OXADI AZOLE | NHI BI TORS OF LEUKOTRI ENE PRODUCTI ON FI ELD OF THE | NVENTI ON Thi s
invention relates to oxadi azoles that are useful as inhibitors of five

| i poxygemnsioeoea4dnsat i ng protein (FLAP) and are thus usefail/uSesiseati ng a
vari ety of diseases and disorders that are nedi ated or sustained through
the activity of |eukotrienes including asthma, allergy, rheumatoid
arthritis, nmultiple sclerosis, inflammtory pain, acute chest syndrone and

oy A BT 2E o BB POBR Ok BTt e RS o o oL

conprising these conpounds, nethods of using these conmpounds in the
treatnent of various di seases and di sorders, processes for preparing these
conpoundEIEAH OFFE NNENTHONIsef ul in t hese processes. BACKGROUND OF THE

| NVENTI ON Leukotrienes (LTs) and the biosynthetic pathway from arachi donic
acid leading to their production have been the targets of drug discovery
efforts TRk iéafiod WeNEYtoRadiGzolésThatdre ufbTeIcHd G bys SEFOE Bpo:G@bhask Y peS

i ncludi ng neutrophils, mast cells, eosinophils, basophils nonocytes and
macr ophagféyatimhprofain GLARMI s el far repsingarvagew] ol dlisgaseswad hesi s of LTs
I nvol ves Q&dgﬁttflaqg 1&16&5@8 t& gt?s'?zh cfﬁ'tﬁfoql 33{1& cltllvﬁg%?’@t:iﬂg‘tﬁg ésﬁné‘lQAm o LTA4, a
process reqw ri the presence o £8 KD tein

5-11i poxymlnﬁaedlaxgtyt mattma@lcpmﬂtrﬁetsnm@l%ip@é?‘éclc(rﬁ)nti mﬂMﬂlﬂn&t’OI‘}epalﬁJ acutel\datestr e, 1990,
343, 278-281; R A F. Dixon et al., Nature, 1990, 343, 282-284 Subsequent
met abol i $MAEIMY 7ad cprdioyascuigr disgases inclpdingeatherasclirpgis. muyecardiaidnfarqtippy and
LTE4 (B., Y/ have
pot ent sm)ot % em(?%htg{ﬂ%?s&%%géé%gg%%néﬁlg?o% rotggtﬁp%&{elﬁ flsg%% gllcgerstd t hey
sti nul at emmmmds namhcvcetqf oring itk se asmpdwnds ﬁreﬁlharg:etmdnTBﬂvarmua dpetsentind

chenot ac ent for eukocyt and sti adhesi on,. .aggregati on and
ey G EHEE: Pogts 10F PERGTLEPEY rEG By SR et S AESET ar oa was
di rect edpfoem@sds the treatnent of allergy, asthma and other inflammatory
conditi ons Research efforts have been directed towards nunerous targets in
t he pat hway i ncl ud| ng antagonists of LTB4 and the cysteinyl |eukotrienes
LTCA4, LT% R : hj bitors of 5-1ipoxygenase (5- LO, LTA4
hydr ol ase ors—of yxygenase activating protein (FLAP) (R W
Friesen and D. Ri endeau Leukotr| ene Biosynthesis Inhibitors, Ann. Rep.

Med. Chem, 2005, 40, 199-214). Years of effort in the above areas have

yi el ded bevkeliiongs dekseangsdiesyathens pathway frem seshidunc add Fedingrie hsdi ng a
5-LO i nh t and
zafirl ukg@? ﬁ&{\%ir}éur: gécglelng1 ¢ ta?gﬁ {%f grdias?l cafgﬁoﬁ_%?ltoﬁé}ég@ gttpo/g}';‘scHﬂtﬂéirgl ?%l sease,
i ncl udi nprodyedarycieadral ¢l laypdsiindiudiag methteapanct radsh e¢lBS edstraphils basaphRs cci oni et
al., J. Leukoc. BI ol . pi1008 374- 1378). FLAP ilnd 5- L]i) wer e anpng the
conponentigneaytesadsnqcegpRAgest T he dustcammibiechafep i We hFasellyan yinfhesis 8§ ons,
suggest i ﬂ@s fn@@lv‘és bﬂﬁ%&?&ﬁ?ﬁchﬂbnﬁ; el ggg rf%%k%eh%e (§Q§(5’Ptroq?1‘%@ta p%ce’ss Proc.
Natl. Acad . U S A, 2003, 100, 1 Phar macol ogi ¢al” i nhi bition
of FLAP t@qslringelnﬁ pregroce eﬂthtstd@mmd nadrisnos plo@imd{lipok peinase-witizatingn ani mal

apot LDLPRE T ok et B Vasteal 0o 78RR 1Y BriPDoRakt s of age to

6 nmont hsnh@ek, 199@ ﬁ@%%@a%bhéqu%ﬁﬁétﬁbﬁﬁﬁ%ﬁgl%t taactshetﬁq; t ancend a 43%
decrease in the aortic root (J. Jawien et al., Eur. J. din. Invest., 2006,

36, 141- mse)nylﬂTsSLECad@e&nﬁeIeTEw@sS@@u@ﬁ@tﬂ S\m@rtﬁeal%ﬁée%%siéSﬁﬁS)
pI aque- rr?lcl;e P LC[%%ta\effptotgnt SO0 O&%ch%@n@ ctl?lcreg%ronc c(l;())lgt)llstlrl{cj:1 & and smoot h
nuscl e con Ch suggests a conversion nore s a

phenot ypeffectghrﬂnﬁé;hﬁrmlﬁttudlyucout sé@&ﬁﬁoﬁ%ﬁ@ﬁ/hﬁﬂlaﬁr naka@d M TSk 6 @btean of MK- 886
via infusion to ApoE-/-xCD4dnT3RI Il m ce (apoE KO m ce expressing a

doni nantCl}?@g%%qtlﬁégqitgfmb]étﬂa)cﬁ@éeaélﬁdFmWIlﬂth@Ple%talgﬁ@gﬁlﬂ‘?ne%?é\ﬁé‘éylﬁt?I TGF- bet a
fromthe. gystenm resulted in about a 40% decrease in plaque area in the
aortic root (M Back et al., Crc. Res., 2007, 100, 946-949). The mce were
only treated for four weeks after plaque gromth was al ready sonmewhat mature
(12 weeks) thus raising the possibility of therapeutically treating
atherosclerosis via this nechanism In a study exam ning hunman

at herosclerotic lesions, it was found that the expression of FLAP, 5-LO and
LTA4hydrol ase was significantly increased conpared to healthy controls (H
Qu et al., Proc. Natl. Acad. Sci. U S A, 103, 21, 8161-8166). Simlar
studi es suggest that inhibition of the LT pathway, for exanple by

i nhibition of FLAP, would be useful for the treatnent of atherosclerosis
(for reviews, see M Back Curr. Athero. Reports, 2008 10, 244-251 and Cum
Pharm Des., 2009, 15, 3116-3132). In addition to the work cited above,

many other studles have been dlrected tomards understandlng the blologlcal
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(h) -N(R12) (R13), (i) -S(0)11CG _eal kyl, (j) -02R12, (k) -C(O0)N(R12)(R13),
(1) -S(0)2N(R12) (R13), (m oxetanyl, tetrahydrofuranyl, tetrahydropyranyl,
azet i di nyWo 2pyras0ispdi nyl , tetrahydrothienyl, piperidinylPCTaiSp@nazizny! ,

nmor phol i nyl, thi onorpholinyl or thionorpholinyldioxide, optionally
substituted with one to three groups selected from-0OH4, C _6 alkyl, G _6

al kyl hydroxy, G _6 al kyl-02R12 , -S(0)11C _6al kyl, OXO, - C(0)N(R12)(R13),

d -0RR12 , (n' L - -CL 3 alkyl, (p) -C(0)-3-6 nenbered
ﬁgt er ocyglueh 85%&6@??&%%‘%&?@%&& %llt'ehL'g ﬁ\‘—!?/at"éastdlgl’r%) fgd @%‘tﬁ%{ﬂ%ﬂ@éﬁﬁ%&lef rom
hal ogen Wﬂfe%a?cﬁﬁa%d@@tEJ‘Mmmit&b cofB48ns. RéstarkAed8AOhKleveRyr ol yl,

pyrazol yl, thi'enyl or furanyl; R12 and R13 are each independently sel ected
from-H, dm{gted&avvhgds nun@(cﬁl)siﬁgets imtheyhthway chdpdiopytagayss obuUT B anchel opent vyl

and a 3-6 d, hete eac Lch i tional l

e pendeHAT SBCERE Lo R Tl FREE) Sl R SRR By oy
- C(0) N( R@@% (T Aydrol &eMhd GhhibiRd s YoF 5- ltgwxyg‘eﬁﬁée%h@ﬂiﬂg 661 GRINPYI(R.W.

cycl openty cycl ohexyl, -0O2R14, nbered heterocycl e, hal ogen;

or R12 ahidesrn 3nd BgRidndpausilepkatrienenBiosyylesyisdnbibitors. dan.dken: Mfyi Ghemat t ac hed
f h titut
Oor gna?ko%(%gr6%@(%%1&54?8“88%@ arlle%gggﬁ; Ar%a}eé h%g%lgnyéd %rkgk ?r om - H and

- G _6al kyiodudis f@ the @¢at@ent dfrastﬂirrphﬁcflﬁdiﬁgutﬂ-E@lnhhleCﬁﬂHLﬁbi enc$a1rt thereof. In
a third enbodinent, the resent |nvent| on relates to a conpound as

descr i beRN RPN, Mymtelpesh PEOBKRHANE FBEAVSht s above, wherein: RL and R2
together with the carbon atomto which they are attached is cycl obutyl,

cycl opentyl cycl ohexyl, or tetrahydropyranyl wherein each carbocycle or

het er ocyMloge resesptdrbihad inyplicaetd pdisde nm’d;pvawukir dtsaasedlmlutdmgangodauhalv\o groups

selected. from C1 and. hal.o . or .a eut a table salt
t her eof . Nf4{CEOM B’ﬁ?Slf “ér%@cﬁ‘?ﬁﬂfﬁ?%&gﬁgc‘ilgmﬁ gkfajr gg‘ﬁ%? c]g‘r?g 11%%83 gg%?or mula (1)
as descripgy FDA@%d%fL(t) h&‘erhaaeﬁgth@eoﬁh‘eeawa%é 5809 YRd Lmt&u@%ﬁé i's

pyridinyl, pyrimdinyl, pyrazin or pyridazinyl, wherein each
opti onal inyathqlt@l@tfemhqslbys §umtutgﬂtheut inol venesme int ajhtrhg@esgn(ﬁuﬁmb@lebct ed from

&5 G Al PSRt AST St s i) T T i paf e epktp Bigor i 00 2"

fifth enbpdpmeabednepstddto laéameedleaos@tétm@ueﬁo@azelesaﬁﬂnbtetdows ambnef the
precedi ng enbodi nents above, wherein: RS is neth ethyl, prop

i sopr 0py$tUd§b @ga}} |dosipg @f)meﬁLAIf mhibitop MI§1886 @maﬁ/ﬂgh& Sipublg) h@(p@qout mlce

]I?' peri di pylo. b Fa%?e%tﬂa}&lzﬁgﬁﬁ%?' gé% %chQ'i‘é%ftBQ]‘%éfJ/”é{écre L ﬁl‘ {p&jé nyl,
uranyl , thiazolyl, oxazo i SOXazo pyrazo azo trlazolyl,

di hydr OpWWengEth thepyrta dhdhy |43%Fr}el‘cret?fkdjml’thé aorfly l[‘@ﬁl(]’])] hwlenyst aldeEZUrnIy IClin.

qui nolin i SO |nolllni/ indol yl, pyrrolopyrjdi nY pyrrol opyri mdinyl,

pyr azol O%SYF? ng@ yP; 14 %Gazgﬂi}ﬁrﬁl%ﬂ‘t’?ﬁ et WefAgPIFH Wi th{@f)C“i@Ge gy or

- NR7R8,  WHEGEhIbeSBRM] Bcft‘ldl asco%&ﬂlﬁm'lh%tedsg%9&%%@15‘5&%&6@% PE%Qnt\éhtI h one to

t hree groups s ect ed is azetidiny pyrrolidinyl,

pi peri di which spggmtsamonyd:rslorrm phaire sgble péaguapherGity®. dh kydthen shalyort vk 3

f"s?'o%'oar@‘egt%eyt‘ﬁ‘?t OO RIS R SR AUGPBATALYY SCRUSTBRRIITBRE (2 -
(b) - é dﬁ h‘ﬁ&e&pr&gﬂl a%mmz(n‘?%e&%%%%dﬁ%et%ec@ﬁt%Wh &Fgffegﬂ@e}liry

substltu oneto three - eny benz
phenet hyte,moazzseali UGiytheta frymrtbé sydkemy) resypiep ém ahb%yMquilqemm@hquemaphol i nyl,

halcg)gen 1n tg%:?\PIHF qﬁ?@%@%% e 19?%’?260815 @Q %@%%)(lﬁl% ?ﬁéfe( -002R(1I2)

- S(0) 2Gi qu R13
o G B ol LS

azeti di nlyilisingatghﬁ rp©$S|ﬂdlltyydf thq;‘amfeltlpdlmbyftatmg|aﬁer®zlienyts Vlznrt}nqolhng¢hamysm Ina

t hi onor p hi_ono IOXId substi t ut th one
to tnr eclgibithon Bl tbal ARl Sk T RO e BUFRSIPALTLAL &

al kyl - 0Q2Rand L'S(\Ql)}iil@hs_eﬁ%ﬂ dnifienh@, mcr&(s@al Mtﬁﬂ&}ﬂ RlBdaith@B6htrdECARLI2 , (n')
oxo, (0) -C(0)-C1 3 alkyl, ( Cg %- 3-6 nmenbered heterocycle optionally
substitu euet\httﬁr%ﬂéfatt A darr - ‘g]rsofé el le81@d8 it S el ganlidsypagessy and

C _6al koxy, (q) -OR12, (r) imdazolyl, pyrrolyl, pyrazolyl, thienyl or
furanyl; R12 and R13 are each independently sel ect ed front-H, -G _6al kyl,
-C(0)-C1_6 al kyl, cyclopropyl, cyclobuytyl, cyclopentyl and a 3-6 nenbered
het erocyclic group, each of which is tionally independently substituted
wth one to three -OH, C 6 alkyl, G _ 6al koxy, -C(0)NR14) (R15),
-S(0).C1l_6al kyl, CN, cyclopropyl, cyclobutyl, cyclopentyl, cycl ohexyl,
-02R14, c3 , 3-6 nmenbered heterocycle, hal ogen; or R12 and R13 toget her
mnth the n|trogen atomto mhlch they are attached fornta heterocyclyl ring

Y . e L~



(1) -S(0)2N(R12) (R13), (m oxetanyl, tetrahydrothienyl, pyrrolidinyl,

pi peridi nyl, piperazinyl, norpholinyl, thionorpholinyl or

t hi onor phwiDi2oldddBri de, optional ly substituted with onePCo/ushoie®s5OUPS
selected from-OH, Cl1_6 alkyl, Cl_6 al kyl hydroxy, Cl_6 al kyl-00O2R12
-S(0) 2C16al kyl , oxo, -C(0)N(R12)(R13), and -0OO2R12 , (n') oxo, (0)
-C(0)-C1_3 alkyl, (p) -C(0)-piperidinyl or -C(0)-pyrrolidinyl each

optional |y substit d with one.to thre raQups s ed fram hal ogen

o oxy. kB oo T ey o Sxample Py RES RS FEAE, Motk SRt por azol yi
R12 and Rlhar@ufanhshihdeReRARNR K rSBERE s88M. B8k Coir, Ater§ At dp¥lts, 20680) - C1_6
al kyl, cycl opropyl, cycl obut cycl opentyl and a 3-6 nenbered heterocyclic

yl,
group, ed&R4425Wand K'uits Phpti. dleal, PY09, AdepldiocEi?e).y substituted with one to
three -CH, G _6 alkyl, G _ 6al koxy, -C(0)N(R14) (R15), -S(0)2C1_6al kyl, CN
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, -0O2R14, ¢c3 , 3-6
menber edinRIdaIDAQY eheeworlkdi g aPove9mafR} dthanstulikShivegrbhairested towiah® ni trogen
atomto which they are attached forma heterocyclyl ring optionally

subst i t ubgrsiandingathe biadogie aetiansiqf L andtheggled iyl sdp disgese. RhgseatieliRl5 ar e

each ind .- O els tically
acceptedﬁggﬁgﬁp%%%%%?%gfﬁﬁgniégeﬁ?#”%%%gdﬁhgﬁﬁkgﬁ%?ggfg@%@%€§%§§§§'conpound
as descriehbigy, see MheetershGdlider niid WoRVHendshnhelr):M BRI, MNnEhdR2J. Mxgiet2067, wi t h t he
carbon atomto which thﬁy-are attached is cyclobutyl; or a pharmaceutically
accept abb/-d8FH-182Br dnpddifion tothe spacifle dirmasericied abetreLds havehesti ded a
compoundirfiicdes 6t hiils b Bobdle Sbi¥tfhn ARBA! ARAL Snarphieiglie: RL and R2
togethernﬂ?Fh t he %gr 020§t0%1t0 whi'c ﬁ%ey %?’ attached i's

t et r ahy dmélpynaatarly ;and cardiqyhsouhe clesa b des adslwel lbasca peeablinki bstadnt oftti ekl ofalsol N a

ni nt h enbodi nent, t he i S provided,a co und .as described in the sixth
bod moRPOABLPe (iR S ee 1o et aeT Fotio M R R P CaF 5
accept abf eg@hple TNRI €fdivikd @ al ETHubn 2 OPREpIBRLy ! NR3e 16,85 OMdded a conmpound
as described in the sixth enbodi nent above, érein’ R5 is selected from

i m dazol Ylontepy eteat oI gurnaltof iNgpbitojdgy, 2032 6) §82:6%Nazol yl , pyrazol opyri mi di nyl
i m dazopyridi nyl, indazolyl, dihydropyridinyl, pyridinyl, pyrimdinyl,
pyrazi nyl, pyridazinyl, pyrrolidinyl, and phenyl, wherein each R5 is

opt i onal AyhuhitdepERIJAR ARSI Bive BeeR depbirted ir0fhe stienfifi BRraieuis f6el ected from
R9, R10 and R11; or a pharnmaceutically acceptable salt thereof. In an

el event hexewmideil Febyans gedle Tirends i Phyaucalogisapysiendcas08es2r 1HaadimUthe si xt h

enbodi e o] reLn; L5 NR } . it A one to
t hree gr@%%gysgﬁggﬁgg F@ﬁ¥ ?éfgh§%§§h$%@5%fgﬁh%%giﬁgéﬁﬁgﬁgé 6j\’/y\MaﬁclceptabIe
sal t thef%®lohind BAYaXt 0&4, fatsb kaotyads MERD3 t.hBfoee ieserplyothedddA R inhdipo M- as
described in . the sixth enpodi nent_ above, erein: and R2 together with
he_car bt EbrEh Tiameh ok e loar Ehar oL 58! Dyt bergRligied in Linical

tetr ahydfrﬁﬁyf)é’s@& bonjits Bﬁti—'iﬁﬂa?ﬁrh%%f@rg@éﬁ@% ([NS L&rrﬂﬁ@galﬁg!\t’hdf@l%p.%ek S

hydrogen; R5 is selected fromi olyl, ‘pyrazolyl, ’triazolyl, thiazolyl,
oxazol yl 2009y PaddiOold 2jpetd Doy 5089 Balzegyanitlg inylas raphatad bl yhe, baslmipdi nyl |
pyri m di nyl razinyl i Lhyl .. pyrrolidinyl., and,phenyl rein each
R 5 om0 SRR 40T R el of FopsBBio Pt e e

sel ect edhdsrapH 1R iFdirad uiidio QhldtiRaTRESbioaAlleYs fRFGaREAAlE sal t

thereof. In a thirteenth enbodi ment there is provided a conpound as
descri bethfdrptiarhésksindtshowpd  dp seedrperdsny suppitssioaoh sevRial RranaRRers dgyehdrer wit h

Lot ranyarorgr ikl BE eI ARLE s R SRR Pafishovin 1 ¢

hydr ogenclinid3 tiiif to NIuESpropdineah Ihyimat psdnhdruloaebhntis iseefer é&@nipd 8¢ gr oups
selected fromR9, Rl and R1l; or a pharmaceutically acceptable salt

t her eof . Gp#phaghak Higidney Indernpfianatid999.e¥0pddi-A@ht , t he present invention
relates to a conpound of formula IA: | A wherein: RL and R2 together with
the carbon atomto which they are attached forma C3_10 carbocyclic ring or
a 5- 11 nHnbwevedtoldatee no Y .@IH iahibitoghasiiteen epproedicds acandioey die. or het er ocycl e
is optionally independently substituted with one to two groups sel ected
fromC _6 al kyl and hal ogen; R3 is 5-11 nenbered heteroaryl ring containing
one to three heteroatons selected from nitrogen, oxygen and sul fur, wherein
each R3 isoptionally independently substituted with one to three am no
groups; R4 is hydrogen, Cl_3 al kyl orégalogen; R5 is 5-11 nenbered

het eroaryl optionally independently substituted with one to three G _6

al kyl groups; or a pharnmaceutically acceptable salt thereof. In a second
enbodi ment, the present invention relates to a conpound of fornmula (1A as
described in the broadest enbodi nent above, wherein: Rl and R2 together
with the carbon atomto which they are attached is cyclopropyl, cyclobutyl,

o v o o v a



In a fifth enbodi nent there is provided a conpound of formula (1A) as
described in any of the precedi ng enbodi nents above, wherein: R5 is

pyr azol ylwonpizoanisdi nyl , each optionally substituted w PhTaseottios12hs ee CL_3
al kyl groups; or a pharnaceutically acceptable salt thereof. 1In a sixth
enbodi ment there is provided a conmpound of fornmula (I A) as described in the
second enbodi nent above, wherein: RL and R2 together with the carbon atom
to which Q yl or tetrahydropyranyl; R3 is
pyrinidiﬁgﬁﬁiﬁgéﬁﬂzétggﬁﬁﬂﬂg?gﬁ%&.;.u group; R4 is HR5 is pyrazolyl or,
pyridinyl, each optionally substituted with one to three nethyl groups; or
a pharmaceutically acceptable salt thereof. The followi ng are

r epr esenthb prgeent bwp@tmmlsromdes hevel perepeundn Wb&ﬁlbihhi@étrﬁ bl@oxﬁad@sbyctimén@ e n eral

synthetlc ch e e d known

Sanpl e o Fcat wdreSRERT R rof RS ARG i Rats b B S

44543- 1146diafed o Fu AR thidudhAhdactivty Y ldubtiedes, Miclud@ﬂ/g:mbgit,\@ulﬂlonalﬂ 4-
oxadi azol - 5- yI)Hyrldln- 2-yl | pi perazi ne- 1- carboxylate H2 N

| 2 N . Npiqtio, intlargmpgoxy ppd caydigy slagdiseasey and eaiteio gty lﬁvmtwnﬁlso

relates to pharmaceutical compositions comprising these compounds, methods of using

these compounds in the treatment of various diseases and disorders, processes for

preparing these compounds and intermediates useful in these processes.

DETAILED DESCRIPTION OF THE INVENTION

In its first broadest embodiment, the present invention relates to a compound of formula

I:

wherein:

R! and R? together with the carbon atom to which they are attached form a Cs_jo
carbocyclic ring or a 5-11 membered heterocyclic ring, wherein each carbocycle or
heterocycle is optionally independently substituted with one to two groups selected from

Ci-6 alkyl and halogen;

R’is 5-11 membered heteroaryl ring containing one to three heteroatoms selected from
nitrogen, oxygen and sulfur, wherein each R’ is optionally independently substituted with
one to three groups selected from Ci.s alkyl, Cy_s alkoxy, Cj.3 alkylhydroxy, -CN, amino,
Ci-3 alkylamino and Cj.3 dialkylamino;



yl)pyridin-3- yl] cyclobutyl } - 1,2, 4- oxadiazol-5-yl)pyridin- WO

2012/ 040139PCT/ US2011/ 052254 2-yl]glycinamde 3 NHZNN N N - NO
[-\ \-/ 540201218489 (piperazin- 1-yl)pyridin- 3-yll - 1perTASexadsnzol - 3-
yl }cycl obutyl ) pyridin-2- yl]pyrimdin-2-amine 4 NI HZNN ONI NO N X
N_ NH 5-(5-{ 145-(1H pyrazol 3-yl)- 1, 2, 4-oxadi azol -3- yl]cycl obutyl
}pyridin-2- yl)pyrimdin-2-amne 5 NI . N NN-O . 1 545-114543-

met hyl phenyl)- 1, 2, 4- oxadi azol -3- yl]cycl obutyl}pyridin-2-
yl)pyrimdin-2-amne 6 N H2NN N NO 4. 1 5-(5-{ 14544-

R" is hydrogen, halogen, C;.3 alkyl or nitrile;

R is Ci alkyl, C5¢ carbocycle, 5-11 membered heterocycle, aryl, 5-11 membered
heteroaryl, -C(0)-R® or -NR'R®, wherein each R” is optionally independently substituted

with one to three groups selected from R’, R'°and R";

R is C; heterocycle, amino, C;_3 alkylamino, C;_3 dialkylamino or —-NH-5-6 membered
heterocycle, each optionally independently substituted with one to three groups selected

from R9, R'% and R“;
R’and R® are each independently hydrogen, -S(0O),C;salkyl or C;¢ alkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CF3,
(f) C1ealkyl optionally substituted with one to three —OH, -N(R'*)(R") , aryl, -O-C,_,
alkyl-aryl, 3-6 membered heterocycle, -C(O)- 3-6 membered heterocycle, Cisalkoxy ,
-S(0),C1ealkyl, —CO,R ™, halogen, -CN or -C(O)N(R"*)(R™),
(g) Cigalkoxy,
() -NR™R"),
(1) -S(0)nCisalkyl,
() -COR"™,
(k) -CONR™HR™),
() -S(0RNRR™),
(m) a 3-10 membered heterocyclic group optionally substituted with one to three
groups selected from —OH, Cy¢ alkyl, C;¢ alkylhydroxy, Ci.6 alkyl—COzR12 , -S(0).Cy.
salkyl, oxo, -C(O)N(R')(R"), and -CO,R",



met hyl phenyl1) - 1, 2, 4- oxadi azol -3- yl]cycl obutyl }pyridin-2-
yl)pyrimdin-2-amne 7 N H2NN I\ NNO Q. - 0 5-[5-(1-{5-[4-

(et hyl suwbanijuptsenyl ] - 1, 2, 4- oxadi azol - 3- yl } cycl oburgr)ysgetiidsazsL-
yl]pyrimdin-2-amine 8 NI H2 N NI\ NO -NH 54541- 1546-

(et hyl am no) pyridin-3- yl1]-1, 2, 4-oxadi azol -3- yl } cycl obutyl)pyridin-2-

yI]pyrinidin 2-am ne WD 2012/ 040139PCT/ US2011/ 052254 9 H2N , N
NI -N/ 53541 1546- (cycl opropyl am no)pyri din-3-yl] -1,2,4- oxadi azol
yl Ycycl obd®yYIP¥Byri di n-2- yl]pyrim di n-2-ani ne N

(0) -C(0)-C;3 alkyl,

(p) /C(0)-3-6 membered heterocycle optionally substituted with one to three groups
selected from halogen hydroxy and C,.calkoxy,

(q) -OR",

(r) 5-11 membered heteroaryl;

R'? and R" are each independently selected from —H, —C;_galkyl, —C(O)-C alkyl, C5_1o
carbocycle and a 3-6 membered heterocyclic group, each of which is optionally
independently substituted with one to three —OH, Cj.¢ alkyl, C_salkoxy, -
C(ONR"RY), -8(0),C1.6alkyl, CN, Cs.1o carbocycle, -CO,R", CF; , 3-6 membered

heterocycle,halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C,_calkoxy or oxo;

R and R are each independently selected from —H and —Cj_salkyl;

nis 0,1 or2;

or a pharmaceutically acceptable salt thereof.

In a second embodiment, the present invention relates to a compound as described in the

broadest embodiment above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2.2.1 bicycloheptyl,
oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, piperidinyl,
tetrahydrothienyl, wherein each carbocycle or heterocycle is optionally independently

substituted with one to two groups selected from Ci. alkyl and halogen;

*

-3-



10 N N11 N NI NO NH2 \ N_ NH 5-(5-{ 145-(5-amn no-
1H pyrazol -3-y1l)-1, 2, 4- oxadi azol -3- yl]cyclobutyl }pyridin-2-
yl) pyri mwonre2/m@m3ne 11 N NN 1 NO 0 54541-1543- (nerhylusediiomes) phenyl |
-1, 2, 4-oxadi azol - 3- yl }cyclobutyl)pyridin-2- yl]pyrimdin-2-amne 12 H2 N
1N 6N N 1-1[543-114642- am nopyrimdin-5- yl)pyridin-3-
ylJcyclobutyl } -1,2,4- oxadiazol-5-yl)pyridin- 2-yl] amno } -2-
met hyl pr ﬂp 1as' nﬁyzri-d?rllyl, pyrin%l)dinl;li,%y/razinyl, pyri‘c_ilazir]i%, F}grlr\lolgﬂ, l1\lmidazoly1, thienyl, furanyl

or thiazolyl, wherein each R” is optionally independently substituted with one to three

groups selected from C;_3 alkyl, C;_3 alkoxy, C;; alkylhydroxy, -CN, amino, C;_3

alkylamino and C;.3 dialkylamino;
R* is hydrogen, halogen or methyl;

R’ is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert. butyl, pentyl, hexyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, phenyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, tetrahydropyranyl,
pyrrolyl, thienyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, triazolyl,
dihydropyridinyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl,
isoquinolinyl, indolyl, pyrrolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl,
imidazopyridinyl, indazolyl, -C(0)-RS, hydroxy or -NR’R®, wherein each R’ is optionally

independently substituted with one to three groups selected from R’, R'%and R";

R® is azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, tetrahydropyranyl, morpholinyl,
thiomorpholinyl, amino, C;.3 alkylamino, C;.3 dialkylamino or -NH-5-6 membered
heterocycle, each optionally independently substituted with one to three groups selected

from R9, R'% and R“;
R’and R?® are each independently hydrogen, Cy.5 alkyl or -S(0),C}salkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CFs,
(f) C1ealkyl optionally substituted with one to three —OH, -N(R'*)(R") , phenyl,
benzyl, phenethyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, -



NI N- / O ethyl N4543-114642- am nopyrimdin-5- yl)pyridin-3-

yl Jcyclobutyl } -1,2,4- oxadiazol -5-yl)pyridin- 2-yl]glycinate WO

2012/ 040MS0RC/04B3011/ 052254 14 N HZN N N -NH | N ON- PCINUS2011/052254

545- 114541H-1, 2, 3- triazol-4-yl)-1, 2, 4- oxadiazol - 3-

yl]Jcycl obutyl }pyridin-2- yl)pyrimdin-2-amine 15 HZN NI . N |,-- N NO\
N 545-1145- (di nethylam no)-1, 2, 4- oxadi azol -3- yl]cycl obutyl }pyridin-2-

g o7 e 16 HEN LN GNIH 2 NS A
oxadi azol - N b) Qy((j)gmﬁ)(ﬁly,l ] gl yci ne 1)\
(g) Ciealkoxy,
() -NR™R"),
(1) -S(0)nCiealkyl,
() -COR™,
(k) -COONR)RY),
() -S(0):NR™)R™),
(m) oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, azetidinyl, pyrrolidinyl,
tetrahydrothienyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl or
thiomorpholinyldioxide, optionally substituted with one to three groups selected from
—OH, C,alkyl, C ¢ alkylhydroxy, Ci alkyl-CO,R ', -S(0),C salkyl, oxo, -
C(ONR™)(R"), and -COR",
(n’) oxo,
(0) -C(0)-C,.3 alkyl,
(p) /C(0)-3-6 membered heterocycle optionally substituted with one to three groups
selected from halogen hydroxy and Cj.ealkoxy,
(q) -OR",
(r) imidazolyl, pyrrolyl, pyrazolyl, thienyl or furanyl;

R'? and R" are each independently selected from —H, —Cj_salkyl, —C(O)-C.s alkyl,
cyclopropyl, cyclobutyl, cyclopentyl and a 3-6 membered heterocyclic group, each of
which is optionally independently substituted with one to three —OH, C,¢ alkyl, C;.
salkoxy, -C(O)NR'")(R"Y), -S(0),C1.alkyl, CN, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, —C02R14, CFs , 3-6 membered heterocycle, halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C,_calkoxy or oxo;

R and R are each independently selected from —H and —Cj_salkyl;

nis 0 or?2;



N-0 HO

0O 17 HZN NN N (1? . 1 N4A. S-NH2 NO -0 443-114642-

am nopyrimdin-5- yl)pyridin-3 - yl]cyclobutyl} -1,2,4- oxadi azol -5-

yl ) benzengoubfxmarsvde 18 H2N N, N - NN H N 1)\1.-- 1PCEN[SB6U310304642-

am nopyrimdin-5- yl)pyridin-3- ylicyclobutyl} -1, 2, 4-
oxadi azol -5-yl ) pyridin- 2- yl] am no }nethyl)cyclop ropanol
HO WD 2012/ 040139PCT/ US2011/052254 19 NI H2 N 1 NNO NH 2

Ozz: s'
-1,2, 4-

or a pharmaceutically acceptab creot.
In a third embodiment, the present invention relates to a compound as described in any of

the preceding embodiments above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl,
cyclopentyl cyclohexyl, or tetrahydropyranyl wherein each carbocycle or heterocycle is
optionally independently substituted with one to two groups selected from C;_3 alkyl and
halogen;

or a pharmaceutically acceptable salt thereof.

