) or -hetCyc', in the presence of a base and a reducing agent; or
(h) for a compound of Formula I wherein R* and R® form a 4 or 6 membered azacyclic

ring substituted with cyclopropyl or oxetanyl, coupling a compound having the formula IX
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X
wherein m and n are each 1, or m and n are each 2, and R', R%, R®, R% R7, X! and X? are as

defined for Formula X, with a corresponding ketone having the formula

o=<] o o:<>o

respectively, or an acetal derivative thereof, in the presence of a base and a reducing agent; or

3

(i) for a compound of Formula I wherein R* and R® form a 4 or 6 membered azacyclic
ring substituted with -C(=0)(1-6Calkyl) or -C(=O)}CR'R™CF;, coupling a corresponding

compound having the formula IX

N
.
R® n

NH

X1-N
pov, "

RN K

RZ

e

NJ\/I\R1

IX

wherein m and n are each 1, or m and n are each 2, and Rl, R2, R3, R6, RT, X! and 3 are as
defined for Formula I, with a corresponding compound having the formula R2CO:H or a
corresponding anhydride thereof, where R'* is -(1-6Calkyl} or -(CR'R")CF;, in the presence of a
base and optionally in the presence of a coupling reagent; or

(j) for a compound of Formula I wherein R* and R’ form a 4 or 6 membered azacyclic

ring substituted with SO,CF;, reacting a compound having the formuia IX
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X
wherein m and n are each I, or m and n are each 2, and Rl, Rz, R3, R6, RT, X' and X? are as
defined for Formula I, with triflic anhydride in the presence of a base; or
(k) for a compound of Formula I wherein R* and R® form a 4 or 6 membered azacyclic
ring substituted with SO,R® where R° is as defined for Formula I, coupling a corresponding

compound having the formula IX

IX
wherein m and n are 1, or m and n are 2, and R', R?, R?, R®, R”, X' and X* are as defined for
Formula I, with a corresponding compound having the formula CI-SO;R® in the presence of a
base; or
() for a compound of Formula I wherein R' is C(=0)NR’R®, coupling a corresponding

compound having the formula X
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N
R7 74
R® RS
x-N R?
N,
r3 2 X
RZ
NJ\)\
CO,H
X

wherein R?, R’, R*, R’, R®, R7, X! and X? are as defined for Formula I, with a corresponding
compound having the formula HNR"R® in the presence of a base and a coupling agent; or
(m) for a compound of Formula I wherein R” is Cl, reacting a corresponding compound

of Formula XI

wherein R® is hydrogen, and R, R’ R, R° , RS, R7, X! and X? are as defined for Formula I, with
1-chloropyrrolidine-2,5-dione; or
(n) for a compound of Formula I wherein R? is CN, reacting a corresponding compound

of Formula XI
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wherein R? is hydrogen, and RE, R3, R4, Rs, R6, R7, X! and X? are as defined for Formula I, with
1-iodopyrrolidinine-2,5-dione followed by treatment of the resulting 3-iodo-substituted
derivative of XI with CuCN; or

(o) for a compound of Formula I wherein R* is hydrogen and R® is CH,CN, reacting a
corresponding compound having the formula XII

HaN

o

XN
/B NH;

R3 X 0

XII
wherein R!, R%, R, X! and X? are as defined for Formula I, with a dehydrating agent; or

(p) for a compound of Formula I wherein R? is F, reacting a corresponding compound of
Formula XI

R7 //N
R® R>
X'-N R
- i/ \Xz
R2
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wherein R? is hydrogen, and R', R’ R4, R5, Rﬁ, R’, X' and X2 are as defined for Formula I, with
an electrophilic fluorinating agent; or

(q) for a compound of Formula I wherein R* is F, reacting a corresponding compound of
Formula XIII

R7 a
RS R®
XN R*
e
Br,
%\N N
N/)\)\w
XTI

with an alkyl lithium or alkyl magnesium halide reagent, followed by treatment with an
electrophilic fluorinating agent; or

(r) for a compound of Formula I wherein R? is F, reacting a corresponding compound of
Formula IV

wr A
RE R®
xi-N R*
/A
R3 /X2
Nl NN
H2N & R1
IV

with 2-chloro-2-fluoroacetaldehyde or 2-bromo-2-fluoroacetaldehyde; and
optionally removing any protecting groups and optionally preparing a salt or solvate

thereof.
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35. A compound of claim 1, selected from:

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1 H-pyrazol-1-
yD)pentanedinitrile;

3-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile;

Enantiomer 1 of  3-cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

Enantiomer 2 of  3-cyclopropyl-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-y1)- | H-pyrazol-1-
yl)pentanedinitrile;

3-(4-(7-(1-methyl-1H-pyrazol-4-yl}imidazo[ 1,2-cJpyrimidin-5-yl)-1H-pyrazol-1-yl)-3-
(pyridin-2-yl)propanenitrile;

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-
(pyridin-4-yl)propanenitrile;

3-(5-methoxypyridin-3-yl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ [,2-¢]pyrimidin-
5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-(5-bromopyridin-3-yl)-3-(4-(7-(1-methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl}- | H-pyrazol-1 -yl)-3-
phenylpropanenitrile;

3-(2-chlorophenyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl}imidazo[ 1,2-¢]pyrimidin-5-y1)-
1H-pyrazol-1-yl)propanenitrile;

3-(3-chlorophenyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

3-(4-chlorophenyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-3-(3-
(trifluoromethyl}phenyl)propanenitrile;

3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-3-

phenylbutanenitrile;
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3-cyclopentyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile;

4,4-dimethyl-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-c |pyrimidin-5-yl)- 1 H-
pyrazol-1-yl)pentanenitrile;

3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)propanenitrile;

3-cyclobutyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1 H-
pyrazol-1-yl)propanenitrile;

tert-butyl 4-(cyanomethyl)-4-(4-(7-(1-methyi-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)piperidine-1-carboxylate;

2-(1-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢c]pyrimidin-5-yl)-1 H-pyrazol-1-
yl)cyclohexyl)acetonitrile;

2-(1-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazof | ,2-c]pyrimidin-5-yl)- I H-pyrazol-1-
ylcyclopentyl)acetonitrile;

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)oxetan-3-yl)acetonitrile;

3-(4-(3-chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢c]pyrimidin-5-yl)- | H-pyrazol-
1-yl1)-3-cyclopropylpropanenitrile;

5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-y1)-7-(1-methyl-1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidine-3-carbonitrile;

3-(1-acetylpiperidin-4-yl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

2-(1-methyl-4-(4-(7-(1-methyl- | H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)piperidin-4-yl)acetonitrile;

2-(1-ethyl-4-(4-(7-(1-methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1H-pyrazol-
1-yDpiperidin-4-yl)acetonitrile;

2-(4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl}-1 H-pyrazol-1-yl)-1-
propylpiperidin-4-yl)acetonitrile;

2-(4-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c}pyrimidin-5-y1)-1H-pyrazol-1-yl)-1-
(2,2,2-trifluoroethyl)piperidin-4-yl)acetonitrile;
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3-cyclopropyl-3-(4-(7-(1-((2-(trimethylsilyl)ethoxy)methyl)- 1H-pyrazol-4-
yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)propanenitrile;

3-(4-(7-(1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-3-
cyclopropylpropanenitrile;

3-Cyclopropyl-3-(4-(7-(1-isopropyl-1H-pyrazol-4-yl}imidazo[ 1,2-c Jpyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(1-(pyridin-3-ylmethyl)- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(1-(tetrahydro-2H-pyran-4-y1)- 1 H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-ylpropanenitrile;

3-cyclopropyl-3-(4-(7-(1-isobutyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yI)-1H-
pyrazol-1-yl)propanenitrile;

3-Cyclopropyl-3-(4-(7-(1-(oxetan-3-yl)- 1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(1-(2,2,2-trifluoroethyl)- 1H-pyrazol-4-ylyimidazo[ 1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(1-ethyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)- 1 H-
pyrazol-1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(1-(2-isopropoxyethyl)- 1 H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-
5-yI)-1H-pyrazol- 1-yl)propanenitrile;