In a fourth embodiment there is provided a compound of formula (I) as described in any

of the preceding embodiments above, wherein:

R’is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein each R” is optionally
independently substituted with one to three groups selected from C;_3 alkyl, C;.5 alkoxy,
Ci.3 alkylhydroxy, -CN, amino, C;_3 alkylamino and C;.; dialkylamino;

or a pharmaceutically acceptable salt thereof.

In a fifth embodiment there is provided a compound as described in any of the preceding

embodiments above, wherein:

R’ is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert. butyl, pentyl, hexyl, phenyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, furanyl, thiazolyl,
oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, triazolyl, dihydropyridinyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl, isoquinolinyl, indolyl, pyrrolopyridinyl,
pyrrolopyrimidinyl, pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, -C(0)-R®,
hydroxy or -NR’R®, wherein each R’ is optionally independently substituted with one to

three groups selected from R’ R'% and R";

N-0

.7..7Q 4. 343-%}4642- %Qgﬂggyrigidin-S- yl ) pyridin-3- yl]cycl obutyl}



oxadi azol -5- yl)benzenesulfonamde 20 N, H2ZNN N | N-O N7 1 NF F 5- [5-
(1-15-[1-methyl -3- (trifluoronethyl)-1H pyrazol-4-yl] -1,2,4- oxadi azol - 3-
yl } cycl obwoybyzpunisdi n- 2- yl ] pyrimdin-2-am ne 21 N, H2ZRNTNS2N1D5228H >
2- 1[ 543-114642- am nopyrimdin-5- yl)pyridin-3- yl]cyclobutyl} -1,2,4-

oxadi azol -5-yl ) pyridin- 2-yl] amno } -2- nethyl propan-I-ol N-O
HO 22 N1 . 1 N 2-1[543-114642- am nopyrimdin-5- yl)pyridin-3-
yllcyel ORU}syalz‘lvtldmyl pyr}ohdx nyqlpaigf(:)rgdmyl 1%)?1%2159 morgho)fl lr inoet anol /0

alkylamino or C3 dialkylamino;

R’and R® are each independently hydrogen, C;_s alkyl or -S(O),C;_salkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CFs,
(f) C1¢alkyl optionally substituted with one to three —OH, -N(R'*)(R") , phenyl,
benzyl, phenethyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, -
C(O)- 3-6 membered heterocycle, C;_salkoxy, -S(0),Csalkyl, —COZRIZ, halogen, -
CN or -C(O)NRH)R™),
(g) Cigalkoxy,
() -NR™R"),
(i) -S(0)2Cy6alkyl,
() -COR™,
(k) -COONR)RY),
() -S(0RNRHR™),
(m) oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothienyl, azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl or
thiomorpholinyldioxide, optionally substituted with one to three groups selected from
—OH, C\alkyl, C 6 alkylhydroxy, Ci alkyl-CO.R ', -S(0),C salkyl, oxo, -
C(ONR™)(R"), and -COR",
(n’) oxo,
(0) -C(0)-C,.3 alkyl,
(p) /C(0)-3-6 membered heterocycle optionally substituted with one to three groups
selected from halogen hydroxy and Cj.ealkoxy,
(q) -OR",

10



NOmj HO 23 NI HZNN N . IN NO (i 5-(5-1145-(1, 3-thiazol -

4-y1)-1, 2, 4-oxadi azol -3- }pyridin-2- yl)pyrimdin-2-amne N WO
2012/ 040M80RC/04B3911/ 052254 24 H2N N N N | N O NPCT/US2011/052254
5-(5-1145-(1, 3-oxazol - 4-y1)-1, 2, 4-oxadi azol - 3- yl]cycl obutyl }pyridin-2-
yl)pyrimdin-2-amine 25 HZN NN N. NO N\rtv 545-1145- (pyrazolo
[1,5- a]pyrimdin-3-yl)-1,2,4- oxadiazol-3- yl]cyclobutyl}pyridin-2-

yl) pyrim di (B'ir%}&%f}f p%q@rolyl, pyrazolyl, thienyl or furanyl;

R'? and R" are each independently selected from —H, —C;_galkyl, —C(O)-C alkyl,
cyclopropyl, cyclobutyl, cyclopentyl and a 3-6 membered heterocyclic group, each of
which is optionally independently substituted with one to three —OH, Ci alkyl, C;.

salkoxy, -C(O)NR'")(R"Y), -S(0),C1.alkyl, CN, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, —C02R14, CF;, 3-6 membered heterocycle, halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C;_alkoxy or oxo;
R and R are each independently selected from —H and —Cj_alkyl;

n=2;

or a pharmaceutically accepted salt thereof.

In a sixth embodiment there is provided a compound of formula (I) as described in the

first or second embodiment above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or
tetrahydropyranyl each optionally independently substituted with one to two groups
selected from methyl and fluoro;

R’is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein each R” is optionally
independently substituted with one to three groups selected from methyl, -CN, -NH-CH3
and an amino group;

R* is hydrogen;

R’ is phenyl, piperidinyl, piperazinyl, pyrrolidinyl, thiazolyl, oxazolyl, isoxazolyl,
pyrazolyl, imidazolyl, triazolyl, dihydropyridinyl, pyridinyl, pyrimidinyl, pyrazinyl,

11



H2N N | . NNO I\ / 0O 5-(3-{ 14642- am nopyrimdin-5- yl)pyridin-3- yl]
cyclobutyl } -1,2,4- oxadiazol-5-yl1)-1- nethyl pyridin-2(1H) - one 27 H2N N
N N . NWO2bi2/040138- (5-{ 1[5-(im dazo [1,2- a]pyridin-6P¢I)US2012/082254

oxadi azol - 3- yI]cycIobutyI}pyrldln 2- yl)pyrimdin-2-amine 28 HNN N, N
M 1 NOFI --- 0-..... 54541- 154142- met hoxyet hyl)-1H pyrazol - 4. yl]
-1, 2,4- oxadi azol - 3 yl }cycl obutyl) pyridin-2- yl]pyrimdin-2-amne WO

2012/ 0401&?&3%%8%%0 oggr%r%?dﬁ;ny 1m1dazo|1_)|§rl}ldm§l>i 1n|gazol§|\/i- ]N%Ez %%égelril' f]:'zf]é 42-
R’ is optionally independently substituted with one to three groups selected from R’ R'

and R! 1;
R’and R? are each independently hydrogen or C;.; alkyl ;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CF3,
(f) C1ealkyl optionally substituted with one to three —OH, -N(R'*)(R") , phenyl,
benzyl, phenethyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, -
C(O)- 3-6 membered heterocycle, C;_salkoxy, -S(0),Csalkyl, —COZRIZ, halogen, -
CN or -C(O)NRH)R™),
(g) Ciealkoxy,
() -NR™R"),
(1) -S(0)2Cypalkyl,
() -COR™,
(k) -COONR)RY),
() -S(0RNRHR™),
(m) oxetanyl, tetrahydrothienyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl or thiomorpholinyldioxide, optionally substituted with one to three
groups selected from —OH, Cy¢ alkyl, C;¢ alkylhydroxy, Ci.6 alkyl—COzR12 , -S(0),Cy.
salkyl, oxo, -C(O)N(R')(R"), and -CO,R"?,
(n’) oxo,
(0) -C(0)-C,.3 alkyl,
(p) —C(O)-piperidinyl or —C(O)-pyrrolidinyl each optionally substituted with one to
three groups selected from halogen hydroxy and Cj_alkoxy,
(q) -OR",

12



am nopyrimdin-5- yl)pyridin-3- yl]cyclobutyl} -1,2,4- oxadiazol -5-y1)-1H

pyrazol -1-yl]propan-1- ol 30 NIl HZN N N\ - NO 1 OH 24443-114642-

am nopyr iwDaore/@e139l ) pyri di n-3- yl]cyclobutyl} -1,2,4- exadisamoelos®syl) - 1H-

pyrazol -1-yl] -2- nethylpropan-1-ol 31 Nk HZNN . 1 NO N " "---
,--7-..-N 54541-154641H i m dazol -1-yl)pyridin-3- yl]-1, 2, 4- oxadi azol - 3-

yl }cyclobutyl)pyridin-2- yl]pyrimdin-2-amine 32 NH2ZN NN N1 N- 0. OH

oxad azol - S0P BHBRDIPYaINCT 23S ™" Ol o 11 543 114642- A nopyr | m di n-5-
yl)pyridin-3- yl]cyclobutyl} -1,2,4-
R'? and R" are each independently selected from —H, —C;_galkyl, —C(O)-C alkyl,
cyclopropyl, cyclobutyl, cyclopentyl and a 3-6 membered heterocyclic group, each of
which is optionally independently substituted with one to three -OH, C,.6 alkyl, C;.
salkoxy, -C(O)N(R'")(R"), -S(0),C1.¢alkyl, CN, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, —C02R14, CF;, 3-6 membered heterocycle, halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C;_alkoxy or oxo;

R and R are each independently selected from —H and —Cj_alkyl;

or a pharmaceutically accepted salt thereof.

In a seventh embodiment there is provided a compound as described in the embodiment

above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl;

or a pharmaceutically acceptable salt thereof.

In an eighth embodiment there is provided a compound as described in the sixth

embodiment above, wherein:

R' and R to gether with the carbon atom to which they are attached is tetrahydropyranyl;

or a pharmaceutically acceptable salt thereof.

In a ninth embodiment there is provided a compound as described in the sixth

embodiment above, wherein:

R? is selected from

13



oxadi azol -5-yl ) pyridin- 2-yl] am no }propane- 1, 3-diol N, -0
WO 2012/ 040139PCT/ US2011/ 052254 34 NI N .N | 14543-114642-
am nopyr iwDaore/@e139l ) pyridin-3 - yl] cyclobutyl } -1,2, 2€T/US2011/052254
oxadi azol -5-y| )pyridin- 2-yl11-N, N-di net hyl -L- prolinam de ,
35 HZN N ' 1N . N-N 1 14543-114642- am nopyrimdin-5- 1 Yridin-3-
cycl obut yl -1,2,4- oxadiazol -5-yl)pyridin- 2-yl]-L-proline

HO )

QKO%LY LA

or a pharmaceutically acceptable salt thereof.

In a tenth embodiment there is provided a compound as described in the sixth

embodiment above, wherein:

R’ is selected from imidazolyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl,
pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, dihydropyridinyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolidinyl, and phenyl, wherein each R’ is
optionally independently substituted with one to three groups selected from R’ R'%and
R

or a pharmaceutically acceptable salt thereof.

In an eleventh embodiment there is provided a compound as described in the sixth

embodiment above, wherein:
R’ is-NR'R?, optionally substituted with one to three groups selected from R’ R'® and
R

or a pharmaceutically acceptable salt thereof.

In a twelfth embodiment there is provided a compound as described in the sixth

embodiment above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or

tetrahydropyranyl ;

R? is selected from
N X | N\
)|\ _ and P X
H.N N H.N N

14
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N- L\ O CH 36 RN N'"IN N- .NN I nethyl 1- [543-114642-
am nopyrimdin-5- yl)pyridin-3- yl] cyclobutyl } -1,2,4-

oxadi azolwb-2912)qayr3pdi n- 2-yl]-L-prolinate .,/ N PCTAB2011/0B225IPN N 37

6\ NN. NONN N 5- (5-11- [5- (4-methyl- 4H1,2,4-triazol-3-yl)-

1, 2, 4- oxadi azol - 3- yl] cyclobutyl }pyridin-2- yl)pyrimdin-2-amne 38
N NNV--\ - 1_, nethyl (2R)-1- [543-11- [6-(2-am nopyrim din-5-
yl)pyridin-3- yl] cyclobutyl } -1,2,4-

R* is hydrogen;

R’ is selected from imidazolyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl,
pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, pyrrolidinyl, and phenyl, wherein each R’ is optionally independently
substituted with one to three groups selected from R’ R'%and R";

or a pharmaceutically acceptable salt thereof.

In a thirteenth embodiment there is provided a compound as described in the sixth

embodiment above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or

tetrahydropyranyl;

R? is selected from
NT X | N\
)|\ P and P :
H,N N H.N N

R* is hydrogen ;
R’ is -NR'R® optionally substituted with one to three groups selected from R’ R'® and
R

or a pharmaceutically acceptable salt thereof.

In another first broadest embodiment, the present invention relates to a compound of

formula IA:

15
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oxadi azol -5-yl ) pyridin- 2-yl]piperazine-2- carboxyl ate I _Ni NH N
0 0=\ /0O WD 2012/040139PCT/ US2011/052254 39 H2 NI "-- N N 10 f N -
s/ \ [--\wibibid0o4039r 0 O\ nethyl (2S4- [5- (3-11- [6-(2- acirruspyinioni2ds n- 5-
yl)pyridin-3- yl] cyclobutyl } -1,2,4- oxadiazol -5-yDpyridi n-

2-yl ] pi perazi ne-2- carboxylate 40 H2N N | NI\ NO -, \/ si---\ NNH\
met hyl (2R)-4- [543-11- [6-(2-am nopyrimdin-5- yl)pyridin-3- yl]

cyclobutyl } -1,2,4- oxadiazol-5-yl )Rp1yri diFr{é 2-yl ] pi perazi ne-2- carboxyl ate

IA

wherein:

R! and R? together with the carbon atom to which they are attached form a Cs_j¢
carbocyclic ring or a 5-11 membered heterocyclic ring, wherein each carbocycle or
heterocycle is optionally independently substituted with one to two groups selected from

C alkyl and halogen;

R’is 5-11 membered heteroaryl ring containing one to three heteroatoms selected from
nitrogen, oxygen and sulfur, wherein each R’ is optionally independently substituted with

one to three amino groups;
R* is hydrogen, Cy.3 alkyl or halogen;

R’ is 5-11 membered heteroaryl optionally independently substituted with one to three
Ci.6 alkyl groups;

or a pharmaceutically acceptable salt thereof.

In a second embodiment, the present invention relates to a compound of formula (IA) as

described in the broadest embodiment above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclopropyl,
cyclobutyl, cyclopentyl, tetrahydrofuranyl, tetrahydropyranyl, wherein each carbocycle
or heterocycle is optionally independently substituted with one to two groups selected

from C,¢ alkyl and halogen;

16



41 N N1 "-- N. NI NO - Nr-\NH'-OH o0 (2S)-445-(3-1146-(2-
am nopyrimdin-5- yl)pyridin-3- yl] cyclobutyl } -1,2,4-
oxadi azolwb-2912yq@yr3pdi n- 2-yl ] pi perazi ne-2- carboxylic aecu/us201Hdse2BE | s - -
N. NN I -/ ,=N-NH OH (2R)-445-(3-1146-(2- am nopyri m din-5-

| )pyridin-3- yl] cyclobutyl } -1,2,4- oxadiazol-5-yl)pyridin-
-yI]piperazine 2- carboxylic acid WD 2012/040139PCT/ US2011/ 052254 43 H2N
[

y

2

N 45- (3-1146- di.n- 5- pyridin-3 -
D11 eyl By st g o rsg ry PR el B ot 8 o Y4t te N
1

Nn@epe‘nﬁlﬁnﬂy substituted with one to three amino groups;
R* is hydrogen;

R’ is pyrrolyl, thienyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl,
triazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl, isoquinolinyl,
indolyl, pyrrolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl, imidazopyridinyl,
indazolyl, wherein each R’ is optionally substituted with one to three C;.¢ alkyl groups;

or a pharmaceutically acceptable salt thereof.

In a third embodiment, the present invention relates to a compound of formula (IA) as

described in any of the preceding embodiments above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or
tetrahydropyranyl;

or a pharmaceutically acceptable salt thereof.

In a fourth embodiment there is provided a compound of formula (IA) as described in any

of the preceding embodiments above, wherein:

R’is pyrimidinyl substituted with an amino group;

or a pharmaceutically acceptable salt thereof.

In a fifth embodiment there is provided a compound of formula (IA) as described in any

of the preceding embodiments above, wherein:
R’ is pyrazolyl or, pyridinyl, each optionally substituted with one to three C; 3 alkyl

groups;

or a pharmaceutically acceptable salt thereof.
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\' _H(2R)-1-1 [543-114642- am nopyrimdin-5- yl)pyridin-3 - ylicyclobutyll

-1,2,4- oxadiazol -5-yl)pyridin- 2-yl] am no }propan-2-ol
HO 45 HAWOoNMo01g/04N36 N |
am nopyrimdin-5- yl)pyridin-3- ylicyclobutyll
oxadi azol -5-yl )pyridin- 2-yl]pyrrolidin-2- yl }nmethanol
(2S)-1-1 [543-114642-
-1, 2,

1-

-1, 2, 4-
46 N1

second embodiment above, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or

tetrahydropyranyl;
R’is pyrimidinyl substituted with an amino group;
R'is H

R’ is pyrazolyl or, pyridinyl, each optionally substituted with one to three methyl groups

or a pharmaceutically acceptable salt thereof.

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

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

Table 1

Example Structure Name
tert-butyl 4-[5-(3-{1-[6-
(2-aminopyrimidin-5-
0 yDpyridin-3-
7 | \ N1 N\ N/_\N—< _é
1 N N-d =/ 0 yl]cyclobutyl}-1,2,4-
NN oxadiazol-5-yl)pyridin-

2-yl]piperazine-1-

carboxylate

N-2-[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-

18

) NNO Ni-N
NO z \ OH{ (2R)-145-(3-1146- @2T/US2011/052254

N _NH N

[ am nopyrimdin-5- yl)pyridin-3- ylicyclobutyll
4- ﬁlxaa sdl)lctﬁze%‘t)-ogirf\{fl:l‘?t Ft)l}/errfl: Pslpr}(-)vigécy z|1 lzon%{)gur}l(c)i o}f %r%{)u%] EI%-) (z)1|s described 1Jf1)the

2



N0 i HO' -- 47 H2 NI I N NNNn ---s-'" /-\0 0-\ ethyl
3-144543-1146- (2-am nopyr| mdin-5- yl)pyridin-3 - yl] cyclobutyl} -1,2,4-
oxadi azolwb-2912)qayr3pdi n- 2-yl ] pi perazin-1- WD 2012/ 0401PePTBLAISASRES 052254
yl }propanoate 48 N, HONN N1 NO ,,, OH (3S)-145-(3-1146-(2-
am nopyrimdin-5- yl)pyridin-3- yl]cyclobutyl} -1,2, 4-
oxadi azol - 5- yI)py In- 2-yl]pyrrolidin-3-ol 49 NI HZNN NN 1 NNO NS

A1

ri
\ / N _EABEA 154
054541154 y 1

I
di
6

2-yl]glycinamide
5-[5-(1-{5-[6-

N N //\ (piperazin-1-yl)pyridin-
3 ~ NG =/ 3-yl]-1,2,4-oxadiazol-3-
Mo yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine

5-(5-{1-[5-(1H-pyrazol-
Z 1 N\ \\ 3-yl)-1,2,4-oxadiazol-3-
N Sy N0 ylcyclobutyl } pyridin-2-

HN" °N yl)pyrimidin-2-amine

5-(5-{1-[5-(3-
methylphenyl)-1,2,4-
5 _ N~ O\ oxadiazol-3-
P yl]cyclobutyl }pyridin-2-
yl)pyrimidin-2-amine

5-(5-{1-[5-(4-
N N }/@/ methylphenyl)-1,2,4-
b .
6 | P N~ oxadiazol-3-

)I\ P yl]cyclobutyl } pyridin-2-
yl)pyrimidin-2-amine
5-[5-(1-{5-[4-

N N @@_ (methylsulfonyl)phenyl]
| 1 N I .
7 N P N~ 9] -1,2,4-oxadiazol-3-
)I\ _ yl}cyclobutyl)pyridin-2-
yl]pyrimidin-2-amine
5-[5-(1-{5-[6-
N =N H (ethylamino)pyridin-3-
8 | \_/ 1]-1,2,4-oxadiazol-3-
NS N-g ) yl] oxadiazo

P yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine

19



di oxi dot hi onor phol i n-4- yl)pyridin-3-y1]

-1,2,4-

oxadi azol - 3-

yl }cyclobutyl)pyridin-2- yl]pyrimdin-2-amine 50 NHZNN N NI\ NO\ o

yl]cycl
0 5-154
1,2,4-0
2012/ 04

\ H WO, 2Di2/040139 - -
n-1-yl ] pyridin-3-yl}-
}pyrimdin-2-amne 51 N |
(met hyl sul fonyl)ethyl] a mno }pyridin-3-yl)-

h||+\1|'ln
tyr M)

0 5-154145-1644-
1, 2, 4- oxadi azol
H2N

v i
——

Il \II \ NnvJvyri m f‘ll
LI ] [

1,

np
LA Y2

545- 114546- 1] 2-

2, 4- oxadi azol - 3-
N I_l’)I\II\I N

(et hyl sul f onyl ) pCparsawil/052254
-3- yl)cyclobutyl]pyridin-2- yl
N1NNO HNC'

145- 1643+

D139PCT/
9

xadi azol -

y y|||||U|nzam
quonyI)pyrroIid i
pyri di n-2-
N

(met hyl's

'agn

lhv-l\< I\o

n-
y

>z
ZrPr

4

N SR

] pyrr

din-3-yl]-1,2,4-
oxadiazol-3-
yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine

p?’d’ybl%fgp@h%nﬁ{);\p?ﬁ "

10

5-(5-{1-[5-(5-amino-
1H-pyrazol-3-yl)-1,2,4-
oxadiazol-3-
yl]cyclobutyl } pyridin-2-

yl)pyrimidin-2-amine

11

5-[5-(1-{5-[3-
(methylsulfonyl)phenyl]
-1,2,4-oxadiazol-3-
yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine

12

I-{[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]Jamino}-2-
methylpropan-2-ol

13

ethyl N-[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]glycinate

20
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N O OH 'O 3-144543-114642- aninopyrinidin 5- yl)pyridin-3- yl] cycl obutyl
2-yl]piperazin-1- yl }propanoic acid 54 N1
am nopyri m di n-5- yl) pPCiraisne13/052294 |

-1, 2, 4-
N 1\ -
cycl obut

met hyl pr opan- 2- ol

oxadi azol

yl

yl)-1H pyrazo

-5-yl) pyridin-
NNOO\2019/04@H9 1444 3- 114642-
} -1,2,4-

-4-y1] -

oxadi azol
55 NH2NN N I\ NN-O

1, 2, 4- oxadi azol
EAa N 1 12 NN I N !\‘

1ij N

N O
™N—OT

-5-y1)-1H pyrazol -

-1-yl] -2-

545- (1- 1541- (oxet an- 3-
- 3- yI}cycIobutyI)pyridin 2-

1541

yl ] pyri

met hoxygt hyl ) am
pbut yl ] py

yl)cycl

LIL} UIII [

14

nol py razin-2-yl
ridin-2- yl }pyr
z

-1, 2, 4-
dNn 2-

/NH

N~O NN

oxadi az
ani ne 5

Oqgsgﬂ“]fs (1H 12‘35 [

7 Nrif2hN-y1y- 184
oxadiazol-3-

yl]cyclobutyl } pyridin-2-

yl)pyrimidin-2-amine

—

15

5-(5-{1-[5-
(dimethylamino)-1,2,4-

oxadiazol-3-
yl]cyclobutyl } pyridin-2-

yl)pyrimidin-2-amine

16

N-[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]glycine

17

4-3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-

yl)benzenesulfonamide

18

1-({[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-
ylJamino }methyl)cyclop

ropanol

21
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I N\ N H 54541-1545- (ethyl am no)pyrazin-2- yl]-1, 2, 4-oxadi azol - 3-

yl Ycycl obutyl )pyridin-2- yl]pyrinidin-2-amine WO

2012/ 040M80RCR/04B3011/ 052254 58 N , k HZNN N N I N-O - NHRCRwS2e14432254 4642-

am nopyrimdin-5- yl)pyridin-3 - yI ] cyclobutyl } -1,2,4-

oxadi azol - 5-y1)-1H pyrazol -1-y11l-N- nethylacetamde 59 N HZNN N NI No
0 24443-114642- am nopyrimdin-5- yl)pyridin-3 - yl] cycl obutyl } -1,2,4-
oxadi azpt—5—yH—tH——pyrazel—3—y11-—N-N—direthyl \,em.é ‘§° N-HON-N N\ N

\' N NH 54541-1545- (pi perazin-I-yl)pyrazi nyy2- yl] 1, 2( Z;{-lo[ﬁa iazol-3- yl }
cycl obufyl) pyridin-2- yl]pyrimgin-2-ani 068’662 N |A ,an%n&@}‘l}thm-S-N Il N---0

VN
N Dpyridin-3-
0 A yLpy
N- yllcyclobutyl }-1,2,4-

)l\ = oxadiazol-5-

yl)benzenesulfonamide
5-[5-(1-{5-[1-methyl-3-
(trifluoromethyl)- 1H-

N e
= iy N pyrazol-4-yl]-1,2,4-
20 ~ | N~ —N
I\i N N O oxadiazol-3-
F
H N)\N/ F F yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine
2-{[5-(3-{1-[6-(2-
aminopyrimidin-5-
N y | | N \>_CN/)—H yl)pyridin-3-
NS N-g j— yl]eyclobutyl }-1,2,4-
P HO oxadiazol-5-yl)pyridin-
2-yl]Jamino}-2-

methylpropan-1-ol
2-{[5-(3-{1-[6-(2-

aminopyrimidin-5-

7 |N\ /7 N_g yl)pyridin-3-
N X N O HO—) yllcyclobutyl}-1,2,4-
HzN)\N/ oxadiazol-5-yl)pyridin-
2-ylJoxy}ethanol

5-(5-{1-[5-(1,3-thiazol-

’s | t | N\>—(\/j 4-y1)-1,2,4-oxadiazol-3-
i NN N~g N yllcyclobutyl}pyridin-2-

HNT N7 yl)pyrimidin-2-amine
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54541- 154544- nmet hyl pi perazin-1 - yl)pyrazin-2-yl] -1,2,4- oxadi azol - 3-

yl }cyclobutyl)pyridin-2- yl]pyrimdin-2-amine 62 NI N6 N NO ili NJNH
5-[ 5- (1- {\o24r2/0api3per azi n-1 -yl ) phenyl ] - 1, 2, 4- oxadi azolP€C3AIS2011/052254

yl }cycl obutyl ) pyridin-2- yl]pyrimdin-2-amne WO

2012/ 040139PCT/ US2011/ 052254 63 N HZN NN N1 O 5-(5-1145-(1-ethyl-1H
pyrazol -4-y1)-1, 2, 4- oxadi azol - 3- yl]cycl obutyl }pyridin-2-
yl) pyri piei-an—2—amne—64—NH2N-N-N-6-N+N-O N-N—545-(1-1541—(propan- 2-

ol -3- yl } cycl|oBubyily Sy iSdvazol:
AT Oty 1)-1,2.4-0xadiazol-3-

y1)-1H pyrazol -4-y1]- 1, 2, 4- oxa
yl ] pyrimdin-2-amne 65 N

24 e N-0 N ylleyclobutyl}pyridin-2-
H,N™ °N yl)pyrimidin-2-amine
5-(5-{1-[5-
(pyrazolo[1,5-
s | j l\\l~N\ \\NN a]pyrimidin-3-yl)-1,2,4-
j\f\ \/ N 0 NJ oxadiazol-3-
HN" N yl]cyclobutyl } pyridin-2-

yl)pyrimidin-2-amine

5-(3-{1-[6-(2-

aminopyrimidin-5-

yDpyridin-3-

N N
e
26 A g = ylleyclobutyl}-1,2,4-

e
HZNJ\N/ oxadiazol-5-yl)-1-
methylpyridin-2(1H)-
one
5-(5-{1-[5-(imidazo[1,2-
- a]pyridin-6-yl)-1,2,4-
Z \ N\ =N .
27 NSy | N-G \ N\% oxadiazol-3-
| ..
HZN)\N/ yl]cyclobutyl } pyridin-2-
yl)pyrimidin-2-amine
S-[5-(1-{5-[1-(2-
~ O~ methoxyethyl)-1H-
s N N, //E pyrazol-4-yl]-1,2,4-
/I\Ill\ A N7 N~o oxadiazol-3-
HNT N yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine
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24443-114642- am nopyrimdin-5- yl)pyridin-3 - yl] cycl obutyl
oxadi azol -5-yl1)-1H pyrazol -1-yl]

-2- met hyl propanoic acid 66 N |1

} -1,2,4-

HZN N N

N T NOWwWO22080139. F ,, F 54541-1541- (difl uoronethyl pcTRS2qyi08264 - 4-yl ]
-1, 2,4- oxadiazol -3- yl}cyclobutyl)pyridin-2- yl]pyrimdin-2-amne 67 N I