3-(4-(7-(1-cyclobutyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- |H-pyrazol-1-yl)-
3-cyclopropylpropanenitrile;

3-cyclopropyl-3-(4-(7-(oxazol-5-yl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1H-pyrazol-1-
yDpropanenitrile;

3-cyclopropyl-3-(4-(7-(1-(2-(4-methylpiperazin-1-yl)ethyl)-1H-pyrazol-4-
yDimidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-Cyclopropyl-3-(4-(7-(5-methyl-1,3,4-thiadiazol-2-yl)imidazo[ I ,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

3-Cyclopropyl-3-(4-(7-(4-methyl- 1H-imidazol-1-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)propanenitrile;
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3-Cyclopropyl-3-(4-(7-(thiazol-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1 H-pyrazol-1-
yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(2-methylthiazol-5-yl)imidazo[ I,2-¢]pyrimidin-5-yl)- 1 H-pyrazol-
1-yDpropanenitrile;

3-Cyclopropyl-3-(4-(7-(6-methylpyridin-3-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1 H-pyrazol-
1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(2-methylpyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-
1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(6-(4-methylpiperazin-1-yl)pyridin-3-yl)imidazo[ 1,2-¢]pyrimidin-
5-yl)-1H-pyrazol-1-yi)propanenitrile;

3-Cyclopropyl-3-(4-(7-(1,2,3,4-tetrahydroisoquinolin-6-yl)imidazo[ 1,2-¢]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

3-Cyclopropyl-3-(4-(7-(2-methyl-1,2,3 4-tetrahydroisoquinolin-6-yl)imidazo[ 1,2-
¢]pyrimidin-5-yl)-1H-pyrazol-1-yl}propanenitrile;

3-Cyclopropyl-3-(4-(7-(1,2,3,4-tetrahydroisoquinolin-7-yl)imidazo[ 1,2-¢c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

3-Cyclopropyl-3-(4-(7-(2-methyl-1,2,3,4-tetrahydroisoquinolin-7-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-Cyclopropyl-3-(4-(7-(5,6,7,8-tetrahiydroimidazo[ 1,2-a]pyrazin-3-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-cyclopropyl-3-(4-(7-(7-methyl-5,6,7,8-tetrahydroimidazo[ 1,2-a]pyrazin-3-
yDimidazo[ I,2-c]pyrimidin-5-yl)-1H-pyrazol- 1-yl)propanenitrile;

3-(4-(7-(4-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl)phenyl)imidazo[ 1,2-¢]pyrimidin-5-yl)-
1H-pyrazol-1-yl)-3-cyclopropylpropanenitrile;

3-Cyclopropyl-3-(4-(7-(4-(4-methylpiperazin-1-yl)phenyl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

Tert-butyl 3-(cyanomethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo{ 1,2-cJpyrimidin-
5-y)-1H-pyrazol-1-yl)azetidine-1-carboxylate;

2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-

yl)azetidin-3-yl)acetonitrile;
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2-(1-Acetyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yI)-1H-
pyrazol-1-ylazetidin-3-yl}acetonitrile;

2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-
1-(3;3,3-triﬂuoropropanoyl)azetidin-3 -ylacetonitrile;

2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢c]pyrimidin-5-yl}-1 H-pyrazol-1-yl)-
1-(1-(trifluoromethyl)cyclopropanecarbonyl)azetidin-3-yl)acetonitrile;

2-(1-Cyclopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl}-1 H-pyrazol-1-yl)-
[-{oxetan-3-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1H-pyrazol-1-yl)-
1-(pyrimidin-2-yi)azetidin-3-yl)acetonitrile;

2-(1-(2,2-dDifluoroethyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1 ,2-c]pyrimidin-3-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-
1-(2,2,3,3,3-pentafluoropropyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-methyl- [H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-1-
(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(1-ethyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-y!)- 1 Hl-pyrazol-
I-yDazetidin-3-yl)acetonitrile;

2,2'-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1L H-pyrazol-1-
yl)azetidine-1,3-diyl)diacetonitrile;

2-(1-(3-fluoropropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-
1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(1-(but-2-ynyl1)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)- 1H-pyrazol-1-y1)-1-
(prop-2-ynyl)azetidin-3-yl)acetonitrile;

2-(1-(2-fluoroethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;
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3-(3-(cyanomethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-
1H-pyrazol-1-yl)azetidin-1-yl)propanenitrile;
2-(1-(1,3-difluoropropan-2-yl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yDimidazo[1,2-
c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yI)- 1 H-pyrazol-1-yl)-1-
(2,2,3,3-tetrafluoropropyl)azetidin-3-yl)acetonitrile;
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-
propylazetidin-3-yl)acetonitrile;
2-(1-isopropyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl}imidazo[1,2-c]pyrimidin-5-y1)- 1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(1-methyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(1-(cyclopropylmethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-
yD-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(1-isobutyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c}pyrimidin-5-y1)-1H-pyrazol-1-y1)-1-
(3,3,3-trifluoropropyl)azetidin-3-yl)acetonitrile;
2-(1-(cyclobutylmethyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yhimidazof1,2-c]pyrimidin-5-
yD)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(1-benzyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yI)-1H-
pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-1-
((tetrahydro-2H-pyran-4-yl)methyl)azetidin-3-yl)acetonitrile;
2-(3-(4-(3-Chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;
2-(1-(Isopropylsulfonyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
y1)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;
2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yI)-1H-pyrazol-1-y1)-1-

(methylsulfonyl)azetidin-3-yl)acetonitriie;
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2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-yl)-1-
(propylsulfonyl)azetidin-3-yl)acetonitrile;

2-(1-(cyclohexylsuifony!l)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(1-(cyclopropylsulfonyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yhimidazo[ 1,2-c]pyrimidin-
5-y1)-1H-pyrazol-1-yl}azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yh)imidazo[1,2-cjpyrimidin-5-y1)-1H-pyrazol-1-y1)-1-
(triftluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

2-(1-(ethylsulfonyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl}imidazo[1,2-c]pyrimidin-5-yl)-
1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-
(3,3,3-trifluoropropylsulfonyl)azetidin-3-ylacetonitrile;

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-
(phenylsulfonyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Isopropyl-1-H-pyrazol-4-yl}imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1~
yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Isopropyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl}- 1 H-pyrazol-1-
yl)-1-(trifluoromethylsulfonyl)azetidine-3-yl)acetonitrile;

2-(3-(4-(7-(2-Methylthiazol-5-yl)imidazo[ 1,2-cJpyrimidin-5-yl)- 1 H-pyrazol- 1-y1)- 1 -
(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Cyclobutyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yi)- IH-pyrazol-1-
y1)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-Ethyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-yl)-1-
(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-(Oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-y1)- | H-pyrazol-
1-yD)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

3-(3-methyl-4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1}- | H-pyrazol-
1-yl)propanenitrile;

3-(5-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y])- 1H-pyrazol-

1-yl)propanenitrile;
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2-(3-(3-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1H-
pyrazol-1-yl}-1-(2,2,2-trifluoroethyl)azetidin-3-yl}acetonitrile;

3-Cyclopropyl-3-(3-methyl-4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

3-Cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[ 1,2-¢]pyrimidin-5-yl)-
1H-pyrazol-1-yl)propanenitrile;

Enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-
c]pyrimidin-5-yI)-1H-pyrazol-1-yl}propanenitrile;

Enantiomer 2 of 3-cyclopentyl-3-(4-(7-(4-(1-methylpiperidin-4-yl)phenyl)imidazo[1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

3-Cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1H-pyrazol-
1-yl)propanenitriie;

Enantiomer 1 of 3-cyclopentyl-3-(4-(7-(4-morpholinophenylimidazo[ 1,2-c]pyrimidin-5-
yh-1H-pyrazol-1-yl)propanenitrile;

Enantiomer 2 of 3-cyclopentyl-3-(4-(7-(4-morpholinophenyl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

3-methyl-3-(4-(7-(4-morpholinophenyl}imidazo[ 1,2-clpyrimidin-5-yl)- | H-pyrazol-1-
yl)butanenitrile;