N1NO\V 1 N 5-[5(1-{5-[1-(2- fluoroethyl)-1H pyrazol-4-yl]

oxadi azol - 3- yl }cycl obutyl) pyridin-2- yl]pyrimdin-2-amne W

2012/ 04p139PCH-US2011/ 052254~ 68 N+—H2NN—N-N\— 1\ N-N-—0 54541
di f1 uorpet hyl ) - 1H pyrazol -4-yl] -1,2, 4- oxadi azlol - 3-14-G-{1-6(Z
yl }cycl pbutyl ) pyridin-2- yl]pyrimdin-2-amne 69 N dmitBNNmibin-5-

29

OH

yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)-1H-
pyrazol-1-yl]propan-1-

ol

30

2-[4-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)-1H-
pyrazol-1-yl]-2-
methylpropan-1-ol

-1,2,4-

154142, 2-

31

5-[5-(1-{5-[6-(1H-
imidazol-1-yl)pyridin-3-
yl]-1,2,4-oxadiazol-3-
yl}cyclobutyl)pyridin-2-

yl]pyrimidin-2-amine

32

4-3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)phenol

33

2-{[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]Jamino } propane-

1,3-diol

24



NN -i cN\NF F 54541-154142, 2, 2-
oxadi azol

“1,2, 4
H2NN

acetamde 71 11

[ (et hyl sul fonyl ) net hyl
- L

yl)cycl
545- 14-

pyri di nf

nlrlf‘ll

} -1,2,4-

trifluoroethyl)-1H pyrazol
-3- yl}cyclobutyl)pyridin-2- yl]pyrimdin-2-amne 70 N,
WO02012/04013N N- O N H2 24443-114642-

yl) pyri di n-3- yl] cyclobutyl oxadi azol

_4_y

-5-y1)-1H pyrazol

HZNN N N I\\ NO )N O O 5-154145-11-

]-1H pyrazol

2 /1 1 nvrs

4-y1} -

gm

1, 2, 4 oxadi azol -

nop

3-
EON N-_72 /

']

am nopyr i mP@irsse11/052254

-I-yl]

N-0

34

Il
aur Tt

[ yl J"uJyII

ri mdin-2-am ne

H,N

2

idin-3- yl)-1, 2, 4- oxadl azol -
WO 2012/ 040139H

—N
y N
N N o
| O —
)\N/ /N

LLLELLAYZ

3- vl

N I\L
|t et ANy S pyr
CT/ 3809 Hhage 54 7

yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]-N,N-dimethyl-L-

prolinamide

an- 4-yl}
3 N, HON

35

N —N
DLl

OH

I-[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]-L-proline

36

methyl 1-[5-(3-{1-[6-(2-
aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]-L-prolinate

37

5-(5-{1-[5-(4-methyl-
4H-1,2,4-triazol-3-yl)-
1,2,4-oxadiazol-3-
yl]cyclobutyl } pyridin-2-

yl)pyrimidin-2-amine

38

methyl (2R)-1-[5-(3-{1-
[6-(2-aminopyrimidin-5-
yDpyridin-3-
yl]eyclobutyl }-1,2,4-
oxadiazol-5-yl)pyridin-
2-yl]piperazine-2-

carboxylate
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N i=N

NI\ NO N

C---
yl]cycl

545-11- [5-(pyridin-3- yl1)-1, 2, 4-oxadi azol - 3-
yl ] cycl obutyl }pyridin-2- yl)pyrimdin-2-am ne Ni - NO \ 74 N
545- 1145480 20efdayi3pyri di n- 3-y1) - 1, 2, 4- oxadi azol - PCT/US2011/052254
yl ] cycl obutyl } pyridin-2- yl)pyrimdin-2-am ne N1-O0 N\
5-(5-11-[5-(1H imdazol-4-y1)-1,2, 4- oxadi azol - 3-
yI]cycIobutyI}pyrldln 2- yl)pyrimdin-2-am ne 76 N \' H2NN. - - .
N_ r4l: 11 [5 (py O I d: at 1 y’l) 1, nvadr aznl
obutyl}p ridin-2- yI)pyrlnidin-Z-anlne 77 *m§§h§ﬁ¢5ﬂ3{l-
[6-(2-aminopyrimidin-5-
_ N, N NhNH yDpyridin-3-
39 PN /I /A ylleyclobutyl}-1,2,4-
%0,
AN I\ | oxadiazol-5-ylpyridin-
2-yl]piperazine-2-
carboxylate
methyl (2R)-4-[5-(3-{1-
[6-(2-aminopyrimidin-5-
Dpyridin-3-
_ | | N, \__N/ N/—’\NH yDpy.
40 NSy N~g . yllcyclobutyl}-1,2,4-
SN o N | oxadiazol-5-yl)pyridin-
2-yl]piperazine-2-
carboxylate
(285)-4-[5-(3-{1-[6-(2-
aminopyrimidin-5-
_ N, N N/_\NH yDpyridin-3-
41 S W A, ylleyclobutyl}-1,2,4-
Ny °N ° J—OH
. )'\N/ 3 oxadiazol-5-yl)pyridin-
2-yl]piperazine-2-
carboxylic acid
(2R)-4-[5-(3-{1-[6-(2-
aminopyrimidin-5-
_ N »_C‘)»NhNH yl)pyridin-3-
42 <J L\ Lgr ylleyclobutyl}-1,2,4-
N" " °N ° OH
. /“\N/ S oxadiazol-5-yl)pyridin-
2-yl]piperazine-2-
carboxylic acid
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NN-O / \ N\ 343-114642- am nopyrimdin-5- yl)pyridin-3- yl]cyclobutyl}
-1,2,4- oxadiazol-5-y1)-1- nethylpyridin-2(1H- one 78 N H2NN 1 INo\ N N
H N 5- ( 5-wo-2pB/08t3aet hyl - 1H pyrazol -4-yl)-1, 2, 4- oxadi 2C0IUS3011/052254

yl Jcycl obutyl } pyridin-2- yl)pyrimdin-2-amne WO

2012/ 040139PCT/ US2011/ 052254 79 N, HZNN N ? NO N N
5-(5-11-[5-(1Hindazol - 5-yl1)-1, 2, 4 oxadi azol 3- yI] cycl obutyl }pyridin-2-
yl )pyrl LIL d: n 2 AIII Ilb 80 I\I )& H2!\‘II!\‘II I\I ! I‘l I‘II:O T é/l Il
5-(5-11f[5-(3-methyl - 1H by’ azol -5-y1)-1, 2, 4- oxacfr”ﬁ%éﬂ% Wilp-@ycl obut y!
}pyridip-2- yl)pyrimdin-2-agkne 81 H2N NN N aminopyrimidin-5-

N
N»,O—NU\ yDpyridin-3-
N‘ — OH

© yllcyclobutyl}-1,2,4-

43

HN N oxadiazol-5-yl)pyridin-
2-yl]pyrrolidin-3-ol
(2R)-1-{[5-(3-{1-[6-(2-

aminopyrimidin-5-
N =N_ H o
= 7N N yDpyridin-3-
44 < \_/
)I\i\ XN O HO yllcyclobutyl}-1,2,4-

HN" °N oxadiazol-5-yl)pyridin-

2-yl]amino }propan-2-ol
{(2R)-1-[5-(3-{1-[6-(2-

aminopyrimidin-5-

N idin-3-
N \ N\ VB N/\j yDpyridin-3
45 L g = Y yljeyclobutyl}-1,2,4-
N™™ N ‘\
A OH | oxadiazol-5-yl)pyridin-
H,N" TN -
2-yl]pyrrolidin-2-
yl}methanol
(28)-1-{[5-3-{1-[6-(2-
aminopyrimidin-5-
N =N H -
46 ~ | L >/ N yDpyridin-3-
N NN N-0 HOJ yllcyclobutyl}-1,2,4-
H N)\N/ | oxadiazol-5-yl)pyridin-

2-yl]amino }propan-2-ol
ethyl 3-{4-[5-(3-{1-[6-

(2-aminopyrimidin-5-

. 0 yDpyridin-3-
o yllcyclobutyl}-1,2,4-

oxadiazol-5-yl)pyridin-
2-yl]piperazin-1-
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6 NI

cycl obut yl

* N

} -1,2,4-

NI NO
-1,2,4-
2012/ 04

N net hyl

oxadi azol -

1’JOD("'I'I |C')n11ln
TOIT Sl S2011/0652

5-(3-11- [6-
} -1, 2, 4-
N- OWN 20H/@4B343- 114642-
oxadi azol

oxadi azol - 5-yl ) pyri di ne-
-5-yl) pyridin-

5- yI)pyrldlne- 2-carbonitrile

EA QA LEION N N !\‘I

(2- am nopyrimdin-5- yl)pyridin-3- yl]
2-carboxylate 82 H2N N ,
am nopyrim di n-5- yl)pyridieaT8s2011jo529€!| obut yl
2-yl ] propan- 2-ol
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2-[4-(3-{1-[6-(2-amino-
pyrimidin-5-yl)-pyridin-
3-yl]-cyclobutyl}-[1,2,
4]oxadiazol-5-yl)-
pyrazol-1-yl]-N-ethyl-

N-methyl-acetamide
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2-(4-{3-[1-(6'-amino-
[2,3'Tbipyridinyl-5-yl)-
cyclobutyl]-
[1,2,4]oxadiazol-5-yl}-
pyrazol-1-yl)-N,N-

dimethyl-acetamide
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2-[4-(3-{1-[6-(5-amino-
pyrazin-2-yl)-pyridin-3-
yl]-cyclobutyl } -
[1,2,4]oxadiazol-5-yl)-
pyrazol-1-yl]-N,N-

dimethyl-acetamide
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Methyl-[5-(5-{ 1-[5-(I-
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2-yl)-pyrazin-2-yl]-
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6-Methyl-5-(5-{1-[5-(1-
oxetan-3-yl-1H-pyrazol-
4-y1)-[1,2,4]oxadiazol-
3-yl]-cyclobutyl }-
pyridin-2-yl)-pyrazin-2-
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[4-(3-{1-[6-(5-Amino-
pyrazin-2-yl)-pyridin-3-
yl]-cyclobutyl } -
[1,2,4]oxadiazol-5-yl)-
pyrazol-1-yl]-

acetonitrile
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5-[5-(1-{5-[1-(2-
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pyrazol-4-yl]-
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yl]-pyrazin-2-ylamine
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1-[4-(3-{1-[6-(5-Amino-
3-methyl-pyrazin-2-yl)-
pyridin-3-yl]-
cyclobutyl }-
[1,2,4]oxadiazol-5-yl)-
pyrazol-1-yl]-2-methyl-
propan-2-ol
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[4-(3-{1-[6-(5-
Methylamino-pyrazin-2-
yD)-pyridin-3-yl]-
cyclobutyl }-
[1,2,4]oxadiazol-5-yl)-
pyrazol-1-yl]-

acetonitrile
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1-[4-(3-{1-[6-(2-Amino-
4-methyl-pyrimidin-5-
yD)-pyridin-3-yl]-
cyclobutyl }-
[1,2,4]oxadiazol-5-yl)-
pyrazol-1-yl]-2-methyl-
propan-2-ol
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Methyl-[5-(5-{ 1-[5-(1-
oxetan-3-yl-1H-pyrazol-
4-y1)-[1,2,4]oxadiazol-
3-yl]-cyclobutyl }-
pyridin-2-yl)-pyrazin-2-

yl]-amine
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2-Methyl-1-[4-(3-{1-[6-
(5-methylamino-
pyrazin-2-yl)-pyridin-3-
yl]-cyclobutyl } -
[1,2,4]oxadiazol-5-yl)-
pyrazol-1-yl]-propan-2-

ol

or the pharmaceutically acceptable salts thereof

In one embodiment, the invention relates to any of the compounds depicted in Table 1

above and the pharmaceutically acceptable salt thereof.
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NN NI\ NO 1 OH 14443-114642- Ami no- 4-met hyl - pyri m di n-5-
yl)-pyridin-3-yl1l- cyclobutyl}- [1,2,4]oxadiazol -5-yl1)- pyraz ol-I|-yl]

- 2- et hylwopoopanmt32-ol 176 HN I ,N; | N.NI\ NO 1 MeChuba®1(05223445- ( 1-
oxet an- 3-yl- 1H pyrazol - 4-yl)41, 2, 4] oxadi azol - 3-yll-cycl obutyl}-
pyridin-2-yl)-pyrazin-2- yfl-amine 177 HNI N N OH

2- Met hyl- 144-(3-1146- (5- nethylanino- pyrazin-2-yl)-pyridin-3- yl]

-cycl obugyl - [1, 2, 4] oxadi al - - -prop an-2-

v 2ON o RepredegiatvsSpRamReL Deeam t saeBH San da Fhe HBIEE: ShH e

enbodi meptihe hi¥@ah FUERIIE I'EB AbB&udiRnamyibRontab& QﬁﬁQQQQQ§tH§Q$&$§Enﬂn Tabl e
1 above and the pharmaceutically acceptable salg t her eof .

2012/ 0404f39P0FIcuigR0patiobzREdn, Re phawemt BtbleB. conpounds  of the i nvention show
activity in the FLAP binding assay and in the human whol e bl ood LTB4
production inhibition assay, described in the assessnent of bi ol ogical
properties section, as shown in Tabirgplelll Table Il Exanple FLAP SPA | C50
(nM MM|TW1H?n(nM 1

Example FLAP SPA IC5y (nM) hWB LTB4 ICsy (nM)
1 3.8 280
2 5.0 740
3 2.7 150
4 17 430
5 8.8 1100
6 5.8 830
7 11 690
8 2.0 110
9 29 320
10 30 650
11 78 2200
12 2.1 140
13 39 170
14 140 >5000
15 280 2600
16 11 2200
17 8.7 >5000
18 1.8 95
19 58 >5000
20 9.2 530
21 2.6 250
22 25 140
23 26 430
24 110 1000
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3.8 280 2 5.0 740 3 2.7 150 4 17 430 5 8.8 1100 6 5.8 830 7 11 690 8 2.0
110 9 2.9 320 10 30 650 11 78 2200 12 2.1 140 13 3.9 170 14 140 >5000 15
280 2600 w6 20/@209 17 8.7 >5000 18 1.8 95 19 58 >5000 POTAIS2013882224 2.6
250 22 2.5 140 23 26 430 24 110 1000

25 4.0 46
26 110 730
27 12.4 420
28 17 210
29 35 320
30 33 400
31 1.9 300
32 29 140
33 22 2600
34 40 1800
35 43 >5000
36 59 1400
37 110 790
38 32 75
39 3.7 86
40 33 92
41 7.7 >5000
42 7.7 >5000
43 1.2 170
44 2.7 100
45 3.1 750
46 24 110
47 34 170
48 22 140
49 3.7 180
50 2.7 150
51 4.8 150
52 2.6 180
53 2.6 2600
54 28 120
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WD 2012/ 040139PCT/ US2011/ 052254 25 4.0 46 26 110 730 27 12.4 420 28 17 210
29 35 320 30 33 400 31 1.9 300 32 2.9 140 33 2.2 2600 34 40 1800 35 43
>5000 36 wOo20AB01387 110 790 38 3.2 75 39 3.7 86 40 3. 3P0Z/042017/072256000 42
7.7 >5000 43 1.2 170 44 2.7 100 45 3.1 750 46 2.4 110 47 3.4 170

55 13 52
56 32 24
57 24 34
58 22 250
59 83 610
60 79 150
61 1.8 41
62 26 72
63 8.8 190
64 72 170
65 590 >5000
66 74 200
67 9.5 69
68 6.1 160
69 76 170
70 150 2100
71 58 390
72 610 2300
73 25 460
74 45 210
75 19 580
76 92 920
77 51 490
78 47 220
79 4.0 68
80 55 160
81 25 790
82 17 480
83 52 410
84 41 280
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48 2.2 140 49 3.7 180 50 2.7 150 51 4.8 150 52 2.6 180 53 2.6 2600 54 28
120 WO 2012/ 040139PCT/ US2011/ 052254 55 13 52 56 3.2 24 57 2.4 34 58 22 250

59 83 610Ww6Q0i/@0mS0 61 1.8 41 62 2.6 72 63 8.8 190 64
66 7.4 200 67 9.5 69 68 6.1 160 69 7.6 170 70 150 2100

PCZ/URZ@116522580 >5000

85 21 1000
86 18 1100
87 55 1000
88 7.3 490
89 2.7 180
90 7.0 140
91 24 330
92 130 2200
93 9.6 400
94 8.1 650
95 29 >5000
96 7.3 1100
97 19 >5000
98 110 >5000
99 7.5 660
100 120 960
101 24 820
102 13 270
103 14 1000
104 110 2100
105 17 570
106 31 840
107 190 4000
108 48 720
109 14 1500
110 24 310
111 4.2 74
112 33 570
113 24 100
114 1.5 280
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71 58 390 72 610 2300 73 25 460 74 4.5 210 75 19 580 76 92 920 77 51 490 78
4.7 220 79 4.0 68 80 5.5 160 81 25 790 82 17 480 83 52 410 84 4.1 280 WO
2012/ 040MSORCI/04B3911/ 052254 85 21 1000 86 18 1100 87 5BCTOBR018B5258 490 89
2.7 180 90 7.0 140 91 24 330 92 130 2200 93 9.6 400

115 1.9 49
116 4.3 140
117 3.0 120
118 2.8 84
119 62 230
120 200 >5000
121 28 1800
122 28 3800
123 31 790
124 11 210
125 1.8 160
126 34 >5000
127 40 640
128 66 2700
129 47 630
130 26 350
131 52 300
132 46 370
133 43 340
134 81 790
135 27 400
136 540 >5000
137 580 3000
138 970 >5000
139 28 340
140 15 110
141 11 85
142 16 250
143 14 260
144 14 190
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94 8.1 650 95 29 >5000 96 7.3 1100 97 19 >5000 98 110 >5000 99 7.5 660 100
120 960 101 24 820 102 13 270 103 14 1000 104 110 2100 105 17 570 106 31
840 107 NSO 240030mBO8 48 720 109 14 1500 110 2.4 310 111préTarsZ2eh103258. 3 570
113 2.4 100 114 1.5 280 WD 2012/ 040139PCT/ US2011/ 052254 115 1.9 49 116 4.3
140

145 8.3 29
146 15 43
147 65 340
148 25 200
149 160 430
150 68 370
151 18 94
152 13 100
153 34 190
154 170 590
155 63 550
156 97 620
157 79 560
158 100 550
159 83 510
160 95 540
161 250 1100
162 130 490
163 110 300
164 43 170
165 73 280
166 200 740
167 140 680
168 33 99
169 - 21
170 48 51
171 50 76
172 - 51
173 - 18
174 39 74
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117 3.0 120 118 2.8 84 119 62 230 120 200 >5000 121 28 1800 122 28 3800 123
31 790 124 11 210 125 1.8 160 126 34 >5000 127 40 640 128 66 2700 129 47
630 130 2803B0/BMB952 300 132 46 370 133 43 340 134 81 POO/UB3G12722400 136
540 >5000 137 580 3000 138 970 >5000 139 28 340 140 15

175 830 620
176 23 73
177 32 160

The invention also relates to pharmaceutical preparations, containing as active substance
one or more compounds of the invention, or the pharmaceutically acceptable derivatives

thereof, optionally combined with conventional excipients and/or carriers.

Compounds of the invention also include their isotopically-labelled forms. An
isotopically-labelled form of an active agent of a combination of the present invention is
identical to said active agent but for the fact that one or more atoms of said active agent
have been replaced by an atom or atoms having an atomic mass or mass number different
from the atomic mass or mass number of said atom which is usually found in nature.
Examples of isotopes which are readily available commercially and which can be
incorporated into an active agent of a combination of the present invention in accordance
with well established procedures, include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine and chlorine, e.g., ZH, 3H, 13C, 14C, 15N, 18O, 17O, 31P, 32P, 35S, 18F,
and *°Cl, respectively. An active agent of a combination of the present invention, a
prodrug thereof, or a pharmaceutically acceptable salt of either which contains one or
more of the above-mentioned isotopes and/or other isotopes of other atoms is

contemplated to be within the scope of the present invention.

The invention includes the use of any compounds of described above containing one or
more asymmetric carbon atoms may occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtures and individual diastereomers. Isomers shall be
defined as being enantiomers and diastereomers. All such isomeric forms of these
compounds are expressly included in the present invention. Each stereogenic carbon may

be in the R or S configuration, or a combination of configurations.
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110 141 11 85 142 16 250 143 14 260 144 14 190 WO

2012/ 040139PCT/ US2011/ 052254 145 8.3 29 146 15 43 147 65 340 148 25 200 149
160 430 1O 268/B0039151 18 94 152 13 100 153 34 190 154 PTO/B2MW1D52563 550
156 97 620 157 79 560 158 100 550 159 83 510 160 95 540 161 250 1100 162
130 490 163 110

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

The invention includes methods using all such tautomers.

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

as follows:

The term “alkyl” refers to both branched and unbranched alkyl groups. It should be
understood that any combination term using an “alk™ or “alkyl” prefix refers to analogs
according to the above definition of “alkyl”. For example, terms such as “alkoxy”,
“alkythio” refer to alkyl groups linked to a second group via an oxygen or sulfur atom.

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

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

As used herein, “nitrogen” and “sulfur” include any oxidized form of nitrogen and sulfur
and the quaternized form of any basic nitrogen. For example, for a -S-C,¢ alkyl radical,
unless otherwise specified, shall be understood to include -S(O)-Cj.¢ alkyl and
-S(0)2-Cy6 alkyl.

The term C;3 hydroxy also means C,.;alkylhydroxy or C;.3alkyl-OH.

The term “Cj.jo carbocycle” or “Ci.1o cycloalkyl™ refers to a nonaromatic 3 to 10-

membered (but preferably, 3 to 6-membered) monocyclic carbocyclic radical or a
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contenplated to be 'chemically stable' as will be appreciated by those
skilled in the art. For exanple, a conpound which would have a 'dangling
val ency', or a carbanion are not conpounds contenplated by the inventive
met hods di The invention includes phar tic

oot bt DloBh g c SABOTHARE BromH AT E T OA CASH L ARRNd cal 1 y

accept abbﬁdgiarbaag@h& VRlicalehemde izsaz@dwycmgrzmgﬁ@pﬁﬂy@aé |y acceptable salt or
ester, or any ot’her COI'TpOUﬂd upon mniStration to a patl ent, is

capabl e @ﬁabwdo[iﬂ ﬁﬂle(i@il}’ﬂ,emﬂl3yaZ@b1Cb’¢idi3r%&:10ICSa)lyla Nanbaiting axeeples of or t he

|nvent|on a. P clve. et nacologlcally
sct i ve r et PR g kRl ST B RS BT e "anar “be
under st ogfro[ »3/RpANANY-s F@@[Bm]@aalgﬂ atn!aa AZAV sﬁﬁb[%o@t@ bl e of being

nmet abol i zed enzymatically or chemcally. This inclu for exanpl e,

hydr oxyl at ed or oxi di zed derivative conpounds of the |nvention

Phar raceshd £ ¥ STPERNARLS RALLEMGLHEE hAGSEAR LKA L8uic 3 0 6,

phar maceuti ca accepta I norg dni'c and or gani ¢ acl ds and bases. Exanpl es
of sui tamleelbaledﬁhmnonydlmdmtdnyﬁymhhmmmaumdr lemmbel;edsmtemur'yldmcwiht:r| c,

perchlori.c, funarlc mal ei ¢, . phosphori c, ycolic, lacti.c, Sa|IC§|IC

succi ni cting where legst angiof thei I&ngSﬂ%ﬁrpg}aﬂe Wl%fé@p.ﬂae heé?fpﬁliyl:rm&é?fﬁélﬁé W foni c,
formc C ht\hal n&gﬁﬁg aC|ds.
Q her acgga%agggﬁqgggg§a F@égcﬁﬂﬁlgﬁ?réfﬁg%kﬁ 8ﬁ%e ves p arnagg% ggl |y
accept abhaeroamy ribgs ianjple erdnylnoxaelyp rimaazcayll, omdaﬁzosa,l ﬁlslzoisbfpwazalsfl

i nt di at bt d,. th t.
nccopt anParaieh ek Birodat BielRAbas, MRy EgEntonr ieighsbe
i ncl ude %ﬂ%ﬁkinyﬂ%&?alzm(y? tﬁazmyaogi szm Iﬂs@i&-hﬁﬁm%g&ahlpmtm Q19.

magnesi um, anmoni um and 1)4+ salts. In addition, within the
scope of mteméelied\hema@ﬂ thSYChS éet@foapsrlmgﬁng@@fe b@bﬁp@@mbﬂ ofuindkiayl, nvent i on.
Z; gdl’ml;gis? h &Jo% Bum ﬁn 1 1s%n&m§s tc{l;l]"ia‘rga{z?lllrpthl\r}éa rnl-)yl 1e§I %f 81 & éﬁ]cri]l?:lf rmation,

transfor ﬂiablyorimmdmyluplﬁaMdpﬁirmahﬁﬂ 1@Pfdada}byrﬁﬂ1dﬁ{yﬂ Heﬁ@bfaiahsm Speci fically,
when a prodrug is admnistered to a patient, the prodrug nay be transforned

into a c@ﬁﬁ@ﬁﬁ@mﬂi@%V@@@@ﬂﬁbbgﬂﬁéﬁ@%éanﬂﬁéﬂ@ﬁwa$ﬂﬁart|ng t he desired
phar macol ogi cal effect. The conpounds of fornmula | nay be made using the
general synthetic nethods described bel ow, which also constitute part of
t he i nvehtwibibe uGENERAL tHRYbHdHR Thice MErbbiS g nidietidsrin @rtdaokn ofidhe @;p¢ ovi des

processes f or ki ng conpo nds Formul a ( all Schemes, . unl ess

speci f i e%ﬁr'aq%(e WI%S thep to 86%%%&90&811% %n%shg‘elﬁBP?’FBF‘&ElC BRItOR % hal | have
t he ”?anfh@gn B{?’d th%‘hoﬁ%nﬁﬁc :pBrtf: oAl ot %E,ablé Ic)hc(?lfete}(gh? 1' rﬂ}/g% '351'1 on

descri bed he e|n bov Opt 1 mum reaction condltlons and reactlon times may

vary depedepandemty behepkaaerct wilihaprboegc thagriasbansk dr indnlybmsicot, her, v &©)-,

specifie ol v nper at ur es, . pressures,.and. ot her reaction conditions
oy be. 1 8PPy der B B Peibe Dt WP R g SRR PR he art. Speci f1¢
procedur?ﬁaéhﬁ“ﬁ&@Mhﬂﬁﬂzhﬁmé@ﬁﬂéﬂﬂ%ﬂ@bbﬁn&%ﬁ&&iQﬁn&ﬁﬁﬁ&ﬁﬁo&@yﬂhﬁa||y,
reaction progress nmay be nonitored by thin |ayer chromatography (TLC) or

LC- Ms, i farbessuckds OandandhBer nedi at es and products may be purified by
chromat ography on silica gel and/or by recrystallization. The exanpl es
which follow are illustrative and, as recogni zed by one skilled in the art,
par ti cul gher@ageialcees’ acosadid thepseseMupecifiCatiopdhhil 86l uadersiesdiednéar

i ndi vidual conpounds w thout undue experimentation. Starting materials and
i nt er medPrafmiee. aBledne: fhioring osiadétred e deinitionsr dalseerird e craTetbi & fHYY avai | abl e

or easil £ | I skill ed
in the a%{tlgée?ﬁgacg)awa% cfng{lgérﬁlua:@é a%{@lsdltﬁ&d% r@%%’% esriélzlgelég%zag%?dl ng to
Schemne 1rnc1uﬁehﬁe>|ne><ﬂmﬁs mbha sl vatrethle derbakieaeorloner @andre earboh aeonsoifpound  of
formul a I W t h boronlc Cld or tEghﬁgf ?gpndlng boronic acid ester
shown i ndltHe?d 480 1'E$%ﬁ§m??ﬁ@3 eftS; in the presence of a
suitable a suitable catal yst, provides a conpound of formula (I). Ra and Rb
are hydrogen or Ra and Rb together with the oxygen atons to which they are
attached forma 5-6 nenbered ring opt%gnally substituted with 2-4 nethyl
groups. Alternatively, reaction of a npound of fornmula Il with a

di borane, under standard reaction conditions, provides a conpound of
formula I'll. Coupling the internmediate of formula Il with a halide or
triflate R3X, in a suitable solvent, in the presence of a suitable

catal yst, prOV|des a conpound of fornula (I) X is chloro, brono, tr|flate

o o Y 1 Y ~—~



Br R3 RARGR6 1-1.3 R5 (1.41 m, 10.0 mmol) is added to THF (20 L)
and the resulting mxture is cooled to -10 C. To the resulting mxture is
added R6 W0.26/d4m3bexanes, 6.25 nli, 10.0 nmmol) and the Peaatsean/ s stirred
for 30 mnutes. The m xture is then cooled to -78 C and R4 (811 ng, 10.0
mml) is then added and the reaction is stirred at -78 C for 45 mnutes. At
this time a mxture of R3 (1.90 g, 8.02 mvol) in THF (5 nL) is added and
the mxture is allowed to warmto roomtenperature and stirred overnight.
The resulting mxture is concentrated and the residue is partitioned

bet ween patefik@AnchiBike, Re&bajEe orﬁtk@er@ﬂ?ﬁ Q5 tIRI MaRP Bletlot HRAhlNR g UeoUs
phase is extrdacted with ethyl” acetate. The organi ¢ phases are conbi ned,
washed wihaH bgrinderstogd itebe optemalp p&0ially anthllydnbgnnated.ed. The crude resi due
is purified by flash chromatography (5i 02, ethyl acetate/heptane gradient)
to yield internediate 1-1.3 (1.10 g); mz 237.2, 239.1 [MtH for 79Br and
81Br] . Tinge ésthpoAUMINGS hB liBieRBEH &k ®nlySthe Wi ek hxebnidnfated 9 batchéarhiign from

the appropriate reagents: Internediate Structure mz [MtH 1-1.4 Br , | N
' N 267 stalptasesilldegppreciated by those skilled in the art. For example, a compound which

1-[5-(2- Agi,nG: i di-n- 5- s pyridin-2-vl]-cyc e itrile

(it or modPupdry i vapsle B EheByitall e R AR ATRRAIRRILRE by

acet at e- the iyvehahemgihpbdedigtlpbwiseidine PE fi bers (Fi breCat 1007, 167 ng, 0.100
mmol ) are conbined in a mcrowave vial. 1-1.3 (474 ng, 2.50 mol ), THF
(10.0 nL), and 2M aqueous Na2CO3 (4.00 nL) are then added and the reaction
i s heat egh d l ] eS. | 3¢l ] Xture
T it Al S R SR G S R Nt S
col | ect ed). Adghachapguticalby acveptabiicided vatirel réflei2 50 4ny plradmacantiealty aiceptabldhe

crude residue WO 2012/ 040139PCT/ US2011/ 052254 i s rified by flash
iy orat GRVCHRstel S 83 OBET O RrEI AR AR oG By eb i paseDt & o RR O e at o
1-1.5 (300w g(d%_@tlﬁé’an@ire[cw? comptasbfl & the invention, or a

_y -

1-1-6-(2-am no-pyrimdin-5 pyridin- 3%'@! -cycl obut anecarbonitrile
(I nt er nephaamecdlodic@ly active Mgtaholigsphsingmeopiically agtivezedduatheresf. 6Anmol ) and

R8 (4.13 18..7 . 1) .in T .30 is,added Pd(PPh3)4 (1.8 1.56 mmol
roa eat opmdtideiIRAdd mhifbpli Anfirbe LRa S Bt N drpgrop S o o> ™

over ni ghinventh® dap@slé bOPeig Kletiblizl hon@eiallgioe ShdricMAE UDiwiRclupes, dri ed by

fl ash chromat ography (5i 02, 0-3% net hanol/CHZClZf) to afford the title

i nt er nedpaple hydwxyhted qyoxidiged degyativeuaqmponnds ¢fghe BXEREPT nt er medi ate is
synthesized in a simlar fashion fromthe appropriate reagents:
Internediate Structure mz [MFH 1-1.7 N1 NHN"' N 279.9 Synthesis of
1- 1- 6- ( SPiMrinhyduainhlinoaqoyptaizle Rald- iyidlhe shokelderivdd ftone pledrolacktuaiceltyar boni tril e

(I'ntermediate 1-1.8) . 2012/ 040139PCT/ US2011/ 052254 R76 (500 ng, 2.66

mol ) i sAECPRAPIEAARRIHC F&)r@em%é&? ! g@%%}f%m ﬁ%of-?sﬂﬁalgli%lﬁt)néﬁie the

resul tl neydRAHHE nldroBRARE Sastult LR AGEHIBAA AGAL Gt thdRphdIN3) 4 (307
nmol ) . e Cftor h

ng, 0.266 mmol The m xture Is ated at 95 urs at which
time it glygcelicelcad salitylicl quctinfd t@dery;p-Sulhi@icntapthic awetikd{t®h3) 4 (307 ny,

0. 266 | | i heat ed. at 95 ight. T tion. mxt
s conceRERARBYP RS aBns. ERH R PTITa MByF S S iR O gF AN (B, 0~ 856
et hanol 4G @3Bpr dcdsafdcBrad ok iR 4did, Ivghiletioe tHERAEREEpHrtha&utidalB0 9); Nz 267. 2

[ MiH . The followi ng intermedi ates are synthesized in a simlar fashion from
t he appr¥sritable, menbenmployehingherpriipatagion obsaligersefpas intermediates in

obtaining the compounds and their pharmaceutically acceptable acid addition salts. Salts

derived from appropriate bases include alkali metal (e.g., sodium), alkaline earth metal

(e.g., magnesium), ammonium and N-(C;-C4 alkyl) 4"' salts.