3-cyclopropyl-3-(4-(7-(4-morpholinophenyl)imidazo[ 1,2-c]pyrimidin-5-yl1)- 1 H-pyrazol-
1-yl)propanenitrile;

3-(4-(7-(4-morpholinophenyl)imidazo [1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-
yl)butanenitrile;

2-methyl-3-(4-(7-(4-morpholinophenyl}imidazo[ 1,2-¢]pyrimidin-5-yl)- 1H-pyrazol-1-
yl)propanenitrile;

3-(4-(7-(4-morpholinophenyl) imidazo[ 1,2-c]pyrimidin-5-yl1})-1H-pyrazol-1-
yl)propanenitrile;

3-Cyclopentyl-3-(3-methyl-4-(7-(4-morpholinophenyl)imidazo[ 1,2-¢]pyrimidin-5-y1)-
1H-pyrazol-1-yl)propanenitrile;

N-tert-butyl-5-(1-(2-cyano-1-cyclopropylethyl)- | H-pyrazol-4-yl)imidazo[ 1,2~

c]pyrimidine-7-carboxamide;
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5-(1-(2-Cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-N-cyclohexylimidazo[ 1,2-
clpyrimidine-7-carboxamide;

5-(1-(2-Cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-N-cyclobutylimidazo[ 1,2-
¢]pyrimidine-7-carboxamide;

5-(1-(2-cyano-1-cyclopropylethyl)-1H-pyrazol-4-yl)-N-(pyridin-2-yl)imidazo[ 1,2-
c]pyrimidine-7-carboxamide;

3-Cyclopropyl-3-(3-(7-(1-methyl- | H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1}-1H-
pyrrol-1-yl)propanenitrile;

2-(3-(3-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrrol-1-
yl)azetidin-3-yl)acetonitrile;

2-(3-(3-(7-(1-Methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1H-pyrrol-1-yl)-1-
(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

Tert-butyl 3-(cyanomethyl)-3-(3-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)azetidine-1-carboxylate;

2-(3-(3-(7-(1-Methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1H-pyrazol-1-
yl)azetidin-3-yl)acetonitrile;

2-(3-(3-(7-(1-Methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1 H-pyrazol-1-yl)-
1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

3-Cyclopropyl-3-(3-(7-(1-methyl-1 H-pyrazol-4-yl)imidazo[1,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yl)propanenitrile;

2-(3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)-1 H-pyrazol-1-yl)-1-
(trifluoromethylsulfonyl)pyrrolidin-3-yl)acetonitrile;

2-(1-acetyl-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)- 1 H-
pyrazol-1-yl)pyrrolidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-methyl- 1H-pyrazol-4-yDimidazo[ 1,2-c]pyrimidin-5-yl)- 1 H-pyrazol-1-yl)-1-
(2,2,2-trifluoroethyl)pyrrolidin-3-yl)acetonitrile;

2-(1-(cyclopropylsulfonyl)-3-(4-(7-(1-methyl- | H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-
5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(4-(4-methylpiperazin-1-yl)phenyl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1H-pyrazol-
1-y1)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;
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2-(3-(4-(7-(4-(4-methylpiperazin- 1-yl)phenyl)imidazo[ 1,2-¢]pyrimidin-5-yl)- 1H-pyrazol-
1-yD)-1-(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(2-methylthiazol-5-yl}imidazo[ 1,2-c]pyrimidin-5-y1)- 1 H-pyrazol-1-yl)-1-
(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

2-(1-(cyclopropylsulfonyl)-3-(4-(7-(2-methylthiazol-5-yl)imidazo[ 1,2-¢]pyrimidin-5-yI)-
1H-pyrazol-1-yl}azetidin-3-yl)acetonitrile;

2-(1-(cyclopropyisuifonyl)-3-(4-(7-(2-methoxypyrimidin-5-yl)imidazo[ 1,2-¢]pyrimidin-
5-y1)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(2-methoxypyrimidin-5-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1 H-pyrazol-1-yl)-1-
(trifluvoromethylsulfonyl}azetidin-3-yl)acetonitrile;