In addition, within the scope of the invention is use of prodrugs of compounds of the

invention. Prodrugs include those compounds that, upon simple chemical transformation,
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mz [MFH 1-1.9 H2N NN 6 N 266.4 1-1.10 N N N 252.4 Carboxam di ne

I nt ermedi ate Synt hesi s of

1- ( 6- chl owo-2pyri4di3n- 3- y1) - N- hydr oxy- cycl obut anecar boxampdirrusS2@iinse2ssedi at e
1-2. 1) R91-2.1 To a solution of 1-1.1 (30 g, 0.156 nol) in ethanol
(400 nL) is added RO (50% aqueous solution, 95.4 nL, 1.56 nol). The
reaction mxture is stirred at 80 C for 18 h. The reaction is cooled to

roomt enpera t he, et hanol apor at ed vac d the concentrated
it ur o E TS IOHCE ROBRRESE of BERyehRg: SORBE R isA g EEmaPEar § ed

wi th Na2h@fhde B&ﬁ%ﬁfsﬁdoﬁﬂgl&%ﬁ@g&dﬁbﬁd %&ﬂ@a@lzowh& le‘b@dgﬁ‘é‘ allintdiered
internediate -2 8 g); mz 226 The fol low ng i nternedi ates are

synt hesi tedpatiana tlm qulrag nfaydiei tmrmsiformﬁd tnh@a apppopdi discdosee Agentabove,
Ilnf\ler gid a%%ygéh%rﬁ % defsued}[)harl_'llcojloglcaaegecN NH2 1 N, OH 256 1-2.3 Br N NH2

1-1-6-(2-am no-pyrim din-5- yl) pyridin-3-yll-N-hydroxycycl obut anecar boxam d
ine (Internmediate I-3.1) -1.6R91-3.1 To a solution of 1-1.6 (8.85 g,
35. 2 mmolhe ¢qmpauagdhef fO(fmelaran)lawg,e Badreepirothe sougralgyadadc Btheds describel ., 326

mol ) . Tﬁe%\ﬁze\@ﬁltch%{%g%&ttﬂﬁt@ghﬁoﬂ elﬁ\eeqltlgh reflux for 18 hours. The reaction

m xture I's C0O era ure e ethanol is evaporated in vacuo,
and the precipitate is coIIected via filtration to yield the title

internediate 1-3.1 é8.80 ng mz 285 [MH]. The follow ng internedi ates
are synt } gt on fromthe appropriate reagents:
Internmediate Structure mlz [MF1-1] 1-3.2 N HZNN NH2 NNI .OH 285.2 1-3.3

N, HINIT NH2 I N, OH
The invention also provides processes for making compounds of Formula (I). In all

Schemes, unless specified otherwise, Rl, R’ R’ R*and R’ in the Formulas below shall
have the meaning of Rl, R’ R’ R*and R’ in Formula (I) of the invention described herein
above.

Optimum reaction conditions and reaction times may vary depending on the particular
reactants used. Unless otherwise specified, solvents, temperatures, pressures, and other
reaction conditions may be readily selected by one of ordinary skill in the art. Specific
procedures are provided in the Synthetic Examples section. Typically, reaction progress
may be monitored by thin layer chromatography (TLC) or LC-MS, if desired, and
intermediates and products may be purified by chromatography on silica gel and/or by
recrystallization.

The examples which follow are illustrative and, as recognized by one skilled in the art,
particular reagents or conditions could be modified as needed for individual compounds
without undue experimentation. Starting materials and intermediates used, in the
Schemes below, are either commercially available or easily prepared from commercially

available materials by those skilled in the art.

The compounds of Formula (I) may be synthesized according to Scheme 1:
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299.2 1-3.4 NHN1T NH2 I N OH299.2 1-3.5 HZN . NH2 | N, OH 299.9 1-3.6
H2ZN 6 NH2 | NJ OH 285.1 Pyridyl Halide Internediates Synthesis of
2- Chl or o-W§020/04b3pyri di n- 3-y1l- 1, 2, 4- oxadi azol - 3-y1) - cyecohiseylloszg4 i di ne
(Internediate 1-4.1) 1-2. 1R101-4.1 R10 (356 ng, 2.00 mol ) is treated
with pyridine (2 nL) and 1-2.1 (500 ng, 1.33 nmol) and the resulting
m xture is heated at 110 C until the starting material is consuned. The
reaction is cooled to roomtenperature d the solvent is renoved in vacuo.
The residue is dilutgd mﬁ}h ethyl acetat®2nd saturgfied ggueous NaHCO3 and
t he phases are sepaRat ed®” The aquedlisBhhase is extrac thce nore with
ethyl acetate an onbhﬁed or gani cs GRle waspe th_ saturated
aqueous NaHCO3 *brine. _Theyor gani c cted, dried over
Na2SO4, filterg and theg ,sotvent is rennveqq' h@ 1-4.1 (285
mg); mz 313 . éEﬁ% of R°
2- Chl or0-5-{1-1-5- (1H pyrazolr®4-y1) - 1, 2, 4- oxadi azol - 3-yl | -cycl obut yl i pyri di
ne (Internediate 1-4.R) HNN/ ACl, ,S=0 HO 0C R11R12 R11 (156 ny,
1.40 mmol) is treatedywith pyridine (10.0 nL) and R12 (116 !'IL, 1.60 mmuol)
and the resulting m xfure is stirred for 30 mnutes. 1-2.1(300 ng, 1.33
nmmol ) is then added ampddgidaeaneaction is stirred at 110 C for 18 hours. The
resulting mxture is ¢ooled to roomtenperature and the solvent is renoved
in vacuo. The residueyis partitioned between CH2C12 and saturated aqueous
NaHCO3 and the phases are separated. The organic phasglis gtied over
Na2SO4, filtered, ang!thegsolvent is renmoved in vacuo t ive 1-4.2 (187
mg); mz 301.9 [ MH]. nthgsis of Rsx N
2- (443-1-1-(6-chl rivEha-8-yl1)-cyclobytyl | -1,

- 4. 3w%wth

pyrazol -1-y1)-N -ace gﬂige (I'nt l;at e 312
hi 1K eat ed vﬁ"?ﬁ% %&.o , RE3 (8435 ng, 0.553

NVP, 691 _

nmol ), aﬁ%gkzgiB (109 ny, 0.7985mmol) and the reaction is heat at 80 C
for 17 houRBOat whigf time R13 (8 ng, 0.0.026 nmmol) and K2CO8 (3.6 nyg,
0.026 nmmol ) are again added and the reaction is heated at 80 C for 16
hours. The solvent is renoved in vacuo and the residue is partitioned

bet ween water and ethyl acetate. Tgf | ayers are separated and the agueous
is again extracted with ethyl acet chemede conbi ned organi ¢ phases are
washed with brine and the solvent is renoved in vacuo to give 1-4.3 (195
my); mz 373.3 [M+H]. Synthesis of

(443- [ 1- A8ilbhiratedipsahiatie s Bagtign efyecdonipeund jof fortula- 1d e thi .alraybnig agid|or -

pyrazol -1-yl)-acetic.acid ethyl ester.(l.nternediate .1-4. .

D R o POy E pafisie i YuerSBEh it 15 BE T RE Aadfhte solyent i ng rus
i n pl acemehrdddietd? adiukold a duiati2&Ral)B) proMideés 388mpddd of FMNINESI Fa £fd

2- (443-1-1-(6-chloro-pyridi n-3-yl)-cycl obutyll -1, 2, 4- oxadi azol -5-yl | - -

pyr azol - Rbye)hydrogedi rapf Rebctegetheraneitly thetoay gaagiteme tojwhicB Yhey ara gitachedt ny,
2.00 Mo I.Sc k. e .1 h | ugn in toluene, 0.280 nL,
2.00 mmH““zf‘nSd%t %I‘bregesdﬁhﬁ% ‘?#6%%%153( gg%é}u@?ﬁﬁgéﬁ%&g&ﬁ%u ‘nutes. 1-4.4 (259
gy, 0. 664ltematiyely,Seddien ofddesipand dfiformilx Twgh b ditehdnel @tieattad@d C for 2
hours. The reaction is cooled to roomtenperature and water is added. The

| ayers afcactidranditions.anevitere crgpanng of farmuly e Foypling thg ddeymediate per ed, and
tsgﬁt SO! VAR [T hiideAG AR FPROU] £1GuidabteRoh 2RO i Bk prdfefecFE it

2- chl or cedally4; frovidys & dompQndlof Toiyuda Ax.adlisachbdro Drorhd -ttilhteadnyidda- pyr an- 4-
yl]-pyridine (Internediate 1-4.6) 1-2. 2R171-4.6 1-2.2 (500 ng, 1.96
nmmol) is treated wwth pyridine (5 nm), and R17 (522 ng, 2.93 mmol) and

heat ed aThé&QnﬁﬁﬁegoﬁF&ﬂHﬂaaihﬁy%@%ﬁﬁh&aah&nﬁﬁghsgcﬂﬁmi90U1tenperature and
the solvent is renoved in vacuo. The residue iS diluted with ethyl acetate
and saturated aqueous NaHCO3 and the phases are separated. The aqueous
phase is extracted twice nore wwth ethyl acetate and the conbi ned organics
are washed with saturated NaHCO3 tw ce, then brine. The organic phase is
collected, dried with Na2SO4, filtered, and the solvent renoved in vacuo to
provide 1-4.6 (525 ng); mz 343 [MrH]. The following internediate are
synthesized in a simlar fashion fromthe appropriate reagents:

I nt er medi at e Structure nmz [MF1-1] 1-4.7 Br | N
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NI\ NO 387 1-4.8Br / | NNI\ NO 387 1-4.9Br / I NNI\ NO\ NN\
1 405 Synthesis of

2- (4- 13- wWo-208/ami30r o- pyri di n-3-yl)-cycl obutyll-1, 2, 4- oraditszah 052254 1-
pyrazol -1-y1l)-2-net hyl - propan-1-ol (Internediate 1-4.10) 1-4. 2R18R19R20
1-4 10 Step 1: Synthesis of 2-(4- 341- (6-chloro-pyridin-3-yl)-cyclobutyl]
-1, 2, 4- oxadi azol -5- yl1}-pyrazol-1-yl)-2-nmethyl-propionic acid nethyl ester
(R19) R19 is prepared according to the nethod for 1-4,6 usjng R18 in place
of R13; mz 402 RIWFIR?]. Step 2: nt hesi s of R R

2- (4-1341- (6- chl or dpyrindiin-3-y1)-B Oébut yl1-1, 2

-5- yl} -p

yrazol - 1-y propan- 1-ol—-»4.10) i /00207 nmmol ) is
treated with{| THF |( 2. Ogti) and cool edoto 0 C R20(9 , mmol ) is
t hen add

N I—_F{LE Obh is vvarrﬁgbr% oonm enpRr at ‘ban tirred for 2
hours at which tinme the solvent is renbved in vacuo. The residiie is
partitioned betwe saturat ed aqueous NaHCO3 and et hyl acetate and the
organic |ayer is c Ilected, dried with Na2SO4, filtered, and the sol vent
renoved in vacuo to afford 1-4.10 (78 ng); mz 374 [M+H . Synthesis of
2-(4-{3-1-1-(6-chl oro-pyridi n- 3- y1)Schymle@out y11- 1, 2, 4- oxadi azol - 5-yl i pyrazo
-1-yl1l)-2-net hyl -propan-1-ol (Internediate 1-4.11) 1-4. 2R21R22R20 Step
2 Cl 1-4.11 1-4.11 is prepared according to the procedure for 1-4.10
using t hgs ARRAORE Al G @gf'éat:t%n o azc&g&uh%ﬂormgnglﬁh $nQkid chlorlde
(5-{3-[1-(6-Chloro-pyridin-3-yl)-cycl obutyl]-1, 2, 4- oxadi azol -5-yl 1 pyrazi n-2
-yl) (2- REEBCKk yn esmgdb)e—meme i thetpeeserch eftaesultadle baje, provideENsbepodiNt efNH+ F.
-F1 N I 0",,P...\ , CINNNONN. OHF I FN-...-dCIN HF/\ N /
1 2. 1( HAﬁﬂrJTu aé{[)e synt hesi s of 5-chl oro-pyrazi ne-2-carboxylic acid
et hyl eﬁlt%aﬁ&ﬂ)reﬁ%%n()?aQngouriH“of%othlV'vﬁtH IR ER@OON, Rl2s(ihB1ec0 L)
and to the resulting mxture Is added DMF (0.1 nlL) dropw se. The reaction
m xt ur e $advanhan thecpresedcae! agidnyk diiwrdagolhorrrosher Fhisabloimistcopglingenoved i n
vacuo and th rrgs,ll gluecérg Lo otf?ormwla{} met hanol (10.0 nL) and pyridine (1.39
m, 17.1 )p Vg%ah sultrng mx bre is stirred overnight. The sol vent
i's renpvadditibnMBc b@ca@doft Deonmgsind b¢ fcbrﬁluﬂwr\f {viitBdrichlofohRaty] afiliyalmat 0gr aphy
(5102, 20% et hyl acetate/cycl ohexane) to give R24 (1.12 C)hlorrﬂz 173 [ MHH] .

provides a compound of formula (I) wherin R” is trlchloromethyl The tri omethyl
group may be further converted to another group by using procedures known to one

skilled in the art.

The intermediate of formula II may be synthesized as outlined in Scheme 3:
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Step 2: synthesis of 5-(2-nmethoxy-ethylam no)-pyrazine-2-carboxylic acid
net hyl ester (R26) R24 (200 ng, 1.16 mmol) is treated with dinethyl

sul f oxi dewODMB@WOI34. 00 nm.) and R25 (151 ni, 1.74 mmol) &od/ush@/oexsdting

m xture is heated at 80 C for 2 hours. The mxture is diluted with water (5
m.) and acidified to approximately pH 2 with 2M aqueous HCl. The resulting
mxture is extracted 3 tines wth ethyl acetate and the conbi ned organic
phases are washed with saturated brine, collected, dried, over My504,
filtered, and the solvent is renoved in vacuo. The residue is
purified by f omat ogr aphy (5i 02, 9096ethy| t e/ cycl ohexane) to
give R26 (14 ng nii?%}Z [Nkﬁh+| tyep 3: synt N

5- (2- et hox anlno) pyrazi ne-2- cavboxylic Ctg (R22) R26 343»ny,

0. 701 molX |sNtredRed wth THF El 30 m), wxter~y7T. “mL) and |ithium

hydr oxi de (25.2 Kp 1.05 nmol ) aH#% he resulting gixture is stirred at room
tenperature overm ght. The solvent is renoved in vacuo to give crude R27
(138 ng): mz 196 [M+H . Step 4: synthesis of 1 2

(5-1341- (6- Chl ogd; pyrf di n-3-y1)-cycl obutyl1- 1,2,43 azol -5-y1}-

pyrazi n-2-yl) ho&qﬂethyl) amne (Inter /iQ) R27 (138 nm,

0. 700 nmol ) wi ¢h DVF B7COCIm) , . 00700 mmmol ), and
triethylam 10 mL, 0.700 hnol) a esuN==(lg m xture is
stirred f edNaOHwhi ch timerl-2.1 Xi58 Ny, (B7oo ) is added and
the reaction is stirred at 90 CRWP@Hght. The soly is Femoved in vacuo

and the resul ti ngVilési due is partitioned between et yI acet ate and

sat urated agueous NaHCO3 and the | ayers are separated. The aqueous phase is

extracted tw ce re with ethyl acetate and the conbi ned organics are

washed with water|, brine, collected, dried over My504, filtered, and the

solvent is renovgd in vacuo. The crude residue is purified by flash

chromat ography ($i 02, 50% et hyl acetate/cycl ohexane) to give 1-4.12 (181

my); mz 387 [M41]. Synthesis of 1 2
dPNeAM) - 1, 2, 4] oxadi azol - 3-yl | cyc
AN 1-4.13 0 1-4.13 is

R3® in place of R13 to

2-Chl oro-5-{1-1-8-(1-0xetan-3-yl-1H pyraz
| obut yli - pyri difie. (Mt er medi atgs.g. 13)
prepared acg i o_Nie nethod for

afford the oun@ (500 ng). hesa s ,oN==
1- (4-{3- 1- ridin-3-y1) chc|'}5butﬁ141 d4loxadi azol - 5-y1} -
pyrazol - X' y1)N2- nﬂﬂhyl ropan-2-ol (Internegjate 1- ﬁ 14) 1-4.14 is

pr epar ed accordlﬂg to theGethod for 1-4.3 using R37 in place of R13 to
afford the title“tonpound (600 nmg). Synthesis of
5-(5-{1-1-5-(1H Pyrazol -4-y1)-1-1, %kﬁégéqﬂlazol 3-yll-cyclobutyli-pyridin2-
y1l) - pyrazin-2-yl am ne (Internedlate -5 WO
2012/ 040139PCT/ US2011/ 052254 1-5.1 1-5. 1 |s prepared according to nethod 10

t ff t d (470 t t
syt hea S8UTRRAEA I SEHERE o BORUhChT G AbrABhFop oy B et Pesar g hesh 27 °
I nter madb&tﬁ the%afrbl@ﬂ Mo/s nﬁ ﬁle[aM’yE' &alﬂ&y%ehépﬁoﬁ@mubst?ﬂﬂtehwltﬂ\b@ R 1-5.3 !N

I H 374.9 "Method 1:° Synthesis of
5- (5 { 1415La( seutehlle@@hplyts mhnpsasyrm)wi aguiablx basie apdi aszsogium hydride, provides a

cycl obut yl i idi.n- Ryr ( Tapl e Ex. 99
R28 (5. 4% bsg%ﬁeéi G R A Rt Egg{ﬁan%b%%atoég{) ‘Z’%“%éhea . 19.0
mrol ) angke raaacthed féim 5@3 Cedrbscy?lic 61 Maféresydic ridgl Xhs thiok, braind, or sodddded and
the reaction is refluxed overnight. The reaction is cooled to room

t enper at Beastignaf thssompeund phigriplacy Ihmithihydraxylaaspe. é@#@feﬁtwaﬂ TeRGtioni on and
recrysta 4 P@gw g); nmz
406. 2 | (hPﬁﬁ%X 8?b§§?%9?%%@b @?g?%&ﬂ&ﬁ%%@ﬁmﬁﬁﬁ%@i&ﬂ e synt %gﬁged in a
sim | ar Vs hkiithran aE)daam)érei do@sinNMriiablesolwenin thngrdshiecesd@aondatde age i s

heated at 100 C overni e 5 es as. sol.vent and is heated at
100 C ff;bass mevides a ﬁ%néﬁa%ﬂﬂs&ta@éﬂm%a%ﬁ%|0\f/éﬁ9mp?1m§9. rst stage
is run aﬁor&ﬁ&@ﬁ?%ﬁ%ﬁ‘a&iﬁ%scﬁlﬁ{tlh% sﬁﬁé’&@%l%rﬁgﬁ th§ @kenéd offcafr%nﬁo m nut es.
Exanpl es 88 and 94 use NWP as sol vent and the second stage is run at 80 C

for 2 hours. Exanple 120 uses NWP as the solvent and the second stage is
run at 130 C for 2 hours. Exanple 132 uses di nethyl acetam de as sol vent and
is heated at 140 C for 55 m nutes. Method 2: Synthesis of
5-1-5-(1-15-[6-(propan-2-y|anino)pyrigén-B-yl]-1,2,4-oxadiazol-3-y11-

cycl obutyl)pyridin-2-yllpyrimdin-2-anne (Exanple 114, Table 1) N - R29
Ex. 99C1 Ex 114 Exanple 99 (50 ng, 0.123 mmol) is treated with THF (2 nl)
and R29 (0.5 nL) and the resulting mxture is heated at 100 C for 2 hours.
The solvent is renoved in vacuo and the resulting residue is suspended in
mater The preC|p|tate IS collected by f||trat|on and recrystalllzed from

. v Y Y o AN~



equi val ents of TEA added; exanple 51 is run in NWP at 100 C overnight with
3 equi val ents of TEA added; exanple 2 is run in NMP at 100 C for 6 hours.
Met hod 3:wOoSymiiesps of PCT/US2011/052254
3-{445- (3-{146-(2-am nopyri m di n-5-yl)pyridin-3-yricyclobutyli-1, 2, 4-

oxadi azol - 5-y1) pyridin-2-yl | pi perazi n-1-yl i propanoi ¢ acid (Exanple 53,
Tabl e 1) Ex. 47 EX. 53 Exanpl e 47 (400 ng, 0.720 nmol) is treated wth
THF (2 nmet hanol eous NaOH.(2 nlL) and s rre

over ni gﬂ%‘“m*ﬁlﬁé‘ﬂ%oclr@ St“éa 1% S&Otlﬁq\%a%%ﬁ?nb:%o‘tlt%é @ OPP% ]g‘ue is
acidifieg wth concentrated aqueous HCl and the solvents are agaln renmoved
in vacuo. The residue is purified by reverse-phase preparative HPLC to

af ford t heermiediate dapodad [{I1sey atep be ¢ﬂr12’615@8t02th? th]orowetﬂlhbmtmedi%@nt hesi s
of methyl,.(2R)-21<[5-(3-{1- 6r 2- antno p

011 Cycl bl XAt SR WS RYNE Bhdet by at e
(Exanpl estdiard édtdaioh. Ré\ilchﬂalL@i\@BI\lmBi&néthb Ql( whith BTH wheNRH conthids @ +NO=< N- Ol
\N--"L O OH2N H2N Ex. 38 Ex. 99R30 Exanple 99 (120 ng, 0.296 mml) is
treated WMAYRIGGBEAYHG)INg uBPmtcl Sitablg s)ivet(ruovides i inteamedineafed at 80 C
for 48 hﬁﬁ@ﬁh.ﬁhe resulting mxture is cooled to roomtenperature and
treated w i HCl1 in 1,4-dioxane (1.50 nm.) and stirred for 1.5 hours. The
resulting mxture is purified by reverse-phase preparative HPLC (C 18
silica, 10-.  30% acetonitrile/water/0.1%trifluoroacetic acid over 20

m nut es) Thginsgrmsdigte gfdosmpylp LV értﬂaﬁwafat gsized 3epidingeosbens ¢ acid salt (110
ng), mz 514.8 [MH]. Exanples in table 1 listed with nethod 4 are
synthesized in a simlar fashion. Method 5: Synthesis of

(2S)-4-[5-(3- 11 1- 6- ( 2- antﬁ@pyrlntdlm 5R9I)pyr|d|n 3-yll cygjilobygey11-

1, 2, 4- oxadi azol?t '@I)pyﬁf@tg 2-yl | pi pedazi ne- 2- car boxyl i ¢ aci
Tabl e 1) Ex. 39 B anpl ng, N0L9M5 mof) R trgated with
net hanol (1 00 |nL) & 5WT_Her (1. 80 moy—amd t re uI}NnQ}hlxture
i s heate g_:rfor 2 hour > ThaeNni X@Ure is then dv6l etNt o Roo

t enper at (re Mad flitered to afford the title conpound (35 nmg); niz 500. 7

[ MFH] . Exanpledliin table 1 listed yith method 5 are synthesfzed in a
simlar fashion. Exanple 16 used sodi um nmet hoxide in place of NaOH with
water as a co-solvent. Method 6: Sehemedi s of net hyl
1-[5-(3-11-[6-(2-am nopyrim di n-5-y1)pyridin-3-yl]cycl obutyll-

1, 2, 4- oxadi azol -5-y1)pyridin-2-yll-L-prolinate (Exanple 36, Table 1) and
14543- 11As illustrated above in scheme 4, reaction of a nitrile of formula VII with a boronic acid

[ 6-(2-am nopyrim din-5- yI)pyrldln 3-yl]cyclobutyll-1, 2, 4- oxadi azol - 5-y1) pyr
i di n-2- rytpe ce_rrft,ﬂ;pglpdlﬂ% ?@3@5@!‘1665335 shqﬂﬁlmrbthg)above\,@leme in a suitable solvent,

2012/ 040; / Exanple
29 c100 ﬂﬁgﬁé’g}?/ ke O 1 git%?él 7 c?artael 'Jpﬁlﬁé%a §étn53<tmd%% fﬁ%ts:txH’ﬁa anﬁtb a3

m), andhﬂdf@ge(nmrﬁlardn)i Rindgtther wels t}iethrygemtmmu rt@wihs:hhhfat ze‘d arich8d fc@nt or 2

hours. xture c roducts is,

pur 11 ed BytoderdutpRBSRT spat ity Bogpy uGriadisSbggupiive

acet oni t g, afs%teeﬁlgveh%wewdn Q(30§SQQCH§)3@%1Q1 apét%fu On i befrmut wfif ord the
title conpounds exanple [ M+ and exanpl e 36 (24 ny),

mz 512. & t[le\/pﬁ]sencmgf h@@itta?ble c@lmthtggpr@wdé{ a compound of formula X. Reactlon of a
5-1-5-(1- 15 r1d|n 1,2,4-0xadi.azol -
ylicycl obut St(‘/)r%l'f_l- mlacziﬁ %h 1@?(%0’2 "5 U héa%déxd réaftlo%‘iond aqtr)lfe 1)

| + HO rov1des Nib dd’ﬂ&'bi‘nlﬂﬂa‘{\/m8 (1 21 g, 7.74 mTDl) is treated with NWP
(7.00 nL) and CDI (1.25 g, 7.74 mmol) and heated at 50 C for 20 mnutes. To
this mxture is then added 1-3.1 (2.00 g, 7.03 nmol) and the resulting

m xt ure ' to room

t enper at Elr'? eﬁang?@r eaetdiagg ﬁt %aﬁla{%éﬁp‘lt{%bn@ﬁé@fé ?g{e&sr%]ﬁ?g&géﬁgbel f’ect ed by
filtration. This crude mxture is purified by flash chromatography (Si 02,
0- 10% net hanol / CH2C12) to afford the title conmpound (245 ng); mz 438.6

[ MFH] . Method 8: Synthesis of

5-1-5-(1-15-[5-(4- et hyl pi perazi n-1-yl)pyrazin-2-yl]-1, 2, 4- oxadi azol - 3-
ylicycl obutyl)pyridin-2-yllpyrimdin-2-amne (Exanple 61, Table 1) Step 1:
synt hesi s of

5-(5-1145-(5-i m dazol -1-yl - pyrazin-2-yl)-1, 2, 4- oxadi azol - 3-y11-

cycl obutyl}-pyridin-2-y1)-pyrimdin-2-ylamne (R33). R32 (300 ng, 1.89
mmol) is treated with DMF (5.00 nL) ah% CDI (306 ng, 1.89 mmol) and stirred
at 50 Cfor 20 mnutes. To this mxture is added 1-3.1 (488 ng, 1.72 mol)
and the resulting mxture is heated at 110 C for 2 hours. The solvent is
removed in vacuo and the resulting residue is partitioned between ethyl
acetate and saturated aqueous thKIB The phases are separated and the

- . o o o T 1 ——
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times with CH2C12 and the conbi ned organi c phases are washed with brine,
dried over Na2SO4, filtered, and the solvent is renoved in vacuo. This
crude m  xwonrermoparified by flash chromat ography (Si 02PCOABOGLHL/052254

met hanol / CH2C12) to afford the title conpound (90.8 ng); mz 470.2 [ M+H|
Met hod 9: Synthesis of

5-1-5-(1-{5-[6-(nethyl sul fonyl)pyridin-3-yl]-1, 2, 4- oxadi azol - 3-

yl I -cyclobutyl)pyridin-2-yllpyrimdin-2-am ne Exaan% 119, Table 1) Ex.
99R35Ex. 119 Exanple 99 (50.0 ﬁb;;o 123 mol ) iB\{rdated with NWP (0.75 ni)
and R35 (148 ng) and resul t mxture i e at 80 C for 2 hours.
The mixture is cool e to]room tenper&tlure afid fiflter The filtrate is
purified by reverse-fyhasy HPLC (15-05% acetani LN | e/ water/ 0. 1%
trifluoroacetic ai’d) Yo afford Béage titlIBr'conpound (23.0 ng); miz 450.2

[ MiH] . Method 10: Synthesis of

5-(5-{1-1-5-(1-nmethyl -1 pyrazol-4-y1)-1,2,4-0%5diazoI-3-

yl I cycl obutyl | pyridin-2-yl)pyrim dl%‘&ﬁgﬂ%gl ne (Exanple 102, Table 1) R36
(53.2 ng, 0.422 mol) is treated w (1.50 L), diisopropylethylam ne
(DIEA) (0.08 nL, 0.42 mol) and HATU (161 ng, 0.422 mmol) and stirred for
15 mnutes. To thls mxture i s added |- Q, 352 nnnl? and the

00 ,
resul ti ndS Hushaied abaverja sehegneat. raasgorof 6@%@%9@@%%8@@&1&9 nerleAtxt ure is
di rect | yepihiah g hf¥r §t§1¥ca&&§efag§tg§&ndd°h§ ihHR reseﬁée/%@apahametﬂagé e/ water/0.1%

trifluoro acetic acid) to a the title conpound } ‘'mz 375.2
[ MtH] .  Ex@anidegsn 1meltmbiaea df forrstle XIWi The nmrhredlaﬂd)ofafoemﬂy E%HHem;zl&d in a

simlar fashio | e S heated at 130 C for 6 hour | es 4,

195 150, SR {FERER PRI GmABE 8] bDheAC I AP LRGSO ot 16
hour s. Eganples 5-7, 11, 17, 19, 93, 96-98, 101, and 129-130 use TEA in

pl ace of DI EA and are heated at 80 C overnight. Exanple 14 uses TEA in

pl ace of Compaurah@f feymvdsatléd may bee@ntliesiznd usirgoumy .of Bxcarhove sd@mes &% uTiBa i n

pl ace oftD EA anq |§aheat$ it 100 C 0or 2 hours. Examples 23-26 use TEA in
pl ace i nMBREPRRHAGSRIRE LAY A 262 o 2 hours. Exanple 27 uses TEA in

pl ace of FlteAnddifidWiomBltheSnifigBlBaud bl BOmtu19VIgaRd A, bﬁﬁ&ﬂiﬁﬁ@krﬂﬁvﬂlﬁes TEA
in place of DIEA and is heated at 110 C overnight. | e 74 uses no base

and i s hégngdsush agelkglatign OQhﬁéwxcleEﬁa%lvétr%d ulps@g E1< Pies bploae enayfbep) EA i n
DVF and es 91 and 92 use TEA in pl ace
of DIEA‘#%dgﬁﬁ}ggg%?g&%ggggﬁﬁmu %ﬂgﬂﬁ¥ %urs Exanpl e 100 and 109 use
TEA in place of DIEA and is heated at 80 C for 2 hours. Exanple 104 is
heated at_ 130 C for. 2 hours. Exanples 75, 77-80, and 131 use TEA in pl ace
of DI EA P¥NHHETEEXAMELES rog at room tenperature overnight prior to
heating at 110 C for 4 hours. Exanple 133 uses dinet hyl acetam de as sol vent
and is heated at 100 C for 1.5 hours. Exanple 134 uses di oxane as sol vent
and i s hé&bd @dloain®ge @p‘rmenthﬁvhocunmuntiheﬁthfe(Dﬁ)ve@tibmth:hhmulbs made dyphe 135
uses dlneth am d ol vent . and i.s heate i.rst at 100 C for 1.5

hour s, Jl?)yr@t‘?tﬁr ‘aénT‘Fo sexa?“ﬁ@ﬁ WI@OWBFH%H‘P% P&e bt hod 11: Synthesis
of 144- (3 {1 [ 6- (2-am nopyrim din-5-yl)pyridin-3-yl]cycl obutyl}-1, 2, 4-
oxadi azol - yl) 1H—pyrazo| 1-y11-2- et hyl propan- 2-ol (Exanple 54, Table 1)
Ex. 54 ERegparatid : 8.9 Mol ) is treated with R37 (4.00 g, 36.8
nmmol ), K2CO3 (2 88 g, 20.8 nnDI) and DVF (50 nL) and the resulting m xture
is heated at 80 C for 60 hours. The reaction mxture is diluted with ethyl
acet at e NpdilvvabBafedihice Wat er and brine. The organic phase is dried over
Na2SO4, filtered, and the solvent is reaned |n vacuo. ThIS crude m xture
is pur if Sﬂl“thBQIS Of ]q-“r(:h‘lﬁf@r N F16 hA (C1T] § 0 [ vile t RCH A .

to afford the title conmpound (2. 58 9); niz 433. 4 [N%Fﬂ Exanples intable 1
listed with nethod 11 are synthesized in a simlar fashion. Exanples 63-64,
67-68, and 171 are stirred at roomtenperature for 18 hours. Exanple 69 is
stirred first at roomtenperature for 18 hours, then 65 C for 18 hours.
Exanple 70 is stirred at roomtenperature for 4 hours. Exanples 170 and 173
are stirred at roomtenperature for 18 hours. Exanple 172 is stirred at 75
C for 18 hours. Method 12: Synthesis of

5-1-5-(1-{5-[1- (oxetan-3-yl)-1H pyrazol -4-yl] -1, 2, 4- oxadi azol - 3-

yl I -cycl obutyl)pyridin-2-yllpyrimdin-2- anine (Exanpl e 55, Table 1) Ex.
90R38Ex. 55 Exanple 90 (500 ng, 1.39 ggn is treated with R38 (510 ny,
2.77 mmol ), K2CO3 (383 ng, 2.77 mmol) 'and DWF (8 nL) and the resulting

m xture is heated at 50 C for 18 hours. A second charge of R38 (510 ng,

2.77 mmol ) is then added and the m xture is heated at 80 C for 18 hours.
The reaction mxture is diluted with ethyl acetate and washed wi th water
and br|ne The organlc phase i's drled over Na2804 flltered and the

I 1 o, Y ) —— N - - LR 1 l_.. 1 1




Step 1: synthesis of 2- [4- (3-11- [6- (2-Am no-pyrimdin-5-yl)-pyridin-3-
yl] -cyclobutyl } - 1,2,4-oxadiazol -5-yl)-pyrazol-1-yll-2-nethyl-propionic
aci d net hwb 2001@0130R43) . R43 is synt hesized accordi ng t @Craishad/ 0325w t h
stirring at roomtenperature for 72 hours (819 nyg); mz 461.4 [M:H .. Step
2: synthesis of

2-[4-(3-11-[6-(2-am nopyri m di n-5-yl)pyridin-3-yl]cycl obutyl}-

1, 2, 4- oxadi azol - 5-y1) - 1H pyrazol - 1-y11- 2- netoIpropan0|c acid (Exanpl e 65)
R43 (200 ng, 0.434 mmol ) is treated with THF(2.0 nL), nethanol (2.0 ni),
and 2M NaOH (2.0 nL) and the resulting m xt Nré stirred 50 C for 16
hours. The resulting mxture is extracted w thlethyl four tinmes,
and the conbi ne anie phases are _drigd ov8MFNa2504, d. and the
sol vent is renoyed Ji n vatuo. The 8quedus phase is cg

N ated and the
resul ti ng sol@lds Mre extracted with nethanol and the& extra

cts conbined with
t he organi c phase residue. The conbi ned crude residue is purified by
preparatlve reverRle- phase HPLC (153R%g): mz 447.3 [MrH . Kefhod 17:

Synt hesi

245 (3. {121 iS%lu i9n ShEITRRRPHR 08 20929 Byt 1 PME G0 Y& pbuft 1 145 Hajt

oxadi azot60% mldlpéﬂspéﬁsianEWb' & 0. P70 pottichExRepl & Q@Zmniﬁebl ‘Ehelixture iEX. 81
Exanpl e 81(59.0 ng, 0,137 mmol) is treated with THF qSZ 0 nmL) and R44 (1.4M
in tol uetisrefHpr efwheomgnmtes AR (el NLafd3® mol)isgddad. dhe mMagtiet e i s
stirred ti e and
R L Al S g A R

bri ne, dmnﬁﬂupm&ﬂwﬂ&@&ﬁéad&nbﬂeﬁ@dﬁrGﬁdnﬂb&mﬂ@bMﬁmhakézﬁ&ﬂﬁMeﬁhdn vacuo.
The resulting. mxture is pur|f| d dlréztly by preparative reveQSe phase

HPLC ( 25%¥8ys SRartgned Feyfwaﬁéw fFetate BEtPvACT R Satw aterpgherts ARG @1 @ onpound
(6.0 no) the (r&éseg M’é‘ﬂe ar%:ﬁhqge %ﬁg‘?mc%ﬁ%e"ﬁ%h%d %@e NaZSO4, filtered and

5- (5-{145-(5-am no- RH—pyrazo -oxad}azo - 3-

yl | cycl obancyhtlgogd #ndianu @ -Thk ygpyaierts dumbel lyndlash o(oE»ratrrqdirema@),grapap I(8i0k) R46

Ex. nt hesi s of o .

5 (5 1148 PRAIY G- SRE P BB YiqA jruermsdipte L (G g Pz 93 [M=11
cycl obutyl}-pyridin-2-yl)-pyrimdin-2-ylam ne (R46). R46 is synthesized
according to the procedure for method 10 heating for 1 hour (180 ng); mz
406. 6 [ MHrg folgzwgipg 2Antegpediptesisssyofhesized in a similar fashion from the appropriate
5-(5-1145- éS am no- 1H pyrazol - 3-y1) -1, 2, 4- oxadi azol - 3-

yllcycloﬁu iﬁﬁpyrldln 2-y1l)pyrimdin-2-am ne (Exanple 10). R46 (180 ny,

0. 444 nmHtdrniediatd at ed Wtubrughmoni urnMr[mE] 280 ng, 4.44 mol ), palladium
on carbpn (10 w%palladium 50 0 ny 047 mpol ), and nethanol (8.0 nlL)

and the| resultinglm i 80 at 65 C for 3 hours. The mxture is
cooled fo roomte | through celite, and concentrated in
vacuo ahd tiheares flagh chromat ography (5i 02, 0-10%

met hano] / CH2C12) . ijdue is treated with acetonitrile and
heated pt 70 C f0' filtered to afford the title conpound
(10 mg)} niz 376. [N%Fﬂ Met hod 19:] Synthesis of

5-1-5-(1-15-[6- (plpera2|n 1-yl) pyridin-3-yl]-1, 2, 4-oxadi azol - 3-

yl i cycl obut I)pyr|d|n 2 yIIpyr|n1d|n 2- am ne (Exanple 3

1 (115 (1) wriHn 24y hscyelobutanecarbo ke (IRteHE : H

6 hours. The resultlng |d is collected by f||trat|on and dr'ed to afford

the title co gl as t« hydrochlfpride salt (55.0 nmg); mz 458 7 [ M+H|
Exanpl es in tbble 1 Flst bd wi t h et od+19Aare\@yﬁ%hesized & m
fashi on. NBt heS|s o] Z
5-1-5-(1-{5- [5R£p|pera2| -1-yl)pyrazin-2-yll.-1, 2, 4- oxadiazol -

yl kycl obut yl ) pyri di n- 2- yR pyri m dif§- 2- ami ne ( Exanpl e 60, Tabl% 1) R50

Ex. 60 y

23, 5. 6 Rt r ahyi a0 PIRGSHT, gaded o THE (2 mlgy and theresyline mixtyreis cogled
ester 5 llﬁ)é’ChWo thstault@@&tﬂktur&ih?ad@ﬁcﬂﬁ6 oo MBindex amm) §.25 elt, 6 Atrecholyanth R48
(598 ng, 3. 49 s T 580 !'lIL, 4.16 mmpl), an 1 )..and the

m xt ur e ihgr??éa%bﬁ reégé\ é()fla%nuaﬁ ﬁﬁhﬁmlégﬂefﬁﬁﬁewa t8n75?( 58 e&fbﬁ% tlo room
tenperature and poured into ice water and the resulting solid is collected
by filtration to afford R49 (1.03 g); nmz 323.1 [MH. Step 2: synthesis of
2,3,5,6-Tetrahydro-[1,2Thipyraziny1-472 -di carboxylic acid 4-tertbutyl

ester (R50). R49 (890 ng, 2.76 mmol) treated with ethanol (25 nL) and 5N
NaCH (2.76 nL, 13.8 mmol). The m xture is stirred for several m nutes at
which tinme water (approximately 10 nlL) is added and the reaction is stirred
for 24 hours. The resulting m xture is diluted with water, acidified with
acetic acid. and extracted tmnce W th CH2C12 The conblned organlc phases

R A /NN A o o o



Exanmple 84 (50 ng, 0.12 mml) is treated wth 2M nethylam ne in THF (2.0
m., 0.4 mmpl) and heated in a seal ed vessel at 100 C for 2 hours. The
resul ti ngwoizetume13vs diluted with water (2.0 nL) and t heCrasadiitioszs4
precipitate is collected by filtration and purified by preparative
rever se- phase HPLC (50 ng); nmz 401.7 [MtH]. Exanples in table 1 |isted
with nmethod 22 are synthesized in a simlar fashi on. Met hod 24: Synthesis

oxcach 8 o251y TR b PETmACEeR 26 e edeBctsd ol K7 HSPing. Bl os
Exanpl e 8fhe G0ixiBe 0PRI21.000! 9.02 Srkd1PRIBAF S i) 1o é&d@ﬂ@ﬁ@ﬂﬁ rﬁ&uﬁ‘e i) and

l'ithium hydroxide (10%in water, 3 drops) and the m xture is heated at 70 C
for 24 hdlaved t?Fh@l‘méQQO tﬂgnpﬂfawll@ra@dlssrrdd pyareighti The watleng (nzxt@rent) and t he

precip |tate|s | | ected. f|| at| nand rifie ep

Fever se- itesyaliodiy Rty iyl dicodp ity Py S RAodEERREE; o1 o

Wi th met hedeRdatad enbtBthesiu 9Ha§eﬂs @xtﬁdcfﬁdhﬁfh ¢thgihicette] N agmioptidsés e
reagents. Method 25: Synthesis of

5- ( 5- 11- ae5ompinedovasierd withyprinejdriednvsy Bardepndeapeertiasdo blheydrigsy ri di n- 2-
g;%f%;; :T}Segfo P ?s p?ﬂfﬁ%ﬁ b@'%i&?&‘i’?ﬂr%mﬁ%gr%%?'(&o%} ethyl%céa%e%ﬁ%% %?therB(t‘o )Zéd Step 1
5- 15- [ 1- {nfertediatl Tor.8 kRl Oyt -1/z 2322033001 feH f3r ¥'BY asy EBoput yI | pyri din-2-y1}-p
yrimdin-2-ylamne (R55). 1-3.1 (300 ng, 1.06 nmml) is treated with
toluene (10.0 n) and R54 (0.23 nL, 1.3 mmol) and the reaction is stirred
at 110 Grfon ud k- kHag: r ature
and paru{‘f?é%lea“ﬁgtla%é%&g?gﬁi‘? 4zi)gzﬁeﬂtggltzgeEl glth %g%lgdrrqg {?géetg@a %I%Eg%gr at ed
and t he eagai:c phase is washed with water and satur at ed aqueous NaHCG3.
The organi c phase is dried over My504, filtered, and the solvent is renoved
in vacuo to afford R55 (354 ng); mz 413 [MrH]. Step 2: synthesis of

5- (5- 11ARndmetlapd [ di n- I-ovltede 2, 4- OXadra%RIHP1 Y! | cycl obutyl } pyridi n2-yl) pyr
imdin-R-amne (exanple 76). R56 (007 m, 0.9 mml) is treated with DV
(5.0 nm) and R55 (354 nmg, 860 mmol|) and the|resulting mixture is stirred
for 30 mnutes. The reacti is diluted with water and ethyl acetate and

t he phases jar g separat ed organijc phgse i s washed twice nore with
water, dried over| My504] , and the solvent is renoved in vacuo. The
crude rpesidue is Z)UI’IBI,' by flash ¢hromat ography (5i 02, 3%

nmet hanol / CH2C12) to afford the title conpound|(76.9 ng); mz 364 [ MtH].

Met hod 26: Synthesis of

5-(5- 11 1-5-(di rrethyl am no) 1 2, 4- oxad| alzol 3- yI|c clobuttyllpyrldl n- 2-

yl) py it of nd 2y iR
H2NNH2N e571 3.1 1 7 (75. 0 ng, O. 539 mmol) is treated with HATU (284 ng,
0.746 rmmm m., 2.16 nmmol), and NMP (5.00 nL) and the m xture is
stirred for 5 mnutes. 1-3.1 (153 ng, 0.539 mvl) is then adde
m xture i s heat at 80 C for 16 hougs. The m xture is purifie irectly by
preparative se- phase HPLC to %f ord the title conpoun ;

338.2 [I\/H—I]| 27 Synt -
2-1-4- (3 B- (2- Mni no- pyr gn5y1) pyridi n- 3-yl -Ycl o utyll-1, 2, 4-
oxadi azofr 5- yl) pyrazol - -N; N-di net hyl - acet amd npl e 59, Table 1)

1- 4. 5EX. 59é 5(200rrg 051§mml)|streatedv?nth DIVF1(g0rrL) R7
(342 ng, 1.55°mol), 2M Na2008 (0.52 ni, 1.03 mol), and

bi s(t r1"penybphas PO EkAG) | Adi sMkiin IR IR(TCReWnhcRy BASsHRIR] PEANd t he
resulting mxture is heated 80 C overni ght. ‘F he reactlon i s passed

t hr ough ab®TKEbfdJat d007.t HY mgl 00 nmioly enpverdbingd v e unicrawayetvid. rIedeue is

partitio bet n ter. The phases .arg s at

P an o B8, S50 0umel TAERNDA et s 281 B0 AREES BPDIEL 9B oD,
filteredaddeathndh@eSehatit isi featedMBV 8@ MitryWREk0at THE °Crivdelsr asmdee The
purified by reverse phase preparative HPLC to afford the title corrpound (40

ng); m zregulgng pikure wydikideith watesgngd ethy] pegtete apgl filferedt Wdy orgarag ghase

synt hesi fr I
Exanplesé%%E%QTgéﬁk%%%éhangﬁgfgﬁgéeggN%gﬁ% (%?%Léﬂ%ﬁa%osﬁ%gﬁg%ﬁi?&8|un(O)
as catalyst. Method 28: Synthesis of
5-15-1-1-(5-Pyridin-3-y1-1,2,4-oxadiazo| 3-y1)-cyc|obuty|I-pyridin-2-y11-
pyri m di n-2-yl am ne (Exanple 73, Tablﬁ 1-4. 1R7Ex. 73 1-4.1 (115 nmy,
0.37 mol ) is treated with tol uene/et anol m xture (1:4 3.0 nmL), R7 (61 ng,
0.44 mol ), 2M Na2C33 (0.40 m., 0.81 nmol),

1, 1' - bi sdi phenyl phosphi nof errocene (20 ng, 0.04 nmol), and

di chl oro(1, 1' - bi sdi phenyl phosphi nof errocene) pal I adi un(11) (30 ng, 0.04
nnDI) and the resultlng nlxture |s heat ed at 90 C for 3 hours The

e o o I T



Exanples in table 1 listed wth nethod 30 are synthesized in a simlar
fashion. Method 31 Synthesis of

5-{1- 1- 5-W0-20rauen393- y1- 1H pyrazol -4-yl)-[ 1, 2, 4] oxadi azelCT8rsgéihoyrsobut yl | -
42, 3" | bi pyridinyl -6' -yl am ne (Exanpl e 145) Exanple 145 Step 1:

Synt hesi s of

1-[6-(5-am no-pyrazin-2-yl)-pyridin-3- yl] cycl obut anecarbonitrile (R65) In

a20mM mecro ti.on vesse e ned 250 . 1.44 ) and
Ro4_( Boomrgn s By BF) SRy Gty (80 S T He Betine o bh s i s, ng
argon afﬁqeﬁrnn‘e@ﬂaehIeks%gﬂh{/mbeaxmhﬂsr)hl ne) palladium(0) (100 ng, 0.09
mmol ) is added. The reaction is degassed once nore, capped and warmed to
115C for Ih. Upon cooling to anmbient tenperature, |-1.1 is introduced al ong
with tetéaﬁ sGLr /L phos h; ). lDI). The
vessel 3% ‘J ' ~ims - Frs— reaction
IS cooleqnﬁﬂﬁwqgu@gﬂunated The crude IS suspended in DCM MeOH, treated
with silica gel and concentrated. The resulting solid is purified via flash

chromat ography (Silica gel, 0-10@3%52%V[X}9P&9 give R65 (220 mz 252.2

t hesi s of

1-[6-(5-amn ! zin-2-yl)- yrlg yl]“*ﬂ%%ﬁpexycyclobu angcar¥gxam di ne
(R66) To a i dtmuspensnoﬁ\ R65 (220 0 88 hanol (4 m)
i s added yl am ne 509& sol uti on, . The jjesylting m xture is

stirred at 80C overnigh AndN cooled to room r{ npen@Nurel The reaction is
concentrated gngd the renainipgg residue is dit ed wi t h water. The
precipitated yellow solid is collected via filtration and washed w th water
to give R66 sﬁsbkﬁsmig))fl SﬂQ& 08¢, S,S’Btnhﬁsll) an®R8 (4.13 g, 18.7 mmol) in THF (30
5-(5-1145-(1H pyra 4] oxadi azol - 3-y11-cy C|°b“;§

41
B by acd BIEaL {1k hS6 e anbeniraiod S bR G ORLD 1B The, 0. 61
| t
R T
0. 40 rmopyrificsl et .chfblnmtmgspﬂyt(ﬂr[gz, 036 uicehansl/GEC Bltoat fBOBeftale 3 hour s,

cooled to room t rature t ed with acetic acid (AcOH) (8 m). The
reaction“?%“ﬁgkﬁggpgdﬁg@%r&%gggﬂ&ﬁggd overni ght. Upon cooling to room
tenperature, the reaction is concentrated and diluted with water. The
product is extracted into DCM (2x). The conbi ned organics are washed with
brine, difhedol{asgaptermedinterigdsyatigsicohdert siatibd. fasthen femmithd agpropditdue i s
purified via flash chromatography (Silica gel, 0-10% MeOH DCM to afford
R67 (50 W8$"™i1z 361.2 [MrH. Step 4: Synthesis of

5-1145- (1- Oxet an- 3-y1- 1H pyrazol - 4-y1) 41, 2, 4] oxadi azol - 3-y1] -
cyclobutyl1}-12 31bipyridinyl-6'"-ylamne (anrml e 145) A m xture of R67 (50
my, O. 14Im¢fm€ﬂlat¢€38 (51 rﬁgﬂlCOlrQS mol ) mfdMothdsi um carbonate (38 ng, 0. 28
mmol ) | P DM (2t )—are stirred—at—80Gover night. After this time the
reactiopn is cooled to roomtenp ure and poured into water and Et OAc. The
| ayers pre separated and the us phase is eftracted twice nore with

Et 0OAc. [The copbi ned organicg arle ditied (Mgh04), |filtered and concentrat ed.
The renpi ning’res|due bFfed via (fla %hrcnatography (Silica gel,

0- 8%veOH DCM to affor the title conpound (35 ng); mz 417.3 [ M+H]
Exanples in tabl el 1°NSIN¥d with method 31 are synthesized in a simlar
fashionl Method 3p SVntheS|s of
1- ( 3- 11516 2=Amho=-pyrimdin=5=yi)=pyrirdin=3=yt| - cycl obut y11- 11, 2, 410

xadi azol - 5-y1) - pi peri di n- 4- ol (Exanple 154) Exanple 154 Step 1: Synthe5|s
of 341-($y (A MetiBy ) gKadi azol -5-o0l (R68) To a
solution o . 8. ) H3C is added CDI (3.593 g,
22.16 mey ecarkondtrile (mteyapedigted-L.8hcti on nmixture is stirred at 75C for
18 hours. After this tine, the reaction mxture is concentrated in vacuo
and the resulting residue is quenched 1N HCl aqueous solution and extracted
with ethyl acetate twi ce. The organics are conbi ned and washed with bri ne,
dried over Na2SO4, filtered and concentrated in vacuo to afford the title
compound (2.13 g) as an off white solid; mz 252.4 [M1l]. Step 2: Synthesis
of 2-Chl oro-541-(5-chloro-[1, 2, 4] oxadi azol - 3-y1)-cycl obutyl | - pyri di ne (R69)
To a solution of R68 (300 ny, 1.192 mmol) in DCM (4 nlL) is added POC13
(0.175 ni, 1.910 mmol) and pyridine (94481 m., 5.960 mmol) in a pressure
flask. The reaction mxture is heated'rn a m crowave at 120C for 1 hour.
After this time, the reaction mxture is poured into ice water and
extracted with DCMtw ce. The organics are conbi ned and washed with brine,
dried over Na2504, filtered and concentrated in vacuo. The crude is
pur|f|ed by flash chronatography (5|02 5- 40%)Et0Ac/heptanes) to afford the

- .1 Y Y Y. . O e T R T T S Y N N ~ ~




TFAA (73 ialL, 0.522 mmol) is treated with CH2C12 (1.0 nL) and pyridine
(42.2 iaL, 0.522 mml) and cooled to 0 C. To this mxture is added a

sol uti on wb 2@AEAPI3e 147 (48.0 ng, 0.104 mmol) in CH2CL2PCO/S20m)p52284 t he
resulting mxture is warmed to roomtenperature and stirred for 1 hour. The
reaction is then quenched by the addition of saturated NaHCO3 and stirred
for 30 mnutes. The mxture is diluted with CH2Cl2and water and the | ayers
separated. The aqueous |ayer is extracted again with CH2Cl12 and t he

conbi ned organics are dried over Na2504, filtered, and concentr
crude residugis then treated with TH 1 0 nLQ(pPhwater (0.5

(0.2 nm), Mthl um hy#roxide no
resul ting ure is heated at 40 3'0 m m‘ﬁ xtUre is then
diluted wit hR;sGatur ated NgiHCO3 and et“hyl acet at nd t yers separ at ed.
The aqueous I's then extract ed vvith et byl acet afféfagai nl and’ t he.scombi ned

organi cs rie er 2S e once he resul ting
Cesi due R2 VI @%mm% afe%%ﬁﬂ r‘%‘* 8 9<§a &93\,9 PR T g ELER 10 0
ng) . Eanﬁlr%%l ting ixHie 11dq2pssed o1 fratedavigy BAEPRVREYY 7¢ Q?r?6a simlar
f ashi on. mms Fsgoly el hegglﬁfqﬁ@gs, heatgfl at 95 °C for 2 hours at which tlme it is treated with I-

5- 1- 5- (11.150.p1 ¢( 21 Amimel) 2ndrBd@Pha)p (BFyng.-01360pymal simdd) adajmand Irawdekadi azol -
3- y11- cy2d tBovegrhighpyihiedeartida yiktupyisiconatintra®@d yit emiunend puafipd ey ad) Step
1: Synt hé@sbomawkrdph {Si4; 0-8% mkthinolJ@H,Cl,) to afford the title intermediate I-1.8

(2-am no¢1pyd ¢)irhidt D6 H2 YNIHHPIThE ddiowiny idterntedcdt @i Yyntlesized in a similar

[1, 2, 4] ogakibARZOkT e Y% %ro MieF&oedrsy11- 1, 1- di met hyl - et hyl } - carbam ¢ aci d
tert-butyl ester (R7 74 (110 ng, 0.202 nmol) is treated with tol uene

(1.00 nL), DIEA (70.3 1L, 0 403 mol ), t-butanol (1.00 ni), and

di pheny| phasphorte| azi de Sgebwde ng, 0. 25F/zifivbiE] and the resulting m xture is
stirr edat—85-C-oyernight—An—-addi-tional—chargejof t-butanol (0.5 nL) is

t hen added and th i i >d agai n oyernight. The resulting
m'xtureis dilute and washed with water and then
saturatp iled gver Na2504, filtered, and

concent | at Dghgm » | SOOD 2012/ 040139PCT/ US2011/ 052254
purified by flash iing 0-10% et hanol / CH2C12 to give the
title cpnpound (338, tesis of 5{1-5 (1 {5 rl (2

am no- 2r net hyl - pr prl) 1H pyrazol -4-y11-
1-1, 2, 40oxadi azol } 3-y11-cycl obuty] ) -pyridi n-2-ylL1l-pyrimdin-2-yl am ne
(Exanmpl g 150) R75 (33.0 ny, nmol) is treated with CH2C12 (1.0 ml)

c O

and TFA (0.25 nlL)|and the reg ag. mixture is stirred for 1.5 hours. The
m xture| i sitih@n cpncent rate drymess amsd.4gouri{fied directly by
rever set phase preparatgve to give the title conpound (21.0 ny). Table
1. Fina] conpounds. |l e Structure Met hod Retention tinme mz LCVS
method I H2N N N | PN INNO N ( 10 6.56 556.8 E 0N 2 2N N, NN

I\ NN-O \ /O H2ZN 0

Carboxamidine Intermediate
Synthesis of 1-(6-chloro-pyridin-3-yl)-N-hyvdroxy-cyclobutanecarboxamidine
(Intermediate 1-2.1)

~Y NH,
\ N —_—
AN ¥ - = N<
P N HaN-OH cI” N OH
CI N

1.1 R9 -2.1
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2 4.10 444.7 E 3 H2 NI NI NONN/--\ NNH\_/ 19 3.79 456.7 E WO
2012/ 040139PCT/ US2011/ 052254 4 N HZN O N I\ NN-O N\ N_ NH 10 4.35 361.6 E
5 NI WO 2012M4019N-0 . 10 2.33 385.1 1 6 HZN N N 1 NPCHUSQ04432254 10 2. 27
385.01 7 HZN NN 1 N NO 4 4, 9 sll-

To a solution of I-1.1 (30 g, 0.156 mol) in ethanol (400 mL) is added R9 (50% aqueous
solution, 95.4 mL, 1.56 mol). The reaction mixture is stirred at 80 °C for 18 h. The
reaction is cooled to room temperature, the ethanol is evaporated in vacuo, and the
concentrated mixture is extracted with CH,Cl, (DCM). The combined organics are dried
with Na,SOy, filtered and concentrated in vacuo to give the title intermediate I-2.1 (29.8
g); m/z 226 [M+H].

The following intermediates are synthesized in a similar fashion from the appropriate

reagents:

Intermediate Structure m/z [M+H]

[-2.2 256

/(ﬁg%/l\mz
Cl |N/ N‘OH
o)
1-2.3 CEQ/NHZ 256
Br |’N N~oH

Synthesis of 1-[6-(2-amino-pyrimidin-3-yl)-pyridin-3-yl]-N-hyvdroxy-

cyclobutanecarboxamidine (Intermediate 1-3.1)

ﬁ/(jgzN”{NOH - .

I-1.6 [-3.1

To a solution of I-1.6 (8.85 g, 35.2 mmol) in ethanol (40 mL) is added R9 (50% aqueous
solution, 20 mL, 326 mmol). The reaction mixture is stirred at reflux for 18 hours. The
reaction mixture is cooled to room temperature, the ethanol is evaporated in vacuo, and

the precipitate is collected via filtration to yield the title intermediate I-3.1 (8.80 g); m/z
285 [M+H].
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O 10 1.58 448.9 1 8 HZ NI * NNNO ,=NH 2 4.51 415.6 E9 HZN NN 6 N -
2 6.11 427.6 B I, NN-O WO 2012/ 040139PCT/ US2011/ 052254
10 N H2NNO 2bi2/a432 N I\ N-OH 18 3.97 376.6 E 11 N, H2RNT/US2011/052254

The following intermediates are synthesized in a similar fashion from the appropriate

reagents:
Intermediate Structure m/z [M+H]
y NH,
I I
I-3.2 285.2
SN N
A -
HNT N
1-3.3 299.2
I-3.4 299.2
I-3.5 299.9
I-3.6 285.1

Pyridyl Halide Intermediates
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N NN(:\)11. -S--C 0" \ 10 2.14 449.2 C 12 N | H2NN NN_H 2 5.95
459.6 B N'>NO\ r HO4. _. 13 N, HZNN N N NH - 1\\/ 0 2
6. 70 473.¥§OBODA4N3B2NN |, N1 / NH NONN 10 4. 23 362. @CEUB201V0525

Synthesis of 2-Chloro-5-[1-(5-pyridin-3-vl-1.2.4-oxadiazol-3-yl)-cyclobutyl]-pyridine
(Intermediate 1-4.1)

O
NH HCI
+ =
z N\OH A | ,\\1 =N
~ -~
Cl N Cl N

Q
O

[-2.1 R10 WE

R10 (356 mg, 2.00 mmol) is treated with pyridine (2 mL) and I-2.1 (500 mg, 1.33 mmol)
and the resulting mixture is heated at 110 °C until the starting material is consumed. The
reaction is cooled to room temperature and the solvent is removed in vacuo. The residue
is diluted with ethyl acetate and saturated aqueous NaHCOj5 and the phases are separated.
The aqueous phase is extracted twice more with ethyl acetate and the combined organics
are washed twice with saturated aqueous NaHCO; and once with brine. The organics are

collected, dried over Na,SQOy, filtered, and the solvent is removed in vacuo to give [-4.1

(285 mg); m/z 313 [M+H].