2-(3-(3-(7-(1-(2-(methylsulfonyl)ethyl)- 1 H-pyrazol-4-yl}imidazo[ 1,2-¢]pyrimidin-5-yI)-
1H-pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(3-(7-(1-methyl-2-ox0-1,2-dihydropyridin-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1 H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(3-(7-(1-methyl-6-0xo0-1,6-dihydropyridin-3-yl)imidazo[ 1,2-¢c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(4-(trifluoromethyl)phenyl)imidazo[ 1,2-c]pyrimidin-5-yl}- IH-pyrazol-1-yl)-1-
(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

3-(2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-cJpyrimidin-
5-yD)-1H-pyrazol-1-yl)propanenitrile;

(S)-3-((8S)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl- 1 H-pyrazol-4-yl)imidazo[ | ,2~
¢]pyrimidin-5-yl)- 1H-pyrazol-1-yl)propanenitrile;

R)-3-((8)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

(S)-3-((R)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl}- 1 H-pyrazol-1-yl)propanenitrile;

(R)-3-((R)-2,2-difluorocyclopropyl)-3-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)propanenitrile;

2-(6-(4-(7-(1-methyl- 1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1H-pyrazol- 1 -yl)-2-

oxaspiro[3.3Jheptan-6-yl)acetonitrile;
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2-(3-(4-(7-cyclopropylimidazof 1,2-c]pyrimidin-5-yl)-1H-pyrazol-1-y1)-1-(2,2,2-
trifluoroethyl)azetidin-3-yl)acetonitrile;

2-(2-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yI}- 1 H-pyrazol-1-y1)-7-
oxaspiro[3.5]nonan-2-yl)acetonitrile;

3-cyclopropyl-3-(4-(3-fluoro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-
yl)-1H-pyrazol-1-yl)propanenitrile;

2-(3-(4-(3-chloro-7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-yl)-1H-
pyrazol-1-yl)-1-(2,2,2-trifluoroethylazetidin-3-yl)acetonitrile;

2-(3-(4-(3-fluoro-7-(1-methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-y1)-1H-
pyrazol-1-yl)-1-((trifluoromethyl)sulfonyl}azetidin-3-yl)acetonitrile;

2-(3-(4-(3-chloro-7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-¢]pyrimidin-5-y1)-1H-
pyrazol-1-yl)-1-((trifluoromethyl)sulfonyl)azetidin-3-yl}acetonitrile;

2-(1-(2,2-difluoroethyl)-3-(4-(7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-
c]pyrimidin-5-yl)-1H-pyrazol-1-yl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(1-(oxetan-3-yl)- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidin-5-yl)- 1 H-pyrazol-
1-y1)-1-(2,2,3,3,3-pentafluoropropyl)azetidin-3-yl)acetonitrile;

2-(3-(4-(7-(4-methoxyphenyl)imidazo[ 1,2-c]pyrimidin-5-yI}- 1 H-pyrazol-1-y1)-1-
(trifluoromethylsulfonyl)azetidin-3-yl)acetonitrile;

2-(1-(cyclopropylsulfonyl)-3-(4-(7-(4-methoxyphenyl)imidazo[ ,2-c]pyrimidin-5-yl)-1H-
pyrazol-1-yhazetidin-3-yl)acetonitrile;

2-(2-(4~(7-(1-methyl-1H-pyrazol-4-yl)imidazo{ 1,2-c]pyrimidin-5-y1}-1H-pyrazol-1-
yl)spiro[3.3 Jheptan-2-yl)acetonitrile;

2-(2-(4-(7-(1-methyl-1H-pyrazol-4-yl)imidazo[ 1,2-cJpyrimidin-5-yl)-1 H-pyrazol-1-
yl)spiro[3.4]octan-2-yl)acetonitrile;

2-(2-(4-(7-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)imidazo[ 1,2-¢|pyrimidin-5-yl)- 1 H-pyrazol-
I-yl)spiro[3.3 Jheptan-2-yl)acetonitrile;

or a pharmaceutically acceptable salt or solvate thereof.