Synthesis of 2-Chloro-5-{1-[5-(1H-pyrazol-4-y1)-1.2.4-oxadiazol-3-yl]-cyclobutyl}-

pyridine (Intermediate 1-4.2)

H
N-N
B Cl,
e X — YT
Cl \
Cl N/ NH, HO @] Cl N/ N\O NH
2.1 |-4.2

R11 R12

R11 (156 mg, 1.40 mmol) is treated with pyridine (10.0 mL) and R12 (116 pL, 1.60
mmol) and the resulting mixture is stirred for 30 minutes. 1-2.1 (300 mg, 1.33 mmol) is
then added and the reaction is stirred at 110 °C for 18 hours. The resulting mixture is
cooled to room temperature and the solvent is removed in vacuo. The residue is
partitioned between CH»Cl, and saturated aqueous NaHCO3 and the phases are separated.

The organic phase is dried over Na,SQy, filtered, and the solvent is removed in vacuo to

give [-4.2 (187 mg); m/z 301.9 [M+H].
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N N I---NNO'\ N26 1.87 338.2 C WD 2012/ 040139PCT/ US2011/ 052254 16
N H2NN * N - NH N5 4.36 445.7E 1) NO HO O 17 NI

NN-O S- NHvO 200/0408% 450.2 C 18 NI H2NN N -1d N N r 2 BCIVSAET06228¢ |)
NN- 0

Synthesis of 2-(4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1.2.4-oxadiazol-5-vyl}-
pyrazol-1-y1)-N-methyl-acetamide (Intermediate 1-4.3)

= i DAY
\ N
{ N~ ©

R13
l-4.2 (NMP) -4.3

[-4.2 (23 wt% with NMP, 691 mg, 0.527 mmol) is treated with DMF (4.0 mL), R13 (84.1
mg, 0.553 mmol), and K,COj3 (109 mg, 0.790 mmol) and the reaction is heated at 80 °C
for 17 hours at which time R13 (8 mg, 0.0.026 mmol) and K,CO3 (3.6 mg, 0.026 mmol)

are again added and the reaction is heated at 80 °C for 16 hours. The solvent is removed
in vacuo and the residue is partitioned between water and ethyl acetate. The layers are
separated and the aqueous is again extracted with ethyl acetate. The combined organic
phases are washed with brine and the solvent is removed in vacuo to give 1-4.3 (195 mg);

m/z 373.3 [M+H].

Synthesis of (4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1.2.4-oxadiazol-3-yl}-

pyrazol-1-yD-acetic acid ethyl ester (Intermediate 1-4.4)

= =N
\
\>/§NH + r O /(jQ( A\ \ "\l
~0 0

-4.2 R14

l-4.4

I-4.4 is prepared according to the method for I-4.3 using R15 in place of R13 to give 1-4.4
(259 mg); m/z 388 [M+H].

Synthesis of 2-(4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1.2.4-oxadiazol-5-vyl}-
pyrazol-1-vl)-N.N-dimethyl-acetamide (Intermediate 1-4.5)
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HO- . 19 NI H2 | NNNONH ',0 * 10 2.01 450.2 C 20 N HZNN NI N-O
N /[ |i] '"NFF 10 7.04 443.6 B 21 NI N* N-NH 2 6.19 459.6 B NN- O
HO WO0020102/40180 1 39PCT/ US2011/ 052254 22 PCT/US2011/052254

H-Cl
N =N
AN \ | N =N
B s NS S =S
| _ N-g] N + N * A | YN
N o~ N-o :/L
[T]/

0”0
) R15 R16 ©

4.4 l-4.5

R15 (164 mg, 2.00 mmol) is treated with toluene (6 mL) and R16 (2M in toluene, 0.280
mL, 2.00 mmol) and the resulting mixture is stirred for 30 minutes. 1-4.4 (259 mg, 0.669
mmol) is then added and the mixture is stirred at 100 °C for 2 hours. The reaction is
cooled to room temperature and water is added. The layers are separated and the

organics are dried with Na,SQOy, filtered, and the solvent removed in vacuo to provide I-

4.5 (200 mg); m/z 387 [M+H].

Synthesis of 2-chloro-5-[4-(3-pyridin-3-vl-1.2.4-oxadiazol-3-yl)-tetrahydro-pyran-4-

vl]-pyridine (Intermediate 1-4.6)

@]
Y e wCl - B N\>/©
~ Z = N=- =N
c” N7 N~oH CI” 'N O
|-2.2 R17 I-4.6

[-2.2 (500 mg, 1.96 mmol) is treated with pyridine (5 mL), and R17 (522 mg, 2.93 mmol)
and heated at 110 °C for 1 hour. The reaction is cooled to room temperature and the
solvent is removed in vacuo. The residue is diluted with ethyl acetate and saturated
aqueous NaHCOj; and the phases are separated. The aqueous phase is extracted twice
more with ethyl acetate and the combined organics are washed with saturated NaHCOs
twice, then brine. The organic phase is collected, dried with Na;SQ,, filtered, and the

solvent removed in vacuo to provide [-4.6 (525 mg); m/z 343 [M+H].

The following intermediate are synthesized in a similar fashion from the appropriate

reagents:
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NI H, 2 6.17 432.6 B N\ - O H I) NON 23 N ...,
\N 4'S 10 3.33 378 G I\) NN--O N 24 N,k HON 6 NI\ NN-O 10 3.23 362
G 25 N A wDbi2/Mo139\ NN O PCT/US2011/052254
Intermediate Structure m/z [M+H]
@)
1-4.7 N - 387
7T %@
Br >N N-o
@)
1-4.8 N - 387
G ha W)
Br X ~0
@)
\N
1-4.9 Z N =N 405
| | S \
B N N‘ON

Synthesis of 2-(4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1.2.4-oxadiazol-5-vyl}-

pyrazol-1-y)-2-methyl-propan-1-ol (Intermediate 1-4.10)

= =N 9 Step 1 O~
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Step 1: Synthesis of 2-(4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1,2,4-oxadiazol-5-
yl}-pyrazol-1-yl)-2-methyl-propionic acid methyl ester (R19)

R19 is prepared according to the method for I-4.6 using R18 in place of R13; m/z 402
[M+H].

Step 2: Synthesis of 2-(4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1,2,4-oxadiazol-5-
yl}-pyrazol-1-yl)-2-methyl-propan-1-ol (I-4.10)
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R19 (83.1 mg, 0.207 mmol) is treated with THF (2.0 mL) and cooled to 0 °C. R20 (9.0
mg, 0.41 mmol) is then added and the reaction is warmed to room temperature and stirred
for 2 hours at which time the solvent is removed in vacuo. The residue is partitioned
between saturated aqueous NaHCOj; and ethyl acetate and the organic layer is collected,
dried with Na,;SQy, filtered, and the solvent removed in vacuo to afford 1-4.10 (78 mg);
m/z 374 [M+H].

Synthesis of 2-(4-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-1.2.4-oxadiazol-5-vyl}-

pyrazol-1-y)-2-methyl-propan-1-ol (Intermediate 1-4.11)

g~ Mo N\ NH ’\\l% U oBH,

[-4.2

)\/OH
Step 2 | N ‘ N%l\‘l
—— =N
P N‘O

I-4.11 is prepared according to the procedure for I-4.10 using the appropriate reagents;

m/z 360 [M+H].

R20

Synthesis of (5-{3-[1-(6-Chloro-pyridin-3-vl)-cyclobutyl]-1.2.4-oxadiazol-5-vyl}-

pyrazin-2-yl)-(2-methoxy-ethyl)-amine (Intermediate 1-4.12)
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Step 1: synthesis of 5-chloro-pyrazine-2-carboxylic acid methyl ester (R24)

R23 (2.00 g, 14.3 mmol) is treated with R12 (10.0 mL) and to the resulting mixture is
added DMF (0.1 mL) dropwise. The reaction mixture is then heated at reflux for 4 hours.
The solvent is removed in vacuo and the residue is treated with methanol (10.0 mL) and
pyridine (1.39 mL, 17.1 mmol) and the resulting mixture is stirred overnight. The solvent
is removed in vacuo and the residue is purified by flash chromatography (Si0O,, 20%
ethyl acetate/cyclohexane) to give R24 (1.12 g); m/z 173 [M+H].

Step 2: synthesis of 5-(2-methoxy-ethylamino)-pyrazine-2-carboxylic acid methyl ester
(R26)

R24 (200 mg, 1.16 mmol) is treated with dimethyl sulfoxide (DMSQO) (4.00 mL) and R25
(151 mL, 1.74 mmol) and the resulting mixture is heated at 80 °C for 2 hours. The
mixture is diluted with water (5 mL) and acidified to approximately pH 2 with 2M
aqueous HCI. The resulting mixture is extracted 3 times with ethyl acetate and the
combined organic phases are washed with saturated brine, collected, dried over MgSOQOy,
filtered, and the solvent is removed in vacuo. The crude residue is purified by flash
chromatography (Si0O,, 90% ethyl acetate/cyclohexane) to give R26 (143 mg); m/z 212
[M+H].

Step 3: synthesis of 5-(2-methoxy-ethylamino)-pyrazine-2-carboxylic acid (R22)

R26 (143 mg, 0.701 mmol) is treated with THF (1.50 mL), water (1.50 mL) and lithium
hydroxide (25.2 mg, 1.05 mmol) and the resulting mixture is stirred at room temperature
overnight. The solvent is removed in vacuo to give crude R27 (138 mg); m/z 196
[M+H].

Step 4: synthesis of (5-{3-[1-(6-Chloro-pyridin-3-yl)-cyclobutyl]-1,2,4-oxadiazol-5-yl }-
pyrazin-2-yl)-(2-methoxy-ethyl)-amine (Intermediate 1-4.12)

R27 (138 mg, 0.700 mmol) is treated with DMF (7.00 mL), HATU (266 mg, 0.700
mmol), and triethylamine (TEA) (0.10 mL, 0.700 mmol) and the resulting mixture is
stirred for 5 minutes at which time I-2.1 (158 mg, 0.700 mmol) is added and the reaction
is stirred at 90 °C overnight. The solvent is removed in vacuo and the resulting residue is
partitioned between ethyl acetate and saturated aqueous NaHCOs and the layers are
separated. The aqueous phase is extracted twice more with ethyl acetate and the

combined organics are washed with water, brine, collected, dried over MgSQ,, filtered,
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and the solvent is removed in vacuo. The crude residue is purified by flash
chromatography (Si0O,, 50% ethyl acetate/cyclohexane) to give 1-4.12 (181 mg); m/z 387
[M+H].

Synthesis of 2-Chloro-5-{1-[5-(1-oxetan-3-vl-1H-pyrazol-4-v1)-[1.2.4]oxadiazol-3-yl]-

cyclobutyll-pyridine (Intermediate 4.13)

AN /N-O

H | | P N
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N =N O / \N
N/
4.2 R38 1-4.13 (g
O

I-4.13 is prepared according to the method for I-4.3 using R38 in place of R13 to afford
the title compound (500 mg).

Synthesis of 1-(4-{3-[1-(6-Chloro-pyridin-3-vyl)-cyclobutyl]-[1.2.4]oxadiazol-5-vyl}-

pyrazol-1-y)-2-methyl-propan-2-ol (Intermediate 1-4.14)

|\ /N-O
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|-4.2 R37 I-4.14 HO

I-4.14 is prepared according to the method for I-4.3 using R37 in place of R13 to afford
the title compound (600 mg).

Synthesis of 5-(5-{1-[5-(1H-Pyrazol-4-v1)-[1.2.4]oxadiazol-3-yl]-cyclobutyl}-pyridin-

2-yl)-pyrazin-2-ylamine (Intermediate 1-5.1)
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I-5.1 is prepared according to method 10 to afford the title compound (470 mg).

I-5.1

The following intermediates are synthesized in a similar fashion from the appropriate

reagents:

Intermediate Structure m/z [M+H]
I-5.2 375.2
I-5.3 374.9

Method 1:

Synthesis of 5-(5-{1-[5-(6-chloropyridin-3-vyl)-1.2.4-oxadiazol-3-vl]-

cyclobutyllpyridin-2-yD)-pyrimidin-2-amine (Example 99, Table 1)

O

i,
S NH, 0 = s Z \ N@ol
| | + HO X (CDI) X | N~ =N
P R —— X o
N N N‘OH | = )NI\ N
NT e
A - HN™ N

I-3.1 R28
Ex. 99

R28 (5.41 g, 19.0 mmol) is treated with THF (25 mL) and CDI (3.09 g, 19.0 mmol) and
heated at 50 °C for 20 minutes at which time I-3.1 is added and the reaction is refluxed

overnight. The reaction is cooled to room temperature and the resulting precipitate is
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collected by filtration and recrystallized from acetonitrile to afford the title compound
(5.68 g); m/z 406.2 [M+H].

Examples in table 1 listed with method 1 are synthesized in a similar fashion. Example
32 uses NMP as solvent and the second stage is heated at 100 °C overnight. Example 57
uses DMF as solvent and is heated at 100 °C for 3 hours. Examples 81 and 83 use NMP
as solvent, the first stage is run at room temperature, and the second stage is at 70 °C for
30 minutes. Examples 88 and 94 use NMP as solvent and the second stage is run at 80
°C for 2 hours. Example 120 uses NMP as the solvent and the second stage is run at 130
°C for 2 hours. Example 132 uses dimethylacetamide as solvent and is heated at 140 °C

for 55 minutes.

Method 2:
Synthesis of 5-[5-(1-{5-[6-(propan-2-ylamino)pvridin-3-vyl]-1.2.4-oxadiazol-3-yl}-

cyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 114, Table 1)

N
N. x N/ N
* NH, ——= )NI\\ Nig ~0
7\ H N7 N7

N= R29
Ex. 99 cl

Ex. 114
Example 99 (50 mg, 0.123 mmol) is treated with THF (2 mL) and R29 (0.5 mL) and the
resulting mixture is heated at 100 °C for 2 hours. The solvent is removed in vacuo and
the resulting residue is suspended in water. The precipitate is collected by filtration and
recrystallized from acetonitrile/methanol to afford the title compound (50 mg); m/z 429.6
[M+H].
Examples in table 1 listed with method 2 are synthesized in a similar fashion. Examples
43, 45, and 47-49 are run at 60 °C overnight; example 125 is run in NMP at 100 °C for 3
days with 3 equivalents of TEA added; example 21 is run in THF at 100 °C for 3 days;
example 111 is run at 100 °C for 24 hours; examples 50 and 52 are run in NMP at 100 °C
overnight; examples 34 and 116-118 are run neat at 80 °C for 2 hours; example 112 is

run neat at 100 °C for 2 days; example 13 is run in NMP at 100 °C for 6 hours with 3
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equivalents of TEA added; example 51 is run in NMP at 100 °C overnight with 3
equivalents of TEA added; example 2 is run in NMP at 100 °C for 6 hours.

Method 3:
Synthesis of 3-{4-[5-(3-{1-]6-(2-aminopyrimidin-5-yDpyridin-3-vl]cyclobutyl}-1.2.4-

oxadiazol-5-yDpyridin-2-yllpiperazin-1-yl}propanoic acid (Example 33, Table 1)

Ex. 47 Ex. 53

Example 47 (400 mg, 0.720 mmol) is treated with THF (2 mL), methanol (2 mL) and SM

aqueous NaOH (2 mL) and stirred overnight. The solvent is removed in vacuo and the
resulting residue is acidified with concentrated aqueous HCI and the solvents are again
removed in vacuo. The residue is purified by reverse-phase preparative HPLC to afford

the title compound (162 mg); m/z 528.2 [M+H].

Method 4:
Synthesis of methyl (2R)-1-[5-(3-{1-[6-(2-aminopyrimidin-5-yl)pvyridin-3-

vllcyclobutyl}-1.2.4-oxadiazol-5-yDpyridin-2-vl]piperazine-2-carboxylate (Example

38, Table 1)

N
N TN N NH
SO, UA Vo \/ ”
N-o ==

Ex. 38
Ex. 99 R30

Example 99 (120 mg, 0.296 mmol) is treated with R30 (361 mg, 1.48 mmol) and NMP
(0.150 mL) and heated at 80 °C for 48 hours. The resulting mixture is cooled to room
temperature and treated with 4N HCl in 1,4-dioxane (1.50 mL) and stirred for 1.5 hours.

The resulting mixture is purified by reverse-phase preparative HPLC (C-18 silica, 10-
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30% acetonitrile/water/0.1% trifluoroacetic acid over 20 minutes) to afford the title
compound as a trifluoroacetic acid salt (110 mg), m/z 514.8 [M+H].

Examples in table 1 listed with method 4 are synthesized in a similar fashion.

Method 5:
Synthesis of (25)-4-[5-(3-{1-[6-(2-aminopyrimidin-5-yD)pyridin-3-yl]cyclobutyl}-

1.2.4-oxadiazol-5-yDpyridin-2-yl]piperazine-2-carboxylic acid (Example 41, Table 1)

=N / \
Z N =N /N Z | N\ N NH
| N N NH | /AR
NS N~ \ /" — NN N~0 OH
N -
A~ 7 H N)l\N/ J
H,NT N © 2

Ex. 41

Ex. 39

Example 39 (135 mg, 0.215 mmol) is treated with methanol (1.00 mL) and 5M aqueous
NaOH (1.00 mL) and the resulting mixture is heated at 70 °C for 2 hours. The mixture is
then cooled to room temperature and filtered to afford the title compound (35 mg); m/z
500.7 [M+H].

Examples in table 1 listed with method 5 are synthesized in a similar fashion. Example 16

used sodium methoxide in place of NaOH with water as a co-solvent.

Method 6:
Synthesis of methyl 1-[5-(3-{1-[6-(2-aminopyrimidin-5-yDpyridin-3-yl]cyclobutyl}-
1.2.4-oxadiazol-5-yD)pyridin-2-vl]-L-prolinate (Example 36, Table 1) and 1-[5-(3-{1-

[6-(2-aminopyrimidin-5-yD)pyridin-3-yl]cyclobutyl}-1.2.4-oxadiazol-5-yDpyridin-2-
yl]-L-proline (Example 35, Table 1)
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Ex. 35

Example 99 (100 mg, 0.246 mmol) is treated with R31 (204 mg, 1.23 mmol), NMP (0.5
mL), and TEA (0.5 mL) and the resulting mixture is heated at 80 °C for 2 hours. The
crude mixture containing both title products is directly purified by reverse-phase
preparative HPLC (C-18 silica, 10-50% acetonitrile/water/0.1% trifluoroacetic acid over
20 minutes) to afford the title compounds example 35 (24 mg), m/z 499.8 [M+H] and
example 36 (24 mg), m/z 512.8 [M+H].

Method 7:
Synthesis of 5-[5-(1-{5-]6-(1H-imidazol-1-yD)pyridin-3-vl]-1.2.4-oxadiazol-3-
vllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 31, Table 1)

N
jﬁ% *Q Satas
N-o

Ex. 31
R28

\
R28 (1.21 g, 7.74 mmol) is treated with NMP (7.00 mL) and CDI (1.25 g, 7.74 mmol)
and heated at 50 °C for 20 minutes. To this mixture is then added I-3.1 (2.00 g, 7.03
mmol) and the resulting mixture is heated at 130 °C for 2 hours. The mixture is cooled to

room temperature and treated with water (70 mL) and the solid is collected by filtration.
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This crude mixture is purified by flash chromatography (SiO», 0-10% methanol/CH-Cl»)
to afford the title compound (245 mg); m/z 438.6 [M+H].

Method 8:
Synthesis of 5-[5-(1-{5-][5-(4-methylpiperazin-1-yl)pyrazin-2-vl]-1.2.4-oxadiazol-3-

vllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 61, Table 1)

N /=)
N
+ =N Step1 - Nso N_—
O \ — N° N +
N\/\m cDl P N
H,N N |
R32 R33
R34
N /7
= N\>,<// SN N7
Step 2 | P l\\l~ = ~/
—_— N™ N o
A 2
HNT N
Ex. 61

Step 1: synthesis of 5-(5-{1-[5-(5-imidazol-1-yl-pyrazin-2-yl)-1,2,4-oxadiazol-3-yl]-
cyclobutyl }-pyridin-2-yl)-pyrimidin-2-ylamine (R33).

R32 (300 mg, 1.89 mmol) is treated with DMF (5.00 mL) and CDI (306 mg, 1.89 mmol)
and stirred at 50 °C for 20 minutes. To this mixture is added I-3.1 (488 mg, 1.72 mmol)
and the resulting mixture is heated at 110 °C for 2 hours. The solvent is removed in
vacuo and the resulting residue is partitioned between ethyl acetate and saturated aqueous
NaHCQOs. The phases are separated and the resulting precipitate in the aqueous phase is
collected by filtration. The organic phase is dried over Na,SOy, filtered, and the solvent
is removed in vacuo. The collected solids from the aqueous layer and the residue from the
organics are combined to afford R33 (384 mg); m/z 439.0 [M+H].

Step 2: synthesis of 5-[5-(1-{5-[5-(4-methylpiperazin-1-yl)pyrazin-2-yl]-1,2,4-oxadiazol-
3-yl}cyclobutyl)pyridin-2-yl]pyrimidin-2-amine (example 61).

R33 (284 mg, 0.389 mmol) is treated with DMSO (1.00 mL), K,CO; (53.7 mg, 0.389
mmol), and R34 (64.7 uL, 0.583 mmol) and the mixture is heated at 80 °C for 1 hour.
The mixture is cooled to room temperature and diluted with water (3 mL) and rendered

basic (pH >9) by addition of 2M aqueous NaOH. The resulting mixture is extracted 3
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times with CH,Cl, and the combined organic phases are washed with brine, dried over
Na,SO,, filtered, and the solvent is removed in vacuo. This crude mixture is purified by
flash chromatography (S10,, 0-10% methanol/CH,Cl,) to afford the title compound (90.8
mg); m/z 470.2 [M+H].

Method 9:
Synthesis of 5-[5-(1-{5-]6-(methylsulfonyl)pyridin-3-vyl]-1.2.4-oxadiazol-3-

vllcyclobutyD)pyridin-2-yl]pyrimidin-2-amine Example 119, Table 1)

N _ N =N, 0
YTy O g SR e Vas
— + -
NN N-o0 o) NN N~0
)l\/ )l\/
HNT N

R35 Ex. 119

Ex. 99
Example 99 (50.0 mg, 0.123 mmol) is treated with NMP (0.75 mL) and R35 (148 mg)
and the resulting mixture is heated at 80 °C for 2 hours. The mixture is cooled to room
temperature and filtered. The filtrate is purified by reverse-phase HPLC (15-65%
acetonitrile/water/0.1% trifluoroacetic acid) to afford the title compound (23.0 mg); m/z

450.2 [M+H].

Method 10:
Synthesis of 5-(5-{1-[5-(1-methyl-1H-pyrazol-4-vyl)-1.2.4-oxadiazol-3-

vllcyclobutylipyridin-2-yD)pyrimidin-2-amine (Example 102, Table 1)

N ~
dRSad
N \N N~o
A 2
H,N N

Ex. 102

[-3.1 R36

R36 (53.2 mg, 0.422 mmol) is treated with NMP (1.50 mL), diisopropylethylamine
(DIEA) (0.08 mL, 0.42 mmol) and HATU (161 mg, 0.422 mmol) and stirred for 15
minutes. To this mixture is added I-3.1 (100 mg, 0.352 mmol) and the resulting mixture

is heated at 100 °C for 4 hours. The reaction mixture is directly purified by reverse-phase
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HPLC (10 to 35% acetonitrile/water/0.1% trifluoroacetic acid) to afford the title
compound (46.0 mg); m/z 375.2 [M+H].

Examples in table 1 listed with method 10 are synthesized in a similar fashion. Example
1 is heated at 130 °C for 6 hours. Examples 4, 123-124, and 127 use TEA in place of
DIEA and are heated at 100 °C for 16 hours. Examples 5-7, 11, 17, 19, 93, 96-98, 101,
and 129-130 use TEA in place of DIEA and are heated at 80 °C overnight. Example 14
uses TEA in place of DIEA and is heated at 100 °C for 1 hour. Example 20 uses TEA in
place of DIEA and is heated at 100 °C for 2 hours. Examples 23-26 use TEA in place in
DMF and are heated at 110 °C for 2 hours. Example 27 uses TEA in place of DIEA in
DMF and is heated at 80 °C overnight. Example 28 uses TEA in place of DIEA and is
heated at 110 °C overnight. Example 74 uses no base and is heated at 80 °C for 2 hours.
Example 86 uses TEA in place of DIEA in DMF and is heated at 120 °C for 1 hour.
Examples 91 and 92 use TEA in place of DIEA in DMF and is heated at 80 °C for 2
hours. Example 100 and 109 use TEA in place of DIEA and is heated at 80 °C for 2
hours. Example 104 is heated at 130 °C for 2 hours. Examples 75, 77-80, and 131 use
TEA in place of DIEA in DMF and are stirred at room temperature overnight prior to
heating at 110 °C for 4 hours. Example 133 uses dimethylacetamide as solvent and is
heated at 100 °C for 1.5 hours. Example 134 uses dioxane as solvent and is heated at 90
°C for 16 hours, then 100 °C for 8 hours. Example 135 uses dimethylacetamide as
solvent and is heated first at 100 °C for 1.5 hours, then 45 °C for 16 hours, then 90 °C for

5 hours.

Method 11:
Synthesis of 1-[4-(3-{1-]6-(2-aminopyrimidin-5-yDpyridin-3-vllcyclobutyl}-1.2.4-

oxadiazol-5-yD)-1H-pyrazol-1-vyl]-2-methylpropan-2-ol (Example 54, Table 1)
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Ex. 54

Example 90 (5.00 g, 13.9 mmol) is treated with R37 (4.00 g, 36.8 mmol), K,COs (2.88 g,
20.8 mmol) and DMF (50 mL) and the resulting mixture is heated at 80 °C for 60 hours.
The reaction mixture is diluted with ethyl acetate and washed with water and brine. The
organic phase is dried over Na,SQOy, filtered, and the solvent is removed in vacuo. This
crude mixture is purified by flash chromatography (Si0-, 0-5% 2M NHsin
methanol/CH,Cl,) to afford the title compound (2.58 g); m/z 433.4 [M+H].

Examples in table 1 listed with method 11 are synthesized in a similar fashion. Examples
63-64, 67-68, and 171 are stirred at room temperature for 18 hours. Example 69 is stirred
first at room temperature for 18 hours, then 65 °C for 18 hours. Example 70 is stirred at
room temperature for 4 hours. Examples 170 and 173 are stirred at room temperature for

18 hours. Example 172 is stirred at 75 °C for 18 hours.

Method 12:
Synthesis of 5-[5-(1-{5-]1-(oxetan-3-yl)-1H-pyrazol-4-yl]-1.2.4-oxadiazol-3-

vllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 35, Table 1)

N =N 7 N =N
Q! Lk, T\ . R S
N 0 R | NN © hAmS
A - W
HN" N HN" N

Ex. 90 R38 Ex. 55

Example 90 (500 mg, 1.39 mmol) is treated with R38 (510 mg, 2.77 mmol), K,CO; (383
mg, 2.77 mmol) and DMF (8 mL) and the resulting mixture is heated at 50 °C for 18
hours. A second charge of R38 (510 mg, 2.77 mmol) is then added and the mixture is
heated at 80 °C for 18 hours. The reaction mixture is diluted with ethyl acetate and

washed with water and brine. The organic phase is dried over Na,SQy, filtered, and the
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solvent is removed in vacuo. The crude mixture is purified by flash chromatography
(S1032, 0-5% 2M NHj3 in methanol/CH,Cl,) to give a residue which is recrystallized from
acetonitrile to afford the title compound (265 mg); m/z 417.4 [M+H].

Examples in table 1 listed with method 12 are synthesized in a similar fashion. Example

176 uses a single treatment at 80 °C for 18 hours.

Method 13
Synthesis of 5-(5-{1-[5-(4-methyl-4H-1.2.4-triazol-3-yl)-1.2.4-oxadiazol-3-

vl]lcyclobutylipyridin-2-yl)pyrimidin-2-amine (Example 37, Table 1)

\
% 3 %
G g W TR — < l\LHN’\l’l\l
NN o NN o
H NJl\N/ A
2

Mel Ex. 37

Ex. 120
Example 120 (147 mg, 0.407 mmol) is treated with K,CO3 (84.3 mg, 0.610 mmol), DMF
(1.0 mL), and Mel (69.3 mg, 0.488 mmol) and the resulting mixture is stirred for 30
minutes. The mixture is purified directly by preparative reverse-phase HPLC (10-35%
acetonitrile/water with 0.1% TFA) to afford the title compound (28.0 mg); m/z 376.6
[M+H].

Method 14:
Synthesis of 5-{5-[1-(5-{1-[(methylsulfonyl)methvyl]-1H-pyrazol-4-y1}-1.2.4-

oxadiazol-3-yD)cyvclobutyllpyridin-2-yl}pyrimidin-2-amine (Example 71, Table 1)
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Ex. 71
Step 1: synthesis of 5-(5-{1-[5-(1-methylsulfanylmethyl-1H-pyrazol-4-yl)-1,2,4-
oxadiazol-3-yl]-cyclobutyl }-pyridin-2-yl)-pyrimidin-2-ylamine (R40).
R40 is synthesized according to method 11 at room temperature for 16 hours.
Step 2: synthesis of 5-{5-[1-(5-{1-[(methylsulfonyl)methyl]-1H-pyrazol-4-yl}-1,2.4-
oxadiazol-3-yl)cyclobutyl]pyridin-2-yl } pyrimidin-2-amine (Example 71).
Crude R40 (120 mg, 0.285 mmol) is treated with CH,Cl, (2.0 mL) and meta-
chloroperbenzoic acid (mCPBA) (155 mg, 0.628 mmol) and stirred for 3 hours. The
resulting mixture is diluted with saturated aqueous NaHCO; and CH,Cl; and the phases
are separated. The organic phase is dried over MgSOQy, filtered, and the solvent is
removed in vacuo. The crude residue is purified by preparative reverse-phase HPLC (10-
50% acetonitrile/water with 0.1% TFA). The resulting residue is partitioned between
NaHCOj3 and CH»Cl; and the phases are separated. The organic phase is dried over
MgSO,, filtered, and the solvent is removed in vacuo to afford the title compound (6.0

mg); m/z 453.4 [M+H].

Method 15:
Synthesis of 5-[5-(1-{5-[1-(difluoromethvyl)-1H-pyrazol-4-vl]-1.2.4-oxadiazol-3-

vllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 66. Table 1)
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Example 90 (150 mg, 0.416 mmol) is treated with R41 (72.0 mg, 0.498 mmol), Cs,COs
(676 mg, 2.08 mmol), and DMF (4.0 mL) and the resulting mixture is stirred at 60 °C for
24 hours. The resulting mixture is diluted with ethyl acetate and water and the phases are
separated. The organic phase is washed with brine, dried over Na,SOy, filtered, and the
solvent is removed in vacuo. The crude residue is purified by flash chromatography
(S103, 0-8% 2M NHj; in methanol/CH,Cl,) to afford the title compound (42 mg); m/z
411.4 [M+H].

Method 16:
Synthesis of 2-[4-(3-{1-]6-(2-aminopyrimidin-5-yDpyridin-3-vllcyclobutyl}-1.2.4-

oxadiazol-5-y1)-1H-pyrazol-1-vyl]-2-methylpropanoic acid (Example 65, Table 1)
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Ex. 65
Step 1: synthesis of 2-[4-(3-{1-[6-(2- Amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-
1,2,4-oxadiazol-5-yl)-pyrazol- 1-yl]-2-methyl-propionic acid methyl ester (R43).
R43 is synthesized according to method 11 with stirring at room temperature for 72 hours

(819 mg); m/z 461.4 [M+H]..
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Step 2: synthesis of 2-[4-(3-{1-[6-(2-aminopyrimidin-5-yl)pyridin-3-yl]cyclobutyl } -
1,2,4-oxadiazol-5-yl)- 1H-pyrazol-1-yl]-2-methylpropanoic acid (Example 65)

R43 (200 mg, 0.434 mmol) is treated with THF (2.0 mL), methanol (2.0 mL), and 2M
NaOH (2.0 mL) and the resulting mixture is stirred at 50 °C for 16 hours. The resulting
mixture is extracted with ethyl acetate four times, and the combined organic phases are
dried over Na,SOQy, filtered, and the solvent is removed in vacuo. The aqueous phase is
concentrated and the resulting solids are extracted with methanol and the extracts
combined with the organic phase residue. The combined crude residue is purified by

preparative reverse-phase HPLC (153 mg); m/z 447.3 [M+H].

Method 17:
Synthesis of 2-[5-(3-{1-]6-(2-aminopyrimidin-5-yDpyridin-3-vllcyclobutyl}-1.2.4-

oxadiazol-5-yDpyridin-2-yllpropan-2-ol (Example 82, Table 1)
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Example 81 (59.0 mg, 0.137 mmol) is treated with THF (2.0 mL) and R44 (1.4M in
toluene: THF 3:1, 0.49 mL, 0.69 mmol) and the resulting mixture is stirred for 2 hours.
The mixture is then partitioned between water and CH,Cl, and the phases are separated.
The organic phase is washed with brine, dried over Na,SQ,, filtered, and the solvent is
removed in vacuo. The resulting mixture is purified directly by preparative reverse-phase
HPLC (25-75% acetonitrile/water with 0.1% TFA) to afford the title compound (6.0 mg);
m/z [M+H].

Method 18:
Synthesis of 5-(5-{1-[5-(5-amino-1H-pyrazol-3-yl)-1.2.4-oxadiazol-3-

vl]lcyclobutylipyridin-2-yl)pyrimidin-2-amine (Example 10, Table 1)
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Step 1: synthesis of 5-(5-{1-[5-(5-nitro-2H-pyrazol-3-yl)-1,2,4-oxadiazol-3-yl]-
cyclobutyl }-pyridin-2-yl)-pyrimidin-2-ylamine (R46).

R46 is synthesized according to the procedure for method 10 heating for 1 hour (180
mg); m/z 406.6 [M+H].

Step 2: Synthesis of 5-(5-{1-[5-(5-amino-1H-pyrazol-3-yl)-1,2,4-oxadiazol-3-
yl]cyclobutyl } pyridin-2-yl)pyrimidin-2-amine (Example 10).

R46 (180 mg, 0.444 mmol) is treated with ammonium formate (280 mg, 4.44 mmol),
palladium on carbon (10 wt% palladium, 50.0 mg, 0.047 mmol), and methanol (8.0 mL)
and the resulting mixture is heated at 65 °C for 3 hours. The mixture is cooled to room
temperature, filtered through celite, and concentrated in vacuo and the residue is purified
by flash chromatography (SiO», 0-10% methanol/CH,Cl,). The resulting residue is
treated with acetonitrile and heated at 70 °C for 2 hours and then filtered to afford the
title compound (10 mg); m/z 376.6 [M+H].

Method 19:
Synthesis of 5-[5-(1-{5-]6-(piperazin-1-yD)pyridin-3-yl]-1.2.4-oxadiazol-3-

yvllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 3, table 1)
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Example 1 (115 mg, 0.207 mmol) is treated with 4.0M HCI in dioxane and stirred for 6
hours. The resulting solid is collected by filtration and dried to afford the title compound
as the hydrochloride salt (55.0 mg); m/z 456.7 [M+H].

Examples in table 1 listed with method 19 are synthesized in a similar fashion.

Method 20:
Synthesis of 5-[5-(1-{5-[5-(piperazin-1-yl)pyrazin-2-vyl]-1.2.4-oxadiazol-3-

vllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 60, Table 1)
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Step 1: synthesis of 2,3,5,6-tetrahydro-[1,2']bipyrazinyl-4,5'-dicarboxylic acid 4-tert-
butyl ester 5'-methyl ester (R49).

R47 (646 mg, 3.47 mmol) is treated with R48 (598 mg, 3.49 mmol), TEA (580 uL, 4.16
mmol), and NMP (10.0 mL) and the mixture is heated at 60 °C for 30 minutes. The
reaction is cooled to room temperature and poured into ice water and the resulting solid is
collected by filtration to afford R49 (1.03 g); m/z 323.1 [M+H].

Step 2: synthesis of 2,3,5,6-Tetrahydro-[1,2']bipyrazinyl-4,5"-dicarboxylic acid 4-fert-
butyl ester (R50).

R49 (890 mg, 2.76 mmol) is treated with ethanol (25 mL) and SN NaOH (2.76 mL, 13.8
mmol). The mixture is stirred for several minutes at which time water (approximately 10
mL) is added and the reaction is stirred for 24 hours. The resulting mixture is diluted
with water, acidified with acetic acid., and extracted twice with CH,Cl,. The combined
organic phases are washed with brine, dried over MgSQy, filtered, and the solvent is

removed in vacuo to afford R50 (690 mg); m/z 309.4 [M+H].
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Step 3: synthesis of 5'-(3-{1-[6-(2-amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-
1,2,4-oxadiazol-5-yl)-2,3,5,6-tetrahydro-1,2'-bipyrazinyl-4-carboxylic acid fert-butyl
ester (R51).

R50 (690 mg, 2.24 mmol) is treated with THF (10.00 mL) and CDI (370.7 mg, 2.29
mmol) and stirred at 50 °C for 30 minutes. To this mixture is added I-3.1 (600 mg, 2.11
mmol) and the resulting mixture is heated at 80 °C for 3 hours. The mixture is cooled to
room temperature, acetic acid (1.8 mL) is added, and the mixture is heated at 80 °C for 16
hours. The resulting mixture is cooled to room temperature, diluted with water and ethyl
acetate and the phases are separated. The aqueous phase is extracted twice with ethyl
acetate and the combined organic phases are washed twice each with water and saturated
aqueous NaHCOs, dried over MgSQOy, filtered, and the solvent is removed in vacuo to
afford R51 (970 mg).

Step 4: synthesis of 5-[5-(1-{5-[5-(piperazin-1-yl)pyrazin-2-yl]-1,2,4-oxadiazol-3-
yl}cyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 60).

Methanol (10.0 mL) is cooled to -5 °C and treated with acetyl chloride (1.00 mL). To
this mixture is added R51 (0.50 g, 0.90 mmol) and the resulting mixture is stirred for 16
hours. The resulting mixture is treated with 7N ammonia in methanol until basic by pH
paper and concentrated in vacuo. The resulting solid is treated with acetonitrile and
diluted with water. The mixture is filtered and the filtrate is treated with saturated
NaHCO; (3 mL) and the solid is collected by filtration to afford the title compound
(90.00 mg). m/z 457.3 [M+H].

Method 21:
Synthesis of 5-(5-{1-[5-(2-chloropyridin-3-vl)-1.2.4-oxadiazol-3-

vl]lcyclobutylipyridin-2-yl)pyrimidin-2-amine (Example 84, Table 1)
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I-3.1 (280 mg, 0.985 mmol) is treated with NMP (1 mL), DIEA (0.5 mL) and R52 (180
mg, 1.00 mmol) and the resulting mixture is stirred at 120 °C for 1 hour. The crude
residue is purified by flash chromatography (Si0;, 0-10% methanol/CH,Cl,) to afford the
title compound (20 mg); m/z 406.4 [M+H].

Examples in table 1 listed with method 21 are synthesized in a similar fashion.

Method 22:
Synthesis of 5-(5-{1-[5-(2-aminopyridin-3-vl)-1.2.4-oxadiazol-3-

vllcyclobutylipyridin-2-yD)pyrimidin-2-amine (Example 105, Table 1)
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Ex. 84

Example 84 (50 mg, 0.12 mmol) is treated with THF (2.0 mL) and the mixture is cooled
to -40 °C. Ammonia gas is bubbled through this solution for 5 minutes and the resulting
mixture is heated in a sealed vessel at 100 °C for 24 hours. The solvent is removed in
vacuo, the residue is treated with water (2.0 mL), and the resulting precipitate is collected
by filtration and purified by flash chromatography (SiO,, 0-10% methanol/CH,Cl,) to
afford the title compound (20 mg); m/z 387.6 [M+H].

Examples listed in table 1 under method 22 are synthesized in a similar fashion from

appropriate reagents.

Method 23:
Synthesis of 5-[5-(1-{5-[2-(methylamino)pyridin-3-vyl]-1.2.4-oxadiazol-3-

yvllcyclobutyl)pyridin-2-yl]pyrimidin-2-amine (Example 122, Table 1)
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Ex. 84 R53
Example 84 (50 mg, 0.12 mmol) is treated with 2M methylamine in THF (2.0 mL, 0.4
mmol) and heated in a sealed vessel at 100 °C for 2 hours. The resulting mixture is
diluted with water (2.0 mL) and the resulting precipitate is collected by filtration and
purified by preparative reverse-phase HPLC (50 mg); m/z 401.7 [M+H].

Examples in table 1 listed with method 22 are synthesized in a similar fashion.

Method 24:
Synthesis of 3-(3-{1-[6-(2-aminopyrimidin-5-yl)pyridin-3-yljcyclobutyl}-1.2.4-
oxadiazol-5-yDpyridin-2(1H)-one (Example 95, Table 1)

Ex. 84 Ex. 95

Example 84 (50 mg, 0.12 mmol) is treated with 1,4-dioxane (2.0 mL) and lithium
hydroxide (10% in water, 3 drops) and the mixture is heated at 70 °C for 24 hours. The
resulting mixture is diluted with water (2.0 mL) and the precipitate is collected by
filtration and purified by preparative reverse-phase HPLC (30 mg); m/z 388.5 [M+H].
Examples in table 1 listed with method 24 are synthesized in a similar fashion from

appropriate reagents.

Method 25:
Synthesis of 5-(5-{1-[5-(pvyrrolidin-1-vy1)-1.2.4-oxadiazol-3-yl]cyclobutyl}pyridin-2-

yDpyrimidin-2-amine (Example 76, Table 1)
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Step 1: synthesis of 5-{5-[1-(5-trichloromethyl-1,2,4-oxadiazol-3-yl)-cyclobutyl]-
pyridin-2-yl}-pyrimidin-2-ylamine (RS55).

I-3.1 (300 mg, 1.06 mmol) is treated with toluene (10.0 mL) and R54 (0.23 mL, 1.3
mmol) and the reaction is stirred at 110 °C for 2 hours. The resulting mixture is cooled to
room temperature and partitioned between ethyl acetate and water. The phases are
separated and the organic phase is washed with water and saturated aqueous NaHCOs.
The organic phase is dried over MgSQOy, filtered, and the solvent is removed in vacuo to
afford R55 (354 mg); m/z 413 [M+H].

Step 2: synthesis of 5-(5-{1-[5-(pyrrolidin-1-yl)-1,2,4-0xadiazol-3-yl]cyclobutyl } pyridin-
2-yl)pyrimidin-2-amine (example 76).

R56 (0.07 mL, 0.9 mmol) is treated with DMF (5.0 mL) and R55 (354 mg, 0.860 mmol)
and the resulting mixture is stirred for 30 minutes. The reaction is diluted with water and
ethyl acetate and the phases are separated. The organic phase is washed twice more with
water, dried over MgSOy, filtered, and the solvent is removed in vacuo. The crude
residue is purified by flash chromatography (Si02, 3% methanol/CH,Cl,) to afford the
title compound (76.9 mg); m/z 364 [M+H].

Method 26:
Synthesis of 5-(5-{1-[5-(dimethylamino)-1.2.4-oxadiazol-3-vyl]cyclobutyllpyridin-2-

yDpyrimidin-2-amine (Example 15, Table 1)
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R57 (75.0 mg, 0.539 mmol) is treated with HATU (284 mg, 0.746 mmol), TEA (0.30
mL, 2.16 mmol), and NMP (5.00 mL) and the mixture is stirred for 5 minutes. I-3.1 (153
mg, 0.539 mmol) is then added and the mixture is heated at 80 °C for 16 hours. The

mixture is purified directly by preparative reverse-phase HPLC to afford the title
compound (161 mg); m/z 338.2 [M+H].

Method 27:
Synthesis of 2-[4-(3-{1-]6-(2-amino-pyrimidin-5-yD)-pyridin-3-yl]-cyclobutyl}-1.2.4-

oxadiazol-5-yD)-pyrazol-1-yl]-N.N-dimethyl-acetamide (Example 59, Table 1)
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1-4.5 (200 mg, 0.516 mmol) is treated with DMF (2.0 mL), R7 (342 mg, 1.55 mmol), 2M
Na,COs (0.52 mL, 1.03 mmol), and bis(triphenylphosphine)palladium(II) dichloride (72
mg, 0.103 mmol) and the resulting mixture is heated at 80 °C overnight. The reaction is
passed through a PTFE filter, the solvent is removed in vacuo, and the residue is
partitioned between CH,Cl, and water. The phases are separated and the organic phase is
washed with saturated aqueous NaHCQOs, dried over Na,SQ,, filtered, and the solvent is
removed in vacuo. The crude residue is purified by reverse phase preparative HPLC to
afford the title compound (40 mg); m/z 446 [M+H].

Examples in table 1 listed with method 27 are synthesized in a similar fashion from the
appropriate intermediates I-4. Examples 152, 153, 166, and 175 use
tetrakistriphenylphosphinepalladium(0) as catalyst.
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Method 28:
Synthesis of 5-{5-[1-(5-Pyridin-3-vl-1.2.4-oxadiazol-3-yl)-cyclobutyl]-pyridin-2-vyl}-

pyrimidin-2-ylamine (Example 73, Table 1)
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I-4.1 (115 mg, 0.37 mmol) is treated with toluene/ethanol mixture (1:4 3.0 mL), R7 (61
mg, 0.44 mmol), 2M Na,COs; (0.40 mL, 0.81 mmol), 1,1’-bis-
diphenylphosphinoferrocene (20 mg, 0.04 mmol), and dichloro(1,1’-bis-
diphenylphosphinoferrocene)palladium(Il) (30 mg, 0.04 mmol) and the resulting mixture
is heated at 90 °C for 3 hours. The resulting mixture is cooled to room temperature,
filtered through celite and the crude residue is purified by preparative reverse-phase
HPLC to afford the title compound (34 mg); m/z 372 [M+H].

Examples in table 1 listed with method 28 are synthesized in a similar fashion from the

appropriate intermediate I-4.

Method 29:
Synthesis of 5-{5-[1-(5-{1-][2-(morpholin-4-yDethyl]-1H-pyrazol-4-yl}-1.2.4-

oxadiazol-3-yl)cyclobutyllpyridin-2-yl}pyrimidin-2-amine (Example 140)

“ N N
_ =
L ? 0
NS N TN )NI\\ SN No
| (\3 2
o
HZNJ\N o HNT N ™

NZN
o

Zz-Z2T

Ex. 90
R58 Ex. 140

Example 90 (75.0 mg, 0.208 mmol) is treated with DMF (1.50 mL), Cs2CO3 (153 mg,
0.468 mmol), and R58 (77.5 mg, 0.416 mmol) and the resulting mixture is stirred at 60
°C for 1 hour. At this time R58 (25 mg, 0.134 mmol) and Cs,CO3 (50 mg, 0.153 mmol)

are added and the reaction is heated at 70 °C for 1 hour. The mixture is purified directly
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by reverse-phase HPLC (10 to 70% acetonitrile/water/0.1% trifluoroacetic acid) to afford
the title compound (18.0 mg); m/z 474.4 [M+H].

Examples in table 1 listed with method 29 are synthesized in a similar fashion. Example
139 is heated at 70 °C for 1 hour and no second addition of reagents is needed. Example
141 1s heated at 60 °C for 1 hour, then 1.5 equivalents of halide and 2.25 equivalents of
base are added and heating was continued for an additional hour. Example 142 was

heated at 70 °C for 1 hour, then room temperature over a weekend.

Method 30:
Synthesis of 2-[4-(3-{1-]6-(2-aminopyrimidin-5-yDpyridin-3-vllcyclobutyl}-1.2.4-

oxadiazol-5-y1)-1H-pyrazol-1-yl]-N-tert-butyl-N-methylacetamide (Example 143)

N, /=N
N (=N )
Z | | »”QNH \ Step 1 & | N~ NN Step 2
X N-o + o) — NN © _—
N \([)]/\Br P 0”0

HN" °N
’ R60 k

A

N
A 2
HN- N Ex. 90 RS9

Zz-Z

N>/CN
= h H N =
N\
~ | ’\L NN ~N Step 3 Z | | YQ
NN © l " NN N~o J\
|
N 0” > oH W N

2 H,N N
R&1 R62 EX. 143 ﬂ\

Step 1: Synthesis of [4-(3-{1-[6-(2-Amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl } -
1,2,4-oxadiazol-5-yl)-pyrazol-1-yl]-acetic acid ethyl ester (R60).

R60 is prepared according to the procedure for Example 65 step 1 using R59; m/z 447.4.
Step 2: Synthesis of [4-(3-{1-[6-(2-Amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl } -
1,2,4-oxadiazol-5-yl)-pyrazol-1-yl]-acetic acid (R61)

R61 is prepared according to the procedure for Example 65 step 2 using R60.

Step 3: Synthesis of 2-[4-(3-{1-[6-(2-Amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-
1,2,4-oxadiazol-5-yl)-pyrazol- 1-yl]-N-tert-butyl-N-methyl-acetamide (Example 143).
R61 (13.2 mg, 0.180 mmol) is added to a reaction vial. A stock solution of HATU (1.71
2) in dimethylacetamide (20 mL) is prepared and added (0.800 mL, 0.180 mmol)
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followed by a stock solution of R61 (502 mg) and DIEA (0.627 mL) in
dimethylacetamide (DMA) (9.0 mL) (0.965 mL, 0.12 mmol R60 and 0.36 mmol DIEA).
The resulting mixture is shaken overnight at room temperature and the residue is purified
by reverse-phase HPLC (acetonitrile/water/0.1% formic acid) to afford the title
compound (23.1 mg); m/z 488.4 [M+H].

Examples in table 1 listed with method 30 are synthesized in a similar fashion.

Method 31
Synthesis of 5-{1-[5-(1-Oxetan-3-yl-1H-pyrazol-4-yl)-[1.2.4]oxadiazol-3-vl]-

cyclobutyll-[2.3'1bipyridinyl-6'-vlamine (Example 145)

Br e s Step 1 SN ~
O e SR T TS
N/ —Sn | N N

R63 Ré4 [-1.1 Ré5

Step 2

NH,OH

R66 R67

Example 145
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Step 1: Synthesis of 1-[6-(5-amino-pyrazin-2-yl)-pyridin-3-yl]-cyclobutanecarbonitrile
(R65)

In a 20 ml microwave reaction vessel are combined R63 (250 mg, 1.44 mmol) and R64
(520 mg, 1.59 mmol) in toluene (8 ml). The mixture is degassed using argon after which
tetrakis(triphenylphosphine) palladium (0) (100 mg, 0.09 mmol) is added. The reaction is
degassed once more, capped and warmed to 115°C for 1h. Upon cooling to ambient
temperature, I-1.1 is introduced along with tetrakis(triphenylphosphine) palladium (0)
(120 mg, 0.10 mmol). The vessel is capped and warmed to 115°C overnight. After this
time the reaction is cooled and concentrated. The crude is suspended in DCM/MeOH,
treated with silica gel and concentrated. The resulting solid is purified via flash
chromatography (Silica gel, 0-10% MeOH/DCM) to give R65 (220 mg); m/z 252.2
[M+H].

Step 2: Synthesis of 1-[6-(5-amino-pyrazin-2-yl)-pyridin-3-yl]-N-hydroxy-
cyclobutanecarboxamidine (R66)

To a stirred suspension of R65 (220 mg, 0.88 mmol) in ethanol (4 ml) is added
hydroxylamine (50% aq. solution, 1 ml). The resulting mixture is stirred at 80°C
overnight and cooled to room temperature. The reaction is concentrated and the
remaining residue is diluted with water. The precipitated yellow solid is collected via
filtration and washed with water to give R66 (115 mg).

Step 3: Synthesis of 5-(5-{1-[5-(1H-pyrazol-4-yl)-[1,2,4]oxadiazol-3-yl]-cyclobutyl } -
pyridin-2-yl)-pyrazin-2-ylamine (R67)

To a suspension of R11 (68 mg, 0.61 mmol) in THF (5 ml) is added CDI (98 mg, 0.61
mmol) at room temperature. The mixture is stirred at 50°C for 30 minutes after which
time R66 (115 mg, 0.40 mmol) is added. The resulting mixture is heated at 80°C for 3
hours, cooled to room temperature and treated with acetic acid (AcOH) (8 ml). The
reaction is warmed to 80°C and stirred overnight. Upon cooling to room temperature, the
reaction is concentrated and diluted with water. The product is extracted into DCM (2x).
The combined organics are washed with brine, dried (MgSO4), filtered and concentrated.
The remaining residue is purified via flash chromatography (Silica gel, 0-10%

MeOH/DCM) to afford R67 (50 mg); m/z 361.2 [M+H].
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Step 4: Synthesis of 5-{1-[5-(1-Oxetan-3-yl-1H-pyrazol-4-yl)-[1,2,4]oxadiazol-3-yl]-
cyclobutyl}-[2,3"]bipyridinyl-6'-ylamine (Example 145)

A mixture of R67 (50 mg, 0.14 mmol), R38 (51 mg, 0.28 mmol) and potassium carbonate
(38 mg, 0.28 mmol) in DMF (2 ml) are stirred at 80°C over night. After this time the
reaction is cooled to room temperature and poured into water and EtOAc. The layers are
separated and the aqueous phase is extracted twice more with EtOAc. The combined
organics are dried (MgSO4), filtered and concentrated. The remaining residue is purified
via flash chromatography (Silica gel, 0-8%MeOH/DCM) to afford the title compound (35
mg); m/z 417.3 [M+H].

Examples in table 1 listed with method 31 are synthesized in a similar fashion.

Method 32

Synthesis of 1-(3-{1-[6-(2-Amino-pyrimidin-3-yl)-pvyridin-3-vyl]-cyclobutyl}-[1.2.4]o

xadiazol-5-yD)-piperidin-4-ol (Example 154)

gtslp ! Step 2
NH POCI3 SN =N.
ANY 2 0
| | GH3CN B Mo L N
Z N idine c” N
P N pyti
c” N OH o N \<OH

cl
R69
l-2.1 Reés
H
OH
Step 4 R70
Pd(PPh,),
B N satd Na,CO, ;? B N
= X e ~ N==,
NS L -— )N|\j CI” N X
A - N THE NN N
H,NT N
OH Ry R71 oH
Example 154

Step 1: Synthesis of 3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-[1,2,4]oxadiazol-5-ol (R68)
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To a solution of I-2.1 (2 g, 8§.862 mmol) in CH3CN (50 mL) is added CDI (3.593 g, 22.16
mmol) in a pressure flask. The reaction mixture is stirred at 75°C for 18 hours. After this
time, the reaction mixture is concentrated in vacuo and the resulting residue is quenched
IN HCI aqueous solution and extracted with ethyl acetate twice. The organics are
combined and washed with brine, dried over Na,SQy, filtered and concentrated in vacuo
to afford the title compound (2.13 g) as an off white solid; m/z 252.4 [M+1].

Step 2: Synthesis of 2-Chloro-5-[1-(5-chloro-[1,2,4]oxadiazol-3-yl)-cyclobutyl]-pyridine
(R69)

To a solution of R68 (300 mg, 1.192 mmol) in DCM (4 mL) is added POCls (0.175 mL,
1.910 mmol) and pyridine (0.481 mL, 5.960 mmol) in a pressure flask. The reaction
mixture is heated in a microwave at 120°C for 1 hour. After this time, the reaction
mixture is poured into ice water and extracted with DCM twice. The organics are
combined and washed with brine, dried over Na,SQO;,, filtered and concentrated in vacuo.
The crude is purified by flash chromatography (SiO,, 5-40% EtOAc/heptanes) to afford
the title compound (98 mg) as a light yellow oil; m/z 270.2 [M].

Step 3: Synthesis of 1-{3-[1-(6-chloro-pyridin-3-yl)-cyclobutyl]-[1,2,4]oxadiazol-5-yl}-
piperidin-4-ol (R71)

To a solution of R68 (98 mg, 0.363 mmol) in DMSO (1.5 mL) is added R70 (44.1 mg,
0.436 mmol) and DIEA (0.158 mL, 0.908 mmol). The reaction mixture is stirred at room
temperature for 1 hour. After this time, the reaction mixture is quenched with water and
extracted with EtOAc twice. The organics are combined and washed with brine, dried
over Na;SQOy, filtered and concentrated in vacuo to afford the title compound (121 mg) as
a light yellow oil; m/z 335.1 [M+1].

Step 4: Synthesis of 1-(3-{1-[6-(2-amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-
[1,2,4]oxadiazol-5-yl)-piperidin-4-ol (Example 154)

To a mixture of R7 (96.4 mg, 0.436 mmol) and Pd(PPhs)4 (42 mg, 0.036 mmol) in a
microwave vial is added the DMF (4 mL) solution of R71 (121 mg, 0.363 mmol) and 2M
Na,COs aqueous solution (0.726 mL). The reaction mixture is purged with argon and
then heated in a microwave at 110°C for 45 minutes. After this time, the reaction mixture
is quenched with water and extracted with EtOAc twice. The organics are combined and

washed with brine, dried over Na,SO,, filtered and concentrated in vacuo. The crude is
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purified by flash chromatography (SiO-, 1.2-10% MeOH/DCM) to afford the title
compound (22 mg) as a white solid; m/z 394.2 [M+1].

Method 33

Synthesis of 3-[4-(3-{1-]6-(2-amino-pyrimidin-5-yD)-pyridin-3-yl]-cyclobutyl}-

[1.2.4]oxadiazol-5-y])-pyrazol-1-yl]-2.2-dimethyl-propionamide (Example 147)

H Step 2
+ (o] —_ =
(e} Cl
R72
Step 3
—_—
R74 Example 147 o

Step 1: Synthesis of 3-[4-(3-{1-[6-(2-amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl } -
[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-2,2-dimethyl-propionic acid ethyl ester (R73)

To a solution of Example 90 (300 mg, 0.832 mmol) in NMP (10.0 mL) is added R72 (343
mg, 2.08 mmol) and Cs,COs3 (325 mg, 0.999 mmol) and the resulting mixture is stirred at
100 °C for 4 hours. At this time another charge of R72 (27 mg, 0.164 mmol) is added and
the reaction is heated at 100 °C overnight. The resulting mixture is cooled and diluted
with ethyl acetate and water. The phases are then separated and the organic phase is
washed with water and brine, collected, dried over Na,SQy, filtered, and concentrated in
vacuo. The residue is purified by flash chromatography eluting 0-10% methanol/DCM to
give the title compound (170 mg); m/z 489.4 [M+H].

Step 2: Synthesis of 3-[4-(3-{1-[6-(2-amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-2,2-dimethyl-propionic acid (R74)

R73 (170 mg, 0.348 mmol) is treated with THF (1.60 mL), water (0.80 mL), methanol
(0.40 mL), and lithium hydroxide monohydrate (43.9 mg, 1.04 mmol) and the resulting
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mixture is stirred at 45 °C for 1 hour. The reaction is quenched with IN HCI (1.04 mL,
1.04 mmol) and the mixture is concentrated in vacuo to give the title compound (160
mg).

Step 3: Synthesis of 3-[4-(3-{1-[6-(2-amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-

[1.2.4]oxadiazol-5-vI)-pyrazol-1-vl]-2.2-dimethvl-propionamide (Example 147)
_R74 (160 mg, 0.348 mmol) is treated with HATU (186 mg, 0.488 mmol) and DMF (3.5

mL). Ammonia gas is then bubbled through this mixture for 2 minutes twice with 5
minutes in between and the vessel is capped and stirred for 1 hour. The resulting mixture
is then purified directly by reverse-phase preparative HPLC (20-80%
acetonitrile/water/0.1% trifluoroacetic acid (TFA)) to give the title compound (122 mg).

Examples in table 1 listed with method 33 are synthesized in a similar fashion.

Method 34
Synthesis of 3-[4-(3-{1-]6-(2-amino-pyrimidin-5-yD)-pyridin-3-yl]-cyclobutyl}-

[1.2.4]oxadiazol-5-y])-pyrazol-1-yl]-2.2-dimethyl-propionitrile (Example 148)

XX
N N= F,C~ ~0” “CF,
M I (TFAA)
H,N™ N _
N
Dae
o)

Example 148

Example 147
TFAA (73 uL, 0.522 mmol) is treated with CH,Cl, (1.0 mL) and pyridine (42.2 uL,
0.522 mmol) and cooled to 0 °C. To this mixture is added a solution of Example 147
(48.0 mg, 0.104 mmol) in CH,Cl; (0.5 mL) and the resulting mixture is warmed to room
temperature and stirred for 1 hour. The reaction is then quenched by the addition of
saturated NaHCOQO; and stirred for 30 minutes. The mixture is diluted with CH,Cl, and
water and the layers separated. The aqueous layer is extracted again with CH,Cl, and the
combined organics are dried over Na,SOy, filtered, and concentrated. The crude residue
is then treated with THF (1.0 mL), water (0.5 mL), methanol (0.2 mL), and lithium
hydroxide monohydrate (8.6 mg, 0.21 mmol) and the resulting mixture is heated at 40 °C
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for 30 minutes. The mixture is then diluted with saturated NaHCO; and ethyl acetate and
the layers separated. The aqueous is then extracted with ethyl acetate again and the
combined organics are dried over Na,SOy, filtered, and concentrated. The resulting
residue is triturated with acetonitrile to give the title compound (12.0 mg).

Examples in table 1 listed with method 34 are synthesized in a similar fashion.

Method 35
Synthesis of 5-[5-(1-{5-][1-(2-amino-2-methyl-propyl)-1H-pyrazol-4-vl]-

[1.2.4]oxadiazol-3-yl}-cyclobutyD)-pyridin-2-yl]-pyrimidin-2-ylamine (Example 150)

Step 2

N
R74 o~ O

N
Example 150 vgNHZ

Step 1: Synthesis of {2-[4-(3-{1-[6-(2-amino-pyrimidin-5-yl)-pyridin-3-yl]-cyclobutyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-1,1-dimethyl-ethyl }-carbamic acid tert-butyl ester
(R75)

R74 (110 mg, 0.202 mmol) is treated with toluene (1.00 mL), DIEA (70.3 uL, 0.403
mmol), t-butanol (1.00 mL), and diphenylphosphoryl azide (69.4 mg, 0.252 mmol) and
the resulting mixture is stirred at 85 °C overnight. An additional charge of #-butanol (0.5
mL) is then added and the heating is continued again overnight. The resulting mixture is
diluted with ethyl acetate and washed with water and then saturated NaHCO5. The

organics are dried over Na;SQOy, filtered, and concentrated and the resulting residue is
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purified by flash chromatography eluting 0-10% methanol/CH-Cl, to give the title

compound (33.0 mg).

Step 2 Synthesis of 5-[5-(1-{5-[1-(2-amino-2-methyl-propyl)-1H-pyrazol-4-yl]-

[1.2.4]oxadiazol-3-vl}-cyclobutyD)-pyridin-2-vl]-pyvrimidin-2-ylamine (Example 150)

R75 (33.0 mg, 0.062 mmol) is treated with CH,Cl, (1.0 mL) and TFA (0.25 mL) and the

resulting mixture is stirred for 1.5 hours. The mixture is then concentrated to dryness and

purified directly by reverse-phase preparative HPLC to give the title compound (21.0

mg).

Table 1. Final compounds.
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(c) halogen, (d) -CN, (e) -CF3, (1) G _6alkyl optionally substituted with
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LC-MS Method A

Column Agilent Zorbax C18 SB
3.5um, 4.6x30mm
Ambient temperature
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)
0.1%
Flow rate 2.5 ml/min
Injection volume | 7 ul
Detector 200-600 nm (nominal)
Gradient Time (mins) % B
0 5
1.7 95
2 95
2.1 5
2.3 5

LC-MS Method B

Column Agilent Zorbax Eclipse XDB-
C8
Sum, 4.6x150mm
Ambient temperature

Mobile phase A = Formic acid (aq) 0.1%
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B = Formic acid (acetonitrile)

0.1%

Flow rate

1.5 ml/min

Injection volume

7ul

Detector 200-600 nm (nominal)
Gradient Time (mins) % B
0 1
2 20
7 95
9 95
9.3 1
10 1

LC-MS Method C

Column Agilent SB-C18
1.8um, 3x50mm
Ambient temperature
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)
0.1%
Flow rate 1.5 ml/min
Injection volume | 3 pl
Detector 220 and 254 nm (nominal)
Gradient Time (mins) % B
0 5
3.8 90
4.5 100

LC-MS Method D
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Column

Agilent Zorbax Eclipse XDB-
C8

Sum, 4.6x150mm

Ambient temperature

Mobile phase

A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)

0.1%

Flow rate

1.5 ml/min

Injection volume

7ul

Detector 200-600 nm (nominal)
Gradient Time (mins) % B
0 1
2 1
7 5
9 95
9.3 95
10 5

LC-MS Method E

Column

Agilent Zorbax Eclipse XDB-
C8
S um, 4.6x150mm

Ambient temperature

Mobile phase

A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)

0.1%

Flow rate

1.5 ml/min

Injection volume

7ul

Detector

200-600 nm (nominal)
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WO 2012/040139 PCT/US2011/052254
Gradient Time (mins) % B
0 5
7 95
9 95
9.3 5
10 5

LC-MS Method F

Column Agilent SB-C18
1.8 wm, 3x50mm column
Ambient temperature
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)
0.1%
Flow rate 1.5 ml/min
Injection volume | 3 ul
Detector 220 and 254 nm (nominal)
Gradient Time (mins) % B
0 12
0.25 30
0.3 40
1.19 95
1.75 100

LC-MS Method G

Column Waters Atlantis dC18 100 x
2.1mm, 3um column
40 °C

Mobile phase A - 0.1% Formic acid (water)
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B - 0.1% Formic acid

N-O

(acetonitrile)
Flow rate 0.6 ml/min
Injection volume | 3ul

Detector 215nm (nominal)
Gradient Time (mins) % B
0 5
5 100
54 100
542 5
LC-MS Method H
Column Atlantis dC18
2.1x50mm,3 m
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)
0.1%
Flow rate 1 ml/min
Injection volume | 3 pl
Detector 215 nm (nominal)
Gradient Time (mins) % B
0 5
2.5 100
2.7 100
2.71 5
3 5

LC-MS Method 1
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Column Waters BEH C18
1.7um , 2.1x50mm
Ambient temperature
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)
0.1%
Flow rate 0.8 ml/min
Injection volume | 3 ul

I
N

Detector 254 nm (nominal)
Gradient Time (mins) % B
0 10
4.5 95
4.58 95

LC-MS Method J

Column Waters BEH C18
1.7um , 2.1x50mm
Ambient temperature
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile)
0.1%
Flow rate 0.8 ml/min
Injection volume | 3 pl

Detector 254 nm (nominal)
Gradient Time (mins) % B
0 10
1.19 95
1.7 95
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Assessment of Biological Properties

1. Binding Assay:

Compounds are assessed for the ability to bind to FLAP in a binding assay that measures
compound-specific displacement of an iodinated (*I) FLAP inhibitor via a Scintillation
Proximity Assay format (adapted from S. Charleson et al., Mol. Pharmacol., 1992, 41,

873-879).

Cell pellets produced from sf9 insect cells expressing recombinant human FLAP protein
are resuspended in buffer A [15 mM Tris-HCI (pH 7.5), 2 mM MgCl,, 0.3 mM EDTA, 1
mM PMSF]. The cells are lysed with a Dounce homogenizer and the material is
centrifuged at 10,000 x g for 10 minutes. The supernatant is then collected and
centrifuged at 100,000 x g for 60 minutes. To prepare membrane protein for an assay, an
aliquot of the 100,000 x g pellet is resuspended in 1 ml of buffer A, Dounce
homogenized, and finally subjected to polytron mixing (30 seconds). Membrane protein
(25 ul, 5 pg) is mixed with WGA SPA beads (Amersham) and stirred for 1h. To an assay
plate (Perkin Elmer FlexiPlate) is added 25 pl of test compound prepared in Binding
buffer [100 mM Tris (pH 7.5), 140 mM NaCl, 5% glycerol, 2 mM EDTA, 0.5 mM
TCEP, 0.05% Tween 20], 25 ul of [IZSI]L—691,831 (an iodinated analog of MK-591,
Charleson et al. Mol. Pharmacol., 41, 873-879, 1992) and finally 50 ul of the
bead/protein mixture. (final concentrations: beads, 200 pg/well; protein, Spg/well; ['*1)
probe, 0 08 nM/well(17 nCi/well). The plates are shaken for 2h before reading on a
Microbeta plate reader. Non-specific binding is determined by the addition of 10 uM cold
L-691,831 compound.

In general, the preferred potency range (ICsp) of compounds in the above assay is
between 0.1 nM to 10 uM, the more preferred potency range is 0.1 nM to 1 uM, and the
most preferred potency range is 0.1 nM to 100 nM.

2. Whole Blood Assay:

Compounds are additionally tested in a human whole blood assay to determine their

ability to inhibit the synthesis of LTBy4 in a cellular system. Compounds are combined
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with heparinized human whole blood and incubated for 15 minutes at 37°C. Calcimycin
(20uM final, prepared in phosphate-buffered saline, pH 7.4) is then added and the
mixture is incubated for another 30 minutes at 37°C. The samples are centrifuged for 5
min at low speed (1500 x g) and the plasma layer is removed. Plasma LTB4

concentrations are then measured using an antibody-based homogenous time-resolved

fluorescence method (CisBio, Bedford, MA).
In general, the preferred potency range (ICso) of compounds in the above assay is

between 10 nM to 10 uM, the more preferred potency range is 10 nM to 1 uM, and the
most preferred potency range is 10 nM to 100 nM.

METHOD OF USE

The compounds of the invention are effective inhibitors of 5-lipoxygenase activating
protein (FLAP) and thus inhibit leukotriene production. Therefore, in one embodiment of
the invention, there is provided methods of treating leukotriene-mediated disorders using
compounds of the invention. In another embodiment, there is provided methods of
treating cardiovascular, inflammatory, allergic, pulmonary and fibrotic diseases, renal

diseases and cancer using compounds of the invention.

Without wishing to be bound by theory, by inhibiting the activity of FLAP, the
compounds of the invention block the production of LTs resulting from the oxidation of
arachidonic acid by 5-LO and subsequent metabolism. Thus, the inhibition of FLAP
activity is an attractive means for preventing and treating a variety of diseases mediated

by LTs. These include:

Cardiovascular diseases including atherosclerosis, myocardial infarction, stroke, aortic
aneurysm, sickle cell crisis, ischemia-reperfusion injury, pulmonary arterial hypertension

and sepsis;
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Allergic diseases including asthma, allergic rhinitis, rhinosinusitis, atopic dermatitis and

urticaria;

Fibrotic diseases including airway remodeling in asthma, idiopathic pulmonary fibrosis,

scleroderma, asbestosis;

Pulmonary syndromes including adult respiratory distress syndrome, viral bronchiolitis,
obstructive sleep apnea, chronic obstructive pulmonary disease, cystic fibrosis, and

bronchopulmonary dysplasia;

Inflammatory diseases including rheumatoid arthritis, osteoarthritis, gout,
glomerulonephritis, interstitial cystitis, psoriasis, inflammatory bowel disease, multiple
sclerosis, inflammatory pain, systemic lupus erythematosus, transplant rejection,

inflammatory and allergic ocular diseases;
Cancer including solid tumors, leukemias and lymphomas; and
Renal diseases such as glomerulonephritis.

For treatment of the above-described diseases and conditions, a therapeutically effective
dose will generally be in the range from about 0.01 mg to about 100 mg/kg of body
weight per dosage of a compound of the invention; preferably, from about 0.1 mg to
about 20 mg/kg of body weight per dosage. For example, for administration to a 70 kg
person, the dosage range would be from about 0.7 mg to about 7000 mg per dosage of a
compound of the invention, preferably from about 7.0 mg to about 1400 mg per dosage.
Some degree of routine dose optimization may be required to determine an optimal
dosing level and pattern. The active ingredient may be administered from 1 to 6 times a

day.

General Administration and Pharmaceutical Compositions

When used as pharmaceuticals, the compounds of the invention are typically
administered in the form of a pharmaceutical composition. Such compositions can be
prepared using procedures well known in the pharmaceutical art and comprise at least
one compound of the invention. The compounds of the invention may also be

administered alone or in combination with adjuvants that enhance stability of the
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compounds of the invention, facilitate administration of pharmaceutical compositions
containing them in certain embodiments, provide increased dissolution or dispersion,
increased antagonist activity, provide adjunct therapy, and the like. The compounds
according to the invention may be used on their own or in conjunction with other active
substances according to the invention, optionally also in conjunction with other
pharmacologically active substances. In general, the compounds of this invention are
administered in a therapeutically or pharmaceutically effective amount, but may be

administered in lower amounts for diagnostic or other purposes.

Administration of the compounds of the invention, in pure form or in an appropriate
pharmaceutical composition, can be carried out using any of the accepted modes of
administration of pharmaceutical compositions. Thus, administration can be, for
example, orally, buccally (e.g., sublingually), nasally, parenterally, topically,
transdermally, vaginally, or rectally, in the form of solid, semi-solid, lyophilized powder,
or liquid dosage forms, such as, for example, tablets, suppositories, pills, soft elastic and
hard gelatin capsules, powders, solutions, suspensions, or aerosols, or the like, preferably
in unit dosage forms suitable for simple administration of precise dosages. The
pharmaceutical compositions will generally include a conventional pharmaceutical carrier
or excipient and a compound of the invention as the/an active agent, and, in addition, may
include other medicinal agents, pharmaceutical agents, carriers, adjuvants, diluents,
vehicles, or combinations thereof. Such pharmaceutically acceptable excipients, carriers,
or additives as well as methods of making pharmaceutical compositions for various
modes or administration are well-known to those of skill in the art. The state of the art is
evidenced, e.g., by Remington: The Science and Practice of Pharmacy, 20th Edition, A.
Gennaro (ed.), Lippincott Williams & Wilkins, 2000; Handbook of Pharmaceutical
Additives, Michael & Irene Ash (eds.), Gower, 1995; Handbook of Pharmaceutical
Excipients, A.-H. Kibbe (ed.), American Pharmaceutical Ass’n, 2000; H.C. Ansel and
N.G. Popovish, Pharmaceutical Dosage Forms and Drug Delivery Systems, Sth ed., Lea
and Febiger, 1990; each of which is incorporated herein by reference in their entireties to

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

formulation to be efficacious.

154



NNO & (:) ENNI NN HNij I\ NOH NI N* Nij NONAO W

2012/ 040139PCT/ US2011/ 052254 H2N NN N NO N-lir N H2NNII NN N I"
NO\ NwWpPi2ok®eB9 HON NN N NO NHNN HN NO N PCTNSMT/0525 0 11 N )
N H2NN

CLAIMS

What is claimed is:

1. A compound of formula I:

wherein:

R! and R? together with the carbon atom to which they are attached form a Cs_jo
carbocyclic ring or a 5-11 membered heterocyclic ring, wherein each carbocycle or
heterocycle is optionally independently substituted with one to two groups selected from

C alkyl and halogen;

R’is 5-11 membered heteroaryl ring containing one to three heteroatoms selected from
nitrogen, oxygen and sulfur, wherein each R’ is optionally independently substituted with
one to three groups selected from Cj_s alkyl, C;_s alkoxy, C;_3 alkylhydroxy, -CN, amino,
Ci-3 alkylamino and Cj.3 dialkylamino;

R*is hydrogen, halogen, C_; alkyl or nitrile;
R is Ci6 alkyl, Cs.1o carbocycle, 5-11 membered heterocycle, aryl, 5-11 membered

heteroaryl, -C(0)-R® or -NR'R®, wherein each R” is optionally independently substituted

with one to three groups selected from R’, R'°and R";
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RS is Cj.s heterocycle, amino, C;.3 alkylamino, C;_3 dialkylamino or —-NH-5-6 membered

heterocycle, each optionally independently substituted with one to three groups selected

from R9, R'% and R“;

R’and R® are each independently hydrogen, -S(0),C}.salkyl or Cy alkyl;

R9

R'°and R" are independently selected from

(a) -H,

(b) -OH,

(c) halogen,

(d) -CN,

(e) -CF;,

(f) CL.alkyl optionally substituted with one to three —OH, -N(R'*)(R") , aryl, -O-C\,
alkyl-aryl, 3-6 membered heterocycle, -C(O)- 3-6 membered heterocycle, Cisalkoxy ,
-S(0),C1.ealkyl, —CO,R ", halogen, -CN or -C(O)N(R"*)(R™),

(g) Cigalkoxy,

(h) -NR™*)R"),

(1) -S(0)nCisalkyl,

() -COR™,

(k) -C(ONR*)R™),

(1) —S(0)NR*)R™),

(m) a 3-10 membered heterocyclic group optionally substituted with one to three

groups selected from —OH, C;¢ alkyl, C;alkylhydroxy, C; alkyl—COzR12 , -S(0),Cy.

salkyl, oxo, -C(O)N(R')(R"), and -CO,R",

(n’) oxo,

(0) -C(0)-C;3 alkyl,

(p) /C(0)-3-6 membered heterocycle optionally substituted with one to three groups
selected from halogen hydroxy and C,.calkoxy,

(@ -OR™,

(r) 5-11 membered heteroaryl;
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R'? and R" are each independently selected from —H, —Cj_salkyl, —C(O)-Ci.6 alkyl, Cs.10
carbocycle and a 3-6 membered heterocyclic group, each of which is optionally
independently substituted with one to three —OH, C¢ alkyl, C;_galkoxy, -
C(ONR"RY), -8(0),C1.6alkyl, CN, Cs.1o carbocycle, -CO,R", CF; , 3-6 membered

heterocycle,halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C,_calkoxy or oxo;

R and R are each independently selected from —H and —Cj_salkyl;

nis 0,1 or2;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein:

R! and R? together with the carbon atom to which they are attached is cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2.2.1 bicycloheptyl,
oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, piperidinyl,
tetrahydrothienyl, wherein each carbocycle or heterocycle is optionally independently

substituted with one to two groups selected from Ci. alkyl and halogen;

R’is pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolyl, imidazolyl, thienyl, furanyl
or thiazolyl, wherein each R” is optionally independently substituted with one to three
groups selected from C;_3 alkyl, C;_3 alkoxy, C;.3 alkylhydroxy, -CN, amino, Cj.3
alkylamino and C;.3 dialkylamino;

R* is hydrogen, halogen or methyl;

R’ is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert. butyl, pentyl, hexyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, phenyl,
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piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, tetrahydropyranyl,
pyrrolyl, thienyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, triazolyl,
dihydropyridinyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl,
isoquinolinyl, indolyl, pyrrolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl,
imidazopyridinyl, indazolyl, -C(0)-RS, hydroxy or -NR’R®, wherein each R’ is optionally

independently substituted with one to three groups selected from R’, R'%and R";

R® is azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, tetrahydropyranyl, morpholinyl,
thiomorpholinyl, amino, C;.3 alkylamino, C;.3 dialkylamino or -NH-5-6 membered
heterocycle, each optionally independently substituted with one to three groups selected

from R9, R'% and R“;
R’and R?® are each independently hydrogen, Cy.5 alkyl or -S(0),C}salkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CF3,
(f) C1ealkyl optionally substituted with one to three —OH, -N(R'*)(R") , phenyl,
benzyl, phenethyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, -
C(O)- 3-6 membered heterocycle, C;_salkoxy, -S(0),Csalkyl, —COZRIZ, halogen, -
CN or -C(ONR'HR"™),
(g) Ciealkoxy,
() -NR™R"),
(@ -S(O)nCralkyl,
() -COR™,
(k) -CONR™HR™),
() -S(0RNRHR™),

158



NI, NONINN HNI 7N\ N NI OH , N-O WO
2012/ 040139PCT/ US2011/ 052254 or pharnmaceutically acceptable salts thereof.
21. A compount/@esording to claim 20 selected froma gr®@ap/usengiosi2ssg of :
)L, I-12NN ,"--", NNI NO\-/ (o NIl RNON ONI1\ N N N
N N N |

(m) oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, azetidinyl, pyrrolidinyl,
tetrahydrothienyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl or
thiomorpholinyldioxide, optionally substituted with one to three groups selected from
—OH, C,alkyl, C ¢ alkylhydroxy, Ci alkyl-CO,R ', -S(0),C salkyl, oxo, -
C(ONR™)(R"), and -COR",

(n’) oxo,

(0) -C(0)-C,.3 alkyl,

(p) /C(0)-3-6 membered heterocycle optionally substituted with one to three groups
selected from halogen hydroxy and Cj.ealkoxy,

(q) -OR",

(r) imidazolyl, pyrrolyl, pyrazolyl, thienyl or furanyl;

R'? and R" are each independently selected from —H, —Cj_salkyl, —C(O)-C.s alkyl,
cyclopropyl, cyclobutyl, cyclopentyl and a 3-6 membered heterocyclic group, each of
which is optionally independently substituted with one to three —OH, C,¢ alkyl, C;.
salkoxy, -C(O)NR'")(R"Y), -S(0),C1.alkyl, CN, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, —C02R14, CFs , 3-6 membered heterocycle, halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C,_calkoxy or oxo;

R and R are each independently selected from —H and —Cj_salkyl;
nis 0 or?2;

or a pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 or 2, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl,
cyclopentyl cyclohexyl, or tetrahydropyranyl wherein each carbocycle or heterocycle is

optionally independently substituted with one to two groups selected from Cj_3 alkyl and

halogen;
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or a pharmaceutically acceptable salt thereof.
4. A compound according to any of the claims 1-3, wherein:

R’is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein each R” is optionally
independently substituted with one to three groups selected from Cj_3 alkyl, C;_3 alkoxy,
C,.; alkylhydroxy, -CN, amino, C;3 alkylamino and C;_; dialkylamino;

or a pharmaceutically acceptable salt thereof.
5. A compound according to any of the claims 1-4, wherein:

R’ is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert. butyl, pentyl, hexyl, phenyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, furanyl, thiazolyl,
oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, triazolyl, dihydropyridinyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl, isoquinolinyl, indolyl, pyrrolopyridinyl,
pyrrolopyrimidinyl, pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, -C(0)-R®,
hydroxy or -NR’R®, wherein each R’ is optionally independently substituted with one to

three groups selected from R’ R'% and R";

R® is azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, amino, Cj.3

alkylamino or C3 dialkylamino;
R’and R® are each independently hydrogen, C;_s alkyl or -S(O),C;_salkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CFs,
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(f) Crealkyl optionally substituted with one to three —OH, -N(R'*)(R") , phenyl,
benzyl, phenethyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, -
C(O)- 3-6 membered heterocycle, C;_salkoxy, -S(0),Csalkyl, —COZRIZ, halogen, -
CN or -C(O)N(R'))R™),

(g) Cisalkoxy,

() -NR)R™),

(1) -S(0)Cysalkyl,

() -CO:R"™,

(k) -CONR™HR™),

() -S(0):NR™HR™),

(m) oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothienyl, azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl or

thiomorpholinyldioxide, optionally substituted with one to three groups selected from

~OH, C\ alkyl, C 6 alkylhydroxy, Ci alkyl-CO.R ', -8(0),C salkyl, oxo, -
C(ONR™)R™), and —-CO,R"?,
(n’) oxo,

(0) —C(0)-C1.; alkyl,

(p) /C(0)-3-6 membered heterocycle optionally substituted with one to three groups

selected from halogen hydroxy and C,.calkoxy,
(q) _OR129
(r) imidazolyl, pyrrolyl, pyrazolyl, thienyl or furanyl;

R'? and R" are each independently selected from —H, —C;_galkyl, —C(O)-C alkyl,
cyclopropyl, cyclobutyl, cyclopentyl and a 3-6 membered heterocyclic group, each of
which is optionally independently substituted with one to three —OH, Ci alkyl, C;.
salkoxy, -C(O)NR'")(R"Y), -S(0),C1.alkyl, CN, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, —C02R14, CF;, 3-6 membered heterocycle, halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C;_alkoxy or oxo;
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R and R are each independently selected from —H and —Cj_salkyl;

n=2;

or a pharmaceutically accepted salt thereof.

6. A compound according to claim 1 or 2, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or
tetrahydropyranyl each optionally independently substituted with one to two groups

selected from methyl and fluoro;

R’is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein each R” is optionally
independently substituted with one to three groups selected from methyl, -CN, -NH-CHj3

and an amino group;

R* is hydrogen;

R’ is phenyl, piperidinyl, piperazinyl, pyrrolidinyl, thiazolyl, oxazolyl, isoxazolyl,
pyrazolyl, imidazolyl, triazolyl, dihydropyridinyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, or -NRR®, wherein each
R’ is optionally independently substituted with one to three groups selected from R’ R'

and R“;

R’and R?® are each independently hydrogen or Cy_; alkyl ;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CFs,
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(f) Crealkyl optionally substituted with one to three —OH, -N(R'*)(R") , phenyl,
benzyl, phenethyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, -
C(O)- 3-6 membered heterocycle, C;_salkoxy, -S(0),Csalkyl, —COZRIZ, halogen, -
CN or -C(ONR'HR"™),

(g) Cisalkoxy,

() -NR™R"),

(1) -S(0)Cysalkyl,

() -COR™,

(k) -COONR)RY),

() -S(0RNRHR™),

(m) oxetanyl, tetrahydrothienyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl or thiomorpholinyldioxide, optionally substituted with one to three
groups selected from —OH, Cy¢ alkyl, C;¢ alkylhydroxy, Ci.6 alkyl—COzR12 , -S(0),Cy.
salkyl, oxo, -C(O)N(R')(R"), and -CO,R"?,

(n’) oxo,

(0) -C(0)-C,.3 alkyl,

(p) —C(O)-piperidinyl or —C(O)-pyrrolidinyl each optionally substituted with one to
three groups selected from halogen hydroxy and Cj_alkoxy,

(@ -OR™,

(r) imidazolyl, pyrrolyl or pyrazolyl;

R'? and R" are each independently selected from —H, —Cj_salkyl, —C(O)-C.s alkyl,
cyclopropyl, cyclobutyl, cyclopentyl and a 3-6 membered heterocyclic group, each of
which is optionally independently substituted with one to three —OH, C,¢ alkyl, C;.
salkoxy, -C(O)N(R'")(R"), -S(0),C1.¢alkyl, CN, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, —C02R14, CFs , 3-6 membered heterocycle, halogen; or

R'?and R" to gether with the nitrogen atom to which they are attached form a

heterocyclyl ring optionally substituted with one to three —OH, CN, C;_alkoxy or oxo;

R and R are each independently selected from —H and —Cj_alkyl;
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or a pharmaceutically accepted salt thereof.
7. A compound according to claim 6, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl;

or a pharmaceutically acceptable salt thereof.
8. A compound according to claim 6, wherein:

R' and R to gether with the carbon atom to which they are attached is tetrahydropyranyl;

or a pharmaceutically acceptable salt thereof.
9. A compound according to claim 6, wherein:

R? is selected from

N X N\ | X
)l\ = | p JI = and N
H,N N , HN N » H,N N H,N N ,

or a pharmaceutically acceptable salt thereof.
10. A compound according to claim 6, wherein:

R’ is selected from imidazolyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl,
pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, dihydropyridinyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolidinyl, and phenyl, wherein each R’ is
optionally independently substituted with one to three groups selected from R’ R'%and
R

or a pharmaceutically acceptable salt thereof.

11. A compound according to claim 6, wherein:

164

HZNN N6 N I\/ NOO NI HNN O NI NO NHNV\ / HZ2N
IVI N NONNNHNN * N / I NO\V N\ O\ H2 NI N 1,---N
WO 2012/040139 PCT/US2011/052254



N NI 2N * N I NO NHO\ --N NI * NNNH O N | 6 NNN-O ji / N
0 N-0 HO WO 2012/ 040139PCT/ US2011/ 052254 N H2NN 1
N N0 NwOo20r:2130 N HZN NN N 1 NO PCT/US2011/052254

R’ is-NR'R?, optionally substituted with one to three groups selected from R’ R'® and
RIL
or a pharmaceutically acceptable salt thereof.

12. A compound according to claim 6, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or
tetrahydropyranyl ;

R? is selected from
e (7
) and /[
=
H,NT N HNT N

R* is hydrogen;

R’ is selected from imidazolyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl,
pyrazolopyrimidinyl, imidazopyridinyl, indazolyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, pyrrolidinyl, and phenyl, wherein each R’ is optionally independently
substituted with one to three groups selected from R’ R'%and R";

or a pharmaceutically acceptable salt thereof.

13. A compound according to claim 6, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or
tetrahydropyranyl;

R? is selected from
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I (5
) and

7
H.N N H,N N

R* is hydrogen ;
R’ is -NR'R® optionally substituted with one to three groups selected from R’ R'® and
R

or a pharmaceutically acceptable salt thereof.

14. A compound of formula IA:

IA

wherein:

R! and R? together with the carbon atom to which they are attached form a Cs_j¢
carbocyclic ring or a 5-11 membered heterocyclic ring, wherein each carbocycle or
heterocycle is optionally independently substituted with one to two groups selected from

C alkyl and halogen;
R’is 5-11 membered heteroaryl ring containing one to three heteroatoms selected from
nitrogen, oxygen and sulfur, wherein each R’ is optionally independently substituted with

one to three amino groups;

R* is hydrogen, Cy.3 alkyl or halogen;
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R’ is 5-11 membered heteroaryl optionally independently substituted with one to three
Ci.6 alkyl groups;

or a pharmaceutically acceptable salt thereof.

15. A compound of formula (IA) according to claim 14, wherein:

R! and R? together with the carbon atom to which they are attached is cyclopropyl,
cyclobutyl, cyclopentyl, tetrahydrofuranyl, tetrahydropyranyl, wherein each carbocycle
or heterocycle is optionally independently substituted with one to two groups selected

from C,¢ alkyl and halogen;

R’is pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, wherein each R’ is optionally

independently substituted with one to three amino groups;

R* is hydrogen;

R’ is pyrrolyl, thienyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl,
triazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl, isoquinolinyl,
indolyl, pyrrolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl, imidazopyridinyl,
indazolyl, wherein each R’ is optionally substituted with one to three C;.¢ alkyl groups;
or a pharmaceutically acceptable salt thereof.

16. A compound of formula (IA) according to claim 14 or 15, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or
tetrahydropyranyl;

or a pharmaceutically acceptable salt thereof.

17. A compound of formula (IA) according to claim 14 -16, wherein:

R’is pyrimidinyl substituted with an amino group;
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or a pharmaceutically acceptable salt thereof.
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18. A compound of formula (IA) according to claim 14 -17, wherein:

R’ is pyrazolyl or, pyridinyl, each optionally substituted with one to three C;_3 alkyl

groups;

or a pharmaceutically acceptable salt thereof.

19. A compound of formula (IA) according to claim 14 or 15, wherein:

R! and R? together with the carbon atom to which they are attached is cyclobutyl or

tetrahydropyranyl;

R’is pyrimidinyl substituted with an amino group;

R*is H

R’ is pyrazolyl or, pyridinyl, each optionally substituted with one to three methyl groups;

or a pharmaceutically acceptable salt thereof.

20. A compound selected from the group consisting of:
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21. A compound according to claim 20 selected from a group consisting of:
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22. A compound according to claim 21 selected from a group consisting of:
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or pharmaceutically acceptable salts thereof.

23. A pharmaceutical composition comprising a compound according to any of the
claims 1 to 22, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable excipient and/or carrier.

24. A method of treating a leukotriene-mediated disorder comprising administering
an effective amount of a compound according to any of claims 1 to 22 or a

pharmaceutically acceptable salt thereof, to a patient in need thereof.
25. The method of claim 24, wherein said leukotriene-mediated disorder is selected

from cardiovascular, inflammatory, allergic, pulmonary and fibrotic diseases, renal

diseases and cancer.
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26. The method of claim 25, wherein said leukotriene-mediated disorder is

Atherosclerosis.

27. A compound of any of claims 1 to 22 or a pharmaceutically acceptable salt

thereof for use as a medicament.

28. A compound of any of claims 1 to 22 or a pharmaceutically acceptable salt

thereof for treatment of a leukotriene-mediated disorder.
29. A compound of any of claims 1 to 22 or a pharmaceutically acceptable salt

thereof for treatment of a leukotriene-mediated disorder selected from cardiovascular,

inflammatory, allergic, pulmonary and fibrotic diseases, renal diseases and cancer.
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